
SAFETY I PROCEDURE 
TEST CHECKLIST (CONT'D) 

9. TURN ON HEATER IF REQUIRED. BASED 
TEMPERATURE REQUIRED FOR TEST. 

ON PRE-TEST RESULTS AND FUEL 

10. TURN ON FUEL PUMP AND VERIFY PRESSURE READING AND 
SETTING FOR DESIRED TEST PRESSURE(S). 

CONTROL VALVE 

11. RUN PUMP UNTIL ELECTROSTATIC VOLTMETER STABILIZES. 15 MINUTES I TB~. 
UNTIL DISCHARGE OCCURS. RECORDALL DATA AS REQUIRED•. 

OR 

12. TURN OFF PUMP(ALLOW TIME FOR TEST ARTICLE VOLTAGE TO RELAX (I.E. ZERO) 

13. TURN OFF INSTRUMENTATION 

14. RECORD AND REVIEW ALL TEST DATA BEFORE REMOVING LEXAN TEST CHAMBER 
ENCLOSURE. 

15. REMOVE TEST CHAMBER ENCLOSURE. 

16. CONDUCT POST-TEST CONFIGURATION MEASUREMENTS (WET) AND RECORD TEST 
VALUES ON DATA SHEET. (TEST COMPONENT CAPACITANCE VALUE. FUEL CU VALUE 
IF REQUIRED). MEASURE FUEL SPRAY LEAKAGE QUANTITY, RECORD QUANTITY AND 
TIME. 

17. VERIFY TEST DATA, DISCUSS RESULTS WITH -rEAM. INSPECT TEST ARTICLE AND SET­
UP FOR NEXT TEST RUN AND/OR SERIES. 

Page 2of2 
UDRI129.00c 



TEST CONFIGURATIONS
 
FOR
 

STATIC ELECTRICITY CHARGING TENDENCIES
 
(PRODUCED BY FUEL IMPllIGEMElfT OlfTO Alf 

ISOLATED/IIOll-GROUlfDED FUEL SYSTEM COMPOlfEIIT) 

1'8B1' 
COIlFIGURA1'IOIlB 

I.	 DIRECT ORIFICE SPRAY OlfTO CLAMP 
(COR,TIIIEIITAL	 AIRCRAFT) (T'EFLOIl LIllER, 
PIli DG 2 UMPCO, MS-21919)' 

II.	 DIRECT ORIFICE SPRAY OlfTO CLAMP
 
TW 109 (RUBBER LINER)
 

III.	 DIRECT ORIFICE SPRAY ONTO CLAMP, lfEW 
(SAME AS II. ABOVE) 

IV.	 DIRECT ORIFICE SPRAY ONTO WIGGllfS COUPLING 
SHELL 

V.	 REFLECTED ORIFICE SPRAY ONTO CLAMP 
(CLAMP WORST CONFIGURATION OF I. or II.) 

VI.	 REFLECTED ORIFICE SPRAY ONTO WIGGINS 
COUPLING SHELL (WORST CONFIGURATION) 

VII.	 WIGGIIIS SPLIT "0" RING SPRAY OlfTO 
WIGGINS OR CLAMP (WORST CONFIGURATIOll) 

VIII.	 WIGGINS SANDED "0" RING SPRAY ONTO 
WIGGINS .OR CLAMP (WORST CONFIGURATIOll) 
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DEPARTMENT OF THE AIR FORCE 
WRIGHT LABORATORY (AFMC)
 

WRIGHT-PATTERSON AIR FORCE BASE OHIO
 

12 November 1996 

MEMORANDUM FOR	 NATIONAL TRANSPORTATION SAFETY BOARD 
TWA 800 ACCIDENT 
ATTENTION: BOB SWAIM 
GRUMMAN NAVAL WEAPONS CENTER 
4026 GRUMMAN BOULEVARD 
CALVERTON, NEW YORK 11933 

FEDERAL BUREAU OF INVESTIGATION 
TWA 800 ACCIDENT 
ATTENTION: CHRISTOPHER VOSS 
GRUMMAN NAVAL WEAPONS CENTER 
4026 GRUMMAN BOULEVARD 
CALVERTON, NEW YORK 11933 

