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INTRODUCTION

From 1965 through 1974, fire erupted during 141 United States
certificated air carrier aircraft accidents. Of the 7,043 persons
aboard those aircraft, 1,848 were killed. About 292 deaths were a
result of fire.

From 1955 through 1964, fire erupted during 153 United States air
carrier accidents. Of the 4,559 persons aboard, 1,955 were killed; 297
occupants died as a result of fire.

This study updates data from a report entitled, A Study of United
States Alr Carrier Accidents Involving Fire, 1955 - 1964," which was
published as Bureau of Safety Pamphlet 7-6-3 (BOSP) by the Civil Aero-
nautics Board on March 30, 1966. In addition, this study will compare
two 10-year periods, 1955 through 1964 and 1965 through 1974, and will
discuss variables which may have affected the statisti¢s. Fire accidents
in passenger-only operations are discussed separately in order to compare
overall fire data. In view of the provisions of 14 CFR 139 regarding
crash/fire/rescue aspects of airport certification, air carrier accidents
on or near airports also are included in this study.

The study includes all U. S. certificated air carrier accidents in
which fire or explosion were coded into the NTSB's automated accident
files as a cause or as a factor in the accident cause. As in the
previous study, accidents are in¢luded in which fire or explosion was
not a key aspect in the cause or may not have been a factor in surviv-
ability. These accidents nevertheless are included to insure consist-
ency with previcus data and to provide complete U. 5. air carvier fire-
retated accident data,

RESULTS FROM THE 1955 THROUGH 1964 STUDY

The summary statistics of the previous study (BOSP 7-6-3) are
presented in Table 1. These accidents were categorized into four groups
according to survivability,

Accidents Involving fire were divided into the fellowing four
categories:

® Group I  —-- Accidents in which all occupants were killed;
® Group II -- Accidents in which some occupants survived;
® Group III -- Accidents in which all occupants survived, but

some were injured seriously;

® Group TV -- Accidents in which all occupants received either
minor or no injuries.
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The accidents were further classified within each group according
to the phase of operation in which fire erupted, as follows:

® Phase A —-- Fire began in flight.

° Phase B —— Fire began as a result of impact.
® Phase C —— Fire began on the ground, but was not related to
impact.

More extensive details on each of the accidents included in this
study are contained in Appendix C. The study concluded that fire deaths
and injuries can be reduced substantially through improvements in the
areas of aircraft crashworthiness design, evacuation provisions and
procedures, and airport firefighting and rescue provisions. Specifically,
the study stated that occupant protection and survival in fire-involved
accidents might be enhanced by improvements in the following general
areas:

1. Increased strength of envircnmental structures and cccupant
restraint systems.

2. Further development of fuel inerting, fire suppression, and
fire extinguishing systems.

3. Suppression or elimination of toxic fumes from burning cabin
materials.
4, Improved mebility and effectiveness of airport firefighting

and rescue facilities.

During the 10 years following this study, almost all of these areas
have been the subject of numerous Safety Board recommendations and have,
indeed, been improved.

® The inherently stronger design features of the new pressurized
jet aircraft, which have virtually dominated the fleet since the study,
have improved the structural environment for aircraft occupants. Further-
more, improvements in occupant restraint systems, such as increased seat
strength requirements, have increased occupant survivability in accidents,
including surviability in fire-involved accidents.

¢ Although fuel inerting has not been incorporated in air carrier
ajrcraft, the dominant use of the less volatile kerosene-type fuel by
jet aircraft has contributed to improved fire accident statistics. Con-
siderable advances have been made also in suppression and extinguishing
systems to prevent engine fires.

°® No substantive improvements have been made regarding toxic out-
gassing from burning cabin materials; however, there are numercus efforts
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During 13 Group IIT accidents, fire erupted on the ground not as a
result of impact forces. Six of these were on takeoff -- two were brake
or wheel fires and four were engine fires. Three occurred while the
aircraft were parked at the gate —— an engine fire, torching of an
auxiliary power unit (APU), and an oxygen fire. Three accidents occcurred
during taxi -~ an engine fire, smoke in the cockpit, and a wheel-brake
fire. The remaining accident invelved an engine fire during landing roll.
Twenty-five persons were Injured seriocusly in the 13 accidents; 1,788
persons received minor or no injuries.

Group IV Accidents

There were 51 Group IV accidents which involved 1,923 occupants.
These accidents usually involved low-impact forces. During 18 accidents,
fire began in flight and involved 783 persons. All persons received
miner or no Injuries.. Fourteen of these accidents resulted from engine
failures and engine fires. Two accidents followed wheelbrake fires; one
was an electrical fire in the cabin; and one was an airframe fire.

In twenty-three accidents involving 614 occupants, fire began as a
result of impact. Fifteen accidents occurred during landing, seven
occurred during takeoff, and one during taxi when the aircraft hit a
ground power unit. The impact forces generated in these accidents were
minor to moderate.

Ten accidents involved fire that began on the ground; impact forces
were not invelved. The 526 occupants received minor or no injuries. Two
accidents occurred on landing, one on takeoff, and the remaining seven
while parked or taxiing.

COMPARISON COF THE 10-YEAR PERTODS

Accident data for 1965 through 1974 are comparable to the data from
the previous 10-year study. The total number of fire accidents for the
two periods has decreased only slightly —— 153 between 1955 and 1964 and
141 between 1965 and 1974, The total number of persons exposed to fire
increased from 4,559 in the first 10-year study to 7,043 in the second
10-year study.

