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TWA Flight 800 
 
At 8:31 p.m. on the evening of 17 July 1996, TWA Flight 800, a Boeing 747-131 with 
230 people aboard, exploded in midair at 8000 ft (2440 m) 8 miles (12.8 km) south of 
Long Island shortly after take-off from Kennedy Airport in New York. Within 30 seconds 
it had broken up and plunged into the Atlantic Ocean about 20 miles (32 km) southeast of 
East Hampton. The large fuel tank in the fuselage below the passenger deck and between 
the roots of the wings had exploded. The front part of the airplane, including the cockpit 
and first class section, broke off and fell; rupture of the left wing caused fuel from that 
wing tank to leak and ignite a second explosion. Freed of the nose section's weight, the 
winged back section rose for several seconds before also plunging into the sea. (1) 
 
On 23 August 2000, after the most extensive investigation of an aviation disaster to date, 
the U.S. National Transportation Safety Board (NTSB) presented its conclusion that the 
probable cause of the explosion in the center tank was an electrical arc from wiring with 
cracked insulation. Electrical power is used to run fuel pumps immersed in the fuel tanks. 
The design of airliners had been based on a "fuel tank design and certification philosophy 
that relies solely on the elimination of all ignition sources, while accepting the existence 
of fuel tank flammability," as noted by the NTSB. 
 
Moisture Over Time Cracks Insulation 
 
Polyimide insulation (often referred to by the brand-name Kapton) was seen as ideal 
during the 1970s and early 1980s (the TWA Flight 800 plane was built in 1971); it is a 
long-chain polymer that is both tough and durable, and has a very high electrical 
resistivity. Unfortunately, it was not known that over time moisture would cause the 
breakdown of the long polymer chains, rendering the material brittle and producing 
cracks. Once exposed to the atmosphere by cracks in its insulating sleeve, the metal 
conductor can arc when moisture settles upon the wire; and moisture is unavoidable. 
Inspection of wiring in military and commercial airplanes of the period, prompted by the 
NTSB investigation, found many instances of insulation cracks and discoloration 
(carbonization). A small break in the insulation can enlarge by the action of tiny arcs that 
increasingly burn the insulation at the crack. The carbon formed has a much lower 
electrical resistance than the polyimide, and eventually a major arc can erupt through the 
damaged spot. (2) 
 
Airplane fuel tanks will balloon or collapse by the action of the pressure difference 
between their interior and exterior unless the tanks are vented. As liquid fuel is pumped 
out exterior air enters the volume; in the case of the Boeing 747 through a long tube 
running along the interior of the wing to a vent at the wingtip. When the airplane climbs 



to higher altitude and into more rarified air, the excess pressure of the gases in the fuel 
tank vent out through the wingtip; the opposite happens on descent. So, we expect the 
gases in the tank to be a mixture of hydrocarbon fuel vapor, air (21% oxygen, 79% 
nitrogen) and moisture. "Because experience has demonstrated that all possible ignition 
sources cannot be predicted and reliably eliminated," the NTSB recommends that 
airplane manufacturers "implement design changes to eliminate the generation of 
flammable fuel/air vapors in all transport-category aircraft." (3) 
 
The NTSB notes that "center wing fuel tank explosions have resulted in 346 fatalities." 
These include the following events: 
 
1989, Avianca; Bogota, Colombia; 107 dead; 
 
1990, Philippine Air Lines; Manila; 8 dead; 
 
1996, TWA Flight 800; 230 dead; 
 
2001, Thai Airways; Bangkok; 1 dead.  
 
Inerting Systems 
 
A fuel tank inerting system is one that displaces the flammable gases, primarily the 
oxygen, so that fuel tank vapor mixtures cannot burn or explode. The NTSB has 
recommended the installation of inerting systems, from late 1996 to the present. 
Manufacturers and operators balked at the idea, which was seen as costly, cumbersome, 
and an additional penalty of weight and to fuel efficiency. 
 
