
AND/OR
Evidence: maximum 
energy available much 
less than ignition 
energy

Wiring into tank 

Safety Goal 
Impacted

230 people 
killed

Step 2. Cause Map

CauseEffect

Why?

NOTE:  Read the Cause Map from left to right with 
the phrase "Was Caused By" in place of each 

Property Goal
Impacted

Airplane 
destroyed

Airplane broke 
apart in air

Fuel tank 
exploded

Flammable mix 
ignited

Flammable 
fuel/air mix 

present in tank

Explosion 
generated 
significant 
pressure

Support beam 
for center wing 
tank fractured

Missile hit 
airplane

Evidence: evaluation of 
holes in airplane 
structure, witnesses saw 
streaks of light - was 
burning fuel, no radar 
data for anything that 
intersected Flight 800's 
flightpath at any time

Static 
electricity

Lightning

Electromagnetic 
(EM) 

interference

Inadequate 
separation of 

wires

Short circuit in 
fuel quantity 

indication 
system (FQIS)

Fuel tank 
design process 

ineffective

Evidence: Fuel tank 
design relies upon having 
no ignition sources, 
accepts flammability

Heat from air 
conditioning 
equipment 
under tank

Ineffective 
inspections 

Evidence: Importance 
placed on systems 
that could directly 
cause failure

Heat not 
dissipated

Design of 
plane

Design of 
Boeing 747

Oxygen 
present

Inerting 
process not 

used

300* lbs 
"unusable" fuel 

remained in 
tank

Air present in 
tank

Fuel tank 
temperatures 
not visible to 

Crew unaware 
of increase in 

tank 
temperature

Bomb on-
board 

exploded
Evidence: explosive 
residue found on board 
traced back to a training 
operation, cockpit voice 
recorder sound analysis 
similar to other airplane 
breakups, dissimilar to 
bomb airplane explosions, 
no localized areas of 
damage or injury found on 
plane

OR

Structural 
damage 

Uninhibited 
chemical 
reaction

Tank not 
refueled

Air conditioning 
equipment 
under tank

Equipment 
created too 
much heat

Air conditioning 
run for 2 1/2 

hours on 
ground

Air conditioning 
run while flight 

at gate

Flight delayed  
at gate

TWA policy

Combined with 
another flight

Connecting 
passengers 

late due to bad 
weather

Delay for bag 
to be matched 
with passenger

Federal 
regulation

Pumps unable 
to remove 
some fuel

FAA had 
granted TWA 

inspection 
waiver 

Evidence: FAA had 
allowed one-time 900 
hours between 
inspections instead of 
800

Evidence:The error of 
the fuel quantity gage 
is several hundred 
pounds

Silver-sulfide 
deposits on 

wiring

Wiring silver-
coated

Sulfur 
commonly 

found in jet fuel

Degraded 
insulation in 

system 

Wire splices 
left uncovered

Inadvertantly 
joined 

connecting 
pins/wires

Improper 
soldering

Pressure 
exceeded 
strength

Strength of 
support beam

Evidence: support beam 
that fractured was 
weakest of the support 
members and would be 
expected to fracture first

Support beam 
no longer held 

in place

Support beam 
rotated and 

hits wing 
structure beam

Stress of 
impact 

exceeded 
strength

Strength of 
structure beam

Structure beam 
cracks

Internal 
pressure, 

stress on plane

Crack 
propagates into 

hole around belly 
structure

Wing structure 
ejected from 

airplane

Wing 
supported by 

belly structure

Weight of wing 
structure

Internal pressure 
of plane 

exceeded plane 
strength 

Structural 
damage 

decreased 
plane strength

Pre-existing 
cracks, 

corrosion 
damage

Evidence: none of 
preexisting cracks 
had propagated

Cargo door 
separated 

during flight
Evidence: Hinges 
held together, similar 
damage to rest of 
plane

Warm weather

Auto-ignition

Elevated 
temperature in 
fuel, structural 
components

Fire

Malfunctioning 
Equipment

Transfer of 
energy to FQIS 

wiring

EM radiated 
from personal 

electronic 
devices

EM radiated 
from external 

radio 
frequency Aging of wires

Arcing in tank

Silver-sulfide 
deposits break 

down, arc during 

Voltage Surge 
into tank

?

AND

OR

Design of plane

Design of plane

Design of 
plane

AND

AND

OR

AND

AND

AND

AND

AND

Design of 
plane

AND

AND

AND

Evidence: *fuel 
quantity 

Possible Solutions: 
Remove heat-
generating equipment 
from under tanks, use 
insulation to 
thermally separate

Design of 
plane

OR

OR

AND

AND

AND/OR

OR

AND

AND

AND

AND

AND

AND

AND/OR

AND/OR

AND/OR

Evidence: 
maximum energy 
available less than 
ignition energy (.03 

Silver 
susceptible to 

sulfidation

AND

Silver-plated 
wiring used in 

fuel tanks

AND

?

