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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTION, D. C. 20594

SPECIAL STUDY

Adopted: March 3, 1976

CHEMICALLY GENERATED SUPPLEMENTAIL. OXYGEN
SYSTEMS IN DC-10 AND L-1011 AIRCRAFT

INTRODUCTION

The Douglas DC-10 and the Lockheed 1011 aircraft have similar
components in théir chemically generated, supplemental oxygen systems.
Both aircraft are equipped with the same oxygen mask assemblies and the
same solid-state chemical generator. However, the installation, packing,
and actuation of the systems differ between the aircraft.

In the DC-10, the mask and generator are packaged in passenger
seatbacks and in lavatory and lower galley ceiling compartments. When
cabin altitude reaches about 14,000 feet, doors open automatically and
the oxygen masks are exposed. Passengers must pull the masks toward
them to actuate the oxygen generator.

In the L-1011, masks drop from ceiling compartments and oxygen flow
is initiated by electrical signal without passenger action. In both

aircraft, the passenger must adjust the oxygen mask to fit over his nose
and mouth tightly.

The National Transportation Safety Board's recent investigative
experience has disclosed problems in the presentation, use, and under-
standing of these chemically generated, supplemental oxygen systems,

As a result of these problems, the Board studied selected incidents
and accidents to determine what effect these problems have on air safety.
From the available data, case histories were chosen which clearly demon-
strate recurring problems both from the user's standpoint and from a
design standpoint. -

Although no serious injuries have resulted from the misuse or
nonuse of supplemental oxygen, the potential for serious injuries and
fatalitries is great, and the Safety Board believes that adequate preven-
tive measures must be taken to minimize these hazards.

As a result of this study, the Safety Board has made nine recommen-
dations to the Federal Aviation Administration (FAA),



PROBLEMS OF DECOMPRESSIONS AND CHEMICAL OXYGEN SYSTEMS

In order to obtain an estimate of the number of decompressions
which occur annually, the Safety Board reviewed the decompression
statistics for the total U. S. turbojet fleet. WNext, data were examined
which related specifically to the DC-10 and L-101]1 which use chemically
generated, supplemental oxygen systems,

The Safety Board found that data on decompression incidents in
U. 8. air carrier operations are incomplete. McFarland (1) suggests
that 40 to 50 incidents occur each year and that 20 percent of these
involve emergency descents and deployments of oxygen masks. Incident
data collected by FAA's Flight Standards Service, however, suggest a
much higher incidence of decompressions. Over a 26-month period from
May 1968 through June 1970, 253 incidents from all causes were reported
to the FAA; oxygen masks were deployed 22 times.

The Safety Board reviewed its accident and incident files as well
as the FAA's for 1973 through September 1975. These records were reviewed
for those instances in which air carrier turbojet aircraft had lost
pressurization, both rapidly and explosively, or in which a pressurization
system had failed to maintain cabin pressure. The incidents in which
cabin pressure exceeded 14,000 feet and in which the cxygen masks were
deployed automatically or manually or failed to deploy in either mode of
operation were identified. (See Appendix C.) Based on the foregoing
data, the Safety Board estimates that as many as 10 severe decompressions
occur each year in U. 5. air carrier operations.

To bring the problem of aircraft decompression into perspective, it
must be peointed out that the statistical incidence of decompression is
relatively small. For instance, during 1973, there were over 5 million
departures of certificated rcute air carriers in the U.S.; a total of 27
incidents were reported that year, of which the Safety Board identified
13 as potential or actual rapid or explosive decompressions. During
1974, with 4 and 3/4 million departures, 34 such incidents were reported,
of which the Board identified 14 incidents as potential or actual rapid
or explosive decompressions. (See Appendix C.) Nevertheless, with as
many as 10 possible severe decompressions each year, 1,500 to 2,000
passengers may be exposed to the dangezs of decompression.

