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Image sources: NTSB Report
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Figure 21. The wreckage location relative to the airplaine’s flightpath, JFK, and Long Island.
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Figure 4a. A cross-section of the 747-100 wing center section.

3! The compartment between SWB3 and the front spar was originally equipped with a bladder cell for
water and plumbing to inject that water into the engines to increase engine thrust on takeofl. When the
original engines were replaced with higher thrust engines, water for water injection was not needed, and the
compartment between SWB3 and the front spar was converted to a dry bay. The accident airplane’s water
system had been deactivated, and the bladder cell and plumbing had been removed. In some later models of
the 747 and in the military (E-4B) version, this dry bay has been modified to carry fuel.
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Figure 6. A schematic diagram of the 747-100's air conditioning system.
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Figure 11. A schematic diagram of the 747-100 fuel tank arrangement.

To protect against the propagation of a flame from the surge tank to any of the
other fuel tanks through the vent system,® the 747-100 surge tank overboard vents are
equipped with a surge tank protection (STP) system. The STP system consists of an
optical photocell located in each overboard vent designed to trigger the discharge of Halon
(a fire extinguishing agent) into the surge tank when a flame or bright light source®’ is
sensed in that overboard vent. Discharge of the extinguishing agent is designed to occur
about 1 millisecond after the photocell senses a flame.




Note :
Style of wire attachmenis
shown are typical and

not specific to any probe
of compensator

SERIES A8

(o) SUBSEQUENT
4 cLAMP
/
e
/
SERIEE 13 { f
HALF CIRCLE |
METAL CLAMP ﬂqulh
FUEL QUANTITY PROBE COMPENSATOR
(Length varies to fit the tank depth) (10 Inches In height)

Figure 15. Diagrams of a fuel quntity probe and a compensator.
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Figure 16. The fuel quantity probe and compensator locations in the 747’s center wing fuel tank.



Table 2. TWA's fueling records, indicating TWA flight 800’s fuel loading
when it prepared to depart JFK.

Indicated Fuel Load Before Indicated Fuel Load After
Fuel Tank Fueling (pounds) Fueling (pounds)
No. 1 Reserve 0 3400
No. 1 Main 5,400 24,600
No. 2 Main 5,300 62,900
CWT 300 300¢
No. 3 Main 6,900 62,700
No. 4 Main 6,300 24,600
No. 4 Reserve 0 3,300
Total 24,200 181,800

® The cockpit indicator has an analog scale and a digital (rotating drum) scale. When the digital
display indicates 300 pounds, the analog needle would indicate near “0.”

The Safety Board also measured the ambient air and component surface
temperatures within the air conditioning pack bay. At the time that the flight test airplane
was pushed back from the gate (after operating on the ground for 2 3/4 hours with the
Nos. 1 and 3?* air conditioning packs operating), air conditioning pack component
surface temperatures ranged from 250° to 350° F, and ambient air temperatures within the

pack bay ranged from 148° to 228° F.2¥!

Review of the data obtained from the emulation flight test revealed that the CWT
vapor samples had fuel/air mass ratios?’ of 0.034, 0.046, and 0.054 on the ground during
taxi and as the airplane climbed through about 10,000 and 14,000 feet msl (see table 7).
According to scientific literature’*® and tests conducted by experts at the California
Institute of Technology (CIT), the lower flammability limit (LFL) of Jet A fuel is at a

fuel/air mass ratio of 0.032 to 0.038.2%

Table 7. Fuel/air mass ratios and ullage temperatures measured at the
bay 2 sampling port during the TWA flight emulation flight test.

