
The Errant Arcs
In 1991, the National Transportation Safety Board urged the Federal

Aviation Administration to inspect the wiring on Boeing 737s.
The FAA didnÕt listenÑ until events eight years later forced it to act.

t 8:31 p.m. on July 17, 1996, TWA
Flight 800 was twelve minutes into
its flight from John F. Kennedy

International Airport in New York to
Paris when it vanished from controllersÕ
radar screens. Suddenly, a pilot in
another jet in the vicinity radioed to an
air-traffic controller. ÒWe just saw an
explosion up ahead of us here,Ó the pilot
said, his voice tense with emotion.
ÒAbout 16,000 feet or something like that.
It just went downÑin the water.Ó The
controller tried radioing the TWA jet and
got no answer. Moments later, the pilot
struggled to further describe what he had
seen: ÒYes, sir, it just blew up in the air,
and then we saw two fireballs go down to
the water.Ó

That night and the next day, the Coast
Guard, police, and private mariners
combed the wreckage-strewn waters of
the Atlantic, searching in vain for sur-
vivors among the 230 people aboard.
Across a stunned nation, many assumed
the worstÑthat madmen of the sort who

had bombed the World Trade Center in
1993 and the Alfred P. Murrah Federal
Building in Oklahoma City in 1995 had
struck again with a bomb or a missile.

There was an outcry for stricter measures
against terrorism.

In the months that followed, crash
investigators worked around the clock,
painstakingly studying
the 95 percent of the 200-
ton plane that theyÕd
been able to recover from
the Atlantic Ocean. In a
hangar, they reassem-
bled a massive 900-piece,
60,000-pound portion of
the aircraft, the largest
such reconstruction ever
attempted. They pored
over the aircraftÕs main-
tenance records, sent
parts off to laboratories
for analysis, and filled fifteen binders
with data on arcane subjects such as soot
patterns. The NTSB leased another 747,
rigged it with sensors, and flew it on a
flight that closely emulated that of TWA
Flight 800, and dissected yet another 747
of a vintage comparable to the downed

jetÕs to examine wear and tear on parts.
Crash investigators detonated explosives
inside a 747 cargo hold and on the center-
wing fuel tank and compared the sound

A with that of TWA Flight 800Õs cockpit
recorder tape.

Gradually, they began to discount the
possibility that the disaster had been an

act of terrorism. ÒEvery
piece was thoroughly
examined for evidence of
an explosive device,Ó
Alfred Dickinson, the
NTSBÕs lead investigator,
explained at a public
hearing in December
1997. ÒNone was found.Ó
Yet other hypothesesÑ
that the airliner had been
struck by a meteor, for
exampleÑwere exam-
ined and ruled out.

Instead, investigators suspected that
a malfunction inside the plane had
caused vapor in the center fuel tank to
ignite and explode. Data from the emula-
tion flight showed that the fuel-tank tem-
perature had risen after takeoff, and
research by Joseph Shepherd, an aero-
nautics professor at the California Insti-
tute of Technology, and others revealed
that airliners are much more vulnerable
to such explosions than had previously
been believed; with an increase of less
than 60 degrees Fahrenheit in the fuel
tank, the chance of an explosion from a
spark went up by a factor of 100,000.

The Boeing 747 that
crashed as TWA Flight
800 contained a type
of wire that had been
removed from military
aircraft in the 1980s
for safety reasons.
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But where had the spark come from?
Crash investigators turned their focus to
the planeÕs electrical system. The quest for
the deadly flaw in the jetÕs 150 milesÕ
worth of wiring was maddeningly diffi-
cultÑÒItÕs a needle in a haystack,Ó one
expert complainedÑand even by the time
of the public hearing sixteen months after
the crash, the NTSB still had not pin-
pointed the cause. Nevertheless, the hear-
ings and documents released by the NTSB
contained troubling revelationsÑamong
them, that the 25-year-old jet contained a
type of wire that had been removed from
military planes in the early 1980s because
of its tendency to deteriorate and create
dangerous sparks. And as the NTSB dis-
covered, TWA Flight 800 was not the only
airliner with damaged
wiring. In April 1998, the
agency urgently called
upon the FAA to inspect
hundreds of other U.S.
airliners for potentially
unsafe wires. That news
made headlines around
the world but told only
part of the story: The
FAAÑand CongressÑ
had had warnings about
the risk to airline passen-
gers for more than a
decade but had chosen
not to act.

AGING AIRCRAFT

TWA Flight 800, like scores of other U.S.
airliners, was an aging aircraft. Built in
July 1971, the Boeing 747 was five years
past its intended life span of twenty years
and had flown 90,000 hoursÑ30,000
more than its envisioned use. In that
sense, however, it wasnÕt particularly
unusual: In 1996, approximately one of
every four U.S. airliners was more than
twenty years old, and 500 planes were at
least the same age as Flight 800. These
planes stayed in use because, in the after-
math of deregulation, there was an
increased demand for planes, and pres-
sure to keep costs down made it more
economical to keep older aircraft in ser-
vice than to replace them.