U.S. certificated air carriers experienced a tremendous growth
during the 20 vears covered by the two studies. The total aircraft-miles
flown by U. 8§, certificated air carriers in all operations grew from
819,581,000 in 1955 to 2,385,000,000 in 1974 (a three-fold increase).
Similarly, the number of passenger-miles flown by U. S. air carriers
(scheduled passenger service) grew from 25,152,000,000 in 1955 to
173,350,0D0,000 in 1974 (a seven-fold increase). During the same
period, the number of passengers carried by the U. 5. air carriers in
domestic and interpational passenger operations grew from 41,444,000
in 1955 to 207,449,000 in 1974 (a five~fold increase). This period of
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The passenger load for fire-involved accidents was not plotted;
however, an analysis of these data shows that the average number of
occupants exposed per fire accident in all operaticns was 29.8 for the
years 1955 through 1964 and 49.9 for the vears 1965 through 1974 -- a
67-percent increase. Therefore, despite the improving fire accident
rates discussed previously, the increased number cof occupants exposed in
each accident has caused the number of fatalities caused by fire to
remain relatively constant (287 killed between 1955 and 1964 and 292
killed between 1965 through 1974),

FACTORS INFLUENCING FIRE ACCIDENT DATA

There are several factors which affect the air carrier accident
data; however, for purposes of this study, only those factors which
directly affect fire potential will be discussed., Three facters which
can influence fire data significantly are aircraft type (engine and fuel
type); Federal regulations governing aircraft fire protection; and
crash/ fire/rescue facilities.

Aircraft Type (Engine and fuel type).

During the 20-year study period, the type of engine power used in
the air carrier fleet wvirtually reversed from the use of reciprocating
engines (piston-powered) to the almost exclusive use of turbojet engines.
Figure 8 shows the accident rates per 100,000 hours flown by type of
engine power for the years 1960 through 196%; the accident rate of
turbo-prop powered aircraft also is shown. A sready decline of the
accident rate of turbojet aircraft is indicated.

For comparison, the {ire-invelved air carrier accident rates by
type of engine power are plotted in Figure 9. The quantum jump in the
piston-powered accident rate is explained by the fact that, while these
aircraft were being phased out, a few fire-involved accidents affected

significantly the accident rate because of the small number of operations.

The principal characteristics of the turbojet aircraft which account
for the accident rate improvement are: Reliability, increased structural
integrity, automation, the changed operating environment, and the use of
a different fuel.

The turbojet aircraft operated by U. S. carriers generally use
kerosene-type fuel, while the piston aircraft use gasoline exclusively.
It has been well documented that the overall fire hazards for kerosene-
type fuel are less than for the more volatile gasoline fuels, lf The
kerosene-type fuels have been found to be less hazardous than gasoline
in ground handling and refueling situations. Moreover, the kerosene-
type fuel is less likely to produce a flammable or explosive mixture in-
flight than the gasoline-type fuel. Lastly, the fire hazards after a
survivable crash or following a winor incident on the ground are reduced
by the use of kerosene-type fuels.

1/ NASA TMX 71437, "An Evaluation of the Relative Hazards of Jet A and
Jet B for Commercial Flight," Hibbard and Backer, 1973.




- 19 -

ov'o aLo €20 1961

6961 8961 L3961 9961 5961 961 £961 2961 1961 951
[ ! 1 i [ [ ] | | P
® Sww t.. —
L L4
0y o oo 9 - @ -
“ S (Y A ST o \o.ﬂ!..!.. ° ) ]
~ o oo \__‘ N4 \‘.\ g N~ ll \..\e m\
N ~ % ]
N _ F Y N\ _
~ N\
® “\ N -
LN -
’ —
A N ' = ™
/ (Y »
AN \ ®
:f.l i II —
AN \\\ \ —
3 ) : ;
w00 | sto | ego | s96L \ |
g1 | sgo | 611 | 8961 »

0 ¥ 560 £96L L T
(o | £50 | zoo | 996l ® |

¥r0 vLio | zo0 | s9sL
L0 g0 | oso | voeL —

slo | £10 | szo | £96L
gto | veo | zvo | zgsL U

Lo 0sa 810 0asL

S AN A - \d
A7 80 SN e
S S S
25 o y
Y 9
¥y

31¥H LNIQIJDV JHI4 L4vdIHIV JIHIMOJ L3rggadny «w==m=mwm
1YY LNIQI2D¥ AH1d LAVHOHIY GIHIMOd dOHdOAHNL v
Jivd INFTIODY FHI3 LdVHIYIY QIHIMOd NQLS] eme—

6961 HONOHHL 096t {SNOILYY3ILO 17
SHIHYYI "IV 31N0Y 03LVII4ILEID SN

d3IMOd INIONI 4O 3dAL A8 31VY INIQIDOV GIATOANI—IYID

6 34Nald

l

1

00

oLo

020

0ED

1) 41]

050

090

oga

060

ol

oLt

0z

og'L

NMOTd SHNOH L3wH2UY 000'D0L H3d 3LvH



~ 21 -

During this time, concern was expressed regarding the problem of
smoke emissions from burning aircraft materials. Consequently, both
industry and Government groups engaged in research to develop smoke
standards for aircraft materials.

