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EXECUTIVE SUMMARY 

The objective of this program was to (1) review and analyze worldwide transport accident data 
relative to water impacts and ditching performance, (2) compare the results of this study with 
current FAA requirements to determine their adequacy/relevancy, and (3) conduct a survey of 
major worldwide airports to determine their proximity to water. The data were analyzed with 
respect to the airplanes' structural integrity, breakup patterns, subsystem performance, cabin integrity, 
and airline procedures that were or could be contributors to injuries and fatalities Current ditching 
regulations in the Federal Aviation Regulations state that a ditching is a planned event. The current 
methods by which d a m e  manufacturers certifl their aircrafts' ditching behavior were presented 
These methods involve the comparison of hydrodynamic characteristics with similar aircraft, scale 
modeling, and the evaluation of ditching accidents involving existing or comparable designs 

Because of the infrequency of unplanned water contacts and ditching (planned) occurrences, a case 
study approach was taken in analyzing the accident data. Eleven worldwide water impact accidents 
were identified between the years 1959 and 1979. Of these, only one was classified as a ditching 
occurrence. For the years 1980 to the present, three U.S water related occurrences were identified. 
There were no ditching occurrences identified during these years. All three occurrences involved 
runway overnms. 

In deep water accidents, it was found that when the flight crew had at least some degree of 
preparedness, traurna-caused injuries were minimized while the majority of fatalities resulted from 
drowning When the impact was unexpected, however, the forces on the airplane were generally much 
higher, resulting in a higher proportion of injuries and fatalities caused by trauma. In shallow water 
incidents, usually occurring as a result of runway overruns, drowning was not as common Injuries and 
fatalities in runway overruns are more likely to result fiom excessive localized forces caused by the 
airplane's impact with obstructions located in the area immediately beyond the end of the runway 
These localized forces were concentrated at the nose section of the airplane and oRen led to hselage 
breaks and separations 

A survey of worldwide transport category airports was performed to identifjr those airports located 
near significant bodies of water and to analyze the operations at these airports. The airport database 
consisted of 156 U S. airports which serve as large, medium, or small hubs for transport flights, as well 
as 100 foreign airports which provide international service. 



1. INTRODUCTION 

With the number of ovenvater operations rising, the potential for water impact increases. Factors such 
as hydrodynamic pressure on the aircraft fuselage, the aircraft flotation properties, passenger flotation 
equipment, and occupant evacuation time are important aspects of the total aircraft design that 
ovenvater performance regulations should address 

This study examines water impact accidents that occurred between 1959 and 1991. Data were 
examined to investigate structural features, fuselage breakup patterns, subsystem failures, and cabin 
interiors as they related to injuries and fatalities The interaction between passengers and their 
surroundings was also examined. 

For the years 1959 to 1979, accident data were collected from previous transport airplane accident 
studies performed by the three main U.S. airframe manufacturers, Boeing, Lockheed, and McDonnell 
Douglas (references 1, 2, and 3). Reports involving water impacts (references 4, 5, and 6) were 
obtained fiom the National Transportation Safety Board (NTSB) for those accidents occurring 
between 1980 and 1991. Each accident was analyzed and put into a case study format to permit a 
thorough examination of the mishap. 

Currently, aviation regulations regarding aircrafl ditching are based on the premise that water impact 
mishaps occur a sigdicant distance fram the airport. Because it has been found that the majority of 
aircraft accidents occur in close proximity to the airport (reference 7), particularly during the approach 
and departure phases of flight, a survey of transport category airports was performed to identify those 
located near significant bodies of water and to analyze the operations at these airports. An airport 
database was generated using data obtained from the FAA's annual Airport Activity Statistics of 
Certified Route Air Carriers publication (reference 8) and International Civil Aviation Organization 
(TCAO) Digest of Statistics, Airport Traffic publication The database consisted of 156 U. S airports 
which serve as large, medium, or small hubs for transport flights and 100 foreign airports which 
provide international service The airport operations figures were obtained fiom the FAA and TCAO 
publications, and the surrounding bodies of water were identified using U S Terminal Procedure 
approach plates and DoD Flight Information Publications published by the National Oceanic and 
Atmospheric Administration (references 9 and 1 0) 

2. BACKGROUND 

This section presents a summary of the relevant Federal Aviation Regulations (FAR'S) and the methods 
by which aircraft manufacturers substantiate that their aircraft adhere to these regulations. A 
discussion of the definition of ditching is presented to differentiate planned from unplanned water 
contacts. 

2.1 DITCHING VERSUS UNPLANNED WATER CONTACT. 

Transport aircraft water impacts are classified into two basic categories: ditching (planned) and 
unplanned water contact. 



A ditching is an emergency landing in water, i.e., planned water contact For an official "ditching" to 
occur, certain impact parameters must be present The descent rate cannot be greater than 5 ftlsec, and 
the longitudinal and vertical loads must be within aircraft design parameters (reference 11) When 
proper ditching procedures are followed, the occupants should have several minutes to prepare for the 
impact, which is typically less severe than an unplanned impacT because the pilot maintains substantial 
control of the aircraft. For these reasons, occupants are more likely to survive a ditching rather than an 
unplanned water impact Although proper preparation does not guarantee survival, it may increase it 
because the cabin crew can assist the occupants in preparing physically and mentally for the 
touchdown. If the occupants know that an impact is imminent, they will be more likely to make use of 
personal flotation and other safety equipment. They also have time to locate the closest emergency exit 
and review proper evacuation procedures. 

The recommended procedure for an emergency landing on water generally contains the following: 

a If possible, a redudon in weight should be attempted since this would reduce the 
landing speed. 

b. Maximum flaps should be utilized to reduce touchdown speed to a minimum. 

c. The final rate of descent should be kept as low as possible 

d. At touchdown, the aircraft should be in a speczed noseup attitude Generally this 
attitude is between 10 and 14 degrees. 

e. The final approach should be rnade with the aircraft straight and level, with roll 
correction and yaw angles below 10 degrees. 

f The undercarriage should be retracted if possible 

g. If a pronounced sea is present, the landing should be made parallel to, and not across, 
the line of the wave crests. If possible the touchdown point should be on the crest or the back side of 
the wave. 

The recommended procedures are then incorporated into the airplane's Cabin Crew Manual of 
Emergency procedures 

Generally, an unplanned water impact involves higher aircraft velocities, forces, and damage, resulting 
in more severe injury levels There is little, if any, time for occupants to prepare for the impact. It is 
possible that seatbelts may not be fastened and crash positions may not be assumed. Substantial 
damage to the fkselage usually occurs. The damage may reduce the flotation performance of the 
aircraft, thereby reducing the aircraft's time afloat and the probability of successll passenger egress 



2.2 RELEVANT FEDERAL AVIATION REGULATIONS. 

The FAA has several regulations that transport aircraft must satisfjr if they are to be certified for 
extended overwater operations These regulations include design guidelines, equipment requirements, 
and evacuation procedures which are intended to allow maximum passenger survivability. A complete 
list of relevant ditching regulations is included in appendix A 

The current FAR'S which specifically discuss overwater emergency scenarios are based on the premise 
that the water contact will be a planned event The FAR'S contain requirements for emergency exits, 
equipment, and the demonstration of occupant evacuation capabilities. They also address aircraft 
water impact behavior by stating requirements for fuselage buoyancy, flotation time, and aircrafi trim 
with respect to the local sea conditions which are likely to occur. The emergency flotation equipment 
required for aircraR depends on whether the aircrafi is going to be certified for "extended ovemater" 
operations (i e ,  aircraft operations which are more than 50 nautical miles offshore) or for normal 
operations Normal operations require individual flotation devices for each occupant while the former 
requires additional equipment such as lifevests, survivor locator lights, and life rafts 

Aircraft manufacturers must be able to demonstrate, through either model testing or comparison with 
similar aircraft models, the behavior of aircraft in a ditching situation. Drills must be conducted in 
order to demonstrate the emergency evacuation procedures. 

2.3 DITCHINGIFLOTATION SUB ST ANTIATION -- 

The landing of an airplane on water is an emergency measure that an aircraft makes only once Loss of 
the aircraft is acceptable, provided the crew and passengers can safely escape and be rescued For a 
water contact to qualifjr as a ditching, it is necessary that the touchdown follow a prudent approach and 
acceptable procedures The design must 

a provide structural integrity to protect the crew, 
b. ensure that no excessive decelerations will be experienced by the occupants, and 
c provide sufficient time for safe egress from a damaged aircraff 

The methods by which aircraft manufacturers may show compliance with FAR 25 Ditching 
Requirements are 

a comparison of hydrodynamic characteristics such as fuselage shape, size, and available 
buoyancy with previous designs; 

b. scale model tests to demonstrate ditching performance and evaluate design strengths 
for hselage skin, doors, and bulkheads; and 

c. evaluation of ditching accidents involving existing or comparable designs. 

To substantiate the ditchingdlotation characteristics, the manufacturer may provide a combination of 
scale model tests, analysis, comparison with previous designs andor accident data. 



2.3.1 Ditching Compliance. 

The manufacturer may emphasize design comparison and/or scale model tests to substantiate ditching 
compliance. Each of these areas will be discussed to show their application to the ditching certification 
process. 

2.3.1.1 Comparison to Sirrdar Air&. 

The manufacturer may demonstrate compliance by showing that the design is similar in both geometry 
and size to existing designs which have already demonstrated satisfactory hydrodynamic behavior. For 
example, an aircraft with a wider wing span than the previous configuration would be expected to 
provide additional buoyancy which would be beneficial for flotation. As long as the shapes are the 
same, differences in fuselage length alone would normally not be sufficient to cause any significant 
ditching behavior changes 

The design features of an airplane are important in establishing a qualitative assessment of ditching 
behavior. For example, the manufacturer would attempt to show that the design characteristics of the 
wing are beneficial to ditching and flotation. 

Wing design characteristics such as low position, large surface area, and low wing loading will provide 
buoyancy and bear a portion of the impact load with the fuselage 

Scale model testing has shown that 

a. the most favorable wing position is slightly above the bottom of the fuselage, 

b. the thickness and size have little effect on ditching, 

c. a low wing design provides the benefit of an additional planing su&ace, 

d. impact pressures are localized on the centerline and decrease toward the side for 
round-bottom fuselages, 

e. sharply curved fbselages do not provide resistance to downward pitching moments 
caused by damage at impact, and 

f an aft fbselage that is sharply curved is subject to considerable suction forces, which 
can cause the tail to suck down, resulting in a sudden noseup trim, followed by a subsequent severe 
nosedown impact. 

Fuselage shape design considerations such as a rounded bottom that is moderately curved lengthwise is 
expected to produce lower impact pressures, mean pressure and force versus that of a flat bottom and 
thus have good ditching characteristics. A relatively high ratio (4: 1) of nose length to height of c.g. 
above the bottom of fhelage will tend to show good resistance to diving. 



2.3.1.2 Scale Model Tests. 

The use of scale model airplane tests to demonstrate ditching characteristics is not common for the 
certification of newer aircraft The expense of performing such a test is costly and frequently the newer 
designs are derivatives of a previously certified configurations The test of a 1117th scale model of the 
L-. 10 1 1 - 1 in 1970 may have been the last such test for a modern airplane. Such a test program would 
be designed to (1) perform a series of tests to assess probable ditching characteristics, (2) demonstrate 
the capability of the airplane to make a safe emergency landing under a range of landing conditions on 
calm water and in beam (lateral) seas, and (3) recommend a procedure for the ditching of the airplane 

A scale model test program would investigate among other things 

a. a calm sea and sea state ( regular beam (lateral) and head wave) landings; 
b. a range of landing weights and touchdown attitudes and speeds; 
c. the effects of pitch, roll, yaw, and rates of descent; 
d. the effects, if any, of component failure; 
e. the effects of a retracted or extended undercarriage at various approach speeds; 
f determination of static flotation waterline at various weights and c.g.'s; and 

g. the determination of weather cocking behavior in calm water and other sea states. 

Various hselage accelerations would be measured, along with underside and bulkhead pressures. 
Shear forces and bending moments would be measured. The pressures, loads, and accelerations would 
be used to assess the structural integrity of the airframe, doors, and bulkheads, particularly with regard 
to design requirements. The fuselage is generally designed to a static pressure distribution. 