These aircraft, however, carried risks.
In 1988, a nineteen-year-old Aloha Air-

lines Boeing 737 was flying at 24,000 feet
on an inter-island flight over Hawaii
when the metal surface of the airplane
suddenly cracked and peeled away, leav-
ing an eighteen-foot hole in the roof. A
flight attendant was sucked out of the
aircraft to her death, although the planeÕs
other occupants escaped without injury
and the plane was able to land. As a
result, Congress passed the Aging Air-
craft Safety Act of 1991, which mandated
a schedule of inspections of aging planes.
One of the billÕs sponsors, Representative
Robert Roe, a Democrat from New Jersey,
said that the law was intended Òto assure
the traveling public that the highest stan-
dards of safety will continue to be main-
tained.Ó

The new law and the
inspections subsequently
required by the FAA
focused on spotting cor-
rosion and metal fatigue.
Unfortunately, however,
the hull of an aircraft isnÕt
the only part thatÕs prone
to deterioration. A scien-
tific paper presented in
July 1997 at ÒThe First
Joint DoD/FAA/NASA
Conference on Aging Air-
craftÓ in Ogden, Utah,
offered this sobering

assessment: ÒThe susceptibility of aging
insulation to rupture by smaller and
smaller stresses means that in aging air-
craft the wiring will be increasingly prone
to unexpected failure. . . . In our opinion,
the informal level of wiring problem
reports we receive indicate[s] to us the
insulation structure gradual deterioration
process is placing our aging aircraft in a
state where we will see more and more
unexpected wiring failures.Ó

(Amazingly, the FAA apparently
doesnÕt even see wiring as part of an air-
planeÕs structure. ÒThe aging plan has
been primarily structural in nature,Ó
David Hempe, the manager of the FAAÕs
aging aircraft program, told the Center.
ÒWiring is not in the purview of my little
program area.Ó)

In the case of TWA Flight 800, evi-
dence gathered by investigators suggests
that despite regular servicing, the plane
was plagued by subtle malfunctions in its

The Federal Aviation
Administration and

Congress had
had warnings about
wiring problems for
more than a decade

but had chosen
not to act.
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electrical system. The aircraftÕs scavenge
pump, which removes leftover fuel from
the fuel tank, had been replaced a few
months before the crash, yet the low-
pressure indicator light continued to give
erratic readings right up until the planeÕs
crash. (According to the cockpit tapes, in
the minute before the explosion, the
flight crew complained of Òthat crazy
fuel-flow indicator there on number
four.Ó)

When investigators examined the
wreckage, they found that the planeÕs
wiring was plagued with numerous
cracks. In a report submitted at the hear-
ings, they noted that Òthe wiring from the
scavenge pump relay was found to have
deeply hot-stamped wire markings and a
crack was propagating from a numeral
Ô1Õ [stamped on the wire]. It was found
that the crack penetrated the inner layer
of insulation to the core conductor.Ó At
the December 1997 public hearings into
the TWA Flight 800 disaster, experts
stopped short of a definite conclusion but
theorized that a spark from a damaged
wire may somehow have caused the
explosion. ÒWe are looking at the possi-
bility of a short circuit to wires,Ó Robert
Swaim, a systems expert with the NTSB,
testified.

DOWN TO THE WIRE

The wire in the Boeing 747 was a type
known as Poly-X, which itself had a trou-
bled history. In the early 1970s, Poly-XÕs
light weight, stiffness, and other qualities
made it a staple in airliners manufactured
by Boeing and McDonnell Douglas.
Within a few years, however, both aircraft
manufacturers started noticing problems
with Poly-X.

In 1974, Boeing noted abrasions on
the wireÕs insulation in bundles installed
in high-vibration areas; two years later,
McDonnell Douglas also noticed cracks
in the insulation, apparently caused
when the identification stamp branded
on the wire (the same type of Òhot-
stamped wire markingsÓ that would be
noted many years later in the TWA Flight
800 investigation) came into contact with
cleaning solution. In 1979, FAA inspec-
tors discovered that fuel-pump wire
abraded by vibrations had caused a fuel
leak in a 747. The agency issued a direc-

tive instructing airlines to wrap Teflon
tape around the wiring to protect its insu-
lation from being worn away.