On July 29, 1966, the FAA issued Notice of Proposed Rule Making
{(NPRM) 66-26. This NPRM proposed more stringent standards for cabin
materials flammability. However, when the FAR's were eventually amended t
on October 24, 1967, some of the proposed standards were relaxed because
the materials which could meet the proposed specifications at that time
were not commercially available in sufficient quantities for aircraft
production.

The new standards required that some specified interior materials
must be self-extinguishing after flame removal while all other materials
not specified to be self-extinguishing had to be at least flame-resistant.
These standards were effective on October 24, 1967, for new aircraft.

To cover aircraft already in-service, the amendments added a paragraph
to Sub-part K of Part 121 of the FAR's requiring that during the first
major overhaul or refurbishing of a cabin interior after Qctober 24,
1968, all materials had to meet the new standards for flammability.

The FAA continued research in cabin materials flammability and
smcke emission characteristics, but no regulations were issued to establish
minimum standards for smoke emissions from burning aircraft materials,

On August 12, 1969, the FAA issued NPRM 69-33 which proposed to
improve air carrier crashworthiness standards, including flammability of
materials requirements. During the time of consideration of this NPRM,
the Boeing Company, the McDonnell-Douglas Company, and the Lockheed
Aircraft Company were issued type certificactes for the Boeing 747, the
DC-10, and the L-1011, respectively. Because of the unique and novel
characteristics of these airplanes, the FAA issued Special Conditions
for these three "wide-bodied" aircraft, which specified updated cabin
materials flammability standards essentially identical to the standards
propesed 1n NPRM 69-33. NPRM 69-33 subsequently was adopted in May
1972. The Special Conditions for the wide-bodied aircraft, as well as
these new amendments, effective May 1, 1972, required wmore stringent
flammability standards for some cabin materials, while the staundards for
other materials remained unchanged.

There were no smoke emission standards adopted in the regulations
as a result of this rulemaking.

To cover existing aircraftc, the amendments specified that during
refurbishing or major overhaul of the Interior of an aircraft, for whiech
application for a type certificate was made before May 1, 1972, the
replacement materials must meet the requirements in effect on April 30,
1972. On aircraft for which application for a type certificate was made
after May 1, 1972, the materials must meet the requirements which were
in effect on the date of certification. Thus, aircraft certificated
before May 1, 1972, need only meet the flammability standards established
in 1967 and then only at the time of refurbishing or major overhaul.
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Finally, NPRM 75-3 was issued in February 1975 to establish smoke
density standards for emissions from burning cabin materials. This NPRM
proposed to specify smoke emission optical density limits for burning
cabin furnishings. Also, a test method to show compliance with such
rules was proposed. The proposed rules also contained a retroactive
requirement for compliance by all air carriler aircraft, 5 years after
the effective date of the proposed amendment.

In summary, the fire prevention efforts for transport category
aircraft regarding engine fires and other in-flight fires have proved
highly successful in eliminating such fires in recent years. Proposals
for new cabin fire prevention rules and rules governing smoke emissicn
characteristics of burning cabin materials currently are under study.
When such rules are implemented, it is expected that the occupant sur—
vivability rates will improve,

Crash/Fire/Rescue Aspects

The data contained in this study and those in the previous study
(BOSP-7-6~3) were examined to determine the effect of crash/fire/rescue
(CFR) facilities on the overall fire accident statistics.

The previous study determined that 18 persons involved in 2 accidents
would have survived had adequate CFR facilities been available. Those 2

cases were among the 13 accidents which accounted for all of the fatalities

from fire for that period. 1In eight other accidents, the crash site was
inaccessible te rapid CFR response because of dense fog or adverse
terrain features. The remaining three accidents involved adequate CFR
response; however, the exits were badly damaged in one accident which
prevented rescue while,in the other two c¢ases, extremely rapid fire
preopagation prevented evacuation and precluded effective CFR activities.

In the current study, 11 accidents accounted for all the fire
fatalities. 8Six accidents were inaccessible to CFR facilities and one
other accident was difficult to locate because of dense fog. In the
remaining four cases, response of the CFR facilities was timely; however,
their effectiveness was minimal because of rapid fire propagation and
explosions.

There has been considerable controversy recently regarding the need
for and the effectiveness of CFR equipment and personnel at air carrier
airports, as a result of the requirements levied on owners and operators
of air carrier ailrports by the provisions of 14 CFR 139. These require-
ments were a result of the Airport and Airway Development Act of 1970,
passed by the U. S, Congress in May 1970 and authorized the FAA to
establish minimum safety standards for the operation of alrports. Speci-
fically, the Act provided that airports serving CAB certificated air
carriers be awarded an operating certificate if they met standards estab-
lished by the FAA. Among those standards were requirements for CFR
facilities and emergency plans to minimize the effects of aircraft
accldents.
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3. From 1965 through 1974, 11 accidents accounted for all of the
292 deaths attributable to the effects of fire and smoke.

4. While the average number of persons exposed to fire accidents
has increased 67 percent from 1955 through 1974, the actual
number of occupants killed by fire has not changed significantly
(297 killed from 1955 through 1964 and 252 killed between 1965
and 1974).

5.  Because 14 CFR 139, which includes requirements for crash/fire/
rescue facilities at alrports, was only recently implemented,
no appreciable effects on air carrier fire-invelved accident
statistics are noticeable. Consequently, justification for or
against expanded CFR facilities at airports cannot be established
by this study.