2.3.2 Flotation Behavior. 

In addition to comparisons with previous certified designs, the manlfiacturer may be required to 
demonstrate the specific flotation characteristics of the new design. Analysis may be used to show, for 
various c.g. configurations and flooding conditions, the position of the exits relative to the waterline 
and the length of time each exit remains above water. Both static and dynamic flotation analysis may 
be conducted. 

2.3.2.1 Static Analysis. 

The flotation behavior of an airplane begins with a layout of the airplane depicting the pressurized 
areas. When the airplane first rests in the water, buoyancy is primarily provided by the volume of water 
displaced by the submerged portion of the hselage. The weight of the aircrafi and its c.g. location will 
influence the attitude of the aircraft in the static flotation position. The airplane weight and c.g. design 
envelope varies according to the loading conditions, i.e , maximum landing or maximum takeoff gross 
weight Typically a static analysis is performed for the maximum design landing weight condition. It is 
assumed that the pilot can jettison fuel to minimize the impact loads for a ditching. The 
weighthuoyancy ratio will influence the flotation equilibrium position. As a result of the flotation 
analysis a determination is made of the airplane attitude and the height that the various exit doors are 



above the waterline as the airplane sits in the water with no loss of buoyancy. Typically this is shown 
for several conditions such as 

a. no flooding, fo~ward c.g.; 
b. no flooding, aft c.g.; and 
c. cargo compartments flooded, aR c.g. 

2.3.2.2 Dynamic Analysis. 

A dynamic flotation study may be conducted to determine how the airplane changes position as 
flooding progresses. To perform this analysis the structural damage sustained during the impact must 
be ascertained. Normally this would consist of loss of flaps, engines, and the tail of the aircraft, and 
possibly damage to the underside or cargo door that could result in leakage of water into the 
pressurized regions with subsequent loss of buoyancy. Of interest in this analysis is the time it takes to 
reach an equilibrium position and whether one or more of the exits are not accessible for egress. If 
such a condition would be found to exist then the Emergency Procedures Manual would reflect it 

A dynamic flotation analysis would involve the following steps: 

a. The static flotation airplane position is used as a starting point. 

b. A determination of loss-of-buoyancy regions which would result in leakage into 
otherwise pressurized compartments. 

c. A determination of pressure heads, leakage areas, and flow rates 

d A time-dependent algorithm used to predict the airplane weight, c g , and attitude, as 
well as exit door position relative to the water level until equilibrium is reached 

3. REVIEW OF ACCIDENT DATA FOR 1959- 1979 

A great deal of research has been conducted on transport aircraft accidents which occurred during the 
years 1959 to 1979 (references 1,2, and 3) The U S Federal Aviation Administration summarized the 
data 1959-79 which pertained to water impact accidents in "Study On Transport Airplane Unplanned 
Water Contact" (reference 12) The data were collected from various domestic and inte~national 
sources including the Civil Aeronautics Board (CAB), National Transportation Safety Board, foreign 
governments, airlimes, and aircraft rnanufac$urers Nine hundred and thirty-three transport 
groundwater accidents were reviewed These were then reduced to 153 accidents by imposing criteria 
on occupant survivability and aircraft crashworthiness. Of these 153 accidents, water was involved in 
16 cases. Water was found to be a signdicant factor in only I1 of these cases Of these, only one was 
classified as a ditching occurrence. This srnaller database of 11 cases is reviewed here relative to 
occupant survivability, hazards to occupant survivability, and structural damage. Summary information 
for these 1 1 cases is presented in table 1. 



TABLE 1. WATER W A C T  ACCIDENTS FROM 1959- 1979 

YES I YES 

Acadent 

- 
092461 720 
Boston 

082062 DC8 
Rio De Jamero 

040764 707 
JFK 

063067 CVL 
Hong Kong 

Fire 

No I YES 

occupant 
~uwivability' 

No I YES 

110567 880 
Hong Kong 

01 1369 DC8 
Los Angeles 

050270 DC9 
St Crolx, V I 

072770 GC8 
Naha, Okinawa 

- 

121877 CVL 
MadeIra, Spam 

050878 727 
Pensacola 

122378 DC9 
Palermo, Italy --- - 

Year 

1961 

1962 

1964 

1967 

On- 
Board 

7 1 

- 

105 

-- 
145 

- 

80 

-- 

q- YES 

1967 YES 137 1 NA TI0 

- 

1969 YES 45 15 17 APP 

- 

1970 YES 63 25 25 LDG 

-- - 
1970 YES 4 4 0 APP 

13 

1978 

-- 

1978 YES 129 NA LDG 

Hull 
Loss 

NO 

. 

YES 

YES 

YES 

-- --. 

Fatal- 
~hes 

0 

15 

0 

17 

- 

-- 

Senous 
Injunes 

. -- 

2 

NA 

- 

7 

.- 

5 

- 

N O T  YES 

Flight 
Phase 

LDG 

TI0 

LDG 

AF'P 

YES 

1 For an accident to be classified as "survivable," it must meet all of the following criteria (reference 11): 

a. There must exist a livable volume within the airframe during and after impact and prior to 
severe fire. 

b. At least one occupant must not &e from trauma. 
c. There must exist a potential for occupant egress. 
d. The impact forces must be within human tolerances. 



3.1 OCCUPANT SURVIVABILITY/HAZARDS TO SURVIVABILITY 

The 11 accidents were first divided into two groups: high energy impact and slidelroll into water. The 
accidents were then fbrther subdivided into two crash scenarios: lower fbselage crush and fbselage 
break. Table 2 summarizes the structural damage associated with these 11 accidents 

TABLE 2. STRUCTURAL DAMAGE SUMMARY 1959-1 979 

High Energy 

Lower Fuselage Crush 

Fuselage Break 

Lower Fuselage Crush 

Fuselage Break 

Table 3 summarizes the water impact fatalities and their causes for the same eleven accidents. The 
predominant cause of fatalities was drowning, which accounted for 98 percent of the fatalities in these 
two crash scenarios The remaining fatalities were caused by trauma resulting from inertial forces due 
to high accelerations or impad with the occupant's surroundings. 



TABLE 3. ACClDENT FATALITY SI lMMARY 1959- 1979 

The majority of the drowning fatalities occurred in accidents where the aircraft came to rest in deep 
water. Six such accidents involved fuselage breaks, resulting in a rapid s i i  rate and a 36.8  percent 
fatality rate from drowning There were also four deep water accidents in which the fuselage did not 
break, with a reduced fatality rate of 25.9 percent In addition, these aircraft were able to float for at 
least 5 minutes, and in most cases 10 to 20 minutes, allowing more time for evacuation. However, in 
three of these four accidents, the emergency onboard raRs and float slides were not used. Improper 
crew actions after the aircraft came to rest were found to contribute to at least 15 reported drownings 
which occurred after evacuation. Other factors which contributed to the high fatality rates were 
reports of carryon luggage blocking the emergency exits, jamming of emergency exit doors, and 
displacement of the passenger compartment floor 

3.2 STRUCTURAL DAMAGE. 

The structural damage discussed here includes filselage breaks, fbselage lower surface crush, passenger 
compartment floor displacements, and seat dislocations 

Fuselage breaks occurred in 6 of the 8 high-energy water impact accidents, leading to a fatality rate of 
36 8 percent Five of these six fbselage breaks led to a high sink rate of at least a portion of the aircraR 
fuselage Fuselage breaks also led to the rupture of he1 lines which exposed the passengers to the 
hazard of chemical burns and made exposed surfaces extremely slippery, fbrther hampering evacuation 
efforts. For those accidents in which the aircraft slidlrolled into the water, only one involved a fbselage 
break, and this resulted in no fatalities. Seat dislocations also result fiom fuselage breaks, as highly 
localized accelerative pulses are generated in the vicinity of the break This increases the risk of injury 
as the seat occupant is no longer decelerating with the aircraft and can come into forcible contact with 
the surrounding structures (reference 1) Four of the water impact accidents in which fuselage breaks 
occurred also resulted in seat elevations or dislocations. 

Of the four accidents with lower fbselage crush, three had extensive damage to the lower surface. In 
these three accidents, the aircraft came to rest in deep water and there were 41 fatalities (18.1 percent 



of total on board). An example of such a case is the Boeing 727 Pensacola accident. This accident 
resulted in water impact forces which destroyed the lower fuselage, ruptured the body fuel lines, and 
separated the engine. The fourth accident involving lower surface crush resulted in the aiscraft coming 
to ~ e s t  on its landing gear in shallow water thus there was limited damage. No fatalities resulted in this 
case. 

Displacement of the passenger compartment floor car1 result f?om the hydraulic action of water when 
an aircraft lands on water or rolls into water at high speeds. This may result in the jamming of exit 
doors, niovement of debris throughout the cabin, and seat displacement and dislocation, all of which 
violate the aircraft's occupiable space and d l ,  at the very least, result in the impedance of passenger 
egress Seven water impact accidents involved such floor displacements, three of which resulted from 
lower surface ~uptures which allowed wate~ to fill the cargo compartnient. Two of these seven 
accidents involved seat dislocations, three involved seat elevations, and two involved the blockage of 
exits 

3.3 SUMMARY OF ACCIDENT DATA FOR 1959-1979. 

Numerous recommendations have been rnade to improve the survivability of water impact accidents 
Most address improvements to the quality arid accessibility of onboard flotation devices. The review of 
the 1959-1979 data shows that the majority of the fatalities resulted from a lack of time to secure and 
don flotation devices after water impacts The study (reference 12) concluded that unplanned wate~ 
contacts usually result in flooding conditions which adversely affect the occupants' ability to locate, 
deploy, and/or don emergency flotation equipment. It cannot be expected that an unplanned water 
irnpact will result in no lower surface crush and no flooding conditions. Accordingly, the study also 
concluded that under such conditions as flooding and/or a sinking fuselage, the successll use of 
emergency flotation devices is dependent on the occupants' ability to quickly locate, deploy, and/or 
don these devices (reference 12). 

After reviewing the studies, it is difEicult to base conclusions on ditchings alone because they are very 
rare Although current procedures and equipment designs are based on the assumption that transport 
aircraft water impacts are primarily ditchigs during " extended overwater flights7' (reference 13), the 
more common occurrence is the uncontrolled, high-energy impact in proximity to the airport. These 
high-energy water impacts generally lead to either one or more fuselage breaks or lower surface crush 
Both damage types result in most aircraft sinking and therefore a high fatality rate due to drowning 

4. REVIEW OF ACCIDENT DATA FORJ980- 199 1. 

Several sources were used to obtain accident data for 1980 to 1991, including NTSB, the Civil 
Aviation Administration (CAA), the International Civil Aviation Organization (ICAO), and Canadian 
Aviation Safety Board (CASB). From all accidents, water-related accidents were identified Only the 
NTSB was able to provide fbll accident reports. A listing of the non-NTSB water-related international 
accident data is presented in table 4. Case studies of the water-related accident data obtained &om the 
NTSB were conducted. 



TABLE 4. SUPPLEMENTAL ACCIDENT DATA 1980- 1991 

Mauritania 

Aircraft 
Fatalities 

2 

Accident Description -- 

Aircraft crashed into sea 300 meters short of 
runway during final approach. 

Corh Airport I 115 Main landing gear detached on landing; 
aircraft came to rest with nose in water. 

Crashed in river in bad weather during 
attempted landing. 

7- Argentina 

Mentally unstable pilot; aircraft plunged 550 
meters short of runway 

Tokyo 

Khartoum Crashed in Nile River three miles short of 
runway. 

Overran runway on landing; aircraft came to 
rest in sea. 

Ireland Plane disappeared from radar 150 miles 
north of Ireland and crashed in Atlantic 
Ocean. 

San Juan II,;"' Aborted takeoff and nose came to rest in 
lagoon. 

Contact lost 3.5 miles after go around and 
presumed to have crashed at sea. 

Taiwan 

Plane dove into sea while avoiding second 
B737 during approach. 

- 

Fire on board; aircraft crashed in 15,000 ft. 
of water; scattered debris. 

Mauritius r r  
-- 

Hong Kong D) Aircraft hit approach lights during approach 
and came to rest in bay. 

813 1/88 Trident 

Argentina F Aircraft landed with excessive speed and 
came to rest partially submerged in sea. 

- - 

Contact was lost following he1 problem 
distress call; wreckage not located. 

North Atlantic 1 l8 

Chile Aircraft overran runway during landing and 
came to rest partially submerged. 

In the following sections, three of the water-related accidents were reviewed as they pertain to 
occupant injury, structural damage, subsystem participation, emergency equipment performance, 
airport rescue procedures, and airport proximity to water. 



