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F
ire is the sharpest
two-edged sword in
man’s bag of tools.
When under control it
was a formidable tool
that warmed, com-

forted, cooked food and kept wild
beasts at bay for prehistoric man.
Today, it fulfills those and many other
needs, yet out of control it is man’s
worst nightmare. What greater fear
can a pilot have than being at altitude
with a fire in the cabin? 

Fire is defined as a rapid, persis-
tent chemical reaction that releases
heat and light. It is the exothermic
combination of a combustible sub-
stance with oxygen. The key issue re-
lating to fire is its persistence. Once a
fire starts it takes on a life of its own
and aggressively searches for nour-
ishment to maintain itself and grow.

Every fire has three fundamen-
tals: oxygen, heat and fuel. Remove
any one of them and the fire goes
out. The chemical process is oxida-
tion–oxygen atoms combine with
hydrogen and carbon to form water

and carbon dioxide–the same
process that causes rust. With iron
the chemical reaction is very slow
and the heat energy released is low.
With some things, such as wood or
paper, the oxidation rate is so fast
that the heat cannot be released fast
enough and combustion occurs. To
earn the name “fire” there must be
flames or smoldering present. 

Exhaust gases are a byproduct of
fire. If the process is clean there will
be few, if any, visible exhaust gases.
But if some fuel particles are not
completely consumed the result is
smoke–a combination of evaporated
water, carbon dioxide and unburned
particles of the fuel. 

Don’t let the chemical process
description trivialize the pernicious
nature of an in-flight fire. The single
worst mistake a crewmember can
make when faced with an in-flight
fire is to fail to take immediate, ag-
gressive action, because fire has an
astounding ability to spread.

Two examples of the danger of
in-flight fire stand out strongly in re-

cent memory: the first occurred on
May 11, 1996, when a ValuJet Mc-
Donnell Douglas DC-9-32 crashed
into the Everglades shortly after take-
off from Miami International Air-
port. The time between the first
indication of a problem and impact in
the swamp was slightly less than four
minutes. During that time the aircraft
lost 7,500 feet of altitude. All 110
people on board died. The second oc-
curred on Sept. 2, 1998, when Swis-
sair Flight 111, a McDonnell
Douglas MD-11 en route from New
York Kennedy Airport to Geneva,
crashed into the North Atlantic off
Peggy’s Cove, Nova Scotia, its flight
deck engulfed in a fire that had
started in the in-flight entertainment
system above the flight-deck ceiling
(see sidebar on page 36). All 229
people on board were killed.  

The NTSB reviewed commercial
aviation accidents involving in-flight
fires during the period between 1983
and 2000 and subsequently recom-
mended, among other things, that the
FAA develop an Advisory Circular. 

AC 120-80 In-Flight Fires com-
plements AC 20-42C, Hand Fire Ex-
tinguishers for Use in Aircraft, and
National Fire Protection Association
408, Standard for Aircraft Hand
Portable Fire Extinguishers, guidance
the FAA previously developed for
crewmembers concerning the proper
use of cabin fire extinguishers. 

AC 120-80 discusses the dangers
of in-flight fires with emphasis on
fires that might not be visible or eas-
ily accessible to the crew. It discusses
the importance of recognizing and
quickly assessing the conditions that
might be associated with hidden fires
and the importance of taking immedi-
ate action to gain access to fires that
are located behind interior panels. 

Ramsey, N.J.-based EVAS World-
wide has conducted extensive re-
search on the frequency of in-flight
smoke and fire. John Parker, the
company’s COO, told AIN, “There
doesn’t appear to be any requirement
to report these incidents.” He ex-
plained, “We’ve found that nearly
half of the events go unreported. De-
spite that, in a 10-month period dur-
ing 1999, we found about 1,100
reported events that resulted in 360
unscheduled landings in the air-car-
rier industry alone.”

Parker said there’s much less in-
formation available for corporate
aviation because, he believes, corpo-
rate flight departments are less
likely to submit Service Difficulty
Reports (SDRs). “The simple fact is
if I’m cruising along in my bizjet,
get smoke in the cockpit and divert,
there’s no requirement to file a re-
port,” he said. A study done in 2001
yielded similar results. “The most
common defined cause for an un-
scheduled landing or diversion was
smoke,” he said. 

Gus Sarkos, manager of the
FAA’s Fire Safety Branch at the
William J. Hughes Technical Center
in Atlantic City, N.J., pinpointed the
two areas of fire safety. “The most

important is in-flight fire safety. You
want to try to prevent a fire from oc-
curring in the first place or at least
suppress it from spreading until
you’re on the ground,” he said. “The
second area is fire mitigation: post-
crash fire survivability. We focused
on the post-crash environment up
until roughly the mid-1990s. Then
we had the ValuJet, TWA 800 and
Swissair MD-11 accidents and em-
phasis changed from post-flight sur-
vivability to in-flight prevention.” 