At the NTSBÕs hearings on the TWA
Flight 800 disaster, industry representa-
tives maintained that theyÕd never expe-
rienced anything other
than minor problems
with Poly-X. ÒWe have no
record of any incident of
arc tracking [current
passing over insulation
surface between wires]
taking place on any of the
wires on any of these air-
planes [747s with Poly-X
wire],Ó Alex Taylor of
Boeing testified. Ken
Craycraft, a TWA mainte-
nance engineer, offered
similar assurances to the
board. ÒThe wiring on the
747 on the TWA fleet has
not really been a continu-
ing problem area,Ó Cray-
craft testified. ÒThe odd time we would
have an individual system that will have
a chafed wire, and oftentimes that is
because of a broken clamp or something
of that sort, that will allow a wire bundle
to sag against structure and chafe. The
result there is either you get a false indi-
cation of a light in the cockpit, or a sys-
tem will not work, or you will pop the
circuit breaker, depending upon the
extent to which the wire is contacting the
structure. . . . That has been most rare as
far as the 747 is concerned, that we have
not had the problems with the Poly-X
wire.Ó

The U.S. military, however, had docu-
mented problems with Poly-X, going
back nearly two decades. In the early
1980s, the U.S. Navy discovered that
Poly-X wire was deteriorating so rapidly
that it was causing equipment failures in
its F-14 jets, and in 1982 it got Congress to
appropriate $354 million to replace the
wiring in its fighter fleet. ÒThe problems
with Poly-X wire are well known to head-
quarters, and its use has been curtailed,Ó
Donald Eaton, the commander of the
Naval Air Systems Command, wrote in a
1982 memo to a group of electrical manu-
facturers.

Problems with cracked and damaged
insulation, however, werenÕt unique to

Poly-X. At the same time that the military
became wary of Poly-X, it discovered dan-
gerous problems with its successor,
known by the shorthand  Kapton, which
deteriorated when exposed to moisture,
giving off sparks that could cause fires.

(Kapton is E.I. du Pont
de Nemours and Com-
panyÕs trade name for
the polyimide film thatÕs
used as insulation for the
wire.) ÒThe maintainabil-
ity and durability aspects
in many of our current
aircraft wiring systems
have been compromised
by the use of polyimide-
type wire, i.e., Poly X . . .
and Kapton,Ó Eaton
wrote to McDonnell
Douglas in 1981.

The military stopped
using Kapton-insulated
wiring as well, although
not soon enough. In

1986, two Navy pilots were forced to eject
from an EA-6B jet off the California coast,
after a fire broke out in the rear equipment
compartment; investigators found that the
planeÕs Kapton wires had arced and
burned, possibly causing the crash. The
following year, a Navy official wrote to the
Defense Industrial Supply Center: ÒThe
Navy and Marine Corps are discontinuing
the use of Kapton-insulated wire in future
aircraft replacements or repair actions.Ó

Internal Navy documents obtained by
the Center for Public Integrity vividly
illustrate how muchÑrather than how lit-
tleÑwas known about Kapton-insulated
wiring. One document, the outline for a
briefing on Kapton wiring, includes a long
list of its Òdisadvantages,Ó including
these:

¥ Óchars (carbonizes) at extremely
high temperaturesÓ

¥ Òexperiences Ôflashover failureÕ
(Ôwet wire fireÕ)Ó

¥Ówater causes hydrolytic degrada-
tion, embrittlement; other agents may do
sameÓ

¥ Òuv [ultraviolet light] causes degra-
dationÓ

¥ Òflexing/vibration may cause
crackingÓ

The briefing paper goes on to con-
clude: ÒThe U.S. Navy has experienced
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major problems with virtually all Kap-
ton/Poly-X wired aircraft.Ó

The presentation also dwells at some
length, in a section titled ÒTWA Incident,Ó
on the circumstances surrounding an elec-
trical fire in the cockpit of a Trans World
Airlines L-1011 en route from St. Louis to
Kansas City on May 27, 1983. It notes that
the aircraft in question was out of service
for three days to repair the damage result-
ing from faulted wires. ÒTWA has experi-
enced more than thirty other instances of
polyimide-film-insulated wire failures
with consequential multiple wire dam-
age,Ó it says, quoting a report on the inci-
dent prepared by TWA engineers. ÒThe
extensive repair requirements usually
resulted in a lengthy delay, cancelled
flight, or plane out of service for one day
or longer. No conventional wiring installa-
tion is invulnerable to short-circuit failure,
so it is important to select Ôfail friendlyÕ
wire types that will not produce extensive
wire-bundle damage
when they do fail. Poly-
imide-film-insulated
wire on TWA aircraft has
consistently demon-
strated a failure mode
requiring far more air-
craft out-of-service time
to repair than has been
experienced for other
types of wire.Ó

TWA, in fact, had
been concerned about
wiring problems on its
aircraft as early as 1977.

