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BEFORE THE
NATI ONAL TRANSPORTATI ON SAFETY BQARD

Washi ngton, D.C

In the Matter of the Investigation
of the accident involving

Trans World Airlines, Inc.,

Fl'ight 800, B-747-131, N93119,
eight mles south of East

Moriches, New York, on

July 17, 1996.

Bal ti nrore Convention Center
Halls A and B
One West Pratt Street

Baltinore, Maryland 21201-2499

The above-entitled nmatter came on for hearing

pursuant to Notice, at 9:00 a.m on Decenber 10, 1997.
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Thomas Hauet er Chief, Mjor Investigating
Di vi si on
Al Di cki nson I nvesti gat or-i n- Char ge,

Qper ati ons
Wt nesses: Page

Dr. W Cassidy

Uni versity of Pittsburgh 7
Ed Kittel, FAA 27
Steve Cerken, USAF

Material s Speciali st 43
Dave Johnson, USAF 43
Chris Hartonas, FAA 43
M ke Collins, FAA 43
Jerry Hulm Boeing 43
I vor Thomas, Boei ng 43

CAPI TAL H LL REPORTING, | NC.
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

611
PROCEEDI NGS

CHAI RVAN HALL: W will reconvene this
hearing of the National Transportation Safety Board
being held in conjunction with the investigation of the
aircraft accident involving Transworld Airline, Inc.,
Fl ight 800, Boeing 737-131 that occurred eight mles
south of East Mriches, New York, July 17, 1996. W
are now on agenda item nunber seven, the lgnition
Sources Panel, and |I’'d ask M. Dickinson to please
introduce and swear in the witnesses for this panel.

VR, DI CKI NSON: Good Morning, M. Chairnman.
Wuld the two witnesses please rise, and M. Bob Swaim
pl ease rise, and raise your right hand.

(Thereupon, the w tnesses were duly sworn.)

MR. DI CKI NSON: This norning’ s panel is
divided into two sections, Section A External Sources,
and Section B, Internal Sources. Section A consists of
Dr. Cassidy and Ed Kittel. Dr. Cassidy is a professor
of geology and planetary science, the University of
Pi tt sburgh. He has been a professor there for 29
years, and has been in his present position since 1981.

Previously, he was a research scientist at
t he LaMont Dougherty GCeol ogi cal Cbservatory of Col unbia
Uni versity. He has expertise in the origin and the
evolution of planetary and sub-planetary bodies in the
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solar system and the origin of cosm c dust.

H's research activities include the study of
dust condensation in stellar atnospheres, field
recovery of meteorites, and field studies in Antarctica
neteorite strandi ng services. He has led Antarctic
expeditions 15 tines since 1976. He is a menber of the
Ameri can Geophysical Union and the Meteorol ogical
Soci ety.

Dr. Cassidy has been awarded the Antarctic
Service Medal of the United States and the Berringer
Medal of Meteorol ogical Society, and has been honored
with the mneral nane, Cassidyite, and the Antarctic
Cassidy d acier. He also has a mnor planet naned
after him

He has a bachelor of science in geology from
the University of New Mexico, and a Ph.D. in
geochem stry from Pennsylvania State University.

M. Ed Kittel is a special agent with the
Federal Aviation Adm nistration. After serving 20
years in the navy as an expl osive ordinance di sposal
officer, he came to the FAA, and he’'s been there for
five years. He’s a program manager for the Joint
Service ECD Intelligence and Techno-counter Terrorism
at the Defense Intelligence Agency, and he was that
during 1988 through 1992.
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He has been involved with investigations of
the U S. Ar at Pittsburgh, the ValuJdet accident, and
the TWA investigation. H s aviation explosive security
projects include 77 airport detonation systens anong
the principal designers of the FAA nodul ar bonb set,
and a 2l-year nenber of the International Association
of Bomb Techni cians and | nvestigators.

He has a bachel or of science in biological
sciences fromMam, and he has two naster’s degrees,
one in national and strategic studies, fromthe U S
Naval War College, and the other in international
relations .

M. Bob Swaimw |l be giving an opening
presentation, and he is our systenms group investigator.
He's been with the Board for nine years, and |’ve given
a bio on himin a previous panel, so | wn't go into
detail there. 1’11 hand the m ke over to M. Bob Swaim
at this tinme.

MR SWAI M Thank you, M. D ckinson.

CHAl RVAN HALL: M. Swaim before you begin,
and | will try not to interrupt after this, but | just
wanted to thank the staff and thank Dr. Cassidy for
being here and including this as part of the hearing.

| received alnost a hundred letters from a
nunber of distinguished people, good citizens across
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the country, asking the question about the possibility
of a neteorite or space junk bringing dowm and being
responsi ble for the TWA 800 accident, so |I think it’s
entirely appropriate that that matter be di scussed and
explored this norning, and | appreciate, Dr. Cassidy,
your willingness to cone and volunteer your time to be
here this norning with us.

So thank you very much.

MR SWAI M W heard yesterday in the Design
and Certification Panel that a basic tenet of the FAA s
certification for airplanes has been to keep ignition
sources away from the fuel vapors. W heard testinony
regarding how in previous accidents an ignition source,
or numerous possible ignition sources, were identified
and elimnated. W heard discussion that this
phil osophy is being strongly questioned.

In this panel we will address potentia
ignition sources that have been identified during the
i nvesti gation. W are going to discuss these potenti al
ignition sources in two general groups. The first
group will be ignition sources that are external to the
airplane, and include high-speed projectiles, itens
entering the atnosphere from space, and small explosive
charges. W' Il then have a change of w tnesses and
di scuss ignition sources that nmay have devel oped within

CAPI TAL H LL REPORTING, | NC.
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

615
the airplane.

M. Tom Haueter will begin the questions for
Dr. Cassidy, and M. Frank Hlldrup will lead the
technical panel’s question for M. Kittel. M.

Hauet er .
MR. HAUETER Thank you.
Wher eupon
DR W CASSI DY
was called as a witness by and on behal f of the NTSB,
and, after having been duly sworn, was exam ned and
testified on his oath as foll ows:

MR. HAUETER: Good norning, Dr. Cassidy. As
Chairman Hall nentioned, the Board has received over a
hundred letters regarding neteorites and probably an
equal nunber, if not nore, phone calls on the subject.
Can you provide us a short presentation on neteors and
neteorites, and their potential danmage being caused on
obj ects on the ground?

DR CASSIDY: \Wen Bob Benson first contacted
nme about this, he and the group of which he’s a nenber
were sincerely trying to respond to the public concern
and interest whether a neteorite mght have caused the
crash of Flight 800. The probl em between us was that
nmeteoritic — and incidentally, it’s not neteorology,
it’s meteoritic — mnmeteoritic are so far renoved from
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their field, and aircraft accidents are so far renoved
fromny field that we weren’'t sure what we could do
t oget her.

One of the things he asked ne was: Is there
any way to estinmate the frequency with which — the
expected frequency of the collisions between a falling
neteorite and an aircraft, and ny first reaction was
that, first of all, there are no reported incidence of
t hi s having happened, so there would be no data on
whi ch to base such an estimate, so | was rather
pessim stic.

But then | renenbered that there is a record
of neteorites striking dwellings and cars, so it mght
be possible to conpare the relative area represented by
dwel lings and cars with the relative area represented
by aircraft in the air, and in that way approach sone
kind of an estinmate of the expected frequency of
penetration of aircraft by a neteorite.

There are sone uncertainties, of course, in

this estimate, but it did turn out that | could nmake
such an esti mate. It canme out to a rather snal
expected frequency, very snmall, as a matter of fact,
but still finite.

I’d like to show a few slides to start off.
The first one is a 36-ton neteorite that fell about
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4,000 years ago in Argentina. Qbviously, this would
have an effect on an aircraft if it happened to be in
its path while it was falling, but these objects are
extremely rare, even over the total area of the earth’s
surface.

The next slide is the nost frequent size of
neteorite that falls, as near as we can tell. In the
Antarctic collections this is the nost frequent size,
it’s about the size of a large olive, and | think that
nost of the neteorites that fall are of this size, and
so this is the kind of thing that we are considering,
or possibly slightly larger than this.

The next slide -- unfortunately, it's a
little dim 1it’s okay on the nmonitor — it’s a house in
Connecticut, Wathersfield, Connecticut, that was
struck by a nmeteorite in 1982. The neteorite went
t hrough the roof of the house, through the ceiling and
t he hallway, bounced on the floor, bounced up, and put
a dent in the ceiling, and rolled into another room

The next slide, | think, is a picture of the
hole in the roof caused by this nmeteorite. You can see
the shingles there for scale.

The next slide is another house, very
coincidentally, also in Wathersfield, Connecticut,
that was struck by a neteorite in 1971. This
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particular one, you nay be able to see sone blem sh
near the center of the roof, this is a two—famly
house, and one famly lives on the second floor and the
other famly on the first floor.

This nmeteorite went through the roof, through
the crawl space, and enbedded itself in the ceiling of
the living room it did not go through the plaster
ceiling of the living room

The next slide is the ceiling of the living
room after they took the neteorite out. This gives
sonme feel for the energies involved in a neteorite
striking a structure on the ground.

Is there another slide? Ch, yes. These are
the two neteorites, and the length of that scale is
about two inches, the black figure at the bottomis
about two inches long, and the smaller one was the
second one | showed, the 1971 fall, and the |arger one
is the one in 1982.

So there is a record of these things
happening, and | collected information on this from
three sources. One is an old popul ar account called --
it will occur to nme, it has nomads in the nanme — by
LaPas and LaPas.

There’s another set of records accumul ated by
a branch of the Smthsonian called “The Scientific
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Event Alert Network,” and they tabulated neteorite
falls and fire ball observations between 1975 and 1992.

Al so, a colleague, Dr. Roy Cark, at the
Smithsonian, has a file of neteorites that have | anded
near people, and enbedded in that file is a subset of
neteorites that have struck houses and cars. So these
were the three sources fromwhich | collected the
record on neteorite falls.

Before we get into the calculation 1'11 say a
little bit about ternms so that we know if we use those
terms what we’'re tal king about, and since you may not
be able to read the screen, one termis neteor.

Now, neteor is a visual phenonenon caused by
a body plunging through the atnosphere. You don't see
the body itself, you see the glow of conpressed air and
ionized gases in front of the neteorite, and that’'s a
net eor .

Now, a shooting star is a popular term W
all know what we nean when we tal k about shooting
stars, and this is a very short-lived neteor, generated
by a dust particle or a bit of conetary ice.

A fire ball, or bolide, there nay be
different definitions of this, the one that | prefer is
that they’'re the sane thing, it’s a longer-lived
nmeteor, generated by a |larger body such as a neteorite.
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A fire ball, or bolide, is much nore
i npressive than a shooting star, and it’'s caused by an
object for which there’s a chance that part of it wll
survive to reach the surface of the earth.

A nmeteorite is a chunk of silicate rock or
ni ckel —iron alloy, believed to originate in the
asteroid zone of the solar system and the asteroid
zone is a region in the solar system between the orbits
of Mars and Jupiter, nmuch farther out from the sun than
Eart h.

This zone is occupied by thousands of snmal
bodi es, the largest being about 550 miles in dianeter
series, and the smallest that we can observe, ranging
down to a fewtenths of mles.

Now, we have every expectation, even though
we can’'t see themthere, that the distribution of
fragments goes to nuch smaller sizes also in the
asteroid zone, and these fragments apparently result
from collisions between the |arger bodies. So we think
that that’s a source of neteorites.

The second view graph is a classification of
meteorites . The only ones that we’'ll talk about are
irons, stony irons, and stones. Now, this is the kind
of classification that | like, it’'s sinple and it tells
you sonet hi ng.
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Al'so, the stones are by far the npbst
abundant, so if we’'re talking about meteorites that
penetrate the roofs of buildings or land on the earth,
it’s much nore likely to be a stone than an iron.

Irons are about seven percent of all neteorites that
fall, stony irons are extrenely rare, only one percent,
and stones are about ninety-two percent of the falls.

Now, this diagram shows the earth in its
orbit about the sun, and the earth is traveling at 18-
and—a—hal f mles per second about the sun. The fastest
speed, the fastest velocity, the highest velocity for
any object in the solar systemis about 26 mles per
second.

So if we want to consider maxi num velocities,
then it’s easy to see that a head-on collision between
a nmeteorite going 26 nmles per second and the earth
going 18-and-a-half mles per second leads to an
extrenely high-velocity collision.

If the neteorite overtakes the earth in its
orbit, it’s highest velocity can be twenty-six mles
per second, but the earth is noving away at eighteen-
and—-a-hal f, so the greatest velocity of entry for a
neteorite that overtakes the earth is around eight
mles per second, so there’'s quite a difference there.

The overtaking condition ranges from noontimnme
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through 6:00 p.m, to mdnight, and Flight 800 was
struck, or had its accident | guess just after dusk, so
it would be right around the 6:00 p.m — | guess it
was around 8:00 p.m So it would be a little ways into
the night side of the earth, as it’s shown here.

Now, if a meteorite cones in at an extrenely
high velocity, its chance of surviving for very long is
much | ower, because oblation is nmuch nore extrene. On
the overtaking side, however, it’s easier to slow it
down, and oblation is nuch less a factor in reducing
the size of the neteorite.

This slide essentially contains the remarks
that | just made in describing the previous one.

Now, what happens when a neteorite enters the
atmosphere? It has initial contacts with air nolecules
whi ch bounce off the front face harmessly, but as it
gets deeper into the atnosphere, and the air density
increases, the nolecules that bounce off the front face
find it harder to get out of the way, because they keep
bouncing into other air nolecules and bouncing back
agai nst the neteorite.

So the neteorite very quickly then builds up
a cap of conpressed air in front of it, and this is
very highly conpressed air, and when you conpress air
you generate heat, so this cap of conpressed air heats
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up, it heats the front of the neteorite, and as it gets
hotter and hotter it begins to glow, and at that point
it melts the front surface of the neteorite and
vapori zes part of the materials, so this cap of air,
this is the nmeteor that you see, contains highly
conpressed air nolecules as well as atons and ions from
the neteorite. I would describe it probably as a
pl asna.

The neteorite, however, remains cool in the
center, because the nelted material is brushed off as
fast as it forms, and it leaves a trail of droplets
behind it. Also, the passage of the neteorite through
t he atnosphere essentially is really so rapid that
conductivity of silicates being what is, the center of
the nmeteorite does not heat up, it remains at about
zero degrees centigrade.

This cap of conpressed air is surrounded by a
shock wave, and a neteorite that has reached this stage
will be producing sonic boons. Also, the tenperature
of the neteorite is so high that it’s glowi ng extrenely
brightly, and this will produce retinal image if an
observer watches a neteorite fall, the same sort of
thing you get if you look at the sun, or if you re in
front of a flashbulb when it goes off, you get a
retinal inage.
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Eventually, the neteorite slows down, because
of its contact with the atnosphere, the drag, and
becones a freely flowing body, so by the tine it
reaches the surface of the earth it’s going about 150
mles an hour just as a falling stone.

The nmeteorite decelerates in one of two ways,
either it decel erates because of drag due to the
atmosphere, or if the pressure of this conpressed gas
on the front face exceeds the strength of the neteorite
it will break into fragnents, and snmaller fragnents are
easier to decelerate, they decelerate rather rapidly.

In either case, it beconmes a freely falling
body, unless it is large enough so that part of it can
survive to the surface of the earth still with its
orbital velocity. This is not the kind of case that
we're considering here, | would say.

At any rate, for an observer all of these
effects can be confusing, and this is conpounded by the
fact that if you' re observing a fire ball, you know
neither its distance fromyou nor its size. observers
will generally try, however, to estimate the size of
t he body, but they don’t have a basis for that.

If you know the distance of a body you can
estimate its size by its angular displacenent, but if
you don’t know the distance -- if you know the mass of
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a body, if you know the size, then you mght be able to
estimate its distance from you. But not knowi ng either
one, any observation that attenpts to determine this to
tell you the size of the body or how far away it was is
not reliable.

Now, on the problem of estimating the
frequency of damage, damaging inpacts to an aircraft,
first of all, no data exists on hits to aircraft, but
there is a body of data on neteorites that have danaged
houses and cars.

Now, this is, | think, a quite reliable body
of data, because if a neteorite goes through the roof
of your house, you want to tell soneone about it, and
the usual reaction is to call the police, and then
after that call the T.V. stations. So these
occurrences tend to get into the record.

Now, in addition to that, if the fall has
been energetic enough to go through the roof of a house
or a car, then you have sonething that mght be
conparable to a fall that would be energetic enough to
penetrate an aircraft. So these are the data points
that | used.

If we can estinmate the area occupi ed by
houses and cars, now, | used only data for the
coterm nous, United States. Now, coterm nous is a word
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you find in the census tables, and it neans the U S
wi t hout Hawaii and Al aska. The Census began tabul ating
Hawai i and Al aska in 1960, but the data from before
that were without those two areas, so | subtracted the
data from 1960, on, for Hawaii and Al aska.

So if you can estinmate that area then you
have a chance of learning the frequency of roof-
penetrating neteorites per square foot in the United
St at es. Then if you can estimate the area occupi ed by
aircraft in the air, then you can conpare those two
areas to get an estimate of the expected frequency of
damagi ng inpacts to aircraft.

Now, there’s a lot of data here. This is the
conplete tabulation of roof-penetrating neteorites for
this century. Now, a couple of years have not yet
occurred, but that’s an approximtion we have to face.
The Census data go in decades.

CHAI RVAN HALL: None of those are in
Tennessee, | hope.

DR CASSI DY: Excuse ne?

CHAI RMAN HALL: I live in Chattanooga
Tennessee, | just wanted to be sure there weren't any
in there, Dr. Cassidy.

DR. CASSI DY:  No.

CHAl RVAN HALL: Good
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DR. CASSI DY: Do you know of one?

CHAl RVAN HALL: No.

DR CASSI Dy: Ckay. Well, if you' re from
Chattanooga, | don’'t know if that means that you re due
or not.

Notice that there are sonme decades in which
no roof —penetrating neteorites are recorded. There’ s
al so one decade in which four happen. Now, this, |
think, is a result of the fact that these are such rare
occurrences that we don’'t have a |long enough time to
get regularity in this record. If instead of ten
decades we were |looking at a record fromten centuries,
possibly then the per-century rate would be constant.

Now, | was surprised when | -- 1 thought that
estimating the area of houses and cars would be
relatively sinple, just go to the Census tables and
find the nunber of dwellings in that decade, and arrive
at an average area, an average horizontal cross—
sectional area per dwelling, and throw in a car to that
area, and add it all up.

Well, 1 hadn’t thought about it, but our
popul ati on has grown trenendously over the century, and
al so the nunber of dwellings has grown trenendously,
going from about 18 mllion around 1905, to 97 mllion
dwel lings in 1995. So the size of the target has been
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changi ng over the period that we’ re considering here.