4.1 AIRCRAFT ACCIDENT W O R T  - WORLD AIRWAYS, INC, FLIGHT 30I-I, 
MCDONNELL DOUGLAS DC- 10-30CF. N 1 13 WA, BOSTON-LOGAN II\T~EKNATIONAL 
AIRPORT, BOSTON, MASSACHUSETTS, JANUARY 23,1982 

4.1.1 Accident Brief 

On January 23, 1982, World Airways, Inc., Flight 30H, a McDonnell Douglas DC-10-30CF was 
enroute to Boston-Logan international Au-port in Boston, Massachusetts. Following a nonprecision 
instrument approach, the airplane touched down approximately 2,800 feet beyond the usable part of 
the runway. The airplane veered as it approached the departure end of the runway to avoid the 
approach light pier and slid into the shallow water of the Boston Harbor. The surface of the runway 
was covered with hard packed snow and glaze ice overlaid with rainwater. The accident occurred in 
darkness with light rain and fog and resulted in injuries to seven crewmembers, twenty-one passengers, 
and two rescue personnel. Two of the 200 passengers were presumed dead as their bodies were never 
recovered 

4.1.2 Structural Damage. 

Upon crossing the end of the runway, the airplane came to rest with a slightly nosedown attitude in 
water which came up to the wings A section of the nose up to the first row of the cabin seats 
separated along a gacture line (figure 1) and remained attached to the fuselage only by control cables 
and electric wi~e  bundles. The pressure bulkhead was crushed along the fuselage bottom centerline, 
and the main cabin floor beams &om fuselage station O;S) 392 to 475 failed due to the downward 
displacement The pressure bulkliead at the forward end of the nose gear was crushed as well, leading 
to the failure of the extended nose gear. The main landing gear were extended and remained 
undamaged The airplane's three engines remained attached to their respedve pylons, although the 
No 3 engine's rear mount was broken. There was no substantial mechanical damage to the engine 

The accident was survivable. With the exception of the area surrounding the first passenger row, the 
decelerative forces experienced by the passengers did not exceed the known tolerance limits of the 
human body, the seats and restraint systems remained intact, and the occupiable space on the aircraft 
was not violated. 

4.1.3 Subsvstem Participation. 

The overall impact forces expe~ienced by the passengers as the aircrafi came to rest in the water did 
not jeopardize occupant survival except in the area of the fuselage separation. The failure of the main 
cabin floo~ beams in this area led to floor displacement and subsequent seat track fractures Three seat 
modules in the first passenger row, consisting of three left, two center, and three right seats, separated 
from the floor. This led to the disappearance and presumed death of two of the three passengers 
seated in this row. The third passenger seated in this row was able to climb back into the main cabin 
The cabin aft of the structural separation remained intact. 





The airplane was equipped with eight floor level exits, L 1 -L4 and Rl  -R4 (figure C-2); L-3 and R-3 are 
both ovenving exits All exit doors, with the exception of the two foremost exits which separated with 
the nose section, opened easily and the slidelrafts deployed successfblly. The left rear exit, L4 was 
unusable due to the centerline engine thrust reverser continuing to blow and thereby forcing the 
slidelraft against the fbselage There were difficulties in exiting through R-4 and 1,-2 as well, as the 
ai~flow created by the centerline thrust reverser twisted the slidelrafts. While the majority of 
passengers left through the R-3 ovenving exit and slidelraft, approximately 30 passengers used the R-4 
exit. The captain and a few passengers used the left overwing exit. 

With the exception of the inmediate area surrounding the hselage separation, the cabin contents and 
hrnishmgs remained in place and did not hamper the evacuation efforts. 

4.14 Evacuation 

4.1.4.1 Required Flotation Equipment 

As defined in FAR'S 1 1 and 125.209 (appendur A), airplanes operating within 50 nautical miles of the 
nearest shoreline, as in this case, are not required to be equipped for extended overwater operations 
The airplane was equipped with nonfloatable type seat cushions and passenger underseat lifevests. The 
airplane was also equipped with slidelrafts at the eight floor level exits. 

4.1.4.2 Flotation Equipmentferforrnance. 

a Although the seat cushions were of the nonfloatable type, some of the passengers 
believed they would serve as a flotation aid. When the cushions were thrown into the water, they 
immediately filled with water and sank. 

b Several passengers reported difficulties in rernoving the lifevests from their stowed 
positions and opening the plastic packaging. One flight attendant stated she had to use her teeth to 
remove the vest. The presence of near to sub freezing air and water temperatures may have magdied 
the Miculties in the removal of the lifevests. 

c. Of the eight slidelrafts installed on the airplane, the six rearrnost deployed successfblly. 
The remaining two were separated fi-om the ?iselage with the nose section. how eve^, only the R-3 
overwing slidelraft was completely effective in evacuating the passengers. The reverse thrust of the 
No. 2 centerline engine completely disabled the L-4 slidelraft, and partially disabled the R-4 and L-2 
slidelrafts. 

4.1.4.3 Crew Response 

Several factors impeded the efforts of the crew during the evacuation, including the near freezing 
atmospheric temperature, freezing water temperature, darkness, light precipitation, fuselage separation 
at the nose section, and exhaust and noise created by the engine thrust reverser 



The crew were able to overcome these difficulties to successfUlly evacuate the passengers. The two 
fatalities were a result of the extreme localized vertical loading, and could not have been prevented by 
any postimpact crew actions. 

4.1.5 Airport Proximity & Rescue Operations. 

The accident occurred during a landing on icy runway conditions and led to a runway overrun. The 
Boston airport is almost entirely surrounded by water, with the largest body being to the southeast 
The runway used during this accident, 15R, runs in this direction (figure B-2). Boston Harbor can be 
described as a " signrficant body of water " The passengers were therefore at risk of inadvertent water 
impact even though the flight did not involve extended overwater operations. 

Initial airport rescue operations proved to be timely and successfil Logan Fire Department personnel 
were immediately notified and crash-rescue emergency vehicles and personnel were at the scene within 
four minutes to provide illumination and to assist the passengers out of the water In addition, fire 
personnel used extinguishing agents in an unsuccessfill attempt to shut down the No. 2 centerline 
engine Upon reachmg the shoreline, the passengers were exposed to prolonged periods of harsh 
weather without sufficient provisions as they waited to be taken to a suitable shelter 

Several other public service agencies responded to the accident, including the Metropolitan District 
Police, Boston City Fire Department, Boston City Police Department, Boston Department of Health, 
local hospitals, and the United States Coast Guard The Coast Guard immediately dispatched three 
cutters, four utility boats, one Coast Guard Helicopter, and two Navy helicopters, but none arrived at 
the scene in time to assist in the evacuation efforts 

4.1.6 NTSB Findings - 

Although the recommendations issued to the FAA primarily involved preimpact conditions, the Safety 
Board expressed the following concerns regarding impact and postimpact aircrafi and crew responses: 

a. The Logan disaster plan placed insufficient attention to the transportation and comfort 
of the survivors of an accident, particularly to meet the needs of 200 or more people. 

b The emergency plans, facilities, and equipment at airports should include the capability 
for water rescue for all conditions which might be encountered, including extreme winter weather 
when ice floes inhibit small rescue boat operations 

c. Some passengers reported that they had encountered difficulties in removing the 
lifevests from their stowed position and in opening the plastic packaging. 

d. Some passengers believed that their seat cushions would serve as flotation aids, when 
in fact the seat cushions were not of the flotation type 



4.1.7 Analysis. 

This accident involved a runway oveInm following a landing 2,800 feet beyorid the touchdown 
threshold of the 9,191-foot snow and ice covered runway The ground speed of the airplane as it 
crossed the end of the runway was approximately 46 knots. The airplane was substantially damaged 
after coming to rest in the shallow waters of Boston Harbor. The fixelage sustained damage just aft. of 
the nose section. Localized vertical loading resulted in the almost complete separation of the nose 
section from the fuselage and subsequent failure of the surrounding seats. Two occupants seated in the 
first passenger row were thrown Eom the wreckage along with their seats and are presumed dead. 
Otherwise, the occupiable volume was not violated and there were no cabin obstructions during the 
evacuation 

The survivors were presented with two main difficulties during the evacuation process. The first 
involved the center engine thrust reverser. This engine could not be shut down The reverse exhaust 
from the engine inhibited the use of three of the eight slidelrafts, and the noise generated caused 
cofision among the crewmembers and passengers. The second problem involved the performance of 
the personal flotation devices. Many passengers assumed that the seat cushions were of the floatable 
type and threw them into the water. The seat cushions were not the floatable type and immediately 
absorbed wate~ and sank The passengers also experienced difllculties in ~emoving the lifevests fiom 
the plastic packaging Because of this and similar reports of difficulties in removing lifevests, a 
Technical Standard Order (TSO) C13d was issued. 

The unavailability of some of the slidelrafts during the evacuation did not affect passenger survivability 
Had the accident occurred in deeper water, the survival of those passengers who were unable to board 
the rafts would have depended on immediate rescue from the fiigid 30°F waters. Advisory Circular 
1 50152 10- 13, dated May 4, 1972, suggests planning procedures, facilities, and equipment necessary to 
perfom rescue operations when an aircraft lands in water and no normal rescue services are available. 

4 2 AIRCRAFT ACCIDENT REPORT - SCANDINAVIAN AIRLINE SYSTEM, FLIGHT 901, 
MCDONNELL DOUGLAS DC- 10-30, NORWEGIAN REGISTRY LN-RKB. JOHNF 
mNNEDY INTERNATIONAL AIRPORT, JAMAICA NEW YORK, FEBRUARY 28.1984. 

4.2.1 Accident Brief 

On February 28, 1984, Scandinavian Airlines System flight 901, a regularly scheduled international 
passenger flight from Stockholm, Sweden, to New York City, New York, was on final approach to 
John F. Kennedy International Airport. The DC-10-30 touched down 4,700 feet beyond the threshold 
of the 8,400-foot runway and overran the runway into Thurston Bay The accident occurred in 
daylight hours and resulted in one serious and 11 minor injuries among the 14 crewmembers and 163 
passengers 



4.2.2 Structural Damage. 

The nose of the airplane came to rest in the tidal waterway approximately 160 feet from the end of the 
runway overrun area (figure 2) The leading edge of the left wing was embedded in a wooden pier 
structure which supported the approach lighting system. The aft section of the airplane remained 
generally intact, however there was major damage to the lower nose area, to the radome, and to the 
forward pressure bulkhead at fhselage station (FS) 275. The damage was caused by hydrodynamic 
pressure generated during impact with the water 

The interior of the forward fhselage area was deformed. The wings, leading edge, and flaps sustained 
moderate damage from impact with the wooden pier Several floor beams beneath the galley were 
fi-actured. The nose gear collapsed and its drag braces fractured and separated from their attachment 
fittings. Wing engines Nos. I and 3 sustained impact and salt water damage The No 1 engine pylon 
structure was also buckled and twisted The No. 2 engine sustained no impact damage. 

This accident was survivable. With the exception of the minor seat damage in the galley area aft of the 
cockpit, the seats and restraint systems remained intact. The decelerative forces experienced by the 
passengers did not exceed known human tolerance limits and the occupiable space on the aircraft was 
not violated. 

4.2.3 Subsystem Participation. 

The only cabin deformations were on the floor and ceiling areas around exit door R-1 between the 
forward three galleys and the two lavatories The floor in these areas was disrupted ind displaced 
upward, exposing twisted and fractured floor beams. The ceiling in these areas was disrupted by 
displaced galley units 

The left galley unit was tilted aft and inboard two inches at the top. At the bottom, the galley unit was 
displaced forward and upward two inches, contacting the observer's jumpseat. The jumpseat was 
found loosely attached to the cockpit floor The aR bolts were loose and still in place but the nuts were 
not found. After laboratory analysis, it was confirmed that the threads on the bolts had been stripped. 
The center galley unit was displaced upward and was tilted a f l  Some of the galley doors and locks 
sustained damage but did not separate Although the galley units were tilted, displaced, and damaged, 
all of the galley equipment remained stowed. 

The cabin section aft of row 1 was generally undamaged. All overhead bins and panels were intact 
There was no sidewall or floor disruption in this section. 