In-flight Fire Safety

Sarkos said that today fire-resis-
tant interior materials are at the focus
of attention. “We’ve recently in-
creased the requirements for thermal
acoustic insulation and they kick in
for new airplanes next year,” he said.
“Most in-flight fires occur in hidden
areas such as the ceiling, behind
bulkheads and other places you can’t
see, because most fires are electrical
in origin and that’s where electrical
wiring is located.” Sarkos said the
biggest problem is that, despite the
smell of something burning or the
sight of smoke, it is very difficult to
pinpoint exactly where the fire is lo-
cated under those conditions. 

So how do you find and gain ac-
cess to a fire in the overhead, for in-
stance? Sarkos said that although
the FAA is still doing research, “fire
ports” (small access doors located
strategically in the overhead and
bulkheads) look promising. “The
problem on larger aircraft is that the
fire extinguisher doesn’t have the
range to reach a fire a long way from
the port,” he said. “Corporate jets are
smaller, so the fire-ports option is po-
tentially better. If I were operating a
business jet I’d have some fire ports
put in my aircraft.” Sarkos sug-
gested a possible solution would be
to have fire detection sensors in hid-
den areas to give the crew early
warning of problems. “In any case,
if you can’t pinpoint a fire’s location

December 2004 Aviation International News • www.ainonline.com 31

after smelling it or seeing smoke,
you must land immediately because
it’s a very dangerous situation.”

Electrical Fires

FAA research has shown that the
majority of hidden, in-flight fires are
the result of electrical arcs along
wire bundles. In most cases, the
electrical arc acts as the initiating
event igniting surrounding materi-
als. While wire surface (insulation)
doesn’t readily burn, it is often a
conveyer of these initiating events
because it has been contaminated by
dirt, dust, lubrication, corrosion in-
hibitors and flammable liquids from
various sources.

Also, a malfunctioning circuit
breaker (CB) that does not open (or
“trip”) when it detects an abnor-
mally high current draw may cause
the affected unit or associated
wiring to overheat and ignite. In
other instances, the resetting of a
tripped circuit breaker can overheat
wiring, ultimately leading to a
wiring failure and arcing that causes
the same chain of events. Another
potential source of ignition is the
failure of an electrical component
such as an overheating motor.

In AC 120-80 the FAA expresses
concern about CBs that trip. It is the
FAA’s position that crewmembers
might create a hazard if they reset a
CB without knowing what caused it
to trip. Every pilot is familiar with
the term “nuisance trip,” but FAA
research suggests that crewmembers
should not reset a tripped CB in
flight unless doing so is consistent
with explicit procedures specified in
the approved operating manual used
by the flight crew or unless, in the
judgment of the captain, resetting
the CB is necessary for the safe
completion of the flight. 

While circuit breakers serve a
necessary function there is a prob-
lem with them. A CB is a slow-act-
ing device and may not offer
sufficient disconnect protection dur-
ing events such as arc tracking or in-
sulation flashover. 

Jim McCormick, arc fault circuit
interrupter (AFCI) program man-
ager for Eaton Aerospace of Irvine,
Calif., explained arc faulting as in-
termittent short circuits. “You have
little bursts of current, but each one
is so small as far as normal CB pro-
tection is concerned that it typically
doesn’t cause a circuit protection de-
vice to trip,” he said. 

Arcing Events

McCormick said that a circuit
breaker doesn’t recognize arc fault-
ing because it’s looking for heat that
builds up in the wire. The millisec-
onds of an arcing event do not pro-
vide enough time for the circuit
breaker’s bimetal to heat up and trip.
According to McCormick, an arcing
event can be 10 times more power-
ful than the rating of a circuit
breaker, but too swift for the CB al-
gorithm to detect. Yet the arcs in
combination can create a plasma en-
vironment surrounding the faulty
area that can exceed 6,000 degrees F,
more than hot enough to ignite any
available source of fuel. 

Eaton Aerospace believes it has a
solution to the problem. “Arc Alert
is one of the most effective tech-
nologies in relation to the prevention
of fire ignition in aircraft,” Mc-
Cormick claimed. “It works like a
normal circuit breaker but has addi-
tional electronics that look for the
unique signature of an arcing event
in addition to the normal operation
of a circuit breaker. It does so by
looking for chaotic or anomalous
current signatures. The regular cir-
cuit breaker has proved to be a re-
markably robust product that has
protected airplanes for a long time.
Most of the time a circuit breaker
does a great job, but Arc Alert uses
additional sensitivity to increase the
sphere of protection.”

