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Published acecident briefs and reperts, NTSB coded data, and investi<
gators' factual backup files were studied to assess the extent of total
personnel, aireraft, and property damage 1n accidents and aseldents
invelving fire for U.S. Air Carriers between 1963 and 1974, A secondary
objective, which was to determine the degree to which more fire-resistant
or less toxie materials could reduce injuries, fatalities, and aireraft
damage costs, could not be fully met because the aceident data studied
did not describe in sufficient detail propagation of fires within the cabin,

injuries or fatalities due to toxic gases, OF relationships between fire

characteristics and interier materials. Upper and lower bounds for the number

of deaths and damage costs specifically due to fire were determined.

puring the twelve year period studied there were 122 accidents with
fires invelving the airframe and 36 additional engine or wheel nacelle
fires. Eighty-seven percent of the airframe fires securred after impact,
and a majority of the 1isted causes invelved ruptured fuel tanks, severed
fuel lines, and other fuel related factoers. The fires which followed
more than half of the severe impacts destroved or seriously damaged the
wreckage, indicating that improved fire hardening should probably
accompany any efferts to improve passenger impact survivability.

Accident data specifically asecribed 320 of the 2530 reported air-

craft accident fatalities to fire and its effects. It is highly likely,

however, that up te 3535 of the deaths were due to this cause.




Aircraft damage in 300 serious aircraft accidents exceeded $500,000,000
between 163 and 1974, Approximately $285,000,000 of this damage occurred
in 91 serious accidents which involved fire. It was not possible to.
definitely apportion impact damage and fire damage cests for accidents
where both types of damape were present, Specific fire~caused damage
costs ware between $42,000,000 and $149,000,000 over the twelve years.



II  INTRODUCTION

This is the final report of "An Analysis of Aircraft Accidents
Involving Fires" conducted by the Stanford Research Institute (SRI) under
Contract NAS2=8535 with the National Aeronautics and Space Administration,
Ames Research Center, Moffett Fleld, California. This report documents
all research activities conducted during the study, which extended frem
October 22, 1974 through May 22, 1975.

A. Background

This study is one of several being spensored by the NASA-Ames Chemical
Research Projects Office as part of its Aircraft Interior Fire Protection
Program, Other studies in the series include an evaluation of cembustion
detectors, mass spectroscopie énalysis of pyrolysis and combustion
processes, as well as full~-scale fire testing.

B. Objectives

The purpose of this study was to provide a basis for assessing the
extent of total personnel, airecraft, and property damage oceurring in
accidents on U.S. commercial aireraft in the period 1963-1974 and to
assist in determining the degree to which materials with improved fire
resistance and/or decreased toxieity could reduce injuries, fatalities

and aireraft damage costs.

€. Definitions and Scope

The study conecerns U.§5., Air Carriers*eomprising the U,S. Certificated
Route and Supplemental Air Carriers which perform scheduled and nonscheduled
passenger and carge services, both domestic and interiational. Only
fixed wing aircraft were included which, as of December 1974, inecluded
2,464 aireraft, 95% of which were turbine-powered. -Another group of

carriers flying large jets--the "Commercial Operators," such as PSA~-was

Non—U S. Air Carrier accidents, such as the Varig 707 near Paris in July
1973, are not included in this study; two are mentioned briefly in
Appendix F, however,

3
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examined, but because of the minor degree of fire involvement, this group
i8 not included in the results,

The study has examined all reported accidents and incidents involving
fire between 1963 and 1974. Data for 1974, however, are still incomplete
pending final determination of causal factors of 23 accidents (including
7 fatal accidents) by the National Transportation Safety Board (NTSB).
Therefore, all tables purporting to show 1974 data should be interpreted
with care, and the phrase "1974 incomplete” is repeated frequently through-

out the report as a reminder.

The term "ACCIDENTS' as used in this study has a precise definition

and is distinguished from "ineidents" and "occurrences."
Briefly,

“aireraft Accident" means an occurrence associated with the

operation of an aireraft which takes place between the time

any person boards the aircraft with the intention of flight

until such time as all such persons have disembarked, in

which any person suffers death or serious injury as a result

of being in or upon the aircraft or by direct contact with

the aireraft or anything attached thereto, or the aircraft

recelves substantial damage.*

"INCIDENTS" are speecific occurtrences, such as an inflight fire, for
which reports are required by NTSB/FAA., Incidents occur with parked ajircraft
nearly as often as in moving aircraft; this is not the case for "accidents.”

(A listing ef réportable incidents appears in Appendix A, Definitions.)

This study uses the term "OCCURRENCES" te refer to any ether situacrien
besides an accident ot an inecident which concerns fire and U.S. Alr
Carrier aireraft. Some of these are required to be reported to the FAA
under the Federal Aviation Regulations and are known te the FAA as
"service Difficulty Reports." The following section of the report will

describe such eeccurrences in more detail., Others are fire occurrences

% .

‘Bone fractures are considered serlous injuries, The full -definition of

the terms “serious injury" and "substantial damage” is included in Appendix A,
Definitions. '
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which did not appear in the FAA's SDRs but were found in the files of the
National Fire Protection Association. These are only a few, usually on

parked, empty aircraft and with no injuries.

Other terms will appear in the report from time tc time with brief

definitions in the text and more extensive descriptions in Appendix A.

D. Method of Appreach and Data Sources

The study was organized into three major tasks. fTask 1 was the
collection of most of the accident data and the preparation of a number of
statistical summaries describing the frequency of accidents and the
frequency of aecidents invelving fires, along with a series of severity
and accident typolegy celparisens. This work was basie te the entire

study but results are primarily reported in Chapter III.

Task 2 involved detailed examination of the individual reports of
each fire~invelved accident using published data and detailed case files
for the 1970-1974 accidents which were made available to our researchers
by the National Transportation Safety Board (NTSB). The NTSB case files
for pre-1970 accidents were stored in separate archives and could net be
obtained in time to be used for this study. For these aceidents the
needed detail was obtained from published information and from NTSB computer
files, The case files were examined particularly for the effects of
fire on passengers and crew, timing and opportunity of escape and the
injuries and fatalities epecifically attributed te burns and toxie fume
inhalation, as well as to these injuries from airframe damage. The
results of these analyses are reported in Chapters IV and V and in several

appendices.

Task 3 is a cest analysis designed to determine the monetary impact

of both fire and non-fire accidents and is reported in Chapter VI.

At the beginning of Task 1, a listing was requested from NTSB for
all acecidents and incidents invelving U.S. Air Carriers from 1963=1974
under the following fire codings:

Fire or explesion--inflight
Fire or explosion=<on ground
Fire after impact

5



Cases involving fires restricted to engines or wheel nacelle areas were
separated out, and the study focuses on a remaining 122 accidents and

27 incidents. A data collection form was designed to reflect data from
CAB and NTSB accident briefs, from 64 NTSB~published Aireraft Accident
Reports and from the in=depth files (factual reports by NTSB investigators)
maintained by the NISB in Washington, D.C, Files at the National Fire
Protection Assoclation (NFPA), Boston, were used to supplement the

accident information,

A computer printout of all flame and smoke reperts invelving U.S.
Alr Carriers from 1970-1974 (the only machine readable data peried
available) was obtained from the FAA Maintenance Analysis Center (MAC)
in Oklahoma City, Fires occurring $a the cabin were divided into three
groups: cabin, lavatery and galley fires., These reports are required
by Federal Aviation Regulatioms, Part 121 (Certification and Operations:
Domestic, Flag, and Supplemental Alr Carriers and Commercial Operaters of
Large Aireraft), Sectien 121.703, Mechanical Reliahility Reports (MRR) ,
and Section 121.705, Mechaniecal Interruption Summaries (MIS). The FAA MAC
has recently combined the MRRs and MISs and called them Service Diffieulty
Reperts (SDR)., It is required that the following, among others, be
reported: fires during fliight, smcke vapor, Or toxic or noxious fumes in
the crew compartment or passenger catin during flight and aircraft
structure that requires major repair.* (See Appendix A for the full
citations,) Sbﬁs reflect occurrences which might have become fire
incidents or accidents but which were located and arrested. Although not
included in the original scope of the study, some of the statistics from
the SDRs are presented to supplement the accident data and provide a

further index of the eceurrence of fires in airframe accidents.

*In additien, 121,77 7%(e) states that "In additien to the reports reqguired
by paragraph (a) of this section, each certificate holder shall report
any other failure, malfunction, or defect in an aircraft that oecurs
‘or is detected at any time if, in its opinion, that failure, malfunction,
or defect has endangered or may endanger the safe operation of an
aircraft used by it."

-



One other set of data obtained through the NFPA files invelved
aircraft which were parked with engines not operating. ({(Some of these
may have resulted in SDRs (see belc.) but they were not in FAA-MAC's
computerized file begun in 1970. Also, some of the 1963 occurrences may

have been "incidents" for which NTSB data were not available.)

The major study effort was carried out in Task 1l: locating data
sourcus and extracting and assembling a large number of detailed accident
and fires accident/incident statistiecs from available published material
and files, Task 2 presents and compares the assembled statisties from the

following points of view:

o Flight purpose: passenger, cargo or ferry/training

e Phase of operation when "accident/incident" occurred: while
aireraft static (with or without engines operating), taxiing,
taking off, inflight, or landing {(each phase has several
subphases)

e Adrcraft damage: from impact and from fire

e Injury severity: faial, serious, minor/none and number due to
fire

e Type of accident: 59 categories, 32 of which contain fire
invelved accidents/incidents.

® Alrcraft make and model.

The cost analysis effort of Task 3 involved obtaining airecraft and
accident cost data, developing average cost indices for various crashes,
and conducting a cost analysis of fires acecidents related to the general
aceident picture. A more complete treatment of the costing mechodology
is contained in Chapter VI.
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IIT  AIRCRAFT ACCIDENTS AND ACCIDENTS iNVOLVING FIRES, 1963-1974

A. Introduction

The results of Task 1 of the study are presented in this chapter.
Task 1 was an aircraft acecident data review designed to develop summary
statistics contrasting the frequency of airecraft accidents involving fires
with the frequency of cther types of aircraft acecidents. The summary
tables hich follow are for aircraft flown by U.S. Air Carriers (defined
in Chapter II), unless otherwise gtated; more detailed tabulations have
been placed in Appendix B. The reader is again cautioned that these
tables do not show 23 1974 accidents not yet released by tﬁe NTSB.

B. Accident Summary Statistics

The data review yielded a reported 713 aceidents for U.S. Alr Carriers

between 1963 and 1974 with 158 (22%) of these involving some degree of
. fire. Thirty-six of the 158 fires, however, were limited €0 the engines

or wheel nacelles and are not of primary interest te this study. Thus,

the remaining 122 accidents involve fires in the airframe and repre-

gent 17 percent of total reported accidents; these will be emphasized. In
addition, 168 of the 713 reported accidents were non-crash accidents with
injuries due only to turbulence.* These are excluded from some comparisons
and from the reported total resulting in 545 accidents, 122 of which involved

fire in the airframe. Table 1 summarizes these comparicons.

An 4nflipght aireraft encounters clear air turbulence and a standing
océupant falls and fractures a bone, a serious injury. This, therefore,
o by definition becomes an "accident;" no collisien is involved.




Table 1

Comparison of Fire-Involved U.S. Air Carrier
Accidents with All Accldents, 1963-1974 (1974 Incomplete)

No. of Percent

Category Accldents| of Total {
U.S. Air Carrier Aceidenﬁs. - I
1963-1974* 713 100%
Above Accidents Invelving
Fire 158 22%
Above Accidents Involving
Fires in Airframe 122 172
No. of non-Turbulence
Accidents 543 100%
Above Accidents Involving 122 299

Tire in Alrframe

1974 data are preliminary and exclude 23 accidents
pending NTSB determination of the cause,

€. Fatality and Injury Summary Statistics

While enly 22 pecent of all non-turbulence accidents invelved
airframe fires, the majority of the fatal accidents did. As shown in
Table 2, 75 percent of the fatal accidents involved some degree of
airframe fire. ‘However, these accidents seem to involve fires as a
byproduct of their severity rather than deriving their severity due to
the fire. As shown in the following table, enly 14 percent of all fatal
accidents had deaths specifically noted as being fire caused wnd only
13 percent of the people killed in fatal accidents were reported to have
diedudue to burns, fumes and other effects of the fire. Chapter v
ineludes additional data addressing the question of fire-related
fatalities oceurring in otherwise survivable accldents.

Examining injuries and injury accidents, 33 petéent of serlously

injured people were invelved in fire accidents, and at least two percent

of those injuted were reported injured as a direct result of the fire

*x
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(smoke, burns, etc,). Others were injurad as an indirect result of a

fire while evacuating the aircraft, for example,

The following table compares the severity of accidents invelving
fires with al) accidents in terms of whether the accidents resulted in

deaths or injuries,

Table 2

Comparison of Fatal and Injury U.S. Alr Carrier Accldents
with Fire and Without Fire, 1963-1974 (1974 Incomplete).

No. of
Categor Accldents | Percent
gory of Given | of Total
Severity
Fatal Aireraft Accidents 95 100%
Fatal Aircraft Accidents with Fire 71 75%
Aceidents with specifically identified a sy
_ _ - 13 14%
fires-caused deaths
Persons Killed in Aircraft Accidents 2530 100%
Killed in Airecraft Fires Accidents 2116* 847
peaths specifically attributed to 320 137
fires
serious Injury Accidents (excluding _f
turbulence, engine and wheel 103 100%
nacells accidents)
Above Accidents with Fire 16 16%
Persons Seriously Injured in Aircraft 1265 100
Aceidents
Seriogsly.lnjured in Aireraft Fires 414 937
Accidents
Injuries specifically noted as fire
_ 31 . 2%
caused

*Mast were killed in the impact. Further discussion is
included in Chapter IV.
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Table 3 examines accident injury level as a function of flight
purpose. The Cargoe and Ferry/Training flights are significant in terms of
damage and accident totals if not in terms of injuries and fatalities.
Table 3 shows the numbers of accidents and numbers of accidents with
fires and, for fatal accidents, the number of accidents with fatalities

due to fire.

Table 3

Comparison of Fire~Involved U.S. Alr Carrier Aceidents
(Excluding Non-Crash Turbulence, Engine and Wheel Nacelle Fire Accidents)
with all Such Accidents 1963-1974 (1974 Incomplete)
According te Flight Purpose

Maximum Severity Level
it D . & Serious ‘Minor/ﬁé
Flight Purpose B qua}i _ Injury Injury
All | Fire | 1) | pire | A1l |Fire
e e Tae) oco S e *_ e T_*_;__—’ ﬁ o
Passenger 67 | 49(11) 90 9 | 250 | 20
Cargo 19 | 16(1) 8 5 62 | 10
Ferry/Training 81 6(1) 5 2 36 | 5
et — . + i e e e - m—— e
Totals 94'| 71(13) | 103 16 } 348 | 35

*Numbers in ( ) are accidents with fatalities speci-
fically eited by NTSB to be caused by fire. A few
others not specifically cited may have included
fire~caused deaths.

* This value differs from that shown in Table 2
because one nen=crash turbulence accident involved
a passenger fatalilty.

Sixty-two percent of U.S, Air Carrier aceidents from 1963~-1974 (1974
ineomPlete) which caused serious Injury (as the preatest degree of injury)
were non-crash turbulence aceidents, in which an aireraic enceuntered
clear air turbulence and a standing occupant fell and uwsually fractured
a leg or arm. These accldents are not ineluded in Table 3. Sevious
injury also frequently occurs during evacuation of an airciraft because
"of the threat or reality of fire; occupants jump off wings, for example,
and fracture legs. This ig discussed in Chapter Iv.
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D, Damage Summary Statistics

The number of aircraft destroyed in accidents with fire and the
number of aircraft destroyed due to fire are shown in Table 4. (Nen-

impact turbulence accidents are excluded from the table.)

Table 4
Comparison of Alrcraft Damage in Fire-Invelved U.5. Alr Carrier
Accidents with All Aeccidents (Excecluding Non-Crash Turbulence),
1963-1974 (1974 Incomplete) '

Categor No. of Percent

gory Accidents | of Total
Nurber of Nen=Turbulence .
Aceidents 545 1007
Number of Aireraft Destroyed 113 217%
Number Destroyed in Accidents 91* 17
Involving Fires o

) *

Number Destroyed by Fire 55 10%

*
Many of these had already beéen extremely damaged
by impact.

As shownt abeve in ten percent of the crashes fire destroyed the aireraft.
The relative contributions of fire and impact will be further addressed
in Chapters IV and VI.

Alrcraft damage statistics for three categories of flight purpose
are shown in Table 5. The damage severity in this table is based on the
total effects of both impact-caugsed and fire-caused damage. Numbers
shown in parentheses present aircraft damage severity specifically reported
as due to the effects of fire alene, Thus, for example, 55 aireraft were
destroyed by fire; some of which prebably would have had seme salvage
value had the fire not occurred. Thete were 258 passenger aircraft with
substantial damage. There were 25 aircraft with everall substantial
damage in accidents invelving fire and there were 12 accidents where the

fire damage was substantial.
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Table 5

Comparison of All U,S. Air Carrier Accidents with Fire Involved
Accidents {Excluding Non=Crash Turbulence, and Engine and Wheel
Nacelle Fire Accidents) by Aircraft Damage,
1963-1974 (1974 Incomplete)
According to Flight Purpose

Alreraft Damage

Flight Purpose | Destroyed Spbs;gntig}
Fire Fire
All Involved All Involved
Passenger 68 | 53(28) | 258 | 25(12)
Cargo 32 27(17) 53 4(5)
Ferry/Training | 131 11(10) 35 2(1)
Totals 113 | 91(55) | 346 | 31(18)

Note: Numbers in ( ) indicate number of
accidents where fire caused the
indicated damage severity.

E. Accident Involvement of Different Aircraft Models

The number of accidents and fire related accidents reported for each
turbine powered ailrcraft type represented in the ¥U.S. Alr Carrier fleet
are shown in Tab;e 6 aleng with the number of aircraft-years each type
was in service in the fleet over the same l2+-year period as an index of
exposure, Also shown in Table 6 are two involvement index values based
on the ratioc betwéén the number of adccildents or fires accidents and the

number of aircraft service years for the same l2-year period.

Accidents
Service Years

Involvement Index x 100

Additional data showing the number of acecidents, fire= accidents and number
of aircraft in the fleet for each calendar Yyear 1963-1974 is presented
in Table B- 3, Appendix B. ' '
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An examination of Table 6 shows overall accident involvement to be
relatively uniform across aircraft types. Readers may be tempted to view
the figures in Table 6 as an index to the relative safety of different
aircraft types, but extreme caution is urged in making such an inter-
pretation. First, the accident totals include many minor accidents,
Also, the accidents and exposure index are based on a different mixture
of passenger and cargo aircraft for each aircraft type. The use of
aircraft~years of service as the exposure index also introduces problems
because this assumes each aircraft type has an equal utilizatioﬁ factor
in terms of number of trips, aircraft miles, passenger miles, or other
statistics which the analyst believes should be correlated with human
aceident exposure. The major value of Table 6 is that it shows the
degree to which the aircraft fires problem cuts across different iypes or
classes of aircraft. Data are available in Appendix B to repeat the
analysis for each calendar year to examine temporal trends in the number
of accidents or airframe fires; this analysis is left for the reader

to perform if desired,.

F. Accident Types

Fire-involved accidents oeccurred in 32 of 59 accident categories
distinguished by NTSB, and eighty percent of the accidents involving the

airframe fell into one of the 12 categories shown 1n Table 7.
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Tabl

e b

U.S. Air Carrier Accidents by Type of Airecraft, 1963-1%74
(1974 Incomplete)

* .
_Exr—:-]sudes non-crash turbilence

*Exeludes engine and wheel nacelle fires

16

No. 6f Fire
%* .y cod :
Aircraft Accidents Flre 4 Seiizzzagzars Iﬁsgigzgznt Accldent
in 1?2 Year}Accidents Durin Period Index Involvement
Period . g Index
Boeing 207 58 16 3606 1.6 0.4
| Boeing 720 22 2 1208 1.8 0.2
- Boeing 747 9 - 505 1.8 )
" 2l Convair 880 7 2 474 1,5 0.4
£ | Convair 990 3 1 139 2.1 0.7
& "IMcD D DC8 41 7 2445 1.7 0.3
-1 D i ) . 7 ' )
< | Bluockheed 188 15 3 1104 1.4 0.3
% Lockheed 382 6 2 148 4.0 1.3
£ Vickers 745 1 5 252 4.3 1.9
g V810,C144 ,AW650 9 4 247 3.6 1.6
21 R ity } e - )
o 2l Boeing 727 52 9 5616 0.9 0.2
& B.2|Lockheed 1011 3 1 133 2.2 0.8
€5 MeD D DCLO 4 - 271 1.5 0
g_Boeing 737 7 2 982 o7 0.2
s ¥eD D DCY 32 12 2489 1.3 0.5
f BAC 111 6 2 506 1.2 0.4
. g Caravelle 3 - 140 2.1 0
@ | I __ . ) — A . _ o
2| |convatr 580 12 4 514 2.3 0.8
& | g{Con 600/640 9 2 138 6.5 1.4
1| B|Fairchild F27 16 3 506 3.2 0.6
g‘Fairchild FH227 14 4 373 3,7 1.0
=}¥S-11 3 - 130 2.3 0
&| convalr 2407 0 - 144 0 0
_ ‘Convalr 34GT % 1 - 381 0.3 0
Other Turbine 17 2 # 208 8.1 0.9
~ Piston Powered 185 39 6408 2.8 0.6
Totals T 545 122



Table 7

Comparison of Major Types of Fire-Involved
and Non-Fire Accidents, 1963-1974 (1974 Iacomplete)

Fire Accidents
NTSB Accident Type Category Airframe | EPRine or | Non-Fire
' ' Fire theel Accidents
Fire
Accidents Accidents
Controlled Collision with Ground 18 0 6
Uncontrolled Collision with Ground 17 0
Undersheot 12 0 12
Collision with Trees 8 0 3
Engine Failure 8 12 22
| Collision with Aircraft Inflight 7 0
Stall 5 0
Fire on Ground 5 9
Groundloop Swerve 5 2 30
Gear Collapsed 4 0 40
Collision with Gther Objects 4 0 14
Fire Inflight 4 10 .0
Total in These 12 Categories _ 97 33 139
Percent of All in Invelvement Class BOY 92% 19%
Total in 20 Other Categories* 25 3 334
Percent of All in Invoelvement Class 20% B 47%
| Total in Remaining 27 Cacagories* 0 0 83
- Percent of All in Involvement Class 0% 0% 127

* ] .
See Appendix B, Table B-3 for these 20 categories and a partial list

of the remaining 27.
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These 12 categories accounted for 97 of *he 122 fire-involved accidents
reported during the l2-year period studied. The remaining fire accidents
are distributed among 21 other accident categories. Table B=3 showing

all 32 accident classifications and a comparison with all accidents in

the period was prepared and is shown in Appendix B. An analysis of these
tables indicates that an overwhelming majority of the fires accidents have
type classifications that involve collisions or abnormal contact with the
ground. Only 197 of the non-fire accidents occur in these 12 categories;
47 percent more occur in the additional 20 categories where fire-involved
accidents are found, but half of those were turbulence accidents.

(Two turbulence accidents did involve airfiime breakup and subsequent fire.)
A remaining 34 percent of all non-fire accidents are distributed among

27 accident types, As will be shown in Chapter IV, 87 percent of fire-
involved airframe accidents inveolved fires after impact. Only four of the
122 airframe accidents are listed in the fire-inflight initiation category.

G. AeciggptmIgyolygmgnc:xg,,Phasg“andTgu;pnsg_ﬂﬁ Flight

The occurtence of accidents and fires-accidents during various phases

of operation is summarized in Table 8 bhelow.

Table 8

Comparison of Airframe Fire Accidents with All U.S. Alr
Carrier Accidents (Excluding Non-Crash Turbulence) by
Phade of Operation, 1963-1974 (1974 Incomplete)

No., of Percent of

Phase of Operation Non=-Turbulence ggrggzzl Re?iiigaﬁiciizets Alrirame

Aceidents - ' ~ldent Fires
Statie (On Ground) 39 7 3
Taxi 51 . 9 ' 3 2
Takeoff a2 15 28 23
Flight 122 23 29 24
Landing 249 35 58 48
Not Reported 2 1 1 | 1
Total | 545 1007 122 1007
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As shown in Table 8, more than one~third of all accidents, and half of all
airframe fires accidents, occur during landing., About three quarters of
the accidents and airframe fires accidents occur at or near airports, and
the remaining one fourth occur during flight.

The following table compares the phase of operation of fire involved
accidents (excluding engine and wheel nacelle fires) with all U.S. Afr
Carrier accidents (excluding non-crash turbulence accidents) according

to phase of operation and flight purpose.

Table 9

Comparison of All U,S. Air Carrier Accidents
(Excluding Non-Crash Turbulence) with Those Involving Fires
(Excluding Engine and Wheel Nacelle), 1963-1974 (1974 Incomplete)
by Flight Purpose

Phase of Operatien

_ __{A11 Phase
Flight Purpose Statie Taxi |Takeoff | Flight |Landing | T°t§18 ,
A1l |Fire [a11 [Fire|a11 [Fire |a11|Fire|a11 |Five [AL |Fire
. N S A 7 i RS R _
Passenger 37| 2 § 39| 2| 56} 15 |101f 22 {172] 36 |405 | 77
Cargo 11 0 9| 1| 18} 10 | 13| &6 | 47 14 | 89 | 31
Ferry/Training 1| 1 3] 0 71 3 8] 1| 30| 8 | 49 { 13
C e 8 B P AP, - . e S— - == B + i " .
Totals 39| 3 [s1| 3| 82| 28 |122] 29 |249] 58 [s43*[121"
Percent Involving
Fire at Phase of | BZ 6% 347 24% 237 22%
Operation | J

*
For two accidents (one involving fire) the phase of operation was not
shown in the report,

Excluding inflight nonw-crash turbulence accidents, 249 (46 percent) oceurred

during the landing phase of operation, with 23 percent invelving fire.
Eighty=two accidents occurred on takeoff, with 34 percent involving fires,
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*
IV INJURIES, FATALITIES AND DAMAGE IN ACCIDENTS INVOLVING FIRE

A, Introduction

This report section is devoted primarily to the results of Task 2,
an analysis of the injuries, fatalities and aircraft damage resulting
from fires. The statistics and discugsion included and in Chapter V ar=
are designed to improve the understanding of fires accident causes,
occurrence and effects. The data are also necessary inputs to the cos:
analysis, described in Chapter VI, which will express the acecident effects

in monetary terms.

As mentioned in Chapter III, 158 of the 713 accidents reported during
the 1l2-year study peried (1963-1974) involved an aircraft fire of some
type. The distribution of these 158 accidents in terms of flight purpose,
fire occurrence and phase of operation when the acecident occurred is shown
in Table 10.

*Matriees deseribing each of the fire involved accidents, incidents, and
cccurrences in terms of damage, injuries and aceident dessriptors are
provided in Appendix D.
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Table 10
U.8. Air Carrier Accidents Involving Fire 1963-1974 (1974 Incomplete)

M 5? Airframe Accident
Flight Fives | Engine or |4irframe | Ajrframe Accident Occurrence Fire Occurrence
Purpose |Accidents|Wheel Fires|Aceidents |o, . .| raxs|Takeoff|Flight|Landing|, .l In- |After

‘ i | i 'Ground] . 1

; | | ‘ IR Flight| Impact
_Passenger| 106 | 28 B |2 | 15 22 | 36 6 7 | 65
| cargo 3 | 3 A |0 1| 10 6 14 30
I 1 |
| ;::;'ﬁng 18 5 13 1 o] 3 1 8 1 1 11
— ‘ + -
| Totals 158 36 122 3 | 3] 28 29 58 7 9 106




As can be seen in the table, 36 out of 158 (23 percent) of the
accidents involved fire in only the engine or wheel nacelle area. Engine
and landing gear fires rarely affect the airframe and thus are not
discussed in further detail in this report. (A listing of these with a
few of their characteristics is included inTable p-3, Appendix R) The
majority of reported data will reflect the incidence and effect of fire
cccurring in the airframe only. (Technically, the landing gear are part
of the airframe but for this repert, "airframe" shall refer te the wings,
fuselage and tail sections only.) After eliminating the engine and wheel
fires acecidents, the fire-accident study population consisted of 122
airframe accidents, Table 10 shows that 64 percent of these were
passenger=carrying flights, 25 percent were cargo, and 11 percent were
ferry or training flights. These were distributed among the tliree

listed fire oeceurrence situations as follows:

On Ground: Statiec (such as parked at terminal),
6% taxiing, ground run for takeoff, etc.
In Flight: Cruise (lightning strike, turbulence
7% breakup)

After Impact: Accident occurs upon takeoff (aborted

874% and then objeet struck), inflight (mid-air
collisions, descending and hitting
mountain ridge), or on landing (mainly
during final approach, too low, hitting
trees)

The fact that 87 percent of the firesinvolved accidents were aceldents
with fires after impact is of major impertance and is discussed later and

in Table C-2 of Appendix C.

B, Injaries

Further analysis of the 122 airframe fires aceidents showed that
414 persons were seriously injured in accidents involving fire, with
at least 31 of the injuries definitely attributable to fire. Fifty=
eight of the serious injuries occurred in 16 accidents with no fatalities,

and the remaining serious injuries oceurred in 24 accidents which also
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had fatalities. The serious injuries are often broken limbhs incurred
during emergency evacuation of the aircraft while jumping off the wing.
NISB defines broken bones as a serious injury. The injury severity
breakdown for the 122 accidents in the study population is shown below.

Table 11l

Accident Injuxy Classes by Flight Purpose,
1963~1974 (1974 Incomplete)

_ No. of Accidents with
Flight Purpose i, yéx%gqm Seygf?gy_ghowni Totals
Fatal | Serious | Minor/None
Passenger 1 49 | 9 20 _ 78.
Cargo 16 ot 10 31
Ferry/Training 6 2 5 13
Totals 71 16 35 122

C. Eatglikiga

There were 95 fatal aceidents in the 12 years of data, 71 of which
occurred in accidents involving some degree of fire., Nearly all of the
fire-invelved fatal accidents (65 out of the 71) invelved after—impact
fires. The six exceptions oceurred inflight and involved a lightning
strike, airframe breakup in turbulence, airframe plenum chamber fire also
invelving hydraulic fluid, fire in baggage compartment or cabin, improperly

packaged nitric acid (ecarge flight), and an unknown cause.