RECOMMENDATIONS

This study primarily is of a statistical and informational nature.
Since the major areas that appear tc warrant further improvement already
are belng addressed by the FTAA and other organizations, this study does
not support additional safety recommendations.

However, to afford the reader the benefit of experience in this
aspect of air carrier safety, scme of the significant fire safety
recommendations that have been made by the Safety Board are listed
below:

Lightning Strike Protection. -- Following the Pan American Boeing
707 accident in Elkton, Maryland, on December 8§, 1963, the Safety Board
recommended that:

static discharge wicks be installed on all turbine-powered
alrcraft not sc equipped.

". . . the FAA reevaluate problems associated with the incorporation
of flame arrestors in fuel tank vent outlets.

". . . the mixture being emitted from the vent outlet be rendered
nonignitable by the introduction of air intc the vent tube.

", an inner wall to the surge tank be provided instead of
utilizing the wing skin as part of the surge tank walls.

", . consideration be given to limiting fuel for commercial use
to Jet A only.

", . every effort be expanded to practically eliminate flammable
air/vapor mixtures from the fuel tanks, either by introduction of
an inert gas in space above fuel or sufficient air circulation into
tanks to maintain too lean a mixture for combustion.”
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Fuel Fire and Rapid Propagation of Fire by Explesions. -- Following
the Allegheny CV-580 accident at New Haven, Connecticut, on June 7, 1971,
the Safety Board recommended that:

the FAA initiate action to incorporate in its airwerthiness
requirements a provision for fuel system fire safety devices which
will be effective in the prevention and control of both in-flight
and postcrash fuel system fires and explosions.

". . . the rulemaking action (called for in the above recommendation)
specifically apply to future passenger-carrying aircraft in transport
category, and consideration be given to an adaption of all other
passenger—-carrying aircraft now in service."

In-Flight Cabin Interior Fire, —- Following the Varig Beeing 707
accident in Paris, France, on July 11, 1973, the Safety Board recommended
that:

i
.

the FAA require a means for early detection of lavatory fires
on all turbine-powered, transport-category aircraft operated under
FAR Part 121.

v full-face smoke masks be required on emergency oxygen bottles
for each cabin attendant on turbine-powered transport aircraft to
permit attendants to combat lavatory and cabin fires.

" the TAA reevaluate certification compliance with Section
4b.381(d) of the CAR on Boeing 707 series aircraft.

", the FAA organize a government/industry task force on aircraft
fire prevention tc review design criteria and formulate specific
modifications for improvements with respect to fire potential of
enclosed areas, such as lavatories, in turbine-powered aircraft
operating under Part 121 of FAR."
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APPENDIX A

GROUP Y ACCIDENTS

Accidents in Which A11 QOccupants Sustained Fatal Injuries

Air Type -Injuries-

Date Carrier Aircraft Fatal Serious Mﬁggg’Total Remarks
PHASE A --~ Fire Inflight 334 -- - 334 10 Accidents
8/6/66  Braniff BAC 111 42 -- -- 42 Wing Failure in

Turbulence

6/16/66 Zantop C-46 2 -- -- 2 Midair Collision

3/9/67  TWA DC-9 25 -- -- 25 Midair Collision

6/23/67 Mohawk BAC 111 34 -- - 34 Fire Inflight-~-
Loss of Control

7/19/67 Piedmont B-727 79 -- “- 79 Midair Collision

6/22/67 Airlifc L-1049A 7 -- -- 7 Midair Collision

6/6/71  Bughes DC-9 49 -- -- 49 Midair Collision

Airwest
6/29/72 North CV-580 5 -- -— 5 Midair Collision
Central

11/3/73 Pan Am B-707 3 -— -- 7 Smoke in Cockpit-
Loss of Control-
Detonation of Ex-
plosive Device

9/8/74 TWA B-707 88 -- - 88 Loss of Control

PHASE B --- Fire After Impact 603 603 28 Accidents

8/16/65 United Air B=-727 30 -- -- 30 Crashed into Lake

Lines Michigan during
Approach
2/8/65 Eastern Air DC-7B 84 -- - 84 Near Iidair Colli-
Lines sion - Crashed
into Ocean
12/15/65 Fiying L-1049 3 -- -- 3 Pilot Disoriented-
Tiger Hit Mountain

9/17/65 Pan Am B-707 30 -- -~ 30 Crashed during
Descent--Pilot Lost

10/1/66 West Coast DC-9 18 -- -- 18 Descent Below

Airlines Clearance Limit -
Reason Unkmown
8/21/66 Alaska G-21A 9 -- -- 9 Uncontrolled Crash
Coastal-Ellis into Glacial Cre-
vasse - Reason
Unknown,

11/15/66 Pan Am B~727 3 -- - 3 Crashed During
Approach-Undeter-
mined

12/24/66 Flying CL-44 4 -- - 4 Crashed on Final

Approach,
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PHASE B -~~ Fire After Impact-Continued
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GROUP I ACCIDENTS - Cont'd [
Air Type -Injuries- ;
Date Carrier Aircraft Fatal Serious Migox Total Remarks ’
:
\