In a letter dated June
30, 1977, W.B. Clark, the
director of electronics
engineering for the air-
line, wrote to Jack Miller,
the executive in charge
of 727 customer engi-
neering at the Boeing
Company, that TWA was
concerned about the wiring that Boeing
proposed to install in its new 727s. Clark
noted that TWA was Òconcerned about
such an application because of our expe-
rience with Kapton-insulated wire on the
L-1011.Ó

But perhaps the most telling section
of the internal Navy document is one
titled ÒCivil User Problems.Ó It notes that
ÒUnited Airlines will not use Kapton in

swamp [severe wind and moisture prob-
lem] areas.Ó Under the heading ÒOther
Airlines Hesitant to State Policy,Ó the pre-
sentation lists these two points:
ÒRewiring program financially crip-
plingÓ and ÒAdmission that polyimides
[polyimide-insulated wires] are inferior
could bring about unwanted lawsuits fol-
lowing an accident.Ó

In 1982, Air Force Captain Ted
Harduvel, a graduate of the USAFÕs elite
ÒTop GunÓ Fighter Weapons School in
Nevada and a top-rated F-16 instructor,
crashed into the mountains of South
Korea while on a training flight. Initially,
the official explanation for his death was
pilot error, attributed to the side effects of
an antibiotic that Harduvel had taken
several days before the flight. The pilotÕs
wife, Janet Harduvel, subsequently filed
suit against the aircraftÕs manufacturer,
General Dynamics. During the trial, it
was revealed that HarduvelÕs F-16 suf-

fered repeated problems
with electrical instru-
ments that malfunctioned
only when the plane was
flying, and that military
maintenance records con-
tained 138 instances from
1978 to 1982 in which
wire chafing was shown
to be a problem with
other F-16s. The single-
seat fighter owes its nick-
nameÑthe ÒElectric JetÓÑ
to thirteen miles of electri-
cal wiring, a space-age
bank of electronically con-
trolled flight and naviga-
tion instruments, and the
absence of mechanical
linkages between flight
controls and control sur-
faces. Mrs. HarduvelÕs
attorneys argued that
HarduvelÕs F-16 crashed

because a short-circuit in the wiring
knocked out the jetÕs crucial navigation
gear, including his primary attitude indi-
catorÑthe instrument that tells pilots
when they are right side up or upside
down, climbing or diving. They found
that the plane was only 75 hours old
when it crashed but had already been
worked on 43 times, and that six of the
problems reportedly involved instru-

ments that malfunctioned only when the
plane was flying.

ÒThe electrical failure was consistent
with Kapton,Ó one of Mrs. HarduvelÕs
attorneys, Howard Acosta of St. Peters-
burg, FloridaÑhimself a naval reserve
pilotÑtold the Center in a 1996 inter-
view. ÒIt was a propagating short.Ó Prop-
agating short is another term for arc-
tracking.

A jury awarded Mrs. Harduvel $3.1
million in damages, but the verdict even-
tually was set aside by an appeals court
that decided the militaryÕs design specifi-
cations, rather than General DynamicsÕ
workmanship, was to blame.

Documents obtained by the Center
for Public Integrity show that the debate
within the military over Kapton wire was
at times intense. In a memo to his superi-
ors written on February 26, 1986, Air
Force Colonel John Reynolds wrote: ÒWe
are taking a hard look at a recent Navy
revision to Mil-W-5088 which covers air-
craft wiring. The Navy revision drops
Kapton wire from the spec. There is a lot
of politics surrounding this issue, with
heavy hitters from DuPont weighing in
in Washington.Ó

WIRE FIRES AND OTHER FAILURES

The enormous costs to the federal gov-
ernment associated with wiring failures
were all but invisible to those on the out-
side. In January 1989, the NavyÕs Fleet
Readiness Engineering Branch at the
Naval Avionics Center in Indianapolis,
after examining Òcomparative failure/
maintenance data on wiring systemsÓ for
3,158 fixed- and rotary-wing aircraft,
issued a report whose chief findings were
nothing short of shocking. In the one-
year period beginning on July 1, 1987, the
report found, the Navy had experienced
a total of 143,641 wiring failures, with
only 11.4 mean flight hours between fail-
ures. In all, the report said, the Navy
spent 807,418 man-hours on unscheduled
wiring maintenance, representing 8.6
percent of all aircraft maintenance man-
hours. The typical aircraft in the NavyÕs
fleet averaged 0.94 flight hours per day
and 0.72 unscheduled wiring-mainte-
nance man-hours per day.

Little wonder that in April 1992, sci-
entists at the Air ForceÕs Aeronautical
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Systems Center at Wright-Patterson Air
Force Base in Dayton, Ohio, could begin
a report on a new wire product with a
virtual indictment of the old:

ÒA typical fighter aircraft contains
over twenty miles of wiring and a bomber
over 150 miles of wiring. During the last
twenty years, polyimide or Kapton tape
(M81381) insulation construction has
been used as the primary wiring insula-
tion for aircraft and space vehicles. . . .
Current Air Force policy dictates that
M81381 will not be the insulation of first
choice. This policy was arrived at based
on the identification of several major
problems with the M81381 construction.
The problems identified by maintenance
personnel and verified by laboratory test-
ing included: catastrophic insulation
flashover; degradation of mechanical
properties during in-service use; exces-
sive time to repair; and other problems
caused by excessive wire stiffness. When
M81381 insulation is damaged, exposing
the wire conductor to the environment,
electrical arcing can result, which car-
bonizes the polyimide insulation. The car-
bonization can rapidly propagate the arc-
ing to adjacent wiring, resulting in cata-
strophic damage to wire bundles, as eas-
ily demonstrated by laboratory test.Ó