With respect to specific problems in the DC-10 and the 1L-1011, a
review of the mechanical reliability reports and the service difficulry
reports for 1973 through September 1975 revealed that during 1974, a
generator on a L-1011 activated and oxygen coppartment doors failed to
open during a grcund check of the system. Also in 1974, there were 11
reports in which oxygen compartment doors failed to open during ground
checks of DC-10 aircraft, During these 11 instances, 183 doors failed
to open and several latches operated intermittently,
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During 1975, 10 oxygen compartment doors failed to open in an L-1011
aircraft during a ground test. Also during 1975, 183 door failures
were reported by two airlines operating BC-10 aircraft, On two reports,
a notation was made that "20 to 30 percent of the doors failed to open
during the test."

In addition, the Safety Board identified nine incidents involving
five DC-10 and four L-101ll aircraft. (See Appendix C.) Based on its
investigative experience, the Safety Board believes that any decompression
is potentially severe. For example, a DC-10, allowing for furnishings
and occupants, has a volume of about 25,500 cubic feet. If an aircraft
is cruising at 39,000 feet and an 288-square-inch opening is created in
the hull, the cabin theoretically will decompress to flight altitude in
about 34 seconds. Other variables which affect the final cabin altitude
and the time required to decompress completely are the ram effect of
boundary layer airflow along the fuselage and the relationship between
fuselage opening size and air inflow from the pressurization system, (2)

In any event, ajircraft occupants have little time available to take
protective measures before the physiological effects of reduced barometric
pressure are felt. (See Appendix A.) Since this study is limited to
the DC-10 and L-1011 aircraft, cases were reviewed to identify instances
in which aircraft occupants experienced difficulties in the use and
operation cof the supplemental oxygen system in those aireraft. To
illustrate these problems, four case histories were chosen which demonstrat-
ed recurring problems, both from a user's standpoint and from a design

standpoint. A total of 562 passengers and 49 crewmembers were involved
in these 4 mishaps.

Case History No. 1

A DC-10 was near Brownsville, Texas, on October 3, 1974, with 53
passengers and a crew of 12 aboard. The aircraft was descending from
35,000 feet to approach Mexico City, when a pressurization malfunction
caused the cabin altitude to ascend to 25,000 feet. Oxygen masks
deployed automatically at 14,000 feet cabin altitude. The senior flight
attendant instructed passengers to don their oxygen masks.

Only 2 of the 53 passengers correctly removed the stowed oxygen
masks to activate the oxygen generators and donned their masks. The
remaining 51 passengers either did not react or merely leaned forward
and attempted to breathe without fully removing the masks from their
stowed positions. Flight attendants circulated among the passengers to
activate oxygen generators and to reinstruct passengers. Passengers and
flight attendants were concerned that oxygen was not being delivered to
masks because the reservoir bags attached to the masks did not inflate.
They interpreted this condition to mean that their units were not providing
an oxygen flow,
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Twe flight attendants, one of whom was not qualified in the DC-10,
were in the lower lobe galley when the cabin decompressed and were not
aware of the mishap initially. Neither visual nor aural warning systems
are located in the galley to warn of a pressure loss. The attendants
could not actuate the ceiling-mounted oxygen generator, and shortly
thereafter one attendant became hypoxic. The attendants went to the
cabin via the personnel 1lift; after returning to the cabin one attendant
convulsed and lost consciousness.

Case History No. 2

A DC-10 departed LaGuardia, New York, on May 1, 1975, with 182
passengers and a crew of 12 aboard. While at 33,000 feet, the crew
noticed that the cabin altitude was 15,000 feet and increasing. Oxygen
masks had deployed, and the cabin altitude reached 18,000 feet. The
lack of pressurization was traced to an avionics compartment access door
which was never fully closed and which prevented the aircraft from
pressurizing after takeoff, The door-warning circuit malfunctioned and
the crew could not detect the door's abnormal position. The altitude
aural and visual warning devices failed to alert the crew at the 10,000~
foot level because a plastic cap had been left on the cabin vent port of
the cabin anerocid switch. The flightcrew remained unaware that the
cabin failed to pressurize and that the passenger oxygen masks had
deployed when cabin altitude reached 14,000 feet. The crew was alerted
by a flight attendant that the masks had dropped, that passengers were
feeling dizzy, and that the cabin was hot. An emergency descent to
10,000 feet was made.