So | took the md-points of all the -- |
essentially converted this graph into a bar graph, took
the m d-points of each decade, and used that as the
average nunber of dwellings for that decade, and then
reduced everything to square feet, to put everything on
an equal basis. So we should be |ooking at page nine
nNow.

so, again, in this colum you have the nunber
of hits per decade, and then you have the average
nunber of dwellings, and then you have a question on
what is really the average size of a dwelling, the
average cross-sectional area of a dwelling.

I’m not a student of architecture, | guessed
that it was sonmewhere between 800 and 1,000 square
feet. Now, houses have certainly gotten |arger over
this period, but very often it’s by adding an extra
story, and that doesn’t change necessarily the
hori zontal cross-sectional area.

So | got estinmates of the average target
area, and this is tines these nunbers for the 800
square feet and 1,000 square feet categories, or tines
ten to the tenth, which is a one with ten zeroes after
it.

So | could then calculate the hits per decade
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per year, or decade year, actually, it’s per decade,
for a ten-year period. In sone decades where there
were no hits at all, that was zero, but you'll see that
there are sone nunbers there.

Wen we add them up, we get the hits per
decade for the average dwellings and cars area, and
then since we want to average all the decades over a
century, you divide again by ten, so you end up with a
range of target area between 3.5 times 10*hits per
square foot, and 2.7 times 10”hits per square foot.

So those nunbers are the ones | used.

Now, for the aircraft data, the NTSB people
have apparently trenendous resources, and they can
prevail upon the aircraft conpanies and the airlines to
get this data very rapidly. These list all the nodels
in the first colum that are in general use in the
United States, flying over the U S., and how nmany
pl anes of each nodel are currently in use.

Al so, they obtained for ne the hours per day
t hat each nodel averages over a year, so this is sone
fraction of a day, so the nunber of nodels, tines that
fraction of day that they're in use, tines the
hori zontal cross-section of the airplane, gives you the
total target area for that type of aircraft per day.

Now, this is based on yearly averages. This
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neans that these planes are in the air every day, on
the average, during the year. So if we add up those
total areas for all these nodels of planes, we get a
nunber which is the total airplane target at any one
time, over the continental, the coterm nous United
St at es. So that’s the other nunber that | was seeking.

Now, in the calculations, we have to assume
there’s a constant influx rate of neteorites to the
earth over time, also that any area, any particul ar
area that you want to designate will receive sone
fraction of that influx, which is proportional to that
ar ea.

Al'so, any hit by a neteorite that’'s capable
of penetrating a roof will cause danage to an aircraft
if it hits the aircraft.

Now, there’s sone question about the
conparability of the dwellings target and the aircraft
target, but | didn't worry about that too rnuch, because
airplanes tend to be in the air with greater density
over highly popul ated areas, there seens to be sone
correspondence there.

So the nunbers | used were total target area
in square feet that are represented by houses and cars
in the cotermnous U S., and the nunber of roof-
penetrating neteorites per year, hits per year on
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dwellings, the total target area of aircraft in the
air, and solved for the nunber of aircraft—-damagi ng
neteorite hits per year, and that’'s a sinple fornula.

| apol ogi ze for the unites. It’s very
awkward, but any units probably woul d be.

| called the total target area dwellings, HC,
for houses and cars. RP is the nunber of roof-
penetrating neteorites per year, and HC is the tota
target area of houses and cars. Was | redundant there?
No. Roof- penetrating neteorites, total target areas
of houses and cars, and “A’ is the total target area of
ai rpl anes. So we’'re conparing hits per year on one
side, and square feet on the other side.

So depending on the size of the average house
then, the range can be, when you solve this, it varies
between 1.7 tines 10°hits per year, and 1.3 tinmes 10~
hits per year. That's for the total aircraft target.

Now, the inverse of that nunber is years per
hit, so if you divide one by these nunbers, you get an
estimate of how frequently you would expect hits to an
aircraft, and that nunber comes out in these
cal culations to one such event between every 59,000 to
77,000 years.

Now, there may be disagreenent on some of the
values that | used in this calculation, or sone of the
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assunptions |’ve made. I"ve tried to lay them out
clearly so that other people can nmake their own
estimates if they disagree with that.

DR. LCEB: Excuse ne, Dr. Cassidy. | just
want one clarification, one point for clarification.
That 1.3 tines 10°or 1.7 times 10°is hits per year on
an aircraft.

DR. CASSI Dv: Yes. To the total aircraft
target, you see, considered as a single area, and that
woul d have to be one airplane, also.

DR LOEB: Thank you.

DR CASSI Dy: But it would not be a specific
ai rpl ane.

DR. LOEB: Yes, | understand that. But the
way you’' ve done your calculations, that’s on a
per-airplane, whatever it is —

DR CASSI DY:  Yes.

DR LOEB: -- a generic airplane that would
be sone average-type airplane, and not a specific
ai rpl ane.

DR. CASSI DY: Right . Now, there’'s one fina
point to consider possibly, and that is whether any of
the nmeteorites that mght hit an aircraft actually
woul d cause damage. As the neteorite gets smaller, the
hits are nore frequent, probably, but the energy is
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| ess.

There is a record of hits to houses that have
caused no danmage. There are three neteorites that
wei ghed up to 92 grams, and would have had an
equi val ent di aneter between one and two inches that
caused no danage to a house.

There’s a 50-gram neteorite, we're verging
now on ones that did cause damage, not to a house, this
particular one hit an asphalt street, and created a
dent one inch deep. There are a couple others that are
around two inches in dianeter, or between two and three
inches in dianmeter, that penetrated the roof -- one
penetrated the roof of a warehouse, it wasn't included
in the tabul ation, because it’s not a dwelling, another
one was one of the Wathersfield ones, that are still
smal |, but did penetrate the roofs of houses.

But there is an overlap in size there around
50, 60, 70 grans in mass, and around dianmeter of about
an inch to two inches, where it may have caused damage
or may not have, depending on which neteorite it was.

| think that about concludes the --

DR. LCEB: Wat were the |larger sizes?

DR. CASSI DY: The larger size in the
tabul ation was the one that struck the car in
Peekskillr New York, that was about 12 pounds.
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DR LOEB: About 12 pounds.

DR CASSI Dv: Yes. Now, they tell ne that in
exam ning the weckage, they're fairly certain that
t hey have not overl ooked any penetration hole |arger
t han about an inch in dianeter. If they' re very
confident of this finding, then | would say that not
only is there a very |ow expected frequency for this
ki nd of occurrence, but also a |ow expectation, even if
it did occur, that it would be energetic enough to have
caused the danmage that we saw

Thank you.

MR, HAUETER Prof essor Cassidy, | just have
one questi on. Do you have an estimate of at what
altitude a neteorite becones a free—falling body?

DR. CASSI DY: Yes. That’s a very difficult
question for ne, and | suppose | should have nentioned
t hat . It depends a lot on the original mass, how | ong
it takes to decelerate, and there is, | think, a valid
gquestion on how conparable a roof-penetrating neteorite
is to that sane neteorite at, say, 13,000- or 14, 000-
feet elevation.

It mght still have substantially nore
energy, it mght not be conpletely decelerated at that
el evati on. This is another uncertainty in this
estimate.
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I think what you're asking is whether it
could be an iron neteorite instead of a stony
meteorite, at least that’s what nakes sense to ne.

Yes, an iron neteorite has twice the density of a stony
neteorite, so it packs twice the energy into the sane
volume at the same velocity.

So an iron neteorite would be nore danmagi ng;
however, renenber that the abundance of iron neteorites
falling on the earth is only about seven percent of the
total, and the stony neteorites are ninety-two percent
of the total

In addition to that, the stony neteorites
have | ess structural integrity, they re weaker, and
they tend to break into fragnents, and then each
fragment beconmes a possible source of danmage.

So there’s probably a couple of hundred to
one chance that if a neteorite goes through the roof of
your house, it’'s a stony neteorite.

MR. HAUETER: Thank you. I have no further
questions, and | guess 1’11 turn it over to M.

Hlldrup for his questions.

MR, H LLDRUP: Thank you. CGood norning, M.
Kittel

MR KI TTEL: Good nor ni ng.

MR HI LLDRUP: I wasn’t sure if it was
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covered in your bio from M. D ckinson, were you
involved in the Pan Am 103 investigation?

MR KI TTEL: | was, but not on-site. I was
involved in nore of the intelligence aspects of that
i nvestigation.

MR HI LLDRUP: How about the Philippine
Airlines accident in 1990-1991 tine frame?

MR KITTEL: Are you referring to the
aircraft bonbing?

MR HI LLDRUP: No. I’ m tal king about the
fuel tank explosion in the Philippines.

MR KITTEL: No. I had no involvenent in
t hat .

MR, HI LLDRUP: Are you famliar with the
details of that accident at all?

MR KITTEL: Yes, | am

MR HI LLDRUP: Ckay. Coul d you review the
role of your office with civil aviation accidents and
with the NTSB?

MR KI TTEL: Sure. Qur office was created in
the early seventies when terrorists started bonbing
ai rpl anes. The FAA felt we should have specialists on
board with know edge of terrorist bonbs, bonbing
tactics, counterneasures devel opnent, and al so
post-blast investigations, as they relate to aircraft
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accidents, should they have been a crimnal act.

Since that time, approximately 1972, we’ve
mai nt ai ned specialists 100 percent coverage. W have
two full-time headquarters based, explosive
specialists, with backup, from our regional offices in
the field, and our traditional role to the Board has
been when there’s an aircraft accident that has no
specific inmediate cause, in other words, it doesn’t
appear obvious what may have happened, that we’ve been
asked to participate in the early hours of that
investigation, along with the NITSB co-team as nenbers
of the investigation to |ook for possible |inkages to
terrorist bonbings.

In fact, we wind up serving as a linking pin,
as it were, between the Board and the FBI. W' re
trained in the sane evidence collection techniques,
we're trained to investigate the sanme way as the
crimnal investigators do, but with an aviation
background, and with the know edge of how aircraft
accident investigations are conducted. So we provide
continuity.

As your bonmb tech, so to speak, we're able to
transition, from what we’ ve seen and done, should there
be evidence of a crimnal act, to the Federal Bureau of
I nvestigation, who has jurisdiction.
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MR, H LLDRUP: Wth respect to the TWA
investigation, what was your role, and when did you
begin the participation in the investigation?

MR KI TTEL: I was called via the FAA
Qperations Center in Washington mnutes after the
crash. I initially responded to FAA headquarters,
where we opened up our accident conmmand center, that’s
the focal point of coordination between the various
parties that are involved in the initial response, the
energency responses, as it were, left there that
eveni ng about mdnight, and | chose not to take up a
seat on the go—-plane, on the initial response aircraft,
but because of the close distance | chose to drive with
nore equi pnent than | would have been able to bring on
the go-aircraft. So | drove and net the go-team at
Islip Airport, and participated i mediately from the
first NTSB response, throughout the investigation.

MR, H LLDRUP: Thr oughout the investigation,
were you involved in the review of all weckage that
canme into Calverton, and was that part of the FBI
review, or was it, 1in essence, separate fromthat?

MR, KI TTEL: W were involved in all aspects
of records review. In fact, ny team consisting of
either nyself or ny partner, and two field
i nvestigators, one from Chicago, one from Atl anta,
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reviewed every single piece of recovered w eckage that
cane into the hanger.

If I could follow up on that a little bit, we
had a very, very healthy process of how those pieces
were reviewed. We had an interagency bonb tech worKking
group, as it were, that was put together wth nenbers
of the Federal Bureau of Investigation, the Bureau of
Al cohol, Tobacco and Firearnms, New York City Police
Departnent bonb squad, Nassau County Long |sland bonb
squad, Suffolk County Long Island bonb and arson unit,
and, of course, ourselves from the FAA expl osives unit.

Each of the bonb techs on duty revi ewed
individually, as well as by group, every single piece
of recovered material coming into the hanger that was
not limted to just aircraft structure, but also
included all the aircraft cabin interior, all the
personal effects, we reviewed literally all of the
evi dence in the case.

W | ooked at cargo contents, we |ooked at
marine life. It was a very efficient system because
prior to any of the recovered pieces being placed on
the floor or onto a markup, all of the bonmb techs on
duty had an opportunity to conduct visual exam nations.

W would literally get down on our hands and
knees with magnifying glasses and | ook at the small est
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pi eces . I mght add that we brought in pieces, such as
sand dollars that were the size of your snall finger
nail, and the condition and the quantity was fairly
remar kabl e.

We had an opportunity to review all these
itens, looking for any potential post-blast effects, or
artifacts, that mght becone suspicious, and then any
single bonb tech of any of those agencies was able to
isolate a piece and say, we’'d like this to be further
exam ned by netallurgy, or by forensic chemstry.

So the somewhat duplicative conbination of
all of that expertise brought sone of the best
expl osive investigators in the country together into a
very effective screening process.

MR H LLDRUP: Ckay. Thank you. I"d like to
nove into a brief discussion about bonbs or small
charges. W’'ve heard a |lot this week about expl osions.
Could you talk about or differentiate between the
detonation of a bonb and perhaps conpare it to a fue
air type of an explosion event?

MR KI TTEL: Sure. A lot of what we’ve
tal ked about this week, maybe with the exception of
Ri chard Bott from China Lake, who tal ked about high-
speed fragnments, a lot of what we’ ve been tal king about
are what’'s ternmed deflagrations.
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A deflagration is a fancy term for rapid
burning, a flane front, a conbustible nmaterial. Go
back to a couple of the presentations yesterday, the
fire triangle, having the three legs of a fuel and
oxi di zer, and an ignition source. Those are fairly
sl ow events, they have conparatively |ower peak over
pressures, and |onger durations of the event, in other
words, a fast burning, as it were.

In the case of high explosives, the types of
things that terrorists make bonbs out of, these are
energetic materials that contain both the fuel and the
oxi dizer in that chem cal conpound, requiring only an
ignition source, and for nost high explosives, that
ignition source, for it to achieve a detonation, is a
detonator or a blasting cap.

So what we have is a trenendous rel ease of
energy, hot gases, shockwave, with a very high peak
over pressure, maybe in the thousands of Psi, for a
very short duration. That provides a very high-speed
reaction, faster than the speed of sound, which is why
you have the bang, it breaks the sound barrier, you
have an explosion, it requires no confinenent, and nost
of those chemicals in a high explosive are
i nst ant aneously consuned, releasing very high—pressure,
hot gases, as well as a shockwave and a flane print.
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MR, HI LLDRUP: In the event that an expl osive
charge is detonated in sone close proximty to another
structure, what type of effects would you likely see?

MR, KI TTEL: The effects are fairly unique
and fairly obvious to the trained investigator. At
very close proximty to the detonation you |ll have
conpl ete destruction of the surrounding material or
hole. Along the edges of that hole you' |l have very
hi gh tenperature, nelting type effects. Dependi ng on
the speed of detonation, the type of explosive, and the
di stance, they all vary, of course.

Wth an inverse square relationship, you ll
have very hot netal nelting of the surrounding
material, or possibly a pedaling of that material.

Sonetines you'll have sawtooth-type
fractures, and then very uniquely to high expl osives,
over virtually any other reaction, you'll have the

effects of those hot gases that are involved in the

det onati on process. They will either conpletely
crater, looking alnost |like the surface of the noon, a
pi ece of metal, or they'|ll cause pitting, where they're

forcing pieces of, say, surrounding materials, pieces
of the netal itself into the netal, and |eave very,
very distinct patterns.

Wiile that’s happening, there’s also a

CAPI TAL H LL REPORTI NG | NC
(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

643
trenendous rel ease of hot gases, which cause effects
call gas wash, or radial streaking. In sone cases
around the hole, as it were, if you had a penetration,
you' Il see streaking much like the rays depicted in,
say, a picture or a depiction of the sun, where you'll
have streaks comng out in all directions, 360 degrees,
from the point of detonation.

This is happening in very, very high speed.
Detonation velocities, for exanple, of plastic
expl osives, in the vicinity of 26,000 to 27,000 feet
per second, nuch faster, nuch nore intense physica
effects than you have from say, fire, or |ower
defl agrations, or burning.

The other tendency in the radial streaking
and the gas wash effects is that they tend to be
inmprinted into the nmetal, they' re not subject to being
washed away, for exanple, they' re permanent, and
dependi ng on the charge size, even for very snall
charges, fairly large dianmeters, where you'll have
splatter and streaking effects, which can be seen with
very, very snmall quantities, out to three or four feet,
easily.

MR HI LLDRUP: You nentioned that a bonb
could produce a hole. Wat happens to the fragnents
that nmade up that hole?
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MR, KI TTEL: If it’s a very close proximty,

say in contact with a piece of aircraft alumnum for

exanple, that hole will be just consuned in the
detonation process, it wll essentially be vaporized,
but the surrounding nmetal will have the effects that

j ust menti oned.

| guess what |'mgetting at, would you expect

accel eration of those particles fromthe targets
referenced, as it were, and is that danage a |ine of
sight or linear damage that you woul d expect on

nei ghboring structure?

MR, KI TTEL: | see what you nean. Certainly,
there is a directionality to expl osives. If a sphere
of explosives, say a round, circular sphere is
detonated in air, the effects are 360 degrees in al
directions, but when you have contact with a surface,
you tend to have a lot of reflected energy, and then
depending again on the materials and the charge si ze,
it will transfer through the material, and where you
have penetrations, such as the hole, where you' ve
penetrated the target material, it will travel in a
linear fashion quite a distance, again, depending on
the charge size, on the order of nmany feet, if not
yards or neters.

MR, H LLDRUP: Ckay. Thank you. Are you
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famliar with the tests that were conducted this past
sunmer in Brunting Thorpe, England?

MR KI TTEL: Yes, | observed them

MR, H LLDRUP: You were present for those
tests.

MR KI TTEL: | was.

MR HI LLDRUP: Could you briefly review the
results of those tests, basically were they consistent
with the types of danage that you ve seen in the past?

MR, KI TTEL: There were actually two sets of
trials conducted at Brunting Thor pe. Prior to the
NTSB'S tests, the FAA and the UK Civil Aviation
Aut hority conducted sone hardening tests of containers
as part of our security R&D program That occurred in
May, and then in July of this year, we observed and in
sonme degree participated in the NISB-sponsored testing.
| believe you re referring to the second series, right?

MR, H LLDRUP: That’s correct.

MR KI TTEL: In the NTSB tests, we took
various charge sizes from— I'd like to caveat ny
guestionnaire by saying that for security reasons |
would not like to discuss the actual charge sizes, but
we took very large charges, and then worked our way
down to very, very small -- very small charges, and
shot them through representative aircraft nmetal simlar
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to the, in fact, identical to the center fuel tank
conposition, both upper and |lower skin, front and rear
spar, and the span—-wi se and m d-spar beans.

In all of those cases, when we |ooked at the
results both on the initial plate, which would
represent a point external to the fuel tank, where an
expl osi ve charge m ght have been placed, and then at a
wi tness plate, which represented the next adjacent
panel, for exanple, fromrear spar to span-w se beam
one, we were able to see renmarkabl e evidence of the
hi gh expl osive effects obviously on the panel that they
were initiated on, but also on the adjacent wtness
panel, which was placed at a representative distance of
where that plate would be in the center fuel tank of a
747-100.