1. Cause of Death

The 71 fatal fire-related accidéents represent 58 percent of
all airframe fire-accidents and account for 2116 of the 2530 total u.S.
® .
AlY Carrier fatalities between 1963-1974. 0f these 2116 fatalities in

‘It is noted that 370 fatalities nccurred in 1974 in gaeven fatal accidents
for which NTSB has not yet determined cause and which are not included
in the above totalsj it is unknown how many of those accidents involved
fire or how many fatalities may have been due to fire alone.
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fire~involved accidents, only 320 or 15 percent, were reported as definitely
due to fires according to NTSB reports (based on post-mortem examinations,
autopsy and toxicological tests). The remaining 1796 deaths in the fire-
involved accidents were not identified in the investipators' reports as
being fire-caused, and thus it is believed that many if not all of these
deaths were caused by impact rather than by the subsequent fire. From the
designations recorded in published NTSB accident reports or in the NTSB
factual investigation files, the 71 fatal accidents involving fire were
grouped into three classes:

e 39 fatal aceldents that were not impaet—survivable* with

1377 deaths

e 13 fatal impact-survivable accidents in which some (320)
of the fatalities were definitely caused by the firet

e 19 fatal accidents with impact and not specifically

designated as impact survivable or non-survivable with

419 deaths.
This third categery is subject te more uncertainty than the ether two.
All but one of the 19 accidents involved after<impaect fires, and the
number of fatalities for this group totaled 419. This means that there
were 739 potential fire-caused deaths (320 definitely due to fire plus
the 419 in the third group) if all of the undesignated acecidents were in
fact impact-survivable. A minimum of 320 were fire-caused deaths if none

of the 19 accidents were impact=survivable. In an attempt to reduce the

*A "survivable" accident is defined by NTSB as one in which the fuselage

remains relatively intact, crash foreces de not exceed the limits of

human teleérance, there are adequate occupant restraints and suf fictent

escape provisions. In 28 of the 39 accidents the "non=survivable"

designation was stated as such in the published Aircraft Aceident Report.

The remaining 11 weredesignated as such by the SRI analyst, based on an

"impaet severity" code of "extreme" in the NTSB computer records as

well as NTSB's definitions for these terms when published desipnations

could not be located. (Section A.5 of Appendix A has a discussion of the codes. )

*Theée thirteen accidents and the number of persons killed by the fires
were identified from data recorded on the NTSB “Airecraft Accident Analysis
Sheet" Form 6120.12, Data on serious injuries due to fire were taken
from published accident reports where available or factual backup material
(1970~1974 only) and thus are available in less detail.
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uncertainty each of the 19 accidents was further analyzed according to its
impact severity code and fire severity codes and then grouped according

to these codes. The results are shown in Table 12, Firat, three accidents
that were very probably not impact-survivable were removed from the
undesignated group, One of these aircraft disintegrated inflight and the
otheﬁ'two had extreme to severe impact codes and minor and no fire damage,
respectively. HNext, three undesignated accidents were removed because
reports ascribed their fatalities to impact. This reduced the maximum

number of fire-caused deaths to 555.

Table 12
impact Survivability Estimates for Undesipnated Cases

Remaining No, of
. No. of No. of Possible Fires
Group : N * Deaths If Accildernts
Accidents | Deaths S
were Non-Impact
Survivable
Total Undesignated 19 - 419 739 (maximum) :
| Probably No Fire
Fatalities: Impact
was coded severe to
extrefie and"fitg 6 184 555 (?robahle
damage was minof or maximum)
none or the réport
1 aseribed fatal
injuries te impaect
e e b — s _.‘l,e_&"'._." — . 7? e A el B ARl
Possible Nen Impact
- Survivable: Impact 4 9% | 459
was severe,_fuselage
was destroyed by fire
Impact. Survivability o | 139 320 (minimum)
Unknoéwn

*Three aceldents had 47 survivers in addition to 34 fatalities,
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1t is believed from the above that a maximum of 26 of the
accidents could have been survivable (13 specifically designed in the
second group, plus the 13 undesignated accidents remaining after the above
analysis). It is also estimated that no more than 555 of the fatalities
could have been due to the fire-—-from burns er from i{nhalation of combustion
products. Table 13 gives some ¢characteristics of the 13 impac t-survivable
aceidents with definite ¢ire-caused deaths. All the fires ocecurred after
impact, three oeccurring during takeoff, one in flight, and nine upon
landing (six during the final appreach). There were gurvivers in all but
one case. In that case, a training flight, one of the four persons
killed probably would have survived had there béen no fire. Among the
survivors in the other 12 aceidents, 188 were injured seriously, at least
17 by the fire itself, and there were 306 persons with minor or no injuries
(in 8 acéldents). Of the 417 who died in these 13 accidents, 320, er
77 percent, died from fire while the others apparently died from impact.

2. Grashworthiness

The preceding subsection suggests that in 45 of the 71 fatal
fire-involved accidents it was immaterial frem a fatality standpoint
whether or not the fire oceurred. Most of these aceidents were So severe
as to be totally non-survivable from an impact standpoint. The issue,
however, in these nonsurvivable cases; is that if the airecraft structure
had been mere crashworthy--and at present there are ongeing research
programs dealing with erashworthifiess—-the fire threat is still present
and many of the occupants might then have died from ensuing fires. In
20 of the 39 nensurvivable accidents in the first group, the aircraft was
ultimately destroyed by fire and in an additional six cases the alreraft
suf fered substantial fire damage,
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Table 13

CHARACTERISTICE OF IMPACT-SURVIVABLE ACCIDENTS WITH DEPINITE PIRE fAUSED DEATHS

i . *
Injuries

File : Fire R | Phase of . )

No, Date Location Afrcralt Damage 'Fat.llm 8”.. ‘H!Ni Operation Fite Factors

Plusﬁnghii

1-0080111=23-64 Rome TWA 707-331 D 4B8(44)]11 14 {Takeoff 3|Puel line tore free on
impact; spewing fuel was
ignited; fuel from right
wing tip surge vent burned;
fire spread to center
fuselage tank, exploded

1-0032{11-11-65 | Salt Lake United 727 5 43(43)} 35 13|Landing 3jRuptured fuel line and
sparks

1-0033[12= 4=65| Carmel, NY |Eastern L1049C D 4(2) {134 16|Inflight 2:|Ground fire

1=0001| 4=-22-%6| Ardmore, OK |Amer. Fly L186C| P 83(12)|15 Landing 1l|Struck hill

1-0062} 6-13-68: Calcutta Pan Am 707 D 6(6) S6iLanding 8)Collided with trees

1-0026112~28-70 |St. Thomas VI}Trans Carib 727} D 2(2) |11 42\Landing 4 |Left wing root, explosion,
small fire

140025§11=27=70] Anchorage Capitol DCB n 47¢47 3149 133 |Takeoff 3|Fite left side during first
impsct

1<0006] 6~ 7=71[New Haven CT [Allegheny CV580% D 28(27)] 3(3) Landing 3|Hft buildings, power lines;j

. wing fixed; spflled fuel

1gnited

10017 j12-20=72 Chicago No., Central DC3| D 10¢10)| 9¢9) | 26|Takeoff 2|After impact fire in rear
cabin

1-0048i2= 8=72] Chicago ‘United 737 D ja3(27)j12 6lLanding 3|Struck electric line,
houses

1=00011 1~30-74| PBago Page |Pan Am 707-3218| D 95¢95)| 5(5) | ~~|Landing 3]Fire outside on right;
flaming fuel traillng
wing edge

Cargot

1-0003| 2- 3-63{San Francisco| Slick L1045H D 4(4) | 4 Landing ¥|Ground fire

Training:

1-0003} 5=30=72| Ft. Worth Delta DCY 5 4(1) | - «={Landing 3]Ruptured right wing fuel
tank {wing hit fuaway);
friction

*
Figures fn ( ) are injnries or fatalities due te fire,

Eite Damage: D, destfoyed; S, substamtial; Ser., serious; ¥/H, minor/none; Phase of Operacien: TakeofF 2,
fnttial climb; 3, aborted; Inflight 2, cruise; Landing 1, in traffic pattefn; 3, fifal approach; 4, level
off/touchdown; 8, othet.
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Table 13 -~ Continued

- Evacustion Factors |
File S e i - Fuel Remarks
No, |Emerg| Assis- |Exit| No,|Evac Type £
. Exits| tance Loc, {Evac| Tine
Passenger: - o B
1-0080] C Gl | 46 }31<60 ? Afrcraft stopped 20 sec, after impact; firest explosion
BRC. 40 eec. after impact; 2nd exp. 60 sec.; COHb on=board
£atals averaged 23%; lethal agent was extremely shott
exposure fire with fire blast
1=0032] ¢ |[Tooc late {GHI | 50 |61-90 k Fire on board throughout evacuation; elevation 4,300 fi;
8sec. altitude hypoxia problem
1=0033 ?
1-0001 ?
1-0062] € |Effective - 57 H
1-0026 Effective| OK | 53 |31~60 {Kercsene
sec, |Type A
1-0025 182 JBL
Type A
1-0006| A |Available| H 3| 0=30 JPL Fire and smoke from burning houses and atreraft fuel out-
but side aircraft; cabin filled rapidly with smoke; only
unable attendant probably incapeitated by impaet forces
1-0017 CHI | 36 Jet A
Kerosene
" - 1~0048 Too late | EK | 18 |Over
2 min
1=0001] € [Too late | HK ] 10 ? Kerosene
. Type A
Cargo:
1-0003 oH Octane
AVGAS
T:ninigg:
1-0003 Jet A

Emergency Exits:
dooEs, fore and afty
main and auxiliary doo

in fuselage; L, thrown clear,

A, functioned normally, used; C, would not open (ofe or mnorel; Exi;rpocgtigga: ¢, main
p, awxiliary door, forward; E, auxiliary doeor, afti ¥, auxiliacy doot, other; G, both
rs (one or mote of sach)j

H, emexgency window exit(s): I, cockpit windowi K, break

ORIGINAL PAGE I§
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3. Evacuation

The inability of passengers to accomplish self evacuation appeared
to be a major cause of fatalities in pest-impact fires in many of the
accounts of such fires read during the present study. The importance
of evacuation was alse undérscored by some of the accident statistics.
Althov 'h moest people killed in aireraft accidents die from forece of impact,
in all but one of the 13 impact-survivable crashes, some occupants were
able to evacuate successfully. Others, however, died from the effects
of fire in these crashes and it seems clear that more would have been

saved if they had been able te evacuate sooner.

A second major factor implied by the accident data is that
the evacuatien process itself can be the cause of injury in accidents
invelving fires. In some of the less serieous fires, all of the serious
injuries happened during evacuation and the fires ean be said to have
been an indirect rather than a direct cause of the injury. For example,
in the 122 airframe fire-invelved accidents, 16 accidents (13 percent)
had serious injurles as the greatest severity and in the 36 aceidents
with engine/wheel nacelle fires, 10 accidents (28 percent) were in the
serious injury severity class. Each of the 21 serious injuries in these
10 engine/wheel nacelle accidents happened during evacuation and probably
at least 15 of the injuries in the airframe accidents were due to

evacuatioen.

Although a detailed discussion of evacuation problems is beyend
the s¢cope of this report, the reader is referred to publications listed
in Appendix E, particularly to the repért by Snow et al. which includes
a human factors discussion of two of the fire aceidents (Rome, 11-23=64
and Salt Lake City, 11~11-65).

D. Aireraft Damage

NISB Aireraft Accident Reports are coded for overall aireraft
damage; impact severity (from a human factors peint of view); impact
damage severity to the cockpit, forward, center and aft cabin; and

damage by fire.
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"Impact severity" and "damage severity (impact)" are coded
*
according to the following classification and definitions:

extreme-~nonsurvivable

severe~-slightly less than extreme where there
is extensive damage and the aireraft is
demolished but survival is a fact or
could have been

moderate ox minor--investigator's judgment based
on investigative evidence

none~—=none

Fifty-eight of the 122 ajrcraft in the airframe fires accident .
population had impact and/or damage severity ceded as "extreme" or
"severe," These, therefore, were demolished even without the effects
of fire., Thirty-five of these 58 aircraft were subsequently destroyed
by fire. 1In 21 accidents with medérate, miner, or ne impact damapge at

all, the following fire damage was reported:

8 airecraft destroyed by fire
8 received substantial fire damage

5 had miner, no or unknewn fire damage

Some of these 21 accidents are examples of situations where a fire suppression

or inerting system may have reduced property less.

Impact and fire~caused damage for the 122 aceidents between
1963-1974 involving airframe fire are shown in Table 14, The same infor~
mation for each of 21 different models of aircraft has been inecluded
in Table C~1, Appendix €. As can be seen in Table 14, the ailrcraft were
destroyed by fire in 56 of the 122 airframe fire-involved accidents, At least
35 of these had extreme or severe impact damage, and thus the damage done
by fire in these 35 cases probably did net increase substantially human
or monetary costs already incurred. Unfortunately, impact damage or
severity were not coded for 43 aceddents, and the relative importance
ef fire damage in those cases could not be deduced,

*These definitions are from the Bureau of Aviation Safety, Safety Analysis
Divisiéon, Natiomal Transportation Safety Board, Analyst's Handbook,
revised January 1973. See Sectien 4,5, Accident Codes--Severity and
Damage, of Appendix A for further discussion.
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Table 14

Impact Damage and Fire Damage in U.S. Adr Carrier Accidents Involving Fire
1963-1974 (1974 Incomnlete)

1 Impact Damage
| Flight il Extreme 1 Sévere | Hodgrate 1 Minor None IInknown
Purpose {Fire DamageﬂFire Damage|Fire DamageéFire Damage |Fire Damage]Fire Damage i
i e T T +— ; I : - —7%1
‘Disim|n(? | pis|mINf? [ DS | pfs|mfni? | B|sim|ni? p|s|unf?
; N T (W P 1 . . ! : - ; . . |
Passenger | 78] 9{4[3] |6 |10{2|1|1| | 3]1 4f1 al1|1} | a|1fe|2{13|
Cargo safo7f |oqn) | os| x|z | g ' : 43|11 | 2
i S . | ‘ :
Ferry/ 1al ol o i ‘ N .
| Tratning | 13? 2 | 2:1  1| 5] 11 1
1] I § ! . e . . . A, | H H & | H . . H . . I
| Totals }122 18| 4131 |6 317j312 2|2 | 3|2} 2]o|1 | al1jeloje | 1is{2{1]|o |13|s|8]2 16 |

Fire Damage Key:

*
Note:

D=Destroyed; S=Substantial; M=Minor; N=None; ?=Unknown

Passenger, 5 destroyed,

16 cases do not have impact damage, impact sevevity or fire damage coded separately
but overall aircraft damage was coded as followo:
8 substantial damage; Cargo, 2 destroyed; Ferry/Training, 1 substantial damage.
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E. Comparisen with 1955-1962 Data

In March 1966 the Bureau of Safety of the Civil .\eronautics Beard
issued a report entitled "A Study of United States Afr Carrier Accildents
Involving Fire, 1955-1964" (BOSP 7-6-3). This report provided statistical

and analytical data on 155 accidents caused by or resulting in fire, : i

After removing from this data 21 accidents which occurred in 1963 and 1964
(an overlap with the present study) and five helicopter accidents, the
following table was prepared to describe the aircraft fire accident

picture for the eight years preceding our gelected time frame.

Table 15
Adrcraft Accidents Involving Airframe Fires 1955-1962 (CAB Study)

e ef No. of No. of
Fire Total * T Minor/
Occurrence Aceldents Fatal Fatalities Serious None
Accldents Aceidents
Aceldents
In Flight 14 11 213 3
After Impact 89(10) 53(10) 1428(243) g
On Ground 3 3
Total 106(1.0) 63(10) 1646(243) 9 3

* .
An additional 23 accidents were engine or wheel well fire acecildents,
only twe of which involved serious injuries.

Figures in parentheses indicate those specifically due to fire rather
than impact.

The 10 aceidents with fatalities due to fire occurred during landing

and takeoff operations and for the follewing aircraft typest
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Year

Alrcraft

Remarks

1957

1958

1958

1959
1960
1960
1961

1961
1962

1962

DC6A Crashed after takeoff in instrument
weather
DCil Struck trees during single engine climbout;
training
CV240 Struck ground short of runway during instrue
ment approach
L049 §1id down embankment from slick runway
DC6B Hit mountain shortly after takeoff
C46 Lost control during takeoff and erashed
Dce Thrust reversal failure on landing; hit
runway construction
LO49 Crashed short of runway
L1049H Struck ground short of runway during
instrument approach
pc? Struck ground during attempted go-around

Five occurred during landing, four eccurred during takeoff and one

(slick runway) 18 unknown.

powered,

All but one of these alreraft were piston=

Thus, of 106 accidents and 63 fatal accidents, 10 resulted

in deaths from fire,

to fire.

after impact, and three took place on the ground.

Of 1646 fatalitles, 243 or 15 percent were due

0f the 106 accidents, 14 occurred in flight, B9 occurred

These findings are

.

compared with the 1963-1974 time frame of the present study in Table 16

below.

Table 16

Accidents Invelving Airframe Fires 1955-1962 and 1963=1974 Compared

(1974 Incomplete)

Fire Occurrence Percent due to Fire
Study - R e Fatal as Percent s AR cu ==
i . After On |of All Fire Acecidents| Fatal
g»nflight Impact |[Ground Aceidents Fatalities
CAB 1955-1962 | 137% 847 37 59% 16% 15%
1963-1974 7% B7% 67 58% 18% 157




The eight recommendatiens in the 1966 CAB report included the following:
"he increased strength of environmental structures and occupant restraint
systems to withstand the impact forces that are tolerable to man,"
"further improvement and development of integral fuel inerting, fire
suppression and fire extinguishing systems," and "the sunpression or
elimination of toxic fumes that originate from burning fabries and
interior furnishings." Almost ten years later, these three conclusions

are still airline safety issues.

F. Aircraft Fire FEtielegy

In this section the causes, origins, and reasons for many of the

aircraft fires studied will be presented and briefly discussed.

Fire causes were stated definitely or could be confidently assumed
from the informatien available in investigators' reports for 49 of the
122 accidents invelving airframe fires. However, no specific details
concerning the fires could be obtained in the remaining 73 cases.
Table 17 compares the characteristics of the 49 accidents with known
fire causes with characteristies of the group for which causal information
was lacking. Most of the latter occurred between 1963 and 1969, the
period for which the NTSB backup reports are in archives and which could

not be made available in time to be studied.

Causes for the 49 accidents for which this information was available
are tabulated in Table 18. Based on these reported cases, fuel-related
factors predominate. In 11 cases fuel tanks ruptured, often after a
wingtip hit the runway and friction sparks ignited escaping fuel. 1In
eight more cases, fuel lines were severed during impact and the fuel
ignited. Fuel was also a factor in seven other cases. There were also
three cases in which the aireraft exploded on impact. The reasens behind

the remaining 20 fires are varied and may be seen in Table 18.

One may also infer something about fire causes by studying che
incident data, These fires did net become aceidents because they were
controlled before serious injury or death could result. However, any

of the incidents discussed here could have become accidents in different
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Table 17

Characteristics of Fire Involved Accldents
with Known vs. Unknown Causes, 1963-1974
(1974 Incomplete)

- = S ¢ - -
Cause Known Cause Unknown

Characteristic —T B s | e
Numbey | Percent | Number | Percent

Total Number 49 1002 |73 100 %

Statie 2 4 1 1
Taxi 2 4 1 1
Takeoff 10 20 18 25
Inflight 11 22 19 26
Landin 24 49 34 47
s ____'_g_ =i _‘_"l.;_"_'__—_ e ————rr e A e e
Destroyed 18 37 38 52
auf Substantial 15 31 4 5
gMinor 8 16 8 11
None 1 2 4 5
Uinknown 7 14 19 26
e o e St e R S -
| Fatal 28¢8Y | 57(16) | 43(5)
= -g Serious 8 16 9 12
v Minor/Nene 13 27 21 29 _#
gl Inflight 8 16 1 1
2lon Ground 5 10 2 3
HiAfter Impaect | 36 73 70 96

AN [ .. - o I IR E I i i

Phase of
Operation:

b

* _
Causes listed in Table 8

t Figures in ( ) indicate fatalities due to fire
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circumstances and thus studying them could help to avert future accidents.
There were 27 incidents involving fuselage fires, and the causes are
known for 13 of these. Unlike the accident data, no single cause
predominates. The distribution of incident causal factors for the 27

ineidents fer which the cause was stated is shown below in Table 19.*

Table 19
Fire Incident Causal Facters

No. of Cases  Fire Cause or Starting Point

Electrical

Oxygen system

Lavatory refuse container
Incendiary deviee

Paper (in heater duct)
Chemical cargo

Refueling on ground

Cause not staced

)

£ b

There were also seven fire "occurrences” in the National Fire
Protection Assoeiation files for 1963. These may have all been
incidents, but ne 1963 list of CAB/NTSB incidents could be found to
verify this. An additional five occurrences of ecabin fires were £ound
in the NFPA files for 1965-1972, and these are summarized in the narrative
below.

In one case, aliphatie naphtha was beinp used for spet cleaning
vinyl plaséie and, as the maintemance man shifted positiens, statiec
electricity caused the rug to burst inte flames. The aireraft was

destreyed by the fire.

In one case, electrical arcing (a shert caused by watet) was the

cause of a fire in the galley area.

in ohe case, an electrical fault in a razor outlet caused a fire

which was enhanced by the venting of oxygen ecylinders in the hat racks.
In another, an oxygen bettle exploded in the coekpit.

In the last case, a fire was caused by a malfunetion as a result of

heat by frietien er electrieal short cireuit in the recirculating air unit.

= — S |
A listing of all fire related incidents, 1964=1974, is in Appendix D-2.
37
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Table 18
PIRE CAUSAL FACTORS FOR 49 ACCEIDENTS WITH REASONS STATED

"Reason | Date | AlTcratt | Phase Of Fon- Fatals | ' -
For Fire Operation |Sutvivable? | Due to | Fire Damage Remerks
o . e _. ). Fire . - -
Fuel Tank
Ruptured:
7= 2-63 M404 Takeoff Destrayed
8-10-68{ mi227 Landing Destroyed
12-27-68] CV440 Landing Substantial] Fuel contacted engine parts
&= 7= | CV580 Landing 27 Destroyed
9-27-73 | CV600 In Blight Yes Substancial]| Hit Mountain
12-29=-72 01 In Flignt Yea#n Substantial
521:8=65 DCHA Landinyg Substantial
3-21-68 727 Takeccf Destroyed
3-18=71 | GA282B Lauding Substantial
5-30=72 o9 Landing Yes 1 Substantial{
5~ 3«68 1188 In Fl*ighr.* Yes Tnkaown Right wing failed in turbulence;
fuel released, fire.
B e S = = e L oo i e
Fuel Line
Sevaredt
- P.1-23-6k 707-331 ‘Takeo £ 44 Destroyed
Fl-11-65 727 Landing 43 Subetantial
11=27=73 Des Landing Substantial ]
11~ 6=-67 707 Takeoff Minor Ground fire at R wing sepaiation
and #3, 4 engines
h0928-73 737 Landing Minor R engine separated
9=12-66 nic Takeoff gubstantiall Engine caie to rest under empennage
N and started fire
2=16=67 | L1049 In !.':]::l.-gl'xl:‘r Minor #2 engine and prop separated
1= 8=65 1727 Landing Destroyed #1,3 engine separated at impact,
R I . _| intense ground. fire; f flate at cabin rear
gther Fuell o t
"' Ttz= B=63 707 In Flight Yes Tie e Tightning strike caused fire
5~18-72 { D29=-31 Landing beatroyed |¥usl ignited on hot engine
6-29-72 | CV580 In Flight Yes Substantiall Fuel splatter burning (mid-air
. (mid-air) collision then impact with ground)
‘J.=2'-17-73 DCcY Takeo £f Minor Fire both engs; fuel spill
_ ) ] |beneath
1~30-74 | 707-3218 | Landing 95 Degtroyed |Flaming fuel at wing; rt.
eng. on fire
8-24-70 L188 Takeo£f bestroyed |Wind blew fife frem wing
, to tail; fuel spilil
9= 4=71 727 Landing Yes Subatantiall A1l fuel containers
' disintegrated on impact
R :T_ S — — o : e N — N
Expléaion
On_Impactd
" | 8-16-65 727 In RFlight Yes Minor Into Lake Michigan, fire and
explosion on impact
‘1-19-20@67 CvBso Landing Destroyed |Explosion after impact
3-31-71 120 Landing Yes bestzoyed |[Expleded on impact
— o e TL_ - —— S e e
Hydraulic
Pluid: | , :
1=16-74 707 Landing Destroyed |Nose wheel steering hydraulic line
’ fractured; friction of tires +
' + ruway ignited:
6=23=67 1=11 In Flight Yes n.a. Fire progressed to vertleal
ifin, started in plenum chanber

ORIGINAL PAGHMH
OF POOR QUALITY -
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Table 18=Continued

Reason Date Adreraft | Phaoe of Non~ Fatale
For Fire Operation Survivable? | Due To Fire Damage Remarks
Fire
Electrical
§5=10+72 e Scatic* substantial | Blectrical short, cabin row 19
12-24=68 V580 Landing Minor Severed electrical wire bundle
in Tight ving
B=16-71 PCEH2 Landing N8, Electrical fire st atrut
puncture
8- 8=71 V745D 'I!a.xi.“t Substantial | Left nickel-cadium battery
theymal runaway
Miscel= 7=23-65 CVa4o Takeoff Destroyed Engine failure; flash fire
lanecus: during skid
i~ 6-69 CV440 Landing None Plash fire + fuel puddles
t
B~ 6-66 1-11 In Flight Yes . A Adrframe fallure due to
turbulence; £lash in sky,
] fell flaming
5-28~63 11049 Landing Destroyed Wing and fugelage fuel tanks
12-28=70 727 Landing 2 Destioyed Wing root
7-31-67 y7450 | In Flight ' Nose wheel penetrated fuselage
cargo compartment; luggage
! ignited
12=20=72 peo TakeoEf : 10 Destroyed Fire in Fight engine indicated;
{collided on flage in rear cabin
Funway)
7- 9-64 V745D In Flightt Tas Destroyed Pk hydrocarbon?; cabin or
. bagguge fire
12= 8-72 137 Landing 27 Destroyed Chimney effect of house shell;
+ . hit electrical lines, houses
3-19=72 jred Takeoff Minoz fire at buffet; engine compressor
. parts penetrated fuselage
11~ 3=73 107 Landing ' Yes n.8. Improperly packaged nitric acid
in cargo
6=10=72 727 Scatﬁc* Minor 0, bottle explodeds contaminated
bottle

3a25-65 evis0 | Taxt % Substanttal | Mail bag in baggage contacted

Ignt

3-26-65 707 Landing Substantial | Dragged wing tip

"
'but 77 survivors (99 fatals)
*ire occurted while in £light

*!T-!.‘re oceurred while on ground

.Note: Those cases not footnoted as per shove two footnotes hdd fite occuriing after impact.

n,a, = not available

, 230
Oﬁlﬂ‘fﬂp“" Q‘jmﬂ
gr ¥
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To conclude this section on fire causes, attention is directed to
a recent study of airport firefighting services needs which included a
diécu_ssion of fire cat_isal:ion, propagation, and occupant survivability.
Excerpts from this treatment of aircraft fire problems have been
included as Appendix F.
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V  AIRCRAFT CABIN FIRES

A.  Cabin Fire Ascidents, and Servics

ncidents, and Service Djificulty Reports

The following discussien is limited to 1970=1973, a period for which
complete data from three different sources coineide. The sources of cabin

flame or smoke occurrences are the fellowing:

® NTSB Accident Repoerts
e NTSB Incident Reports
e FAA Service Diffieulty Reports (SDR).

The majority of the "fire" oeccurrence data are Serviece Difficulty Reports
(Mechanical Reliability Reports and Mechanieal Intérruption Summary
Reports) covering problems cf - +elatively miner nature which do not
cause substantial damage or .. -ty because they are discovered and
controlled. Most of these are smoke/fume reports; only 48 (38 percent)

actually cite "flame" as the condition present.

The next largest cabin fire ocecurrence data base is "aecidents,"
most of which occur after impact. These resulted in destruction of the
aireraft by fire in 16 cases; substantial fire damage, 9; minotr fire

damage, 5; and unknown fire damage in 4 cases.

Finally, there were 9 "ineidents" resulting in substantial fire
damage in 3 cases, minor in 3 cases, and nenée in 3 cases (2 cases whére
pertable oxygen generators ignited and burned and 1 where a defective

auxiliary power unit atomizer ignited and then was extinpuished).

The follewing figures show the numbers of flame or smoke occurrences

for different portions of the ecabin.

Galley:
56 SDRs (28 flame)
Lavatories:

1 ineident
11 SDRs (9 flame)
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Remainder of cabin:

8 incidents (3 ground, 5 flight)
34 accidents (4 ground, 2 flight, 28 after impact)
58 SDRs (11 flame)

There were a total of 168 reported flame or smoke occurrences involving

aireraft cabins between 1970-1973, To place this figure in perspective,

there were approximately five millien departures per year during the

same time frame.* The rate of occurrence of cabin fires is thus

exceedingly low on a per departure basis. The approximate figures are:
6 cabin, galley, lavatory SDRs per million departures

1.7 airframe fire accidents per millien dupartures
0.4 fire incidents per million departures

B, Service Difficulty Reports

1. Lavatories

The flame and smoke reﬁorts from the FAA Maintenance Analysis
Center showed 26 oceurrences in lavatories from 1970-1974, three percent
of all occurrences reported for that peried. These were distributed as
follows (figure in parentheses indicates flame reports):
19(11) in lavatery space (12 in dispesal containers)

1 in lavatory light system
6 in lavatory flush moters

The aireraft concerned were the following:

pc8 5 707 3 el 3
727 6 737 2 1011 1
747 3 DC1O 2 1884 1

The 11 flame and 15 smoke occurrences were during the following phases

of eperation:

Cruise 1
Inspection/Maintenance
Climd

Appreach

Descent

Taxi/Ground Handling

= e N L 0D

- I
The exact figures are given in Appendix B.4

42




Of 12 fire or smoke reports involving wastepaper containers, eight noted
the presence of a ciparette. One other report noted chaffed wires as the
problem. Five occurred in 1970, 4 in 1973 and 3 in 1974. The 12 involved
3 pc8s, 3 747s, 3 7278, and 1 each DC1l0, DCY and 707.

2. lelggs

The flame and smoke reports showed 95 occurrences in galleys
from 1970-1974 (12 percent of those reported), 36 flame and 59 smoke,
These were distributed as follows (figure in parentheses indicate flame

reports) !