The Arc Alert circuit breaker
operates in a manner similar to that
of a conventional circuit breaker,
but if it trips in response to an arc
fault a small red ring appears, and
remains, so maintenance personnel
will get a visual indication there has
been a problem.

“After 50,000 hours of opera-
tional flight experience we’ve found
this technology is entirely compati-
ble with existing electrical systems
and platforms in use today,” Mc-
Cormick said. Eaton is introducing
the unit on commercial aircraft, but
McCormick emphasizes it is cer-
tainly compatible with corporate air-
craft and that his company is
interested in talking to business jet
OEMs about the market. 

Aside from electrical problems
there are other potential sources of
cabin fire ignition. One is a bleed air
leak. Bleed air systems depend on a
series of pneumatic lines to deliver
the air. If one fails it can expose
equipment, wiring and associated
components to high temperature air. 

The introduction of fire-block
seats and interior cabin materials
has dramatically reduced one source
of fuel for cabin fires. Ethel Daw-
son, senior manager and general
manager of the research and devel-
opment division of AccuFleet Inter-
national in Houston, said fire-block
seats were adopted to prevent the
propagation of flame from one seat
to another. Fire-block seats have re-
placed earlier, highly flammable ma-
terials that would burn completely
in about 30 seconds once ignited. 

“The material used for fire-block
seats is allowed to lose only 10 per-
cent of its weight to fire,” Dawson
said. “That means 10 pounds of ma-
terial can’t lose more than one
pound of material in a fire. Further,
there are regulations concerning
spacing between seats and how
much material can burn in the direc-
tion of another seat to prevent the
fire from spreading.” 

Even with fire-block seats, opera-
tors have to be cautious in their up-
keep to preserve the seats’ fire-
retardant capability. “You have to
watch what cleaning chemicals you
use,” Dawson said. “Some cleaning
and refinishing materials such as soil
inhibitors can be flammable and will
void the FAA certification on the
seats.” She said that when her com-
pany works on seats it puts a disclo-

sure on the Form 8110-3 that says the
use of any treatments or chemicals
such as soil inhibitors or cleaning
chemicals will nullify the FAA certi-
fication of the fire-block seat. 

Dawson explained the difference
between certification and recertifica-
tion requirements as it pertains to
fire-block seats. “Certification means
you type certificate the aircraft, in-
cluding the fire-block seats installed
at the time. If you want to replace the
material on those seats, that material
has to be recertified, which does not
require FAA engineering approval,”
she said. “The bottom line is that re-
covering seats is not as costly as ini-
tial certification, and it can also be
done much more quickly.” 

Reacting to an In-flight Fire

Is all the emphasis on fire-retar-
dant thermal acoustical insulation,
fire-block seats and cabin materials
really worth the expense? FAA re-
search has shown that left unat-
tended, in-flight fires, particularly
those that are not readily accessible,
may lead to catastrophic failure and
have resulted in the complete loss of
airplanes. Fire tests conducted by
various regulatory authorities have
shown that fires allowed to spread
into the aircraft’s overhead area can
become uncontrollable in as few as
eight to 10 minutes. Studies have
also shown that a flight crew might
have only 15 to 20 minutes to get an
aircraft on the ground if a hidden
fire is allowed to progress without
any intervention. 

A chilling statistic is that only
one-third of all aircraft with a hid-
den fire will make it to the nearest
airport before the fire becomes un-
controllable. The FAA wants pilots
to understand that they must begin
planning an emergency landing the
moment they become aware of an
onboard fire. Accident statistics have
shown that delaying that action by
even a few minutes can irrevocably
seal the fate of the aircraft. 

Some experts suggest that while
the crew is making an emergency
diversion someone should do what-
ever is necessary to locate the
source of the fire, including punch-
ing holes in the overhead or cabin

bulkheads and opening floor panels.
According to AC 120-80, however,
crews must weigh the risk of dam-
aging equipment behind the panel-
ing and thereby possibly creating
another problem that could hinder a
swift return to a runway. 

Flight crews are urged to “think
outside the box” when trying to gain
access to a hidden area. While a
crash ax is effective, other tools on
board the average business jet will
also work, including metal forks and
knives, ice tongs, a shoehorn, knit-
ting or crocheting needles, a walk-
ing cane or any other fairly rigid
item that can be used to pry open
paneling or punch a hole.

You would think that airplanes
would have better fire detection capa-
bility than they do now, but while no
zone of an aircraft is immune to in-
flight fire, fire protection systems have
basically been designed in response to
fires that have happened in the past. 