Inerting systems pump in nitrogen or carbon dioxide (low cost gases that smother 
burning) to displace and dilute the oxygen in the fuel tank to a concentration fraction 
below 12% (0% to 9% oxygen is considered complete "inerting," while reduction of the 
oxygen concentration to significantly less than 21% is "flammability reduction"). The 
first aviation fuel tank inerting system was built by the Russians for some of their fighters 
in World War 2; cooled exhaust gas from the piston engine flowed through the fuel tank 
displacing the oxygenated air with the exhaust mixture of nitrogen, carbon monoxide, 
carbon dioxide and nitrogen oxides. This reduced the chances of a fuel tank explosion if 
hit by bullets or shrapnel during combat. Since World War 2, inerting systems have been 
installed in a wide variety of military aircraft. US military inerting systems are designed 
to reduce the oxygen fraction to 9% and are intended to operate only during the short 
periods of combat. Civilian systems would have to operate continuously (whenever the 
engines are running), and thus be able to supply a much greater quantity of inerting gas. 
 
Prompted by the NTSB, the FAA commissioned a study (by the Aviation Rulemaking 
Advisory Committee), which concluded in its July 1998 report that inerting would make 
the aviation fuel tanks of the US commercial passenger fleet safe, but would cost over 
$20 billion and would be very difficult to retrofit into existing airplanes. It recommended 



continuing work on "cost-effective" alternatives. An FAA report of 2001 concluded that 
inerting would cost $35 billion. 
 
A suggestion made during public comment to the FAA reports led "another FAA group 
[to create in May 2002] a comparatively inexpensive, simplified nitrogen-based inerting 
system prototype that did not require an air compressor [no moving parts], and weighed 
from 100 to 250 pounds (45 to 113 kg), utilizing air from the engines to displace some 
oxygen with nitrogen, and costing from US$140,000 to US$225,000, depending on fuel 
tank capacity. Boeing commenced testing a derivative system of their own, performing 
successful test flights in 2003 with several 747 aircraft." This new system "uses a hollow 
fiber membrane material that separates nitrogen-enriched air from oxygen. This 
technology had already been in use for generating oxygen-enriched air for medical 
purposes." (4) 
 
NTSB notes the system can "be retrofitted into existing airplanes at a fraction of the 
industry-estimated cost: the cost of this prototype system was only $100,000. The system 
has been flight tested by the FAA, NASA, Boeing, and Airbus, and the results indicate 
that fuel tank inerting is both practical and effective." 
 
Though not a complete inerting system (under 9% oxygen), the new membrane-separator 
nitrogen enrichment system reduces the flammability of the fuel tank atmosphere 
substantially (to 12% oxygen). 
 
Rulemaking versus Commercial Interests 
 
On 9 December 2003, the FAA issued a rule to implement the new "flammability 
reduction" system on Boeing 747 aircraft; on 15 June 2005, a similar rule was issued for 
Boeing 737 aircraft. Progress, but the NTSB "is concerned that the FAA currently intends 
to use this system only for some, not all, fuel tanks on an aircraft, and not on cargo 
aircraft. This is a reduction in scope from what the Board recommended." 
 
Besides retro-fitting 747s and 737s, Boeing is making the flammability reduction system 
a basic feature of its new designs, the B-777 and the 787 Dreamliner. "The first B-737 
equipped with a flammability reduction system was delivered on December 8, 2005, to 
Southwest Airlines," and, notes NTSB, "in testimony before Congress on September 20, 
2006, the FAA stated that a rule concerning flammability reduction means, although not 
specifically inerting, would be issued by the end of 2007." 
 
The proposed rule would only apply to U.S.-registered aircraft, and the Europeans are not 
buying it. NTSB sums up the situation this way: 
 
"The European Aviation Safety Agency (EASA) will certify the new Airbus A380 
transport aircraft without a fuel tank inerting system, instead relying on minimizing 
ignition sources and maintaining the fuel tank temperature below the ignition point. 
Ironically, Airbus has been investigating the use of inerting systems for cargo 



compartments, rather than staying with the increasing cost of Halon fire protection. Both 
the Safety Board and the FAA submitted comments opposing the Airbus approach." 
 