12(5) in buffet/galley area

49(24) in ovens

27(5) in coffee makers

1 in equipment/furnishings

1 in communicatieng equipment

2(1) in electrical power

1 in light system

1(1) in drinking water svstem

1 smoke in galley from engine flameout.

The aircraft cencerned were the following:

727 23 pel1o 11 737 5 Ccv580 3
747 13 DC8 10 720 5 CV880 1
707 12 pcY 9 1001 3 DC6 1

The occurrences were during the following stage of flight:

Cruise 7
Taxi/Ground Handling
Inspection/Maintenance
Climb

Takeof f

Descent

Approach

[N L T =

Fire and smoke ocecurrences in the buffet/galley area which did not concern
coffee makers or ovens included problems such as refrigerator
compressors, water pump fuses, hot eup overheating, fan motoers, burned

resistoers.
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3. Cabin

The flame and smoke reports showed 97 occurrences in the cabin
from 1970-1974 (13 percent of those reported), 14 flame and 83 smoke.
These were distributed as follows (figures in parentheses indicate flame

report):

10(7) equipment/furnishings (seats, etc,)
11(1) lights

41 air conditioning

8(1) airborne auxiliary power

8(1) engines

5(1) communications (mevie projectors, ete,)
3(2) oxygen

3 pneumatic

2(1) water/waste

2 electrieal power

1 fuel

1 navigation

1 bleed air

1 engine oil

The aircraft concerned were the following:

DCY 20 727 10 707 5 1011 2 cveso 1
cVs80 13 pc1e 10 737 4 cv600/640 2 1-11 1
747 10 DC8 7 L188 2 F27 2 Other 8 .

The occurrences were during the following stages of flight:

Cruise 42
Taxi/Ground Handling 15
Climb 10
Takeoff

Approach

Descent
Inspection/Maintenance
Landing

Unknown

£~ = P ON Q0D

Occurrences involving the air conditioning system include problems such
as snoke from oil in the engine driven campressor (EBC) duct and other
EDC problems (15 occurrences), coalescer bag problems, fan problems, ete.
The equipment/furnishings deccurrences included fires irn the arm rests,
Tight cove overtemperatures, alr vent overheats, elevator motor burned

out. Seven of the 14 flame reports occurred in equipment/furnishings, -
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4, Other Flame and Smoke Reports

547 other flame and smoke reports occurred from 1970-1974 but
did not invelve the cabin area. These occurred mainly in engines (116)
and the air conditiloning system (74), electrical power (56), landing
gear (59), lights (40), airborne auxiliary power (32) and engine fuel
and centrel systems (32). Thesge, aleng with those mentioned in lavatories,
galleys and cabin, accounted for over 75% of the reports during the time
period. The remaining reperts were distributed ameng 26 other systems.
(See Appendix C.3 for a listing of all systems and the number of reports

in each.)

C. Additional Occurrences

Eight occurrences from 1965-1972 were found in the NFPA files but
not on the NTSB incident or SDR lists. These involved seven parked
aircraft and one landing aireraft. Causes were as follows: three electrical
arcing, one static electricitywith cleaning fluid, eone oxvgen boettle explo-
sion, one broken propeller parts, two cleaning solvent at wheel wellwith

sparks.

Also in the NFPA files were seéven ececuttences in 1963 which may have
been classified as "incidents.'" NTSB has not computer coded the 1963
ineidents and a listing of them was not found elsewhere; therefore, this
cannot be confirmed. Causes of those seven fires, six eceurring while
the aircraft was parked and one in flight, were sparks from taxiing aircraft,
fuel sprayed on hot engine during refueling, cigarettes in cabin (duting
cleaning in two cases), electriecal, oxygen system contaminated, and

unknown.

There were four 1974 occurrences in the files; these may turn out to
be NISB "incidents" alse; the NTSB will net complete cause determination
for the 1974 incidents until later in 1975. Three of these occurred during
takeoff and one inflight; two involved the engine and no further details
were available. In one, the cause was electrical, and in the other (wheel

nacelle fire), friction from blown tires ignited leaking hydraulic fluid.
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VI  COST ANALYSIS

A. Introduction

The objective of the cost analysis was to determine the economic
impact of airline fire related aireraft accident danages and to compare
the result with airline total accident damage. The cest Impact of
personal injury and fatality occurrences was bevond the scope of the
investigation. However, preliminary information on personnel
injury passenger recoveries (both judgements and settlements) was obtained
and will be reported in this section.

The aceident population for the cost analysis differed in twe
respects from the population reperted in the twoe preceding chapters, and,
therefore, the aceident totals reported here may be slipghtly different
than these reperted earlier. First, since 95 percent of the present
U.8. air carrier fleet is turbine pewered, only turbine powered alreraft
types were considered in the cest analvsis. Also, foreipn made
aiferaft were not costed and the few accidents invelving U.S. carriers
flying foreign made aireraft were not analyzed. Ineluded, however, were
engine and wheel nacelle fire acecidents which had been removed fer most
of the previeous analyses.

The preocedure used in obtaining infermatien on aireraft damape
costs invelved the follewlhg stepst

1. Conduct a literature review of all current and historiecal

publications relating to the general subjeects of aircraft
accident oceurrence, alreraft damage and aircraft repair

costs as well as specific accident descriptions and reports.

2. Review the alrcraft accident reports prepared by the National
Transportation Safety Board (NTSB) on each specific accident
investipated between 1963 and 1974.
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3.

3.

9,

10,

Determine the cost of alrecraft and equipment purchased by
certified carriers during a recent two-year period (September
1971 through September 1973).

Adjust the aircraft costs to include communications and other
miscellaneous equipment. Develop a cost factor for each
turbine powered (Turbo-fan, Turbo-jet and Turbo-prop) aireraft

in service on commercial airlines as of January 1, 1973,

Supplement the NTSB reports by obtaining additional information
and reports on specific accidents from the National Fire Protec-—

tion Association in Beston.

Obtain information on aireraft takeoff welghts and develop a
cost-estimating formula based upon the cost/weight relationship

using a standard computerized least squares curve fit technique,

Select accident reports from fire related and V.S. turbine
powered aireraft accidents involving substantial damage and/or

total aircraft destruction,

Develop the costs of fire related turbine powered airecraft

damage (substantial and total destruction) by reviewing the
appropriate damage report and applying the cost factors and
cost/welght relationship developed in steps #4 and #6 above.

Estimate the cost of total alrcraft damage by comparing the
total nuiber of turbine powered accidents by depree of damape
with similar data on fire related accidents annually for a
12-year period (1963 thru 1974). .

Compare the cost of total aircraft damage with that of fire

related damage by using average cost factors both for destroyed

and for substantially damaged turbine powered aircraft,

1t would have been desirable to specifically isolate fire-caused

accident damage from total damage, but because of the nature of the

aceident reports this could not be dene accurately. Typieally, alrecraft

damage occurs on lmpact, fire oceurs following ifipact, and often no
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specifie report is made separating and isolating the magnitude and extent
of each type of damage (impact versus £'re). Therefore, instead of a sinpgle
damage cost, we place upper and lower bounds on the cost of fire damage.
This has been done by subtracting the cost of 34 impact-destroyed
aircraft in accidents involving fire from the total costs of destroyved
and substantially damageé aircraft in these accidents. This sets an
upper bound on fire-caused damage. (Even if impact accounted for none

of the damage in the remaining accidents the fire caused damage could

not have exceeded this upper bound.) A lower bound on fire-caused

damage was set by estimating the cost of the 13 survivable accidents

in the l2-year data base which involved extensive fire damage but only
moderate to minor impact damage to set a lower bound. (At least rhat

much damage was definitely fire caused.)

B, Cost Factors

Early in the study data concerning air carrier unit costs was obtained
from the Civil Aeronautics Board. The results derived from this data
are shown in Table 20 on the following page. The table indicates the
airframe average cost, and engine average cost over a two-year period
based on 176 airframe purchases by 13 certificated carriers (Braniff,
Continental, Delta, Eastern, Frontier, Piedmont, Alr West, Southern,
North Central, Natienal, Nerthwest, Western, and TWA) over a two-year

perind beginning in September 1971,

The airframe cost figures were adjusted upward by 10 percent to
cover the cost of engines and other necessary equipment. The resulting
Airframe Adjusted cost factors shown in Table 20 are roushly equivalent
to those under Cost Less One Year's Depreciation in Table 21l.

The factors shown on Table 20 were used, therefore, along with a cost/

weight formula derived in Section D to estimate annual accident costs.
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Table 20

COST OF TURBINE~POWERED AIRCRAFT AND EQULPMENT PURCHASED
BY CERTTFIED CARRIERS DURING THE TWO-YEAR PERIOD
ENDING SEPTEMBER 30, 1973

Aircraft Type

B—?Ol_Aircraft

Alrframe

Average Cost®

Alrframe
Adjusted Cost

Engine

B=-707 - 100B $ 5,961,218
B=707 - 300 4,406,609
B~707 - 3008 6,635,847
B-707 = 300C 7,872,578

B-707 Average
B=-720 Airgraf;
B-720 - 000

$ 6,220,000

$ 3,921,881
5,253,388

B-720 Average
B-727 Aircraft

$ 4,590,000

B-727 - 100 $ 1,823,876

B-727 =~ 100C 4,674,149

B-727 - 100QC 4,952,941

B-727 = 200 . 5,742,073

B~727 Average § 4,300,000
B-737 = 200 $ 3,147,617
B-~747 $19,575,206
BAC 1-11-200 $ 868,545
CV=580 $ 629,282
CV=600 $ 529,019
V=880 $ 2,222,013
DC=8=20 $ 3,000,000
DC-8-30 $ 2,161,913
DC=8=50 $ 1,220,000
DC~8=-61 $ 6,976,349
DC=8=-62 $ 8,957,150
DC=8~63 $ 9,418,976
PC=-9-10 $ 1,238,600
DC-9-30 $ 3,786,011
DC=10 $15, 264,235
F-27A $ 224,210
FH=227 $ 992,114
FH-2278 $ 1,138,017
L-1011 $14,351,166
¥S-11A $ 1,307,445

e -
Averages exclude the cost of ailrcraft communications equipment, propellers,

and overhaul expenditures,

Source: Local Service Air Carriers Unit Costs, Velume II, Civil Aeronautice

$ 6,557,000
alaz‘? » 000
7,299,000

.. 8,660,000

§ 6,842,000

$ 4,314,000
5,779,000

$ 2,006,000
5,142,000
5,448,000

_ 6,316,000

$ 4,730,000

$ 3,462,000

$21,533,009

$ 1,403,000
692, 000
581,000

2,444,000

3,300,000

,377,000

247,000
1,091,000
$ 1,252,000
$15,786, 000
$ 1,438,000

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Board Year Ended September 30, 1973.

Average Cost

Uy U Ly L U L U LY Y W Y DA D A

$ 280,000
182,513
280,000

§ 276,000

$ 170,425
$ 205,000

$ 117,173
264,343
239,913

405,461
256,723
193,480
806,203
125, 935

42,494
98,403
90,350
125,000
150,000
154,318
275,000
306,049
294,649
270,004
415, 000
809,705
18,300
82,867
66,470
1,158,212
40,000
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Table 21

Annual Amount for Depreciation and Investment Required per Aireraft by Type,

Twelve Months Ended September 30, 1973 (U.S. Commercial Carriers)

' . . : 5 c _— i Cost of Total Annual Cost Less
! Am;cmaft |1,L,‘E.:m?E of ?ogm o PCOS{lif Communications | Cost of Amount for Gne Year's
i Lype | LT rEames i,-mngines ropellers Equipment  Aircraft | Depreciation | Depreciation
' B-707-100B | 5,961,218 | 1,120,000 | 0 0 7,081,218?! 495,685 6,585,533
| B=707-300 4,406,609 730,052 ; 0] “ ¢ i 5,136,661 | 487,983 4,648,678
B-707-300B | 6,635,847 |1,120,000 0] ! 0 | 7,755,847 | 542,909 7,212,938
B-707-300C | 7,872,578 |1,440,000 0 0 | 9,312,578 | 651,880 8,660,698
Ii B=-720-000 b 3,921,881 | 681, 700 0 0 . 4,603,581 437,340 4,166,241
| B-720-000B 5,253,388 | 959,400 | 0 0 ' 6,212,788 434,895 5,777,893
| B-727-100 - 1,983,876 | 494,019 o} 66,802 2,544,697 | 156,954 2,307,743
 B-727-100C | 4,67&,m¢9‘. 793,029 0 0 ! 5,&67,1?8:‘ 382,702 5,084,476
B-727-100QC 4,952,941 719,739 0] 0 I 5;672,680![ 397,088 5,275,592
- B-727-200 5,902,07% | 1,336,383 o 66,802 | 7,305,258 | 491,768 6,813,490
= | B-737-200 3,307,617 | 528,172 0 127,464 | 3,963,253 1 256,343 | 3,706,910
|‘B-747 ‘19 575,206 j 3,224,812 ) 1] 0 '22 800,018 § 1,282,500 | 21,517,518
| BAEC 21-11 200 | 974,545 339,160 0] 97,818 1,411,523 85,276 1,326,247
| cv-580 653,282 129,780 ¢ 63,000 90,990 937,052 73,802 863,250
1 cv-600 564,019 | 226,806 | 46,812 42,600 i 880,237 || 69,295 810,942
- CV-880 2,222,013 361,400 o 0 ' 2,583,413 245,424 2,337,989
DC-8-20 . 3,000,000 500,000 | o} 0 1 3,500,000 332,500 3,167,560
De=8~30 ﬂ 2,161,913 600,000 ! 0 0 2,761,913 262,382 2,499,531
. DC~8~50 1 1,220,000 | 617,272 | 0 0 01,837,272 | 128,609 1,708,663
|=DE-8-61 ' 6,976,349 | 1,100,000 2 0 | 8,076,349 565,344 7,511,005
| pe-8-62 8,957,150 | 1,224,196 . 6 0 120,181,346 : 712,694 9,468,652
| nc-8-63 l 9,418,976 | 1,178,596 | 0 0 16,597,572 | 741,830 9,855,742
{ pc-9-10 | 1,261,933 | 631,454 | 0 84,077 2,077,464 | 130,388 1,947,076
nC-9-30 { 3,866,011 | 900,000 | o 245,000 5,011,031 | 340,271 | 4,670,740
1 DC-10 15 264,235 || 2,429,115 0 0 17,693,350 | 995,251 16,698,099
| F-27A 284,210 | 53,0006 | 15,800 26,300 | 384,310 25,747 358,563
| FH-~227 | 1,064,114 | 196,964 § 35,542 84,744 | 1,381,364 108,641 1,272,723
' FH-2278 } 1,238 17 | 180,940 | 56,228 165,404 + 1,640,589 | 126,870 1,513,719
| .~10%1 14,351,166 | 3,474,636 | 0 0 17,825,802 | 1,002,701 | 16,823,101 |
I ys-11a I 1,407,445 | 130,000 50,456 184,954 1,772,855 137,943 | 1,636,912 |

Volume II, Attachment €, Part 3 of CAB Report, Local Service Air Carriers Unit Costs—-Year

Ended, September 30, 1973.

Data Source:
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c. QQsLEW%§ght Egrmula

There is a high correlation between aircraft cost and takeoff weight.
A standard computerized least squares curve fitting technique was used
to investigate the relationship. 1t was established that 96 percent of
the variation in cests could be explained by changes in aireraft weights.
Figure 1 on the following page shows a least squares fit of the

welght and cest data for 10 popular turbine powered aircraft (see alse
Table 22). The resulting linear formula takes the form:

X = (y-A)B
where X = aircraft cest in 1973 dollard
y & aireraft take=off welght in pounds
A = 34,160 Ibs.
B = $31.294

As shown in Table 22 the acecuracy of the foriula improves when applied
to the larger most recently developed aireraft models but variatiens
above plus or minus 20 percent can oceur on older/smaller models. This
formula was used to compute the cost for ailreraft types not listed in
Tables 20 or 21,

D. Individual Accident Report Analysis

Following the development of cost factors and the cost-weight forrula
a detailed review of each accident invelving fire was undertaken to
estimate the costs of alreraft damage. First, the degeription of each
accident was placed on a data collection form uging individual case Teports
or backup reports in the NTSB files, Thén the acecident cost was
estimated based on this deseription and total costs of the invelved air-
eraft. The accidents fournd in "yriefs" for which there were no data
sheets were estimated based on available data.

The results of the accident review are shown in Table H=1 for alrcraft
&estreyed in accidents invelving fire and in Table H=2 in Appendix H for airecraft
substantially damaged by fire. Both tables are for turbine powered ¥.S.
Air Carrier Fire-Related acecidents.
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Table 22

PREDICTED VERSUS ACTUAL TURBINE POWERED ATRCRAFT COSTS

(1973 Pollars)

b | Predicted | Percentage
. Actual Cost |Costs Based | Variation
1 Weight {1973 Dollars |Upon Formula | Actual Vs.
AMreraft Type {(000 1bs) ($000) T (5000) . Predicted
Boeing 707-1008] 257.¢ | $6,557 | se6,9m | s.42
Boeing 707-300B| 333.6 M 7,299- J 9,370 ;‘ 24.7%
Boeing 720-000B| 234.0 5,779 | 6,254 1 6.9%
Boeing 727-100C| 169.0 5,142~ | 4,220 ~14.8%
Boeing 727-200 | 172.0 6,316 '5 4,314 -27.1%
Boeing 737-200 | 114.5 | 3,462 | 2,514 | -20.9%
Boeing 7%7 | 70.0 | 21,533 21,150 || - L.6%
DC-8-61 325.0 | 7,673 9,201 | 16.3%
| be-10 | sss.0 16,791 16,299 | - 2.7%
| L1011 | s550.0 15,786 16,143 2.17




Many of the acecidents where aireraft were destroyed, were conzidered
impact nen-survivable. As a rule these involved severe impact damage such
that all eccupants should have died from impact stresses. These accidents,
34 in number, are identified by an * in TableH-1l. The individual accident

costs developed in this vection will be grouped and compared in Section E.

E.

Cost Analysis Results
1, Introduction

Table 23 presents the coest of fire-related damage annually and
in total for the 12 vears studied. From 1963 through 1974 the cost of
turbine powered aircraft aceidents where the aircraft was totally
destroyed averaged $4,339,000 .nd the cest of aceidents invelving substantial
damage averaged $897,000., Acecident costs have risen through the past
12 years reflecting the trend toward the use of larger and more cestly

aireraft by the commerecial carriers.

As can be seen in Table 23, damage in 92 accidents invelving
fire between 1963-1974 totalled $285,614,000,

2. Eire-Related and Total Accident Costs

'3

Tables 24 and <1 =wmmarize the numbers of accidents and fire
related accidents invelving tetal aireraft destruction or substantial air~
craft damage. The figures show that 75 percent of the accidents which
destroyed the aireraft invelved fires, while only 15 percent of the
substantial damage accidents did. There were 78 totally destroyed aircraft
and 223 substantially damaged aireraft during the l2-year period.

The data necessary te compare fire invelved costs and total accident
costs is summarized in Table 26, The costs for acecidents invelving fire
are taken frem Table 23. The costs for accidents without fire were cemputed
by estimating averagé costs per accident and multiplying bv the number
of non-fire accidents. TFor destroyed aircraft the average costs per
aceident are assumed to be equil whether or not fire was involved. For
substantially damaged alrcraft, the cest per accident was estimated at
$700,000 or abeut three-fourths the costs for aireraft substantially
damaged when there was fire invelved in the accidents.
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Table 23
Turbine Powered Aircraft Damage Cost Estimates Where Aireraft were Destroyed
or Received Substantial Damage (Fire Related Accidents—-U.S. Commereial Carriers)
1963-1974 (1974 Incompleie)

; Aircraft | ) Year
' Condition | i T I T i T ‘ = Totals
| 1963 | 1964 | 1965 | 1966 | 1967 | 1968 | 1969 | 1970 | 1971 | 1972 | 1973 | 1974
i + + T ‘ _+| “ S % : ‘ : 2y
j‘Desmroqedi i ¥ | ? !? | | 1 1 ‘ ‘
| Accidents #| 3 6 | s a | 7 | 8 3 6 | 5 | 6 | 6 | 2 59
| Cost ($000) |$13,336] $10,154] 13,6041 §5,771|$23,869[$31,320|$20, 272/ $40, 487 | $24,744 | 529,270 $33,517 |$9,660 [$256,004
: ‘ e 1 “I- 1 + i ‘ : ‘
| Substantial | | | | |
o | Accidents #| 3 | 2 | 2 1 | 6 | 3 | 2 3 3 3 I s 33
® | cost ‘(somm)f 3,500{s 3,000]s 1,800)s 7o00|$ 2,360($ 2,100|$ 950|{$ 280|$ 820 7,100($ 7,000[$ OIS 29,610 |
j!ToLals L | ! ‘ ii L' f | : i
| Accddents #] 6 | 6 | 7 | 5 | w3 | 1 5 | 9 | 8 | o | 1 2 92
;‘ Cost ($000)|$16,836{$13,154|$15,404|$6,471 |$26,229$33, 420|921, 222) $40,767| $25,5 64 | $36, 370 $40,517 | $8,660 |$285,6 14 |




Table 24

NUMBER OF TURBINE POWERED AIRCRAFT ACCIDENTS
INVOLVING TOTAL DESTRUCTION
(V.S, COMMERCIAL CARRIERS)

NUMBER OF TURBINE POWERED ATIRCRAFT ACCIDENTS
INVOLVING SUBSTANTIAL AIRCRAFT DAMAGE
(U.$. COMMERCIAL CARRIERS)

Year o Percent

- Total | of Total

63|64 165 7168
Fire Related _
Accidents 3l 4 59 75.6
Non Fire Relat.
Aceidents ij 1 19 24.4
Totals 4) 50 71 5] 7411] 79| 5| 8] 7} 3] 78 100.0%
Note: 1974 data are preliminary.

Table 25

Year _
Percent
S | Tetal ] CT. o,
163164 65 |66 |67 |68 169 {70 [71]72 [73 |74 of Tota
Fire Related
Accidents 3f2l2t1lei3f{2}3(3;3(5{0] 33 14.8
Nen Fire Relat. -
Accidents 13 18|18 (24 [16 (18123 (14 13119 pO| 4 | 190 85.2
Totals 16 [0 |20 |25 [22 |21 [25 {17 |26 |22 )15 | 4 | 223 }160.0

Note: 1974 data are preliminary
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Table 26

Damage Costs

Average
Category No. of | Cost per ngzi
Aifrecraft | Accldent (5000)
($000)
Destroyed Aireraft
Accidents with fire 59 $4,339*% | $256,004
Accidents with ne fire 19 4,339 82,441
Destroyed TOTAL 78 $338,445
Substantial Damage
Accidents with fire 33 $ 897%|$ 29,610
Accidents with no fire 190 700 133,000
Substantial Damage TOTAL 223 $162,610
Impact Non-Survivable
(Included in Destreyed= 34 $135,829
Fire figures above)

. .
Rounded
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With the above fipures we are prepared to perform the accident
cost comparison. Three figures will be considered:
e Total cost of all U.S. Air Carrier accidents substantially
damaging or destroying the aireraft
¢ Cost of above aceidents invelving fire

® Cost of damape due to fire.

Computation of the first twe values is straightforward. Computation of
the damage due to the effects of the fires will not be pessible but an
estimate of the upper and lower bounds of this damage will be made

instead.

a) Cost ef 300 serious accidents, 19631974

78 Destroyed $338,445,000
222 Substantial 162,610,000
Toetal  $501,055,000

b) Cost of 92 sericus accidents inveolving fire, 1963-1974

59 Destroyed 256,004,000
33 Substantial _29,610,000

Tetal $285,614,000

c) Cost due to the fires

Computing this cest requires that the incremental accident
costs due to the fire be isolated from aceident costs that would have
resulted had there been ne fire. Because of the nature of the accident
data, separating the twe damage increments guantitatively can only be done
Iin an appreximate way. The limited objective of the following analysis
is to be able to determine a range within whiech fire-caused damage costs
must fall. When the costs of aireraft known te have been destroyed by
impaect stresses are removed from the fire related aceident costs the result

is an upper limit on the costs due to fire,

Cost of 92 Aceidents Iuvelving Fire: $285,614,000
Cest of 34 Impact=Destroyed Alrcraft: 135,829,000

Maximum Cost of Fire~Caused Damage

1963-1974 (57 accidents) $149,785,000
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Next, the lower bound on fire damage cost will be computed.
The lower bound must be at least the cost of the 13 accidents listed in
Table 27. These are the accidents where impact damage was slight, overall
damage severe and where accldent reports specifically identified
deathe from fire damage. The lower bound on fire damage costs 1is
$42,336,000 based upon these reports., Thus, it is estimated based on the
above that the cost of aircraft damage caused by fire during the 12 vears
probably falls within the range $42,336,000 to $149,785,000. The average
fire loss per year, therefore, ranges from $3.5 nillion to $12.4 million
and this is the material loss subject to reduction by improved fire hardening

ef aireraft.

F. Personal Injuries and Fatalities (Judgements and Settlements)

Although the cost impact of persenal injuries and fatalities was
beyond the scope of the study, the information on persennel intury
judgements and settlements shown in Tables 28 and 29 obtalned from the
0ffice of the Genmeral Counsel of the Civil Aerenautics Beard are included
here as a matter of interest. As shown in Table 28, "pagsenger Death
Recoveries=-H.S, Carriers," the average passenger death settlement in
1974 was $233,210 (nen Warsaw)f This amount compares with an average
of only 49,000 in 1964 reflecting an average 16 percent increase per
year over the period 1964 through 1974.

Similarly,,the cost of serious injury settlements have also had a
dramatic increase. As shown in Table 29, "Passenger Serious Injury
Recoveries—-U.S. Carriers,” the average passenger serleus injury
settlement increased from $34,740 in 1964 te $171,323 in 1974,

It is noted that at least 320 deaths were specifically ascribed teo
fire ih Chapter IV and a minimum of 756 deaths were found due to fire in
turbine powered aireraft in Table 27 (using a slightly different acecident
papulatimn). Multiplying this number of deaths by the $233,000 averape
1974 death settlement, it is seen that fatality costs are comparable teo damage
cost estimates made in the previous seection. Of course, 1f injury settle=

ments were also added the human costs would exceed the damage costs.

x T ' _

Appendix I defines the terms "Warsaw" andNon-Warsaw" whien relate to an
agreement limiting liability fer claimg arising out of international
transportatien. 60



Table 27

Cost of Turbine Powered Aircraft Damage in Accidents
with Moderate, Minor or no Impact Damage
but Aircraft Destroved or Substantially Damaged by Fire

Fatalities
Damage Per Accident
Accident Alreraft Model Number Estimate L
Date —
($000) Fire
Total
_ . _ _ | Qa_gsed .
Eata};Aqgidents:
1-30-74 | 707-321B $ 8,660 926 95
6« 7=71 | CV580 (modified from CV440) 692 28 27
11-27-70 | DC8=-63F 10, 360 47 47
11=-11-65 | 727-22 43 43
11-23-64 707-331 8,660 48 44
9-13-65 | CvV880 2,444 —_— o
TOTALS 530,816 262 256
Other Accidents:
3~18-71 |L382B (Turbeprop) $ 500 - -
8- 8-71 V745D 20 - -
5=10-72 |DC9-31 Stretch 6,000 - -
11-27-73 |DCY-32 2,000 |-- o
3-26-65 707-321 1,000 — -
1-16-74 |707-1318 1,000 |-- »s
5-18-72 |DC9~31 1,000 - -
TOTALS $11,520
I [Total Accldent Cost
Involving Destructioen $42,336
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Table 28

Passenger Death Recoveries (Inecluding Both Judgements and Settlements)
in Warsaw and Non-Warsaw Cases--U.S5. Carrilers

Settlement No. of Total Average

Year Settlements| Settlements | per Death
NON=WARSAW

1964 1 3 49,000 | $ 49,000
1965 23 1,384,724 60,205
1966 46 4,708,476 102,358
1967 29 1,793,546 61,846
1968 117 13,366,488 114,243
1969 128 18,000,079 140,625
1970 112 18,518,524 165,343
1971 170 21,035,249 123,736
1972 165 20,189,129 122,358
1973 99 14,676,136 148,243
1974 141 32,882,650 233,210

Teotals 1031 146,604,001 142,195

WARSAW

1964 2 17,567 8,783
1965 39 369,102 9,464
1966 24 223,216 9,300
1967 i3 182,093 14,007
1968 11 721,685 65,607
1969 29 1,791,996 61,792
1970 17 1,003,690 59,040
1971 / 30 1,477,766 49,258
1972 16 706,996 44,187
1973 28 6,143,020 219,393
1974 13 715,918 55,070

Totals 222 13,353,049 60,148

Source: Civil Aeronauties Beard, Office of the
General Counsel



Table 29

Passenger Serious Injury Recoveries
Warsaw and Non-~Warsaw Cases<=U.S. Carriers

Year Ne. ef Total Average per
Settlements | Settlements | Serious Injury
HON-WARSAW
1964 6 $ 36,748 $§ 6,124
1965 11 77,488 7,044
1966 25 1,018,857 40,754
1967 23 1,115,930 48,518
1968 25 977,422 39,094
1969 35 1,476,851 42,195
1970 38 2,411,662 63,464
1971 41 973,187 23,736
1972 25 717,119 28,684
1973 37 1,939,096 52,408
1974 75 12,849,250 171,323
Totals 341 23,593,610 69,189
WARSAW
1964 1 60 60
1965 8 37,089 4,636
1966 5 48,882 9,776
1967 1 750 750
1968 2 1,750 875
1969 5 27,704 3,540
1970 8 98,421 12,302
1971 31 199,777 6,444
1972 46 955,765 20,777
1973 23 805,600 35,026
1974 22 1,074,303 48,831
Totals 152 3,250,101 21,382
Source: Civil Aeronauties Board, Office of the

General Counsel
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320 x $233,000 = $74,560,000 Estimated Fatality Cost due to
Fires, 1963-1974.

A copy of the CAB document entitled, "Levels of Recoveries on Account
of Passenger Deaths and Serious Injuries in Airplane Accidents,'" with
respect to accidents occurring in calendar years 1960 through 1969 is
included in Appendix I. Appendix J contains four tables obtained from
the CAB updating the data shown in the earlier report covering settlement
data for the years 1970 through 1974,
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VII  RESULTS AND CONCLUSIONS

A, General Remarks

The object of this study was to provide a basis for assessing the
extent of total persennel, aircraft and property damage occurring in
aceidents and in acecidents invelving fire in U.5. commercial aireraft
for the period 1963-1974, A further eobjective was te assist in deter—
mining the degree to which materials with improved fire resistance er
decreased toxicity could reduce injuries, fatalities and aircraft damage

ecosts.