4/22/74 Pan Am B-707 107 -- -- 107

Hit Mountain During
Degcent for Landing

NOTE: There were no Group I accidents which occurred on the

ground (Phase C).
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GROUP 11 ACCIDENTS - Cont'd
Alr Type -Injuries-
Date Carrier Aircraft Fatal Serious Mjmoy Total Remarks
PBASE B --- Fire After Impact - Continued
12/20/72 North DC-9 10 9 26 45 C(Crashed After Collision
Central with Other Aircraft

During Takeoff

12/8/72 United B-737 43 12 6 61 Crashed into Houses on
Final Approach

7/31/73 Delta DC-9 88 1 -- 87 Struck Seawall During
Landing

7/23/73 Dzark FH-227B 38 6 -- 44 Loss of Control - Down-
draft and Rain

1/30/74 Pan Am B-707 96 5 -- 101 Hit Trees During Final
Appreoach

9/11/74 Eastern DC-9 71 10 1 82 Crashed During Approach

for Landing
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GROUP ITI ACCIDENTS - Cont'd
Air Type - Injuries -
Date Carrier Aircraft Fatal Seriocus Minor Total Remarks
one

PHASE C --- Fire on Ground - Continued

3/2/70  United B-720 - 1 94 95 Engine Fire During Start

6/9/70  Trans DC-8 - 2 226 228 Brake Fire During

Caribbean Takeoff

5/18/70 United B-727 - 1 71 72 Smoke in Cabin During
Taxi

7/23/71 United B-747 - 1 198 199 Engine Fire During Taxi

9/1/72 ™A B-747 - 8 345 353 Wheel Brake Fire During
Taxi

3/3/72  United DC-8 - 1 128 129 APU Torched During
Engine Start

11/1/72 TWA B-7C7 - 1 .80 81 Engine Fire During
Landing Roll

6/10/72 American B-727 - 2 75 77 Oxygen Fire While at
Gate

6/20/73 Overseas DC-§ - 3 258 261 Fire in Brakes on

Naticnal Takeoff

1/4/74  United B-727 - 1 117 118 Fire in Brakes on Take-
off

11/25/74 Pan Am B-707 - 1 29 30 Engine Fire on Takeoff

ey
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GROUP_ 1V ACCIDENTS - Cont'd

APPENDIX 4

Alr Type -Injuries-
Date Carrier Aircraft TFatal Serious M&nor/ Total Remarks
one
PHASE B - Fire After Impact - Continued
5/29/65 Reeve- DC-3 -~ - 5 5 Crashed on Takeoff -
Aleutian Wind Shift
4/13/65 TWA Cv-880 -- -- 4 4 Stalled on Initial
Takeoff
3/26/65 Pan Am B-707 -- -- 170 170 Dragged Wingtop on
Landing Roll
10/16/65 Eastern DC-7 - -- 62 62 Gear Collapsed on
Landing
10/14/65 Zantop AW-650 -- -- 3 3 Engine Failure -
Forced Landing
10/17/65 United DC-6 -- -- 16 16 Gear Retracted on
Takeoff
3/21/66 Flying CL-44 -~ -~ 6 6 Hard Landing - Nosed
Tiger Over
3/23/67 Universal DC-7 -~ -- 3 3 Taxied into APU
6/26/67 WNorthern DC-6A -- -- 2 2 Loss of Directional
Consolidated Control During Landing
1/23/67 Caribbean CV-640 -- -- 28 28 Landed Short - Stall
Atlantic Mush
1/1/68 Southern M-404 -~ -- 3 3 Gear Collapsed-
Landing
6/24/68 North CV-580 -~ -- 22 22 Hit Guy-Wire During
Central Circling Approach
7/2/68 Universal DC-7 - -- 3 3 Loss of Directional
Control-Hydroplanin
10/16/69 Seaboard DC-8 -- -- 5 5 Aborted Tzkeo?f—czaf
) Collapsed
8/24/70 Unlvgrsal L-188 -~ -- 3 3 Nosed Over on Takeoff.
9/29/70 Braniff B-720 -- -- 54 54 Gear Retracted-Landing
3/18/71 Saturn GA-382 -~ -- 4 4 Roll
3/18/71 Saturn GA-382 -- -- 4 4 Ground Loop - Wind
Gusts
8/16/71 Wien PC 6-HZ -- -- 2 2 Gear Collapsed-Landed
Short
3/5/73 American B-707 -~ -- 3 3 Loss of control on
Takeoff - Engine Qut
10/28/73 Piedmont B-737 -~ -- 96 96 Hydroplaning-Overran
Runway
12/17/73 Eastern DC-9 -- -- 89 89 Loss of Directional

Control-- Landing
Ice on Runway
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APPENDIX B
CASE HISTORIES

Eleven Group II accidents accounted for all but one of the fatalities
from fire in air carrier operations for the years 1965 through 1974. The
following synopses contain relevant facts, conditions, and circumstances
regarding these accidents including the fire aspects.

Case 1. On November 8, 1965, American Airlines Flight 383, a Boeing
727, N1996, en route from LaGuardia Airport, N. Y., to the Greater
Cincinnatl Airport at Covington, Kentucky, struck a tree with its right
wing and crashed into a wooded hillside about 2 miles from the intended
landing runway. There were 55 passengers and a crew of 6 aboard.

The ailrcraft remained relatively intact as it slid through scrub
trees and ground foilage for about 340 feet. It then struck and came
to rest among a group of large trees. A survivor stated that he saw
flames coming forward from the rear of the cabin as he escaped out of
the front of the aircraft which was completely missing. He said that
shortly after he had escaped, the aircraft exploded and began to burn
intensely. Only 4 occupants out of the 62 aboard survived the impact
and ensuing fire. The number of occupants who died from fire was not
determined, although the circumstances of the accident suggest that some
occupants probably survived the impacc and died in the postcrash fire.