Evidence:1991 Boeing 
report says silver should 
never contact sulfur-
containing liquids

Evidence: Armed Forces 
Research Lab study

Wire coating 
exposed to jet 

fuel

Bare wires 
present

Bare wires 
present

Bare wires 
present

See same cause 
on map

Possible Solutions: 
use alternate wire 
coating

Evidence: no 
evidence of 
damage from high 
temperatures in 
wreckage

Meteorite  hit 
airplane

Evidence: considered 
unlikely

OR

Wires used 
beyond design 

life

Design goal 
30,000 hours

Plane had 
more than 

90,000 hours

Wires not 
replaced 
unless 

damaged

Operational 
decision

Much wiring 
inaccessible, 

uninspectable 
visually

Possible Solutions: use 
electronic wire 
inspection equipment

Possible Solutions: 
fill all tanks when 
refueling

Possible Solutions: 
provide short circuit 
protection equipment 
(resistors, circuit 
breakers, etc.)

Possible Solutions: 
use ground 
equipment for air 
conditioning

Possible Solutions: 
Provide dedicated 
ventilation system 
to dissipate heat

Temperature 
limits for tank 
above ignition 
temperatures

Design of 
operating 

instructions
Evidence: Temperature limits 
developed to prevent freezing 
and perform properly in hot 
weather, not to preclude 
ignition

Temperature 
data in flight 
handbook 
incorrect

Evidence: Flight handbook 
states that the air 
conditioning equipment can 
raise the tank temperature 
10-20F.  Tests found it 
actually raises it 40-60F.

Possible Solutions: 
display tank 
temperature for 

Damaged wires 
in system

AND/OR

Wire contacted 
terminal block

AND

Terminal block 
has sharp 

edges

Design of 
terminal block

Possible Solutions: use 
terminal blocks without 
sharp edges

"Economic" 
design goal 

50,000 hours
?

Possible Solutions: 
replace wires based 
on time

Damage not 
found during 
inspections

AND

Degradation 
not found 

during 
inspections

Possible Solutions: 
remove wires from 
tank

Used to 
measure fuel 
level (FQIS*)

Increased heat 
increases 

flammability

Choice of fuel

Possible 
Solutions: use 
alternate fuel 

Possible Solutions: 
improve inspection 
criteria 

Pre-existing 
crack or other 

damage
Evidence: Inspection 
revealed no pre-existing 
faults that would affect 
structural integrity of 
airplane

OR

Evidence: no 
evidence of 
prolonged fire 
exposure

Evidence: analysis 
of wreckage

Evidence: analysis 
of wreckage

Evidence: analysis 
of wreckage

Evidence: analysis 
of wreckage

Evidence: tests 
showed fuel vapor 
temp reached 101 to 
127 F 

Evidence: testing 
showed flash point 
as low as 96.4 F

Evidence:analysis of 
other fuel tank 
explosions showed 
pressure great enough 
to break apart plane

Evidence: Beam fails at 20-
25 psi; testing shows 
explosion caused 40-50 psi

Evidence: Minimum 
ignition energy 
.25mJ

Evidence: no 
witnesses, 
meteorological 
data

Meteorite  hit 
fuel tank

Evidence: 
considered 
unlikely

OR

AND/OR

AND

Wires from 
FQIS system 
touch other 

wires 

AND

Contaminant 
between FQIS 
wires and other 

system wires

Evidence: cracked solder -
tests indicate 270 V will 
cause cracking

No 
requirements 
for separation 
of FQIS wires

AND/OR

AND/OR

Leakage ?

Metal shavings 
remaining from 

repairs

Possible Solutions: 
Install surge 
protectors

Arcing from 
bare wires to 
conductive 

contaminant

Metal shavings 
remaining from 

repairs

AND/OR

Possible Solutions: 
Remove silver-sulfide 
deposits

Evidence: 
Temperatures not 
high enough 

Wires less than 
3" long allowed 

to be 
electrically 

Boeing design 
practice

EM radiated 
from aircraft 

system wiring

Plane was in 
the air

AND

Bomb on-board 
exploded

Evidence: explosive residue 
found on board traced back 
to a training operation, 
cockpit voice recorder sound 
analysis similar to other 
airplane breakups, dissimilar 
to bomb airplane explosions, 
no localized areas of 
damage or injury found on 
plane

OR

Operational 
considerations

OR

Design of 
plane

AND

Evidence: Visual 
examination of 
recovered wires offers 
evidence of arcing

Possible Solutions: 
Separate or shield 
wiring

Possible Solutions: Require 
all wires to be electrically 
unbonded

Possible Solutions: 
cover wire splices

Possible Solutions: 
Increase strength of 
structure beam

Possible Solutions: 
Increase strength of 
support beam

Possible Solutions: 
Prevent ignition 
sources

Possible Solutions: 
Use inerting 
process

Possible Solutions: 
Correct data in 
handbook

Possible Solutions: 
Protect coating from 
fuel

Possible Solutions: 
Do not allow bare 
wires

Possible Solutions: 
Do not allow bare 
wires

Possible Solutions: 
Clean up thoroughly 
after repairs

Possible Solutions: 
Clean up thoroughly 
after repairs

Possible Solutions: 
Institute stricter 
soldering controls

AND/OR

Confined in 
fuel tank

AND

Evidence: separation 
only required for 
systems essential to 
safe operation

AND

AND

AND

AND

AND

AND

AND

AND

AND

AND

OR

AND

AND

OR

Cause

Possible Solutions:
Idea, Suggestion

Evidence:

Evidence: analysis 
of wreckage

Evidence: analysis 
of wreckage

Evidence: analysis 
of wreckage

Evidence: analysis 
of wreckage

Possible Solutions: 
eliminate flammable 
vapor inside tanks