FROM: WL/MLSA Bldg 652 
2179 Twelfth Street Suite 1 

. Wright-Patterson Air Force Base, Ohio 45433-7718 

SUBJECT: TWA 800	 INVESTIGATION' 

1. As a result of a request from the Federal Bureau of Investigation (FBI) 
and National Transportation Safety Board (NTSB), a group from Wright-Patterson 
Air Force Base, Ohio visited the TWA 800 accident investigation site on 
30-31 October 1996. The purpose was to examine recovered hardware, discuss 
several mishap scenarios, and provide comments that may be helpful to the 
overall investigation. The group included: 

Bill Bates, NAIC, Computer Scientist, Reverse Engineering Specialist 
Steve Gerken, WL/MLSA, Materials Engineer, Electrostatic Discharge Specialist 
Marty Lentz,WL/FIVS, Lead Engineer for Joint Live Fire Testing 
Larry Perkins, WL/MLSA, Materials Engineer, Structural Materials Team Lead 
Beatriz Rodriguez, ASC/ENFA, Aerospace Engineer, Fuel Systems Specialist 
George Slenski, WL/MLSA, Materials Engineer, Electronic Materials Team Lead 

2. Given the size of the aircraft, extensive damage, and post-mishap 
conditions, we were impressed with the reconstruction and good condition of 
the majority of recovered parts. It was apparent that much of the explosive 
energy emanated from the center fuel tank area and fire in or near this area. 
This area is directly above the main landing gear bay and between the wings. 
On the first day Dr. Merrit Briky and Mr. Bob Swaim, of the NTSB gave us a 
tour of the recovered aircraft sections. We examined the center fuel tank 
remains, fuel pump locations~ fuel venting system and suspect Wiggins 
couplings in the right wing, and the reconstruction site for the passenger 
cabin. On the second day we reviewed documentation collected by the NTSB that 
was associated with the 747 fuel system, discussed aircraft damage scenarios 
with FBI Special Agents Ken Maxwell and Christopher Voss, examined parts 

'Extraction of any portion of this memo for inclusion in any document (letter, 
memo, report) or briefing is not authorized. If referenced, the entire report 
must be included. 
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tagged as suspicious by the FBI, and examined the recovered center tank fuel 
tank pumps. After the first day, Mr. Bill Bates broke off from the general 
group to discuss computer simulation techniques with the NTSB representative 
Ms. Debbie Bruce. Most of our discussions were centered on possible fuel 
ignition sources. If not already completed, we recommend that every possible 
ignition source in or near the center tank be identified and a probability 
level as an ignition source be assigned to each identified component. This 
may help to focus efforts on a manageable number of ignition sources for 
further investigation. Attachment 1 includes a detailed review of our 
observations and recommendations for consideration. These recommendations are 
offered as an attempt to help the accident investigation team determine the 
cause of the TWA 800 mishap. Please direct any questions concerning this memo

Ji:-:'~{j=3' 
STEVEN C. GERKEN MARTY LENTZ
 
ESD Electrostatic Discharge Joint Live Fire Testing
 
Materials Integrity Branch Survivability Enhancement Branch
 
Systems Support Division Vehicle Subsystems Division
 
Materials Directorate Flight Dynamics Directorate
 

. tjJ;)iC.W0 It ­
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LARRY PERKINS 
Structural Failure Analysis Air Vehicle Subsystems Branch 
Materials Integrity Branch Flight Systems Engineering Division 
Systems Support Division Aeronautical Systems Center 
Materials Directorate 
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GEORGE A. SLENSKI 
Electrical Failure Analysis 
Materials Integrity Branch 
Systems Support Division 
Materials Directorate 

Attachment
 
Review and Observations, 7 Nov 96
 

OFFJ:CJ:AL USE ONLY . 