The Airbus A380 
 
On 12 December 2006, U.S. and European regulators gave Airbus Industries "approval to 
fly passengers on the largest jetliner in history, but left unresolved the fuel tank issues." 
(5) 
 
The Airbus A380 is a double-decker, four-engine jet aircraft designed to hold 550 
passengers. The following 14 December 2006 dispatch from Aero-News.Net is worth 
quoting in full. 
 
[quote AeroNews.Net] 
 
European Regulators Protest Inerting Systems 
 
One day after Airbus celebrated the joint EASA and FAA certification of the A380 
superjumbo, investigators with the National Transportation Safety Board and safety 
advocates say they're concerned the mammoth airliner will be exempt from new US rules 
designed to prevent fuel tank explosions. 
 
European officials say they don't plan to hold the plane to a requirement proposed by the 
FAA, as they don't agree with regulation. That proposal, set to go into effect next year, 
calls for empty fuel tanks to be filled with nitrogen, to render any residual fumes inert 
and prevent explosions triggered by electrical wiring inside center-wing-mounted tanks. 
 
Safety advocates say it's a mistake to exempt the A380 from the rules, as not complying 
may put the megaliner at increased risk for explosions. In 2004, the NTSB even took the 
unusual step of writing a letter to European regulators, urging them to consider fuel tank 
safety measures. 
 
"It's unfortunate that an aircraft of this size and significance does not have a requirement 
to eliminate the flammability in the tanks," former NTSB board member Carol Carmody 
told USA Today. 
 
Airbus replies the A380 isn't prone to the same kind of explosion that brought down 
TWA Flight 800 in 1996, as the A380 does not have a fuselage-mounted fuel tank like 
the Boeing 747. The European planemaker also notes it has never had an issue with fuel 
tanks on any of its aircraft. 
 
"This airplane has undergone more testing and more stringent evaluation than any other 
commercial airplane in history, and today is a very proud day that it has been certified as 
ready to fly," Airbus spokesman Clay McConnell said of the A380. 
 



The FAA says Airbus jets remain vulnerable... but unless the planes are registered in the 
US, there's nothing the agency can do about it. 
 
"There is no explanation other than it's a stiff arm in the face of safety," said former 
NTSB chairman Jim Hall on the regulators' decision." (6) 
 
[end quote of AeroNews.Net] 
 
Do the Europeans have a technically reasonable point, something beyond mere 
commercial considerations? To attempt an answer I must first describe some physics. 
 
Lightning In A Tank 
 
Is it possible to produce natural lightning in a large airplane fuel tank? 
 
On 16 December 1996, I began a note-binder on my research into this question. Ten 
years later, with a now fat note-binder, I conclude that it is possible in a large tank 
nonuniformly heated, filled with shallow puddles of liquid fuel and a mixture of fuel 
vapor and air with saltwater moisture, when this tank is then cooled and depressurized 
rapidly while also being subjected to mechanical vibrations -- a pattern similar to the 
loading, taxi and ascent of TWA Flight 800. The center tank of a Boeing 747 may be "big 
enough," though I cannot prove this conclusively. Like any theoretician, I accept the 
winnowing of possibilities by Occam's Razor, and the NTSB finding of cracked wiring in 
fuel tanks is a completely convincing explanation of the TWA Flight 800 tragedy. 
 
However, if "lightning in a tank" does have a finite possibility of occurring in 
commercial airliners then even new designs that ensure fuel tanks are thermally insulated 
and isolated, and have no wires inside them, may be at some risk unless they are also 
equipped with an inerting or flammability reduction system. 
 
The most important parameter is size, linear scale. 
 