The airplane was equipped with eight exits (figure C-2). These exits consist of the L-1 main boarding 
door, the L-2 aR entry door, the R-1 forward galley door, the R-2 afl galley door, and four overwing 
exits, L-3, L-4, R-3, and R-4. The L-1 door was opened and the slidelraft was deployed and inflated. 
The R-1 door was found closed with extensive damage to the forward panel covering the door handles 



FIGURE 2 JOHN F KENNEDY AIRPORT RUNWAY GRADUAL SLOPE TO WATER 
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The 1,-2 door was opened and the slidelraft was inflated, detached, and was found floating near the 
approach light pier. The R-2 door was opened and the slidelraft was inflated and it was also found 
floating in the basin near the shore. The L-3 door was found closed and was not used during the 
evacuation procedure. The R-3 door was opened and the slidelraft was properly deployed and inflated 

The left aft door, L-4, had been opened with the slidelraft deployed but the flight attendant chose not 
to inflate it. The R-4 door was opened with the slidelraft deployed but it did not inflate due to a fabric 
tear in the lower right side chamber. The slidelraft did not idate  due to a fabric tear of the lower right 
side chamber 

4.2.4 Evacuation. 

4.2.4.1 Required Flotation Equipment. 

The airplane was properly certified, equipped, and maintained in accordance with existing regulations 
and approved procedures in the State of Registry (reference 5).  This flight was characterized as an 
extended overwater flight. The airplane was equipped with the necessary slidelrafts at all exit doors as 
well as flotation equipment for all passengers. 

4.2.4.2 Flotation Equipment Perf-ormance. 

a. Passenger - Seat Cushions/Lifevests: There were no reports of seat cushions or lifevests 
used as flotation devices. The passengers and crew knew that they had touched down on the runway 
but failed to realize that they had come to rest partially in the water. 

b SlideIRafts: Of the eight cabin exit doors, six were opened. All sii slidelraft 
combinations deployed automatically, and all but one inflated automatically when fired. One was not 
inflated because a flight attendant saw smoke arising from the engine nearby. Two slidelrafts were 
detached and used as rafts without being converted fiom a slide to a raft contiguration There were 
approximately twenty passengers in each of these rafts. One slidelraft, which automatically inflated, 
hung up and did not inflate properly when the door was opened. The flight attendant saw that it was 
folded in half and proceeded to kick it open. The slidelraft deflated shortly after it was kicked open. 

One slidelraft deployed automatically but failed to inflate even though the inflation cylinder was 
discharged The slidelraft was stretched out on the ground, and subsequent investigation found 
components of the slidelraft had separated. A fabric tear, 12 inches laterally and 26 inches 
longitudinally, was discovered 36 inches from the top of the slide on the bottom of the lower right side 
chamber. Twigs and debris were found in both aspirator inlets After laboratory examination, two 
small punctures in the outboard left upper chamber and a small hole, 314 inch in diameter, near the top 
upper chamber were also found. 

4.2.4.3 Crew Response. 

When the airplane came to rest, one crewmember prematurely initiated an evacuation. The flight 
attendants in the rear of the airplane waited until they saw the actions of the forward flight attendants 



before they initiated an evacuation. The emergency evacuation was calm and controlled. All 
passengers were evacuated in 60 to 90 seconds. 

4.2.5 Airport ProxirritlJ. 

The accident occurred during the landing phase of the flight due to a runway overrun The airport is 
surrounded by water on the south, southwest, and southeast, which encompasses five of the eight 
airport approach corridors. Thurston Basin, a tidal waterway, can be described as a " significant body 
of water." 

Airport rescue operations proved to be timely and successll. The Port Authority of New York and 
New Jersey, which owns and operates the airport, were the first to send personnel to the crash site. 
The Crash/Fire/Rescue (CFR) units responded with six trucks and 12 firefighters. The first two trucks 
arrived on the scene in slightly over one minute By then, approximately 80 percent of the passengers 
had exited the airplane. 

The CFR crew chief entered the water and pulled the rafts with passengers and crewrrienibers to safety 
He also helped two passengers in the water Firefighters escorted passengers standing on the left wing 
onto the approach light pier and then to safety The crew chief stated that all passengers and crew 
were clear of the airplane 5 to 7 minutes after the initial call. 

4.2.6 NTSB Findings. 

a Apply the findings of behavioral research programs and accidentlincident investigations 
regarding degradation of pilot perfb~mance as a result of automation to modifl pilot training programs 
and flight procedures so as to take 1 1 1  advantage of the safety benefits of automation technology. 

b. Direct air carrier p~incipal operations inspectors to review the airspeed callout 
procedures of assigned air carriers and, where necessasy, to require that these procedures spec@ the 
actual speed deviations fiom computed reference speeds. 

4.2.7 Analysis. 

This accident involved a Iunway overrun following a landing 4,700 feet beyond the touchdown 
th~eshold of the 8,400-foot runway. The ground speed of the airplane as it crossed the end of the 
Iunway was approximately 36 knots. The airplane was substantially damaged after coming to rest in 
the shallow waters of Thurston Basin. Although this accident did not involve high decelerative forces, 
it resulted in a minor hselage crack aft of the nose secqion The occupants were not exposed to any 
life threatening hazards. Immediately after the aircraft came to rest, a successfd evacuation was 
performed in 60 to 90 seconds. Two slidelrafts were used in this evacuation, with approximately 20 
passengers occupying each raft. The remaining passengers remained on the left wing until rescue 
personnel assisted them to safety. Had this accident occurred in deeper water, the problems 
experienced by the flotation equipment may have affected the passengers' survivability. The 
effectiveness of the personal flotation equipment was not tested during the evacuation. 



4.3 AIRCRAFT ACCIDENT REPORT - USAIR, INC., BOEING 737-400, LAGUARDIA 
AIRPORT, FLUSHING, NEW YORK, SEPTEME3ER 20, 1989. 

4.3.1 Accident Brief -- 

On September 20, 1989, USAir, Tnc Flight 5050, a Boeing 737-400, was departing under instrument 
flight conditions f?om LaGuardia Airport in New York City for Charlotte Douglas International 
Airport in Charlotte, North Carolina. The takeoff was aborted and the aircraft ran off the wet runway 
into Bowery Bay. The accident occurred in darkness and resulted in minor injuries to both pilots and 
all four crewmembers. Two of the 57 passengers were killed, 15 were injured. 

4.3.2 Structural Damage 

After leaving the runway, the airplane impacted the pier which supports the approach lighting system. 
Timber &om the pier structure penetrated and the filselage in two locations, causing the hselage to 
separate into three sections (figure 3) Although the overall impact forces were minor because of the 
low velocity when the airplane lefi the runway, seat rows 4 and 21 sustained severe vertical impact 
loads Although the left and right wings and engines remained intact, there were reports of he1 
contamination in the water surrounding the crash site. 

This accident was survivable. With the exception of the areas surrounding passenger seat rows 4 and 
21, the decelerative forces experienced by the passengers did not exceed known human tolerance 
limits, the seats and restraint systems remained intact, and the occupiable space on the aircraft was not 
violated. 

4.3.3 Subsvstem Participation. 

Decelerative forces were not great enough to cause any seat dislocations or seat belb'shoulder harness 
separations. The only seat damage was caused by fbselage crush and subsequent floor displacement. 

Floor displacement was the primary cause of two fatalities. Timber from the wooden approach light 
pier structure penetrated the fbselage and forced the floor section and surrounding seats upwards, 
crushing four passengers against the ceiling Two passengers in row 21 were killed by asphyxia caused 
by compression of the chest and two passengers in row 22 sustained serious multiple injuries A piece 
of wood also penetrated the forward cockpit bulkhead, but did not produce any seat dislocations and 
caused only minor injury to the captain The airplane was equipped with eight exits (figure C-3). the 
L- 1 main boarding door, the L-2 aft entry door, the R-1 fomard galley door, the R-2 afi galley door, 
and four overwing exits. All exit doors, with the exception of the L-1 and I,-2, were used during 
evacuation The L-1 door could not be opened by the lead fight attendant, and the L-2 door was 
closed when water began entering the cabin The R-1 slide was successllly deployed The flight 
attendant disarmed the R-2 slide before the door was opened to prevent the slide from blocking the exit 
area Both the lefi and right overwing exits operated successfUlly during evacuation 





4.3.4 Evacuation 

4.3.4.1 Required Flotation Equipment. 

Airplanes operating within 50 nautical miles of the nearest shoreline, as in this case, are not required to 
be equipped for extended overwater operations. The airplane was equipped with flotation seat 
cushions for the passengers. Although lifevests were carried by the crewmembers, they were not 
required for passengers The airplane was equipped with the required slides at the four nonwing exits, 
as well as ditching lines on the right and lefi ovenving exits. 

4.3.4.2 Flotation Equipment Performance. 

a. Passenger Seat Cushions: Crewmembers assisted those passengers who used the floor 
level exits by throwing the flotation seat cushions into the water Several passengers complained that 
they could not hold onto the seat cushions and that they were ineffective in keeping them afloat. The 
performance of the seat cushions was hampered by the 1-knot water current as well as the waves 
created by rescue boats and the downwash of a rescue helicopter, all of which made it difficult for the 
passengers to keep their heads above the water 

b Crew Lifevests. During evacuation, the crewmembers threw their lifevests into the 
water to aid passenger flotation. Although there were no reported problems in the use of the lifevests, 
there were only a small number available. 

c Slides. Of the four exit doors which were equipped with automatic slides, two were 
opened and used for evacuation. The aft exit door slide was disarmed due to its proximity to the water 
level, leaving only one slide available for evacuation This slide was successfUlly deployed and was 
used in the evacuation of passengers from the forward floor level exit. 

d. Ditching Lines. Many passengers used the left and right ovenving emergency exits. 
Some of the passengers on the lei3 wing unstowed the fabric ditching lines and were able to 
successfi~lly fasten the line to the wing tip fitting and await rescue. Although the passengers on the 
right wing were unaware that the ditching line needed to be tied down to the wing tip fitting, they still 
held onto the line to stay out of the water. 

4.3.4.3 Crew Response. 

Several factors impeded the efforts of the crew during the evacuation; including, darkness, hselage 
separations at seat rows 4 and 21, and two unavailable floor level exits. In addition, the cabin 
megaphone which the captain attempted to use had an unorthodox volume adjustment knob which 
turned to the lefi to increase the volume. This led to " squelching" or feedback problems, making it 
easier for the captain to simply yell out the evacuation commands. The megaphone got wet and later 
malfimctioned completely. 



In general, the crew overcame these difficulties to successfblly evacuate the passengers &om the 
airplane. The two fatalities could only have been prevented if the passengers were immediately 
extracted fiom the wreckage and put on life support. 

Although the flight attendants were not trained in " wet" drills, they reacted immediately upon realizing 
that an overmn was inevitable. They prepared the passengers for impac? by instructing them to brace 
as the airplane crossed the end of the runway. As the airplane came to rest, the flight attendants 
assessed the outside conditions at their assigned exit doors and initiated an evacuation. The attendant 
at exit R-2 realized that deploying the slide would block the exit door due to the high water level 
sur-r-ounding the exit Her decision to disarm the slide before opening the door expedited the 
evacuatiori process as the exit would have otherwise become unusable. Upon opening the exit door at 
L-2, water began entering the cabin. The attendant assigned to this exit immediately closed the door to 
prevent additional water from entering the cabin. Two flight attendants entered the water and linked 
arms to support two passengers who were unable to swim. 

4.3.5 Air-po~t Proximity 

The accident occurred du~ing an aborted takeoff and led to a runway overmn. The airport is 
surrounded by water on the northwest, northeast, and southeast, which encorripasses three of the four 
airport approach pathways (figure B-4) Bowe~y Bay can be described as a "significant body of 
water." The passengers were therefore at risk of inadvertent water impad even though the flight did 
not involve extended overwater operations. 

Airport rescue operations proved to be timely and success~l. The Port Authority was the first to send 
personnel to the crash site Within 90 seconds of the crash, three aircraft rescue and fire fighting 
(ARFF) trucks were positioned at the end of the runway deck, followed shortly thereafter by two 
additional ARFF trucks. Disorientation and a lack of escort vehicles delayed the a~rival of both New 
York City Police Department (NYPD) vehicles and New Y o ~ k  City Fire Departrrlerit (NYFD) vehicles. 
A Port Authority police officer jumped into the water with a large inflatable life ring to assist the 
passengers in the water. The Port Authority's 19-foot rescue boat was unable to be launched as the 
truck which towed the boat could not develop enough traction on the dike. 