Only two passengers properly actuated their oxygen generators and
donned their oxygen masks. The remaining 180 passengers were assisted
by flight attendants.

Case History No. 3

On November 3, 1973, a DC-10 was cruising at 39,000 feet southwest
of Albuquerque, New Mexico, with 115 passengers and a crew of 12 aboard.
Fragments from a disintegrating No. 3 engine fan assembly penetrated the
fuselage and the No. 1 engine. The damaged fuselage caused the cabin to
decompress immediately. A passenger was ejected through a broken cabin
window after it was struck by a fragment of the engine's fan assembly.
Damaged electrical systems caused some oxygen compartment doors to fail,
and an emergency descent was made. The aircraft landed 19 minutes
later. The cabin altitude reached 34,000 feet about 26 seconds after
the window was broken. .

Because the No. 1 AC electrical bus had failed, about 3 minutes
elapsed befcre oxygen masks deployed in the first-class cabin, in the
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lower lobe galley, and in the center service area. Oxygen masks deployed
correctly throughout the remainder of the cabin, except for these in the
left rear cabin which were affected by failure of the No. 3 AC electrical
bus. Several flight attendants and passengers forced open seatback
oXygen compartment doors to obtain oxygen in these sections. TFlight
attendants were not aware of the manual releases on oxygen compartment
doors.

When oxygen masks were presented, some passengers did not know how
to use them. Others removed their masks from compartment doors and
leaned forward into the mask, which prevented the lanyard pins from
releasing; consequently, the oxygen generators were not activated.
Other passengers discontinued using their masks because the attached
reservoir bags did not inflate. The passengers concluded that the
equipment was defective because the bags did not inflate.

At three seat installations, the oxygen generators were pulled from
their mountings and the hot generators burned and scorched seat upholstery,
Flight attendants were not aware that when the generators are activated
the containers are heated to as much as 547°F. OQne attendant burned her
fingers when she tried to remove a generator from a seat cushion.

Two flight attendants were in the lower lobe galley when the cabin
decompressed. After they noticed that the oxygen masks had not dropped,
they attempted to reach portable oxygen units stored elsewhere in the
galley; they lost consciousness before reaching these units. In addition,
three passengers, who were standing in the main cabin when it decompressed,
lost consciousness. Aircraft occupants were exposed to altitudes above
30,000 feet for 1 minute and to altitudes above 25,000 feet for more
than 2 minutes.

Twenty-four perscns, including four flight attendants, were treated
for smoke inhalation (caused by hydraulic fluid vapors which penetrated
the air-~conditioning system} barotrauma, hemorrhagic barotrauma, increased
inner ear pressures and fluids, and minor abrasions sustained in the
emergency evacuation,

Case Historv No. 4

On April 1, 1973, an L-1011 was inbound to Wew York, with 212
passengers and a crew of 13 aboard. The aircraft decompressed while
descending from 29,000 feet, and an emergency descent was made to 10,000
feet; the aircraft was landed 37 minutes later. During the decompression,
the cabin altitude rose to 20,000 feet., Most oxygen masks automatically
deployed in the cabin from the overhead compartments, but 20 oxygen
compartment doors failed to open. Additionally, one oxygen generator
did not activate, one oxygen mask plastic tube was kinked and inoperable.
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Passengers donned their masks Immediately, but in doing so, some
placed the masks over their mouths instead of over both their noses and
mouths. A deadheading airlinme captain and the flight attendants reported
that several masks failed to drop from the overhead compartments. Some
flight attendants stated that some masks failed to operate and that
oxXygen was not being delivered to other masks; as a result, some passen-—
gers were directed to use masks at adjacent seats and some were moved to
other seats.