OFFICIAL USE ONLY 

Review and Observations 

7 November 1996 

Fracture Surfaces of Interest. During our tours we saw no 
evidence of high explosive (HE) initiated structural damage. 
Several areas of the structure exhibited elevated temperature 
damage that can be misinterpreted as HE initiated damage ("broom 
straw"). Fracture surfaces, on the upper spars at the forward 
top end of the center fuel tank, exhibited topography 
characteristic of pre-existing cracks (thumbnail appearance). 
Replicates should be taken from these areas to determine if 
fatigue or stress corrosion may have occurred. In the event 
pre-existing flaws are confirmed, flaws should be considered in 
any computer simulations or lab tests evaluating aircraft 
structural integrity. 

Conditions or Issues Before Flight and the Mishap. The mishap 
'aircraft is a 747, series 100 delivered to TWA in 1971 with 
approximately 90,000 flight hours. The FBI informed us the 
aircraft initially would not accept fuel before the last flight 
and that this aircraft had a history of refueling problems. 
Apparently, when this condition occurs, refuelers will pull a 
circuit breaker and proceed to refuel the aircraft. Consider 
investigating this area further, since it may be a symptom of a 
fuel system problem. 

It was reported that just before the mishap, fuel was being 
transferred to balance the aircraft. It should be determined if 
this is a typical procedure during a climb maneuver and which 
components associated with the center fuel tank are active during 
this process (check the flight handbook and TWA practices). A 
specific question to ask for both above events are if fuel could 
leak into the center tank during the transfer or refueling 
procedure. 

Center Jettison Fuel Pumps. The recovered jettison fuel pumps. 
were partially inspected. Primary interest was in the connector 
area. While reviewing 747 documentation, it was noted the FAA is 
proposing inspection of boost and jettison pumps. This is ~ue to 
concerns of fuel leaking-from a connector mounted to the pump 
(see FAA proposed Air-worthiness Directive, Docket No. 
96-NM-57-AD). It was reported, that under certain conditions, 
electrical arcing in the connector (leaking fuel) could initiate 
a fire. Optical inspection of one of the recovered center tank 
jettison pump connectors revealed several anomalies. This 
included loss of adhesion between the fuel side connector 
encapsulation and wiring/wiring splice, a possible crack in the 

OFFICIAL USE ONLY 

~! J 



2 OFFICIAL USE ONLY 

connector encapsulation, and numerous voids in the encapsulation. 
We recognize the first two anomalies could be post-mishap damage. 
Consider measuring the insulation resistance of the intact pump 
connectors after humidity exposure -(eight hours @ 85°C, 85 
percent RH). Also consider cross sectioning a representative 
sample of connectors and examine for corrosion, thermal damage, 
or arc tracking. We recommend reviewing inspection results on 
pumps installed on the aircraft (if available), and failure 
analysis reports on pump connector fail~res. Connector failures 
may be related to the encapsulation process during manufacturing 
or repair. Ensure wiring adhesion is promoted by etching or use 
of a primer on the wire insulation, that a proper encapsulate is 
used, and the encapsulate is being properly out-gassed and cured. 

Center Fue1 Tank. The pattern of the center wing fuel tank 
damage is indicative that some form of an internal explosion took 
place. The majority of the fuel lines were found collapsed 
and/or twisted, giving an indication of system overpressure. 
structure forward of station 1240 (aft end of center fuel tank) 
showed signs of bulging due to an overpressure. Evaluation of 
·the signature of the explosion, by examining the structural 
evidence, indicates .the explosion exhibits characteristics more 
consistent with a deflagration rather than a detonation event. 
Deflagration involves a subsonic gaseous combustion process. A 
deflagration explosion of an optimum, uniform, hydrocarbon fuel 
air vapor concentration may generate a flame temperature in the 
order of 1200oC, a pressure rise of approximately an eight to one 
pressure ratio, and a burn rate of as high as 1.6 ft/sec.; 
Evidence also indicates that an intense post-blast fire occurred 
involving the residual fuel found in some areas of the centerwing 
tank and adjacent compartments. 