If the militaryÕs problems with wiring
in the mid-1980s werenÕt enough to get
CongressÕs and the FAAÕs attention, com-
mercial aircraft were having problems as
well. A 1987 Air Force memo noted that
Òthree . . . instances of wet-wire arc track-
ing/flashover failures have been docu-
mented in commercial aircraft. Two of
these instances involved Kapton insula-
tion.Ó

In 1985, a Boeing 757 owned by
Monarch Airlines, a British carrier, was on
its way from the Canary Islands to Eng-
land when passengers and crew heard
two loud pops and then watched in alarm
as the cabin filled with smoke. The plane
lost all main electrical power but was able
to limp on its backup electrical system to
an emergency landing in Portugal. The
problem: Fluid from a leaking toilet had
dripped onto a wire bundle. The follow-
ing year, a TWA jet experienced a similar
wire failure. Boeing was sufficiently put
on the alarm by the Monarch accident that
it sent a team into the lab to create its own
new type of wire, BMS 13-60, which sand-

wiched Kapton insulation between layers
of Teflon to make it safer.

Despite the raft of problems with both
Poly-X and Kapton, the wiring remained
in airliners. Patrick Price, a retired Boeing
engineer who worked on the BMS 13-60
project, later told The News
Tribune of Tacoma, Wash-
ington, that what he knew
about wiring so alarmed
him that he wouldnÕt let
his children and grand-
children fly in any jet built
before 1992. The FAA was
slower to react. When an
FAA official named Pete
Kochis warned his superi-
ors in 1986 that Kapton-
insulated wiring could
become the equivalent of
the booster seal that had
caused that yearÕs Chal-
lenger space-shuttle disas-
ter, the agency apparently
shrugged the warning off.

CONGRESS RAISES AN EYEBROW

In 1988, the Fort Worth Star-Telegram pub-
lished a three-part investigative series by
reporter Stan Jones on problems with Kap-
ton. Although the series and a subsequent
article by Jones for The Washington Monthly
dealt mainly with the militaryÕs extraordi-
nary problems with wiring, Jones detailed
problems with airliners as well. According
to Jones, for example, TWA reported 22
instances of wire fires or arcing on its fleet
of 30 L-1011 jetliners from 1972 and 1981.

Subsequently, Congress finally made
some inquiries. Democrat John Dingell of
Michigan, then the chairman of the House
Energy and Commerce Subcommittee on
Oversight and Investigations, wrote to the
FAA, asking for the agencyÕs response to
an Associated Press article implicating
Kapton in aircraft fires.

Dingell wasnÕt the only one asking
the FAA questions about Poly-X and
Kapton wiring. On May 25, 1992, John
Anderson, Jr., the GAOÕs associate direc-
tor for transportation issues, wrote to the
FAA with a number of questions about
the electrical wire used in commercial
transport airplanes. More than three
months later, the FAA responded. In a let-
ter to Anderson dated August 27, 1992,

Ronald Wojnar, the manager of the FAAÕs
Transport Airplane Directorate, said that
the FAA was Òunaware of any evidence
that defective wire insulation has caused
or contributed to any commercial aircraft
accidents or deaths.Ó Then, in language

that was in marked con-
trast to virtually every-
thing known within the
U.S. military about poly-
imide-insulated wiring,
he went on to assert:
ÒWhen considering the
total amount of wire in
the fleet and the number
of years these aircraft
have been operating, the
performance of civil
transport aircraft wire
insulation has been
exemplary. These types
of wire have been in use
on most large commer-
cial airliners in the

United States and Europe for many
years, and have contributed to the
achievement of tens of millions of hours
of safe flight.Ó

Wojnar then pointed out that federal
aviation regulations Òcall for specific
burn tests for aircraft wiring in order to
meet a minimum fire safety standard, but
beyond that, there are no specific require-
ments for toxicity, flammability, or arc-
tracking (notch propagation).Ó Most
strikingly, he continued, ÒThe extensive
performance experience with both types
of wire insulant in the worldÕs commer-
cial aircraft fleet shows no reason for con-
cern or action by the FAA.Ó (Emphasis
added.) He concluded, ÒIt is no exagger-
ation to say that there are millions of feet
of electrical wire insulated with Kapton
flying millions of miles per year with a
problem/incidence level close to nonex-
istent.Ó

The NTSBÕs response to an identical
letter from Anderson was more reveal-
ing. ÒThe Safety Board is familiar with
the characteristics of Kapton and some of
its history in aircraft and spacecraft . . .
and it was used in the space shuttle pro-
gram,Ó Susan Coughlin, the NTSBÕs act-
ing chairman, replied in a letter dated
June 24, 1992. ÒAlthough hazards associ-
ated with Kapton eventually led to the
rewiring of the space shuttle, those same
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problems have not surfaced in commer-
cial aircraft, according to FAA service dif-
ficulty reports or data maintained by
major U.S. manufacturers of commercial
aircraft.Ó

In May 1990, an accident eerily pre-
saged TWA Flight 800: In Manila, a Philip-
pine Air Lines Boeing 737-300 exploded
and burned on the ground shortly after its
push-back from the ramp. Of 199 persons
on board, eight were fatally injured and
thirty received serious injuries. The air-
plane was destroyed by fire.