A number of flight attendants were not aware immediately of the
decompression; scme recalled feeling ear discomfort and later noticed
the oxygen masks drop. During the emergency descent, flight attendants
assisted passengers who were hyperventilating and those who experienced
ear blockage. One attendant sat on a seatback and instructed passengers
in the use of their masks. None of the attendants became incapacitated,
although most experienced ear discomfort. The flight attendants reported
that 1t was difficult for them to instruct passengers while also breathing
oxXygen.

ANALYSIS OF PROBLEMS
After its review of case histories, the Safety Board concluded that
problems involving supplemental chemical oxygen systems could be grouped
into two areas: Hardware and design problems and problems incurred by

users of the systems.

Hardware and Design Problems

Cxygen Flow Indications

In many cases, passengers and flight attendants concluded erroneously
that oxygen was not being delivered to masks hecause the reservoir bag
did not expand immediately or did not contract with each inhalation.
Passengers became alarmed and had to be reseated by flight attendants to
try a second or even a third oxygen mask. In some cases, the use of
oxygen was discontinued either because of a lack of flow indication or
because passengers felt no need for oxygen although they may have been
hypoxic.

-

The cabin altitude affects the reservoir bag's behavior. At lower
cabin altitudes the reservoir bag will demonstrate little or no noticeable
action although the maximum flow of oxygen is being delivered. Conversely,
as the cabin altitude increases and ambient pressure decreases, the
oxygen flowing from the generator will expand before entering the reservoir
bag. The expanded volume of oxygen, which is being stored in the reservoir
bag during the expiration cycle, will induce more noticeable expansion
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of the reservoir bag as altitude increases. For example, a 3 liter-
per-minute oxygen flow at 14,000 feet will expand and increase to a 19

to 20 liter-per-minute flow at 40,000 feet. This characteristic of the
reservoir can lead users to assume that oxygen is not being delivered to

the mask. Currently, there are no other means avallable in the DC-10

and L-1011 oxygen systems to indicate to passengers and to flight attendants
that oxygen is being delivered to the mask. (See Appendix B for a

detailed description of the supplemental cxygen system.)

Adjustment of Headband

An adjustable elastic headband is attached to the mask so that it
will fit tightly around the nose and mouth. The wearer must pull a
short adjustment strap on each side of the mask until the desired tight-
ness is attained. Unfortunately, passengers have not always been able
to tighten their masks or have donned them incorrectly and covered only
their mouth. In addition, passengers coften hold the mask against the
face with one hand and attempt to adjust the headband with the other.

If the passenger is hypoxic, he could become unconscious before the mask
can be adjusted tightly or before the strap can be positicned over the
head. Laboratory tests and actual decompressions have proven that
persons have difficulty seeing the short adjustment ends of the headband,

and, once seen, have difficulty actually finding and pulling the adjust-
ments. (3)

When flight attendants demonstrate the use of masks, they often do
not actuzlly don and adjust the mask.

Reservoir Bag Service Life

Instances have been reported in which reservoir bags have failed to
inflate because the bag's interior surfaces were stuck together. Recently,
when a military aircraft decompressed at 21,000 feet, two passengers
reported these difficulties., During air carrier scheduled inspections
of oxvgen systems, masks have been found with the interior surfaces of
the bags stuck together.

Instances have also been reported in which the vinyl plastic bag
itself was sc inflexible that the bag could not inflate. When the vinyl
plastic has been subjected to low temperatures for some time, the
material becomes inflexible. When the bag fails to inflate, an insufficient
amount of oxygen will be stored and the dilution valve will open early
during the inhalation cycle. As a result, ambient air will enter the
mask and the oxygen partial pressures will decrease.

As the vinyl plastic material ages, certain chemical changes occur
that could cause the conditions described above. The manufacturer