The first boat on the scene, sent by the NYPD7s Harbor Unit, arrived approximately 10 minutes after 
the accident occuned Shortly thereafter, U.S Coast Guard boats, boats fiom other agencies, and one 
of the two dispatched Coast Guard helicopters arrived at the accident scene. Although darkness 
hampered the efforts of the search and rescue personnel, the most significant problem involved the 
passenger count Rescue personnel did not have an accurate count of the number aboard the aircraft, 
the number of persons in the water, or the number of persons already evacuated and taken fiom the 
scene 

4.3.6 NTSB Findings 

a. Develop standards for the design, construction, operation, and pe&ormance of cabin 
regaphones. 



b. Require airlines to provide airport crash/fire/rescue personnel with accurate and timely 
numbers of all persons aboard an accidentlincident aircraft. Provide assistance in determining the 
disposition of persons who have been recovered fiom the scene of an accident. 

c. Require air carriers to adopt procedures that would result in the completion of a 
modified or full acceptance checklist whenever the flight crew has vacated the cockpit 

d. Direct all principle operations inspectors to urge air carriers to issue an Air Carrier 
Operations Bulletin to schedule newly trained captains and .first officers on regular trip schedules 
immediately following completion of training until they accrue a prescribed amount of line operating 
time in order to consolidate their recently acquired training. 

e Amend FAR Part 121.385 to spec@ a combined experience level for initial pilot-in- 
command and initial second-in-command pilots which would preclude the pairing of two inexperienced 
pilots. 

NTSB made the following recommendations to the Port Authority of New York and New Jersey. 
Survey the 1,000 by 500 foot surface area contiguous to the departure ends of the runways at the 
LaGuardia Airport in order to minimize hazards to airplanes that do not stop on the runways 

The NTSB reiterated the following recommendation to the FAA. Amend FAR Parts 121,125, and 13 5 
to require that the cockpit and cabin crewmembers be given periodic training, including hands-on 
"wet" drills, in the skills relevant to inadvertent water impact that may increase the chances of 
postcrash survival. 

4.3.7 Analysis. - 

This accident involved an aborted takeoff during wet runway conditions which resulted in a runway 
overnm. The ground speed of the aircraft as it crossed the end of the runway was approximately 46 
knots The airplane was completely destroyed after coming to rest in the shallow waters of Bowery 
Bay. The runway overrun involved higher than normal vertical loading upon impacting the approach 
lighting pier which resulted in fbelage separations. This exposed the occupants to hazards including 
displacement of the cabin floor, separation of passenger seats, and contact with cabin debris. Two 
fatalities resulted. The occupiable volume was violated with such severity that the fatalities could have 
been prevented only upon use of immediate life support equipment. Although the lifevests proved to 
be effective in survival assistance, very few vests were available Several passengers complained that 
the flotation seat cushions were ineffective in keeping their heads above water and they were difficult to 
hold onto. 



4.4 CASE STUDY DISCUSSION. 

4.4.1 InjuryRatality Surnmary. 

Injury Data 

Iniu~ies Crew Passengers 
Fatal 0 4 l  
Serious 2 6 
Minor 14 3 9 
None 16 365 
Unknown 0 3 

Other Total 
0 4 
0 8 
2 5 5 
0 381 
0 3 

1 Including 2 lost passengers presumed to be dead 
2 Hospital records unavailable 

Fatahty Data 

Case Trauma Drowning 
CASE 1 2 0 
CASE 2 0 0 
CASE 3 - 2 - 0 

TOTAL 4 0 

1 The impact forces are assumed to have been suBcient enough to be the primary cause of the presumed 
fatalities, although it is possible that drowning occurred. 

4.4.2 Structural Damage. 

All three accidents involved runway overruns into water. One resulted from an aborted takeoff and 
two from long landings. The overrun cases involved damage to the fbselage just aft of the nose 
sedon, from a minor crack to almost complete separation. This led to local vertical impact loads, 
which proved to be fatal in two cases. The velocity with which the airplane enters the wate~ is an 
important factor in predicting the amount of damage sustained. The three overruns in this study were 
of relatively low energy and had approximately the same ground speed upon entering the water (36 - 
46 knots). 

The drop into the water and the presence of obstructions immediately beyond the runway increase the 
potential for excessive impact forces on the airplane The LaGuardia accident included both of these 
hazards Upon crossing the end of the runway, the airplane encountered a drop of app~oximately 10 
feet into the water and a concretelwooden pier strucqure positioned within 50 feet of and in line with 
the end of the runway The fuselage separated in two locations. In contrast, the JFK accident involved 
a very gradual slope into the water resulting in no fuselage separations. Although there was an 
approach lighting pier located directly beyond the runway, the landing gear remained on the ground 
and the pilot was able to swerve the airplane to avoid it. 



In the case of runway overruns, the majority of fatalities result from high-energy impact with 
obstructions and subsequent fbselage breaks Although obstructions such as approach lighting piers 
may be necessary, they pose a threat to the safety of the aircraft and its occupants as they are located 
directly in line with the path of the aircrafl and are made of nondefonnable materials such as concrete 
and wood Based on the results of these case studies, required construction which may be obstructions 
should be of a fi-angible or energy absorbing type. As a result of the Piedmont accident at Charlotte 
Douglas International Auport in 1987, where a Boeing 737 overran the runway and struck a concrete 
culvert, the NTSB issued a recommendation calling for the removal of obstacles which are adjacent to 
airport operations Although FAR Part 139 309 (b)(4) states that no objects, except those which are 
required because of their fimction, may be located in any safety area, the obstructions involved in the 
LaGuardia, JFK, and Boston overruns were outside of the runway safety area, and therefore not 
applicable to this regulation This issue was addressed in 1987 in an amendment to FAR Part 139 in 
which the FAA expressed its willingness to encourage airport operators to remove all objects outside 
the designated runway safety area but within the dimensions of the extended runway safety area 
defined by the FAA's current design standards. 

Allowing the airplane to gradually slide into water, as in the JFK accident, should result in minimal 
aircraft damage and a successfbl emergency evacuation of all occupants using the available flotation 
devices Runway overnm areas leading into water which avoid sudden drop-offs and allow for a 
smooth transition into the water can reduce impact forces and prevent fbselage separations Evidence 
to support this is provided by both the FAA and airport engineers. As stated in FAR Part 139 307 
(a)(l), "No slope from the edge of the hll-strength surfaces downward to the existing terrain shall be 
steeper than 2: 1," thus preventing vertical drop-offs. Boston-Logan Au-port Engineers have looked 
into the feasibility of developing sloped runway safety areas that decelerate the aircraft through the use 
of gravel. The model of such a sloped ovemm area, developed by Boston-Logan Auport Engineers, is 
shown below in figure 4 



FIGURE 4 INCLINED SAFETY AREA (ISA) MODEL DEVELOPED BY BOSTON-LOGAN 
AIRPORT ENGINEERS 

4.4.3 Subsystems 

A summary of each aircraft's structural damage is shown in table 5 The performance of each of these 
subsystems in the mishap are described in detail in the following section 

a Seat Dislocatiori The two instances of seat dislocations in this study were caused by 
localized floor displacements resulting from excessive vertical loads in which the fuselage was almost 
completely separated In the case of the LaGuardia accident, the direct impact to seat rows 4 and 21 
would have resulted in occupant fatalities at these locations regardless of seat dislocation The fatalities 
in the Boston-Logan accident, however, may have been prevented had the seats remained attached to 
the seat track. 



TABLE 5. STRIJCTURAL DAMAGE SUMMARY 1980- 199 1 

CASE NUMBER -1 

Hull Loss 

Fire 
-- 

Fuselage Separation 

Engine Separation 

Cabin Damage 
-- 

Seat Dislocation 

b. Floor Displacement: All three cases in this study resulted in floor displacements It is 
interesting to look at the relationship between the amount of drop-off into the water and the degree of 
damage to the aircraft The two cases involving substantial drop-offs fiom the runway overrun area 
into the water resulted in floor displacements of such significance as to cause seat dislocations and 
fatalities. The case which involved a gradually sloped overrun area resulted in floor and ceiling 
displacements but no seat dislocations or fatalities 

Gear Separation -- 
Exit Door 
Damage/Difficulty 

Floor Displacement 

Cabin Debris - 

c Cabin Debris: There was very little cabin debris generated in these three accidents. In 
the case of the JFK overrun, the galley units and overhead bins were twisted and displaced in the area 
just aft of the nose section, but all bins and units remained intact and did not interfere with the 
evacuation. 

-- 

X 

d. Occupiable Volume: Violation of the airplane's occupiable volume occurred in two of 
the three cases, resulting in fatalities. The intrusion into the occupiable volume resulted fiom excessive 
vertical loads which separated the fuselage and displaced the cabin floor. This led to the failure of the 
surrounding seats and restraint systems. 

X 

X 

X 

X 

e Exit Doors. In general, the performance of the exit doors was acceptable, although all 
three cases involved some degree of exit door operational difficulties. These dficulties resulted fiom a 
number of factors including fuselage separation, engine reverse thruster exhaust, damaged door control 
panels, and water levels which rose above the exit door openings. Out of 24 exit doors on the three 
aircraft, fuselage separation led to three inaccessible doors, engine reverse thruster exhaust led to one 

X 

X 

- 

X 

-- 

X 

X 

X 
- 

- 
X 

- -- 



iriaccessible door and two cases of exit door dBculties; control panel damage led to one inaccessible 
door, and high water level resulted in one inaccessible door. 

4.4.4 Evacuation. 

4.4.4.1 Reuuired Flotation Equipment. 

All airplanes were equipped with the required emergency flotation equipment. Two of the three cases 
did not involve extended ovenvater operations and were not required to be equipped for such a flight. 
In addition to the normally required flotation equipment, such as flotation seat cushions, an extended 
ovenvater flight must also carry lifevests, liferafls, andor other flotation devices. 

4.4.4.2 Flotation Equipment Performance. 

a. LifevestsIPreservers There were several reported dficulties in the use of the lifevests 
In two of the accidents, passengers and crew experienced dlaculties in removing the vests from their 

stowed positions as well as in removing the vest fiorn the plastic packaging. Two flight attendants 
were forced to tear the packaging open with their teeth This problem has been documented in several 
accidents involving the use of lifevests and has been addressed by the FAA through TSO-C13c dated 
September 1, 1989 This states that " The means of opening the package must be simple and obvious, 
arid must be accorriplished in one operation without the use of any tool or excessive physical force " 

Survivors also experienced breathing difficulties and dEculty in keeping their heads above the 
water The flotation attitude, as defined in TSO-C13C requires both "lateral and rear support of the 
wearer's head so that the rnouth and nose of a completely relaxed wearer are held clear of the water 
line with the t~unk of the body inclined backward from the vertical position at an angle of 30 degrees 
minimum " The lifevest must also right the wearer within 5 seconds should the wearer be in the water 
in a face-down attitude. Providing buoyancy to the shoulder area keeps the head in close proximity to 
the water level, thus making it ddKcult for survivors in strong currents or choppy water to keep their 
heads above water. Providing additional buoyancy to the middle torso area may serve to raise the 
wearer's head m h e r  out of the water while still adhering to the requirements stated in TSO-C13f 
Also, it will keep a greater portion of the wearer's body out of the water, reducing the effects of 
hypotliennia 

There are two types of approved life presewess, Type 1 arid Type IT, which are divided into 
" Adult," " Adult-Child," " Child," and " Infant-Small Child groups. The Type I life preservers are of 
the inflatable type. 'Type I1 are noninflatable life preservers The lifevest/preservers in most of the 
applicable cases were Type 1 There were no reported problems relating to the idation system. For 
each life preserver, survivor locator lights are required to "be automatically activated upon contact 
with wate~ " In two cases, at Boston-Logan and LaGuardia, passengers entered the water in hours of 
darkness. The lights did not come on because the water was not deep enough for the life preservers to 
make contact with the water. The lack of survivor locator lights in the darkness made it difficult for the 
rescuers to locate all of the survivors who were " wading" through the shallow waters. 



b. Seat Cushions: In all three accidents passengers had difficulties in using their passenger 
seat cushions. Many passengers complained that the floatable type seat cushions did not keep them 
afloat and were difficult to hold During the evacuation at Boston-Logan, the nonfloatable seat 
cushions were mistaken for the floatable type and caused confilsion and delays. In the case of a deep 
water accident, confhion and delays such as this could prove to be fatal. 