Obviously, a bubble of air hundreds of meters in diameter (say, 300 feet to 3000 feet) 
lifting off the surface of the ocean as a rapid updraft in a thunderstorm can quickly 
condense its load of water vapor into droplets which collide into each other in the 
vigorous mixing occurring within the cell, with some of this water freezing and carrying 
a positive charge upward, and another negatively-charged portion of the water falling as 
rain. Because it is easier to break down the resistance of rarified air to the passage of high 
voltage current, lightning is a frequent occurrence within clouds, especially over warm 
water. 
 
If we enclose a small cell of hot, moist sea-air in a vented metal tank with linear 
dimensions of several meters (say a volume of 30 m^3 to 100 m^3; or similarly 1000 ft^3 
to 4000 ft^3) and shoot it up to an elevation of 2500 meters (8200 ft) in only a few 
minutes, agitating it vigorously along the way, we would have the same droplet-forming 



physics occur and also some "spray electrification." However, this tank might be too 
small to produce enough separated charge to produce an electrostatic discharge. 
 
The next important parameter is heat. 
 
Drops of seawater that momentarily fall on hot lava bounce off with a negative charge 
and release steam with positive charge. This effect was observed during the eruption of 
volcanoes in contact with seawater, as plumes of positively charged steam rising from the 
seawater-lava contact. The effect was duplicated in the laboratory, and you can repeat the 
experiment with a hot frying pan and a simple charge-measuring device. (7) 
 
This is a thermo-electric effect. It arises because the carriers of negative charge (e.g., 
chlorine ions, Cl-) move more quickly when heated than positive carriers (e.g., sodium 
ions, Na+) in this particular case. High heat suddenly imposed on the surface of a drop of 
seawater will cause negative ions to outspeed positive ions as they both move in toward 
the cooler center, because in this case the negative ions happen to have a higher "mobility 
coefficient." Mobility coefficients embody the micro-physics of interaction between ions 
and the surrounding water, and they have been determined both by theory and laboratory 
measurements. The outer perimeter of the drop becomes positive-enriched and is quickly 
boiled off, leaving a negative-enriched liquid drop. 
 
If we return to our imaginary small experimental tank, and heat one wall to high 
temperature before launching the tank on its ascent, then it may act as a source of 
thermal-electrification of seawater droplets that bounce off it. 
 
An Imaginary Flight 
 
Let us envision how these effects might have occurred in TWA Flight 800. 
 
The aircraft sat on the runway at JFK Airport for 2.5 hours with air conditioning units 
running, as the outside temperature was 85-90 degrees F. At that temperature, the air over 
Jamaica Bay alongside the airport might have held up to 40 grams of seawater vapor per 
cubic meter. This corresponds to 1 kg (2.2 lbs.) of water for every 25 m^3 (882 ft^3) of 
tank volume. The air conditioning units were mounted against the bottom of the airplane 
center tank at its front end, and heated it up to 130-145 degrees F (cool air went to the 
passenger compartment, rejected heat was discharged here), volatilizing fuel from its 
shallow puddles of liquid. 
 
The airplane took off and climbed with its engines at full power, rippling vibrations 
throughout its metal framework, and vibrating the panels of the fuel tank. As it sped 
upward, the airflow against the fuselage cooled the curved belly-wall, drawing heat away 
from the bottom, sides and rear of the fuel tank, setting up a temperature gradient from 
the heated front wall to the rear of the tank. The exterior pressure dropped, and the orifice 
of the vent pipe within the tank, about 30 centimeters (1 foot) from the hot front wall, 
became a low pressure point to which flow inside the tank was drawn. 
 



As the pressure and temperature of the gas-vapor mixture dropped, the water condensed, 
some dripping and bouncing off the vibrating walls including the still hot though cooling 
front wall. The vibration of the tank panels caused liquids flowing across them to agitate 
and break up into drops. A fine electrified spray was produced by the combination of 
thermo-electric contact with the front wall and the rapid breaking of liquid-metal contact 
along other vibrating surfaces. 
 