The investigation found no evidence
of a bomb, an incendiary device, or sabo-
tage. ÒPreliminary evidence,Ó the NTSB
report said, Òindicates that ignition of the
fuel-air mixture in the center fuel tank
was the cause of the explosion and sub-
sequent fire.Ó

The report went on to say: ÒExamina-
tion of the 28-volt direct current power
wires for the float switch, which lead
from the center [fuel] tank to the refuel-
ing panel on the right
wing, disclosed an area
approximately 3/87
inch long in which the
wire insulation had been
compromised and the
conductor was exposed.
. . . Examination of the
wire bundle in the vapor
seal revealed several
other wires that had
damaged insulation and
exposed conducting
material, including a
wire powered by eleven-
volt alternating current.
Further examination of
the wire bundles for
both the left and right wings found
numerous areas in which wire insulation
had been damaged. . . . It is possible that
the combination of a faulty float switch
and damaged wires providing a continu-
ous power supply to the float switch may
have caused an electrical arc or overheat-
ing of the switch leading to the ignition of
the center fuel-tank vapor.Ó

The NTSB was sufficiently alarmed
by the findings of the investigation that it
urged the FAA to inspect the wiring on
all 737s in the U.S. commercial fleet. The
FAA, however, didnÕt heed the request.
Instead, even as it quietly studied

whether or not to ban Kapton wire, the
agency continued to assure Congress that
there was nothing to worry about.

Patrick Price, who worked for Boeing
at the time, recounted his work on the
companyÕs post-accident investigation in
a letter he sent to the NTSB, the FAA, and
four Members of Congress in early 1998.
ÒI was given various sections of wire
bundles that were involved in aircraft
incidents and accidents, including the
737-300 in Manila in May 1990 [in which]
the fuel tank exploded,Ó he wrote. ÒI
evaluated a portion of that wire bundle
and it showed evidence of Ôarc trackingÕ
as the ignition source. I was told to keep
my findings to myself by Boeing engi-
neers.Ó

Soon after the NTSB recommended
that airline operators inspect the wiring
on certain 737s and 747s, the Center for
Public Integrity asked the Boeing Com-
pany for its position on the issue. ÒThere
have been no past reports pointing to

wiring,Ó Tim Niall, a
spokesman for Boeing,
said. ÒI cannot think of
another incident when
wiring was thought to be
suspect. I must point out
thatÑand the NTSB
made this clear as wellÑ
they have yet to come to
any definitive conclusion.
Nothing is for certain.Ó

A COAST GUARD CASUALTY

Three months after the
Boeing 737 incident in
Manila, the U.S. Coast
Guard suddenly found

itself in the vortex of the controversy over
aircraft wiring.

It was twenty minutes after midnight
on August 24, 1990, and a Coast Guard E-
2C Hawkeye soared through the dark-
ness along the eastern coast of Puerto
Rico. The turboprop radar-surveillance
plane, on loan from the Navy, and its
four-man crew had just finished a patrol
over the Caribbean in search of drug-
smuggling aircraft, and were heading
home to Roosevelt Roads Naval Station.
The weather was good, with a 2,000-foot
cloud cover, a light wind, and ten miles
of visibility to the naval stationÕs runway.

For the HawkeyeÕs two experienced
pilots, it should have been a routine land-
ing. Instead, military air-traffic con-
trollers got an urgent radio message: The
plane was on fire.

In the smoke-filled, depressurized
cockpit, the pilots struggled to bring in the
crippled plane. One of the HawkeyeÕs two
engines, the one on the left wing, had
failed, but they still had a chance; through
the windscreen, they could see the naval
stationÕs runway, just three miles in the dis-
tance. Digging deep into their courage,
they guided the plane down, flames shoot-
ing from the left side of its fuselage, for
what witnesses would describe as a nearly
normal, straight-in approach. But the fire
had burned through the leading edge of
the left wing, reducing its aerodynamic
capabilities. As the Hawkeye swooped
down toward the macadam, at 600 feet
altitude and just three-quarters of a mile
short of the runway, the crew reported that
they were Òlosing it.Ó The plane veered
sharply to the left, and a half-mile short of
the runway it slammed into the earth. The
force shattered the aircraft, and witnesses
recalled that burning pieces scattered
across the 11,000-foot runway. All four
crew members were killed.