The study concernéd only fixed wing aircraft operated by U.S.
Certificated Route and Supplemental Air Carriers, scheduled and nen~
scheduled, domestic and international. "Accidents” (which invelve death,
serious injury, or substantial damage bv NTSB definition) as well as
generally less serious "incidents" invelving fire were studied. Other

reported flame and smeke occurrences were alse noted and discussed.

The appreach adopted was to collect all available aecident and
jneident reports invelving fire inflight, om the ground and after impact.
Data sources included CAB and NTSB accident briefs, NTSB-published
Adireraft Accident Reports, NTSB coded acecident data, investipators’
factual reperts wade available from the NTSB's Washingten files, and
files maintained by the National Fire Protection Association. A printout
showing all 1970-1974 flame and smoke reports (Service Difficulty Reports--
§DRs) involving U.S. Air Carriers was obtained from the FAA to supplement
the accident and ineident data.

The analysis inveolved detailed examination of the individual reports
of each fire-invelved accident, extracting and assembling statisties
comparing these from several points of view, and a cost analysis which
compared damage ¢ests for serious accidents with damage cests for the

gerious accidents invelving aireraft fires.
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The data obtained during the study were sufficient to allow the
extent of personnel, aircraft and property damage in U,S, commercial
aireraft between 1963~1974 to be assessed, However, data cencerning
the propagation of fires within the cabin, details concerning injuries
and fatalities caused by toxic gases, and informatien relating reported
fire factors teo aircraft interior materials could net be obtained in
spite of intensive searching. These prebably do not exist, and eentrolled
experimentation may, therefore, be necessary to study these factors
adequately. The cost impact of persenal injuries was outside the scope
of the study, but sofme data bearing on these costs were obtained and

reported.

B. Summary of Results

A great many detailed aceident and cost statistics were developed

during the study. A few of the major results are summarized below:

1, Between 1963 and 1974* there were 713 U.S. Alr Carrier
"geeidents". Excluding nen-erash turbulence-iniury
accidents there were 545 accidents, an average of about 45
per year. Fire destroyed the aircraft in approximately

10 percent of these cases.

2. There were 158 ¥,8. Air Carrier accidents invelving fire
during 1963=1974 and 122 of these, approximately 10 per year,
involved the airframe. The rest were eéngine or wheel nacelle

fires.

3, A minimum of 31 of the 1265 seriocus injuries in adreraft
accidents were ascribed to fire effects in the accident
reports,

4. A minimum of 320 of the 2530 reported fatalities in ailreraft
aceidents were ascribed to fire effeets in the aceident reports,

but 2116 of the deaths occurred in fire-related accidents.

*-- A S 3 o — o
1974 data are incomplete pending NTSB determination of cause for

23 aceidents., These have not been included in any of the reported results,
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10.

11.

12.

An overwhelming majority of the 122 airframe fire accidents
were characterized by collision or abnermal contact with the
ground. Only 4 of the airframe accidents were assigned to the

inflight fires aceident type by the NTSB.

Half of the airframe fire accidents occurred during the landing

phase.

More than half of the aircraft aceident deaths in fire-related
accidents ececurted in 39 aceidents designated hen-survivable.
An additional six accidents were believed prebably non-
survivable. Fire ultimately destreyed the aireraft or caused
substantial damage in 26 of these 45 accidents but their deaths

and damage would have occurred even without the fires.

The abkility of passengers to evacuate in time to aveid becoming
incapacitated by fire or its effects was impertant in at

least 12 fatal aceidents.

In .. least 21 accidents, improved fire suppresion systems
and/oer fuel inertinpg could have reduced property losses.
Impact damage was relatively light and fire damage severe

in these cases.

Approximately 95 percent of the fires invelving the airframe
were after—-impact fires, A similar result was reported in a

CAB study cevering accildents from 1955=1962.

Fuel related facters account for more than half of the fires
in the 49 accidents where fire cause wasg knewn., Fuel was not

a major factor in reported "imecidents."

In addition to accidents and incidents thev: were 218 flame
or smoke eccurrences invelving aircraft cabins in the 5 years
1970-1974: 26 ocecurred in the lavatories; 95 in the galleys
(including 49 in ovens and 27 in coffeemakers): and 97 in the
remainder of the cabin (41 in the air ceonditioning system,
11 in the lights and 10 in equipment and furnishings, su¢h as
seats). There were an additienal 547 flame and smoke reports
which did net invelve the cabin area.
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13,

14,

15.

16,

There were approximately five millien departures per year of
the aircraft studied, and, therefore, a rate of approximately
1.7 alrframe fire accidents per millien departures., There
were alse 0.4 fire incidents per millien departures and 6
flame and smoke cabin SDRs per millien departures. {Data
peried 1970-1973).

Damage costs in 300 serinus turbine-powered aireraft accldents
(both fire and non-fire) averaged $1,665,000 per accident.
Damage costs in 92 serious turbine-pewered aircraft aceidents

invelving fire averaped $3,105,000 per accident.

It was not possible to determine the cost of damage specifically
due te fire because the relative contributiens of impact and
fire to overall damage could not be determined for many cases.
Instead, upper and lower bounds on costs due to fire have been
established: Fire-caused damage was established as falling
between $42,336,000 and $149,785,000 during the 12 years
studied,

Turbine-powered aireraft damage* in 300 serious accidents,

1963<1974, studied for the cost analysis are sufiftatized

below: .
Damage in all 300 serious accidents $501,000,000
Bamage in 92 serious accidents invelving fire $286,000, 000

Damage caused by fire $ 42,000,006
to $150,000,000

Conclusioens

1.

Based on 12 years of accident data (1974 incomplete), approxs
imately 60 reportable aircraft aceldents cam be expected per
yvear. Approximately 15 of these will be non=crash events
invelving inflight turbulence, and about 10 aceidents per year
will involve fires affecting the airframe.

o D
Average domestic death recovery was approximately $142,000 per fatality
over the study peried.
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The incidence of inflight fires leading te a crash has been
quite rare. Since 1963, eighty=seven percent of the fires
invelving the airframe occurred after impact, with fuel the

major facter in :hese fires.

The potential benefits frem fire hardening aircraft are

limited by severity of impact. Historiecally, 65 percent

of the fatalities in fire-related accidents have occurred in
crashes which were judged to be impact-nersurvivable. Assuming
the same rate, fire hardening at best can be expected to

inflyence the survival, on the average, ol approximately 60
persons per year. Improving the impact survivability of aircraft,
however, would result in a greater number of peeple threatened

by a subsequent fire. More than half of the impact-nensurvivable
aceidents alse invelved substantial damage or tetal destructien

in a subsequent fire.

Existing accident data prebably do not support an analvsis of
the mede of propagatien of fires within the aireraft cabin.
This is prebably better studied through ceontrelled experimentation.

Serious aircraft aceidents will cost at least $42,000,000 in
aircraft damages per year, and accidents invelving fire are
expected to approximate $24,000,000 of these costs per vear. Based
on 1974 average domestic death recnveries, the settlement costs
for fatalities expected in all accidents could reach 549,000,000
per year (1974 dellars), and the deaths due to fire related
aceldents would represent $41,000,000 of this cest. Personal
injury cests are alse expected to be about $70,000,000 annually
(1974 dollars).

The average U.S. accident personal injury payment as a result

of commercial carrier death settlements and/or court judpgements
has increased over 167 since 1964 ($49,000 in 1964 to §233,210
in 1974). These settlements how represent about half of the
total coest of aireraft accidents and should be studied in=depth.

It is recommended that more specific information be obtained
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to discover the cost of fire-related personal injury
settlements and judgements and to compare these costs with
total settlements and judgements from all accidents. This
analysis would require extensive contacts with individual
airline companies, insurance carriers, the CAB, and the
Airline Transportation Associatien, in order te obtain detailed
information on each settlement or judgement and to determine
the extent of fire-related damages, injuries and deaths.
Although the effort would be arduous, it would provide a more
definitive analysis of the total cost of aireraft fires
aboard commereial carr¥iers and is essential to complete the

analysis of fire related costs.
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appendix A

PEFINITIONS

This appendix defines some of the terms used in this report. In
particular, noceident” as used by NTSB refers to a specific event gecurring
within a specific "rime" relating O flight. It should not be confused

with a vorash" or ".pllision.”

ngervice Difficulty Reports," 3 term used by the FAA Maintenance
Analysis Center to refer to Mechanical Reliability Reports, MRRs, and
Mechanical,lnterruption Summary Reports, MISs, are defined by Federal

Aviation Regulations 121.703 and 705 which are included here. Data for

1970-1974 is computer coded and was used in that format for this report.
"Flight purpesa” and "phase of operation' are discussed briefly.
"geverity and impaet ccdes" as used in the analysis were taken from

data furnished for each accident on the "Aircraft Accident Analyvsis

Sheet,” NTSB Form 6120.12., The codes and their definitions are discussed

here.
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Al Aggigpnga_and Incidents

a. Aircraft Aecident means an oecurrence associated with the
operation of an aircraft which takes place between the time any person boards
the aircraft with the intention of flight until such time as all such persons
have disembarked, in which any persen suffers death or serious injury as
a result of being in or upoen the aircraft or by direct contact with the
aireraft or anything attached therete, or the airecraft receives substantial

damage.

b. Fatal Injury means any injury which results in death within
7 days.

e. Operator means any person who causes or authorizes the operations

of an aireéraft, such as the owner, lessee, or ballee of an aircraft.
d. Serious Injury means any injury which:
1) Requires hespitalization for more than 48 hours, commencing
within seven days from the date the injury was received;
2) Results in a fracture of any bone (except simple fractures
of fingers, toes or nose)}
3) Invelves lacerations which cause severe hemorrhages, nerve,
muscle, or tendon damage;
4) Invelves injury to any internal organ; or,
5) Involves second or third degree burns, or any burns
affecting more than five percent of the bedy surface,
e. Subgtantial Damage means:
1) Except as provided in subparagraph (2) of this paragraph,
substantial damage means damage or structural failure which adversely
affects thé structural strength, performance, or flight characteristics

of the aircraft, and which would normally require major repair or replace-

ment of the affected compenent,
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2)  Engine failure, damage limited to an engine, bent fairings
or cowling, dented skin, small punctured holes in the skin or fabric, greound
damage to rotor or propeller blades, damage to landing gear, wheels, tires,

flaps, engine accessories, brakes, or wing tips are not considered "sub-

stantial damage" for the purpoese of this part.

£. TIncidents. Procedures for NTSB/FAA participation in incident
investigations will be the same as in aceident investigatiens. For the
purpose of notification, investigatien and reporting in accordance with
this handbeok the feollewing will apply:

1) In=flight fire.

2) Rapid decompression, requiring emergency action.
3 Unwanted or asymmetrical reversal.

4) Flight contrel system malfunction or failure.

5) Inability of any required flight crewmember to perform hils

normal flight duties as a result of injury or illness.

6) During ground operations of an airecraft with engine(s)
functiening without the intention of f£light any person suffers death
or seriecus injury as a result of being in er upon the aireraft or by direct
contact with the aircraft or anything attached therete, or the aireraft

receives substantial damage.

7)  Turbine engine roter failures excluding compressor blades

and turbine buckets.
8) Adreraft collide im flight.
9) Any occutrence related to aviation safety. This ineludes,

but is not necessarily limited to, such items as near midair collisions,

parachute jumping injuries, or threats or acts of sabotage.

Source: HANDBOOK: ATRCRAFT ACCIDENT INCIDENT INVESTIGATION AND REPORTING.
Handbook 8G20.1A. Washington: Federal Aviation Administration,
September 18, 1968 (4/70 reprinted to include changes 1 threugh
3, pp. 1-2.
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A.2 &grvice_niﬁficulty Reports

§121.703, Mechanieal Reliability Reporta.

a. Each certificate holder shall report the occurrence or detection

of each failure, malfunction, or defect concerning--

D Fires during flight and whether the related fire-warning

system functioned properly;

2) Fires during flight not protected by a related fire-

warning system;
3) False fire warning during flight;

4) An engine exhaust system that causes damage during flight

to the engine, adjacent structure, equipment, er components;

5) An aireraft component that causes acecumulatioen or ceirculation
of simeke, vapor, or toxic or nexliocus fumes in the erew compartment or

passenger cabin during flight;
6) Engine shutdown during flight because of flameout;

7)  Engine shutdown during flight when external damape to

the eagine or ailrplame structure occurs;

8) Engine shutdown during flight due te foreign object ingestion

or iecing;
9) Engine shutdown during flight of more than one engine;

1.0) A propeller feathering system or ability of the system
te contrel overspeed during flight;

11) A fuel or fuel=dumping system that affects fuel flow or

causes hazardeus leakage during flight;

12) A landing pear extension or retraction or opening or closing

of landing gear doors during flight;

13) Brake system components that result in less of brake actuating

force when the airplane is in motion on the ground;
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14) Aircraft structure that requires major repair;

15} Cracks, permanent deformation, or corresion of aircraft
structures, if more than the maximum acceptable to the manufacturer or
the FAA; and

16} Airecraft components or systems that result in taking

emergency actions during flight (except action to shut down an engine).

b. For the purpose of this section "during flight" means the
period from the moment the aircraft leaves the surface of the earth on

take-of f until it touches down en landing,

c. In addition te the reports required by paragvcaph (a) ef this
section, each certificate helder shall report any other failure, malfunction,
or defect in an aircraft that ocecurs or is detected at any time if, in its
opinien, that failure, malfunction, er defect has endangered or may endanger

the safe operation of an aircraft used by it.

d. Each certificate holder shall send each repert required by this
section, in writing, covering each 24-hour period beginning at 0900 hours
local time of each day and ending at (900 hours loecal time en the next
day, to the FAA maintenance inspector assigned to its operatioens. The
report must be delivered to him by 0900 hours local time en the following
day. However, a report that is due en Saturday or Sunday may be delivered
on the following Monday and one that is due en a heoliday may be delivered

oh the next workday.

e. The certificate holder shall transmit the reports required
by this sectien in a manner and on a form that is convenient to its system
of communicatien and precedure, and shall inelude in the first dally report

as much of the following as is available:
1) Type and identification number of the aircraft,
2) The name of the operator.

3 The date, flight number, and stage during whiech the incident
occurred (e.g., preflipht, takeoff, climb, cruise, descent, landing,

and inspection).
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4) The emergency procedure affected (e.g., unscheduled landing
and emergency descent).

5) The nature of the failure, malfuncticon, or defect,

6) Identification of the part and system involved, including
avallable information pertaining te type designation of the majer

component and time since overhaul,

7)  Apparent cause of the failure, malfunction, or defect

(e.g., wear, crack, design deficiency, or personnel error).

8) Whether the part was repaired, replaced, sent to the

manufacturer, or other action taken.
9) Whether the ailrcraft was greounded.

10) Other pertinent information necessary for more complete

identification, determination of seriousmness, or corrective actionm.

f. A certificate holder that is alse the holderibf a Tvrne
Certificate (including a Supplemental Type Certificate), a Parts
Manufacturer Appreval (PMA), or a TSO authorization, or that is the licensee
of a Type Certificate, need not report a failure, malfuhétion, or defect
under this section if the failure, malfunctien, or defect
has been reported by it under §21.3 or §37.17 of this chapter or under
the accident reporting provisions of Part 430 of the regulations of the
National Transportation Safety Board,

-3 No person may withhold a repert required by this seection

even though all infermation required in this section is not available.

h. When a certificate holder gets additional informatien, including
information from the manufacturer or other agency, concerning a report
required by this section, it shall expeditiously submit it as a supplement
to the first report and reference the date and place of submission of

the first report.
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§ 121,705, Mechanical Interruption Swmmary Report.

Each certificate holder shall regularly and promptly send a

summary repert on the following eoccurrences to the Administrator:

a, Each interruption to a flight, unscheduled change of aircraft
en route, or unscheduled stop or diversion frem a route, caused by known
or suspected mechanical difficulties or malfunctions that are not required

to be reported under § 121.703.

b. The number of engines removed prematurely because of malfunetion,
failure or defect, listed by make and model and the aircraft type in which
it was installed.

c. The number of propeller featherings in flight, listed by type
of preveller and engine and airplane on which it was installed. Proepeller
featherings for training, demenstration, or flight check purposes need

net be reported.

Source: Federal Aviation Regulations, Part 121: Certificatioen and
Operations: Domestie, Flag, and Supplemental Air Carriers and
. Commercial Operators of Large Alrcraft (published April 1974)

A.3 Flight Purpose

The aceidents were divided according to purpose of flight, that is
passenger, cargo and ferry eor training flights. This was done to keep
perspective on numbers of peérsens involved in the acecidents. In carge
flights, an average of 3 persons were aboard and the aircraft type
ineluded planes which did not show up amoeng passenger flights, such as
C46 and GA382B (Hercules). Another fact of interest was that 16 of the
31 cargo flights were military centract flights. (Only 5 of the 78

passenger flight accidents involved military contracts.)

1 Five flights were ferry and 8 were training flights. Again these
involved fewer people, an average of 6 each for the ferry flights and 5
each for the training flights. The training flights are often invelved in
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practicing landing maneuvers and in 2 cases, the accidents oceurred during

a missed appreoach practice.

The remaining 78 accidents occurred with passenger flights and thus

invelved a much larger number eof people.

A.4 Phase of Operation

Each acclident or incident eoccurs during a specified ''phase of
operation." The five major phases were used in the analysis and subphases
were ineluded in the discussion of "after impact" fires to better under-

stand when the acecident oececurred. The phases are as follows:

Statie Starting engine, 1dling, engine runup
Taxi To take off, from landing

Takeof f Ground run, initial elimb, aborted
Inflight Climb, cruise, descending, holding
Landing In traffie pattern, initial approeach,

final approach, level off/touchdown,
tolleut, go-around, missed approach

A.5 Accident Codes-—Severity and Damage

In additien to the aireraft acefdent "briefs" for all and the
published "Alreraft Accident Reports" for 64 of the 122 fire invelved
aceidents, certain coded information was received from NTSB for each
accident. This data consisted of information fiom the "Alrcraft Accident
Analysis Sheet," NTSB Form 6120,12, prepared for each aceident. In
particular data from Card Ne, 20, Human Facters, and Card No. 21, Fire
Information, was received and the following élements weré used and

appear on the tables deseribing each aceident in Appendix D:
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Card Column

"
Codes Definitions?

20 Human 23 Impact

Factora Severity
32~35 Damage

Severity

Cockpit,

Forward,

Center and
After Cabin

4446 Deaths
Resulting
From Fire
After Impact

¥l TFire 1% Location of Fire
Infor-
mation

27 Fite Damage

Additiohal codes were examined but

A Minoxr Generally extreme will be related to npon-
8 Moderate survivable accidents. Severe--slightly
C Severe lege than extreme w.ere damage 15 exten-
D Extreme aive and aircraft demolished, but survival
is fact or could have been fact.
Moderate and minor should he easily deter-
mined from investigative evidence,
In this and otker human factors areas the
analyst must equate the civcumstances tao
the values using hisfher personal exper-
lence and judgment as the vardstick.
A Extreme [No comments given; assumed similar to alovel
B Severe
C Maderate
D Minor
E None
Code on all fatal accidents when Fire
After Impact, Card No. @1, colummn 35
is coded.
A  Powerplant For columne 17 thru 29, code all applicable
B Baggape compartment Items for accidents invelving fire, hoth
C Passenger cahin pre~impact fire and fire after impact,
D Cockpdt
E Wheel nacelle
F Wing
G Empennage
Y Other
Z Unknown/not reported
4 Destroyed [No comments given bt are seme categories
B Substancial as overall adreraft damage, only cofmsnt
C Minor for that vefers to missing alrcraft. }
N None
Z Unknown/not reported

not used in this report's analysds,

*
Code from Manual of Code Classifications

tpefinitions from NTSB Bureau of Aviation Safety, Safety Analysis Division, FEvaluation Branch, ANALYST'S
HANDBOOK, PART EI: GUIDE FOR USING THE MANUAL OF CODE CLASSIFICATIONS, revised 1973.
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Appendix B

DETATLED ACCIDENT SUMMARY STATISTICS

The tahles in this appendix give numbers of all fixed wing U.S. Air

Carrier accidents with various characteristiecs from 1963-1974 (1974

incomplete) by year, by aireraft type by year, and by accident type.

Fire accidents are included in the last two tables as comparisons.

Data for all accidents were taken from accldent briefs and/or summary

tables from the following soeurces:

1963

1964-1969

' 1970-1972

1973

1974

Computer printove of "Brief:e eof Accidents/Incidents,

U.S. Air Carrier: Over 12,500 lbs., 1963" (unpublished)
from NTSB, Informatien Systems B-anch, Bureau of Aviatien
3afety (received April 1975).

A STURLY OF U.S. AIR CARRTER ACCIDENTS, 1964-1969, Report
NTSB AAS~72-5, Washingten, D.C.: National Transportation
Safety Beard, May 1972,

ANNUAL REVIEWS OF AIRCRAFT ACCIDENT PATA, U.S. AIR CARRIER
OPERATIONS, 1970-1972, Report NISB-ARC=74-1, Washingten,
p.C.: Natienal Transpertatien Safety Board, April 1974.

ANNUA'. REVIEWS OF AIRCRAFT ACCTIDENT DATA, ©.5. AIR CARRIER
OPERAI'TONS, 1973, Report NTSB-ARC-74+2. Washingten, D.C.:
National Tranmsportatien Safety Board, October 1974.

Computer printout ef "Briefs of Ac¢cidents, U.S. Air Carriers—-
Includes Only Accidents in Which a Causal Determinatien

Has Been Made, 1974" (unpubiished) frem NTSB, Infermation
Systems Branch, Bureau of Aviation Safety (received

January 1975).

One additional table gives number of departures of U.S. Air Carrier

Certificated Route Carriers for 1970-1973 and departures and all aceidents

and fire accidents for 1972-1973 by turbine powered alrcraft by type.

RRECEDING PAGE BLANK NOT
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Table B=1

ALL U.S. AIR GARRIER AGCIDENTS (FTXED WING), 1963-1974 (1974
{Non=Grosh Tutbulence Accidents in Parenthesus)

Inconplete)

Flight
Purpese Phase of Cperation Alrcrafir Damoge Injury Index Turbu—
Yeor _BX 06 E/T St Tx 10 Et La Ot Des _Sub Hin Non Fat Ser Hin Hon lemce
1963 48 3 2 3 2113} 18 1 6 125 2(2y 1561 6 19(13} 1 22 1
12 It & 4 3 9 3 1 B
S S 3 . .2 _43 . . 3. 2
Tetal &5 3 76 & Pa(13y 28 1 11 37 2(5y 1500 12 700137 T 732
1964 57 103 10 18(» 2541) 7O36(1)  3(2)y LM #01)  16(9) 7 2% 10
16 1 5 1 [ 5 1 4 17
3 1 1 3 . 1 _z
foral 76 7 4 15 T 30() 35(1) 12 5000 3(2) oy 120 169 8 40
1965 64 1 5 8 29013 21 8 36 2 18(13) 7 22(13) 6 2 11
12 i1 [ 5 4 7 1 2 10
4 __ __ 2 2 | : L 3
Total 800 Z 5 10 35(13) 28 14 45 2 15013 9 FETSED] [
1966 53 24 5 23() i8 15 33 1 () s 18{11} 6 24 U
10 103 1 5 7 03 2 2 2
. 6 __ A2 . _5 1 i S Y
Total ay 7 75 T8 B 25 1 12 &1 T T5(I1) 7 211} g 32
1967 53 205 201 19 727 3y 16410) $ 22(13} 4 19 13
g 21 6 26 L 2 7
7 1 2 5 1 8 i . 1
Tocal 69 § 6 #8(13y 30 10 39 303y ITany 11 320137 & 32
1968 85 6 2 1 30019 16 g 11 L 250N 9 29(19) 6 11 19
6 3 1) 5 3 5 1{1) 1 (1) 14 1
) - A [ S U S S
foral 70 6 2 6 AI(20y 25 1% 7@y A 25(171) 10 35(20) 7 20 20
1959 S5 6 8 6 25(200 10 6 0 5(2) 24(18) 6 27(20) 2 20 20
2 1 1 1 1 2
I _ 11 1 4 -1 A e
Total “B4 & 9 B8 "26(20) IS 8 26 5¢2) 25(18) 7 Z7{Z0) 7 T3E
1970 44 & & 4 20(16) 12 4 17 6{4) 171D 1 23(16) 5 13 16
& 4 2 5 1 2 1 1 2
I S R 3 2 2 _ 1 2. 3
Total 5% 4 4 9 TIoe)  IT 1@ 20 604 17D & 26(16Y 5 1A
19711 42 5 2 3 2114 1 317 4(1) 1813y 3 21(16) 3015 14
5 1 1 3 14 i 2 2
[ S 1 1 . L P
Total " 4B T T3 Tz T2I(14y 15 5 T3 Ly T 18(13y 5 23¢14) 3 17
1972 45 & 5 5 17010 1201 6 17 5(2) 1712y 5 21{14) 3 16 14
2 2 2 2
I B T | 1 2 e 1 2
Toral 50 q 5 "3 TTiI3y LY 7 2T 512y LR 3 FITAY 3 I
1973 34 1 1 4 2002y 8 5 1 1 1712} 6 b1 et 4 4 12
6 2 4 2 3 1 2 4
- 3 - . L ____ 2 —— —_— ok
Totel 43 1 3 5 00D 73 7 17 1 TE(I2) [ 200123 5 In
ot 2 21 2 1D 5(1) 2 3 5¢13 4 2 18(12) 3 12
Prelim 1 1 1
g . e it e e e peemea s _em
Total 25 TZ T T2 T ELLy & S(1)  T4CLEY 2 18(12Y i %
1963~ 574 37 39 56 265(166) 175(3) 2 68 260(3) KOC1E) 206(147) 6R(1) 256(16%) 48 202 167
1974 90 19 19 14D 47 7 53 (1) 19 (1) 4 5B 1
Tatal __.49 1 3 7 _.8_ _  _3o . .13 35 1 8. 5 3 _33
715 39 31 87 267(165) 1573Y I T3 JeA(D) LGL(1®) 21E(1E7 95¢1) 270(i67) 55 293 168

.1976 Incompleco:

Key:

ot, otheii Des, destroyed; Sub, substantial; Min, minor; Non, none; Fat, fatal; Ser, serious.
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7 Eatat, 12 serious and 4 no injury accldent cavaes yet to be Jetermined; total 23 aceidents,

BX, passenger; GG, cargot E/T, ferwry or trainingy St, Statie; Tx, texl; TO, takeoff; Ft, flisht, Ln, landing;
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Table B=2

Fotal ‘U.5. Ae Carrder Accidents, Flree Accidents and Fiwed Wing Nlireraft in the Fleer

by Abrecafit Type and Year, 1503-1974 (1974 Incomplete)

{Non~Crash Turbulence and Engine ard Wheel Kocelile Fire Accidents Excludedi)

Il hcoideny) 1963 | 1964 boames | wmes 1967 tosd 1969 I| W [ 1991 |
i K A 8 T i [ i T i N j H - T i - T 1
I : Totals oot~ Accl-| lacci- Jacel-f e cd-if Acci- || heel—: | lAgci-|i ‘Acci- | 1.
i &leeraft i (I dentsj dents]|: dents ‘ dents: dencaj|; ldents|i fdents| dents} dentsi|. ' f
||t [PLoe HFpe 03 e ||f FLE ‘; neSlepe [CONES TR 4 ST it 513 "'Fl't ! |
: : . i i § \ T !
I IBAL |7 F i fr|F Tl F | TlE T :
| s707 ] 8| a6 i a5 : b2 | o) aoe| 1} 1] 368
4 w720 22| 2 EFL | 3| | s 1 i 106
Bl BT 9y 0 - | O 7 P 104
! || cvasn oz T -2 | AT
gl & evsso I x b a7 1[4l s 8
g | s s 7 134 Tty 4|zl 2as] 3 265
e - T - i T i T
Th 8 wes fas| 3] 126 126 125 PR i sqf |
[ O o6l 23‘ - ;‘ - 5 218 22| ¥l 2 i
£ vmes 11] 5 | Wt agl 1} 9 aa i 2 il -
| UES LRI . 5 [ ; 1
‘,E[_ aubsn I 9I [ ; ) i1 411 a2 2| 26 | 16| || o il
i a7 s2l e f &8 5| uf 287, s 11| esell| 5| 1] e6sf s ful esm| o | 733 2} | 747
At wwom o3 2 N O Y - S IR AT Y 48] ‘68
5 DeID I N T R -! - -1 v ] osepz] [oead 1] | 108
e : it S ‘ 4 +—tr : it e F—r— :
I IR 7| 2 3 - | - - - |1 76 vl | D owee] 1] [lass| o[ ol usad ajulas2] b | 1s0
N I~ - =3 ) - - b Al zie sela] yp ves) 2 266| 6| | 327 | 3azf 711 s 7] s 33s] & :4|= 40| i | 338
| i{-;;nnﬁ 1-1 3 6] 2 - -1 L 1o 1ffnl safia| uf ST i 60 a0 1| [ 59 52! i o 58 1 43| 1] | 3.
o E|j cavavelle] 3| 0 | ol w]| | 20} v | 20 ¢ 200 [ 20 ol | 20 -] SRR Pl kY -
o : i Hi . i | ‘ i ' : H i : §
i[5 f 207 of o] - | A 2 0 I 1] k1 26 .24 | - my - - | -
Pl st gvasor il ef i - ! 4 18 Il a2 1) Bs{ [ 113 | 1o - -0 11 -4 F L - oo-
el % cesso 2| s ‘ .- - [ N T O I I ST -2 T O I - 1odl 2 106 2 fo] 1064 L] 105 a1l
b 9toveooreso | oot 2 b fo- =i - pefa} - =% -1 10 1) 2 a1 fE]o32) 29t
| | | i | : | | |
‘ 2 F27 16f s3] 4 | 2 sali sk b 63| 2] || eaf ] 1 49 1 a8 ki 3 34): 290 ] 25 15
! = w227 Ay | : - bl - .16 2 saf 22l ss] afa| s3fa &7 4B & aftf n | =
¥5-11 i of : - 1 - E ) 2| af 1 4 wfz] | 2 21, 22 23 b2
' ‘ : A T 7T T T7 ' | L
Bther Torbine® .-1?| 2 LRI T Cag) oz 294l 1 i | onl 3 18} 1 ) rit] 27 | i 22 L5 A [ A T
jid | | Il ! f 1 B ' | L il 1Y 8 | i
‘ | T S | R . ]
Piston !’wered‘?lBSl' 9 jLase |39 . 8f1220| 34 )10 1067, 87324 | sif 42 {10 bali 399) 3‘ vl zzs| 7 | 153h s | M ) 138 4 ;m-‘ LI 121
L L I | i i 1 R 1! 1 i . L :
B : T H (] 1] i ' M i T ! gh K | | i . | i 1 B
HOTALS | 545 122 | 52 pa20s9||pe |i3t206Y e [17 [pLoa] 57 [17]2250) 56 1af|=a3n [an B3[2570j83 | & l2e72) 38| 8)2663) 34" s{2628(28 1 52569 31 |9 525951 iz [ 2 feana |

Source of Fleet Dataz

1963~1973 taken From tables of "domposition of U.5. Adr Line Fleet...” (piven as of January I for each year hut used as of
December 31 of preceeding year for this tahle), From Aeraspace Industries Assonintion of Amerlca, Tne,, Aerospace Facts and Figures
New York: Awiation Weck and Space Technolopy, various years. 1974 from F&A FLIght Standards Technieal Division Alrcraft Ueili-

zation and Prapuision Relfahdllty Repoprt, February 1975 (data as of Decemher 1974}

*
Acclident in August 1971, Fleer count as af end of year.