MR HI LLDRUP: Ckay. Thank you. Thi's
damage, all the danage that you described during your
testinmony, the pitting, the cratering, gas washing,
hi gh-energy fragnentation, is that unique to a high-
order expl osive?

MR, KI TTEL: It is. It’s the signature of
hi gh-order expl osives, forensically.

MR, H LLDRUP: Ckay. Thank you. In sunmmary,
you’' ve seen all the records, or your office, from day

one.
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DR LCEB: Excuse me, Frank, 1'd like to
interrupt just for one second.

MR HI LLDRUP: Ckay.

DR LCEB: Did you also witness the tests in
whi ch the expl osives were placed on the tank that was
t here?

MR, KI TTEL: I"msorry, Dr. Loeb, | failed to
nmention that.

DR LOEB: Yes.

MR, KI TTEL: | prefaced ny renmarks that there
were two series. There were also two series at the
Brunting Thorpe tests, and the other involved
initiation of explosive vapors, using propane air
m xes, and then also the final test, which | believe
Dr. Loeb is referring to, was an actual shot of the
center fuel tank, with a, not a replicative test of
Flight 800, but rather a representation of being able
to initiate a center fuel tank with expl osive vapors
i nside by high explosives, and | did witness that test,
sir.

DR LCEB: Ckay. Prior to that final
ultimate detonation of the tank, there were also test
shots on that tank and that airplane as well, is that
ri ght?

MR, KI TTEL: Right . The earlier test shots
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were essentially, and again, wthout going into the
nunbers, we wanted to devel op an understandi ng of how
little explosives could be used to not only breach the
center tank, in this case, on the rear spar, but
penetrate it and be able to initiate a flammble or
expl osi ve m xture.

DR LCEB: And you' ve seen no such danmage
that we’ve described today in this testinony on the TWA
wr eckage conponents, personal effects.

MR KI TTEL: That’ s correct. To the best of
nmy knowl edge, none of the participating bonb
t echni ci ans, nor nyself, have seen any indication of
hi gh- expl osive effects on any of the weckage recovered

from Flight 800.

DR LCEB: M. Chairman, | have no further
questi ons.

CHAI RVAN HALL: Thank you very nuch, M.
Kittel . Does any of the technical panel have

addi tional questions of these witnesses? |If not, we'll
nove to the party tables, and | believe it’s the
Airline Pallets Association. Capt ai n.

CAPTAI N REKART: Good norning, sir. W have
no questions.

CHAI RMAN HALL: Honeywel |, Inc., any
guestions for these w tnesses?
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MR, THOVAS: Thank you, M. Chairman
Honeywel | has no questi ons.

CHAI RMAN HALL: Crane Conpany Hydroair, any
guestions?

MR, BOUSHI E: Thank you, M. Chairman, we
have no questi ons.

CHAI RVAN HALL: The International Association
of Machinists and Aerospace Wrkers?

MR LI DDELL: Thank you, M. Chairnman, we
have no questi ons.

CHAI RVAN HALL: Transworld Airlines, Inc.?

MR YOUNG Thank you, M. Chairnman, we have
just one question for Dr. Cassidy? |'mjust actually
curious, Dr. Cassidy, about how many neteors would you
think strike the earth on a daily basis? | knowit’'s
an estimate, but --

DR. CASSI Dv: That’s a very difficult nunber
to arrive at. The problemis, the reason | went to the
dwel lings and cars record is that it’s a solid record
and it’s probably much nore conplete than any estinate
of neteorites striking the total earth surface,
because, first of all, 70 percent of it is ocean, and
an awful lot of the rest of it is pretty nuch
uni nhabi t ed.

However, based on the record in houses and
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hat estimate,

sonething | haven't done yet, because | didn't thi

was inportant for this hearing, but

may attenpt in the future.

MR YOUNG Thank you, sir.

questi ons.
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it’'s

nk it

sonet hi ng which |

No further

CHAI RVAN HALL: The Federal Aviation

Adm ni stration.
MR STEETER: No questions
CHAI RVAN HALL:  Very well.
Board of Inquiry. M. Sweedler. |’

apol ogi ze. The Boei ng Commercial A

MR RORI GUES: No questions,

M . Chair man.

VW'll nove to the

m sorry. |

rpl ane G oup.

M . Chair man.

CHAI RVAN HALL: I’m sorry, M. Rodrigues,
it’s too early in the norning. M. Sweedler.

MR, SWEEDLER: | have no questions, M.
Chai r man.

CHAI RMAN HALL: Dr. Ellingstad.

DR ELLI NGSTAD: I have no questions, M.
Chai r man.

CHAI RMAN HALL: Dr. Loeb.

DR. LCEB: | have no questi ons.

CHAI RVMAN HALL: M. Kittel,

| want to just

ask again, you have personally yourself |ooked at

this wreckage of TWA, as nuch of it
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MR, KI TTEL: | would say that |’'ve |ooked at
probably 95 to 98 percent of it personally. There were
times that | wasn’t there that | would try to | ook at
what | missed while | was gone, but in nmy absence,
either ny partner, and in both cases, our other two
t eam nenbers, exam ned 100 percent.

CHAI RVAN HALL: You can tell and report to
the Anerican people that you did not see any high-speed
expl osi ve damage, or whatever the appropriate
termnology is, that would indicate that a bonb had
caused this particular event.

MR KI TTEL: That is correct, sir.

CHAl RVAN HALL: M. Kittel, | greatly
appreci ate your presence here this norning, and Dr.
Cassidy, we’'ve learned a great deal about neteors. I’ m
glad | do live in Tennessee now, not Connecticut, but
that’'s very informative, and let nme stress again that
the Board has tried to be responsive, and we have
received a nunber of letters from thoughtful people in
this area wanting us to explore the possibility of a
net eor possibly being the cause of this accident, so |
appreciate your contribution to the Hearing. Thi s
panel is dism ssed.

Wiy don't we, before we nove to the next
panel, take a short break until -- we’'ll cone back
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pronptly at 10:30, and start pronptly at 10:30.

(Thereupon, a break was taken at this tine.)

CHAI RMVAN HALL: We will reconvene this
hearing of the National Transportation Safety Board.
W now nove to our second panel, under agenda nunber
seven, on ignition sources, and |I’'d ask M. Dickinson
if he would introduce and swear in Panel B.

VR, DI CKI NSON: Thank you, M. Chairman. |If
the Internal Ignition Sources Panel would please stand
up . Raise your right hand.

(Therefore, the witnesses were duly sworn.)

MR DI CKI NSON: Pl ease be seated. M.
Chairman, this panel consists of M. Steve GCerken,
Ceorge Slenski, Dave Johnson, Chris Hartonas, M ke
Collins, Jerry Hulm and |Ivor Thonas.

Steve CGerken is an air force electrostatic
di scharge program manager at Wight Labs, Mterials
Director at Wight-Patterson Air Force Base in Dayton,
Chi o. He has 14 years’ experience, and he’'s a manager
at the program at Newark Air Force Base in 1983 through
1986, is senior vice president of Electrostatic
D scharge Association, and is a U S. deputy technical
advisor to the International El ectro-Technical
Committee, 101 Electrostatic Problens in Industry.

He has a B.S. in nmechanical engineering fromthe
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Uni versity of Tol edo. Steve, if you could identify
your sel f. Thank you.

George Slenski is a |lead engineer, Electronic
Material Evaluation Goup, Wight Laboratory, 17 years
with Wight Laboratories, is responsible for planning,
organi zing, and conducting electronic failure analysis
on fielded and new systens.

He devel ops and nmanages new prograns, and
i mproves and enhances aerospace systens, and is
responsible for evaluating state of the air electronic
assenblies, and performng field investigations, mshap
investigations, and assessing the nmaterials and
manuf acturing process capabilities of DOD contractor
facilities.

H s education includes a BS in electrica
engineering and an M5 in materials engineering fromthe
Uni versity of Dayton.

Davi d Johnson -- please raise your hand --
thank you -- is an engineer at Wight Labs, Wight-
Patterson Air Force Base, in Dayton, Chio, four years
with the Wight Lab. He perforns failure analysis on
conplex avionics and aircraft electrical systens
equi prent .

During the NSTB investigation, he has been
responsi ble for inspecting fuel probes and
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conpensators, and associated wiring from the accident
aircraft and another Boeing 747 for anonalies that
m ght contribute to ignition of fuel.

H s education includes a bachelors degree in
el ectronics engineering fromthe University of Dayton,
a bachelors in business managenent from Kent State, and
a master’s degree in industrial education from M am
Uni versity.

Chris Hartonas, he's been up here before.
He’s an aerospace engineer with the FAA conbined 16
years of experience and design in certification of
el ectrical systens and equipnent for civil and mlitary
aircraft, and his education includes an engi neering
degree from Chio Northern University.

M chael Collins is an aerospace engineer wth
the FAA for 14 years in the aerospace field, nine years
at the FAA currently assigned to the responsibility
for propul sion systens on 747 aircraft, certification
and continuing operational safety issues for propulsion
installation on transport category airplanes. Hi s
education includes a BS in mechanical engineering from
the University of Washington, and he’s a licensed
pr of essi onal mnechani cal engineer.

Jerome Hulm is nmanager of electrical systens
in Boeing, 16 years in the Boeing Conpany, involved in
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the design of wiring installations for the air force
AWC s, and tanker and E-6 aircraft. He al so
participated in the design analysis and test
certification of FQ S for the Boeing 737, 57, 67, and
7.

He is a designated engineering representative
for the FAA, and has been that for ten years. He al so
serves in the International Guard, his education
includes a B.S. in electrical and electronic
engi neering from North Dakota State University.

And |ast, |Ivor Thomas, he’s been with us
before on a panel, and he’'s the chief engineer of fuel
systens and auxiliary power units at Boeing, and has 31
years at Boeing Conpany, and he has a nmultiple area of
experi ence, which we’ve gone over before.

Al'l these people have been entered in our Wb
site, in our NSTB Wb site. 1’11 turn the mcrophone
over to M. Bob Swai m

MR SWAI M Thank you. The TWA 800
investigation is still an active search for the source
of ignition, and this will be repeated over and over
this week. W started to discuss potential ignition
sources yesterday in the design panel, and yesterday
Boeing said there are no known sources of ignition in
the center wing fuel tank.
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Under normal operating conditions we haven’'t
found anything to disagree with that; however, we have
found that certain failure conditions could conbine to
becone a source of ignition, and I'd like to present a
brief overview of sone of the areas that we have | ooked
into .

W | ooked into these areas as an overview, a
summary, and 1'd like to present a slide on each, fuel
punps, the electrical failures, we |ooked at the fue
guantity indication system we heard sone about that
yesterday, hot air fuel tubing and vents, sparks from
static electricity, lightening, and we |ooked into
problens that mght have originated in the main |anding
gear well.

Wth respect to fuel punps, the background
pi cture shows one of the jettison override punps from
the center tank of the accident airplane. As you can
see, we thoroughly dissected them in our exam nations.

We | ooked at the possibilities and found no
evi dence of overheating in the notor cavity, such as
| ack of cooling, through inadvertent operation, we
found no evidence of a seized rotor, or worn bearings
that could have caused friction or rotational drag,
short circuiting within the notor cavity, short
circuiting at the electrical connector that would have
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had to cone through the notor cavity, we found no
evidence of a case breach, due to an electrical short
circuit.

W | ooked for heat of an inpeller friction on
t he housing, due to worn bearings, and we | ooked for
heating inpeller shafts at the worn bearings.

Wth respect to the scavenge punp, which was
never found, we found no evidence of power being able
to reach the punp through a failure of circuitry, we
did recover all of the switches, well, the switch for
this one punp, relay, circuit breakers, and so forth,
everything in the system that provides power to the
punp, and have thoroughly exam ned those at Wi ght
Laboratory, in the switch and wire |aboratory.

We | ooked for an ignition source in the rotor
cavity or electrical connector in other punps, and the
capability of the punp to retain some type of ignition,
even with a failure condition, such as a m ssing
cooling tube, which also acts as a flane arrester

W' ve been |ooking at strayed electrica
sources that could have been possible. W found no
evi dence of power cables or short circuits that shorted
and burned through the top of the fuel tank to ignite
t he ul | age. W | ooked in the area, the dry bay,
between the forward spar and span-w se beam three, and
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found no evidence of a fire pre-existing in that area,
a short circuit beneath the fuel tank, igniting the
tank, or a leak fromthe tank.

W | ooked for short circuits of electrical
wires in the dry bay igniting the tank. The reason
there are two dry bays nentioned, one is the air-
conditioning area below, one is in forward between the
span wise three and the forward spar. And we | ooked
for evidence that we could, of a fuel punp conduit
short circuit in the in-board wing fuel tanks that
could have ignited the ullage, traveled out to the vent
collector, and back into the center tank

W’ ve been exam ning fuel probes and
conpensat ors. W’ ve | ooked and found no evidence so
far of a short circuit providing power to the center
tank conpensator at or in the re-fueling control unit,
called the volunetric shut—off wunit.

The wing tip has another dry bay, it’'s sinply
an area without fuel in it, and we ve exam ned that for
a possibility of short circuiting to the wires that go
to a conpensator that is further outboard in the search
t ank.

W exami ned for short circuits providing
powers to FQQS wires in the flight engineer’s fue
gauge, or at the connector that the gauge attaches to,
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that was recovered from the weckage.

CHAI RVAN HALL: Did you state what FQ S was?

MR SWAI M If I didn't, | apologize. It's
Fuel Quantity Indication System the gas gauge.

W | ooked for the possibility of bleed air
ignition sources. Now, bleed air is very hot air
com ng from the engine conpressor, it can be over 1,000
degrees at tines, and it’s used to power the air-—
conditioning system and pressurize the cabin

We | ooked for the possibility of vapors
igniting fromthe heat of a pneumatic ducts |eak
beneath the center tank, and |I’ve used this photo
before, it shows the large size of the ducts under the
t ank.

We | ooked for the possibility of fuel vapors
igniting from heat of smaller ducts that are above the
fuel tank called trimair ducts. W |ooked for the
possibility of an air cycle nmachine that has a snall
turbine in that equipnent, in the background picture,
havi ng expl oded and gone up in the bottom of the tank,
and found no evidence.

W | ooked for the possibility of |eaking hot
air damaging the Fuel Quantity Indication System and
the power wire insulation above the tank, nelting the
wires together, providing power, and we |ooked and
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found no evidence of fuel vapors igniting from the heat
of bleed air after a tenperature control failure at the
engine, allowi ng straight hot air from the engine bleed
to reach these ducts that are in the area of the fuel
t ank.

The background illustration shows the vent
channel s within the wing. Ivor gave a simlar slide
yesterday to show how the vents are ported to the w ng
tip. W’ ve |looked at fuel system tubes, in addition to
the vents. W |ooked at the possibility of a fire
passing froma fuel line, to the auxiliary power unit,
that would come in through the back spar, through the
| andi ng gear well, and found no evi dence.

We found no evidence of a fire entering the
center tank through the jettison fuel tube or the
scavenge tubes, and we’ ve reconstructed sone of those,
or put sone of those into the reconstruction in
Cal verton. In the vent system again, we’ ve |ooked at
the possibility of fire froma vent systemigniting the
center tank from the surge tank before the |oss of
el ectrical power.

W | ooked into the possibilities and did a
ot of testing of electrostatic ignition. The
background photo shows a clanp that is not electrically
bonding to the tube it’'s nmounted on. W |ooked at the
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possibility of the fuel flow rate having induced an
el ectrostatic charge into the tube that you re | ooking
at, the larger tube, and possibly charging a tube
connector that was not electrically bonded.

We | ooked into the possibility of |eakage
onto isolated netals, such as the clanp you re | ooking
at, that could have discharged to the tube it’s nounted
on.

Li ghtening energy nmay create an arc in the
tank at the clanp simlar to how | just described
static fromthe isolated netal, and we |ooked into that
possibility, the Board s neteorologists found no
evi dence of any type of weather l|ike that wthin 300
ml es.

In the Ianding gear bay, the circular air,
the four circles are body gear retracted, and the |ine
right below the first bullet, where it says “Weel
brake fire or heat ignites fuel tank,” that’s the rear
spar of the airplane, so you can see that they' re
fairly close when the gears are retracted.

We | ooked for the possibility of a whee
brake fire or heat igniting the fuel tank. W | ooked
at the possibility, and found no evidence of a fuel
fire in that area, from a |eaking fuel punp or other
conponent .
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We found no evidence of a hydraulic fire in
the rear spar, or a tire explosion from an inadvertent
oxygen fuel. Tires are normally filled with nitrogen
We | ooked at the possibility of a tire burst itself
actually breaching that thick rear spar, or one of the
systems, and found no evi dence.

The area is still under investigation --

DR LCEB: Bob, 1'd like to ask you just one
guestion for clarification before you go on to these,
that we are still under --

MR SWAIM  Cxay.

DR LCEB: —— and that is, although — these
nunerous potential sources of ignition, in none of
t hese have we have found evidence in this specific
accident, nmany of these, the reason we did |look at them
is there is the potential for those to be a source of
ignition for a fuel tank failure, is that correct?

MR SWAI M That’ s absolutely correct.

DR LCEB: Ckay. Thank you.

MR SWAI M One of the ternms we’ ve been
using, we never close out consideration of any of these
areas, we set them aside. So the areas |’'ve just
presented are areas that right now we’ ve been working
t hrough, and we found evidence against, or found no
evidence of, and for one of those reasons we’ve set it
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aside in this accident. That’s true.

One of the areas that we are still | ooking
in, and let nme finish on that thought, we do bring
t hi ngs back from what we have set aside, with no
evi dence occasional ly. This is an exanple, the Fuel
Quantity Indication System W are |ooking heavily at
it, we have been looking into the possibility of a
short circuit to the fuel quantity system wiring,
outside of the fuel tank, conbined with |atent
failures, or copper sulfide deposits, chemca
deposits, you' |l hear about, in the fuel tank.

The background photos that are two, a left
one and a right one, the one on the left shows two
exanpl es of damage to the wiring, and M. Johnson will
be going further into depth, into what was found in the
fuel tank, and explain that photo, it cones out a
little less than clear here, and on the right is sonme
of the wiring behind the flight engineer’s panel in
anot her airplane, and according to Boeing there is
sonmething like 150 mles of wire in one of these
ai rpl anes.

The second bullet, energy, we' ve been | ooking
into, or are currently looking into, is the possibility
Of, open investigation, energy being induced into the
fuel quality system conbined again with |atent
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failures, or foreign material, or copper sulfide
deposits in the fuel tank.

W' re still looking into danage to a fragnent
of the wiring that is mssing above the forward cargo
compartnent, and this idea that we’'re |looking into on a
previous flight, not the accident flight, a cargo
contai ner nmay have struck the wiring, creating a short
circuit. So we're looking into this possibility.