It was the Coast GuardÕs first aviation
casualty in the war on drugs. But narcotics
traffickers, malevolent as they might be,
werenÕt to blame for sending the four avi-
ators to their deaths. Instead, according to
the official report on the crash, which the
Center obtained through the Freedom of
Information Act, the culprit apparently
was a piece of damaged wire. A spark
from the wireÕs chafed insulation, the
report found, Òeither caused a pinhole
leak in a hydraulic line or caused a small
explosion by igniting leaking/residual
(trapped) fuel/hydraulic fluid which rup-
tured a hydraulic line.Ó

The Coast GuardÕs official Òdecision
letterÓ on the crash provides a clinicalÑ
yet nonetheless chillingÑaccount of the
events that followed the Òsmall explo-
sionÓ and sent the E-2C Hawkeye, Òin a
near vertical attitude,Ó into the earth:

ÒA hydraulic-fluid-fed fire occurred in
the left side of the center wing root area,
an area inaccessible to the crew for fire-
fighting purposes. . . . The fire burnt
through the pressurize fuselage, resulting
in the loss of pressurization and, once
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pressurization was lost, allowed smoke
and fumes to enter the cabin/cockpit area.
. . . Fire heat increased the impedance of
the VHF-AM antenna, resulting in the
Ôbreaking upÕ of radio communications. . .
. The fire damaged/shorted electrical
wiring, which resulted in the uncom-
manded shutdown of the left engine.Ó

The Coast GuardÕs assessment of the
total direct cost of the accident:
Ò$32,834,000.00, derived from personnel
cost of $3,570,000.00 and government
(non-Coast Guard) property cost (NAVY
E-2C) of $29,264,000.00.Ó

ÒSHOW ME THE DATAÓ

On February 24, 1989, United Airlines
Flight 811 was cruising at 23,000 feet over
the Pacific, fifteen minutes after its take-
off from Honolulu. Suddenly, the planeÕs
passengers heard a loud thump and felt a
tremendous shock. The planeÕs forward
cargo door had opened, and pressurized
air rushed out of the cabin with the terri-
ble force of a hurricane. Nine passen-
gersÑincluding Lee Campbell, a 24-year-
old business executive from New
ZealandÑwere sucked out of their seats
to their deaths.

Initially, the NTSB ruled that the air-
line and the ground crew were at fault,
supposedly for failing to repair a door
latch and to secure it properly. But Camp-
bellÕs father, Kevin Campbell, wasnÕt sat-
isfied with that explanation. He and his
wife, Susan, spent several years examin-
ing thousands of pages of records and
interviewing survivors and flight crew.
They developed an alternative theory:
that an electrical malfunction had caused
the door to open.

Then, in 1991, at New YorkÕs Kennedy
Airport, a stray electrical signal from
chafed wires unlatched and lifted the aft
cargo door on another United Airlines 747.
Eventually, in 1992, after an unmanned
Navy submarine craft had descended into
the depths of the ocean and retrieved the
cargo door so that crash experts could
examine it, the NTSB concluded that Kevin
and Susan Campbell had, in fact, been
right.

Photographs of wiring from the door
show cracked insulation, and the NTSBÕs
report notes that the cracks Òcould have
allowed short circuiting and power to the

latch actuator.Ó Although there was no
conclusive evidence that arcing had
occurred, the NTSB noted that Òall of the
wires were not recovered, and tests
showed that arcing evidence may not be
detectable.Ó

In the mid-1990s,
Capitol Hill lawmakers
had ample additional
warnings about the dan-
gers posed by aircraft
wiring. Edward Block, a
former wiring specialist
with the Defense Logis-
tics Agency, contacted
several Members of Con-
gress to seek assistance in
a dispute over his 1983
firing. Senator Rick San-
torum and Representa-
tive James Greenwood,
both Republicans from
Pennsylvania, wrote let-
ters on BlockÕs behalf to
the Pentagon. No one,
however, picked up on the charges that
Block was making about the dangers of
Poly-X wire, the issue that he claimed
had led to his dismissal from his military
job. Without congressional muscle
behind him, Block couldnÕt do much to
pressure the FAA to act.

In December 1994, the agency
brushed off a Block warning on Poly-X,
telling him, ÒTo date, the FAA has not
found cause to have any modern type
wire removed because of performance,Ó
and blithely ignoring the fact that the
military had ditched both Poly-X and
Kapton for just that reason. (Block also
struck out with the NTSB, which
informed him in February 1996 that it
had consulted FAA databases and found
no problems with Poly-X among the 908
entries on wiring problems in aircraft
over the previous decade.)

In April 1997, Greenwood arranged a
meeting for Block with representatives of
the FAA, the GAO, and the FBI to once
again discuss his concerns about wiring
in airliners. It would take more than
another year, however, for the FAA to
finally acknowledge the clear and pre-
sent danger posed by the wiring in many
commercial aircraft.