1

‘Other turbine includes GIS9, Nard 262, DHC-6, SC-7, PLuhNSB

Key: T = Total; ¥ = Firej F'- = Fleet
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Introduction to Table B-3: Accident Types

Fire-invelved accidents ocecurred in 32 of the 59 accldent categories
used by NTSB. The following table gives the total for all accidents and
for fire=involved accidents for each of the 32 categories. (An additienal
83 non=fire accidents are distributed among 27 categories not shewn on
the table; these include collisien with aireraft/both on ground, cellislen
with parked airecraft (engines net running), propeller accident te persen,

airframe failure on ground, bird strike, and se forth.)

Note that the largest category of aceidents i1s "turbulence." Mest
invelve cleat air turbulence with a standing ocecupant falling and breaking
a bone (serious injury). However, two of the fire accidents resulted
from turbulence and ens.ing airframe failure and collision with the

ground; therefore, the turbulence category is included.
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Table B-=3

U.S. Air Carrier (Fixed Wing) Accidents 1963-1974 (1974 Incomnlete)
by Total Number Accidents, Total Fire Invelved Accidents,
. Airframe Fire Accidents, and Engine/Wheel Nacelle
Fire Accidents by First Type of Accident (32 Categories)

Pl v e o

: Fire

Type of Accident” a11|Nen- Fire as .

i ' Fire . Alr-{Eng/

3 Tetal]| Percent frame Wheel

of All

i Groundleop,swerve 37| 30 7 19% 5 2

: Dragged wingtip 21 1 1 50% 1

: Wheels=up landing 231 22 1 47 1

1 Gear collapsed 44| 40 4 97 b

4 Gear retracted 17| 15 2 12% 1 1

g Hard landing 291 26 3 107 3

g} Oversheot 18f 17 1 6% 1

Undershoot 24| 12 | 12 >50% 12

L Collision w/aireraft, inflight 15/ 8 7 47% 7

: Cellision w/aircraft, ene ailrb. 1 0 1 106% 1

; Collisien w/ground, contrelled 24] & 18 757 18

e, Collision w/ground,uncontrolled 19! 2 17 897 17

‘ Collision w/trees 11 3 8 737, 8
Collision w/residences 1l o 1| 1e0% 1
Cellision w/fences 1} 6 11 100% 1
Collisien w/electronic towers 1] o 11{ 106% 1
Collisien w/rumway/appreach lights{ 6| 35 1 177 1
Collision w/ditches 2, 0 21 100% 2
Collision w/dirt bank 1 0 1 1007 1
Collision w/other ebjects 18| 14 4 227 4
Stall 7 2 5 71% 5
Fire in £light 14 §] 14 1007 4 1n
Fire on ground 14l 0 14 { 1007 5 9
Airframe failure in flight 9l 7 2 22% 2
Alrframe failure en ground 06 1 147 0

Engine failure 521 22 20 50% 8 12

Propeller failure 5| 2 3 607 2 1

- Turbulence 170§ 168 2 17 2
Lightning strike 4 3 1 257 1
Evasive maneuver 14| 13 1 77 1
Miscellaneous/ether 49 48 1 27 1
ndetermined 1 0 1 100¥% 1
Totals {32 categories) 63&‘472 158 123 36

* .
Where twe types of accidents were listed, each accident was counted
*ence using the first listed.

88% of the 713 fixed wing accidents for the period
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Introduction to Tables B=4 and B-5: Number of Departures of U.S5. Air
Carrier Certificated Route Carriers

Many analyses use miles and hours flown as comparative indices for
accident rates. SRI feels that a more useful index for the present
study is the total number of departures, defined as "an aircraft takeoff
made at an alrpert." This is particularly useful sincece the takeoff and
landings seem to be the most ecritieal part of the flight operation and,
indeed, imvolve 15 percent and 46 percent of the nen-turbulence accidents,
respectively. Data from the FAA and CAB is presented in the two following
tables,

Table B=4

Number of Departures of U.S. Air Carriers (Certificated Route),
Scheduled and Nonscheduled, Domestie and International by Year, 1970~1973

Year Depar tures

1970* | 5,070,117
1971* | 4,754,684
19720 | 5,097,804
1973° 5,184,236

Total | 20,106,841

*Ineludes helicopters, number of departures unknown.

Data from Table 2.5, Departures and Overs at FAA Air Route Traffie
Contrel Centers: 1962=1971, FAA STATISTICAL HANDBOOK OF AVIATION,
1972 Edditien.

T includes helicopters, 79,979 departures in 1972 and 83,152 in 1973;
does not include supplemental air carriers.
Data from Table 1, Summary of Aireraft Departures..,by Alr Carrier,
in CAB/FAA's ATRPORT ACTIVITY STATISTICS OF CERTIFICATED ROUTE AIR
CARRIERS, 12 menths ended December 31, 1972 and 1973,



Table B-5

Departures of Scheduled and Nonscheduled Turbine Powered
Alrcraft of Certificated Route Air Carriers
and Accidents, 1972-1973

Number of Non-Turbulence
Departures écg;deprs 1972-1973
Alreraft 1972 1973 in Twe
Years Acc.per Acc.per
All 100,000 |Fire |100,000
Depart. Depart,
8707 375,254 320,881 696,135 | 10 | 1.43 2 0.28
88720 94,290 66,570 160,860 | 0| 0 0 | o
of B|B747T 88,339 96,897 185,236 3| 1.62 n 0
g B cv8go 62,685 56,966 119,651 | 2| 1.67 o |o
g & | Des | 299,355 280,410 579,765 5| 0.86 1 | 0.17
| T e 4 - g -
"’,§ afrigst 20,896 22,149 43,045 | 21 4.65 o | o
5 & szt 2
¢ 9lg727 1 11,377,959 [1,494,933 | 2,872,892 9 | 0.31 1 | o.03
&% 9 (L1011 5,042 22,441 27,483 4 |14.55 1 3.64
g%|pcrot | 42,044 | 101,819 143,863 | 3| 2.08 n {0
Lo B737 354,612 380,660 735,272 41 0.54 2 n.27
29 pco ¥ 11,165,819 |1,161,170 | 2,326,989 | 11 | 0,47 8 0. 34
E lBac 1-11 | 120,581 128, 360 248,941 ol o o | o
§ & €v580 449,713 | 427,512 877,225 1 4| 0.45 1 | o0.11
i| &|cveoo/ess 86,593 76,486 163,079 31 1.84 1 | 0.61
& F27 62,187 74,218 136,405 0ol o o | o0
':g FH227 143,630 105,528 249,158 51 2.01 1 0.40
& |vs-11 92,404 87,860 180,264 0l o n | o0
Other Turbine® | 43,270 4,993 80,263 | 1| 0.12 0 | o
Total Turbine 4,884,673 {4,941,853 | 9,826,526 | 68 | 0.69 18 0.18
Total Pisten 213,131 242,383 455,514 | 4 | 0.88 0 | o
TOTALS ]5,097,804 5,184,236 10,282,040 | 72 | 0.70 18 0.17

%*
PC6B, DHC6, and SC7

JfSu.pplermzn-tal alr carriers alse fly these aireraft but numbers of
departures are net inecluded in rhese data.

Source .of Data: Civil Aeronautics Beard and DOT/FAA AIRPORT ACTIVITY
STATISTICS OF CERTIFICATED ROUTE AIR CARRIERS, 12 Months Ended December 31,
1672 and 1973, Table 7 in éach report.
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Appendix C
FLRE ACCIDENT STATISTICS

The table in C.1 below gives type of tmpact and fire damage by air=
craft type for turbine-powered aircraft from 1963=1974, Full definitions
of beth damage category designatiens can be found in Sectien A.5, Accident

Codes--Severity and Damage, of Appendix A.

C.2 is a brief discussion of fires after impact; 87 percent of the

122 accidents invelving fire were fires oceurring after impact.

€.3 is a listing of service difficulty report locations bv ailreraft
system froim 1970-1974 (1974 incomplete).

FRECEDING PAGE BLANK NOT ¥

91



Table C-1

Tapact Damtge and Fire Dmmage for Turbine-Fowered U.S. Afir Carrier (Fized Wing) Accidents
Involving Fire for Each Aircraft Type, 1963<1974 (1974 Incomplete)}

|l' 1 Impact Damage
| I| Severé 1 woderate } Minor None i Unlmown ‘
‘Alreraft |Tota ; - : +- |
' ‘Fire Damage !ar.ire Damage Fire Damage || Fire Damag Fire Damage |
fl X W B T T 0 B T - T T T T j
i [ s w8zl |i5' wig[2)o s nln simin[riols|wlnf 2
IR EC 11 1 afol a 201 [ I3
I' bes |32 I o i i | i1
21 | 9 | | e EEEE |
. i 1 i - i | ‘L SN ) e | : !: :
nce: 7 | (RS IR ;’ T | |2 'l
vIas 5 Sl g \ B IBEY , 1
csso | & 1 i [ 1 11 ! }
mer | & EINRIRNRERNEREANRCINA
e E {2 B i RIS
s 1 it t: :
9 use | 3 [ ! : BELEERAL
720 2 B 1 ; 1T b
N O A I O 1 E ‘
| { :Tl“ | :I B I . 4
HENEEREEEINER )
T i i" T T [k : T
| i j [ ) A [ [
‘ R O A T
T “ :
| 4 ‘
i I 1
If: B i o
It | l ‘ 1
' | B i ;
| ! T
F - 1+
! L] | o O B [ ‘ .
. ofajatz |l 2inf2fajofofefrisja]o fo|sfo)sjoilw

Mre D-p Fey: D = destroyed; S = substantial; M « minor; B = none; 7 = unknown.

Botet 10 cases do not have fmpsct demige, impact eevarity ot fire damage coded seporately but they do have
an overail sirceaft damage coded as Follows: 4 destroyed, 6 substencinl damapge.

*i wach accident had Fatalities due to Eige
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Introduction to Table C-2: Fires After Impact

In 106 (87 percent) of the 122 accidents which invelved fire, the
fire occurred after impact. Fatalities eccurred in 65 (61 percent) of
the 106 accidents with fire after impact. In the 13 accidents in which
fatalities were due to fire directly, these fires alse occurred after
impact. The first of the following two tables presents details of the
accidents with fire after impact.

The second table indicates during which subphase ef the four phases
of operation the aceident leading to the impact occurred. The largest
number of acecidents eccurred during final approach; the next largest
group, 12 accidents,occurred during initial climb after takeoff. The
landing accident types include controlled and uncontrolled cellisiens
with the ground, undersheoot, and cellisien with ether ebjects such as

trees. They often eccui during adverse weather cenditiens.

93



Table C~2

U.5. Air Carrier Accidents (Fixed Wing) lnvolving Fire After Impact
1963-1974 (1974 Incomplete)

Number Accldents
Afrerafe Damage by Injury Type
Flight
Furpose Totals Overall Due to Fire Injuries | Fatal
due to
Des |Sub | Des [Sub {Min [Non (Unk Fat | ser Fire
Passenger 65 47 1B (27 | 9 (11 | 4 {14 |44 ? 11
Cargo 30 26 | 4 [17 | S |2 |1 5 15 5 1
Ferry/
Training 11 11l twj1inj0l0 6 2 1
Totals 106 84 |22 |54 |15 (13 |5 [19 65 |14 13
] Phase of Operation
" Takeoff Enflipght Landing
Fiight | g Eax%o 4 [Int i In { Int|Fnljlvl Misd|
Purpose & ta n . . ne [ ' ntFalilvl], ..
urpe e fRun lclmb Abvorted |Club |Crse]Des nescDcher TePt| App |app [OFE L Ap Other
Pagsenger| 63 4 3 4 3 2 1] 4119 8 2 2
Cargo 30| 1 1 2 1 4 3 71 1 2
Ferry/

Training 11 1 1 1 1 5 2
Totar 108l 1 |6 [12 ] 7 s | el|e| 3] 2 | 2|7 |nle] 4j2] 2
, Taxi: | Takeoff: 25 Inflight: 23 Landins: 57

Phase Total 10 (247 (22%) (54%)

Key: TO, takeoff; GdRun, ground run; Ent Clmb, inieial clirib; Clmb, climb; Crse, Cruise; Des, Descending;

Unc Des, Uncontioll:d descent; Tn TfPt, in traffic pactern; Int App, indtial approach;

fnl App, fimal approach; Lvl Off, level off/touchdown; Roll, rollout; Misd App, nmissed approach.

ORIGIN A+
OF gt' EAGE_Q
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Introduction to Table C-3: Service Difficultv Reports, SDRs

A computer printout of SDRs was obtained from the FAA Maintenance
Analysis Center. This showed 765 flame or smoke occurrences in U.S.
Air Carrier aircraft from 1970-1974. The occurrences were distributed
by aircraft system as shown in the fellowing table. Over 50 percent

occur in four aircraft systems.

Table C-3

Number ef Flame and Smocke CGecurrences in Service
Difficulty Reports 1970<1974 by Aircraft Systems

Number Aircraft System . Number Aircraft System
123 Equipment /Furnishings (e.g., 9 Water/Waste
galley, lavatory, cabin,etc.) 8 Starting
116 Engines 7 Engine 0il
115 Air Conditiening 6 Fire Protection
60 Electrical Power 6 Propellers
59 Landing Gear 6 Power Plant
42 Lights 5 Engine Exhaust
40 Airborne Auxiliary Power 4 Bleed Air
32 Engine Fuel & Contrel 2 Auto Flisht
22 Hydraulic Pewer 2 Indicating/Recording Systems
18 Flight Controls 2 Structures
17 Wavigatien 2 Ignition
12 Oxygen 2 Remote Gear Boxes (Eng Dr)
12 Pneumatie 1 Deors
11 Comnunications 1 Fuselage
10 Fuel 1 Engine Controls
10 Ice and Rain Protection 1 Turbines (Reciprecating Eng)
1 Water Injection

There were no flame or smeke eccurrences in the follewing eight systems:
Vacuum/Pressure, Electrical/Eleectronic Panels and Multipurpese Components,

Nacelles/Pylons, Stabilizers, Windows, Wings, Reters, and Engine Indicating.
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Appendix D

FIRE FACTORS MATRICES

The follawing four tables list detalls for the 122 airframe fire
accidents, 105 incidents (both airframe and engine/wheel nacelle), 36 engine/
wheel nacelle accidents, and 19 other ocecurrences. In the first three
tables, the N¥SB file number is included with its date for use by anyene
wishing to leok up the acecident brief. The fourth table is composed of
data taken frem the flles of the Natlonal Fire Protection Associatioen
{NFPA) and thus has no file numbers.

The tablés list the date, lecation of the aceident, airline, aireraft
type, and neriod of fire oceurrence (whether in flieht, on the ground,

or after impactt).

Damage is prasented from several points of view. Overall alrcraft
damage is taken fvom the alreraft acecident/incident brief. Three other
damage tvpes are taken from computer coded data deseribed in Appendix A.5:

fire damage, fuselage impact damage (given for the ecockpit, forward, center

and aft cabin), and impact severity, criented to the human occupants.

Nonsurvivable is coded "yes" where accidents were described as such

in the published Aireraft Accident Report or dedueced from ceded impact
severity and fuselage impact damage data, as indicated in the footnote

for Section C.1, Chapter 4, of this report. Phase of operation and

agcident type arve also inecluded for each acecident,

1 ts is presented

Data for incidents and engine/wheel nacelle acciden

in Tables D=2 and D=3 in a similar wanner., "Evac" is given to indicate

"evacuation" of aircraft wherever it was coded by NTSB.

Limited information was feund in the National Fire Protection
Association (Boston) files on 19 other occurrences mot found elsewhere

and 15 presented in Table D=4,
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Table D=1
122 U,5. Air Carrier (Fixed Wing Aircraft) Accidents Involving Fire, 1963-1974 {1974 Incomplete)

. Fuselage
Impact
) Damage Damage Injuries

File Adircraft Fire Over—- _Cebin Top Hon— Seri- Min/ FPhase of
‘Ho. Date. Location Airline Type Occur. all Fire Cp Fu Gt Af Sev Surwv Fatal ous None Operation Type of Accident
Flight Purpuse: Pas exr
1-0002 1-29-63 Kansas City, MO Continental VB10(812) AT 0 b Sv 8 Landing Growmd/Uncontrokled
1-0006 2-12-63 Nr. Mtami, FL Noxthwest 720B AL D (Yes) 43 Inflight 2 Airframe Fail/Inflight
1=0007 5<28-83 ‘Manhattan, KS Standard' 10496 AT D D Mo Ho Mo Mo b3 6% Landing 3 Propeller Failure
10008 7= 2-63 Rochester, NY Mohawk M404 AT 1] ] Sv t 30 6 Takeoff 2 Ground/Uncontrolled
1-0000% - 3-63 Nr, Awnetu Is., AK  Northwest bc7C Al D D Ex Ex Ex Ex Ex Yes 0L Unknown Tndetermined
1-0015 12~ 8<63 Nr. Flkton, MD Pan Am B707-121 F D ‘Ex Ex Ex Ex Yes #81 Inflight & Lightning
1~0049 8-21-63 Orlando, FL Eastern DC8 AT s 28  Landing & Wheels U
1-0004 3-12-64 Miles Clity, MT Frontier DAL Al D D Ex Ex Ex Ex Ex Yes 5 Landing 3 Ground/Controlled
1=0007 5= 7-6& San ‘Ramon, CA Pacific ¥a7 AL D Ex Ex Ex Ex Ex Yes &4 © Inflight 2 Mise,Ground/Pncontrolled
1=0025 5= &-6& Rochester, NY Unired DCEB AL 5 Ho ¥o No No No Mi: 29 Takeoff 1 Gear Collapsed
1-0033 7- 9-64 Parrotsville, TH United V745D F 2] D Ex Ex Ex Ex Ex Yes 39 inflight 3 Fire/Tnflight
1-0040 7-17-64 Richmond, VA Eastern ney AT - 76 Landing 3 Undershoot
1-0043 8-26~64 FKansas: City, MO . TWA 707-331¢ AL s 138 Landing 3 Tndershoot

] 1-0066 11-15-~64 Las Vegas, ¥V Bonanza ¥27 AL D M Ex Ek Sv Sv Ex Yes 29 Landing 2 Ground/Controlled

@ 10080 11-23-64 ‘Eome, Ttaly TWA 707-331 AL D D Ml ME ME ML ME §8(45) I1(5) 14 Takeoff 3 Ground-Loop-Swerve
1-0001 2- 8-65 Joues Beach LI, NY Eastern DCTB AT D Ex Ex Ex Ex Sv Yes 84 Inflight 1 Evasive llaneuver
1-0008 3-25-65 Albany, NY ‘Mohawk oV&40 G S S No 43 Taxi 2 Fire/On Ground
10010 1-21-65 Weyers Cave, VA Piedwont MAOL AT 5 Mi No No Ho No Mi 28 Landing 3 Undevshoot
1=0017 5-<29-65 Nikolaki, AK Aleutfan De3 AX s Mi S Takeoff 2 Stall
1-0022 7-23=<65 Montorsville, PA Allegheny CV4&0 AT D D Sv Sv Mo Sv 23 17 Takeoff 2 Engine Failure
1-003¢ B-16<65 Lake Michigan, IL tnited  B727-22 AL o M{ Fx Ex Ex Ex Sv Yes 30 Inflight 3 Ground/Water/Controlled
1=-0031 11~ 8-65 Nr. Constance, KT American B727-23 AT B D Ex 5v Sv Sv Sw 58 4 Landing 3 Ground/Controlled
1-0032 13-~11-65 Sxlt Lake City, UT United B727-22 AL D S Ml M1 Mi Mi Mo 43(43) 35 13 Lapding 3 tndershoot
1-0033 12- 4-B5 Carmel, NY Eastern L1049C AL D D &02) 34 16 Infldght 2 Adrcraft/Inflight
1~00k9* 3}-26~-65 Saigon, Vietnam Pan Am 707-321 AT s § No No No No 170 Landing & Dragged Wingtip
10063 10-16-65 Charlotte, NC Eastern ne? AL 5 s 62 Landing 4 TUndershoot
1=0078 16=-17-65 ‘Huntsville, AL United D6 AT 1 16 Takeoff 1 Gear Netracted
1-0082 9-17-565 Montserrat EWT Pan Am 707-121B A% ] D Ex Ex Ex Ex Ex Yes 130 Inflight 3 Ground/Controlled
1-0001% 4-22-66 Ardmore, OK Amer. Flyers L188C AT D 83(12) 15 Tanding 1 Ground/Uncontroiled
1-0008 8- 6-66 Falls City, RE Braniff 1-311/203 F D Px Ex Ex Ex Ex Yes 42 Inflight 2 Adrframe Fsil/Taflight
1-0015 10~ 1-66 Wemwe, OR West Coast DCI-10 AL b D Fx Ex Ex Ex Ex Yes 1§ Inflight 3 Ground/Controlied
1-0043 7~27=66 Gallup, WM Frontier pc3 AT 5 3 13 Takeoff 1 Ground/Loop/Swerve

D 9 Inflight 5 Ground/Uncontrolled

1-0044 B8-21-66 Juneau, AK Al, Ooastal ‘GZIA AT

Note: See end of table for alibreviations




Table D-1 (Continued)

Fuselage
Impact
o)) o Damage
b M Damage - Injuries
by E Flle Adrcraft Fire Over~ Cabin Imp Non- Seri- Min/ Phase of
8 -‘E No. Date . Locatdon: Airline Type Occur. all TFire Gp Bw Gt Af Sev Surv Patal ous None Operation Type of Accident
w =F‘ Passenger {Continued)
Y =S 1=0002 3~ 9-67 Utbana, CH WA DEY AT D Ex Ex Ex Ex Ex Yes 25 Inflight 3 Adrcraft/Inflight
o 1-0004 6-23-67  Blossburg, PA Mohawk 111 F D Ex Ex Ex Ex Ex Yes 34 Inflight 1 Fire/Taflight
g 1-0005 7-19-67 Hendersonville, NC Piedwont  B727-22 AT D D Ex Ex Ex Ex Ex Yes 79 Tnflight ¥ Adircrafr/Inflight
- 120007 3-10-67 Klamath Falls, OR West Coast F27 AL D § Ex Ex Ex Ex Ex Yes 4 Inflight Ground/Uncontrolled
=t 1-0019 6-26-67  Kalskag, AK No. Goms.  POGA AL S 2 TLanding 4 GroundfLoop/Swerve
H 1-0029 11— €-67 Erlanger, KY THA 707-131 AL 1] Mi Mo Mo Mo Mo Mo * T 34 Takeoff 3 Gear Collapsed
t 1-0033 11-70~67 Constance, KY TWA GVEB0 AL D D Ex Sy 69 13 Landing 3 Undershoot
1-0036 6-26~67 Grand Rapids, MI United V745D Al ] Mi 1 32 Takeoff 3 Cear Collapsed
1-0087 7-31-67 ‘HBonolulu, HI Aloha V145D F ] 33 Iaflight 2 Fire/Inflight
1-0047 1-23-67 ‘San Juan, PR Caribb.-Arl. CV640 AL 5 Mi 28 Landing 3 Undershoot
1-0058 11-28-67 Raleigh~Durham, NC nited V745D AT s No 1 42 Landing 5 Gear Collapsed
1-0068° 9- 9~67 Frankfurr, Germany Pan Am 707 G S 2 172 Takeoff 1 Engine Fatlure
1-0003 5- 3-68 Nr. Dawson, TX Braniff 1,188 i Yes 85 Enflight 2 Turb, (Airframe/Inflight)
1-0014 ‘B-10-68 Charleston, WY EPiedmont FH2278 AL D n 34 2 Landing 3 Undershoot
0 1-0024 10-25-68 ‘Hanover, NH Northeast ‘FH22Y AT D D Sv Sv Mo Mo 32 8 2 Inflight 3 Ground/Gemtrolled
[1-] 1-0028 6-24-68 Sioux Falls, SD North--Central QV580: AT 5 No 22 Landing 2 Flectronic Tower Collision
1-0033 12-24-58 Bradford, P4 Allegheny GV5B0) AL D Mi Ex Ex Ex Sv Sw 20 12 15 Landing 3 Trees Collision
1-0040 12-77-68 ‘Chicage, 1L North Gentral CV440 AL ] 5 Ex Ex Sv Sv Sy 27 16 2 landing 3 Ground/Uncontrolled
1-0062 &: 13-68 .Calcutta, India Pan: Am B7O7 AL B D Sy 6(6) 56 Landing Trees Collision
1-0001 1~ 6-69 Bradford, PA Allegheny CV440 AT Dol No Sv Sy 5v Sv it 14 3 Landing 2 “rees Collision
1-0026 11-19-69 ‘Glen Faills, NY Mohawk FH227B: AT hi D Sy 5w Ex Yer 14 Infiight 5 Ground/Uncontrolliegd
1-0023 I1-14-70 ‘Huntington, WV Southern PC9- 31 AT D D Ex Ex Ex Ex Ex Yes 75 Landing 3 Trees Collision
1=0025*11=27-70 Anchorage, AK Capitol DG8~-63F AT D D' Mo ‘Mo Mo Mo Sv 4T{4TY 49 133 Takeoff 3 Ditch Coliision
1-0026 12-28-70 St, Thomas, VI Trans Garibb 727-200 AT D D Sv Sy Sv Sv Sv 2¢2) 11 42 Landing 4 Hard Landing
1-0005 6~ 5—?'1 ‘Duarte, CA Alr West DEY-31 AL D Yes 49 Inflipghe 1 Aircraft/Inflight
1-0006 6= 7-71 New Haven, CT Allegheny CV580 AL D D Sv Mo Mo Mo Mo 28027 3(3) Landing 3 Residence Collision
1-0008 9~ 4=7% Juneau,. AK Alaska 727-193 AT 1] 5 Ex Ex Ex Ex Ex Yes IIl Landing 2 Ground/Controlled
1-Q013 8- 8-71 Honolulu, HI Aloha V745D [4 s No 22 Taxi 2 Fire/On Ground
1-0005 8-16-71 Akiak, AK Wien Consol. PC6H2 AT s 2 landing 5 Cbject Collision
1-0002 5-18-71i kr. Lauderdale, FE Eastern DEY=31 AT o D ML Mi Mi Mi Mo k 7 Landing 4 Ground/Controlled
1-0005 6-29-32 Appleton, WI No. Central GV580 AT D 5 Ex Ex Sv Sv Ex Yes 5 Inflight 2 Aireraft/Inflight
1-0011 3-19-72 Atlanta, GA Delea DC9-32 G s i B8 Takeoff 1 Engine Failure
1-0016 }2-29-72 Miami, FL ‘Eastern 1011-385-1 Al D 5 Ex Fx Ex Ex Ex Yes 99 60(14) 17 Inflight 5 Ground/Uncentrolled:
1=0017 12=20~72 Chiecago, 1L No. Central »oa-31 AT b D Sv Sv Sv Mo Sv miingy 9 21 Takeoff 2 Adreraft/One Airborne
1-0018 5-10-72 Atlanta, GA Eastern DO G 5 S No 4 Static 1 Fire/im Ground
10048 17~ 8~72 Chicago, T ‘tnited 737-222 AL D N Ex Ex Sv Sv Sv 43(27) 12 6 Landing 3 Scall
1-0049 6-10-72 Flushing, NY American  727-100 [ ‘Mi Mi No 2 75 Static 1 Fire/tm Ground
Note: See end of ‘table for abbreviations.
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File

Damage
Afrcraft TFire Ower-

Table D-1 (Qontinued)