Maximum blast overpressures are typically generated near 
the stoichiometric concentration. The explosive pressure 
generally increases with decreasing fuel quantity in the tank. 
As the quantity of fuel in a tank is reduced, the fuel/air vapor 
volume increases. The number of moles of the vapor increases as 
the volume increases, for a given fuel/air concentration. Thus, 
empty tanks possess the potential of delivering the greatest 
explosion blast pressures. The residual amount of fuel in the 
mishap aircraft at the time of the explosion has been reported to 
be in the range of 50 gallons to 90 gallons. 

Efforts were concentrated on analyzing fuel/air mixtures and 
potential ignition sources. Boeing conducted an "on aircraft" 
test, where they simulated the same ground operating condition as 
TWA 800. It was reported that fuel temperatures could reach 

'J. Kuchta and R. Clodfelter, Aircraft Mishap Fire Pattern Investigations,
 
AFWAL-TR-85-2057, August 1985, p. 34.
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115°F in the tank. At an altitude of 13,700 feet, and a fuel 
temperature of 115°F per Figure 1, the Jet-A fuel was within the 
flammability range.' The associated minimum ignition energy 
(Figure 2), in a static equilibrium condition for a pressure of 
8.8 psi and a temperature of 115°F, is in zone 3. Zone 3 
estimates that an ignition energy of 0.3 to 0.5 milli-joules 
would be required to ignite the vapors. 

Center Tank Scavenge Pump. The structure associated with the 
scavenge pump (SP) exhibited bulging and deformation typical of a 
high internal pressure event. Part of the structure adjacent to 
the right side of the SP was missing. Fire damage and sooting 
were noted on the right side of the main gear bay (contains the 
SP and center jettison fuel pumps). Examination of the SP 
attachment bracket suggests the SP exited quickly out and down, 
rubbing across the top of the fuel tank pump inlet. While the SP 
has yet to be found, a connector (labeled as a refueling 
connector) attached to the bulk head structure in the main gear 
bay may actually be associated with the SP. This connector was 
thermally degraded and contained partially burned wires. We 
recommend the connector identity be verified and the cause of the 
thermal degradation investigated. Consider real-time 
radiography, insulation resistance measurements, examination for 
arcing, and sectioning to determine if thermal degradation was 
internal or external. Maintenance records for the SP of interest 
show since 1971 the pump was repaired for cause every two to 
three years (5 times from 1971 to 1994) except for a 12.5 year 
period between 1978 and 1990. We recommend the history for the 
pump be checked during the reported 12.5 year failure free 
period. Consider reviewing the SP design, replacement and 
incident history, overhaul procedures, dry running requirements, 
and pump failure modes that could act as a center tank ignition 
source. Specifically, determine if the SP would also be 
susceptible to connector corrosion and fuel leakage as reported 
in the Air Worthiness Directive for 747 jettison and boost pumps. 
Consider inspecting similar vintage SP pumps on aircraft or 
currently in storage. A pump should be inspected with real-time 
radiography and disassembled to determine if degradation or 
modifications to the pump could make it more susceptible to . 
arcing or other failure mechanisms that can generate heat. While 
reviewing the analysis report on the flight engineer's panel, it 
was noted the SP switch exhibited a 400 ohm resistance b~tween 