Finally, we're still looking at the
possibility of a short circuit powering the fue
quantity wires in some unrecovered material. That one
we've got the wiring for parts of it, and not other
parts, and that’'s a very active open area that | don’t
think we can really get too nuch further into.

Those are the areas we’ve been | ooking into,
those are the areas we’'re still |ooking into. The
Chairman started us into discussing static electricity
yesterday, so | think it will be appropriate to finish
your question with our expert in static, M. Steve
CGerken, from Wight Laboratories, now Air Force
Research Laboratory, and he has a few slides to explain
the electrostatic process.

VR, GERKEN: Before | get started 1'd like to
just give just a brief overview of what electrostatic
charging is, for the benefit of the famlies and those
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in the audience that don’t understand that. It's a
very sinple concept, actually, and we generate charge
t hrough contact and separation between two naterials.

Most of you are famliar with wal king across
a carpeted floor and hitting a netal doorknob, and
drawing a nice arc, that’s a pretty good indication of
what el ectrostatic is, how it's generated, and howit’'s
di schar ged.

| have sone exanples here of tape pulling
froma wheel, fuel flow in a pipeline, we have two
different materials, and novenent of one against the
other, and finally when fluids exit a pressurized fue
line, and contact an isolated conductor, that is
anot her contact and separation nechani sm

A lot of things are inportant to keep in mnd
here, that are factors in charged generation, the
materials involved obviously is one intimacy of the
contact, speed of separation, and purity content, and
hum dity.

As | nmentioned we had five test sequences
that were conducted, three at the Naval Research Lab
and two at Wight—Patterson, and you can see here the
dates that we conducted those tests.

| give you a photograph of the clanps that
Bob had alluded to, the various types of clanps that
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m ght be present in the center wing tank of a 747
aircraft. Particular attention should be paid to the
Teflon clanmp, which has very good electrical isolation
fromthe fuel tube it’s around.

MR SWAI M Excuse nme, Steve. Can we go back
to that one a second? | just want to nmake a point.
Those four clanmps, the three to the left were renoved
from airplanes, and the one on the right was about to
be put into an airplane. W mght be com ng back |ater
to discuss parts being put into airplanes, and | just
wanted to people to note, these are the clanps we'll be
t al ki ng about .

CHAI RVAN  HALL: Let me ask, one of themisn't
titled, does that signify anything, or does that have a
nanme to it?

MR GERKEN. W believe that to be a form of
nitrile, but we weren't even sure on that one, as a
conductive property, though, and 1’11 get into that in
alittle bit.

DR. LCEB: Also, Bob, could you nake sure
that we identify anything that may be from the TWA 800
ai rplane, and please keep those things that are not,
separated out of it, those are just test articles, or
sanples, and so forth, and I think we ought to nake
that clear.
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MR SWAM This is true. W |looked at a |ot
of airplanes in this investigation. " m six—foot—-one,
and 195, | have trouble getting into the center fuel
tank through those little ports, but we did a |lot of
them and none of these are out of the accident
airplane, but they are out of other 747s.

DR LOEB: Thank you.

MR GERKEN: The other conductive item we
were concerned with is a Wggins Coupling, a coupling
used to tie two pieces of fuel pipe together, and the
concern was that that outer male and female shell m ght
be isolated fromthe fuel tubing, to the Orings that
you see here.

Dr. Leonard’s initial tests in January, 1997,
were very sinple. He took jet A fuel, used an ordinary
syringe, 50 cc, and sprayed it onto an isolated clanp,
such as what you saw in the prior diagrans. For the
nost part he got insignificant voltages when he did
that process, but in one case he got 55 volts, which is
not a significant voltage, but it warranted further
investigation into this, so we carried onto phase one
of Wight-Patterson’s tests.

Very sinply, and | want to make this clear
our testing at Wight—Patterson was a fuel inpingenment-
type test, that is, fuel that mght be |eaking from a
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cross—feed manifold line onto these conductive itens
that are isolated, so the focus of our work was fue
i mpi ngenent

W al so were very concerned with the
conductors we were working with to ensure that they
were adequately isolated electrically. That’' s very
critical in their ability to hold the charge, and
obviously critical when we discuss discharge energies.

Very quickly, at Leavitt Labs, phase one,
using the clanps that we showed, and the Wggins
Coupling, the maxi mum voltage we achieved on the Teflon
clamp, in particular, was 650 volts. The capacitance
of that clanp, with respect to the fuel tube that we
had it around, was just a fraction of a mni-jewel,
.0095 mllijewels, which is far below the quarter
mni-jewel that you ve heard during these briefings.

DR LOEB: M. GCerken, before you go on any
further, can you tell us how that 600 volts was
achi eved, what was the mechani sm by which you got
voltage on that?

MR, GERKEN: Ckay. W sprayed fuel, in fact
the test apparatus is up here, too, we punped fuel
t hrough the system that you see here, the orifice in
question, which varied, was within the test chanber
fuel was sprayed fromthe orifice, onto the test
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speci men, that you can see below, and then a voltage
nmeasurenment was taken from the test specinen, external
to the cabinet, by way of a charge plate nonitor.

CHAI RMAN HALL: This may be -- |’ m assum ng
you can explain this, 1 don't knowif it’s a fair
question or not, but 600 volts sounds like a lot, and
then that translates to what, less than a mni-jewel,
so can you tell us —

MR GERKEN: Yes.

CHAI RMAN HALL: -- where that — when | hear
600 volts, | think, well, that’s a lot.

MR, GERKEN: That’s a fair question. The
equation, if you will, that we use in calculation of
this discharge energy, which you would want it tied to
your mnimumignition energy, is one-half the
capacitance of the item tines the voltage, squared.

So you have two players in here that can drive the
actual energy we mght see from the clanps.

Capacitance is a huge player, the larger the
capacitance, the less voltage you need to conme up with
the energy that would produce a quarter nini-jewel.
Just for reference, to reach the quarter mni-jewel on
a clanp of 45 peakaferrettes, you need in the
nei ghbor hood of 3,500 volts on the clanp.

DR LCEB: I’"’m al so hoping to set this up for
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t he audi ence. Can you give an estimate of what the
el ectrostatic discharge is when you wal k across the
carpet and put your hand on a netal object, such as a
doorknob, what that may be, relatively, in terns of
j ewel s?

VR, CGERKEN: Ckay.

CHAI RVAN HALL: | want to followup on one --
what is capacitance, so | can understand what
capacitance is. You said volt and then capacitance.
What is capacitance?

VR, GERKEN: | like to think of it, since |
am a nechani cal engineer, also, here, that it’s like a
bucket of water. Capacitance is how much charge your
obj ect can hol d.

CHAI RVAN HALL: Ckay.

VR, GERKEN: Wth respect to the other
question, a human body is about 150 peakaferrettes, and
the threshold of sensitivity on the doorknob | spoke of
earlier is about 3,500 volts. So that would be an
energy level in excess of a mni-jewel.

DR LOEB: Thank you.

MR GERKEN: Phase two. We weren’t satisfied
with our work in phase one, in terns of fuel
tenperatures used, spray distances, target angles, fuel
conductivity, sone key players in the generation of
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charge, so phase two was dedicated to a target plate,
ei ght —-by-twel ve inches, that we could easily nove in
different directions, and try and categorize all the
different variables that we're |ooking at here, and, of
course, once again, we were still focused on the
i solation of the object.

For the nost part we were still working with
the Teflon clanp in phase two.

H ghlighted here are sone of the ngjor
findings from phase two. W had 1,080 volts when we
used a 31 cu fuel. Wien we got that to 275 peakosem ns
per meter, we were able to produce 1,150 bolts, but
it’s key to note that as you increase the conductivity
of the fuel, you ve also allowed for charge to nove
nore readily through the volune of the fuel

So even though we get sone higher charging
l evels, they don’t hang around long, especially in the
i npi ngement test, because charge can bleed away through

the fuel to the conductive fuel tube that it was

around.

W did sonme fuel msting tests, and found
very little charge associated with msting, but | do
feel that may be something we’ll want to |ook at a

little bit further in the future.
CHAl RMAN HALL: M. Cerken, can an anti-
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static additive have any effect on that?

MR GERKEN. An anti-static additive, and |
have to confess, |I’mnot a fuel expert, but generally
speaking, you re going to increase the conductivity of
the fuel by adding the additive, whereby giving the
fuel nore of an ability to nove charge, so if you do
have charge generated, it’'s easily carried away through
the volune of a fuel to the conductive elenments of, in
this case, the center w ng tank.

In phase one, | nentioned the 1,150 volt
threshold that we achieved using the 45 peakoferrette
value still, and | want to keep referring to the Teflon
clanp, because it had the best isolation, electrically.
W achieved .03 mni-jewels there.

Dr. Leonard, he’s not with us today,
obvi ously, he had surgery a couple of weeks ago, but
I'’d like to at |east sunmmarize his work that he
continued with after our work at Wight-Patterson. W
were concerned with trying to artificially charge the
fuel if there were sonme neans that the fuel mght be
charged initially before entering the tank, could we
obviously raise the potential of these clanps and
conductive items, and hence get a greater discharge
ener gy.

This figure shows the apparatus that Dr.
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Leonard used, the fuel is sinply straining fromthe
reservoir you see onto the isolated clanp, he s used
the filtering system a filter nunber ten, which
doesn’t nean a lot to nme, but | can tell you that it’s

CHAI RVAN HALL: Can we zero in on that,
sonebody who is in charge? Can we get any closer to
that? |’ m sorry. Pl ease proceed. I"’m sorry, sir. |
just thought it would be easier for people to view it
if they could get closer on it.

MR SWAI M Steve, why don’t you at |east use
your cursor. You can point out where the --

MR, GERKEN: Ckay

MR SWAI M — reservoir is and the clanmp —

MR GERKEN: Ckay. The fuel reservoir is
here, it’s strained through the coal escer cell here,
whi ch contained the type ten paper, the charge on the
fuel, as it exited the coal escer, was neasured with the
volt meter, the electrostatic volt neter up here, the
fuel inpinged on the clanp, and again the voltage on
the clanp was neasured with the electrostatic volt
nmeter.

Results were a little bit nore exciting when
you artificially charged the fuel. Joe al so used
several additives, which had an effect on the anount of
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charge generated, but the nmaxi mum that we were able to
see, wWith a sinple, | guess, Gulf 178 additive, at 333
parts per mllion, which is no |onger available, and
then at 1,000 parts per mllion we were getting
voltages up in the 4,800-volt range, obviously beyond
the 3,200-, 3,500-volt range that | had nentioned
earlier as being significant.

Dr. Leonard also added water to sone of the
m xtures that he had there, and that created even nore
voltage, 6,500 volts, in particular, using jet A plus
1,000, with a @ulf 178 additive, and one hour of
saturation in the water, and doing the sane test, |
showed 6, 500 volts.

He replaced the volt nmeter with a spark gap
just to verify that we could draw arcs at these
vol t ages achi eved on the clanp, used different
expl osive mxtures, as you can see, but he achieved no
ignitions, and he credited that with the fact that he
m ght have had a lean, or a rich mxture, or did not
get full discharge for the capacitance of the clanp,
bot h which are possible.

MR SWAI M I"d like to add here, he was
developing -- let’s go back a step. Dr. Joe Leonard is
probably one of the world s experts, he is one of the
world' s experts in electrostatic charging with fuels,
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and he has worked for 30-sone years for the Naval
Research Laboratory, and when the Chairnman asked us to
find the best, well, we did.

So we’'re very thankful to have Joe with us,
working with us in all of this. He crosses the bridge
between the electrostatics world that is Steve' s nornal
position, and the fuel’s people.

So he did sone testing down at Naval Research
Laboratory, as Steve has been nentioning, basically,
just to see how nmuch charge we could get on a clanp
fromfuel, even though it was fuel not fromthe
accident airplane, and he was using sone additives that
were not in the accident airplane or in service.

W sinply wanted to see how much charge coul d
be generated on a clanp, such as we would have gotten
out of another airplane, another 747. That’ s where
these tests cane from

When he was devel oping arcs, they're
described in his report, they're in exhibit 9b, he was
devel oping regular arcs, and | asked him about
ignition, and he had a short tine, | think it was like
an afternoon, and he did these sonmewhat informally with
the HEP team and so forth. So | just wanted to put it
alittle bit in context there. I"msorry, Steve, go
ahead.
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MR, GERKEN: That’s fine. Thanks .

Joe also | ooked at trace elements of diesel
fuel, which was suspected could be present in the JFK
fuel, he did the same electrostatic charging test, but
did not find significant voltages due to the addition
of trace elenments of diesel fuel. He al so worked with
sul fonates at ten parts per mllion, and got a maxi mum
vol tage of 4,400 volts in that case.

Joe al so conducted an experinent very simlar
to what we’ve nentioned, where he collected fuel
sanples from Aynpic Airways 747 aircraft in June of
1997. The fuel sanples taken from this subject
aircraft were from G eece, which was the TWA 800
origination point. He took samples from the center
wing tank, the tank two sunp upon arrival and 20
mnutes after arrival, and then from the hydrant truck
prior to refueling.

Tests were very simlar, as | nentioned, to
what was conducted before. The maxi mum vol tage he
achi eved was 1,880 volts, with the fuel retrieved from
tank to sunp after refueling had started. These val ues
were, as we’ve nentioned, well below the 3,200-volt
threshold needed for the quarter mni-jewel. You can
see the range of the conductivity of the fuels as he
nmeasur ed those.
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In summary, Joe’s initial work certainly
provi ded enough information that we should and deci ded
to continue on with testing. Qur Wight-Patterson
work, first with direct assets, or clanps that are from
747 airplanes, produced 650 volts, and an energy of
.0095 mni-jewels.

Qur phase two work, where we increased the
conductivity of the fuel, produced 1,150 volts, and an
energy corresponding to that at .03 mni-jewels.
Finally, when we used charge fuel, we did get a higher
voltage, 6,500 volts, which was well above the .25
mni-jewel threshold. That summari zed ny tests.

MR SWAI M Thank you, Steve. I kind of put
Steve on the spot here, since Joe has, like Steve said,
had surgery, and is unable to be with us here today, |
asked Steve to go through Joe’s report and try and
sunmarize it in a slide or two, and | think he’ s done
that fairly well, and also if Joe is watching, | would
like to say publicly, thank you very nuch.

Steve, in English now, for sonme of the folks
who don’t understand capacitance and peakoferrettes, in
a sentence or two, can you sunmarize your testing, or
yours and Joe’s, ours?

MR, GERKEN: Well, the work at Wi ght-
Patterson, again, was due to direct fuel novenent
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agai nst the test specinen, very simlar to what |
nenti oned when | started, contact and separation of two
materials generates electrostatic charge, that's tied
into the energy aspect of the investigation by focusing
on the capacitance, the bucket of charge, and the
potential, the voltage that you reach on those cl anps
in this case.

Based on our testing for fuel inpingenent, we
did not see voltage levels significant enough to reach
the quarter mni-jewel limt.

MR SWAI M Ckay. Do you believe we shoul d
look a little further, discuss with Dr. Shepherd his
recent results, or his in-progress work?

MR GERKEN: Certainly. The quarter
mni-jewel is a topic for discussion, you know,
whereby tenperatures influence that, altitudes and
pressures influence that. That will be sonmething we’ll
want to |l ook at further. | believe the fuel msting
i ssue should be explored a little bit further, whereby
we mght atom ze the fuel, fill the center tank with
single—plurality atom zed fuel particles, and |ook at
the voltage levels that m ght be achieved on these
clanmps, if you will, through that mechani sm of
charging, and not through fuel inpingenent.

MR SWAI M Very good. Can static devellop iin
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refueling on the ground? | know there were a couple of
accidents in 1970.

MR GERKEN: Yes, it can, and Joe would be an
excel l ent source for information on those. He wor ked
very closely with those. I’mnot all that famliar
with the actual incidents in those cases.

MR SWAI M That was actually kind of a
| eadi ng question, Steve. Did you know roughly how | ong
it would take for static charges to dissipate after
ref uel i ng?

VR, GERKEN: That’s very nuch dependent on
the conductivity of the fuel. If you have a | ow CU
fuel, it mght take quite a while, but when you talk
low CU fuel, as you're talking about m ninal
inmpurities, nuch nore purer fuel, so there’'s certainly
a tradeoff. The higher CU fuels would certainly bleed
any existing charge nmuch faster than the |ow CU fuels.

MR SWAI M Ckay. The additive from At hens,
from Europe, does that have this anti-static additive
you' re tal ki ng about?

MR GERKEN: | believe that’s the status 450.
Yes.

MR SWAI M Ckay. So it would be nore quick
to bleed off a charge.

MR, GERKEN: That’s correct.
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MR SWAI M Ckay. | believe Dr. Birky had a
questi on.

DR BI RKY: Yes. In the experinental setup
that you just finished discussing, the clanps were
totally isolated in the system is that correct?

MR GERKEN: That’s correct.

DR BI RKY: Are they isolated in the
aircraft, in use?

MR, GERKEN: The clanps thensel ves, the
isolation in the clanp is dependent solely on the
cushioning material . They didn’t touch on that very
much in the presentation, but the four clanps that you
saw at the beginning of the presentation had varying
resi stances.

DR BI RKY: Do they have a ground strap on
them or not?

MR GERKEN: | don’t believe so, no.

DR Bl RKY: Ckay. kay. You referenced the
@Qul f additive that gave the high voltage charge. \hat
is that additive?

MR, GERKEN: | certainly can’'t speak to that

DR BI RKY: Ckay
MR GERKEN: -- that would be a Joe Leonard

questi on.
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DR Bl RKY: Ckay. Ckay. Thank you.

MR SWAI M A question for the Boeing folks,
from the question that was just brought up, we did find
t hese clanps w thout bonbing straps, separated from the
tubes they were on, separated from structure, or
anything else. W found these in other 747s, and then
we went back with your help and found where they were
in the draw ngs.

Is there sonme reason that these ungrounded
pieces were in the tank? Wey were they there? M.
Thormas or M. Hul n?

MR, THOVAS: Vell, let nme try and answer
t hat .

DR LCEB: Before you do that, M. Thonas,
could you explain the inportance of the bonding straps
and the concept quickly again?

MR, THOVAS: This is junping into electrical
— maybe Jerry Hul m can answer that. Bonding straps are
used to basically bond between pieces of alumnumin
the airplane pipes or the airplane structure itself, so
that there are no - generally, we try to avoid
unbended netal objects inside the fuel tanks.

The previous — excuse ne, | don’t know the
gentleman’s nane, Gerken is it, described the concept
of a bucket of water carrying an electric charge, that
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is the capacitance. If we have a large netal object,
it becones a large capacitor, and it can pick up large
anmounts of charge, and that beconmes a hazard to the
ai rpl ane.

What we have tried to do is to bond all of
those large netal objects to nmake sure that we do not
have a floating, what we would call a floating neta
object that could acquire charge and becone a static
charge point for discharge.