Fuaelage
Tapact
‘Damage

Cabin

—— Imp Nom=-

Injuries

Seri=-

Min/ FPhase of

No, Date Location Adrline __Type  Occur, _all Fire Cp Fw Gt Af Sev Surv Fatal ous Rone Operation Type of Accident
Passenger {Concluded).
1-0011 7-31-73 ‘Boston, MA Delta P09~-31 AT D D Ex Ex Ex 5v Ex Yes B8 1 Landing 3 Object Colli.ion r—
1=0017 9=27-73 Rr. Mena, AR Texas Int’l @VEO0(240D)AL B s Fx Yes 11 Inflight Gromd/Controlled
1-0019 10-28-73 ‘Greensboro, 'NC Pledmont  737-200 AT -] M 96 Landing & Overshoot
1-0028 11-27-73 Chattancoga, TH Delta DCY-32 AT 5 5 Mi Mi ML Sv Mo 3 37 Landing 3 Undershoot
1-0035 12-17-73 Greensboro, NC Eastern PCo-31 AT s Mi 89 Takeoff 1 Engine Fallure
1-0038 7-22-73 Papeete, Takiti Pan. Am 707 F D 79 Takeoff 2 Groumd/Unecontrolled
1-0041 7-23-73 St. Louis, MO Ozark FH227B AT D Mi Ex Ex Ex Ex Ex Yes 38 6 Landing 3 Grouni/Ciomtrolled
1-0001 1-30-74 Pago Pago, Sampa Pan Am 707-321B AT D D Sv M ML Mi Mo 96(95) 5(5) Landing 3 Undershoot
1-0012 1-16-74 Los Angeles, CA TWA 707-13218 AL D B No Mo No No 3 63 Eanding 4 Hard Landing
Flight Purpose: Cargo
1-~0003 ¥~ 3-63 San Tranciaco, CA S1ick 110491 AT n D Sv (&) 4 Landing 3 Runway or Approach Lights
10004 2-16-63 Puyallup, WA Zantop C46F AL D D Sv 2 Inflight 1 Propeller Failure
- 1-0073%12~ 7<63 Nr. Nedexland, CO Zantop -C4GA AT o D Ex Ex Ex Ex Ex Yes 3 Inflight 2 Ground/Controlled
e : .
© 10003 3-10-64 Boaton, MA Sitck D& . AT D Ex Ex Sv Sv Ex Yes 3 Landing 2 Growd/Uncontrolled —
1-0044 9-22-64 San Juan, PR Carrib Atl. Do3 AT s Mi Mi Mo Mi Mi Mo 2 Takeoff 2 Stall
1=D064 12-24-64 San Franciaco, CA Flying Tiger L1049 AT D D Ex Ex Ex Ex Ex Yes 3 Takeoff 2 Ground/Controlled
1=006+ 11-20~64 Inkster, ML Zantop C46A AT ) 2 Takeoff 2 Stall
1-0004% 5-18-=65 Knob Noster, MD Aaxico DOGA AT D S ‘No Ho No No Mo 3 TLanding 3 Trees Collision
1=-007 7% 10~14-65 Fiqua, OH: Zantop ANGS0 Al D Mi Mo Mo Mo Mo 3 Inflight 3 Engine Failure
1-0080 12<15~65 Alamosa, CO Flying Tiger L1049 AL D D Ex Ex Ex Ex Ex Yes 3 Inflight 2 Gromd/Controlled
1-0013 3-21-66 Norfolk, VA Flying Tiger GL44D AL P ME Swv € Landing 4 Hard Landing
1-0016% 9-12-56 Tokyo, Japan Afrlift Int. DCIC AT D s 1 3 Takeoff 3 Fence Collision
1-0051 7<28-66 Port Elizabath, NI Zantap C46F AT 1] No Sv Sv Ex Mo Sv 1 1 Takeoff 2 Engine Failure
1-0061 &-16-66 Columbia City, IN Zantop a4b AT D 2 Inflight 2 Afrcrafe/Inflight
1-0073 11-15-66 Hr. Berlin, Germany Pan Am B727-21 AL D Sv Yes 3 Landing 2 Undetersined
1-0074#12-24=66 Hr. Tourene Vietnsm Flying Tiger CLA% AT D b & Landing 3 Ground/Controlled
- 1=0009% 3-23~67 Travis AFB, CA Universal DCTB AT 5 S 3 Texi 1 Object Collision :
1-0028 12~21-67 Deuver, CO Frontier Dac AL D D Yes 2 Takeoff 2 Growmd/Mcontrolied
1-0D064 1-31-67 San Antomio, TX Saturn PCEA AL D D Ex Ex Ex Sv 3 Landieg 3 Trees Collision
1-00667% 6-22-67 Nr. Saigon, Viectname Airlift Int. J1049H AT D D 7 Landing 3 Alrcraft/Inflight
1-0023 3-21-68 Chicago, IL United B727-220C AT 3] D Sv 1 2 Takeoff 3 Ditches Collision
I=-0041n 9-27-68 Cherry Pt., KC Toiversal nclc AX D D Sv 1 2 Landing 3 Grouvnd/Controlled
1-00444 T~ 2-68 Fhiladelphia, PA Universal DCTBF AX 1 5 3 landing 5 Ground/Loop/Swerve
1=00454 12-26-68' Anchorage, AK Pan Am BTI07-321C AT D D Ex Ex Ex Ex Sv Yes 3 Takeoff 2 Ground/Uncontrolled

Note: See end of table for sbbreviations.
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Table b-1 (Concluded)

Fuselage
. Tupact
Panage Damage Injuries

File Afzcraft Fire Over— Labin .o Nom- Seri- Min/ Phase of
No.. Date Location Adrline Type  Occur. all Fire Cp Bw Ot Af Sev Surv Fatal _ous None Operatiom Type of Accident
Cargo (Concluded)
1-8027 * §-24=-70 Hill AF Base, UT Amiversal L1BB AT 1] D Sy Sv Sv 3 TakeoFf 2 GroundfUucontrolled
1-002840-10-70 Wrightstowr, KT Saturn L3828 Al 1] D Ex Yes 3 Landing 3 Trees Collision
1-0054 11-30-70 Tel Aviv WA 707 AT i3 D 3 Tdkeoff 1 Ghject Collision
1=-0020% 3-18-71 Wichita, KS Saturn L3828 AL 5 5 Mo 4 Lapding 5 Ground/Loop/Swerve
1-0025 7=25=71 Manila, PL Pan Am  B707-321C AL D D 4 Landing 2 Ground/Controlled
1-0018*% 9~ 8-73 Nr. King Cove, AK World POB~63F AT b D Ex Yes 6 Inflight 2 Grotmdlcuur;ml-led
1-0026 11- 3~73 Boston, MA Pan Am  707-321C F D Ex Ex Ex Ex ¥x Yes 3 Landing 23 Ground/Uncontrolled:
Flight Purpose: Training and Ferry (Training denoted by @)
1=-0017 11-29-63 Morgantown, WY Purdue Aero, DC3 AT B D 1 1 1 Landing 3 Trees Collision
1-00158 1- 5-64  Miami, FL Pan Am DC3A & s 2 Static 2 Fire/on Ground

= -

3 1-0G1@ 9-13-65 Kansas City, MO TWA CVBBO- AL D N No No Ko No Mo 4 Takeoff 1 Engine Failure
1-00038&: 3-30-67 Kenner, LA pelta DEB-51 AL D L] Yes 6 Landing 3 Ground/Uncontrolled
1-0059 2=-10-57 Nr. Da Hang, Vietnam Flying Tiger L1049R F s ML 4§ Inflight 2 Fire/Inflight
1-0009@ 4-28-68 Atlantic City, NI Capitol ,DGA-31 af D D 2 2 Landing 1 Engine Failure
1-0013 1~ 1-68 Oxford, MS Southern M40& AT D D 3 Landing 3 Undershoot
1-00178 7-26-69 Pomona, NI TWA 707-331€ AL b D Fx Ex Ex Ex Ex Yes 5 Landing 7 Ground/Uincontrolled
1-0058810-16-6% Stockron, GA Sea. Worldéd DC8-63F Al D D Sv 5 Takeoff I Dirt Bank Collision
I—Dﬁl'l 9- 8~70 Jamaica, NY frans. Int. DG8-63F AT o D Ex Fx Sv Sv Ex Yes 11 Takeoff 2 Stall
3}~0051 8- 8-70 Acapulco, Mex Mod Adr Trans CV99D AT B b 8 Landing 3 Undersheot
1-0002@ 3-31-71 Omtario, CA Western B720~04TB AT D [} Ex Yes 5 Landing 7 Ground/imcontrclled
1-0003 5-30-72 Ft. Worth, TX Delka DCY-14 AT 1] § Ex Sv Sv Mo Ex Yes &(1) Landing 3 Turbulence

COLUMN HEADINGS: Cp, .nockpi‘t; P, forward cabin; Ct, center cabin; Af, aft cabin; Imp Sev, impact severity; Nonsurv, nconsurvivable; Min/Mone, minor/none

DATA: Flre Occurrence: AL, after impact; F, inflight; G, on ground; Damage Codes: D, destroyed; S, substantial; Mi, minor; Neo, none; Fuselage Impact
Damage Codes: Ex, extreme; Sv, severe; Mo, modevate; Mi, minor; No, none. Injuries: Figures in ( 3 indicate number of fatal or sericusly injured
due to fire. Fhase of Dperation: Static 1, starting engine; 2, idléng; 3, éngine runups Taxi L, to take offj 2, from landing; Takeof¥ 1, ground
run; 2, initial climb; 3, aborted; Infiight 1, ¢ldmb; 2, crutee; 3, descending; &, holding; Landing I, in traffic pattern; 2, initial approach;

3, final approsch; &, level off/touchdown; 5, rolltout; 6, go-arcund; 7, missed approach.

*
Military contract f£light
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Table D-2
105 1. S. Afr Qarrier (Fized Wing Adrcraft) Incidents Imvelving Fire, 1966-1974 (1974 Incomplete)

- Damage
Flle Alrcraft Pire Over- Injuries Phase of
Ho. Date ‘Location Afrline Type Occur. all Fire Minor/None Operation _Fire Location Remarks

Fligh: Purpose: Fassenger
{1983 liaring not available)

Fngine I

4-p001 1-22-64  Philadelphia, PA Eastern Dos F No No 51 Inflight 1
4-0015 8= 3-64 “Tulasa, OK American ‘L18BA G Mi ML 17 Seavic 1 Engine 011 Yeaking into tail pipe l
4=-0022 B-26-64 Dallas, TX DPelta Dos AT s Tnk 135 evac Landing 5 Wheel nacelle |
4-0023 6~26-64 Philadelphia, PA Allegheny H202A G ML No 33 Takeoff 1 Engine I
4-0024 6-14-64 San Juan, PR Pan. Am 121 G Mi Mi 165 evac Static 1 Refueiing Wind blew escaping fuel onto hot engine
4=0025 2-13-64 San Jusan, PR Eastern: DCB F No No 94 Inflight 1 Engine : ‘
4-0026 9=19-64 San Juan, PR Carib-Atl CV340 F No No 57 Takeoff 2 Engine
4-0028 5-30~64 Washington, IC Eastern 1188 G No No 18 Statie 1 Engine
4-0030 9~22-64 ‘Miami, FL National Do F Ko No 30 Inflight 2
4=0043 10-15-64 Rew York, KY Eastern LI049C F No No 76 Inflight 3 Engine
4-0045 11~ 5-64 N. Harrisburg, FA United: 745 F ML No 25 evac Inflight 2 Smoke in cockpit
40046 11-25-64 K. Newark, NJ tnited  Caravelle F ML M 54 Inflight 2 Cabin
40055 11=-25-64 ‘N, Hampton Roads, VA TUnited V745D ¥ Mi Ne 14 Inflight 2 Engine
4=0062 11-25-64 Hew York, NY United D06 G ML Mi 39 evac Taxt 2 Cabin
.ém 4=0073 2-17-64 N. San Jusn, PR " Eastern DCAB: F ML ML 69 Takieoff 2 Engine
w 4-0001 1- 4-65 Salc Lake City, UT Western ‘BI208 G Mf 82 Starie 2
4=0006 1~ 9~65 Roanoke, VA Piedmont HL04 G Mi ML I3 Taxil 1 Wheel nacelle —-
#=0022 8-19~65 Corpus Christ, TK Braniff -1 F No No 16 Landing 3 Other
40025 7-12-65 N. Jamaica, WY ‘Eastern BCa F Mi ME 117 Inflight 1 Engine
4=003% 11-18-65 XK. Los Angeles, CA Delta. CVB80 F Mi No 65 evac Inflight 1 Eugine
4=-0036  4-26~65 Miami, FL ‘Eastern BI27 AL Mi Static 1
4-003% 6-14-65 Santiago, Chili PanAm-Grace DC8 AL Mi Mi 55 evac Landing 5 Wheel nacelle Afirframe failure on ground
4-0040° 11-15-65 N. McChord AFB,WA Tatted Do F No Mi 12 evac Inflight 2 Engine -
4-0005 2- 7-66 H. Little Rock, AR Braniff 3120 F Mi 105 evac Inflight 2 Engine J——
4=0016 4-17-66 Charlotte, NG Eastern L188 F Mi ML 90 Inflight 2 Baggage compar. Smoke in cockpit, fumes in cabin
4-0026 6-22-56 El Dorado, AR Trans-Texas DC3 F ML 3 Toflight 2 ‘Engine
4-0030 8-27-66 Puffalo, KY Tnited 127 F M a9 Inflight 2 ‘Engine #3 11th stage compresser disc failed;
inboard: cowl panel burned thru
4-0033 9-26-66 N. Rassau, Bahamas Pan Am 707 F ML i 7l Inflight 1 Engine #2 fire
4-0039 11-23-66 ‘Newark, KT Kohawk FH227 G No Wo 45 Landing 5 APU Generator fafled
4-0052 5-11~66 N. Norfolk, HE North Central DC3 F Mi M 18 evac Landing 3 Engine Wheels up; wnder investigation
4=0001 1- 3-67 N. Miami, FL Pan Am B720B F No 16 Inflight 2 Engine . Extinguisghed in air
4-0009 4— 867 Jamaica, NY Eastern DC8=21 F Ne No 113 evac Takeoff 2 Engine Fuel & ofl lines severed; ignited by
disintegrating eng compressor parts
and escaping combustion flame
40024 6~ 2-67 ‘Washington, DC Eastern B727 F .11 No 67 Takeoff 2 Englne #6 fuel nozzle leak; p plt outer
4-D027 9-14-67 Phoaaix, AZ American 707 b 4 Mi ¥i 106 Inflight 3 Cabin casting. Elec. wall heat blanket ignited 1
4-0032 3~ 6-67 N. Port of Spain, WI Pan Am nea F Mi 25 Inflight 3 Engine #4: fuel fed fire I
40033 7- 2-67 Chicago, IL Tnited 727 G § Mi 80 evac Takeoff 1 Engine !
4-0038 6-17-67 Convington, KU Pelta nca AL 8 5 142 Landing 5 Brakes R brake truck locked on touchdown due | —

gontrel valve by-passing fluid
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Table D-2 (Continued)

Pamage
File Aiyverafi Fire Over- Injuries Phase of
Ho. Date Location. Adrline Type Occur. all Fire Minor/None Operation _Fire Location Remarks

Flight Purpose: Passenger (Continued)

4=0005 2-16-68 Elmira, WY Mohawk FR227 G No No 6 Taxi 1 Engine

4=-0013 B~ 7-68 Chicago, IL TWA 880 F ML ML &4 Takeoff 2 Engine l4th stage disc falled; engine cowl
damaged

4-0014 8~ 1=~68 Ghampaign, IL Ozark FH227 F No No 30 Inflight 2 Engine Compressor interstage bearing
disincegraved

4-0016 11-19-68 Denver, €0 Continental 707-320C F Ni Hi 81 Inflighet 3 Iuavoraiory Px set fire in R aft (incendiary device);
extinguished; fumes in cabin; 0, masks
dropped (heat activated aensotsi; fume
evacuation

4=-0D027 12-23~68 Newark, NJ Eastern DC8 AT NI Ho 46 Landing 3 Wheel nacelle Collided with Ylighes; #3, ¥7 wheels RMLG
damaged; #7 separated

NFPA 72568 Morgantown Allegheny CV580 AL s S &3 evac Landing ? Engine area Fuel lines ruptured by right inside
wheel coming off on landing and striking
right prop; fuel ignited by burner cans

. in engine

4-0008 4-12-6% Raleigh, NC United 127 G No 52 evac Static 1 4dr cond. pack Qverheat

4=0011 3-23-69 Wash Natl Apt, DC Naticnal 727 [ No 101 evac  Taxi 2 Cooling ductirg Intermittent circuit in ground cooling
fan heated ducting when APU started

4=0038 5~ 5-69 N, Miami, FL Eastern: 720 ¥ Mi Mi 28 Inflight 2 Engine

4=~0043 12-14-69 Nashville, TN Allegheny PCo ¥ Mi: Hi 13 Inflight 1 Engine #6 stage of N1 compressor falled; hole
in engine cowling

4=0045 10~ 9-69 Jamaica, WY United Dog G No 78 evac  Taxi 2 Engine

4<0024 4-22-70 Indianapolis, TN THA: 707=-13% G S s ] Static 1 Cabin Unattended a/c cove light capacitor port
gide mear 25 failed due to thermal
TUNGVaY

4-0030 6=26-70 Jamaica, NY TWA 747 G No 201 evac Landing 5 Engine

4-0032 9-19~70 Jawaica, NY WA 747 G Mi M1 324 evac Static 2 Engine Torched; fire damage in area of #I
tail pipe

4=0035  9-23-70 Kankakee, IL Amerivan 727 F Mi Mi BD Inflight 1 Engine Fajled; extinpuished

40038 7=22-70 N. Newark, NJ United 737 F No No 53 Inflight 3 AR Atonizer defective; extinguished

4-0041 10-20~70 N. Wheelding, WV Allegheny CV5B0 F Mt Mi 20 Inflighe 2 Cabin Burned paper in duct; smoke/sparks from
heater vents

4~0045  9-1B--70) San Francisco, GA American TLT F Mt Mi 132 Takeoff 2 Engine Stress pupture of 1st stage turbine
blades

4-0046 3-28-70 Las Vegas, NV United 120 AT Hi Ho 124 evac Taxi i AMLG Pruck beam Eafled, fatigue fracture

4=0051 8-26-70 San Francisco, CA TWA 747 F Mi i 200 Inflight 1 Engine Engine #2 quit, wmachine bolt faileds;
#4 ignited, oil sprayed access section

4=0060° 12-05-70 Lynchburg, VA Piledoont 737 G No Noe 16 evac  Takeoff 1 L Engine Firat gtage fan blade failed; severed
ext oil lines caused fire

4=0062 10-27-70 Londen, England Pan Am T47 G Mi Mi 107 evac Taxi:Other Engine Fuel ctl rotary actuator failed, caused
fire (2 escape slides malfunctioned)

4=-0066 12-13-70 London, England Pan Am T4l F No No 102 Inflighe I Engine #3 bearing, turbine section failed

4-00B0 12-31-70 Washington,D.C. United 737 G s 5 3 Spatic 1 Cabin 0, servicing/fire started at filter

element with filter valve inlel uipple;
0, fed fire
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Table b=2 (Continsed)

FHile Alrcraft Fire Over- Injuries Phase of
No.. Date Location Alriine Type Occur. _all Fire Minor/None Operation. Fire Location Remarks

Flight Purpose: Passenger (Concluded)

4=0002 1-F2-71 Baltimore, MD- United F20 F M M 64 Inflight 1 Engine Bth stage compressor blade failed; fire
bottle inoperative

4-0006 &= 5-7% Flushing, NY American 1-11 F i Mi 58 Inflight T Eagine. Constant speed drive started overheated;
burned hole in case

4=0005 5-13-71 Honolulu, BI Northwest B747 F M Mi 42 Takeoff 2 Engine Fatigue crack in turbine air seal

=002 7-21-T71 Dallas, TX American 707 G Mi 113 Takeoff 1 Engine Fatigue fracture; debris damaged #4,
R fuselage, B wing

4=0027 &= 2-71 Charlotte, KC Pledmont ¥511 F Mi 25 Inflight 3 Engine 1st stage impeller shaft roller bearing
failed

A~0036 6~ 3-71 N. Washington, D.C. Piedmont YS11A F Mi 45 Inflight 2 Engine Bolt from inlet guide vane loosze; caused
milling thru backing plate; impeller
failed

&=0040° 8-24~71 Los Angeles, CA Pan Am 747 F Mi Mi 158 Takeoff 2 ‘Engine Sensor attach filling falled; diffuse
case Tuptured, eng cowling sep

4+0050 11~ 8=71 Jamaica, NY ‘Eastern 147 ¥ 5 5 215 Takeoff 2 Engine Diffuser case ruptured near #5

borescope boss

&4=0052 12~ 4~71 Dulles Int Apt, DC United DL10- & Mi Mi 09 Landing 5 L wheel area Parking brake cable binding due poor

des:
= - - o
2 4~0012 5-24-72 Bostom, MA Pan Am 147 G Mi 92 Landing 5 Engine Fuel ctl valve malfunctioned; torched;

heat damage to flap and wing panel

4=0013 5-23-72 Jamaica, NY TWA 707-331¢ G ML Mi [ Static 1 Carge empt 2 pkg chemical broke open, caught fire

4-0003 1-8~73 Baltimore, MD Delta De9 G ‘Ml No 62 evac Takeoff 1 Wheel R.MLG outbd tire blew; debris cut brake
line, csused ground fire

&-0005 1-10~73 N. Grand Junction,CO TWA 1011 F ML 79 Inflight 2 Engine Fan disc failed, fan assewbly separated;
#l, 3 and airframe damaged by debris

4=-0010 5~ 1-73 N, Arlantic Ocesn American 707 F No 84 Inflight 2 Cabin Portable 03 generator ignited

4-0013 7= 8~73 Dallas, T™X American Dc1o ¥ No 130 Inflight 2 Cabin Portable 07 generaror; contents burned
thru entr canister unit

40018 6-22-73 Spokane, WA Air West DcY [H i Mi 108 evac Takeoff 1 Wheel #3 and & tires failed

4-0020 9- 5-73 N. Memphis, TN American  707-323 ¥ Ml @ Mi 51 Inflight 2 Lavatory L aft refuse container; dig.; extin-
guished by crew; circuit breaker for
3 phase aft lav heater popped before
flight attendant reported fire

4=-0005 3-17-74 N. Atlantic Ocesn THA 147 F M Mi 163 Toflight: Cabin Coffee maker malfunctioned

Other

A-~0010 4-19+74 East Boston, MA THA 1011 G B o Unoce Statie 1 Cabin ¥S267 aft to FS1792;electrical floor
heating blanket

(Fl’-i‘l')

4-0023 3-23-74 Travis AFR, CA Alrldft Int DCB G b b 4 Static 1 Wing Fuel fumes exploded in #1 tank area due

. undet elec source

&-002% 11-17=-74 W. Honolulu, HI Pan Az 747 4 i Mi 172 evac Inflight 1 Engine #3 bearing cavity: penetrated to access
drive gr box (5 escspe slides
walfunceioned)

s
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Table P~2 (Concluded) L
Damage
File Aircraft Fire Over- Injuries Phase of
Ho. _ __ Date Location. Afrline Type  Occur. all Fire Minor/None Operatdion _Fire Location Remarks
Flight Burpose: Cargo
4=0010 6- 8~6% N. Vero Beach, FL. Eastern 1049 F Mi MI 3 Inflight 2 ‘Engine
%=0013 5-24-65  Altus, OK Zantop DOGA P 5 3 Takeoff 2 Engine |
4-0030 211-19-67 Minich, Ger Pan Am ‘DCB F ki) Takeoff 2 ‘Engine
4-0031 2-22-69  Jamaica, NY Flying Tiger  DOBF G Mi No 4 Takeoff 1 Wheel nacelle Forward L main tires blew out
4-0050 8-27~70 Jamaica, KY Airlift Int. DCB G Mi: Mt 3 Takeoff 1 Wheel nacelle L front MLC rires blew out, both wheels
fajled
4-D008  4-24~73 Jamajca, N¥ Afrlifc Inc, nes G Mi Mi 3 Takeoff 1 Wheel nacelle T LG failed; debris dislodged L wing
fuel drain plug, afded fire
Flight Purpose: Ferry/Training (@ indicates ferry)
4-0007 2-13-65 Fresno, CGA Pan An 707 AT Hi Mi 4 Landing & Engine Dragged wingtip | —
§~0026 7= 9=65 Winstor Salem, NC Pledmont M4 F Mi Mi 3 Inflight 2 Engine
4=0043 11~-23=65 N, Ohicago, IL Delta DC8 F Mi Ro 6 Inflighe 2 Engine Stall recovery maneuver; suspect
farigue tie-bolt hole area
#=0032g 9~ }=-66 Miami, FL Modern Adr T. DC7C G My Mi g Taxi 1 Engine Loose primer line B3 nut allowed fuel
to contact #3 engine
4=0037 10-18-66 Miami, FL Eastern L1049 G s Staric 1 Wing Refueling; tug ruptured fuel line
4-0043  8-30-66 Mojave, CA Flying Tiger 707 Al s No 4 Takeoff 1 Wheel nacelle All 4 R MG tires blew out; pillot aborted | —
= §-0020 4=30-67 Denver, GO Continental B720B ¥ Mi Mi 7 Landing 4 Engine Engine contacted rumvay/fire/self
@ extinguished
@ 40058 5-26~70 Salina, KS Northwest 747 F Mi Mi 7 Landing 3 Engine Fuel line connecting main manifold w/
fuel nozzle seaprated at solder joint
4-0059 6-11=-70 Salina, kS Northwest 147 F i Mi 6 Inflipght 1 Engine Weld In diffuser case borescope boss
- failed; eng accessory cowling separated
4~0001 5~ 2=72 Tucson, AZ ‘Continental De1o F 9 Inflight 4 Engine High temp area met off air-oil mixture
formed from released ofl 3
5<0011 6~13~72 Miami, FL Eastern De8-61 F Mi [ Inflight 1 Engine 3rd stage turbine disc failed; debris
damaged pylons and L wing
4=00238 10-18-73 Spokane, WA Capitol Int. DCB-63F G 5 5 3 Statie 3 Refueling afc and fuel trucks improperly grounded;
fire originated under fuel truck
parked partially under L wing H
4-00068 4~ 7-74 Sageon, A Alrlift Int., GA3B2B F Mi Mi 4 Inflight 1 Engine
Flight Purpose: Other
4-0061 9-18B-64 Indisnapolia, IN ‘Lake Gentral DC3 G Ro No 1 Static 2 Engine Fatal prop accident to person L
4-0001 1-30-69 Roanoke, VA Pledmond 737 G [ -] & evac  Taxiiother Wheels,Brakes
4-D064 8- 7=10C Jamaica, WY Ovarseas Narl D8 G Mi 1 Stacic 1 IMEG eyl Exploded during maint/refueling due to
water In airstart chanmber
4-0016  6~24-72 St. Louls, MO American 727 Al Mi 7 Static:iother MLG nose Vehicle driver rammed gear to prevent
{hijack) hijack takeoff; small ground fire
taxied ~
parepared to
take off —
DATA: TFire Qccurrence: Al, after impact; F, inflight; G, on ground, Damage Codes: D, destroyed; S, substantial; Mi, minor; No, none. Phase ~f !
Operation: Static 1, starting engine; 2, idling; 3, engine rumup; Tazi 1, to take off; 2 from landing; Takeoff 1, ground run; 2, initial climb; i
3, aborted; Inflight 1, climb; 2, cruise; 3, descending; 4, holding; Landing 1, in traffic pattern; 2, initial approach; 3, final approach; i
4; level offftouchdown; 5, rollouti 6, go-around; 7, missed approach, Fire Location: Italfes indicate incidents with fire in other than engine i
or wheel nacelle, !
t
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Table B-3

36 U.5. Adr Carcler (Fixed Wing Alrcraft) Accidenta Involving Flre
in the Eugines or Wheel Wacelles, 1963-1974 (1974 Inconplete)

Injuries
File Mrerafy -DITIEE Min/ Phase of  Fire
Na, Date Location Abrline Type All Fire Serlous MNone ODperation Location _Accident Type
Elight Purpose: -Passenger
-6 1l- 6-63 Boston, MA Eastern 720 5 T - IR Takeofl T Fire In Flight
1-006% }2-12-63 New Orleans, LA Eastern 7120- 5 7 - 16 Takeoff ? Fire In Flight
tl-0038 7~ 1-64 Jamafca, NY American 720 ] Hone - 12 Landing Engine froundlocp
1-0036  3-14-65 Ypsilanti, MI United Caravelle 5§ s 1{evac) 53  Takeoff Enpine  Fire 0n Graund
1-0D3R 6~ 9-43% san Francisce, CA Macianal e 8 s —(evac) 77 Engine Fire In Flight
1-0086  2-13-66 Rornite, AK Wien Alaska Cess. 185 § ? - 3 1nflight ? Engptne Fallure
1-p007  2~13-66 Dallms, TR Brankff n 5 s ~lpvac) 12¢  Landing Engine  Toaste Failure
1-0065  8-11-66 Mactinsburg, WV Lake Gentral Nard 262 Hitn = 1?7  Cruise Engine «-pine Fajlure
1-0027 6-24-67 Newark, Ni Delta CVABD 5 Hone = 59 Flight fngine Enaine Failure
1-0035 4= B=67 Chicago, I Lake Guntral Nord 2624 § § - 9 Takeoff  Englne - Fire In Flight 2o
1-0D48  7-23-67 Des Moines, TA Braniff CV3a0 5 [ —levac) 9 Flight Engine Engine Fallure .a m
1~-0055 42567 San Juan, ‘PR Carib-Atl GV640D 5 5 - 57 Landing Hheal Fire In Flight ’U o
1-0047  11-19-68  Hartiunsburg, WV Amevican 707 5 ] - 38 Fhipht H Fire In Flipht 8 %}
10007 2~ 9-69 Berlin, W, Germamy Pan. Am 1Z7 5 ? 2 114  Taken{f ? £ngine Failure w
1-0054 11-28=89 Hewnrk, NI Eastemrn 1161 5 7 - 123  Takeoff ? Fite (n tiround
t'1-0015 &= 3-70 Hewark, N1 Eastern 727 5 5 105 Stacic Winp Roat Fire Dn firound 10 -
10024 3- 70 Ghlcaga, IL Unleed 720 No Hone D{evac) 94  Static Enpine  Fire On Ground q "u
1-0029 6= 9-70 Bapgaor, ME Trans Garib. IRF Min Min 2{evac) 226  Takeoff Wheel Fire On Ground b
$1-0036 5-18-70 Chicago, IL United 727 Ho HNote Llevac) Fis Taxi Uheel Fire in Groumd a m
f1-0053  9-29-70 hallas, TH Rraniff 120 5 Min 54 Landing Englne FGear Retracted ]
1-0055 3-28-70 Nr. Annette Esl, AK  ffestern 7208 s 7 - 27 Flight 7 Fire Tn Tlight ¥ 23]
1-0017  7=23=71 Chicago, Il United 747 Hin Hin  l{evac) 198 Taxi Fngine Engine Failure H
1~0047  11-17-71 Nr. Milwatkee, WI tniced 727 S Min = 16 Flight 1 Fnglne Fallure
=013 9- 1-72 Jamalca, NY THA 47 HMin Hin  B{evac) 245  Taxi Waeel Fire On Ground
1-0024 3= 372 Hila, I United poa-61 o 7 L{evac} 128 Static ? Fire fm Ground
1-0038 11~ 1-72 5t. Louis, M0 ‘W m7 Hin Hin  l{evac) A0 lLanding Enpine  Engine Faflure
1-0015 6=20-73 ‘Bangor, ME Over. Natl. filit:] HMin Min  J{evac) 258 Takeoff Wheel Alrframe Fallure
1-003¢ 8- 8<13 Waghington, DC Braniff 727 8 8 ~{ewac) Bl Inflight Wheel Fire In Flight
Flight Purpose: Gargo
1-0051 10-10-64 Charlerton, SC Capicod a4k S5 Min = 2 TakeoFf Engine  Enpine Fallure
1=0055 11-)19-64 fiwinn, Ml Zantap AWESD 5 5 - 3 lLanding Ocher Fire In FLIght
1-0039  5-F8-70 San Francisco, CA Delen Galaz s 5 - 1 Takeoff Whael Enpfne Fallure
l?l.ilht Purpnge: Training and: Ferry
£-003%  é~17-66 T Chicago, IL No. Central CVa4D 5 5 —-{evac) 2 EnFlight fngine  Eogloe Fallure
1-0055 8- 5~68 :F Travis AFB, Ca Flying Tiger m? H H - 3 Landlap fngine Flre On Grmmd
1-N010  3-19=71 F H111 AFB, UT Univeraal t.188 5 5 - 3 Inflight Engine Prop Fallure
1-0014  2-16-}2 T  Beaumont, TX Texas Intl. V600 5 5 - 3 Landing Eogine  Engloe Fallure
1-000% 3~ 573 F Benver, C0 American 107 5 Min 3 Takeoff Engine  Groundloop

Codes: Damage: 5, suhstanclal: Min, Minor: No, Nope,

nated in KTSE codes; MEn/None: milnor or no {njurics.
“Fire Occurrence Infiight; ¢ Afeer Ispact; §0n Ground

e T ey

lnjuries: Serlous--Evnc:

emergency evacuntion of aircraft mpecifically
T, training; ¥, ferrv

Flight Purpose, Training and Ferry:
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Table D-4

19 0.5, Adr Carrier (Fixed Wing Adrcraft) Occurrences
fovalving Fire, 1963-1974 (1974 Incoaplete)

Injuries Fhase of Fire Fire
Date. Locatian Airlime  Aircraft Minoc/Nome Operation Oceur. Locarion Ignition
5-30-63 Newark American Cv990 Statie 1 G Cargo compartment Passibly sparks from exhaust of taxiing sircraft
Engines #i and #2 igniting ordinary combutibles through open cargo
door
&= 6=63 Nashville American 7078 13 evac G Engines #1 and #2 Puring refueling, fuel aprayed on engine
6-14-63 Los Angeles American 7208 Static 1 Zabin Cigarette butt wrapped in napkin placed in
cabin seat pocket
6=-18-63 STuTLgarc Pan An 101=331 G Lavatory D Charred (low-light circuits) wire bundle;
insufficient moisture resistance :
B~ 7-63 Cleveland Aserican 1078 Static 1 [+ Gabin Cigarette trays emptied into market bag; ignited;
seat cushlon bumed
11-16<63 Hiani Eastern  720-025 Statie 1 [ Cockpit 0, escaped under pressure; adiabatic compression
downstrean of valve resulted in ignition of valve
components or fire caused by impurity in systenm,.
i2=- 7=-63 Hr. Miami Natiognal ilee) Inflighe F Lavatory
Hote: 1963 occurrences may be "incideots" buc lisring unavailable,
7-27-65 Atlants Delra pel 2 Statfc 1 [ Right wing, fuselage, Cleaning sclvent ignited by laap hulb on wheel
(1 burms} wheel well, interior well
carpet + smoke damage
3=12=66 -Kaneas Of¢y THA 707=-3318 3 Statie 1 & Galley #3 Electrical arcing, shorted by water
12=-31-66 Long Reach {United) pog-61* 3 Serric 1 [ Cabin Static electricity when man shifted; rug buarst
manufac. {1 burns} into £lames; aliphatic naphtha for spot cleaniog
winyl plastie.,
6-30<67 Dallae Braniff 727 Statie 1 [4 Laft wheel well, Spark from APl in wheel well ignited solvent there
funelage, wing from cleaning
5-16-68 Macuma Ecuador Alaska 1:3878 & Landing 5 AT  Engine #l engine prop struck ground, breaking, vhrowing
parts into #2? engine; fragments started fire
8- 7<£9 Philadelphia tnited 720 Statie 1 [ Cabin ‘Electrical fault in razor outler; 0, cylimder in
hat racks vented through safety walves aiding
‘hurning materials
7-27-71 Oakland Saturn L1100 bl Stacic [ Cockpit 0, bottle exploded
A=25=72 Seattle Western 1208 statfc I [+ Carge Malfunction as result of heat by friction or
electrical short circuit fo veeirc. air unit; unit
aft of forward cargo compartment behind station
360 bulkhead; wiring compartment, floor of cabin
abave unit; smoke damage to entire cabin
B=30~74 Chicago American 727 27 evac Takeoff 1 4 Engioe
11-5-14 Boston Allegheny ncs 33 evac Inflight 3 F Cockpit Croas tie relay ares
&~24-Th  Jumaica, NY United L1+ 229 Takeoft 3 G Whee} macclle Friction ccused by 2 blown tires on left MG and
leaking hydraulic floid
7-21-74 TWA %7 ‘168 evac Tikeoff F Engine

Mote: 1974 cccurrences may be "incidenta™; listing is Incomplete at time of this veporc.