The fine electrified droplets were easily entrained in the flow toward the vent orifice, and 
as they concentrated to that point, they accelerated. The vent pipe was metallic, and at the 
same electrical potential as the rest of the tank's metal walls, call this "ground potential." 
However, the spray was electrically charged relative to the metal walls. As this charged 
cloud concentrated around the orifice of the vent pipe, it brought into greater proximity 
the two poles of a potential electrical discharge: the ground point of the pipe orifice and 
the negative voltage of the space of cloud concentration. A spark of 1 milli-joule of 
energy, perhaps jumping from the fast moving flow entering the vent pipe to the lip of the 
orifice, would be sufficient to ignite the oxygen-hydrocarbon vapor mixture. 
 
From Theory to Reality 
 
If you limit the linear scale of any open areas of tank (which is compartmentalized to 
reduce sloshing, a well-known electrostatic hazard of liquid fuels) then the quantity of 
accumulated water in any portion of the tank, which could become spray, is also limited. 
If you insulate the tank and isolate it from heat sources then the likelihood of thermo-
electrification is reduced. Fuel tanks designed with these considerations, along with the 
elimination of interior wiring, would have substantially less likelihood of experiencing a 
natural -- or any  -- internal electrostatic discharge, lightning in a tank. However, only the 
addition of a flammability reduction system can render tanks practically explosion-proof, 
and only a complete inerting system can render them absolutely explosion-proof. (8) 
 
I do not know the details of the Airbus A380 fuel tank design (all wing tanks), nor the 
extent to which "lightning in a tank" physics was explored (beyond electrostatic 
"grounding" procedures during refueling). I am confident that as with Boeing, Airbus 
aviation engineering and research is first-rate and state-of-the-art. So, there is no doubt 
that the fuel tanks of the A380s of the 21st century will be safer than those of the Boeing 
747s and 737s of the early 1970s. However, I would prefer that Airbus Industries 
shareholders accept an ever so slightly delayed commencement of profitability from the 
A380 in exchange for a rather modest yet deeply comforting addition to safety -- inerting 
the tanks.  
 
I can see AI might not want to advertise such an improvement: "Fly the A380, now with 
explosion-proof fuel tanks!" This would probably put the traveler in the wrong frame of 
mind. But imagine the small print on the information packages sent to potential buyers of 
AI product: "The A380 meets ALL of the US NTSB recommendations for passenger 
airplanes." How can you not buy that? 
 
 



 
Notes 
 
[Web sites active 16 December 2006] 
 
[1] "TWA Flight 800," Wikipedia, http://en.wikipedia.org/wiki/TWA_Flight_800 
 
[2] Cynthia Furse and Randy Haupt, "The Wire," in IEEE Spectrum, February 2001  
 
[3] NTSB, "Eliminate Flammable Fuel/Air Vapors in Fuel Tanks on Transport-Category 
Aircraft," http://www.ntsb.gov/Recs/mostwanted/explosive_tanks.htm 
 
[4] "Inerting System," Wikipedia, http://en.wikipedia.org/wiki/Inerting_system  
 
[5] Alan Levin, "Giant Jet Sets Off Fuel Tank Concerns," USA Today, 13 December 
2006, page 1 
 
[6] "Safety Experts Raise A380 Fuel Tank Concerns," AeroNews.Net, 14 December 
2006, http://www.aero-news.net/PlainPage.cfm#d 
 
[7] Duncan C. Blanchard, "From Raindrops to Volcanoes: Adventures with Sea Surface 
Meteorology," Dover Publications, reprint 2004, ISBN 0486434877 
 
[8] "Protection Against Ignitions Arising Out of Static, Lightning, and Stray Currents," 
American Petroleum Institute, API Standard 2003, Seventh Edition, 2006; see page 46, 
section 4.6.11, "Mists," which recommends operating under an inert tank atmosphere 
when mist formation is unavoidable. 
 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
 
Manuel Garcia, Jr. earned a Ph.D. in Mechanical & Aerospace Engineering from 
Princeton University in an earlier century, he can be reached at mangogarcia@att.net. 
 