Not all airplanes are required to carry floatable seat cushions Those that are carried on an 
airplane are classified as Type IT Individual Flotation Devices (IFD's), as they are noninflatable 
Noninflatable IFD's include such flotation equipment as seat cushions, head rests, arm rests, and 
pillows. The flotation seat cushions are likely the most recognizable form of individual flotation on the 
airplane In these cases, the seat cushions were the first means of flotation used by the passengers The 
use of life preservers as the first means of flotation is rare unless specifically directed by the cabin crew. 
One reason for this is that not all airplanes are required to carry life preservers, and therefore the 
passengers are not familiar with their use Secondly, a lack of attention during passenger preflight 
briefings leads to passengers who simply reach for the closest and most readily accessible equipment 
during an emergency Seat cushions are used first, primarily for this reason 

c. SlideIRafts: The overall performance of the slidelrafts during the evacuation 
procedures was acceptable. As shown in table 6, there were 16 exits equipped with slidelrafts available 
to the survivors. Exits which were completely destroyed or separated from the cabin by filselage 
breaks were excluded from consideration. Of the 16 slidelrafts installed, 15 were armed and 1 1 were 
immediately deployed and successf?dly da ted .  One slide briefly hung up, but was later kicked by a 
flight attendant and used in evacuation. One slide was partially disabled by engine exhaust. Both of the 
two remaining slidelrafts were deployed immediately, but were completely disabled and not used 
during evacuation. One slidelraft inflated successfdly, but was disabled by engine exhaust. The only 
true malfi~nction of a slidelraft occurred in case 3 (LaGuardia accident). It could not be inflated due to 
two punctures and a large tear. 

TABL,E 6 SLTDEIRAFT PERFORMANCE SUMMARY 1980- 199 1 

-- 

Performance Comments 

6 DeployediTnflated 
1 Completely disabled by engine exhaust 
1 Partially disabled by engine exhaust 

4 DeployedIInflated effectively 
1 Hung up briefly; later deployed 
1 Deployed but punctured, not inflated 
2 Used as rafts without converting from 
slide to raft - 

1 DeployedIInflated effectively 
1 Disarmed by flight attendant 

1 Excludes exits whch were completely destroyed or separated from the cabin 

Available Exits 
with Slides 

8 

6 

2 

I l l  

Total Exits 
with Slides 

8 

8 

4 

Case 

1 

.- 

2 

3 

Total 
Exits 

8 

8 

8 



d. Ditching Lines Ditching h e s  were used in one of the three cases. They were 
necessary to secure the survivors while they awaited rescue because the airplane was not equipped with 
passenger lifevests. Had the ditching lines not been available, additional passengers would have been 
forced to use the flotation seat cushions, which are not conside~ed by the NTSB to be an effective 
means of personal flotation In addition, the ditching lines aided the rescue efforts as they were able to 
keep the survivors in close proximity to the aircraft. Without ditching lines, the 1-knot water current 
would have caused additional survivors to drift f?om the wreckage. It should be noted that one 
ditching line was not secured because some survivors were unaware of the need to tie the line down 
Although this did not result in difficulties, a s d a r  incident in deeper waters and stronger currents 
could lead to fatalities. 

Most passengers are unaware that many airplanes are equipped with ditching lines. There is very little 
acknowledgement, if any, in preflight safety briefings of ditching line locations and of their- proper 
function. Ditching lines can be used as an irnpo~tant supplement to individual flotation devices and 
lifevests. These lines cannot only be used for evacuation purposes, but also as a gathe~ing point for the 
passengers. 

4.4.4.3 Crew Response. 

During some of the accidents, particularly those with fuselage separation, comrriunication between the 
flight crew and the cabin crew was difficult. In some cases, the airplane's intercabin communication 
system was damaged by the impact forces and impeded the ordering of an evacuation In a fuselage 
separation, the lead flight attendant or the closest flight attendant to the fuselage separation was 
responsible for o~dering the evacuation process to begin. 

Once evacuation was deemed necessary, the crews responded immediately The fight attendants made 
rapid decisions by directing the passengers to the safest exit routes and preventing water from entering 
the cabin. Once in the water, the crew assisted the survivors in donning their lifevests and for those 
who did not know how to swim, helped them stay afloat while awaiting rescue. 

The crews overcame many difficulties (table 7), most of which were environmental and uncontrollable. 
Some problems, such as engine noise and crew megaphones, were equipment mabctions and can be 
dealt with The crew's attempt to shut down the centerline engine was unsuccesshl due to the fuel 
cutoff mechanism having malfunctioned. In case 4, the lead flight attendant attempted to use the 
batte~y powered cabin megaphone to direct the evacuation, but it had an unorthodox volume 
adjustment knob with which the attendant was not familiar. Later, the megaphone malfunctioned 
completely upon getting wet. These problems could be avoided. 



TAR1 ,E 7. CREW DIFFICULTIES DURING EVACUATION 1980-1 99 1 

CASE NUMBER 
I - 

CONDITTON 1 2 3 

Darkness 
-- 

YES 
-- NO YES 

Rain YES NO YES 

Snow -- 

Fog YES YES YES 

Freezing Water 

Noise NO 

Megaphone NO NO YES 
Malhnction 

4.4.5 Airport Proximitv. 

All three cases involved runways which were bordered by sigdicant bodies of water Two of the three 
overnrns resulted fkom long lmhgs .  The t h d  overrun resulted from an aborted takeoff Although 
only one of the overruns involved " extended overwater operations," all three flights required crossing 
over a significant body of water during either final approach or takeoff. According to Boeing's 
worldwide operations summary, 69.1 percent of all accidents occur during the flight phases within 
close proximity to the airport, specifically take06 initial climb, final approach, and landing. It is 
important to note that these phases make up only 6 percent of the total flight time Based on these 
statistics, flights having their takeoff, initial climb, and approach phases occurring over significant 
bodies of water should be adequately equipped to deal with water impact accidents. In addition, 
airport and community rescue facilities should be adequately equipped to handle any water related 
emergencies. 

4.4.6 . NTSB Findimas. 
"- 

The majority of the recommendations made by the NTSB for these three cases pertained to accident 
prevention and flight operations. The NTSB also pointed out several deficiencies in postaccident 
emergency procedures. The NTSB recommendations are divided into four groups. (1) Emergency 
Equipment Improvements, (2) Airport Rescue Operations Improvements, (3) Atrport Improvements, 
and (4) Proposed Regulations 



a. Emergency Equipment Irnprovements: 

1. Recommendation A79-36. Following a B-727 accident near Pensacola, Florida 
(NTSB-AAR-78-13), a recommendation was made to the FAA that all passenger carrying aircraft be 
equipped with approved flotation type seat cushions. The FAA responded by stating that it was 
assessing the feasibility of imposing this requirement. Such a requirement would have aided in the 
evacuation procedures of the Boston-Logan accident, as the passengers assumed that the seat cushions 
were of the flotation type 

2 Recommendation A79-39 As a result of difliculties in opening the plastic 
packaging enclosing the lifevests in tlie Pensacola accident, a recornmendation was made to the FAA 
that addressed standards for packaging. The NTSB requested that this change be made in a revision of 
TSO-C 13 d The FAA produced a draft TSO revision on life preservers in 198 1, but it did not address 
the packaging issue Passengers and flight attendants experienced similar d&culties in the LaGuardia 
and Boston-Logan accidents 

3 Recomrriendation A90- 104 Following the malfbnction of the cabin megaphone 
during the evacuation process in the LaGuardia accident, a recommendation was made to the FAA that 
they develop standards for the design, construction, operation, and performance of megaphones. 

4. Recomrnendation A85-3 5 through 37: As part of the NTSB7s Special Study 
entitled " Air Carrier Overwater Emergency Equipment and Procedures" (NTSB-SS-85-02), the 
NTSB made a recommendation to the FAA to require all passenger carrying air carrier- aircraft to be 
equipped with approved life preservers and reiterated the need to require flotation type seat cushions 
on all passenger carrying aircraft. On June 27, 1988, the FAA issued NPRM No. 88-11, which 
requires the use of passenger lifevests and flotation type seat cushions on all aircraft operating under 
Parts 121 and 135 The regulation changes did not apply to aircraR operating under FAR P a ~ t  125, 
however, which applies to large civil aircraft. The NTSB strongly recommended the extension of the 
regulations to aircraft operating under this Part. 

b. Airport Rescue Operations: 

Recommendation A82-88 This tasked the FAA to evaluate tlie adequacy of water 
rescue plans, facilities, and equipment at certified airports having approach and departure flightpaths 
over water. 'This resulted from Boston's Logan airport accident where it was determined by the NTSB 
that the airport disaster planning did not place importance on the transportation and comfort of the 
survivors Also, they stated that if the accident had occurred in deeper water, with the same frigid 
temperatures, the lack of a detailed wate~ rescue plan would have negatively affected the survivability 
of the occupants In May 1991, the FAA published Advisory Circular 150/52lO-l3 entitled " Water 
Rescue Plans, Facilities, and Equipment." The FAA's Advisory Circular suggested that airport 
emergency plans, facilities, and equipment include water rescue capability for all conditions which 
might be encountered An example of an airport which could have benefited from this advisory 
circular is Washington National in 1982, following the Boeing 737 crash into the ice covered Potomac 
River In this case, the rescue personnel were not prepared for these conditions as the equipment 
which was used during the rescue operations was never tested for performance on ice 



c Airport Improvements. 

1. Recommendation A72-3. In 1972, and again in 1982, the NTSB recommended 
the installation of distance markers along the outer edge of the nmway The use of markers would aid 
the pilots in landing as it would identifjr the touchdown point relative to the remaining length of 
runway. The markers could also be used to collect data on stopping on contaminated runways. This 
data can then be compared to published performance data for dry runways and used as a basis for 
estimating braking performances on contaminated runways 

2. Recommendation A77-16. As a result of the increased frequency of aborted 
takeoffs leading to runway overruns, the NTSB recommended to the FAA that they amend FAR Part 
139.45. This requires all certified airports to provide an extended nmway overrun area of 
approximately 1,000 feet The F M  realized that this would be physically impossible for some airports 
and place an economic burden on others, and the revised regulations called for the above safety area 
dimensions only if " the construction, reconstnxtion, or significant expansion of runwaysltaxiways 
began on or after January 1, 1988 ." 

The use of plastic foam as an aircraft arresting material to prevent runway overruns was first 
proposed by the Royal Aircraft Establishment in 1974 (reference 14). In 1986, the FAA initiated 
research on a phenolic foam Soft Ground Arrestor System (SGAS) as a means to safely stop aircrafl 
which overrun the nrnway during takeoff abort or landing (references 15, 16, and 17). The target users 
of this system are those airports with geographical restrictions on the length of a nrnway as well as 
those airports with obstructions or steep drop-offs at the end of the runway. In general, the runway 
safety areas at these airports are less than the required 1,000 feet The SGAS occupies a length of only 
600 feet beyond the end of the runway and therefore provides an alternate means of compliance with 
the 1,000 R. safety area requirement. On June 22, 1993, the FAA successfillly concluded a series of 
field tests using its instrumented B-727 aircraft at its Technical Center at Atlantic City International 
Airport in New Jersey (reference 18). The final test consisted of taxiing the B-727 into a fi~ll-scale 
phenolic foam SGAS at approximately 60 knots. 

3. Recommendation A87-107: The NTSB recommended that the FAA require 
airport managers to repair and/or remove obstacles that are adjacent to airport operating areas. In the 
LaGuardia accident, the airplane struck a wooden pier which was supported by concrete pylons 
Although the wooden pier alone would not have caused excessive damage to the interior cabin, the 
presence of the concrete pylons led to the localized destruction of the occupiable aircraft space and 
subsequent fatalities The FAA, in an amendment to FAR Part 139, expressed its willingness to 
instruct its Auport Certification Inspectors to encourage airport operators to comply with the above 
mentioned recommendation to remove the obstructions. 

4. Recommendation A87-112. The NTSB recommended to the American 
Association of Airport Executives and the Airport Operators Council International, Inc. that its 
members should repair and/or remove obstacles that are adjacent to airport operating areas. 



d. Proposed Regulations 

1 Recommendation A90- 105 : This recommendation would require airlines to 
provide airport rescue personnel accurate and timely numbers of all persons aboard an 
accidentJincident aircraft, and to provide assistance in determining the disposition of persons who have 
been recovered fiom the scene of an accident. Boston's Logan airport accident involved two 
passengers who were never recovered fiom the accident scene and are presumed dead. The search and 
Iescue operations were terminated within hours of the accident because the rescue personnel were led 
to believe all occupants had been accounted for, but the occupant count given to the rescue personnel 
was sho~t by one passenger. Several days passed before it was determined that two occupants were 
unaccounted for 

2 Recommendation A90- 106: Would require air- carriers to adopt procedures 
that would result in the completion of a modified or 1 1 1  acceptance checklist whenever the flightcrew 
has vacated the cockpit. 