Temperature of Ullage at

Sample Sample Locationin °F Fuel/air Mass Ratlo
Emulation flight test, taxi 123 0.034
Emulation flight test, about
10,000 feet ms| 15 0.045
Emulation ﬂlghl test, about 117 0.054

14,000 feet msl




The accident airplane’s electrical system consists of four engine-driven generators
(one per engine) and one APU-driven generator,”’ all of which are capable of providing
115/200-volt,*® three-phase, 400-Hz alternating current (a.c.). These generators are driven
by a constant-speed drive located on the engine/APU gearbox, as applicable. Two
36-ampere (amp)**-hour nickel cadmium batteries provide 24-volt backup direct current
(d.c.) power and APU start power and electrical bus*’ and switching logic for power

BMS13-42A-type
Wire with Double Insulation Layer and Topcoat

Conductor

Insulation, Inner Layer
Insulation, Outer Layer

op Coat Layer

Typical Wire Markings Specified by Boeing

— Wire Specification, per BMS 13-42A:

W42A denotes Boeing Specification
(example is BMS13-42A)
11 denotes Type
(example "1 is for 6 mil insulation, tinned copper conductor”)
11 denotes Class
(example “1" is a single insulated conductor)
-20 denotes Size
(AWG)

Gwazninzo  wigsan1234 20 (6

Circuit ldentification, per Boeing D6-13046:
W103 denotes Wire Bundle Number
-RN denotes System Function Number
-1234 denotes Wire Serial Number
20 denotes Gauge

Figure 10. Diagram of a BMS13-42A Poly-X wire.
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Flgure 17. A schematic diagram of the 747-100's fuel quantity indication system wiring, fuel flow wiring, cockpit voice recorder
wiring, and other wiring information.




Figure 19. A schematic diagram of the fuel pump locations in the 747.



Exposure Basic
Failure Rate Time Element
Basic Element (events/hour) {hours) Probability
Fuel/air mixture in CWT will support explosion N/A N/A 1x 10
Metallic object capable of creating spark in CWT 1x 100 8.0 8x 10%
Tank sealant decays, resulting in exposed metal surface 1x10% 8.0 8x 1097
Electrical faults in surge tank 1 x 1077 8.0 8x 10
Fire propagates from surge tank to CWT 1x10% 8.0 8 x 10
Conductive material bridging terminals 3.55x 1077 8.0 2.64 x 107
Unique wire-to-wire faults route to FQIS leads in right wing |  2.44 x 10°%7 8.0 1.95 x 10°%
Fuel probe contacts CWT structure 3.55x 107 8.0 2.84 x 10°%
Unique wire-to-wire faults route to FQIS leads in left wing 2.44 x 1077 8.0 1.95 x 10°%
Fire propagaltes from WCS dry bay to CWT 1x 100 8.0 8x 10%
Combustible fuel/air mixture in air conditioning pack bay N/A N/A 1x 10
Explosion-proofed equipment does not operate 1x 100 60000 6x10™
as designed
Fire propagates from air oontd;'liﬁoning pack bay to WCS dry 1x 10 8.0 8x 10%
ay
Fuel leak to air conditioning pack bay 1x10% 8.0 8x 10
VSO unit internal fault results in power to FQIS lead 1.4x 10 8.0 1.12x10%
FQIS wiring fault produces ignition source in main tank 1x 10 8.0 8 x 10

During its evaluation of the FMEA/fault tree process for this investigation, the
Safety Board noted several other accidents/incidents in which failures occurred that either
had not been anticipated or had not been perceived as catastrophic and, therefore, had not
been appropriately addressed in the manufacturer’s fault tree analysis. For example, after a
series of accidents and incidents in the 1990s involving uncommanded rudder movements
on 737s, the Board recommended that the FAA convene an engineering test and review
board to evaluate the 737 rudder system.**! The resultant engineering test and review
board, which convened in 1999, identified catastrophic failure modes that had not been
identified through the FMEA and fault tree analyses submitted by Boeing in 1997 in
connection with certification of the 737-NG airplanes. The recent in-flight failure of a
horizontal stabilizer actuator on an Alaska Airlines MD-80 may be another example of a
failure that was not anticipated through the FMEA/fault tree analysis process.}¥



Clock Time(s) Event
2031:12 Initial event
2031:15.2, 2031:17.2, 2031:19.2 Forward fuselage separation
2031:46 Wing tip failure
2031:50 WCS failure adjacent to left wing
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Figure 29. A photograph of the right side of the large three-dimensional reconstruction, with the support
scaffolding visible.