Transport-category aircraft (a
segment that includes many busi-
ness jets) have more rigid require-
ments for fire detection and sup-
pression systems than lighter air-
craft. Typically in all turbine aircraft,
fire detection is required for engines,
auxiliary power units, fuel-burning
heaters or combustion equipment.
While cargo compartments and lava-
tories in commercial aircraft are
wired with detection systems, their
counterparts in corporate aircraft
often are not.

Ken Susko, president of Aviation
Safety Facilitators (ASF) of Elmont,
N.Y., talked about Halon fire systems

in airliner baggage compartments.
“They’re supposed to provide 60 to
90 minutes of protection if the bag-
gage compartment seals are good.
Unfortunately, baggage handlers
damage them all the time, compro-
mising the integrity of the compart-
ment. The leak that results introduces
oxygen into the compartment, and
there’s no way to tell on the flight
deck [how much oxygen is present].
Oxygen has to be reduced to about 9
percent to suppress a fire,” he said. 

Similarly, the gilboard liners in-
stalled inside an aircraft baggage
compartment are fire retardant and
prevent a fire there from burning the
cables, wires and so on that are ar-
rayed behind them. But handlers
throw containers and cargo into the
baggage compartments that end up
punching holes in the liner. 

New Detection Systems

Susko recommends corporate
aircraft operators put fire detection
and extinguishing systems in bag-
gage areas, especially since the op-
erator has greater control of how
baggage is put into the compart-
ment. “A system with nitrogen gas
and water mist would be perfect for
a corporate aircraft,” he said. 

According to Susko, for the last
several years there has been growing
pressure to develop both fuel-tank in-
erting and fire suppression technol-
ogy for aircraft. He said fuel-tank
inerting can be accomplished by
pumping nitrogen into the fuel tank,
displacing flammable vapor. “As a re-

more on next page

Fire Extinguisher Classifications
Class A–Fires in ordinary combustible materials such as wood,

cloth, paper, rubber and plastics for which the quenching and cool-
ing effects of quantities of water, or of solutions containing a large
percentage of water, are of prime importance. 

Class B–Fires in flammable liquids, oils, greases, tars, oil-based
paints, lacquers and flammable gases for which extinguishing
agents having a blanket effect are essential. 

Class C–Fires involving energized electrical equipment and where
the electrical nonconductivity of the extinguishing agent is important.

Class D–Fires involving combustible metals such as magnesium,
titanium, zirconium, sodium, lithium and potassium. They require ex-
tinguishing agents of the dry powder type. The recommendations of
the manufacturer for use of those extinguishers should be followed
because of the possible chemical reaction between the burning
metal and the extinguishing agent. –D.A.L.

This diagram depicts
the typical hidden
areas of an aircraft,
where electrical fires
are likely to start.
The cabin ceiling and
overhead area are
hidden. Below, the
tunnel area and bilge
area are not in view.
The danger is that it
is often difficult to
pinpoint the exact
location of a fire in
these areas. The FAA
is studying “fire
ports” as a solution
to gaining access to
fire in hidden areas.

Most in-flight fires happen in hidden areas, such as behind a bulkhead or in the ceiling beyond panels, where the electrical wires are
located. This fire shows how quickly flames can spread in a hidden overhead area.

What you need 
to know to 
stay alive

An AIN Special Report by David A. Lombardo
While fighting an in-flight fire begins in the air, it sometimes ends on the
ground. Firefighters at a training program extinguish a staged fire that has
taken hold of a dummy airplane.
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sult of investigation of the TWA 800
and ValuJet disasters, not to mention
numerous other aviation incidents
and accidents, both the FAA and the
NTSB have focused attention on the
potential for fire and explosion in air-
craft fuel tanks and cargo compart-
ments. The NTSB has called for
drastic reduction or complete elimi-
nation of flammable vapors in fuel
tanks,” he said. Eliminating explosive
vapors in fuel tanks is on the NTSB’s
top 10 “Most Wanted Transportation
Safety Improvements” list. 

Initially, ASF intends to develop
and sell two different supplemental
type certificates (STCs), both re-
lated to fire protection. The first is a
fuel-tank inerting system and the
second is a cargo-hold fire detection
and suppression system. The design
ASF uses for both relies on fiber
optic oxygen sensors. 

The spectrometer technology
solves problems once thought to be
extremely difficult, including immer-
sion of sensors into jet fuel; sam-
pling systems that have high main-
tenance requirements; problems as-
sociated with introducing electrical
devices into possibly explosive fuel
vapor environments by using fiber
optics; and predictably frequent sen-
sor cell replacement if electrochemi-
cal technologies are used. 