In these small couplings, we have not found
the need to bond the couplings, because the capacitor,
agai n, using the bucket, we're now tal king about a very
small cup that can only hold a very, very snall charge,
as all the testing we’ve heard about says those charges
are well below the limt that you would have a spark
that’s large enough to ignite the fuel vapor.

So on small couplings we tend not to bond
specifically on those small couplings.

MR SWAI M Jerry, do you have any gui dance
on how large a piece of nedal can be to be in the fuel
t ank unbended?

MR HULM The standard that was used in the
devel oprment of all of our nodels is out of MLB 50-87,
whi ch establishes a three-inch rule. If the linear
dinension and direction is less than three inches, the
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conponent does not need to be bonded.

MR SWAI M kay. What is —

CHAI RMAN HALL: Can sonebody put that into
Engl i sh?

MR SWAI M | was just going to say the sane
t hi ng. What is MLB?

MR HULM It’s a MLB 50-87, which is a
mlitary specification that defines specific bonding
and grounding requirenents for different types of
conponents in a fuel tank. One of their guidelines
that they ve used that the majority of the industry has
followed, and the mlitary, also, is that if a
particular netallic object is less than three |inear
inches in any one dinension, then that particular
obj ect does not have to be bonded as long as it is not
in the primary bond path for sone certain, either
el ectrical device or a static path.

CHAI RVAN HALL: Does the FAA have a
requirement, or is this just the air force?

MR HARTONAS: The Federal Aviation
Adm ni stration, the regulations of the FAA, provide
ground rul es. They do not specifically -- they do not
speci fy how grounding and bonding is to be acconplished
in the airplane. The equi pnent nust neet its intended
function as installed on the airplane, and it nust be
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saf e.

MR SWAI M So if sonmething is |ess than
three inches in any dinension, | guess that would
i nclude these clanps width-wise, is that correct,
across the width of the clanp?

MR HULM Correct.

MR SWAI M Ckay. I know we haven't prefaced
this with other accidents, or building that up, but
simlar clanps, Teflon-lined clanps, were involved in
two refueling incidents where 727s were being refuel ed
in Mnneapolis in 1970. It was a higher flow rate, but
then we’ve al so discussed a breached fuel tube spraying
fuel onto an insulated netal.

Do you have any thoughts as far as the
validity, or as far as what’'s been seen in service
since there were two airplanes |ost?

MR, THOVAS: Let me try and answer that. W
can maybe tie in the previous presentation again. W
had two successive 727 fires due to electrostatic
charge at M nneapolis at exactly the sane pier at the
airport, separated by two nonths, or three nonths,
approximately that tine |ength. W investigated that
at length, Joe Leonard was involved in a lot of that.

What we found in that, those incidents, there
was sone mnor damage to the airplanes, they weren't
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maj or fires, what we found was the anmount of static
charge being devel oped by the fueling system the
trucks, if you will, that are fueling the airplane, was
significantly higher than we’d ever experienced, and
the data eventually pointed to this nunber ten people
that Joe Leonard was using in the prior investigation.

It turned out that that was a new paper that
was going into the filter system at the airport, and
that filter paper had a significantly higher charging
capability than previously known, and that was deduced
to be the cause of those two incidents, and that paper
was removed from service imediately, and the problem
has gone away si nce.

So we’'re |looking at an airport problem the
filter truck. I’ m surprised Joe has sone nunber ten
paper that he could use for this particular test, and,
again, it shows when he's testing, that he got much
hi gher charges using that paper, even on a snmall scale.

MR SWAI M Ckay. Thank you, lvor. This
year in the Safety Board’ s |lab we opened a -- |I'm
changing off the static subject — this year we opened
a fuel quality conpensator fromthe TWA 800 w eckage,
and we found a black spot on a crinped wiring islet.
After exam ning the spot under magnification, research
not surprisingly, for the nunber of airplanes they
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have, led us to the air force |aboratory at
Wight-Patterson again for a second subject. The air
force has a specialized |aboratory that exam nes wres
and switches, and it turns out they had extensive
experience with probes, and simlar black narkings.

Wth that 1'd like to introduce M. Sl enski,
who is the teamlead for the wire and switch |ab, the
el ectronics lab, and ask himto tell us about some of
the air force's experience with fuel probes, and I'd
like to enphasize the couple of slides | know he has.

| don’t know too well where he’s going, but
the couple of slides he does have relate to air force
probes, and that’s leading into what was found in the
800 probes.

CHAI RVAN HALL: Well, let’s cover that
material in your 1990 paper as well.

MR, SLENSKI : Yes, M. Chairnan.

CHAI RVAN HALL:  Good.

MR SLENSKI : Good norning, M. Chairman. M
name is George Slenski, and this presentation wll
di scuss the analysis of fuel probes renoved from U S
Air Force aircraft over about a seven-year period. |
believe this may have been covered previously, but I
just wanted to again go over fuel probe description.

Again, the fuel probes are basically |arge
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capacitors, tubular construction, you' re neasuring the
capaci tance between an inner and outer electrode. \What
we have to renmenber is that capacitance is a function
of the applied signal wring, probe construction, and
the ratio of the fuel to air between the el ectrodes,
and any resistance changes can obviously affect this
per f or mance.

Just again to point out, the probe systens
are designed to |imt current on an aircraft, and then
if you did have a short in a probe there should be
insufficient energy to ignite the fuel in the aircraft
fuel tank.

These are exanples of a fuel probe, and this
is when it was first reported to us. On the bottom of
the left there is an intact fuel probe, and | al so want
to point out that none of these probes that we will be
presenting are from TWA 800, and the probes in the 747
are simlar to these designs, but they' re different
types of probes.

Wat we're illustrating here is the buil dup
of this material, copper sulfite, over a long-term
period of tine.

Again, in the |ower |eft-hand corner, the way
this becane apparent is that our naintenance personnel
wer e experiencing neasurenent problens on the fuel
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guantity systens of several types of aircraft, they
al so noticed black nmarks on the fuel probes, and in
that situation they obviously were concerned, could
this be an arc that occurred in the fuel probe, and
that’s how we becane involved in this analysis.

Now, this is a closeup, and this is actually
the bottom of that probe, we're looking at the actua
conpensator end, and what we're |ooking at here, the
three arrows are pointing to a black streak on the
netalized portion of the outer electrode, the top part
is a piece of nylon in the blackened area there, and
the other area is referring to one of the wires, and
basically we have a | owresistance path between that
wire and ground, and that was the source of the
nmeasur enment probl ens.

Now, we |look at these materials, they're
actual ly conductive, and when we nmention conductive
it’s relative. These types of probes typically should
have around 40 nmegohns of resistance between any two
points in this systemin order for it to work properly.

In the cases we’'re |ooking at here, if you
nmeasure these resistances, or probe the resistances,
we're looking at from one to a hundred kil o-ohns, and
that’'s significantly |ow enough to actually affect the
operation, and that will give you inaccurate readi ngs
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of the fuel probes.

First of all we can talk about the upper |eft
photo of the conpensator, and, again, this is the
conpensator end of the fuel probe, and, again, show ng
you the Dbl ackened residues we’'re finding there, and
this is the wire that’s actually inside the piece of
Tefl on tubi ng.

CHAI RVAN HALL: Where’s the bl ackened
residue, would you point it out?

MR, SLENSKI : There’s a square there, it's a
bl ue square, just inside that square is the residue
area. Wiat we'll look at next is, if we go over to the
right, is inside that Teflon tube, and this is the
inner part of that tube now, we’ ve actually taken it
apart and dissected, that’s showi ng you the bl ack
residue actually on the surface, and this material, if
you probe this, basically, if you had two neter probes,
and you put those down on the surface, you' d finally
have a, well, what | would call a sem —conducti ng
material, it’s not a highly conductive material like a
pi ece of copper, and that’s why we're referring to it
as sem —conducting, and it’s around one, to maybe a
hundred kil oohns, typically. But, again, that’s enough
to affect operation of these probes.

Now, if we go directly to the |ower one on
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this quadrant, what we |ooked at previously was an
optical version of that coating. Wuat we’'re |ooking at
here is an scan el ectrode mcrograph of that sane
residue, and the SEM or scan el ectrode mcroscope, is
beneficial to us, because you get great depth of field.

If you notice, you can actually see this
coating lifting off the surface, and what we' re | ooking
at here is a very thin film buildup of material, and

that’'s basically the phenonenon that we’'re dealing with

here.

In the next chart I’m going to show you sone
anal ysis of that material. I’m going to nove over now
to the left |ower quadrant. This is the wire that was
next to that Teflon material. This wire was silver—

pl ated copper wire.

Now, maybe | can explain this in maybe easier
terns here, there’s a considerable anount of sulphur in
our fuels that we use in our aircraft, and | think if
you're famliar with -- silver tarnishes fairly easily,
a lot of times that tarnish turns black, in nmany cases
that’'s sulfur that’s in the atnosphere. So sul fur and
silver react readily together, and you form silver
sul phite.

In addition, the sulfur will also react with
copper that nay be exposed, and you form copper
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sulfite, and these are these sem —conductive conpounds
that appear to be black or gray on these probe
surfaces.

If we can first go up to the |ower |eft
quadrant, 1’11 just focus on this exanple again.

Resi dues on the wires, nost of these probes, in sone
cases, have been on the aircraft over 25 years, and,
again, we need to point out this is an agi ng phenonena,
a degradation of nmaterials over many years in fuel.

And, again, what we’'re |looking at here is a
| ow resistance between the wire and actually one of the
probe el ements, and you can see it there. At one tine
it was actually touching in there, which caused a |ow
resi stance path, and, again, affected the operation.

What | want to point out here, too, is that
we look at these filns, we're not finding a buildup of
car bon. If we found a large buildup of carbon, and we
saw ruptured surfaces in here, then we would be
concerned about arcing that had occurred in here.

So this is not an arcing phenonena, this is a
| ow resistance or |eakage current that is basically
affecting the operation of the probe, but is not
causi ng arcs between surfaces.

Now, if we go over to the lower right, I
don't know if this is going to show up too well, maybe
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we can zoomin on that area there. That’s better.
This is just how we prove whether or not what we're
| ooking at is actually there on the surface.

This is a spectrum show ng silver sulphur,
and “S" is silver, “AG is silver, and “CU is copper,
that these elements truly exist on the surface, and the
anal ysis technique is energy disperses spectroscopy,
basically, what we're doing here, and this is while
it’s in a scan electrode mcroscope, you bonmbard the
surface with the energy, and you get X-rays rel eased,
and each elenent has a characteristic X-ray, and so
that’s how we identify the elenental makeup here.

This has an accuracy of about one percent, so
if you have one percent of material on there, you wll
detect the el enent.

If we could go to the upper |eft quadrant
first. This is actually a good exanple of the fuel
probl em we were havi ng. This is on the wires now,

i nstead of on the probes.

In this case here, if we look at that red
square or rectangle we have here, the problemin this
case is our maintenance is reporting a fuel quantity
probl em on the probe system and what they found wth
i solation once we renoved these wires is that there was
| ow resistance between that termnal in that |ower blue
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splice, which is ground, basically, and in this case
we're getting resistances in the high kil o—ohns range,
100 K, 100 kil o-ohnms, and again, that was affecting
probe operati on.

DR LCEB: M. Slenski, may | interrupt for
just a mnute?

MR SLENSKI : Sure.

DR LCEB: Are those ohmic values you' re
giving done at the operating bulge of the equipnment, or
are those test voltages, high voltages?

MR, SLENSKI : Wien we’re making these
nmeasurenments we're typically using an ohm neter, which
is 1.5 volts, so it's very current limted |ow voltage,
and we’'ll talk about it later on. In some cases we

appl i ed higher voltages to see how these filns

behave --

DR LCEB: Ckay. Thanks .

MR, SLENSKI : —— at higher voltages and
currents. If we nove to the upper right quadrant, this

is a closeup of this connection, and, again, show ng
you this black-gray residue that does form and you can
see it's actually formed between these two wires, and
t hat conductor path caused the mal function of the fuel
guantity system

MR SWAIM M. Slenski, | have a question
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for you. You were showing us the film it kind of
| ooks |ike flaking paint, or sonmething --

MR SLENSKI : That’ s correct.

MR SWAIM -- in the closeup, and here
you're showing us two wires that are next to each
ot her. If you flex the wires, or renove the wires from
what ever, how easy is it to break that filn®

MR, SLENSKI : Vell, if you noticed in the
previous slide, you can alnost what | would call nud
cracking of this film Again, it’'s a very thin film
any type of stresses will crack that film and
typically, this is the problemwe ran into in
mai nt enance, if anyone hit that probe, you would
actually interrupt that conductive path, because it’s
very sensitive.

Any flexing, any novement, you can break that
surface up and over tinme it will grow back, so it was
an intermttent problem and that’s one reason why we
becane involved, because it was very difficult to
isolate this and understand the phenonena.

MR SWAI M Excuse ne. Just for
clarification purposes, could you be nore specific in
tal king about that film whether that is on the — you
referred to wires, is that on the insulation or on the
conduct or ?
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MR, SLENSKI : It’s actually on the
i nsul ati on. The conductor is not exposed here. Thi s
is, | believe, a Teflon insulation, and the material is

actually formng on the surface, as you can see between
t hose two wires.

MR SWAI M Thank you.

MR, SLENSKI : Now, if we could go down and —
first of all, note that yellow rectangle again, because
the next two slides are going to show you agai n our
chem cal anal yses of those areas, so we can go to the
| ower |eft quadrant.

This is a variation on the earlier analysis |
had mentioned, energy dispersive spectroscopy. This is
what we call an X-ray map, and what we do, and, again,
this is using a scan el ectrode mcroscope, we actually
scanned the surface very carefully, and what we're
detecting out of the elenmental distribution, in this
case, copper and sul phur across the surface, so the
| ower image there, the black line image is what we
scanned, and what we’'re seeing is the deposition of
copper and sul phur.

Again, this technique shows you el enental
makeup, it does not tell you that you have a conpound
there, copper sulphite, it just says you have copper
and sul fur present, but as you can see, it follows a
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simlar pattern.

Now, if we nove over to the |ower right
quadrant, this a sinulated -- presented a little bit
differently. Now, we can see this material actually
formng the path. Again, red is copper, yellow is
sulfur, and this is foaming on the insulated materia
as athin film

Again, they are very unstable naterials, they
are very noisture sensitive. If you woul d breathe on
this, or have higher noisture content, you'll
definitely change your resistance. | should al so point
out the — it was interesting in the case of M.

Johnson’s presentation, copper sulfite and silver

sulfite are not soluble in water, so these will be
still present, even if they're imersed in water over
tinme.

M. Swaim had asked us to specifically
di scuss this probe. This is an interesting case, and
again, this probe design is not what we’'re |ooking at
in this 747 aircraft, it’s an ol der design. Thi s
particul ar probe actually ignited fuel vapors while it
was outside of an aircraft, under testing, and the
intact probe is shown in the upper right corner there.

The center is a section, and | think if we
can zoomin on that center there, | think it’s the nost
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i nteresting. There’s actually black residues on this,
and in this case this is carbon build-up, and so we
have a sooting inside the tube, and what our
mai nt enance personnel have reported is the fuel probing
mal function, they renoved it off the aircraft, they
were testing the probe, and when they applied their
test voltages, there was basically a small explosion
i nside the fuel probe.

| should point out the test system did not
have limted current voltage, so in this case if there
was a short in that probe, they could apply higher
voltages to it, and thereby ignite fuel vapors.

The | ower |eft-hand quadrant there shows you
the internal structure of a new probe, and the bottom
one, the blackened one was the one that was taken off
the probe that actually ignited the vapors, and, again,
you can see how it’s discolored, and it just shows you
the evidence that there had been an ignition inside
this probe.

The source of the ignition is what we'll be
di scussing of that previous probe, and then, again,
this occurred actually in the conpensator area, and if
you' Il look at the upper left corner, where we' ve
di ssected the probe there, the red rectangle shows you
the actual short area, and the nylon piece there, that
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little spot right there, is the actual arc site, so we
actually had arcing between that red wire and that
green wire

Again, this is where we did find buil dup of
t he copper sulfite residue. In this case here, we were
| ooking at the possibility of that residue devel oping a
conducted path, when they applied the voltage, which
again, was not limted like on a normal conventional
fuel system there was an arcing that occurred in that
film and that ignited residual fuel vapors that were
still left in that probe.

Now, if we go to the lower right quadrant,
again, that shows you again the ignition between the
two terminals, and there's deposits on either surface,
or carbon residues, again, evidence of an ignition.

Now, if we nove to the lower left, this is
the actual arc site which was found on the piece of
nylon. We’ve got nelted material here, and transfer of
netal . Typically, in our analysis, when we're making a
determnation, if we’'ve had an arc occur, we | ook for
netal transfer, and in this case, we, indeed, had netal
deposited on the surface of the nylon.

This is an experinent we ran in the |og, and
| think if we just look at the |lower |eft quadrant,
again, this is a buildup of the cooper sulfite residue
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and silver sulfite residue, and they' re typically
conmbined, you'll find them both together. This was on
atermnal in — again, | just want to show that this
is a different type of probe system

This is actually a Fiberglas interprobe
el enent that has been plated with silver, and where
that termnation occurs there is an exposed term nal
and that streak you see there is the buildup of the
conductive residue.

In this case here, that residue was around 13
kilo ohns, which is fairly |ow resistance. Again, npst
of our probes need around 30 to 40 nmega ohns, so this
was several orders of magnitude higher resistance we
normally need in here, and what we had done in this
case was we took two probes down to the surface, and if
we go over now to the lower right, this is an exanple
where we actually inject a current on that film and I
wish | had a video of this, | did not video this
several years ago, we did get a settling small arc
foam ng on the surface here, and over tine it actually
ruptured this film and that’s what you see, these
little nolten balls on the surface there, is fromthe
actual failure.

This was done in a |aboratory experinent, and
in this case, how nmuch energy we were using, | can go
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over that. This was a DC power source in this case, it
was 10 mlliamps and 13 volts, and in this case, first
of all we have to convert that to power, so we're
tal king about 13 mlliwatts, and then to get the
energy, you have to consider the anount of tine that
you apply that power, so for the sake of here we’'ll say
one second, if it’s one second you' re |ooking at 13
mni-jewels of energy, and obviously that’s a function
of tine.

This is just an exanple that these filnms can
sustain enough current and voltage to obviously exceed
the quarter mni-jewel of energy under certain
conditions .

The last chart is just a sunmary of what
we’ ve discussed. Again, the copper sulfur and silver
sul fur residues are sem —conductive. What we're
dealing with is nore of an aging problem here of film
probe conponents and wiring. The process here is, it’'s
a time—dependent degradation corrosion process.

Sul fur nor fuel reacts with the silver and
the copper, and | think one question you m ght ask, and
1'11 answer that now, well, how do you solve the
probl em One is if you have nickel plating, you don't
seemto see this reaction, so many of our newer probe
systems use nickel—plated wiring, and nickel surfaces.
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Just to followup on the additional sumrary
here, the resistance was - really, for the air force
it was an issue with resistance, it was a reliability
issue, and fuel failure problem Qur mai nt enance
peopl e were concerned that they were getting arcing and
fuel probes, and in the cases of in the tank, that was
not an issue.