The accident site was inaccessible to the firefighting personnel
and equipment which arrived in the accident vicinity about 15 minutes
after the accident. ({(File No. 1-0031.)

Case 2. On November 11, 1965, United Air Lines Flight 227, a
Boeing 727, N703U, en route from Denver, Colorado, to Salt Lake City,
Utah, crashed during an attempted landing 335 feet short of the runway
threshold and slid about 2,838 feet along the runway. The aircraft
came to rest off the right side of the runway.

During the crash, the main gear was sheared off and the right main
gear ruptured fuel lines. The aircraft caught fire during the ground
slide and 41 of the 91 occupants died in the fire. Two others died
several days after the accident as a result of their burns. The fatal-
ities sustained no traumatic injuries which would have prevented their
escape.

The airport firetrucks arrived at the accident scene about 3 1/2
minutes after the accident. Since the fire was generally propagating
inside the fuselage, the effectiveness of the firefighting was reduced.
It took about 38 minutes to bring the fire under control. Three
survivors were rescued from the aft stairway area between 25 and 30
minutes after the accident. The other survivors escaped without
assistance. (File No. 1-0032.)
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the perimeter road. It came to rest on the slope of a hill beyond the
rcad, The aircraft sustained extensive structural damage; an explosion
near the left wing root occurred before fire erupted. The propagation
of the fire reportedly was slow. The two fatally injured occupants
died from burns.

The airport firefighting units responded instantly because the
crash was witnessed by firefighting personnel. The equipment was not
effective because of the locatieon of the wreckage. The units had to
retreat and the fire was not extinguished until the fuselage was
destroyed. (NTSB AAR 72-8, File No. 1-0026.)

Case No. 6. On June 1971, Allegheny Airlines Flight 485, a Convair
340/44Q0, N5832, crashed while attempting to land at Tweed-New Haven
Airport, Connecticut. The aircraft struck three beach houses and power-
lines before coming to rest about 4,890 feet short of the landing runway.
There were 31 occupants aboard. The aircraft was destroyed in an intense
fire which erupted immediately after the initial impact. Flame propagation
was accelerated as fuel spilled from the fractured wings and secondary
explosions occurred shortly after the impact. Twenty-seven of the 28
fatally injured occupants died from fire.

Two firefighting units arrived at the crash site about 5 minutes
after the crash; however, they did not immediately see the burning aircraft
and began to extinguish the burning buildings. (NTSB-AAR-72-20, File No.
1-0006.)

Case No. 7. On May 30, 1972, Delta Air Lines, Flight 9570, a Douglas
DC-9, N3305L, crashed while attempting & go-around at the Greater South-
west International Airport, Fort Worth, Texas. Flight 9570 was a training
flight with three crewmembers and one captain trainee aboard. The aircraft
encountered turbulence from a Douglas DC-10 which preceded Flight 9570 on
a "touch-and-go" landing. The aircraft oscillated about its longitudinal
axis, rolled 90° to the right, and its right wing hit the runway. The
main fuselage then struck the runway nearly ioverted causing the fuselage
and empennage to separate and slide about 2,400 feet along the runway.
When the right wingtip contacted the runway, the wing fuel tank ruptured,
initiating the fire. The one occupant of the passenger cabin died as a
result of the fire,

The airport fire department crash crew responded to the crash before
the alarm was sounded. They were on the scene very quickly and the fire
was extinguished but not before the fuselage was extensively burned.
(NTSB~AAR-73-3, File No. 1-0003.)

Case No. 8. On December 8, 1972, United Air Lines Flight 553, a
Boeing 737, N9031U, crashed while making a nonprecision approach to
Midway Airport, Chicago, Illinois. The aircraft stalled, impacted trees,
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The fire progressed very rapidly and only four occupants survived.
All of the fatally injured occupants were burned severely. Only one
fatality received traumatic impact injuries.

The cabin area was entirely intact following this crash; however,
none of the primary exits were opened and fire prevented the use of
exits on the right side. Only the left overwing exits were used by
survivors.

— e e

The airport fire department had difficulty reaching the crash site.
Their response, which took about 14 minutes, was hampered by weather,
obstacles across the response route, and uncertainty about the location
of the fire. No rescue efforts could be accompliished until after the
fire was extinguished. (NTSB-AAR-74-15, File No. 1-0001.)

Case No. 1)l. On September 11, 1974, Eastern Air Lines Flight 212,
a Douglas DC-9 crashed while conducting a nonprecision approach to
Douglas Municipal Airport, Charlotte, North Carolina. The aircraft
crashed 3.3 miles from the airport after striking trees and the ground
before breaking up and bursting intc flames. There were 82 occupants
aboard the aircraft,

The aircraft wreckage came to rest about 1,000 feet from the
initial impact point, The cockpit section broke off as did the aft
fuselage. Both wings had struck trees and were sheared off before the
fuselage came to rest.

Thirty~nine of the occupants succumbed to the effects of fire or a
combination cof impact and fire injuries.