According to Susko, using the
technology for cargo hold monitor-
ing is a substantial improvement
over existing alarm systems. Cur-
rently, a pilot has no way of con-
firming the status of a cargo hold;
often there are false alarms. The
pilot has no way to confirm whether
the release of fire suppression mate-

rial has put out a fire. 

Human Factors

A lot of time, energy and money
have been devoted to the study of
in-flight fire and smoke, yet the sub-
ject always returns to the human ele-
ment. It is worth repeating that
technical evaluation and actual ex-
perience indicate that flight deck
crewmembers should immediately
follow company-approved emer-
gency procedures, notify ATC and
begin planning for an emergency
landing as soon as possible. 

Flight crewmembers must don
smoke goggles and oxygen masks at
the first indication of smoke or
fumes and before accomplishing any
abnormal or emergency procedures
associated with smoke or fume elim-
ination. Any delay might prevent a
crewmember from breathing or see-
ing. The FAA strongly recommends
a crewmember don protective breath-
ing equipment (PBE) if he must
leave the fllight deck.

Essex PB&R  of Edwardsville,
Ill., manufactures self-contained
breathing units, aviation safety prod-
ucts and personal smoke hoods.
David Hurley, the company’s produc-
tion manager, said the FAA requires
PBEs on airliners. “Generally there
are three to five per aircraft based on
the required crew complement, but
there’s no requirement for corporate
aircraft. We certainly recommend
everyone on board an aircraft has one
available, including passengers.” 

The Essex PBE is a self-con-
tained, portable, personal breathing
device designed to safeguard the
wearer from the effects of smoke,

carbon monoxide, harmful gases
and oxygen deficiency while man-
aging in-flight fire, smoke or fume
emergencies. The portable hood im-
proves visibility in a smoke-filled
compartment, protects the head and
face, and shields the head from brief
exposure to heat and flame. 

The unit contains both a breath-
able oxygen supply and lithium hy-
droxide (LiOH) scrubber panels that
absorb exhaled carbon dioxide. The
hood has a self-fitting neck opening
that seals out contaminants, retains
the oxygen and keeps the hood in-
flated during use. The entire unit is
hermetically sealed at the plant to
protect the LiOH scrubber panels
from outside air. 

According to Hurley, a trained
user can access and don the hood in
approximately 15 seconds and it can
be removed in less than five sec-
onds. The device functions for 15
minutes by someone working and
for up to 60 minutes for someone
sitting quietly awaiting rescue. 

Extinguishing Agents

All fire extinguishing agents
work on one of two principles. They
either displace the oxygen or they
chemically combine with oxygen to
prevent combustion. Common agents
are carbon dioxide (CO2), Freon
(chlorinated hydrocarbon), Halon or
nitrogen (N2). 

CO2 is common in older piston-
engine aircraft. N2 is principally a
propellant used to deliver other
chemicals in current systems. Freon
and Halon are both currently in use.
They are stored under pressure, in
liquid form, and become gaseous
when released. Caution must be ex-
ercised to prevent frostbite due to
their extremely low temperature
during evaporation. Dry chemical
extinguishers are not used because
their toxic and corrosive chemicals
can cause damage. 

The most common extinguishing
agent used in aircraft today is
Halon. AC 120-80 defines Halon as
a liquefied gas that extinguishes by
chemically interrupting a fire’s com-
bustion chain reaction rather than
physically smothering it. That char-
acteristic is one of the main reasons
Halon extinguishers are effective
when the exact source of the fire

cannot be positively determined. 
Halon fire extinguishing agents

that have been approved for use in
aircraft include Halon 1211, Halon
1301 and a combination of the two
(Halon 1211/1301). Both are typi-
fied as “clean agents,” leaving no
agent residue after discharge. 

Halon 1211 is the chemical name
for bromochlorodifluoromethane. It
is a multipurpose, Class A, B and C
rated agent that is effective against
fires fueled by flammable liquids.
Not all fires are the same, and they
are classified according to the type of
fuel that is burning. Using the wrong
type of fire extinguisher on the
wrong class of fire can make matters
worse. It is therefore important to un-
derstand the four different fire classi-
fications (see box on page 31).

Halon 1211 fire extinguishers dis-
charge a stream that is 85-percent liq-
uid, giving the extinguishing agent a
range of between nine and 15 feet–a
significant advantage in fighting fires
in the cabins of large aircraft. 

Halon 1211 causes a chemical
reaction that actually stops the fire
from propagating by disrupting the
chemical reaction of air, fuel and
heat. While it is possible to breathe
in a room full of Halon, a match will
not ignite. An approved Halon-type
extinguisher is three times more ef-
fective than a CO2 extinguisher
packing the same weight of extin-
guishing agent. 