3 Recommendation A82-88 Would survey all certified airports whose approach 
and departure night paths are over water and evaluate the adequacy of their water rescue plans, 
facilities, and equipment, and make recommendations for improvement as necessary to appropriate 
airport authorities 

4. Recommendation A82-89: Amend FAR Part 139 55 to require adequate 
water rescue capabilities at airports having approach arid departure flightpaths over water which are 
compatible with the range of weather conditions which can be expected. 

5. Recommendation A85-49: Would require cockpit and cabin crewmembers on 
aircraft being operated over water to be given periodic training, including hands-on "wet" drills, to 
increase the chances of postcrash survival. 

4.4.7 NTSB Safety Studies. -- 

a. NTSB-SS-84-02 (reference 19): This safety study, "Auport Certification and 
Operations," evaluated the nature and scope of regulations governing airports, the FAA's method of 
assuring compliance with the regulations, and the FAA's airport inspections procedures. It also 
analyzed air carrier accidents which occurred in the United States from 1964 to 1981 in which 
airplanes had traversed areas adjacent to runways. 

The study reiterated the need for runway distance markers, stating that they " would provide to 
flight crews a way of quickly ascertaining the amount of remaining runway. " The use of distance 
markers was subsequently re-evaluated by the FAA, and their use is now permitted on any runway 

The study also addressed the issue of runways and their immediate surroundings Of most 
concern was the issue of runway safety areas. By regulation, runway safety areas, where possible, 
should be at least 500 feet wide and should extend 1,000 feet beyond the end of each runway At some 
ai~po~ts, this is not physically possible because of geographical barriers, conflicting interests, and/or 



improper land use. Of particular concern are those runways surrounded by geographic barriers such as 
sigruficant bodies of water Some airports, such as LaGuardia Airport, have runways with an 
immediate drop-off into the water Figure 5 shows the drop-off at the end of runway 3 1 at LaGuardia 
Airport, and the extensive damage suffered by the filselage of the USAir Roeing 737 when it aborted a 
takeoff and overran the runway. A possible alternative to a runway safety area was investigated by 
Boston's Logan airport engineers. This unique plan consisted of constructing an inclined safety area 
(1SA) which gradually slopes downward at the ends of runways bordered by water This concept 
provides a transitional surface, covered with loose gravel or crushed stone, from the runway to the 
water which would significantly improve the stopping capability of the aircrafi without having to 
increase the runway length. Figure 2 shows a runway located at JFK International Airport, the minimal 
damage sustained by the filselage of the Scandinavian Airline's DC-10 when it overran the runway, and 
is a practical example of a runway which employs the ISA technique. 

The Safety Board also found that many airports had various types of mounted equipment 
located within the boundaries of the runway safety areas. This consisted mainly of approach lighting 
aids. Many of these were found to be constructed on nonfrangible stanchions, thus becoming a hazard 
to aircraft in the event of an overrun. Tn some cases, such as runways bordered by water, fi-angible 
structures, although desirable, are not used because of the complexity of the structure and the lack of 
design criteria set by the FAA or ICAO for structures of this type 

The safety study concluded that since the inception of the FAA Airport Certification Program 
there has been a measurable improvement in airport safety. The study acknowledged that many 
airports cannot comply with the extended safety area regulations because they are limited by either 
economic or geographical barriers. For runways bordering water, the soft-ground arresting concept, 
i.e., ISA, may be both economically and physically feasible (A-84-37) Research should also continue 
in the area of developing frangible, low-impact resistance designs for submerged structures located 
w i t h  runway extended safety areas (A-84-36) 

b. NTSB-SS-85-02 (reference 13) This safety study " Air Carrier Overwater Emergency 
Equipment and Procedures" discussed various improvements in FAA emergency equipment and 
procedural regulations regarding ovenvater operations. The study states that the fimdamental problem 
with " . current water survival-related regulations is that they focus primarily on ditchings occurring at 
sea on extended ovenvater flights." But in their accident analysis, the NTSB found that virtually all 
sunivable water accidents are inadvertent, and furthermore, most "have occurred near an airport, 
during approach or departure." An F M  staff study, referenced by the NTSB, " found that at least 179 
fully certified airports in the IJ. S are located within 5 miles of a body of water of at least one-quarter 
square mile surface area." 

Because of the number of airports near significant bodies of water, the NTSB suggested that all 
air carrier aircrafi should carry certain basic flotation equipment such as approved flotation seat 
cushions and life preservers for each occupant. Flotation seat cushions are recommended for one 
important reason. In an inadvertent impact with hselage separation, the seat cushions would most 
likely float to the surface and thereby aid the survivors. Life preservers are also recommended in 
addition to individual flotation devices (ED'S) for two basic reasons. First, and perhaps most 



FIGURE 5 LAGUARDIA AIRPORT RUNWAY DROP-OFF TO WATER 



important, they have greater buoyancy than IFn7s. Also, they are regulated by being subjected to a 
series of donning tests as required by TSO-C 13 

Several problems were found by the NTSB in its examination of current life preserver designs 
Most notably, these problems existed " ..in the areas of stowage, packaging, sizing, donning, ability to 
maintain user's upright position, and tendency to channel water into the user's face." Although life 
preservers must be easily accessible and its compartment must be conspicuously marked and protected, 
results of accident analysis have shown that, even when sufficient preparation time exists, occupants 
still have difficulties in unstowing them. The plastic packaging hampers the effectiveness of the life 
preserver because of the extraordinary amount of force required to open them. In several accident 
cases, the occupants had to use their teeth or some sort of sharp object to rip the packaging open 
Once the package is opened, the occupant faces another challenge in properly donning it. In many of 
the previous cases studied by the NTSB, problems in donning life preservers ranged from t a h g  the 
seat belt off to put on the vest to actually getting tangled in the vest's adjustable straps. The NTSB felt 
that the regulations regarding the certification of the life preservers for use on transport airplanes were 
too vague and that manufacturers used this to their advantage 

Another problem uncovered by the NTSR involved the sizing of life preservers The existing 
designs with adjustable straps were too complex for occupants to use properly The safety of infant- 
sized life preservers were of particuIar concern because of the greater risk of hypothermia to infants 
The objective of life preservers made specifically for mfants and children is to not only provide a means 
of buoyancy, but also to provide some form of protection against hypothermia The study also stated 
that automatically activated survivor locator lights should be installed of all life preservers Although 
the Safety Board has continued to investigate various concepts of child- and infant-sized life preservers, 
it believes that further research is necessary 

Extended overwater flights are required not only to carry individual flotation devices but also 
to carry life raRs. Most wide-body aircraft meet this requirement with slidelraft combinations. 
Narrow-body aircraft, however, are not equipped with slidelraft combinations therefore, they are 
required to carry liferafts. Since most accidents occur during the landing and takeoff phases, it is 
important that the slides on the narrow-body aircrafl be modified to provide a means to avoid 
immersion into water At a minimum, the slides on the narrow-body aircraft should include handholds 
and quick release attachments while research continues in developing slides that meet flotation 
performance requirements. 

The NTSB Safety Study concluded that, although most current regulations and equipment are 
based on planned water impacts (ditchings) of transport aircraft, these incidents are extremely rare 
Although inadvertent water impacts occur more ofien than planned ones, they are also very rare The 
potential of an inadvertent water impact for extended overwater operations is almost the same for any 
ovenvater operation because there are at least 179 hlly certified airports in the U.S. with significant 
bodies of water within 5 miles These airports are not required to develop plans for handling water 
impacts. 



5. - AIRPORTS SURVEY. 

A survey of worldwide airports was conducted to determine the number of airports surrounded by 
sipficant bodies of water, as well as to estimate of the number of operations occurring over water. 
This database was generated as a result of the signdicant proportion of worldwide accidents occurring 
on or nea1 the airport. According to Boeing7s worldwide operations summary (reference 7), which 
covered the years 1959 to 1992, 69 1 percent of all accidents occur during the flight phases within 
close proximity to the airport, specifically takeoff, initial climb, final approach, and landing. For those 
airports located adjacent to significant bodies of water as LaGuardia Airport is, an additional risk is 
posed to the occupants of the airplane, and proper survival equipment should be provided. The 
worldwide airport database used in this survey contained 156 U.S. airports serving as large, medium, 
or small transport service hubs, as well as 100 foreign airports which provide international service The 
foreign airports represented the following regions 

a. Canada and North Atlantic, 
b. Caribbean and South America, 
c. Europe, North f i c a ,  and Middle East, 
d. Africa, 
e Eastern Europe and Asia, and 
f - Pacific, Australia, and Antarctica. 

The airpo~t database (appendix D) was generated in two steps. First, the airport listings and 
co~responding operational statistics were obtained. The U S. data were obtained from the FAA's 
annual Auyort Activity Statistics of Certified Route Air Carriers publication (reference 8), and 
worldwide data were obtained from ICAO's Digest of Au-port Traffic Statistics publication (reference 
20). The ICAO data included only those airports whose operations included international service. 
Next, the airpo~ts' surrounding environment was analyzed using the National Oceanic and 
Atmospheric Administrations' monthly U.S and worldwide Terminal Procedures publication 
(references 9 and 10) These procedures detad both runway and approach configurations for major 
airports, as well as depicting the presence of signdicant surrounding bodies of water. A " significant 
body of water" is defined as any body of water encompassing an area of one-quarter square mile or 
greater. Because of the large scale used in creating the approach plates, it was assumed that any body 
of water depicted on the appIoach plate is greater than one-quarter square mile in area. The number of 
approaches passing over these bodies of water were recorded in the database for each airport and were 
used in the generation of the overwater operations statistics. 

Of the 256 airports in the database, 194 (75.8%) were found to have at least one overwater approach 
This percentage was found to be slightly higher for the U.S. airports (120 of 156 = 76.9%) and slightly 
lower for. the foreign a i~po~ts  (74 of 1 00 = 74.0%). 

In calculatirig the airport operations and passenger statistics, the U.S. and foreign airports were treated 
separately. The FAA's annual Airport Activity Statistics publication tabulates " Airpo~t Operations" 
(defined as either one takeoff or one landing), whereas ICA07s Digest of Au-port Traffic Statistics 
tabulates "Aircraft Movements." These two data types and the passenger data were cross checked at 



identical airports, and they were not found to be equivalent ICAO's Digest does not define Aircraft 
Movements 

The total number of U.S airport operations was found to be 6 42 million, 81.7% (5.24 million) of 
which occurred at airports having at least one overwater approach Note that this does not imply that 
81.7% of the operations occur over water, as it is extremely difficult to determine the percentage of 
operations for each individual runway. A total of 439 million passengers were enplaned at U.S. 
airports, 363 million (82 7%) of whom were enplaned at airports having one or more ovenvater 
approaches. 

Foreign airports had a total of 5 92 million operations and 480 million enplaned passengers. w o r t s  
having one or more overwater approaches had 3 98 million (67 2%) operations and 33 1 million 
(69.0%) enplaned passengers 

A summary of the results of the airport survey is shown in table 8. The results indicate that 
approximately 314 of all airports providing international service are near a significant body of water 
and involve at least one ovenvater approach. 

TABLE 8. WORLDWIDE AIFWORT OPERATIONS STATISTICS SUMMARY 

Total 

Total Operations at I Total I Airports with I Total 1 
Airports Overwater Operations Airports with Over- Passengers 

Approaches (millions) water Approaches (millions) 
(millions) 

-- - 

Passengers at 
Airports with Over- 
water Approaches 
(millions) -- 
363 (82 7%) 



6. -- CONCLUDING REMARKS. 