W did have the exanple of arc or ignition
for the probe outside the tank. And, again, the point
is that these residues can only sustain |ow current
voltage levels, although the levels would be sufficient
to exceed the quarter mni-jewel of energy, nost
likely, in the case an event did occur. That concl udes
ny presentation.

MR SWAI M Thank you very much. I know Dr.
Birky is itching with a question, so 1'11 let him --

DR Bl RKY: Well, 1'd like to pursue, if |
could, the probe that you had the ignition on. Do vyou
have any idea what the maxi num voltage and current
could have been from that instrunent used for testing?

MR SLENSKI : | know M. Swai m had asked ne
that question, and that was a very old system and
gquite a few years ago, and ny understandi ng, and maybe
| need to explain what | do in the air force, where
|"ve researched that, and we do investigate fuel
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failures, and we provide that information to our
program offices and fuel personnel, and they wll take
that information, and usually fix the problens that
we’' re finding.

| handed that information off to the
mai nt enance personnel, and | really didn't get further
i nvol ved in that. In this case when | had sone
di scussions with them early on, the system was not
l[imting the voltage and current sufficiently, and we
have not seen further probes like this in our lab, so
| " m assumng they fixed that problem but | don’'t know
t hose actual |evels.

That’s why | did run that test in a lab, it really
didn’t take that nmuch energy, so to speak, to actually
cause arcing to occur on the surface.

DR BI RKY: May | follow with another
question, as nore general, but related to the sane
subject as a result of yesterday’s discussion on
ignition and the program the industry has to | ook at
the probes inside the tanks of the aircraft.

| guess ny question is generally a couple of
questions, one, probably directed at M. Hulmor M.
Thomas, when you got data back from | think 52 aircraft
of inspection, have you seen or are you |ooking for
this type of evidence, of deterioration, or production
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of these problens?

MR HULM Currently, the inspection bulletin
does not provide specific instructions to |ook for
t hese deposits of copper or silver sulfite. The next
revision of the bulletin that we're preparing for
release in January will add a test to basically do a
| ow| evel insulation test of the wiring in the tank to
detect any sort of contam nation of this sort. So it’s
currently not in there, and the bulletin doesn't have
any specific instructions, but the revision that’s
comng up wll.

DR. BI RKY: I think you reported yesterday
that you didn't see anything evident of a potentia
ignition source. Is that a correct summary of ny
interpretation of your testinony yesterday?

MR, SLENSKI : It’s based on the bonding and
groundi ng values that we’'re getting back fromthe
airlines. The data we’'re getting back is the
guantitative data, the actual neasurenent data when
they go in and neasure the bonds and ground, so when
we're | ooking at those specific conponents, there’s not
been any condition source identified.

MR SWAI M W' re getting a little bit ahead.

MR, SLENSKI : | beg your pardon.

CHAIRVAN HALL: Dr. Birky, can |l — 1'd like

CAPI TAL HI LL REPORTING, | NC.
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

704
to get into -- we’'ve got M. Slenski up here right now

MR, SLENSKI : Yes. Yes.

CHAIRVAN HALL: M. Slenski, | read your
papers on the causes of aircraft electrical failure
that you did, dated Decenber 20, 1990, and the you had
a second paper here —

MR SLENSKI : Yes.

CHAI RVAN HALL: -- that you did with a
gentleman with MDonnel |l -Douglas Aircraft Corporation.
Who pays your salary, M. Sl enski?

MR, SLENSKI : Who pays ny salary? |I'ma US.
Air Force enpl oyee.

CHAI RMAN HALL: So the taxpayers pay your --

MR SLENSKI : That’ s correct.

CHAI RMAN HALL: So you’ ve done sone work
here, and you point to 652 mishaps in air force or
mlitary aircraft that were caused by electrical
failures.

MR, SLENSKI : Let ne explain maybe where that
paper cane from Again, in our Wb we do conduct
m shap investigations for the air force. There was
concern that — when electrical failures occur in a
system and there is an accident, nost of the
el ectrical conponents are fairly |ow tenperature,
organic materials that can be easily destroyed in the
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accident and ensuing fire.

What we attenpted to do was first of all to
hel p the accident investigators devel op what types of
parts they should be |ooking at when there is an
accident that does occur, and this was an attenpt of
our safety office to look at the conponents that seened
to contribute to failures.

So those are nunbered m shaps over a several -
year period that the air force had recorded, and when
we say mishaps, in the air force terns, we categorize
t hose three ways.

There’s a class A, which is death or serious
injury, loss of the aircraft is a class B, which are
injuries and a certain dollar value aircraft, a class
C, which is a potential class A or B. So not all those
were serious accidents, many of those cases, those were
all class C m shaps, which were potential class A or B.

It was an attenpt to | ook at where our
concerns would be, and since you' ve read the paper,

i nterconnections were one of our concerns, around 34 to
36 percent of our mshaps for electrical related
failures were in that area

CHAI RMAN HALL: I think you said the three
causes of failure were swtches, connectors, and
conductors, right?
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MR, SLENSKI : That’s correct.

CHAI RVAN  HALL: Now, what was done with this
information? | know you used it to be helpful to the
peopl e that are investigating accidents, but did you-
all come up with any recommendations to prevent
accidents? | guess ny question is: Has the air force
taken any action in regard to these two papers that you
di d?

The other one was a devel opnent and anal ysi s
of insulation constructions for aerospace wring
applications that you did. Ws that funded with
McDonnel | - Dougl as as wel | ?

MR, SLENSKI : McDonnel | - Dougl as was the
princi pal contractor, | was the program nanager.

CHAI RVAN HALL: | guess this one pertains
mainly to wiring —

MR, SLENSKI : That’s correct.

CHAI RMAN HALL: — and said basically
identifies some things that should be done in the
future with wiring. M question is: Did you come up
with any reconmendations -- has the air force taken any
action in regard to any of this work you’ ve done?

MR, SLENSKI : W can address first in the
m shap handbook. As an exanple, what we published was
a handbook for investigators and people who conduct the
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investigations to use as guidance, and | think we ve
actual |y published around 350 to 400 copies of that,
and distributed that actually throughout the world, to
get that information out. | briefed the Wrld Ar
Force on our results, other countries, and the US., so
we've tried to get this —

CHAl RVAN HALL: The FAA?

MR, SLENSKI : | actually gave a presentation
to the FAA at sone of the fire safety conferences. |
briefed the results of the wire and the m shap
i nvestigation. So the attenpt was to --

CHAI RVAN HALL: M. Slenski, so you know
where the Chairman is conmng from the Chairman is a
t axpayer, pays both for the salaries of the FAA and the
United States Air Force —

MR SLENSKI : That’ s correct.

CHAI RMAN HALL: — and so he’'s very
interested if there’'s inportant information that’s
generated through those tax dollars, through research,
that affects aviation safety, that that information get
out .

It looks to ne like that you mght tell ne if
there are other people at Volpe, or Clahoma Cty, or
Atlantic Gty have done work in this area as well, but
what | wanted to know, it seens to nme you’ ve done a
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substantial anmount of work in this area, we’ve got a
lot to learn fromyou, and is there anything we can
| earn or understand, because we happen to be in that
busi ness ourselves of investigating accidents, but our
main interest is then using that information to prevent
accidents, so that’s where |I’m comng from

MR, SLENSKI : To respond to that, as an
exanpl e, we discussed wiring issues. W’re running a
program now to find ways to inspect wres using
non—destructive techniques, and 1'11 discuss that in
the aging aircraft panel.

The other issue, you nentioned the other
paper or presentation was on the devel opnment of a new
wire. W had issues several years ago with arc
tracking of certain types of insulation, polyimd
81381, it’s a particular insulation used on many of our
aircraft.

W initiated a programto elimnate that
particul ar nmechani sm of arc tracking, or carbon arc
tracking, and we cane up with a product that does not
exhibit these properties, and that’'s today what we're
using in nost of our mainline aircraft, and we convert
all of our maintenance on our current aircraft to also
use that insulation in nost cases.

CHAI RMAN HALL: But in your studies you
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didn’t conme up with any recommendations, the Air Force
has not nade changes in terns of inspection techniques,
regulations, in regard to the work you did, and do you
feel confortable with unbended netal in the center fuel
tank of air force aircraft that is less than three
l'inear inches, and is there an inspection programin
t hat area?

MR, SLENSKI : That’ s tough to answer in that
particul ar question. G ven the philosophy of the air
force typically, and | think it mght be sonewhat of
the FAA, when soneone builds a system they're
qualifying that, they go through that process, and the
contractor and our program offices develop all the
requirenments for the aircraft, risk assessnments, how
we're going to maintain the aircraft, so in many cases
each aircraft has its own requirenents, and | think
over here, to ny left side, the MLSPEC, from bonding,
and the air force had quite a bit of input in
devel opi ng that specification several years ago.

So we’ve been involved and concerned about
this, and as we’'re nentioning, to highlight these
areas, there are aging aircraft progranms dealing wth
sonme of these issues we’'re tal king about, connectors,
and wring.

CHAI RVAN HALL: In the air force?
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MR, SLENSKI : In the air force. Correct.

CHAI RMAN HALL: And we’'re going to get our
nose in the aging aircraft.

MR, SLENSKI : That’s correct.

CHAI RVAN HALL: M. Johnson.

MR, JOHNSON: I have a comment to naybe add
sone additional information. Prior to nmy going to work
in the lab I worked in the acquisition engineering
function at Wight-Patterson, and | worked in an office
called the Avionic Integrity Program Ofice.

Qur function was to | ook for nethods of
i mproving design practice, and as one exanple of
George’s inmpact, we used himas a key input source for
devel opi ng best practice design approaches, and to
eval uate contractor best practice design nethodol ogies,
so his work has a very direct inpact on new design
practice, through the inplenentation of that program
and through his consultation work that |’ve seen him
perform on prograns |’ ve been involved wth throughout
the air force acquisition community.

MR, SLENSKI : I can add that as an exanpl e,
what | did with the handbook is we went to our safety
center down in Al buquerque and brief all the
i nvestigators of our findings. W’ ve gone to our
depos, maintained aircraft to get those results out to
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them for their information. So we tried to dissem nate
the information. Again, we're a research lab, we're
not —

CHAI RMAN HALL: Are you aware of any research
underway at the FAA in this area?

MR SLENSKI: As far as reference to which --

CHAI RMAN HALL: Where are you working? Wo
woul d you interface with, with the Federal Aviation
Adm nistration? Are they doing any work in that area
as far as devel oping techniques to understand the
failure mechani sns?

MR, SLENSKI : Yes. I have worked in the past
with sone of the personnel in Atlantic Cty in the fire
protection area, and | have had discussions with FAA —

CHAI RVAN HALL: Maybe Chris or M chael can
tell us, because | know we’'ve got a big fire safety
center up at Atlantic Cty, |'ve had the pleasure of
visiting up there, and it’'s an inpressive facility.

MR, HARTONAS: Yes, M. Chairnan. I's your
question specific on the findings of copper sulfur?

CHAI RVAN HALL: Yes. Now, are you famliar
with the work that M. Slenski has done, and is there
anything that the FAAis doing in this particular area?

MR, HARTONAS: W have recently becone
famliar with the findings with copper sulfur in
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probes . We have issued a proposed rule that wil
provide for protection from copper sulfur. W re
considering additional action in the future that wl|l
have to do perhaps with replacenent of probes once we
have concluded that it’s necessary.

MR, SLENSKI : You used the word you have
recently becone famliar with that. During the course
of this accident investigation?

MR, HARTONAS: During the course of this
i nvestigation.

MR SLENSKI : Thank you.

CHAI RMAN HALL: You haven’'t nmade any
reconmendations, M. Slenski, have you, on how often
t hese probes should be replaced, or be inspected, or
how long a wire should last, or be inspected?

MR, SLENSKI : Ch, that’s an interesting
questi on. | have had discussions on various program
offices, and we discussed that, since obviously the air
force has fairly old aircraft in sonme areas, and we
have di scussed that area. So | have provided sone
gui dance, technical guidance, | should say, again, in
our area we work in.

CHAI RMAN HALL: Can you share that with us,
or would that get you in trouble?

MR, SLENSKI : Well, again, that’s one of the
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problens |I’ve run into. Sonme of this is -- I’ve given
the information to the organizations. | sonetimes
don’t know if they’ ve followed-up or inplenented those
reconmmendations . W' d have to get back with you on
that to see a specific inspection.

Again, our program offices are aware of these
i ssues, they ve taken sone actions, | can't say
actual ly what those are.

CHAI RMAN HALL: | understand. Anything el se
that you ought to contribute, M. Slenski, that you
think is inportant, because you seemto be the
individual, 1f you |ooked at - you-all |ooked at 652
different air force incidents, am | correct --

MR SLENSKI : That’s correct.

CHAI RVAN HALL: — in sone detail. Is there
anything, other than the presentation you had here that

you think would be useful for us?

MR SLENSKI: Well, | think sonme of the
issues will probably be discussed in the aging aircraft
panel . | have a presentation there on failure

nmechani sns of wiring, which 1’11 be getting into.
CHAI RVAN HALL: M. Swaim | have a note
here, and | don’t know whether it canme from you or from
soneone else, it says “Recomendation is to break for
| unch, because the next panelists will be long.”
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MR SWAIM  Wll, | didn't send it.

CHAI RVAN  HALL: | don’t nean to offend the
next panelists, and | don’t know who gave nme the note.

MR  SWAIM No, no. I --

CHAI RVAN HALL: | just had sonebody call ne
on the tel ephone up here that was an el ectrical
engi neer in Texas that had an idea on another ignition
source, so | don’t know how these things are working,
but do we want to break or do you want to continue?

MR SWAI M Vell, the way we’ve set this up
is talking about static, and nove that up, because of
your question of yesterday, and then have M. Sl enski
di scuss the previous air force experience to introduce
us to probes, and what’'s been found, and go on to M.
Johnson tal king about the findings of the probes from
t he accident airplane, and another airplane, the
derelict that we’ve got probes out of.

CHAI RVAN HALL: Well, why don’'t we then --
what | want to do is set a ground rule here. Wy don't
we go to M. Johnson, and then would that be a tine to
break for lunch? Should that be at 12:30, or should
that be at 1:00 o’ cl ock?

MR SWAI M I’ve got a feeling it’s probably
going to be closer to 1:00.

CHAI RVAN HALL: Well, let’s just say that we
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will — if sone people need to nove in and out, excuse
t hemsel ves, we understand, but we will continue then to
1:00 o’ clock, and break again, as we did for |unch,
between 1:00 and 2:00, so that people can nake sone
pl ans for lunch, and know what the schedule is. So
we' Il now continue until 1:00 o'clock, with M.

Johnson.

MR SWAIM  And we'll cone back to wring
again later, | have no doubt. M. Johnson.

MR JOHNSON: Good norning, M. Chairnman, ny
nane i s David Johnson, and ny purpose here today is to
provi de sone factual data relative to evaluation of
fuel probes and fuel conpensators that were provided to
us by the NTSB for evaluation for anomalies that m ght
contribute to an ignition.

The two sets of probes cane from-- one set
cane from Novenber-93105, that was the derelict
aircraft M. Swam just alluded to. W had several
probes, | believe we had -- well, now |I’m drawing a
nmental blank — we had a total of 11 specinmens from
that aircraft, the conbination of probes and
conpensat or s.

| believe the breakout was five probes, and -
no, |I'msorry, six probes and five conpensators, and
the other set of material we evaluated was from
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Novenber-93119, which was the TWA Flight 800 m shap

aircraft.

W evaluated the fragnents and w eckage that
were left fromthe — or recovered parts from that
m shap.

I thought 1'd start with just a short listing
of the analytic techniques that we used in doing this
anal ysis. W used optical mcroscopy, scanning
el ectron mcroscopy to evaluate physical anonalies. W
used energy dispersive spectroscopy to evaluate surface
chem stry, and we also used m croscope equi pped Fouri er
transform infrared spectroneter for the sane purpose,
to evaluate the elenmental content of surface materials.

W al so used those two bottom techniques to
verify the structural elenments, the materials that were
used, we got a report of what the materials should have
been, and we verified that that, in fact, is what they
were, and we did determne that all materials involved
with the construction of the probes, wiring,
insulation, all materials nmatched what was purported
t hey shoul d be.

I’mgoing to start with sone inmages fromthe
derelict aircraft equipnent, N93105, if you could pul
up on the upper |eft-hand image there. This is an
exanpl e of —
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CHAI RMAN HALL: What is a derelict airplane,

so we’' || know?
MR SWAI M It was an airplane that was in
the junkyard, sir. Wll, that one hadn’t gotten to the

junkyard, but it was an airplane that had been taken
out of service for economc reasons, and —

CHAI RVAN HALL: It doesn’'t have a bad
reputation, or anything, it just —

MR SWAIM No, no. The point is, as M.

Sl enski nentioned, it’'s easy to break the filmfor the
copper sulfite, so we cut the wiring, the fuel tank
wiring out with the probe.

DR LCEB: The airplane was a retired
airplane, is that nmaybe a good way to refer to it?

MR SWAI M That’ s appropri ate.

DR LCEB: If we could be very clear, again,
from which airplanes these various probes, and bl ocks,
and so forth that were | ooked at.

CHAI RVAN HALL: If this is a retired
ai rplane, obviously, it was not under anybody’s
responsibility at the tine, sitting out in the desert
sonewhere, or sonething.

MR SWAI M This one was in Kansas Gty, and
it had been parked alnost two years before we took
t hese probes out.
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careful o that. Ckay.

MR JOHNSON: Yes.

nmy point —
CHAI RVAN  HALL:

718

Let’s just be sure we're

The — | have to regain

I"’m sorry, M. Johnson, but

when you said derelict airplane, that just got the

Chairman’s attention.

MR JOHNSON: It
pl ane was being sent to be
t hey recovered the probes,
conpensators fromit prior
picture that we’ re focused

of wiring and the term na

was reported to us that the
broken up for scrap, and
and sone probes and

to that happeni ng. The

on is a typical conbination

bl ock assenbly.

W started by doing an overall inspection,

using an optical mcroscopy X-ray of the probes to

determ ne the general condition and to verify that

there were no sources for

a short circuit in the

overall construction of the entire capacitor assenbly.

We found not hing

remarkable in that analysis,

so we very quickly then focused on the term nal block

and wiring that was attached, and so this report, in

the interest of brevity,

contains only our analysis of

the termnal block and wring.

The points of interest in this inmge are the

strain relief plant that is in the imge there, to
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restrain the ship’s wring. The wiring, | think it’'s
of interest to nmention, is ship’s wiring, and the probe
is brought into, and | guess attached to the wiring
i nside the tank.

So the strain relief plant and the way the
wires are dressed is a function of an operation done
inside the tank, as it's reported to us, and we found
quite a bit of variation in the lay up, or the way the
wires were dressed and cl anped down under the strain
relief plant.