Volunteer Fire Department units were on the scene within 11 teo 12
minutes of the accident. Rescue activities were confined tc the outside
of the aircraft, and the fire was under control within 5 minutes of
arrival at the scene,

The survivors were either thrown clear of the wreckage or escaped
through holes in the fuselage. Three occupants escaped thr0ugh a cock-
pit window. (NTSB-AAR-75-9, File No. 1-0020.)
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Accidents Tn Which All Occupants Susteined Patal Injuries (contirued)

Air Type Fatalities
Date Carrier Aireraft Total Crew Psgrs. Remarks
4/6/58 CAP V-T700D L7 3 4 stalled, spun in during weather.
L/21/58 UAL DC-7 47 5 42  Hit F-100 head on. Crashed and
burned.
5/20/58 CAP V-700D 1 Yy 7 Bit T-33 in air. Crached and
burned.
11/16/58 Capitol  C-L&F 2 2 0  Bit moumtain after engine fail-
Alrvays ure in inztrument conditions.
§/26/59 TWA L-1645A &8 9 59 Broke up in flight. Burned et
axoect.
8/15/59 AA RB-TOT 5 g 0 Lost contrel and crashed.
9/12/59 PanAm DC-k 3 3 O  BHit ridge of valley and burned.
9/24 /59 RV DC-4 16 5 11  Hit mountain and burned.
11/16/59  NAL DC-TB 42 5 3¢ Cauce unknown. Burned on
water contact.
1/18/60 CAP V-T00D 50 b L6  Loss of engine pawer in icing
~onditions. Crashed.
3/17/60 A L-188¢c €3 € 57 Ircke up in flight. Burned at
impact.
5/23/60 DAL cv-850 L L 0 Lost control and crashed.
T/0T/60 CH S-58 13 2 11 Structural failure in flight.
10/15/89 Capitol  C-LéF 2 2 5 Inllisht wing failure.
Alrways
10/28/60 NWA DC-4 12 4 2  Lost control in mountainous
terrain.
12/16/60 UAL DC-8 8k 7 77 Midair collision over New York
TWA 1-10k9 by 5 g  City
T/21/61 A8 DCc-6 6 6 Q0  Hit short of runway on GCA
approach.
9/1/61 TWA 1-049 78 5 73  Control failure in flight.
9/17/61 NWA 1-188C 37 5 32  Mechanical feilure in flight.
10/L /61 CH Bell L7G2 1 1 Q0 Mechanical failure in flight.
3/1/¢62 AR B707-123B 95 B 87 Control system malfunction.
L/18/62 Purdue  DC-3 3 3 0 Stelled after takeoff. Lost
control.
11/23/62  UAL V-700D 17 L 13 Collided with swan. Lost hori-
zontal stabilizer.
12/14 /62 FTLX 1-1049H 3 2  Loss of cuntrol after pilot
became Incapacitated.
1/29/63 CAL v-812 8 3 5  Loss of control due to ice
accunulation
2/12/6€3 WA B-7208 43 8 35  Broke up in flight. Widely
scatterad.
10/1h fus Y Vertol 6 3 3 Rotors hit together and failed.

107-11



Accidents In Which Some Occupants Survived
While Others Susteined Fatal Injuries
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GROUP TII

APPENDIX C

Qccupants
Alr Type Crew Pegrs.
Date Cerrier Aircraft Total F S M/N F S M/N Remarks t
A. FIRE TN FLIGHT 177 6 & 13 33 8 113 FOUR ACCIDENTS
3/25/58 RANF DC-TC 24y o0 3 2 9 1 3 Inflight engine fire. Crashed
duringz emergency lending.
10/26/59 PAL DC-3 19 1 1 1 © 1 15 Inflight engine fire. Crashed
during emergency landing.
7/14/60 WWa DC-TC s8 0 0 T 1 @ 50 Inflight engine fire. Adircraft
successfully ditched.
9/23/62 FTLX  1-1049H 76 5 0 3 23 0 45 Inflight engine fire. Ditching
procedures poorly executed.
B. FIRE AT IMPACT o84k L9 23 28 400 158 326 TWENTY -FOUR ACCIDENTS
7/17/55 BIF Cv-340 k3 2 1 0 20 11 9 Hit signboard on landing epproach.
Crashed and burned.
9/8/55 Currey
Alr DC-3 33 2 1 0 0 1 29 Hit power line during approach for
Transpt. epergency landing.
11/17/55 Peninsu-
lar Air DC-L " 1 0 3 27 © 43 Power stalled after takeoff due to
Transpt engine overspeed.
L/1/56 TWA M-404 36 1 2 021 5 7 Struck ground after takeoff. Wind-
milling propeller.
8/19/56 Ak PA-208 3 1 0 0 1 1 0 Stalled on approach to ianding on
lake
2/1/57 NEA DC-6A 101 © 3 3 20 25 50 Crashed sfter takeoff in instru-
ment westher.
5/13/5? US0A DC-4 3 2 1 0 0 0 0 Crashed on ice cap in instrument
weather.
6/22/57 WE UC-6hAs Y 1 0 0 © 2 1 Stalled and crashed in narrow
canyon.
9/15/57 NEA DC-3 24, 2 1 0 10 11 O Struck trees during instrument
approaech.
10/19/57 WY Bell 47H 3 0 1 0 1 1 O Rotor blade struck flagpole and
creashed.
6/L/58 cap DC-3 3 12 O 0 0 0O Struck trees during single enginpe

cligbout. Training.
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Accidents In Which A1l Cecupants Survived
But Scme Received Serious Injury
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GROUP IIT