Halon 1301, the trade name for
bromotrifluomethane, has a Class A,
B and C capability in total flooding
systems; however, Halon 1301 has
limited Class A capability when
used in portable fire extinguishers.
The useable range of a handheld
Halon 1301 extinguisher is slightly
less than that of a 1201 extinguisher. 

Putting Out Engine Fires

Whatever the agent, the chemi-
cals have to be delivered. Conven-
tional engine fire extinguishing sys-
tems use a perforated ring and dis-
tributor nozzle. When the system is
activated a CO bottle opens and the
gas flows through the lines to the se-
lected engine, flows out of the perfo-
rated ring and smothers the fire. 

A high rate of discharge system
(HRD) uses spherical bottles under
high pressure and is actuated by an

explosive charge. When activated
the bottle discharges the extinguish-
ing agent and floods the engine
compartment, displacing oxygen. 

Bottles in both conventional and
HRD systems incorporate pressure-
relief fittings in the event of exces-
sive temperature or pressure. There-
fore, it is important always to check
the system’s status before flight.
There are two possible methods to
determine thermal discharge. The
first is a gauge on the bottle visible
through a window on the outside of
the aircraft, and the second is a red
blow-out disc. If the disc is missing
the system has experienced a ther-
mal discharge. 

Rodney Hannon, vice president
of sales and marketing for Tulsa,
Okla.-based BizJet, talked about
what would happen if a pilot acci-
dentally activates a fire bottle into
the good engine. “On some aircraft
it would be next to impossible, if not
impossible, to make that mistake,”
he said. He added, “In any event,
Halon is the product of choice now,
so even if you did pull the fire bottle
on a good engine there’s not much
you would need to do other than re-
place your fire bottle.” 

Halon engine systems focus on
the external area of the engine. The
normal windmilling of compressor
blades will put out an internal fire
on completion of the shut-down
checklist. The Halon goes around
the outside of the engine because it
is from there that a fire will burn
into the pylons and nacelle. 

A pilot who activates a dry-pow-
der fire extinguisher on a good en-
gine on the ground is going to have
problems. Since dry powder is ex-
tremely fine, it’s a problem even if
the engine is shut down. The corro-
sive properties of the powder will
also demand a complete engine tear-
down and a thorough cleaning and
inspection of every component.
Once the technicians go into an en-
gine, for whatever reason, they are
required to work on anything they
find wrong. Hannon gave the exam-
ple of a GE CF700 that underwent
an extinguisher discharge: “We’re
figuring the event is going to cost
somewhere in the neighborhood of
$15,000,” he said.

Chris Kasper, a regional manager

continued from preceding page for BizJet, said that when a fire truck sprays
foam on an aircraft, it is a given that a run-
ning engine will draw the foam in and re-
quire teardown, but even a dead engine is
going to have to be torn down and in-
spected. “The truck is spraying the chemi-
cal under pressure,” he said, “and it’s going
into the engine no matter what. Typically a
turbojet will take it in deeper than a turbo-
fan, because on a turbofan most of the
foam will go through the fan duct. The tur-
bofan will also have a smaller opening to
the core than a turbojet, so much of the
chemical will be contained in the first and
second stages of the compressor. In reality,
it’s a moot point because both engine types
are going to have to be opened up–an ac-
tion that requires compliance with all ser-
vice bulletins and inspection and possible
replacement of normal wear-and-tear
items.” 

Kasper said that in his experience, air-
craft insurance policies will pay only for the
cleaning. 

It is worth noting, too, that if the engine
was running when the foam was sprayed,
there is likely to be thermal damage. 

Handheld Fire Extinguishers

There is a right way and a wrong way to
use a handheld fire extinguisher. Most are
designed to be used in the upright position
because a center siphon tube extends to the
bottom of the canister. Placing a fire extin-
guisher on its side or upside-down prevents
the agent from flowing through tubing that
is intended to collect the agent from the
bottom of the canister. 

Operators are advised to install hand-
held fire extinguishers equipped with flexi-
ble discharge hoses and nozzles because
they are better suited to handle fires that
might require discharging the agent in an
upward direction. 

Both the FAA and the NTSB are con-
cerned about a misconception regarding
the use of Halon fire extinguishers in air-
craft cabins. Various publications, includ-
ing AC 20-42C, caution against exposure
to “high levels” of Halon in confined
spaces, citing the possibility of dizziness,
impaired coordination and reduced mental
acuity. AC 20-42C also provides guidelines
that describe what is meant by the term
“high level” and further states that these
levels should not be exceeded in ventilated
or non-ventilated passenger compartments
on aircraft. 

However, studies have shown that dis-
charging all of the handheld Halon extin-
guishers required by regulation in the
passenger cabin of an airliner will not ex-
ceed the maximum concentration levels of
Halon vapor specified in AC 20-42C or by
NFPA 408 guidelines. While corporate air-
craft cabins are typically smaller, they are
also less likely to have as many fire extin-
guishers on board. 