contacts. It was noted the position of the switch at impact 
could not be determined. Since switches adjacent to the SP . 
switch had nominal contact resistances, we believe the SP switch 
contacts should be examined for anomalies. Typically a relay is 
used to switch a pump, if this is the case, and the SP relay is 
available, it should be inspected for contact welding or 
degradation. 
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Suspect Wiggins Coupling in Right Wing Fuel Venting System. 
A resistance less than one Megohms is acceptab~e to prevent 
electrostatic build-up.* The fuel in question had an antistatic 
additive. This additive increases the conductivity of the fuel 
so that, although charge generation still takes place, the charge 
relaxation is so rapid that the hazardous accumulation of 
electrostatic potential inside the tank is prevented. Conditions 
of air flow to produce tribocharging between the Wiggins coupling 
and bond wire would, therefore, appear unlikely. In addition, 
the bonding strap resistances were measured below one ohm, this 
would keep the vent tubes at an equal potential. If the Wiggins 
coupling carne in contact with the bonding strap, it would be 
unlikely that sufficient potential would exist to break through 
the anodized surface. The suspect Wiggins coupling exhibited 
bonding wire chaffing and a brown stain on the Wiggins coupling. 
The coupling is reportedly a 2000 series aluminum with a Class 2 
anodized finish. Visual examination under an -inspection 
microscope at up to 44X, revealed the brown st~in is on the 
surface of the anodized surface. The bonding wire had worn 
through the anodized layer on the Wiggins coupling. The brown 
stain can be evaluated using Auger analysis. While Auger will 
not determine the presence of compounds such as hydrocarbons or 
corrosion products, it will accurately determine the chemical 
elements present and their distribution in the surface layers. 
The major chemical constituents can then be used to estimate the 
composition and potential compounds present. Copper was found 
during the SIMS analysis of the brown stain. This suggests 
copper-may have been deposited on the surface. Future analysis 
of the brown stain should be compared to the anodized surface, 
not the area where the anodize has been removed. Optical 
examination of the area in question indicated the brown stain was 
initially on the surface of the anodize layer. Very little 
copper should be present in the anodize layer and, therefore, 
elevated copper in the stain would suggest copper from the ground 
strap. The chaff area on the Wiggins coupling and on the bonding 
strap should be examined for melting and material transfer using 
a scanning electron microscope (SEM) and energy dispersive 
spectroscopy . 

•J. Kuchta and R. Clodfelter, Aircraft Mishap Fire Pattern Investigations, 
AFWAL-TR-85-2057, August 1985, p. 46. 
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Fuel Probes. While we did not examine fuel probes, they need to 
be considered as a possible fuel ignition source. Static buildup 
on capacitive or insulating elements can discharge to structures 
at another potential. The fuel quantity wiring may also carry 
sufficient energy to ignite fuel if breakdown occurs between 
insulated elements. Review all fuel probe power sources, 
specifically situations where fuel probe wiring could short to 
other wiring in the aircraft. After extended use in fuel tanks 
(typically over ten years) low resistance residues (below 100 

megohms) can develop between probe elements in some fuel probe 
constructions. Residues are formed by interactions between fuel 
constituents and fuel probe materials. This can cause errors in 
fuel quantity readings or low voltage breakdown levels between 
probe elements. Typically low resistance paths are found between 
the shield wiring and probe connections and attachment hardware. 
We recommend that used probes of a similar vintage as the mishap 
aircraft be electrically characterized and ins'pected for evidence 
of materials degradation. . 

Request for Additional Data. The NTSB and FBI on site expressed 
an interest in obtaining additional aircraft structural response. 
to internal HE and fuel-air explosions. WL has performed HE 
testing (bare and embedded in luggage) in older Air Force 
aircraft (B-52 and 707s) for the FAA. The "Commercial Aircraft 
Hardening Program" was conducted by Wright Laboratory from 
1992-1996. The FAA points of contacts are Mr. Ken Hacker 
609-485-4922 or Mr. Joe Gratto 609-485-5507. Both are located at 
FAA Technical Center in New Jersey. Aircraft Survivability 
Research Facility (WL) located at Wright-Patterson Air Force 
Base, Ohio conducts ullage explosion testing as part of Air Force 
live fire testing of current and future aircraft. Review of test 
results and availability of materials samples for filling 
aircraft material database may be made available to government 
agencies. For more discussion on these data, please contact 
Mr. Jim Hodges, Survivability and Safety Branch at 937-255-6823. 
The Air Force safety Center can be contacted if specific 
information is desired on Air Force mishaps involving fuel system 
components and explosions. The point of contact is Mr. Ron 
McGregor, 505-846-1373. 
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The dotted lines are not fixed 
but are a function of the' 
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TEMPERATURE, °C. 

Effect of Tank Dynamics on the Relative Flammability 
Limits of JP-4, Jet B, Jet A, Jet A-I, and JP-8 Fuels 

'!IrT 1'•. _'- ..... _ 1_ 