QO her details of interest, you can see
| abel ed there the high and the low “Z” wires, those are
nonencl ature that come from the electrical system
desi gners, | suppose, that we used to identify the
signal wires that are passed from fuel probe to fuel
probe, and then eventually exit the tank and progress
to the other part of the quantity indication system

The white wires that you see on the right-
hand side there pass under the clanp, and you can see
toward the left side, upper edge of the inage, two
areas where there’'s been heat shrink, too, applied.

In that area the H -Z wiring are shiel ded
wires, and what that nmeans is that there’'s a poor
conductor with a layer of Teflon insulation, and around
that insulation is a fine weave of silver-plated copper
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braid, and that silver—plated copper braid, well,
actually, that’s, | think, Fiberglas, but that’s a good
sort of simlar kind of construction there.

The shielding is then also covered with a
| ayer of Teflon, and in this area where we see this
heat shrink, the outer Teflon insulation has been
stripped back to expose the shielding, and to that
shielding then is attached those black wires that you
see there, which | refer to as the H —-Z pigtail |eads.

Those | eads are soldered or attached to the
braid by nmeans of a soldered joint, which is then
i nsul ated and protected by neans of the heat shrink,
and at either end of the heat shrink there' s sone
material to seal the joint.

DR LCEB: M. Johnson, would you please
explain H-Z and Lo-Z for the audi ence?

MR JOHNSON: Wll, we -- | guess |I'd have to
defer to a Boeing or Honeywell rep on that. W | ooked
specifically at the physical properties and didn't get
a whole lot into the electrical —

CHAIRVAN HALL: M. Hulm can you do that?
| s there anybody on the panel that can explain —

MR HULM Yes. | can address that.

CHAl RVAN HALL: Ckay. Thanks .

MR HULM The Hi —Z and Lo-Z refers to | ow
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i npedance, high inpedance, as related to the way the
indicator works, whether it’s a |ow inpedance circuit
inside or a high inpedance, it’'s got a |ot of
resistance, or |ow resistance.

The Lo-Z lines are the lines where the signal
comes out to the probe itself, and the H-Z line is the
pi ckup side, to pick up the signal on the other side
and turn that back to the indicator.

MR SWAI M In real sinple terns, M.

Chairman, what we found is that red wire, the Lo—-Z wire
is attached to the outer tube, and the H -Z is attached
to the inner tube.

MR, JOHNSON: | guess if we nove over to the
other top image there, that’'s a little better image of
the heat shrink that we’ve been referencing. You' 11
note that there’s a length of insulated core conductor,
center conductor of the coaxial wre here, which
extends fromthe area where the braid joint is, to a
crinmp—on ring connector, which is used to attach, nake
the electrical and nechanical interconnect to the
termnal block for the H-Z wires.

M. Slenski was nentioning copper sulfite
deposits, copper and silver sulfite deposits. You' 11
note in this inmage just adjacent to the red insulator
on the crinmp—on connector, between the crinp-on
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connector and the heat shrink, there’'s a rather dark
stain that is present on the Teflon insulation. That
was determ ned to be copper, and — well, let ne back
up .

MR, SLENSKI : That’s right near the green
thing, or --

MR JOHNSON: Right there at the --

MR SLENSKI : Ckay.

MR JOHNSON: Between the tip of the pen and
where that red insulation is on the left, right along
t hrough there.

CHAI RVAN HALL: That’ s the sane construction
| mentioned before we had the |low resistance, it’'s a
pigtail in there, so you ve got ground, and in the
termnal, that red termnal, is your active |lead, and
that’s where we had the buildup of that |ow resistance.
That’s the same area, and he did say he did find the
presence of copper sulfite there, |ike we found.

MR JOHNSON: Yes. Ckay.

CHAI RMAN HALL: Now, that’s copper sulfite?

MR JOHNSON: Yes. Yes, sir.

MR SWAI M That material is simlar to what
M. Slenski was showing us on the air force probes.

MR JOHNSON: Ckay. On the right-hand side
of that inmage you'll notice a — well, first of all,
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the steel clanp has been rotated al nbst 180 degrees out
of its normal position, to allow the novenent of the
wires from beneath it to show — | wanted to show you
the surface, the opposing surface right beneath the
steel clanp. That surface is neuraled, or serrated,
and the shape of those protrusions is a very sharply
poi nted conbs, that’s a field of very sharply pointed
coni cal structures.

If we can nove to the | ower |eft-hand inmage.
This is a newer design, apparently. It was reported to
us that this was a post-series three, and | suppose a
series four construction. W found exanples of this
construction in both the two sets of hardware that we
eval uat ed.

The wiring is now rmuch nore heavily guarded
with heat shrink, and |I think that’'s a Fiberglas braid
material that you see exiting off the edge of the inage
on the | eft-hand side. The clanp is a nylon P-clanp
design that the wire passes through, and the surface
beneath, that you can see in the other bottom inmage
there, we noved that same structure — we noved the
P-clanp to allow viewing the surface of the term nal
bl ock directly below, and that shows that the neuraling
of the conical structures have been renoved from the
term nal bl ock. Those were the primary design changes
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that we observed in our inspection.

This page contains some images of -- and this
is strictly a sanpling, this is by no neans all-
inclusive, 1 just wanted to portray a sanple of what we
found in our inspections here. The i mage -- well,
first, a general comment is the note indicates these
were danmaged sites that we found that were apparently
caused by contact of the PTFE, or Teflon insulation
with an adjacent surface, a form of conpression danage.

If we could | ook at the upper |eft-hand inage
alittle nore closely, that imge shows two things of
i nterest. One is, at the top of the picture, that's
the edge of the termnal block, the termnal block is
upsi de—down here, if you will, relative to the picture,
and the conical shapes that | was referencing in the
previous picture can be seen |looking like teeth, |
guess, in profile, along the edge of — that’s the side
of the term nal block, we’'re looking at — this was not
cut or anything, and so the outernost row of cones is
present there, and we found directly adjacent to that
sone damage to a H —Z outer insulation |ayer

I mght also point out there that the bl ack
residue present, we determned that that also had high
concentrations of silver, and copper, and sul fur,
indicating to us that the fuel had reached the braid,
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the shielding braid of that H-Z wire, and we had
gotten the flow of these deposits out onto the surface.

MR SWAIM And that’s the time phenonena, it
takes tinme to do that.

MR JOHNSON: Yes, that’s correct. By the
way, all these images we're looking at here are from
aircraft Novenber-93105, which is the non-m shap
aircraft.

MR SWAI M Thank you.

MR, JOHNSON: Moving on to the right-hand top
i mge, this point was found w thout touching or noving
the wires. Well, first of all, the black wire that you
see | ooped over that has all the blue arrows pointed at
it was in tight contact, intimate contact with the
white H—-Z lead that is passing through the mddle of
the picture, and | noted that there was a slight bul ged
appearance as | rotated this termnal block assenbly
under the mcroscope, and so | noved the black wire
aside to get a better |look at what m ght be underlying
that bulge, and found this danmage, and | photographed
it in-situ here, to make it clear there’'s been no
di sassenbly, just a slight novenent of that bl ack
wre .

I think you may also be able to see a
difference in skin tone, if you will, along that wre.
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Close to the danmage that you can see there, the surface
| ooks dull or grayish in color, whereas when you nove
further away it’s nore shiny. That, again, is a
concentration, a film deposit consisting of copper,
sul fur, and silver material.

If we go down to the inmage directly bel ow
that, the lower right-hand inmage, this is what | found
when | disassenbled the wiring from the term nal
bl ocks, where | could gain access to that surface being
shown, or pointed to in the image we just |ooked at.
Wen | did that, | could clearly visualize the core
conduct or exposed through the Teflon, or PTFE
i nsul ati on.

If we could nove to the Iower |eft inmage,
this is another very simlar in appearance, but
different wire, different assenbly, different probe.
This wire happened to be in contact with the smooth
surface of the termnal block, and | found that the
core conductor had been exposed at that point.

MR SWAI M This was not at that saw tooth.

MR JOHNSON:  No. The only damage that |
have inages here to present that was caused by the
neural surface on the termnal block is the one in the
upper |eft—-hand quadrant there. The ot her three

i mages, the other two sites represented by those three
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i mges were caused by, | guess, conpression wth
adj acent surfaces, and in both cases, those turned out
to be snmooth surfaces.

MR SWAI M Dave, | don’'t want to get you too
far off track here, you're doing a great job, but |
wanted to ask you, this is a series three probe, a
series three termnal block shown in the upper |eft
corner with the serrations, did you find any damage to
wiring on the series four probes that did not have
t hat ?

MR JOHNSON: We found just one site that was
contained within the clanp itself, where when the clanp
was tightened down, it — well, let nme back up a page
here. Yes, if we could back up to the previous page
and | ook at the lower right-hand inage, you can see —
it was on this particular assenbly, as a matter of
fact, you can see there’s a pinched area there in the
heat shrink, and when | renoved that heat shrink and
| ooked at the H -Z pigtail lead that was directly
beneath that pinch mark, there was a indentation in the
H-Z pigtail wire at that point, and when | was | ooking
at that under high magnification, | was able to
visualize the poor conductor through the insulation
the insulation had thinned to the point where it was
possible to actually -- the insulation was still
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intact, however, it was apparently thinned enough to
allow light to pass and reflect back for ne to be able
to observe the core wire, or core conductor.

DR LCEB: You indicated you found that on
only one of the series four probes. How many did you
| ook at, series four?

MR JOHNSON: In preparation, it’s been a
long time since we did these inspections. I’d have to
get back to you with that answer. Bob, do you have any
i dea how nany series four that we |ooked at?

MR SWAI M That we | ooked at? No, | don't.
| know that | |ooked at the record of what we got from
the 800 airplane this nmorning, and talked to Dave | ast
night, he had six of the termnal blocks of the series
three style, and he had identified nost of the fuel
probes that we recovered from that accident airplane.
It had the wiring stripped off, the term nal bl ocks
were missing, we did have a conbination in the
ai rpl ane, though.

DR. LCEB: Well, what I'mreferring to is
105, the retired airplane, or others. | nmean have we
| ooked at that many of the series four blocks?

MR SWAI M At this point, |I'd say no.

DR, LCEB: Ckay. Thank you.

MR JOHNSON: I would estimate that | | ooked
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at least four of this style in ny 105 eval uation.

DR LCEB: Ckay. Thank you.

MR JOHNSON: This is another exanple of sone
degradation we found, too, in this case, a Lo-Z wre.
What you see in the inage on the upper left is a black
stain that we — this one was |arge enough you could
see, and because of the contrast with the red wire, the
background you could very plainly see with the naked
eye, the presence of this black residue, and, again, it
was found to contain high concentrations of silver
sul phur and copper.

I think it’s also interesting to note that
you can see sone striations, sone lines in the
bl ackened area there, which, when you |look at this
under the mcroscope, well, we can't do it any |onger
since it’s now been encapsul ated for cross—sectioning,
but at that point, using a stereo mcroscope, you could
see a definite pattern of the wire strands enbossed up
t hrough the surface of the insulation

That was of great interest when we had a
group of -- M. Swaim and a group of interested
i ndividuals canme to our |aboratory. They requested
that we do cross-sectional inspections, which we did,
and you can see in the |lower |eft—hand corner the
result of that. In the area about the mddle of the
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i mge above is where this cross-section was taken, and

DR LCEB: Let nme interrupt just for -- what
airplane was this fronf

MR JOHNSON: This is still of the --

DR LCEB: This is still 105, the --

MR JOHNSON: Yes.

DR. LCEB: — retired airplane. Ckay. [f we
could just continue to periodically nmake that clear.

MR JOHNSON: Yes, sir.

DR LCEB: Thanks .

MR JOHNSON: This was what we observed.

Each of the wire strands there, for reference, is about
ei ght —t housandths of an inch in dianeter, 32-gauge
strands, and you can see that the insulation has been
thin there at the top portion, plus it’s been thinned
to less than eight-thousandths of an inch, and you can
al so see the significant deformation that’s taken place
and sort of creating an egg shape in the overal

appear ance of the cross—section.

Looking at the inmage on the |ower right-hand
side, you can see a nore highly nagnified inmage. The
area that’s magnified is roughly where the orange arrow
poi nti ng down from above is pointing, over to the inage
we just | ooked at.
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MR SWAI M Is that the outside or the inside
where the orange arrow conmes down to?

MR JOHNSON: It’s comng down fromthe
spect rum from above. ["m sorry.

MR SWAI M Very good. Thank you.

MR JOHNSON: Ckay. The two arrows that cone
down from above are pointing to physically the sane
pl ace, at different magnifications.

W used a netall ograph, another form of
optical mcroscope, to take a 500X inmage of that area,
and what we found was, in cross-section, we could see
the deposit on the surface of that PTFE insulation, and
we did an EDS inspection simlar to what M. Slenski
was describing to determne the elenental conposition
of that film and we found that it was — we found a
very high concentration of silver in this particular
area, and, in fact, we can see that fairly clearly in
this image.

If we nove up to the spectrum above, you can
see peaks present on this for silver. Unfortunately,
this image was not very well focused when | included it
in the presentation. Ri ght above the nunber three on
the “X’ axis there’s a peak, which is silver

The one just to the left of it, the tal
peak, is sulfur, and then the peak, the shorter peak
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just above the nunber one on the “X’ axis is a copper
peak, there’s another one out at about the nunber eight
on the “X’ axis there.

so, again, we found concentrations of silver
sulfur, and copper in that film The point that was
| ooked at was on that film approxinmately where that
orange arrow is pointing, from the spectrum down to
the image on the bottom right.

That” s, | guess, all the material | brought
along to present, relative to the non-m shap, the
derelict equipnent.

CHAI RVAN HALL: I think that it’s very
inmportant that we state that all the slides and
material you' ve been over are not from the TWA-800
accident aircraft, is that correct, M. Swain?

MR SWAI M Everything that he has shown us
so far is from another 747 that was parked al nbst two
years before, it’s not the accident —

CHAI RVAN HALL: Can you tell us a little nore
about that airplane? Do you have any nore information
on that airplane, or could we get that for the record?
l1"d like to know who --

MR, SWAI M | believe we have it in the
exhi bi ts al ready.

CHAI RVAN HALL: Ckay. Fine . | just want to
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be sure that it’s clear that this is not fromthe
accident aircraft.

MR SWAI M It is, and we made sure that all
of the slides were titled with the N93105 at the top.
1'11 take action, if it’s not in the record, to get it
into there

CHAl RVAN HALL: Thank you.

MR JOHNSON: In addition to the inspections
that we did that 1’ve shown, we also perforned sone
el ectrical measurenents on the probes, which | left the
wire attached to the termnal block when |I made the
nmeasurenents using a high resistance ohm neter, and we
checked, starting at very low levels, and all 11
speci mens went up to 200 volts.

The reason | chose 200 volts was, if a 120-
volt ship’s power had inpressed on one of these probes,
the ACC signal has peaks that reach approxi mately 200
volts, not quite, but alnmpst, so | wanted to
characterize to see if any of these showed any sort of
short circuit, or a low resistance at that sort of a
level, and it turned out that all of these were in very
good shape. I’m presuming they were all functioning
when the aircraft was renoved from services, they were
supposed to.

MR SWAI M Was this a high anperage, what
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type of anperage were you running at this point, a very
| ow anper age?

MR JOHNSON.  Very, very |ow. I think the
current limt, because of the danger involved when you
run up to this particular instrument, will go to a
t housand volts, and | did characterize some of them at
that level, and, again, found no problens, but the
current is a pretty stiff current, and a mcro anp
| evel of current clanp, | believe, on that instrunent,
so the current levels were very | ow.

The next series of images are from the m shap
aircraft, and the next three slides will all contain
i mges that are exclusively from that airplane.

I wanted to present sone top-level inmages
that would give you sone feel for what it was that we
were working with when we evaluated the nmaterials that
cane fromthe mshap aircraft. W received sone
material that, as you can see in the upper |eft-hand
i mges, there were a few exanples of thermal damage
that we found on just a very few nunber of pieces of
t he w eckage.

It turns out that when we did el emental
anal ysis of the material that’s shown as a dark stain
on the upper left-hand inage, nost very closely matched
that for polyurethane, and the folks that did the

CAPI TAL H LL REPORTING, | NC.
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

735
analysis for us felt very strongly that that was
thermal | y damaged pol yurethane coating.

It turns out that the coating material used,
this is a center tube out of fuel probe, and the
finished material on that nickel tube is polyurethane,
so it closely follows, that’s what we’'d expect to find.

On the image in the lower |eft-hand quadrant
there, there was a dark stain that we eval uated, and
that stain very closely matched what one woul d expect
with respect to references for burnt fuel. So we found
some mnor thermal damage that mght be attributed to
actual conbustion of materials, as a result of the
m shap.

The inmages on the right-hand side are just
sone exanples of sone of the overall initial condition
shots that we took when we first received the
equi pnent .

MR SWAI M Dave, excuse ne.

MR JOHNSON: Yes.

MR SWAI M Going back to the left side of
the page there, | believe that specinmen 59 that he has
been just showing us, fragnment 59, is from the center
t ank. It mght have been fromthe burnt tank in the
right wing, but I’m pretty sure it was fromthe center
t ank.
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W found, like | said earlier, few fragnents
fromthe center tank, | think that’s one.
MR JOHNSON: Ckay. | have to rely on the

catal oging that was done by others, so 1'11 —

MR SWAI M I’msure that's correct.

MR JOHNSON: Moving on to the next page,
these are a conbination -- | wanted to show an exanpl e
of Lo-Z, H -Z and H -Z pigtail wire damage that we
f ound. So if we look at the top left-nost inmage, that
is a picture of H—-Z sense wire that has a split, it’s
been opened up init. That is nost |ikely m shap-

i nduced damage.

The braid that | was referencing earlier, the
silver—plated copper braid material is clearly visible
t hrough that slit.

The next mddle image on the top row there is
an exanmple of the kind of very typical damage that we
found to the Lo-Z wire. This wire is, again, a
20- gauge copper, the core conductor is copper, and it
had silver plating.

The insulation is Teflon, PTFE-type material,
and there are broken strands of the wire visible there,
and the wire | ooks — gave the appearance of having
been pulled probably back through a clanp, it was
heavi |y skinned, and the damage was of the nature that
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would inply the insulation was skinned off due to a
nore tensile | oad having been appli ed.

DR LCEB: So you would assunme that that was
part of the breakup damage as well.

MR, JOHNSON: Yes, sir. The next image is a
split we found in a H —-Z pigtail |ead. The two images,
the two right-nost imges are the sane area on the sane
wire. The top inage is an optical inmage, the bottomis
one that was done using scanning electron mcroscopy.

W | ooked at a few of the damage sites that
appeared to have sonmething in common with the danage we
saw on the non-mishap wires, wire that appeared to have
some conpression damage that was different from what
we're seeing, that |ooked very obviously to the eye to
be m shap-induced, and when we |ook at this particular
site, again, there were — | excerpted this.