NTSB investigations of in-flight fires
revealed that some crewmembers have
been hesitant to use Halon extinguishers
because of mistaken ideas about adverse
effects of the chemical. In one case, a flight
attendant went to the flight deck to inform
the pilots of a fire and asked the captain
whether she should spray Halon into the
vent where she suspected a fire. The cap-
tain told her not to use the Halon extin-
guisher, indicating he was concerned about
spraying Halon in the cabin. 

In another case, an off-duty company
pilot considered using a Halon fire extin-
guisher but decided against doing so because
he was concerned that the Halon “would take

away more oxygen.” In each case, the
crewmembers lost critical time and delayed
the aggressive pursuit of the fire. 

The NTSB has expressed concern that
crewmember training programs have
overemphasized the risks of exceeding the
maximum recommended levels of Halon
gas outlined in AC 20-42C, especially when
taken in the context of the immense risks of
an in-flight fire. The NTSB emphasizes
“that the potential harmful effects of Halon
on passengers and crew are negligible
compared to the safety benefits achieved
by fighting in-flight fires aggressively.” The
toxic fallout of a typical aircraft seat fire,
for example, far outweighs the potential
toxic effects of discharging a Halon fire ex-
tinguisher.

Ironically, while Halon is arguably the
most effective and efficient agent for extin-
guishing cabin fires, the manufacture of the
chemical is now illegal. The problem is
that Halon is a halogenated hydrocarbon, a
breed of chemical that has been found to
deplete the ozone layer. But the reality is
that since few fire extinguishers ever get
used, the actual release of Halon is minus-
cule compared with other ozone-depleting
substances. 

Tom Salamone, president of HRD Aero
Systems, of Valencia, Calif., an FAA repair
station that works on aircraft safety equip-
ment including fire extinguishing systems,
explained, “The industry has changed in the
last 10 years. Before 1994, Halon 1211 ex-
tinguishers were the agent of choice for
cockpit fires. Halon is colorless and has
pretty much no after affect. There’s no
residue like dry powdered agents and no
freezing cold stream like CO2 that can
damage avionics. Unfortunately, all that’s
available today is recycled Halon. When
you bring an extinguisher in for mainte-
nance we pump it out, filter it, store it in a
container, restore the extinguisher to good
condition, then put the same gas back into
the unit. If there’s insufficient Halon then
we have to go look for a source to buy more
and add it.” A common source today comes
from the large quantity of Halon that was
previously used in computer rooms. 

Salamone cautions crewmembers to
check their handheld extinguishers on
every preflight to be sure the pressure is in
the green arc. “They should be weighed
annually,” he said. “There is a gross weight
listed on the decal to check it against. In
addition, the maintenance manual will
refer to some time frame in which the unit
should be pressure checked, commonly six
years.” 

Smoke in the Cockpit

Smoke in the cabin is commonly misun-
derstood. It is the carbon monoxide in smoke
that is toxic. Contrary to what many people
think, there can be sufficient smoke to create
a visual obscuration while the carbon
monoxide is not concentrated enough to be
fatal. “You really don’t get much CO until
you have a pretty large fire,” Sarkos said. “It
takes about 8,000 ppm of CO for one
minute, or 1,600 ppm for more than five
minutes, to incapacitate the average person.”
Since an aircraft cabin is a closed container,
smoke can build quickly. 

Although it takes a few minutes for the
carbon monoxide in smoke to cause inca-
pacitation, crews should nonetheless don
an oxygen mask and smoke goggles as
soon as they detect smoke. While those
measures protect respiratory ability and
eyes, crews can’t see beyond the end of
their goggles. “So now you’re a test pilot,”

observed EVAS Worldwide COO John
Parker. “Aircraft systems are simply not
designed to help you see them in a smoke-
filled flight deck.” 

EVAS offers a flight-deck smoke dis-
placement system. Through the use of an
inflatable vision channel the system pro-
vides a clear tunnel through which the pilot
can see the instruments and out the wind-
shield. “The best way to explain EVAS is
to imagine you are holding a clear beach
ball in your hands in a smoke-filled room,”
he explained. “You walk up to a window,
press the beach ball against the window,
press your face against the beach ball and
you can see through it and out the win-
dow.” An EVAS system for two pilots costs
$25,000. 

James Burin, director of technical pro-
grams for the Flight Safety Foundation,
underscored the seriousness of smoke.
“We’ve found on average each of the major
airlines experiences at least one smoke
event every day,” he said. “Granted, it may
commonly be something such as an over-
heated oven or air inlet problem, but it is
still cause for concern. The FSF held a
workshop to build consensus for rethinking
smoke/fire/fumes checklists last October in
Montreal. 