On May 7, 1998, the FAA issued
urgent orders to airlines to inspect and

possibly replace Òfuel-tank wiring insula-
tionÓ in certain Boeing 737s, 747s, and
767s. In announcing the orders, the
agency said that they were intended Òto
detect and correct chafing of wire insula-
tion inside conduits installed in the fuel

tanksÓ of the Boeing
planes. ÒChafing could
expose the wires and
potentially lead to elec-
trical arcing that might
penetrate the conduit,
resulting in a possible
fire or explosion of the
fuel tank,Ó the FAAÕs
press release said.

The FAA issued its
orders after being
informed that electrical
arcing from wiring in
the wing tank of a Conti-
nental Airlines plane
had burned holes in the
surrounding conduit
and allowed jet fuel to

enter. The agencyÕs safety engineers had
long insisted that such arcing would trip
a circuit breaker before it would burn
through the conduit, but, as one newspa-
per account put it, Òthey have been
proved wrong.Ó

The FAAÕs Thomas McSweeny, who
briefed the news media on the agencyÕs
orders, had taken an entirely different
position more than a year earlier in the
closed-door meeting convened by Repre-
sentative Greenwood. He and about
thirty others were present, including sev-
eral from the U.S. Navy, which had gone
to extraordinary lengths to get rid of both
Poly-X and Kapton wiring. McSweeny
was asked how such wiring could be
judged a safety hazard on military planes
but not on commercial aircraft.

He responded to this and several
related questions with the same four-
word challenge: ÒShow me the data.Ó

ÒDEFINE SAFETYÓ

On September 8, 1994, USAir Flight 427,
on its initial approach to Pittsburgh Inter-
national Airport, suddenly flipped
upside down and screamed to the earth
at a speed of 300 miles per hour. Investi-
gators never determined what caused the
Boeing 737 to spin out of control, killing

Photographs of wiring
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cargo door show
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and the National
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all 132 people on board. The NTSB has
theorized that something made the
planeÕs rudder swing far to the left and
freeze, tossing the plane into an uncon-
trolled tumble.

Similar problemsÑwith nonfatal
resultsÑhave been described by pilots of
other commercial aircraft, all docu-
mented in the FAAÕs own database of
Service Difficulty Reports, which tracks
maintenance records for the entire U.S.
passenger fleet. Mike Goldfein, a reporter
in the Washington bureau of A.H. Belo
Broadcasting Corporation, studied 5,690
of these reports covering the years 1974
to 1995, in connection with his own sto-
ries on the wiring issue. He found 2,093
wire-related problems, including 284
instances of uncommanded flight-control
problemsÑthat is, a plane in flight
changing course seemingly by itself,
without a command from the pilot.

The Seattle Times reported in Novem-
ber 1995 that, in the fourteen months fol-
lowing the crash of Flight 427, pilots
reported to the FAA no fewer than 45
instances of inadvertent, unexplained
flight-control movements. On April 25,
1995, a Southwest pilot reported an
abrupt uncommanded right-rudder
movement. On September 25, 1995, a
United captain reported that his autopi-
lot initiated an uncommanded turn. On
August 5, 1995, a USAir pilot reported
that his plane shuddered, then rolled to
the left. On July 18, 1995, a USAir pilot
reported two uncommanded rolls to the

left. In the last case, a leak in a toilet was
suspected of causing a malfunction in the
autopilot; the other incidents were not
explained.

In 1983, the Air Force, according to
internal Defense Department documents
obtained by the Center,
requested funds to rewire
their F-14A fighter jets,
replacing Poly-X wiring
with Kapton. The Air
Force noted in its appro-
priation request that the
wiring Òhad an abnormal
insulation aging, embrit-
tlement and cracking
resulting in wire-to-wire
shorts, particularly in the
presence of water.Ó The
request went on to note,
ÒSome of the wire and
connector failures have
been observed as spuri-
ous signals on control
wires causing spoilers to
stick in the up position,
inadvertent autopilot
commands, and power
shorts which disable the autopilot com-
pletely.Ó

Those hazardsÑtraced by the Air
ForceÕs experts on wiringÑare no differ-
ent from the hundreds of reports of
uncommanded flight problems experi-
enced by commercial pilots and reported
to the FAA. Yet the FAA continues to
maintain that aging, cracking, brittle

wiring poses no threat to the safety of the
flying publicÑa claim that, for
McSweeny, is largely a matter of seman-
tics. In the closed-door meeting in Repre-
sentative GreenwoodÕs office in 1997,
after hearing example after example of

the dangers posed by
Kapton and Poly-X
wiring, the FAAÕs top
safety official answered
with two words: ÒDefine
safety.Ó

In the case of the
President of the United
States, defining safety
has been a simpler
issuer. In a 1996 inter-
view, Greg Phillips of
the NTSB told the Cen-
ter that, because of con-
cerns over Kapton-insu-
lated wire, Air Force
One had been rewired.

_____________________
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