1 By reviewing transpo~t airplane ditching and unplanned water impact occu~rences 
encompassing the years 1959 to 199 1 the following statements can be made 

a. Approximately two-thirds of all worldwide accidents occur during those flight phases 
within close proximity of the airport. The majority of water related mishaps occur within close 
proximity of the airport during these flight phases. 

b. At airports with obstacles or steep drop-offs at the end of the runway, Iunway overruns 
pose a significant threat to occupant survival. 

c. Most water impact accidents involve some degree of hselage separation andor 
hselage crush The greatest hazard is the rate that water enters the aircraft after structural integrity is 
lost, which affects the passengers' ability to evacuate and make effective use of flotation devices. 

d. Current emergency procedures and equipment designs are based on the assumption 
that transport aircraft water impacts are primarily ditchings. Only one ditching occurred from 1959 to 
1991 

e. Because of the infrequency of deep water ditchings, there is limited data regarding the 
effectiveness of emergency evacuation procedures, equipment, and facilities in these situations. 

f Slidelraft combinations have been successfidly deployed and used in the evacuation of 
occupants du~ing emergency procedures. Not all slidelrafts may be available during evacuation. 

g. For airports with Iuriways bordered by bodies of water, safety areas to stop aircraft 
may be geographically unfeasible. For these runways, an inclined surface area (ISA) or arresting 
material may be a viable solution. 

2 Recommendations made by the National Transportation Safety Board regarding emergency 
equipment design and procedures are as follows: 

a. All seat cushions should be of the flotation type. 

b. Because of the high percentage of water mishaps which occur in close proximity to the 
airport, life preservers should be made available to all passengers on all fights, regardless of extent of 
ove~water operations. 

c. The use of water activated batteries in life presewer mounted survivor locator lights 
could be supplemented by dry cells which would allow the wearer to manually activate the lights 
should water contact not be made 



d. The lifevest should be easily removed from its package in one simple procedure 
Testing of the removal and donning of the lifevests should be performed under a variety of conditions, 
including environmental extremes. 

e. The effectiveness of megaphones should be evaluated under a variety of conditions, 
including possible submergence in water. 

f Adequate water rescue facilities, equipment, and training should exist at airports 
located near significant bodies of water. Rescue operations should be tested and proven effective for 
the weather conditions expected, including extremes such as ice covered bodies of water. 

g. The design of infant lifevests should be such that it provides buoyancy as well as 
protection against the effects of hypothermia. 

h Nonfrangible obstacles located within the runway extended safety area introduce a 
hazard to passenger survivability in the event of runway overruns. These obstacles should be 
redesigned 

3. Based on the worldwide airport survey the following statement can be made. approximately 
314 of all worldwide transport airports which have international flights involve approaches which occur 
over significant bodies of water. 
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APPENDIX A - FAR 1,25, 12 1, AND 125 DEFTNITIONS 

DEFINITIONS (1 .1) 

" Extended overwater operation" means -- 

a. with respect to aircraR other than helicopters, an operation over water at a horizontal 
distance of more than 50 nautical miles fiom the nearest shoreline; and 

b with respect to helicopters, an operation over water at a horizontal distance of more 
than 50 nautical miles from the nearest shoreline and more than 50 nautical miles fiom an off-shore 
heliport structure. 

DITCHING (25.80 1 ') 

a. The probability of immediate injury to occupants must be minimized The chances for 
occupant egress must be maximized. 

b. The probable behavior of aircraR in a ditching situation must be shown by one of the 
following methods: 

1. Model testing 
2. Comparison of airplanes with similar configurations 

c. The flotation time and trim of the aircraR must allow occupants to leave the aircraft 
and enter liferafts. 

d. The external doors and windows must be able to withstand the probable maximum 
local pressures. 

EMERGENCY EVACUATION (25.803) 

a. Each crew and passenger area must have emergency means to allow rapid evacuation 
in crash landings with the landing gear extended as well as with the landing gear retracted and 
considering the possibility of the airplane being on fire. 

b. (Reserved) 

c. For airplanes having a seating capacity of more than 44 passengers, it must be shown 
that the maximum seating capacity, including the number of crewmembers required by the operating 
rules for which certification is requested, can be evacuated fiom the airplane to the ground under 
simulated emergency conditions within 90 seconds. Compliance with this requirement must be shown 
by actual demonstration using the test criteria outlined in appendix J of this part unless the 
Administrator finds that a combination of analysis and testing will provide data equivalent to that which 
would be obtained by actual demonstration. 



EMERGENCY EXITS (25.807) 

a. If the aircraft has less than nine seats, one exit above the waterline must be provided on 
each side of the aircraft. 

b If the aircraft has 10 seats or more, one Type III exit must be provided for every unit of 
35 seats with a minimum of two exits with one on each side of the aircraft. 

c. If it is impractical to locate the exits above the waterline on the side of the aircraft, an 
equal number of overhead hatches of dimensions not less then Type III exits must be provided. 

(Type I11 exits are defined as rectangular openings with minimum width of 20 inches and minimum 
height of 3 6 inches ) 

SAFETY EQUlYMENT (25.14 1 1) 

1. Must have enough liferafts to accommodate the maximum number of 
occupants that the aircraft is designed to cany. 

2. Must be stowed near- exits such that they can be launched during ditching. 

3.  Liferafts which are released manually or automatically must have a static line 
attached to it. 

4. Stowage must allow rapid detachment and removal of raft for use at other than 
intended exits. 

b. Life Preserver 

1. There must be at least one life preserver for each occupant. 

2. The life preserver must be within easy reach of each seated passenger 

c. Life Line 

1. Must be provisions to store the life line 

2. At least one life line must be attached to each side of the fuselage. 

3. The life lines must be arranged in such a way that occupants are able to remain 
on the wing after ditching. 



DITCHING EQUIPMENT (25 .14a  

a. Each liferaft and life preserver must be certified. 

b. The buoyancy and seating capacity of the rafts must accommodate alI occupants in the 
event of the loss of the largest raft available. 

c. Each rafl must have a trading line and static line to hold the raft near the aircraft. But if 
the aircraft becomes totally submerged, the lines must release. 

d. Approved survival equipment must be included in each life raft. 

e. There must be at least one emergency locator transmitter in one liferaft. 

f Tf airplane is not certified for ditching, an approved flotation device must be provided 
for each occupant. 

DEMONSTRATION OF EMERGENCY EVACUATION PROCEDURES (12 1.29 1) 

a. Each ditching certified operator must demonstrate a simulated ditching. 

b. During the simulation, each life raft must be removed from stowage, at least one liferaft 
launched and inflated, and the crewmembers assigned to the inflated life raft must display and describe 
the use of the required emergency equipment. 

EMERGENCY EQUIPMENT FOR EXTENDED OVER-WATER OPERATIONS (1 2 1.3 3 9') 

a. A life preserver with sunivor locator light for each occupant. 

b Enough liferafts of a rated capacity and buoyancy to accommodate each occupant. All 
occupants must be accommodated for in the event of a loss of the largest rated Meraft. 

c. One pyrotechnic signaling device for each liferaft. 

d. Survival type emergency locator transmitter. 

e. The above mentioned equipment must be easily accessible in the event of a ditching. 

f A s u ~ v a l  kit must be present in each liferaft. 

EMERGENCY FLOTATION MEANS (12 1.340) 

a. Every large airplane must have life preservers or another approved type of flotation 
device for each occupant. 



b. Flotation devices are not required if the operator can prove that the water over which it 
will fly is of such size and depth that flotation means would not be required for each occupant. 

CREWMEMBER EMERGENCY TRAINING ( 12 1.4 1 7 )  

a. Training must be provided on equipment used in ditching and evacuation. 

b Training must be provided in using the emergency exits with the evacuation slidelraft 
pack attached. 

c. Instructions in handing ditching arid other emergency situations must be given. 

d. An emergency ditching simulation drill must be run with occupants evacuation through 
an installed evacuation slide. 

e. Once each 24 months, the crew must demonstrate their proficiency in the above 
mentioned training and other procedures related to ditching. 

CRITERIA FOR DEMONSTRATION OF EMERGENCY EVACUATION PROCEDURES 
(APPENDIX D TO PART 12 1) 

a. The ditching demonstration must assume that daylight hours exist outside the airplane. 

b. If passengers are required to assist in launching liferafts, they must be present. 

c. A stand at each emergency exit must be placed as to simulate the water level of the 
airplane following a ditching 

d. Each evacuee must don a lifevest 

e. Each liferafi must be launched and inflated. 

f Each evacuee must enter a liferafi and crewrnernbess must display and desc~ibe the 
emergency equipment aboard the liferaft. 

g A mockup or floating device must simulate the passenger compartment 

h. Mockup - A life-size mockup of the interior representing the current airplane. 
Operation of the emergency exits must closely simulate those of the real airplane. 

I Floating Device - The device must simulate the passenger compartment of the airplane. 
It must be equipped with the same survival equipment as the plane. 



EMERGENCY EQUIPMENT: EXTENDED OVERWATER OPERATIONS (125.209') 

a. The following equipment is required and must be installed in conspicuously marked and 
easily accessible locations for extended overwater operations: 

1. An approved life preserver equipped with an approved survivor locator light, 
or an approved flotation means, for each occupant of the aircraft. The life preserver or other flotation 
means must be easily accessible to each seated occupant 

2. If a flotation means other than a life preserver is used, it must be readily 
removable from the airplane. 

3. Enough approved life rafts (with proper buoyancy) to carry all occupants of the 
airplane, and at least the following equipment for each raft clearly marked for easy identification: 

One canopy (for sail, sunshade, or rain catcher) 
One radar reflector (or similar device) 
One life raft repair kit 
One bailing bucket 
One signahg mirror 
One police whistle 
One raft knife 
One C02 bottle for emergency ldation 
One inflation pump 
Two oars 
One 75-foot retaining line 
One magnetic compass 
One dye marker 
One flashlight having at least two size " D cells or equivalent 
At least one approved pyrotechnic signaling device 
A 2-day supply of emergency food rations supplying at least 1,000 calories a 
day for each person 
One sea water desalting kit for each two persons that raft is rated to cany, or 
two pints of water for each person the raft is rated to carry 
One fishing kit 
One book on survival appropriate for the area in which the airplane is operated 

b At least one of the life raRs must be equipped with a survival type emergency locator 
transmitter that meets TSO C9 1. Batteries used in this transmitter must be replaced (or recharged, if 
the batteries are rechargeable) when the transmitter has been in use for more than 1 cumulative hour, 
and also when 50 percent of their usefill life (or for rechargeable batteries, 50 percent of their usefid life 
of charge), as established by the transmitter manufacturer under TSO C91 has expired. The new 
expiration date for the replacement or recharged batteries must be legibly marked on the outside of the 
transmitter. The battery usehl life or useM life of charge requirements of this paragraph do not apply 
to batteries (such as water-activated batteries) that are essentially unaffected during storage intervals. 



CRITERIA FOR DEMONSTRATION OF EMERGENCY EVACUATION PROCEDURE 
(APPENDIX B TO PART 125) 

a. The ditching demonstration must assume that daylight hours exist outside the airplane 
and that all required crewrnembers are available for the demonstration. 

b If the certificate holder's manual requires the use of passengers to assist in the 
launching of liferafts, the needed passengers must be aboard the airplane and participate in the 
demonst~ation according to the manual. 

c A stand must be placed at each emergency exit and wing with the top of the platform at 
a height simulating the water level of the airplane following a ditching. 

d ARes the ditching signal has been received, each evacuee must don a lifevest according 
to the certificate holder's manual. 

e. Each lifer& must be launched and inflated according to the certificate holder's manual 
and all other required emergency equipment must be placed in rafts. 

f Each evacuee must enter a liferaft and the crewmembers assigned to each liferafi must 
indicate the location of emergency equipment aboard the raft and describe its use. 

g Either the airplane, a mockup of the airplane, or a floating device sirriulating a 
passenger compartment must be used 

1 I fa  mockup of the airplane is used, it must be a life-size mockup of the interior 
and representative of the airplane currently used by or proposed to be used by the certdicate holder and 
must contain adequate seats for use of the evacuees. Operation of the emergency exits and the doors 
must closely simulate that on the airplane. Sufficient wing area must be installed outside the 
over-the-wing exits to demonstrate the evacuation. 

2. If a floating device simulating a passenger compartment is used, it must be 
representative, to the extent possible, of the passenger compartment of the airplane used in operations 
Operation of the emergency exits and the doors must closely simulate operation on that airplane 
Sufficient wing area rnust be installed outside the over-the-wing exits to demonstrate the evacuation 
The device must be equipped with the same survival equipment as is installed on the airplane, to 
accommodate all persons pa~ticipating in the demonstration. 
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APPENDIX C - TRANSPORT AIRPLANE DIAGRAMS 

FIGURE C- 1. BOEING 737-200 CUTAWAY/THFEE-VIEW DRAWING 
(reference 2 1) 

C-  1 



FIGURE C-2. DC-10 CUTAWAYRHREE-VIEW DRAWING 

(reference 2 1) 
