FSF has become the sponsor of the
initiative at the request of the Cockpit
Smoke/ Fire/Fumes Task Force that was
created early this year in response to air-
line accidents and incidents involving in-
flight smoke/fires, industry data on
unscheduled landings conducted by flight
crews in smoke/fire/fumes events, and
the January 2004 publication of FAA Ad-
visory Circular 120-80 on in-flight fires. 

The task force included Airbus, Boeing,
British Airways, Delta Air Lines, the Inter-
national Air Transport Association (IATA),
the International Federation of Air Line Pi-
lots’ Associations (IFALPA), NASA and
United Airlines. “Various philosophies,
procedures and techniques for checklists
have emerged across airlines and aircraft
manufacturers,” Burin said. “We will con-
sider the initiative successful if the end re-
sult is simply reducing the risk of an
accident by having a better checklist.”

Burin said airline representatives left
the last meeting and began looking at how
they could improve their existing checklists
immediately. The FSF has already begun
hearing from corporate aircraft OEMs re-
garding the next workshop, to be held in
February. 

“At the end of the day, it still all boils
down to people,” said Steve Brown, se-
nior vice president of operations for
NBAA. “Thank goodness in-flight smoke
and fire is rare. The accumulated knowl-

edge and good work over the years by the
FAA and manufacturers have gone a long
way toward preventing such things.
Everyone should understand that the
more people who are familiar with safety
equipment and how to use it, the better.
We recommend both crew and passengers
receive appropriate emergency proce-
dures training.” 

Bob Shaffstall, manager of the protec-
tion/ survival research laboratory in the
Civil Aerospace Medical Institute (CAMI)
at the FAA’s Mike Monroney Aeronautical
Center in Oklahoma City, Okla., said his
unit studies evacuation issues. Along with
G. A. “Mac” McLean, cabin safety re-
search team coordinator, he talked about
how in otherwise survivable accidents two-
thirds of crash victims die from fire and/or
smoke inhalation. “Of course some of
those individuals could have been so se-
verely injured they couldn’t extricate them-
selves from the aircraft and died of smoke
inhalation,” McLean said, “but the point is
we believe passenger education is a key to
crash survivability.” 

Shaffstall agreed, adding, “We’ve found
in general that passengers don’t know what
to expect in emergencies, and that drives
down the likelihood they will survive.
We’re looking to see what sources of infor-
mation are available to them now and what
we should do to inform them better.” 

McLean added that NTSB statistics
show 75 percent of airline accidents are
technically survivable if occupants pay at-
tention to restraint devices and emergency
procedures. “I would anticipate the number
to be very similar for corporate aviation,”
he said. “But the catch is passengers have
to be educated.” CAMI offers free safety
and physiology training programs for pi-
lots, cabin attendants and passengers in
Oklahoma City. o

Crewmembers and
passengers must

work to extinguish in-
flight fires

immediately. This
hood, claims the

manufacturer,
protects the wearer
from the effects of

smoke, carbon
dioxide and harmful

gases while
managing an in-flight

fire. In addition, the
hood protects the

head from exposure
to heat and flame. 

Although it takes a
few minutes for
carbon monoxide to
incapacitate a pilot,
smoke has the
immediate effect of
restricting the pilot’s
vision and obscuring
instruments and view
through the
windshield. EVAS 
has developed a
flight-deck smoke
displacement system
that provides a
tunnel through which
the pilot can see.

Nova’s Take on Swissair 111
Nova, the WGBH Boston documentary series that airs on Public Broadcasting

Service TV stations, has released on DVD and VHS its film probing the circum-
stances surrounding the crash of the Swissair MD-11 into the North Atlantic in Sep-
tember 1998.

Called Crash of Flight 111, the  film is the enlightening result of the broad access
that investigators provided to Nova’s producers during the four-year, $40 million ac-
cident investigation. With a running time of approximately one hour, the film follows
the detective work that painstakingly recovered (from two million pieces of debris
strewn along the ocean floor) and rebuilt key sections of the airplane, allowing inves-
tigators eventually to point the finger at electrics in the roof above the flight deck as
ground zero for the fire that felled the widebody and claimed the lives of all 229
aboard.

The film raises troubling questions about how the crew reacted to the first signs
of an impending emergency, and about the likelihood of future accidents stemming
from similar origins despite the lessons learned from Swissair 111.

If you are unable to find a copy of the $19.95 DVD or VHS in a retail outlet, call
WGBH Boston at (800) 949-8670 or visit www.shop.wgbh.org. –N.M.