Note:

3 wete sericusly injured due to fire.

A A S S e e

All 19 sccurrences found in Natiomal Fire Protection Assoclation (Boston) files and not located on incident lists; 1971-1974 occurrences not
. located on SDA lists.
..Al.rctnﬂ. destroyed by fire
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Snow, Clyde €,, John J. Carrelle and Mackie A, Allgood (0ffice of
Aviation Medicine). SURVIVAL IN EMERGENCY ESCAPE FRQY FASSENGER
AIRCRAFT, AM 70=16. Washington: Federal Aviation Administration,
October 1970.

SPECIAL STUDY: SAFETY ASPECTS OF EMERGENCY EVACUATIONS TFROM AIR
CARRIER AIRCRAFT., NTSB-AAS~74~3, Washington: National Transportation
Safety Board, November 1974.

Gerner, J. D. and John G. Rlethrow (0ffice of Aviation Medicine).
EMERGENCY EVACUATION TESTS OF A CRASHED L-1649. AM 66-42. Washington:
Federal Aviation Agency, August 1966.

Folk, Earl D,, et al. (FAA Civil Aeromedical Institute}. GPSS/360
COMPUTER MODELS TO SIMULATE AIRCRAFT PASSENGER EMERGENCY EVACUATTION.
AM-72-30. Washington: Federal Aviation Administration, September 1972,

PR&KHNH&K}I?“EE‘B.
NE NOw Ertagey

109

U NS S S

e g ek 1

g
5
;g
4
R
.




Appendix F

DISCUSSION OF SURVIVABILITY AND
CRASH FIRES FROM GAGE-BABCOCK STUDY

é ’ The findings of this study (and the CAB study covering 1955--1964)

indicate that the greatest occurrence of fire accidents is after impact.

i

The following material is quoted from two chapters, "Comments on Sure
vivability" and "Crash Fires" of a study performed by B.M. Cohn and
G.A. Campbell of Gage-Babcock Associates for the FAA/Alrports Service

LA b st g b

in January 1971, "Minimum Needs for Airport Fire Fighting and Rescue
Services" (Report AS-71-1, AD 720-512).

The first quote begins by pointing out that when an aircraft crashes,
the crash location (eff or on airport), the impact forces (high or
f low), and presence of fire are factors which can increase or decrease

survival. Subfactors of concern for survivable accidents are the fuel

TR

system (ruptured or intact), c¢abin integrity (compromised or intact)

and fire and rescue service (effective or ineffective), The fellow-

(e i tat

ing is quoted frow Chapter IV, "Comments on Survivability” (pp. 32-34):

. Persons in aircraft involved in a crash fire will be ex=
: posed to hazardous environment which will impair their

g ability to escape and can cause serious or fatal injuries
| after sufficient exposure duration. The principal causes
: of injury or death will be:

; 1. Thermal conditions - raciant heat, hot gases, hot
air and flame.
| 2. Products of combustion - carbof monoxide, ecarbon
: dioxide.
3. Pyrolyeis products from interior furnishings, pri-
marily, or from halegenated hydrocarbon extinguish-
ing agents = HCl, €1, Clz, COClz, HF, Brz, CO?Z, NH,, HCN,
ete.
Experimental studies to date (9, 10) have indicated that the

thermal conditions have been the 1imiting factors in escape
and survival time....

Tmpact damage to the fuel system is usually the cause of fa-
tal airecraft fires. Ruptured fuel lines and tankage are the
usual sources of fuel spills, with especially severe fires
resulting when fuel booster pumps continue to operate follow-
ing damage to fuel lines. While the type and quantity of

fuel involved in a fire is a factor, it should be neted that
even relatively amall quantities of either high- or low-flash-

R o 11
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point fuel can quickly produce untenantable conditions in

an aircraft cabin (1i). In addition, the integrity of the
cabin is of major importance to the survival of the occupants.
Survival time may be essentially zero if the fuselage is
opened by impact forces and a fire develope. Even if the
cabin 1s intact following impact, it has been demonstrated
that direct flame impingement on the aircraft skin can pen~
etrate it in 10 to 50 seconds (9, 12).

Although the experimental studies had indicated thermal condi~-
ttons would limit survival, actual crash experience indicates
that toxic gases may be a frequent survival limit. The most
crifical toxic gas sources anticipated would be due to the
conbustion or/and pyrclisis (sic) of interior furnishings. The
crash fire will heat the alrcraft skin and the transfer of .
this heat will pyrolize or ignite interior materials at temp-
eratures well below the point at which the aluminum fails.

1f the crash fire is impinging directly on the fuselage

gkin, the skin iay fail in less than 10 seconds and fire

cai directly enter the fuselage. This fire will then ignite
the interior conbustibles.

It is algo possible for fire and smoke to enter the airecrafl
cabin when the exits are opened. Once the cabin atmosphers
becomes contaminated with dense smoke and hot, toxic gases,
the occupants will be quickly incapacitated and not capable
of accomplishing self-evacuation. Unconsciousness can re-=
sult in 10 to 15 seconds, with death resulting shortly there-
after. Although fire-safe fuel systems and passenger sur-
vival in fire situations have been researched and studied
extensively, little progress has been made in these areas.
If meaningful reductions in the number of post-crash fire
deaths are te be accomplished, they must come from improve=
ménts in these areas. They will not result from any ground
firefighting and rescue systems, alone....

The FAA requires that the occupants of any aircraft be able
to evacuate in 90 seconds or less, using only 50 percent

of the plane's exits. Under ideal conditions, crash equip=
ment might arrive at the scene within this time pericd;
however, in most instances response time will be in excess
of 90 seconds and, theoretically, evacuation will have been
accomplished prior to the arrival of crash fire-~fighting

and rescue equipiment. Where evacuation is hindered by in-
juries, lack of visibility, blocked exits, wreckage, or
negative panic, effective firefighting can extend the survi-
val time sufficiently to periit complete evacuation or even-
tual rescue.

Chapter VI, "Crash Fires", (pp. 41-43), discusses the problem of
fuel spill due to line or tank rupture, and the mechanism of ignition
and burning:
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Since the elements of fire, fuel, ignition source and air
are found in abundance in aircraft operations, a fire may
result whenever the controlled separation of these ele-
ments is disturbed. Aviation fuel, either kerosene or
gasoline, is the most prevalent combustible aboard an air-
craft and, consequently, is the most likely to be invelved
in a erash fire. However, oil, hydraulie fluid, de-icing
fluid, tires, magnesium components, cargo and baggage are
other combustibles commonly present; ignition of these com-
bustibles may either precede or succeed the ignition of the
fuel.

A crash fire creates an immediate hazard teo the aircraft
and its occupaints normally only when the aircraft fuel is
spilled by rupture of fuei tanks or lines. These ruptures
may occur as a result of:

Contact of the lines or tanks with a fixed obstacle.

Contact ef the lines or tanks with a detached or dis-
placed aircraft ccnponent.

- Relative motion between aireraft components caused by
impact leads.

Dynamic acceleration foreces which generate internal
loadings.

Th addition, once a fire has started, whethér it involves
the fuel or another combustible, the lines or tanks may be
ruptured as £ result of fire exposure.

Most occurreices which produce fuel spillage will take place
when the aircraft is in motien. Pressure and viscosity forces
of the air tend to break up spilled 1liquid fuel into droplets
or a fine mist. These droplets ean move forward and span-
wise from the source and will coalesce and drop down when they
intercept a portion of the aircraft. As the alrcraft slows
down, the droplets increase in size, becoming a solid stream
ag the plane stops.

The droplets, mist and liquid fuel will wet the ground along
the wake of the scurce; this wetting will deepen and bread=
en to the position where the aireraft comes to rest. The
fuel which wets the ground in the wake of the airéraft will
normally be a very thin layer. If ignited, it will burn away
rapidly; if not ignited it may evaperate or soak into the
ground quickly.

if the fuel mist is ignited, a large rapidly enveloping fire
will result, which often leads observers to believe that the
airplane exploded. However, this mist fire rises away from
the aireraft and burns out in 15 te 20 gseconds. The mist
fire, although extremeély gpectacular, does not present a
dirgct hazard to the aireraft or the occupants inside the
aircraft (9). However, this mist fire will ignite liquid
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fuel spilled on the ground, spilling from tanks, or on wet-

ted surfaces. The intensity of the mist fire and its ignition
capability are independent of fuel veolatility, within the range
used in aircraft.

If the mist fire does not oecur, the spilled liquid fuel may
be ignited by any of the numberous ignition sources present
in an aircraft crash. If the spilled fuel is above its flash~
point, the fire will then propagate through the vapor-air
mixture over the surface of the fuel at a rate of 700 to

800 £t./min.. Both aviation gasoline and JP-4 have flash-
points well below zero, and in alimost all accidents the fire
may spread in this manner. However, kerosene and JP-5 fuels,
with flashpcints of 110 and 140°F respectively, will fre-
quently be below their flashpoints when spiiled. The igni<
tion source must then heat the liquid sufficiently to evap~
oraie gsome liquid and then ignite the resultant vapor-air
mixture. Once ignited, the flame heats adjacent layers of
the liquid fuel and increases 1lts evaperation rate so as to
produce a combustible fuelwair mixture above the surface of
the fuel. In this manner, the flame propogates slowly over
the fuel surface at a rate of only 30 to 40 ft./min. When
the temperature of a spilled fuel approaches its flashpoint,
the rate of flame propagation over the liquid surface in-
creaseés rapidly to a limiting value of about 740 ft./min.

at a liquid temperature above the flashpoint. With high
flashpoint fuels the flamespread can be slow, and it is much
mote Sensitive to wind conditions.

Under some combinations of wind and temperature, the flame
may not be able to propagate over the surface of high flash~
point fuels. However, whenever a fuel mist if formed and
ignited, as is common ih aireraft aceidents, the flame-
gpread is completely independent of the fuel volatility.

Once the fire is ignited, radiant heat from the fire plume
warms and evaporates the liquid fuel in the pool. The
vaporized fuel and air diffuse into the combustion zoéne
dbove the surface of the liquid pool, whetre the burning
reaction occurs. Gaseline will almost immediately attailn

a coibustion rate of 0.15 in. of liquid depth per minute;
kerogene fuels will burn more slowly at first but will
reach a combustion rate of 0.13 in./min, in a period of two
to three minuteg. The temperatures of thgoplume ranges
from about 1100 F at the édge to 1500-2000 F in the center;
intermittent peak temperatures as high as 2200 F may occur
(16). The height of the plume will be 1.5 to 2.0 times the
diameter of the fire (17). The combustion gases and in-
candescent carbon particles in the plume will ggnerate a
radiant heat flux of 32,000 to 36,000 Btu/hr-ft . Radia-
tion of the plume warms the surface of the liquid fuel; the
surface @emgegature of burning kerosene will reach approx-
imately 240°F.
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9, Pesman, G.J., "Appraisal of the Hazards to Human Survival in Airplane
Crash Fires," NACA Technical Report 2996, National Advisory Commit-
tee for Aeronautics, Washington, Sept. 1953.

10.

The basic stages of a crash fire consist of:

1. An enveloping migt fire which occurs under the pre-
viously discussed conditions and persists for 15 =
20 seconds.

2. A residual fire involving spilled or/and spilling
fuel which gradually increases in intensity. This
developing fire may ignite other combustibles such
as magnesium compenents, tires, oil, hydraulie
flued (sic), cargo, ete.

3. 1In abeut 2 to 5 min. the developing fire reaches
a level of maximum intensity.

4, The maximum intensity fire gradually decreases when
the spilling fuel and spilled fuel is exhausted.
This may not ocecur for a censiderable time and may
be quite slow.

The development of the fire may be accelerated or its max-
imum intensity may be increased by vapor-air explesions in
confined spaces or by the sudden overpressure failure of
the tankage under fire exposure. Interior aircraft fires
may be increased in intensity by the relieving of oxygen
cylinders.

An alreraft crash fire is primarily a two=dimensienal spill
fire. However, spilling fuel, fuel on aircraft structures,
burning of other combustibles will add a third dimensien to
a portion of the fire. In addition, when fire is present
inside compartments such as the fuselage, nacelles, wheel

wells, ete., a three-dimensional interior flre will alsoe

exist. The dimensions of a crash fire are défineéd by the
area in which significant quantities of liquid fuel have
spilled or are spilling. The fuel that spilled in the wake
of the aireraft or that flows some distance from the spil-
lage source generally burns away quite quickly and does not

create an exposure hazard or extinguishing problem. The area

in which the fuel is spilled will depend on the seources of
spillage and on the terrain at the ecrash site. If a crash
oceurs on an upslope, the fuel will flow down, enveléping
the aft fuselage in the fire, while if it occurs on a down-
slope, the forward fuselage will be enveloped in a fire.
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Appendix G

TWO FOREIGN ACCIDENTS OF INTEREST

A study of foreign air carrier aceldents, even eon U.S. territory,
is beyond the scope of this project. Hewever, two accldents on foreign
carriers outside the V.5, are interesting inflight aireraft fire
accidents and are discussed here to illustrate a situation which can

oceur.,

1. BOAC 767 Ngax_HeatthE

On April 8, 1968, a BOAC 707-465 with 127 persens abeard (11 crew
members and 116 passengers) was in the initial climb phase of takeoff
when the numbef two éngine experienced a mechanlcal fatigue failure eof
a fifth stage compressor whéel. The engine cowling separated, a fire
occurred, and the airecraft began to return te the airpert for an
emergency landing. While the engine fire drill was carried out, the
fuel shut-off valve was not closed., Fuel leaked into the jet efflux and
the left wing fuel tank expleded. Eithér the engine extinguishing system
was not used, or it was ineffective because of the missing cowling.
During approach to the airport the engine fell off, Five people (one
crew member and four passengers) succumbed te heat and smoke (suffocation);
38 passengers received nenfatal injuries (severity not noted). The air-
craft was considered destroyed. In this case, an éngine fire got out of
control because the fuel shut<off was not closed after the main fuel

feed pipe became disconnected, with fatalities due to the resulting fire.

¢. JNarig 707 Near Paris

On July 11, 1973, a Varig 707 with 134 persons wvoard (17 crew members
and 117 bassengers) was in flight when a fire broke out in a rear lavatory.
Two stewards tried to fight it unsuccessfully with fire extinguishers,
and the fire spread rapidly due te the presence of plasticecg, forcing the
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pilot to land while in the glide path, six miles from the airport. The
steward said that, since he was sick from smoke, when the aircraft came

to rest he was too weak to open the emergeney door, He leaned against

it and 1t opened, but it closed partially after he fell out. Rescue
services had to search for the plane and arrived 16 minutes after the
crash. They got the fire under control in five minutes and extinguished
in 10 minutes. One passenger and nine crew members were rescued alive,
Two crew members were uninjured and escaped unaided, but six crew members
and 116 passengers succumbed to the effects of the fire, There apparently
was no fuel fire and no metal fire; only the intense cabin fire contributed
to the melting of the fuselage. Passengers died in flight due to
asphyxiation, and only those who sought refuge in the cockpit survived.

The acécident is still being studied and litigation 1s underway.
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Appendix H

" ESTIMATED DAMAGE COSTS IN FIRE-RELATED ACCIDENTS

Tables H-1 and H~2 give the estimated damage costs and several other
factors for destroyed and substantially damaged turbine powered aircraft

in fire-veiated aceidents,

Note: Table H~2 includes the some enpine and wheel nacelle accidents,
Tables H-1 and H-2 exclude some foreign manufactured aircraft and other

elder turboprop alreraft feor which cost data was not available.
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Table H-1

Destroyed Turbine Powered Alrcraft
B.S. Afir Carrier—Fire-Related Accidents

A T B ‘ : m 1 w
| Fire i Minor
or No

Estimated
Damage
Cost

Total
Aboard|

Serious

.Date Aircraft Model

02T

Alrline

Phase

éFatalities

‘Injuries

Injuriesi

(5000)

Com—

| 1963

:éPanﬁAm'_
|| Gontinental

- iNbrtﬁwest

1963 TOTALS

| 1964

';f United
} Pacific

§{ Bonanza

| TWA

- 1964 TOTALS

)| 1965
| vnitea

- | American

'ﬁ:Unieed
t Pan Am:

' TWA® (Ferry)

I 1965 TOTALS

Al

Al

Al
Al
Al
AL
AL

12- 8-63
1—29~631

2—12—64

[11-15-64]
|11-23-64

|

- 8-16-65
11~ 8~65
11-11-65

- 9-13-65

7- 9-64]
| s- 7—641 44

43

132

39
29
48
160

30
58
43

9-17-65] 30

161

11
11

43
132

39
44

| 1 | _73
16 | 185

30
62
13 1 91
30

<
-1 [~

217

1707-121

Vickers Viscount 812
Tuxboprop

7208

lv7asp
{F-27

F-27

707-331

727-22

1727~23

727-22
707 12iB
cv-880

1,000

5,779%
$ 13,336

$ 1,000%
247%
247%
8,660
$ 10,154

$ 2,006%
2,006
2,006
5,142%
2,444

$ 13,604

$§ 6,557%
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Table H-1(Continued)

T T T '

‘ ﬂ ‘i ! ' Minor ! Estimated
i ir | Seri , TR y
1 Airltine F1re | Date ‘Eatalities‘serious or No thal Alreraft Model Damage

- Phase | | Injuries InjurieswAboard Cost

F | - Jjuries) ($000)

— : I

1966 ; ;
| Branifs . F 8- 6-66| 42 ‘ ! 42 |BAC 1-11/203 $ 1,403%
I ' : 1 | | ' (2 eng. turbojet)
| West Coast AT [10- 1-66| 18 18 |{DC9-10 1,362%
| American Flyers AT [} 4-22-66 | 83 - 15 28 |L138c 1,n00 -
| Pan Am (Cargo) { Al {11-15-66, 3 . - 3 |B727-21 2,006*
| 1966 TOTALS | ; | 146 15 | 161 $ 5,771
I . ‘
| Mohawk F | 6-23-67| 34 | 34 | BAC 1-11 $ 1,400%
| West Coast AT | 3-10-67| 4 | 4 | F-27 247*%
| Piedmont AT | 7-19-67| 82 5 79 | 727-22 2,006*
| ™A Al {11- 6-67 ;A R | 34 36 | 707-131 6,557
{ TWA AL {11-20-67 70 12 82 |cv-880 2,44 4%
- TWA AT | 3~ 9-67] 25 25 | pc-9 1,362%
Delta (Ferry) A1 | 3-30-67| _6 . . 6 |DC-851 9,853%
| 1967 TOTALS - 222 | 13 34 - 266 - $ 23,869
| 1968 | | :
| Braniff F 5- 3-68| 85 | 85 | Electra 1188 $ 1,000%
| : | : { (4 eng. turboprop) | ‘

Piedmont AT | 8-10-68] 35 .3 37 | ¥u-2278 1,252%
| Allegheny Al [12-24-68] 20 112 15 47 | CV-580 692%
| Northeast Al [10-25-68 32 8 | 2 42 | FR-227C 1,300
| Pan Am 6-13-68 6 66 72 | B707 6,557
1 United (Cargo) AT 3-21-68 1 ' 2 3 | B727-220C 2,006
' Pan Am (Cargc) AL ]12-26-68| 3 : 3 | B707-321C 8,660%

Capitol (Ferry) AL | 4-253-68 P2 2 __ 4 | Dnc-8 9,853

1968 TOTALS 181 25 | 87 293 $ 31,320
A B B R R I A S D B s e S R P R TR S =




! : 1 | i | Minor !  Estimated |
] Adirline “'Pf;ilre Date |Fatalities Serious i or No [Tetal 1 Adrcraft Model Dmge
Phase 1 [Injuries Injuries [Aboard | Cost
. | ‘ | | {$000)
‘Mohawk AT |11-19-69] 14 14 |¥nz27m $ 1,252*
TWA(Training) AL | 7-26-69| 5 | I 5 |707-331c 8,660%
_Sea World (Training) | Al 10-16-69{ _ ! ) 5 |DCB-63F 10, 360
| 1969 TOTALS | | 19 24 § 20,272
1970 | ‘ | | |
{ Southern | at |1-w-70f 75 | 75 |pco-31 § 4,165%
r: | capitol Imt. AT |11-27-70 47 49 133 229 |DC-8-63F 10,360
& | Trans Cartbbean AT [12-28-70) 2 1m | 9 55 |727-200 6,316
I THA (Cargo) Al |11-30-70] [ 3 3 |707 6,842
Trans -Int. (Ferry) AT | 9~ B-70] 11 , i 11 {bC-8-63F 10,360
'Mod Air Trans (Ferry)| AL | 8- 8-70 . _8 . __8 |cv 990 2,444
1970 TOTALS i | 135 68 145 381 $ 40,487
| 1971 | :
| Hughes Air West | AL | 6~ 6-71 49 49 |pe9-31 ' 4,165%
{ Allegheny I a1 |} 6- 7-71f 28 1 31 |CV 580 Turboprop 692
{ Alaska Airlines AL 9- 4-71f 111 111 | 727-193 5, 448%
| Pan Am (Cargo) Ar | 7-25-711 4 4 |B707-321C 8,660
| Western (Ferry) AT | 3-312-72} __5 . 5 |B720-047B 5,779%
{ 1971 TOTALS | 197 1 200 § 24,744

Table H-1{Continued)
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Table H-il (Concluded)

, : - . - . : :
! i | ‘ ¥ 1 Minor ‘ Est imated
' 3 Pire | i 18eri | [ : ;

. Airline ‘ Fire fi Date {Fatalities Sez:iol.xs 1 or No Total Aircraft Model Damage
Phase : Injuries Injuries-AboardE Cost
- | o ($000)
| 1972 { , | | | |
| North Central | az |12-20-72f w0 | 9 26 45 [DpCc-9-31 $ 4,165
Eastern | AT [12-29-72 99 60 17 176 |L1011-385-1 15,786%
| North Central AT | 6-29-72] 5 ‘ 5 JCV 580 692%
1 Und ted AT {12- 8-72 45 17 62 [737-222 3,462
| Delta (Ferry) AL 5-30-72 4 i 4 [DC~9 4,165
 Eastern AT 5-18-72 I 3 1 10 | 1,000
i —_— : —_ —
1972 TOTALS : i 163 89 50 3oz | $ 29,270

e | 1973 | ‘ I }

“ | Pan Am (Cargo) | ¢ |u-3-73} 3 3 {707-321C S 8,660%
| ozark | ar } 7-23-73 38 6 ; 44 | FH227B 1,091*
| pe1ta | a1 |7-3-73] 8 | 1 | 89 |pc-9-32 4,165%
| Texas Int. | A1 9-27-73| 11 1 , ~ 11 |cv 6no 581*
;’Pan Am 1 F PT=22=-73) 79 ' ! 79 [707 8,660
| World Airways(Cargo) | AT | 9- 8—71& 6 - 5 6 |DC-8-63F 10, 360%*

1973 TOTALS : 225 f | 7 232 | $ 33,517
1974 ' i | -
{ Twa AL | 1-16-74] 3 5 5 |707-1318 $ 1,000
| Pan Am Al 1-30-74) 96 5 . 10t | 707-321B 8,660
| 1974 TOTALS | 96 8 5 106 | '8 9,660
. . [ L . :
‘ Total Cost of Destroved Aircraft (5000) $256,004
| : ‘ Cost of Destroved Impact Non-Survivable $135,829
' Aircraft Included Above (5004)

Noté: 1974 totals are preliminary
* Indicates impact non-survivable

Fire Phase Key: F = Inflight; AI = After Tmpact
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Table H-2
Substantially Damaged Turbine Powered Aircraft
U.S. Alr Carrier--Fire Related Accidents
(Including Engine/tlheel Nacelle Fires)

| ‘ - ; ‘ -
_ 1 | . Estimated
| N Fire | A ot eei.n. | Sexrious | Minox/ | Total Damage
I Airline Phase % Pate Fatalities:,rnjury | None Aboard Aireraft Model Cost
| | | ($000)
i i
} 2963 - | [ |
; - ; i |
| Eastern | Al 8&21-63i; I | 28 28 necs $ 1,500
_Eastern | F 11- 6-63 | 3 | 38 a8 720 1,000
| Eastern  F | 12-12-63 | | pi] 16 720 1,000
m | 1963 Torans | | ; | | 82 82 $3,500
. | 1964 o .
| American AT | 7- 1-64 | .3 12 720 $ 1,000
1 TWA AT 8-26~64 | | 138 138 707-331C 2,000
1964 TOTALS i i | 1w 150 $ 3,000
|
1 1965 !
- | National Al 6~ 2-65 ' 77 77 DCs $ 800
' Pan Am 1 AL 3-26—65 170 170 B707-321 1,000
1965 TOTALS ; 247 247 $ 1,800
! i
1 1966 | {
. ) i \ | .
Braniff Al | 2-13-66 ! 127 B720 $ 700
1966 TOTALS : X $ 700




LT g

Table H=2 {Continued)

- | | Estimated

_ Fire . - ' Serious | Minoer/ | Total Damape
~Airlime Phase Date 3iFa-talities-.I“qury None Aboard Aireraft Model Cost
‘ ($000)

1 1967
éQGaribbean Atlantie | AT 4=-25-67 | 57 Convair 640D | § 200
| United 1 G | 6-26-67 | 1 32 33 Viscount 745D 60
EECaribbean Atlantic | AT 1-23-67 28 28 CVe40 300
I pan Am G 9- 9-67 2 172 174 707 1,500
' No. Cons. Airline AT 6-26-67 2 2 PC6A 200
" Delta 6-24-67 _ 59 59 cv880o 100
1967 TOTALS 3 293 353 $ 2,360

1968
North Central Al 6-24-68 | 22 22 CV580 $ 300
Flying Tiger G 8- 5-68 | 3 m3 900
American F 11-19-68 | 38 38 B707 900
1968 TOTALS 60 63 '$ 2,100

| 1969
| Pan Am G 2=~ 9-69 2 114 116 7127 $ 800
| Fastern ¢ [11-28-69 123 | 123 nCs 156
1969 TOTALS 237 239 | $ 950

b At E e e e
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Table H-2 (Contimied)

;' | ‘ ‘{ | ‘ ‘ I Estimated
o Fire | | . Serfous | Minor/ | Total _ .+ | Damage
I Adrline | Prase ' Date | I"atatli.-t;fueamhmjm,y Nome | Aboard ‘Aircra‘ft Model  Cost
] 1 | 1 | ($000)
| | -1 ] i
it 1 | | i ! |
1970 b | |
| Brantiff At | 9-29-70) | | s6 |  720-027 '$ 80
| western i v | 3-28-701 | 27 4 27 | 7208 100
| pelta | - 5-18-70] | 3 3 GA382 | 100
1570 TOTALS | | \ | | 30 | 86 s 280
1 i | | ‘ | |
| 1972 \ | ‘ | . |
5 it E i ‘ 1 : i | '
| Aloha | 6 | 8- 8-71 { | 72 | v745D Viscount | $ 20
. Saturn | at | 3-18-71y 4 | 4 | Ga3s2B ' 500
q ' ' ! ] |
| vnited \ 11-17-71 | | s | 36 | 727 300
J 1971 TOTALS | | | | | 36 i 108 | s s20
i | T ; g 1
| : : |
| 1972 | ! | | 1 :
1 i B ‘ | | ! |
| Delta e | 319-72 | 87 | pcy-32 | $ 1,000
T Eastern ﬂl G 5-10-72 | : | 4 | pc9-31 Stretch 6,000
| Texas Imtl. I | 2-16-72 3 3 | CV600 ) 100
H I‘. ‘ . I — iy i
1972 TOTALS 1\ “ ¥ 3 | 9 ' $ 7,100
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Table H-2{CGoncluded)

:{ ! I 1 | } Estimated
| . Fire { . | Serious || Minor/ | Total | . - Damage
|~ Afrline Phase | Date | Fatalitlesi Injury | Nemne | Aboard | ATeraft Model Cost

‘ ! ‘ 000) |
I J‘ L 4 . i ‘ ($ ) .

| 1973 ) | |

Eastern AT || 12-17-73 1 | 89 DC9-31 '$ 1,000 |
Delta AT | 11-27-73 ] 3] 39 79 DCY-32 2,000 |
Piedment | a1 | 10-28-73 | } I s 96 |  737-200 1,000

[ Braniff | 7 | 8- 8-73 | l 1 8r | 8L 727 1,000
| American . AT || 3- 5-73) 1 3 | _3 B707

1973 TOTALS | | | 3

2,000
129 [ 348 i s 7,000

Lt

Total Cost of Substantially f
Damaged Aireraft ($000) $29,610

Key: G@G=Ground; F=Flight; Al=After Impact
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Appendix I

CAB REPORT ON LEVELS OF RECOVERIES
ON ACCOUNT OF PASSENGER DEATHS
(Accidents Occurring in Calendar Years 1960 through 1969)

Compiled by the Office of the General Counsel, in cooperation with
the Data Processing Division, Bureau of Accounts and Statisties, Civil
Aeronautics Board, from respeonses by U.S. certificated air carriers to
a CAB Questionnaire (CAB Form T-109), circulated May 14, 1970.