APPENDIX C

Occupants
Air Type o rew_mpﬂ_f%grs .
Date Carrier  Aircraft Total § M/M § WN/N Remarks 1
&, FIRE IN FLIGHT h 1 12 1 60 TWO ACCIDENTS
11/14/55 AL M-202 3 1 2 0 0 Inflight engine fire. Gear collapse
on landing.
8/25/58 TWA 1-16494 71 0 10 1 60 Inflight engine fire and loss of
propeller.
B. FIRE AT IMPACT 2 13 24 26 186 TWELVE ACCIDENTS
12/30/56 NY S-55 2 2 0 0 0 Hard landing followed by fire
during demonstration.
3/10/57 EAL W-Lob 3k 0 3 1 30 Hard landing caused wing separa-
tion and fire.
4/30/57 PanAm DC-TC & 2 i o} 0 Gear retraction before becoming
airborne. Nosed over.
11/6/57 AsA c-Léa 2 2 0 0 O Engine failure. Remaining engine
inadequate to reach airport.
2/13/58 waL cv-2ko 21 0 3 & 13 Wing leading edge separated in
flight. Crash landed.
8/28/58 Nwa DC-6B 62 13 18 L0 Hit ajrport boundary fence on take-
. off. Crashed.
10/15/59 USOA DC-54G 2 2 0 0 G Lost engine power. Hit trees when
ditehing in lake.
8/3/61 EAL L-1045C 3 1 2 0 0 Cear collapsed during taxi for
takeoff.
3/5/62 ¥WE EE-D-18 3 0 1 1 1 Hit ground short of Tunway Quring
snowstorm.
12/21/62 FAL CV-340 4o 102 0 39 Struck ground short of runway.
Severe impact.
2/16/63 ZANX C-LEF 2 2 0 O 0 Engine cverspeed during takeoff.
lost control. Crashed.
5/28/63 Standard L-1049G T0 o 6 1 63 Landed short of runvay due to engine
reversal.
TOTAL GROUP III 323 14 36 27 26 FOUTEEN ACCIDENIS

ROTE: No accidents occurred on the ground.
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GROUFP IV (continued)
Adr Type Ocecupants
Date Carrier Alreraft Total Crew Psgrs. Hemarks
B. FIRE AT IMPACT ghg 1keo 801 THIRTY -FOUR ACCTIDENTS
1/10/55  HNAL L-18 13 3 10 Crashed on takeoff. Fuel tank
ruptured and aircraft burned.
1/22/55 Resort C-kEp 2 e 0 Hit trees on ILS approach.
Struck ground and buwrnea.
1/31/56  wE Noorduyn 2 1 1 Lost control on takeoff awu
hit parked airplane.
L/24/56  Ccapitol C-46 2 0 2 Right gear collapsed on landing
Alrweys roll.
5/4 /56 WE DC-3 9 3 6 Bounced off runway after hard
landing.
€/7/56 WA M-40OkL 31 3 28 Hit spprosch lights on landing.
7/25/56 CAP V-T700D b I Q0 Wheels up landing due to loss
of electricel power.
1/7/57 SLIX C-h6 2 2 0 Hit dike on landing, collapsing
gear. 51id to stop.
3/26/57 Capitol C-4éF 2 2 ¢ Prop blade fazilure on takeoff
Alrways tore off engine. Aborted.
4 /18757 CaP DC-4 55 i 51 Engine fire on go-around after
hitting embankment .
€/28/57 EAY DC-TB L b 0 Nose steering malfunction.
EAL L-104G Q 0 0 Hit parked aircraft. Burned.
8/29/57 1WA DC-4 2 2 0 Turned off wet runway and struck
ditch.
8/30/57 NY $-58C 2 2 0 Hard landing dislodged engine,
starting small fire.
11/14/57 EAL M-4ob 3 2 Hard landing tore engine from
aircratt.
3/1/58 AA cv-240 8 3 5 Premature gear retrsction on
tekeoff. Engine caught fire.
3/17/58  EAL M-40Oh 10 3 7 Hit gravel pile on landing. Gear
collapsed on reollout.
8/6/58 Westair C-4&F 4T 5 42 Landed gear up. Engine fire
Transport developed.
11/10/58 sB L-1049D 5 g 0 Prop reversal on tekeoff. Hit
TCA Viscount 0 0 O parked aircraft on ramp.
1/15/59 EAL DC-TB 55 5 50 Wheels up landing. Started
fire in #2 engine.
2/20/59  PanAm DC-TC 3 3 0 Hard landing caused structural
damage and fire.
3/15/5¢  Aa cv-2ko 2 2 0 Hit Tower on approsch. Slid
into railroad yard and burned.
k/10/59 PanAm B-377 10 5 S Hit embankment on &pproach and

burned.
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C. FIRC O GROUID (continued)

Air Type Occupants :
Date Carrier Aircralv Total Crew Psgrs. Remarks !
£/21/59 PanAm DC-6A 8 6 2 Aborted takeoff when engine
serarated and aircraft burned.
11/1/62 PI F-27 36 3 33 Elecirical short caused gear
to collepse sfier engine
start.
1/5/6k PanAm nC-5 - 2 0 Fucl vent lesk torched and

exploded on engine start.

TOTAL GROID IV 1608 237 1355 SDITY ACCITENTS

=
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