PRECEDING PAGE BLANK NOT, FILMFD,

ﬂ%@g,
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: L. . M ) et '- ':"__-‘ . “;._ A

This report sets forth detailed information on finanéial recoveries by
sci'.tlement or court judgment for passenger deaths and serious injuries

' arising frem accidents occurring during U.u. air carrierio’ erations during L

the period 1960 threugh 1969 It presents in tabular form the data compiled

- from responses fram certificated. U.S. air carriers to & _uestiennaire
¢ -

circulated by the Civj.l_Aeren_a_.gt:qu Board on May 1.1& 1970,

. ) The ‘tsaibl.ea indicate a striking increase 1n the level of individual

: .' 'i!e‘cover‘ies in death cases settled between January 1968 and June 19?0.
'l'he sverage level of recovery in domestic accidents, 'for example , has

. more tha.n d.oubled, from below $90,000 before 1968 to nearly $200,000 in

' the ﬁ.rst six months of 1970. '.I!he tables also indicate that the average s

o tim between a.ccident a.nd. settlement for receveries at va.rioun- a.eve.a.s P

from $100 000 to $500 ,000 is runn:l.ng 'netween h and 6 years. ,
e "“",F‘ I -.._ . & O ..._' O U - I S

“ ghe Civil Aeronsutics Board requested all U.S. certificated carriers

) to furnish for each death or sgrious injury erising out of each eccident

occurr;lng during the covered period, in eddition to other information,

. .
1]  The req_uests Were bosed OR reparts of acciden‘hs furnished to the
National 'I‘rans;werte‘ien Safety Board. , ‘

130
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g/ : 3 - .
the amount, and date of settlement, if any, and the classification by

nature of claim (nan-wirsaw death, Warsaw death, hon-Warsaw serious injhry, ’
Warsaw serious inJury)i/ with resPéht.;g each clain. Re5ponses were |
1eceived from 33 carriers, providing infcrmatien sufficient for é;rpilat_an
w;th respec+ to 1’6 acc*ﬂeﬁ;s,g. including 1136 recoveries for non-Warsaw

-

deaths; 223 {for Warsaw deathks; f?o for non-Warsaw serious injuries; and
- - - 6 :
. 25 for Warsaw serious injuries. The responses further snow ggnding

“The amount requested was thelgzggg_pmeunt rald; ne adjustment has
been made, and no informatien is available, as Lo the net recoveries by
claimants.

- -

g/ The term "settlement" as used herein refers te all recoveries
vhether by settlement or judgment. :
L/ Warsaw claims include all glaims arising out of internatig_g;_g;g: e
_ pertation subject to the Warsaw Convention (L9 Stat. 3000; T.S. 876 ) whether
or hot tne linit of liability provided therein was applied. With respect
to passenzer deaths or injuries the Conventien proviies for a liebility
limit of $3,300. However, since May 1966, the so-called "Mentreal Interim
Agreement" emong carriers has provided a liabilitylimit under the Warsaw - -
' Convention, for transpertation to and from theé U.S5., of $753, O@O, with
absolute liabil ity (CAB Azreement 18900, approved by Board Order E-23¢80,
May 13, 19£€). Because Warsaw claims are subject te a liability limit and
a different liability system, they have been compiled separately from cleims
not subject to the Warsaw Convention.

2/ e responses were received with respect te 13 aceidents, lﬂJGlV’EL-

, 162 deaths 2rd 29 sericus injuries (ineludiz; 2 accidénts invelvin; T3 ard

Ll deaths, respectively). In addition, responses with respect to,; acei-
dents; invclving no desztlis and 20 serious injuries, stated that data aith
resyect to sueh acc;dnrts could net te vbtained.

6/ The carrxer resyonses incluled partlal inforwation, lus:fricient
tor comrilation (except ror tne compilatic: incl ded as paragrurn 3 of the
Aprend.z) with respelt to L4 ronsdarsaw aeat: scitlesemts; 75 Wuroas weati.
settlenernto; 3 son-7arsaw seric & iu ury sebttlersents; 2l 28 Ju 530 Seril.s
injury cett.e e:.1s. Twerty of %uese sevvlemencs re;re:ena a Si) L& Se2uTeE )

for more tian une tember.of a faully. Tie laster settlenents rae :.°t htee.,
includew i: 2wy compiletion, bul are separately co-‘m.le_x iu ;_..ra vy 3 of
the Appendix to this report. ' ‘ 7~
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-

d claims as follows: k33 non-Warsaw deaths; 87 Warsav deaths; ‘

. 97 non-Warsaw sericus injuries; and 16 warsé.w‘.seriﬁus injuries./ The

attnched tables i}fesent pertinent compilations of the data rgeeived.y '

- - -

P . . - oa . D . .-....

 EXPLANATION OF TABLES

| '.t-hﬁie'a I(A) through .I(D) set-i"orth the level of recoveries for adne

7 Warsawj dgathé. , Warsaw deeths, ﬁon-ﬁarsaw‘serie\is injuries, and Warsaw ser;aug
injuries, respectivelaf, compiled on the basis of yea.r of settlement for the

' pé’r':l_.od 1966 through 1970 .2/ The total number end the percentage of settle.—

"ments which éxceed the stated levels of recovery are seb forth. For example, '
. . R e e - .« . ....’-..'. L . ) . -

g P . e
e : - ) - e o el .
-, . -

~—7] K breakdown of pending clsims by accident year end mature ¢f claim
_g.s set rortll in paragraph 2 of t—he Appendix. . ‘ :

P X M ST ST P T R

B T o o e ik et

"L .8/ For purposes of comparison, paragreph 3 of the Appendix contalins &
compilation of the date on a ten-year basis in the form published by the ICAD
Ady Transport Committee from responses to State letter ‘s 18/10-68/27, Marck 20,
1968, in AT-WP/100T, Revised 2/7/69, "Economic Infermation Relating to the
Warsav/Hague Lisbility Limits.” (Reprinted in Volume I, Reports and Dosumentatica,
Subcommittee of the Legal Committee on Revision of the Warsaw Convention as anmended
by the Hague Protocol, 18-29 November 1960 and 2-19 September 1969, Doc. 8629~
1€/158-1, at page 48.) . L L ,

/ The settlement year 1970 includes settlements made during the first
gix months of that year. The data reported for settlements made ia the
period 1960-1965 did not include settlements relating to accidents se2urring
prior to 1960. Because from 5% tc 50% of settlements, deperding upsn whe
_Jevel of settlement, take six or more years to settle (see Time Elapsed Takle
I1T(A)); settlement Bata relating to settlement years 1960-1965 weuld we
incomplete, and therefore have not been inecluded. BN -
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" time elapsed between the date of accident and the date of settlement, with

...",' -_‘l N ..‘ -:.ht . . -. ) -

- - - -

Table I{A) indicates that in 1966 18.j$ of 'the settlements were at a level

over $150,000. In the first half of 1970, 58.1% of the settlements were
over this level. | P .

Lt

Table 11 shews the everage of recoveries of the fbur categeries {Warsew

end non-Warsei:/deaths and serious injuries) for the settlement years 1966
10

.throughlgro. S SR : AR .

mdbles III(A) end (B) provide a compilation, by number of years, of the

: respeEt to non-Warsaw death recoveries at various levels.r'Specifically,.

Table III(A) sets forth the percentage of such claims settled within the |

number of years stated, with respect to each recovery level category.

2 Table III(B) sets forth essentially the same infermatien, hovever, cempiled
on the basis of all claims exceeding the recovery 1eve15 af $100 000, :

"~ '$200,000, $300,000, and $500,000, respectively. In addition, 'I‘able 111(3)

includes an average elapsed settlement time for ell sucp cla;ms gbove these

. levels within the covered peried. These Tables are based on recoveries

v/
relating to accildents occurring during the years 1960 through 1963.

8 ~ Parlier yeers 's have hiot beea incIJded for the reasons set forth 1“
note 9 abave.

,

}}/ Because of the large propertion of claims taking more than 6 yéers
to settle, the cempilatien does not include settlenents relating to accidents
in later years. . . . : o
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TABLE I (A)

NON-WARSAW DEATH SETTLEMENTS EXCEEDING s'mm AMOUNT
( BY SETTLEMENT YEAR)

$ 1,000 | 110 |95.7
10,000 | ot | 818
50,000 | u7 | 41.0
75,000 | 39 { 34.0

100,000 | 32 | 27.9

125,000 | 28 | 2.l

150,000 | 21 | 18.3

200,000 | 12 § 30.5 |
250,000 | 5 { bt

300,000 3| 2.7
500,000 2] 1.8
(619)
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33.9

15

3.1 | &

28.2 | &1
718.8 | 43

12,5 1

7.5 | 16

.6 2

48.7
35.9

23.9

1.7




Recovery

TABLE I (B)

WARSAW DEATH SETTLEMENTS EXCEEDING STATED AMDUNT
(BY sr:m.mm“r YEAR)

fmownt 1%

7| lo.

B 1970

$ 1,000
- 10,000
50,000
75,000
100,000
125,000

250,000
300,000

500,000

i ——

150,000

200,000

© © O ©0 © KB K B

100.0] Sk
37.0} 51
3.7| 2k
3.7| 35
3.7

© © © 0o'r MW

TOTAL

SETTLE-
MENTS
(243)

3

3.8

19

0o o © O

B S I R R -

o © o O

o - 4.."’-
0 0 O N w W w %'«53‘31‘3
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100,0
l@OﬁO
8.3

25,0

25.0

25.0
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TABLE I (C)

(BY SEITLEMENT YEAR)

NON-WARSAW SERIOUS INJURY SETTILEMENTS EXCEEDING STATED AMGUNT

Recovery 1966 | 1967 | 1968 1969 1970
pmount [ Woy | & | We.] % | Wo.] F | Wo.] ¥ IWo. TF
$ 21,000 |28 |90.2 | 25 |92.5 | 3B 92.0 | 371 | T8.8| 13 |92.8
- 10,00 |12 | 86| 18 | 66.6 |28 436 ] 19 | vo.s| 7 {u9.0
" 50,000 | 3 | 9.6 1 |bouT |13 2 6| 28] 6 42.8
w00 | 3 | 9.6 8|26 ] 9 | 23] 3| 6k |28
wo,000 | 2 | 64| 6|22 | 3 | 79| 3] 64 1|72
125,000 | 2 | 64| 51185 3 791 3| ex| 2| 72
_ ‘15'0_\, 2 | 64} 3|22 3 791 2 b3 1| T
| o ew,000] 2 | 64| 2| TN 1| 26| 2| w3l o o |
o0 2] s3] o o|m | 28] 2] w3] el o
300,000 | 1 | 3.2] ©O o] o o 2 k.3 0 0
500,000 | © 0 0 ol O _d 0 o] © 0
R R
(157

136




TABLE I (D)

WARSAW SERIOUS INJURY SETTLEMENTS EXCEEDING STATED ANMOUNT
(BY SEPTLEMENT YFAR)
Recovery | 1966 1967 | 1968 | 196 | 1970
Amount [ Wo. | % | We. | % |%o. | % |%6. | & [¥e. | &
$ 1,000 6 | 100.0f © 0 1 |00 ) 3 |75.0| 2 |200.0
- 26000 | & | 6.7 o | o 1 |00 ] o o le ] o
50,000 (o] 0 o) 0 1 J10.0] © 0 0 o}
. )
75,000 o o | o 0 1 |a0.0] o o | o o
100,000 . | © olo] o 1 jwoo| 0 o o | o
125,000 0 ] 0 o} 1 Jaco.0] O o o | o
..150,000 | o o] o}.o.]a jawowo] o f 0o o | 0.
200,000, { © o}l o o | o 0 0 o} o o
Y] 3 - . -uF e il s * —-é!
250,000 0 o]l o] o 0 o o | o | o 0 .
300,000 | © ol oo |o 0 ) o, | o 0
500,000 0 o} o o 0 F_ 0 0 o | o 0
TOTAL 6 -l ! b . p |

(23) -
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TABLE I1
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TABLE II PASSENGER RECOVERTES (INCLUDING BOTH ARD SETTLEMERTS)
| IN WARSAW AND NON-WARSAW CASES - U.S. CARRIERS  °
_ . PASSENGER-DEATH o . ' SERTOUS INJURIES
SETTLEMENT NO. OF : TOTAL © AVERAGE - . - NO. OF TOTAL AVERAGE PER
YEAR  SETTLEMENTS  SETTLEMENTS . PER DEATH : SETTLEMENTS  SETTLEMENTS SERIOUS IRJURY
NON-WARSAVW |
1966 s e 45,003 L m L sos6,88T | 430,867
1967. 69 - | $4,557,065 $66,008 i 27 $1,567,00% $58,037
1968 160, .- $16,829,175 $105,182 - 38 $1,801,490 $7.407
1969 ¢ 158 | $21,405,179 135,475 ok - bt . $1,668,072 . $35,490
11970 117 o+ $22,866,817 $195,443 .« W devi9r2 .- $45,855
e ‘wanshwfh

1966 - A $502,330 $18,608 L . 6 $70,601 . $11,773
1967 sy | 32 153,837 850,996 i - 1 4750 $750
1968 % 1,022,485 $63,905 . . . .. 1 $172,500 $172,500
1969 £ SN 31 263,133 $66,562 . . L L $5, 72k $1,h31
1970 X 2 $959,018 .. $719,9%23 . . v o 1o 36,000 $6,000



TABLE III (A)

&
o
~ )
Y &2 .
L | \ ;
‘ NOR-WARSAW TEATH SETTLIMERTS
TIME ETAPSED BETWEEN ACCIDERY AND EETTLEMENT
: {BASED ON RECOVERTES FOR ACCIDENTS OCCURRIENG IN THE PERTOD 1960-1963)
sermen &/
RECOVERY AMOUNT | within | vithin | vithin | within | withtn | withis | within | within | withim | within | witnin TOTAL
6 mosa. 1 v 2 yrs. 3 yra. L yre. S yro. 6 yrs. T yra. 8 yre. 9 yrs. 10 yrs. EETTLRMENTS
el % 1] % |fol % |fo] & W] $ |Wo.] § fmo] & Tl "% JWo.[ ¥ Jro] 3 [l %
#1000 or less 9l1c.2 |36 |61.0] b1 [69.4 T2 {69.4 | 4T]T79.6 150 B4.T | 56 |94.9 | 59{100.0 |} - - - - - - 59
: 1.1 ' T , ‘ 'h ' ' ﬁhm3 '
1001-58, 000 45 943 b3k | 27.7250 |51.7 [321| 66.4 |381] 78.8 {uoo | B4.6 [428)8B.6 1h39f 90.8 A4 )100.0) - ¢ - - - 483
- - 1 - - ‘ - . ' - 3 - - bal'ua -
e 50,001- 75,000 1} 2.5| 8]|20.5] 1 [35.8 J17|43.5 (23|58.9 [31|719.4 | 33846 | 3G 92.3 | - - - - 3 100.0 | 39
15,001-300,000 | O] O 2110.0] 6|30.0 | 121600 } 16| Bo.0 } 16{B0.0 | 168]90.0 | 29} 95.0 | 1 |100.0) - - - - 0
— 1T — , ; ‘ . pilus y ' plun
100,001-200,000 | 1| 1.2] 2| 2.5} 13 16.6 | 24f30.7 1521666 |61]78.2 697835 (15 9.5 1| 97.0¢-1 - 1 2] 1we.0 T8
' ) ' T ' ' ' — blusf  of ﬁiun
200,00-300,000 | G] O ol o 1} 2.6 ] s}13.1}19|s0.6 | 19]s50.0|26]68.8 | ) B9.b § - 18581 3| 100.0 38
!1uo,oon-5oo,oou ol o 0] o o] © ol o 2l10.6 1 3{15.0110]|50.0 | 18] 93.0 | - - | -1 - 2| 1w0.0 20
500,001 or sbove [ O O gl o o] o 1133.3] 3hooo] -] . -1 - - - - - a1 - - - 3
TOTAL 56 T.5 182 24.5 325 43.9 421 56.8 543 73.3 592 B0.0 643 B6.B 6B3 92.2 T29 98.5 TI0 98.6 Ti0 100.,0 o

5/ Mamerical and percentasge totals of settlements are cumlative, except as otherwise indicated.
I/ Percentage 1s based on the total settlements of 1960-1962 accidents only (67) because of the
absence of an B year period to 1070 with respeect to 1963 eccidents.

2/ Fercentage is besed on the total settlements of 1960-1961 eccidents only (21) beceuse of the
absence of a 9 yoar peried to 1970 with respect to 1962 and 1963 acclidents.

(Vi111 7avl
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g"g TABLE III (B)
o)
S =
&
NOB-WARSAV LEATH SETTIRMSYTS :
. TIME FIAPGED EETVEEN ACCILENT AXD SETTLEMENT , .
' cmmmmmmmmsmmmmmmmﬁoqﬁa) '
* RECOVFRIES ABOVE STATED AMIUNTS
FECOVENT AMOUNT | withdn | within| within | vithin | within | vithid | vithin] within " within| within | vithin TOTAL AVERACE YO, OF YEARS
7 6 mos. 1”',2’“',3’"" hyra.'Syr-a.lGrrl. Tyn.‘Bm. 9 yrs. | 20 yre. SETTLEMENTS FOR EETTLRMENT
Elo.f: el T 1%l Ti%] E[W.] 2% .15'%f W] ¥iVo.l % |- | %
' . : mlunls/ plud
= Avove $100,000 { 14 .7} 2 |1.%]14]10.0]30]21.5 16|54.5 1 86 [61.ho8}TT.0] 130)93.24 1+ [F3-% -| - | 2 | 200 ‘139 k.2
(=]
plun% plugd . i\
Above $200,000 | oo %] o |o 1} o6l rhasfesfho.92s [bo.q 39]63.9) S5f2Y - | - | 2 .6 3 |00 61 s.k
. . J plusf
Above $300,000 1 0 |0 olo ol o | 1l%3) sj22.6] 6 |25.923fs6.3| 21f91 {- | - | - | - 2 {100 23 6.5
tbntsm,om olo folo |o]o |2}p33]|apoot-1-1-- d- e l-t-l-1-3-1 3 3.6
cumlative settlements of 1960-1962 accidents orly (123) because =g
1970 with respect to 1963 eccidents. sk
nts of 1960-1961 mccidents only (U44) because of

1/ Percentage is based on the total
of the absence of en 3 year peried to
tal cumletive gettleme

1970 with respect to 1962 end 1963 accidents,

2/ Tercentmgeis oased on the to
the absence of a 9 year period to



Page 1 of 2

3 1. The following 20 settlements represent a single recovery for more than
’ one member of s family and vere hot included in the compilation.
Non-Warssw Destha
Recovery No. of Aceldent Settlement
Ampunt Persons " Yeer Yeer
$600, 000 2 1963 1969
495,000 2 1960 1966
367,000 2 1963 1970
350,000 2 1963 1969
275,000 2 1963 1969
170,000 2 1964 1966
- 150,000 - 1963 1970 '
95,000 2 1963 1365 -
*76,000 2 1963 1969
75,000 - 2 1963 1969
68, 500 ‘2 1968 1949
65,000 2 1963 1965
P 65,000 2 1964 1970
50,000 2 1963 1970
10,000 2 - . 1964 1966
o Warsaw Deaths
S 1&9,000" e e e 2 -t T 196k ""'"'“-1968- - s e
140,000 2 - L 196k 1968
o .. 305,000 2 1964 , 1969
50,000 i 3 1968 1970
. Warsav Serious Injuries .
- - . ¥ .
- 13,925 2 1965 1966
2. The following is m compiletion of the 633 _pendi ng claims resulting from
accidents occurring in ti:e peried 1960-1969
Accident Hon-Wersaw Warsav Non-Werssw Warsew . Totel Total %
fear begths Deaths Serious Injuries Serious Injuries Pending Claims Pending
1960 1 ) ) o 11 we  2.%
1961 0 o . 0 0 . .0 136 .0
- 1962 1 61 o} - o . 62 301 20.5
1963 0 [0} 2 0 2 251 .7
1964 10 2 1 0] 13 190 6.8
1969 38 - 2 10 © 50 297 16.8
1966 1S o] L 0] 18 15 2b.0
1967 135 (o] & 0] L3 2L6 58.1
1968 123 19 L6 4 192 33 55.9
34 OTAL k33 81 21 16 633 2,46  25.6
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3. The fallowing compilation corresponds to the Ta-lf)le published by the ICAO Air Trarsport Committee '
im AT-WP/1007, Revised 2/7/69, from State resporses to ICAO State letter S 18/10-68/27,
Mareh 29, 1963. ] . , J

- PERCENT OF ALL JUDGMENTS AND SETTLEMENTS
: FOR DEATHS WITHIN STATED LEVELS - U.S. CARRIERS
{Compllations based on all settZ:Lements for deaths or serious 1injuries
for accidents occurrimy during the peried 190 through 1969, )
Less than | $17,001 - | $33,001 - | $50,000 - | $75,000 - | Avove  {Total
$17,001 $33,000 $50,000. | $75,000 | $100,000 $100,000
i T - - - . - : - . -
n | 166C-24T0 No. | ¢ Yo. | % |Ne. |% |No. |% INo. % No. 7 |lo. %
g -4
Deaths - _
fion-Warsaw 421 | 3k.11231 ] 18.7)119 | 9.6 {66 5.3}56 L.s |340 - | 27.5]2233 | 109.0
Warsaw 106 | u7.3] 33| 14.7] 23 loi2 |20 }8.9)32 fw.2 |10 | &4} 22k |100.0
Serious Inluries . | , : ' :
\on-Warsaw - qx34 {56.5] 29 | 12.2| 22 | 9.2 |16 6.7 |16 6.7 | 20 8.%] 237 }100.0
darsav 33 |2} 1] 28] ol fo |- 1Jo - 1 | 2.8] 35 |1o0.0
1

z Jo g ofeg

XIAN"Iddy



Appendix J
LEVELS OF RECOVERIES ON ACCOUNT OF PASSENGER DEATHS

AND SERTOUS INJURIES IN AIRPLANE ACCIBENTS-—-CAB BATA
. (Calendar Years 1970 threugh 1974)
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NOW-HARSA!! DEATH SETTLEMENTS ENCELOING STATED AMOUNTS
(By Settlement Year) '

Recoversy| 3970 1971 1972 1973 1974*
huount to.t % No. % | Ne.l % . te.| % Yo, | A
$ 1,000 | 112 | 100 169 {99.4] 164 | 99.4] 99 | 100 | 141 | 1c0
30,000 | 110 | 96.4 169 [99.4l 158 | 95.6] 96 | 96.7[ 141 | 100
T oso000 | 69|61 107 le2.9) 207 | ea7| 52 | sz.2| 126 |se.3
75,000 | 65 | 58.1 g8 {s1.7 78 | 47.1] 42 | 42.2| 107 }75:8
100,000 { 56 | 50.1 76 |43.5| 62 | 37.4) 35 | 35.1( &7 |66
125,000 | 53 | 47.4 49 |28.8] 51 | 30.7| 3 | 3L1| 74 524
150,000 [ Sl | 45.6 41 | 24.1] 44 56.5 27 | 27.1| 64 [a5.3
200,060 | 45 | 40.2 se |17.70 27 | 16.2| 22 | 221 52 |s7.3
250,000 | 33 | 29.5 25 114,71 22 | 13.2| 9 | 19.1] 45 }31.9
| s00,000 | 20|18 20 {117 14 | s.4| 18 | 18.x] 37 |26.2
1 so0,000 | 2| 1.8 5 | 2.9 6 | 3.6] 4 | 4.0 16 [11.3
750,000 0 0| 0 ol o 0 2 2.0 5 | 3.5
1,000,000-] © q .0 of o 0 1} 1.0 0 0

93?523. 112 170 | 165 | 59 141

MENTS (687)

— % Fipst elx months
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WARSAW DEATH SETTLEMENTS LXCEEDING STATED AMOUNTS |

(By Settlement Year) |

Recovery 1970 1971 1972 1973 o’ |

Amount | wo,| % No. | % | Ne.i % No.| % o.| =

$ 1,000 [ 17 | 100 | 28 93.3] 16 100 28 | 100 | 13 100 :

10,000 17 {100 | 28 93.3] 16 100 28 100 12 32.3 %

50,000 8 7.1 6 20,0 3 18.8 22 (78.6 8 61.5 !

75,000 3 17.7) & 13.3] 1 6.3 15 153.6 1 7.7 !
100,000 2 |11.8 4 13.3] 1 6.3 14 |50.0 1 7.7
125,000 2 1.8 3 10f 1 6.3 14 |s0.0 0 0
150,000 2 [11.8 3 1] 1 l.6.3 14 [50.0 0 0
200,000 1]5.9 0 ol o 0 7 l25.0 0 0
250,000 0 0 0 0 O 0 7 125.0 0 0
300,009 0 0 0 0| o 0 7 |25.0 0 0
500,000 o | ol o o] o 0 5 117.9 0 0
750,000 0 0 0 0 0 1 3.6 0 0
1,000,000 0 ) 0 of 0 0 0 0 0 0

TOTAL 17 . 30 16 28 13
SETT1.E-
- MENTS (104)

* First six moenths
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NON-WARS AW S:ERIGﬁS INJURY SETTLEMENTS EXCEE™ING STATED AI’&OUNTS
(By Settlement Year)

Recovery| 1999 1971 1972 1973 1974*
Apount | No.| % No. | %] WNe.| 2 No.| % No.| 2%
$ 1,000 | 32 '84.4 37 b0.2 {24 96.0 | 32 |86.5 | 75 100
10,000 | 14 | 36.84 23  56.0 |16 64.0 | 21 |56.7 | 73 [97.3
50,000 23,6 5 Ez.l 6 24.0 7 |18.9 | 51 |68.0
75,000 | 7 18.1 2 |48 2 8.0 [ 5 [13.5 | 38 [s0.7
100,000 | 5 | 13.0 1 dz2.: )1 4.0 4 |10.8 | 32 a2.7
125,000 | 4 | 10.4 L e |1 4.0 3 8.1 | 29 38.7
(150,000 | 4 |10.4 -. 1 2.4 | 0 0 3 8.1 | 26 |32.0
200,000 3 | 7.8 - 1 240 o | 3 {81 |21 |20
250,000 { 2 5.20 0 ‘0] e 0 3 8.1 | 19 |[25.3
300,000 { 2 5.2 0 . 0{o 0 2 5.4 | 16 °|21.3
500,000 | 1 2.6 o 0]o 0 0 0 7 9.3
750,000 | - 1 2.6 0 ofo 0 0 0 1 1.3
1,000,000 | 0 of o ol e 0 0 0 0 0

" TOTAL 38 41 25 37 KT
SETTLE-
MENTS (216)

* First six months
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WARSAW

SE%;OUS INJURY SETTLEMENTS EXCEEDING STATED AMOUNTS
(By Settlement Year) .

*

1tst six menths

147

Recovery 1970 1571 1972 1973 1974
Amount | o, | No. | % | me.| No.| % Ne. | T,
$ 1,000 5 | 62.5| 25 80.6{ 37-|80.4 | 23 100 22 100 i
10,000 | 3 |37.5 3 0.6l 17 |%6.9 | 15 p5.0 | 14 | 635
50,000 | 0 . 3.2 5 |10.9 | & p7.3 5 | 22.6 |
75,000 | 0 o o of 2 {44 | 2 |86 2 9.0
100,000 | o© d o ol 1 |22 1 [4.3 2 9.0
125,000 | © da o of 1 j22| 1 |43 1 4.5
150,600 [ 0 9 -0 of o© o | 1 4.3 1 4.5
200,000 | © qd o0 of o o| o o 1 4.5
250,000 | 0© g o o| o o| o |o 1 4.5
300,000 | © 4 o o o ! o |o 1 4.5
500,000 | 0O g o o o o] o |o 0 0
750,000 | © q o o o o| o jo 0 0
11,000,000 | 0 ﬂ 0 of o of o |0 0 0
_TTOTAL 8 31 46 23 23 ]
SETTLE-
WENTS  (130)
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