In the report there were three separate
spectra that are |isted. I lifted one for purposes of
expl anat i on.

Where the red nunber two is, in the |ower
portion of the right lower inmage, is the approxinate
spot where the spectrum was taken that’s at the |ower
| eft-hand side of the view Once again, we found high
concentrations of silver and copper, and this case a
slightly snmaller anount than usual of sulfur, based on
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t he nunber of counts that we used here.

So based on the presence of that film we
woul d presume that there was sone damage at this site
a violation of the wire insulation prior to the m shap.

MR LCEB: And, again, that is fromthe
acci dent airpl ane.

MR JOHNSON: Yes, that’'s correct, that one
is. The last of ny inmage slides here contains, on the
left side is an optical photograph of just an exanple
of H-Z wiring. Wat you see is the piece of
i nsulation that resides between the stripped wring,
where the ring clanp that we |ooked at, sonme of the
earlier images, is crinped on.

In this case, the wire was apparently snapped
| oose during the mishap fromthat ring connector.

On the left side, the blue area just above
the ruler is heat shrink material, and there are sone
remmants of the elastoneric sealant that was used. The
white material that appears to be enbossed with a braid
pattern is, in fact, the Teflon, or PTFE insulation
around the core conductor.

I wanted to show this image, because it has
two points of interest. One is the heavy enbossing
that the pressure fromthe braid material |eft behind
on the wiring, and the second is the residue, again,
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silver, copper, and sulfur—rich residue that we found
t here.

Now, the concentration here, and, in fact,
all of this H-Z wire construction that we found in the
m shap materials showed a very low, relative to the
non—-m shap aircraft, the Novenber-93105 aircraft. Thi s
contai ned much | ess of the residue.

I think that could be nost likely
attributable to the fact that this is Teflon, it’'s
material that is difficult fromothers to adhere to.
The material was subnerged in ocean water, and there
was some washing action, I’msure, while it was
subnmerged, and during recovery, that would have renoved
this thin film but nevertheless, we did find evidence,
and the |ower right—-hand portion of the page is a
series of elenental maps that show the disposition of
several el enents.

The upper right one is the presence of
sulfur, the one in the mddle, on top, is chlorine, the
one on the top right is copper distribution, going
across the bottom there's silver, and sonme zinc, and
then the |ower right-hand-nost image is the scanning
el ectron mcroscope normal inage of what was being
mapped in the other franes.

DR. LCEB: Could you nmeke it very clear where
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you found the copper, and silver, and sulfur deposits?
Specifically, where was it on this wire insulation, on
the silver braiding, or --

MR, JOHNSON: The residues were deposited on
the insulation, between the strip wiring end and the
shield solder joint region | was alluding to a little
bit earlier in the presentation.

DR LCEB: Right . Thanks .

MR, SVEEDLER: Did you do a reference
spectrum away from a damaged area to see if there was
any contam nation?

MR JOHNSON: Yes. Yes, we did. In our
report there is an exanple of a wire that showed
simlar danage to the one that had the little red
nunber two on the previous slide, and that ship, we
found exanpl es where we had the sane sort of a split
type of damage, but w thout the presence of the
residue, so we did sone reference.

We found lots of |ocations where we just saw
background materials, or in the case of the m shap
equi prrent we saw residues that would be consistent with
havi ng been inmersed in seawater.

DR BI RKY: Does that nmean you did not find
t he copper, silver, and sulfur away from any danmage
area, is that correct?
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MR JOHNSON:  Yes. In summary, we did find
the nechanical danage to wiring imediately attached to
the term nal blocks of fuel probes and f uel
conpensators. W, however, found no evidence of
el ectrical short or arcing in any of these |ocations,
and we did also find sem —conductive residues, the
silver, copper, sulfur residues that M. Slenski spoke
of in his studies, and we found evidence in our work on
both the mishap and non-nmishap probes. That’s the end
of ny presentation.

MR SWAI M Thank you very much. That was
quite a presentation, it took a good a while, | know,
M. Johnson.

Did you find that the shrink wap you were
just talking about in the second-to-last shot prevented
copper sulfite accumulations from bridging, or was it
able to pass under the shrink wap?

MR, JOHNSON: | can’t really address that.
W didn't |ook specifically for bridging beneath the
end of the heat shrink. Wat we have seen in the past
is cases of poor adhesion, where that sort of sealing
was done around a joint like this, and where the
deposit did progress beneath the seal, and provide a
| ow current path.

M. Slenski’s work has denonstrated that. W
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didn’t have tine to really get into that sort of detail

on this particular study, that’s, | guess, work we
still have to do.
MR SWAIM M. Slenski, | pass the sane

guestion to you.

MR SLENSKI: Well, what 1'11 conment on is,
when | have shown exanples of that problem on that one
connection where we had residues between the crinped
joint and the term nation, the recomendati on we nade
is to use shrink wap around there and protect the
exposed conductor, which they had done, and that sol ved
the problem

MR SWAI M It did solve it.

MR, SLENSKI : But let ne point out, we had to
go to great lengths to develop a process to conpletely
seal around the crinp joint and the splice area, and
they had to actually work on that for sone tine.

MR SWAI M Sinply putting shrink wap on --

MR SLENSKI : It sonetinmes doesn’t do it.

You have to control your processes extrenely carefully,
and understand what you're trying to protect against,
but it is possible.

DR LCEB: M. Johnson and M. Swaim | think
we need to pursue that, though, and have those tests
done to see if we do see it beneath the shrink wap.

CAPI TAL H LL REPORTI NG | NC
(202) 466-9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

743

MR JOHNSON: One additional point of
interest relative to these joints, there were a couple
of conpensators out of the non-mishap aircraft that we
reviewed that had a different kind of interconnect
between the shielding and the pigtail. W found a
coupl e of exanples where the interconnect was nade by
nmeans of a barrel crinp-on connector.

There was no solder that | could see involved
in the joint, and in those cases where we saw that
there was no heat shrink around those particular type
of connectors, so there was a path there definitely
between that construction that could be established
between the ring connector at one end of the path and
ground, wth the braid on the other side.

MR SWAI M Ckay. If the copper sulfite, or
we're calling it copper sulfite, the copper and silver
with the sulfur conbination, is a product of tine, do
you have any idea of how much time it takes to start
really building this material?

MR JOHNSON:  Nb. | couldn’t answer that.
Maybe M. Slenski could, based on his experience.

MR SLENSKI : What | can recall is we have
found the residue formin as short a period as ten
years, and it possibly could be shorter, so it will be
a function of the amount of sulfur in your fuel, the
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anount of exposed area, and tenperature, nost |ikely,
because what we’'re |looking at here is, again, a
degradation nmechanism it is sonewhat of a corrosion
reaction, which will be driven by a heat, obviously,
service area.

MR SWAI M Ckay. | take it that it’s also a
function for the sulfur, from which probes, or which
wiring is nost in the fuel, if something towards the
bottom of the tank --

MR, SLENSKI : It’s a longer imersion tine.
| should point out, too, and it’'s sonething we really
never have gotten into, that we would suspect is, the
potential applied to the wire could also help
accel erate this process.

MR SWAI M kay. Very good. One nore
observation from sort of the overall pool of things
that we | ooked at. The deposits we saw on the non-

m shap, these sane deposits that we saw in the non-

m shap equi pnent appeared to be much nore dense and
nore conpletely covering this H-Z area, this H-Z |ead
area, on the conpensators. They are nore consi stent,
nore dense on those than on the probes. I"'mled to
believe that the conpensators were located low in the
tank, and m ght therefore be subnersed for greater
periods of tine at a stretch, beneath the |evel of the
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fuel . | did not get an opportunity to review the
positioning of these equipnents in the tank, but that’s
a possibility.

MR SWAI M Ckay. Since this provided, as
M. Slenski put it, a high-resistance path between
el ectrical conductors, would you call that a |atent
failure, or sonething that was there that would not be
detected by normal inspection?

MR JOHNSON:  You woul d have to have a test,
it’s a potential for inducing latent failure, that’'s, |
think, for sure, and you would have to have, | think
sone fairly specialized tests to detect it. I think in
operation you mght be able to develop a finger print
for the presence of this by understanding the
el ectrical performance of the sense system the fue
guantity sensing system and understand if you had a
| eakage path present, you know, what sort of inpact
that mght have on your fuel quantity measurenents, and
when seeing erroneous neasurenents that probably woul d
be indicative or could be used as an indicator for this
sort of a problem

MR SWAI M Ckay. I’m going to give you a
| eadi ng question, basically, for the general public
here. M. Slenski, are we done with our work on copper
sulfide, and this type of research? |Is this sonething
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that’s still open?
MR SLENSKI : In reference to being open, |
think there are still sone concerns that we have

mal functioning fuel systens, that this product could be
a source of the problem and as | was saying, it’s
difficult sonetines to detect it, because of its
intermttent nature.

So | don’t think we’'re done with this, and I
t hink the question had been asked, have you done
anything to solve this problem and we have nmet with
manuf acturers, and informed them of the issue, and with
users of probes, and there are ways to get around the
probl em

As | said, the nickel-plated conductor, you
won’'t have this problem So there are ways to get
around the copper sulfite issue — the silver —

MR SWAI M |”m nore concerned for
determ ning whether we have a real threat here, or it’'s
sonething that we’'re just |ooking at, and we happen to
be experiencing while we’'re |ooking for the causes of
ignition

| know M. Hul m has been looking into this
from the Boeing standpoint. M. Hulm do you want to
nmenti on what Boeing has been finding, or your position?

MR HULM Well, we've had the opportunity to
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examne — well, first of all, you're going to have to
kind of highlight the differences between the probes
that the air force is looking at, and the fuel probes
in the Honeywel|l systeminstalled on the 747 airplane.

The probes thensel ves are made of al um num
and nickel, the termnal block is plastic, the bolts
and the screws are stainless steel.

The only place there was copper on those
termnal blocks is there was sonme braising used to join
two of the blocks together, it’s a very thin and m nor
nat ure. I don’'t believe that during the investigation
that that particular area showed any significant
concentrations and any sulfite deposits.

The only place we do have on those probes
exposure to sulfite again is on the conpensation, and
that’s the in the interior side, where there’s a copper
stud nounted to sonme — that’s silver—plated copper
soldered to — which, again, normally, Teflon-
insulated, and attached to the term nal bl ock,
connecting the two inter—probes, or inter—cylinders in
t he conpensat or.

So the exposure on the probe itself is a |ot
less, and | think that's a little bit indicative by
what M. Johnson noted when he perforned the insulation
resi stance test on the probes renpved out of 93109, the
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derelict airplane, or the other service airplane. Even
with the sulfite deposits he did see there, there was
no indication that there was breaching of the
i nsul ating capabilities of the probe.

Qur own work we’ve done, you know, we’ ve seen
silver and copper sulfite, but our service history,
from what we’ve been able to tell, and gather data at
this point in time, indicates that we haven't had a
problemwth it.

CHAI RMAN HALL: Do you-all manufacture for
the air force as well?

MR HULM W produce sone airplanes for the
air force, yes.

CHAI RVAN HALL: Do you share information?

MR HULM | would have to say we do. In
this particular area, we ve got a whole group of fire
specialists, but |I'’m sure that these people are
communi cating with not only the air force, but the
entire industry.

DR. LCEB: Is the service bulletin revision
or upgrade that you're working on, is it going to call
into attention the copper sulfite, and have it
specifically looked at to see whether there's evidence
of it in these tanks?

MR HULM  Again, the inspection service
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bulletin currently does not have it, but we are putting
that revision into conduct that type of test so we can
detect this type of deposit.

DR LCEB: That’ s ny point. You are putting
that in, you are going to be looking at that --

MR HULM Yes, sir

DR. LCEB: — is that correct? M. Swaim
m ght can answer that question that you raised earlier,
we are going to continue to look at this, this is not a
closed issue, it’s an open issue, and we’'ll remain
under investigation until we learn all we need to know
about it.

MR SWAIM  Very nmuch so. This hearing is
essentially in the mdst of our work, so that’'s why I
was kind of leading M. Slenski with that question.

MR SLENSKI : I think, | would like to make
the comment, now that |'ve had tinme to think about this
alittle bit, but nmaybe the point | should nake is the
copper sulfite, silver sulfite has been a reliability
problem for nost of our aircraft systens, it’s been an
issue with mal functioni ng probes.

| think the issue here, which was a new
finding, was the is exposed conductors, which once
t hose are exposed, now these residues can build up in
areas where you hadn’t planned for themto be there.
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I think the point I heard from Boeing is, we
know probes have very |imted sources of copper and
silver exposed to have this problem but when M.
Johnson found damaged insulation, now we’'ve opened up a
new avenue for the residue to form and | think the
guestion we’'re getting to is, do we need to study this
further? | think now with that conbination, now it
does becone nore of an issue.

DR LCEB: You have copper, and you have
silver in the wiring to the probes, to the block, to
the termnal block, is that correct?

MR, SLENSKI : It’s a silver-plated wiring.

DR LCEB: That’s right. So you have sources
of copper, you have sources of silver, and you have
sources of sulfur.

MR SLENSKI : That’ s correct.

DR. LOEB: W have wires that we' ve seen in
sonme of these retired airplanes, or other sources of
other airplanes that we’ve pulled probes off of, not
the TWA 800, which we have seen the wires open, and the
conduct ors exposed.

MR, SLENSKI : | should say that we have a
whol e group of probes, and M. Swai m would probably
have to tell ne where they cane from again, but we
haven’'t even | ooked at yet in our |ab.
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DR LCEB: Yes. You have a bunch of probes
from the Bunting Thorpe airplane.

MR SWAI M That’s correct. Before the
Bunti ng Thorpe, England, airplane was destroyed by the
expl osive tests, we renoved the probes so that we woul d
have them available for this type of lab testing. It's
hard to get probes that have the wiring still attached,
and not noved around to breach or break this film It
seens to be so easy to break, that we did renove those
before we |ost that airplane, that asset.

MR HULM I wonder if | could address the
comment by M. Gerken, you know, the fact that the
damaged wiring is really --

CHAI RMVAN HALL: Yes. And this would be the
| ast comment before the lunch break, so please proceed.

MR HULM | didn’t mean to inply that we
were trying to ignore that issue at all, I think we do
realize it’s there, and we are trying to address it.

W do have a service bulletin that we are
preparing, to go in the center tank, and to take a | ook
to find any of these terminal blocks that are in the
airplane, that we’'re seeing the mgjority of the danmage
on, and if those blocks are present, to renove them out
of the airplane, put in probes with the series four and
|ater termnal blocks, and either wiring that was
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attached to those termnal blocks will be, either that
entire harness in the center tank will be renpoved and
replaced, and the wiring to that termnal block will be

re-termnated, to elimnate any possible danmage.

One inportant point in the analysis that the
air force did is that a lot of these points, | believe
a mpjority of them vyou can’t hardly see with your bare
eye. I nean sonme of this stuff we |ooked at was under
extreme magnification, you know, it blows things up to
life-size proportions, and the damage points are very
small, and the concentrations of the sulfides around
those areas is very snall

So we are taking the steps to elimnate those
types of terminal blocks fromthe center tank of the
airplane, and the perfect opportunity to do that is
because we have the correspondi ng inspection bulletin,
and those tanks will be open, and | want take the
opportunity to go into those tanks and repl ace those
probes .

And also a part of that bulletin, we are
going to be asking for those parts back fromthe
airlines when they pull them out, so we’'ll get an
enormous anount of data to add to the data base that
the air force has built up, and if the NISB is
formul ati ng here for us.
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CHAI RMAN HALL: Thank you very nuch, and on
that positive note we will break for lunch, and
reconvene pronptly at 2:00 o’ clock.
(Whereupon, at 12:58 p.m a luncheon recess

was taken.)
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AFT E RNOON S E S S I ON
(Time noted: 2:00 p.m)

CHAI RMAN HALL: 1' 11 reconvene this public
hearing of the National Transportation Safety Board
that’s being held in connection with the investigation
of the aircraft accident involving Trans Wrld Airline,
Inc. *s Flight 800, a Boeing 747-131, that occurred
eight mles south of East Mriches, New York, on July
17, 1996.

W are presently in the mddle of a
presentation by the Ignition Sources Panel that M.
Swaimis conducting, and we're going to continue this
afternoon with our exam nation of potential ignition
sour ces.

I know this is a long panel, and | appreciate
very much the participation of the panelists and
everyone’ s indul gence. I want to be sure we get all
the information on the record, because |I think this is
showi ng us how nmany potential ignition sources there
could be, if something went wong.

That’s why | was extrenely pleased yesterday
to hear -- well, 1 was very pleased to hear the FAA
tell us yesterday they would be reconsidering our
reconmendati ons to address the problens of explosive
fuel vapors and the results, in light of our recent

CAPI TAL H LL REPORTING, | NC.
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

755
tests.

I want to, again, as we close, thank Boeing
for their commtnment in this regard as well. | think
this is good news for the traveling public. M. Swaim
woul d you pl ease continue?

MR SWAI M Yes, sir. Thank you. | have a
couple of followup questions that were handed to ne
over the lunch period.

First off, for clarification, M. Sl enski,
why did the air force begin to |ook at fuel probes, and
how did you conme to find copper sulfide deposits in the
first place?

MR SLENSKI : The initial discussion on the
fuel probes cane about around 1990, and | believe, and
it’s been a few years now, but the naintenance
personnel noted black streaks and residues on fuel
probes, and they were concerned that these could be
evidence of arcing in the tank, and at the sane tine
they were having problenms with fuel neasurenent
i nconsistencies in several of our aircraft.

It was in that situation there how we becane
i nvol ved being a materials lab, we routinely, again,
conducted failure analysis investigations, and we were
selected to | ook at the probe, because they were trying
to understand what had really occurred, was it an
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arcing event that occurred in the fuel probe, if not,
what is its residue?

MR SWAI M Ckay.  You say 1990. Were these
new airplanes with a new problem had the airplane
suddenly reached a certain age, or was it just that it
came to light in 19907?

MR, SLENSKI : These were fairly old aircraft,
so they had been in service for quite a few years, and
| believe they referenced them as trainer-type aircraft
and tanker-type aircraft, so they have been in service.

| believe the situation is renoval for cause,
whi ch they had assunmed the problem was the fuel probes,
they had noted these residues, and they just wanted to
find out the source.

DR LCEB: Thr ough the nmintenance process,
you' re saying, as opposed to the crews squawking the
fuel indicating system

MR SLENSKI : VWell, 1 think the situation
here is the crew obviously was having a problem wi th
the fuel system In the process of determ ning the
cause, they looked at all possibilities. Fuel probes
is not always the first systemwe’re going to |ook at,
j ust because of access.

DR LCEB: That’ s right.

MR, SLENSKI : So they probably | ooked at
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ot her conponents, and then they |ooked at the fuel
probes finally, and said, if we replace these, the
probl em goes away, and the air force does have certain
ref urbi shnent on probes, and when they saw these
residues, | think they said we need to get these
anal yzed to find out what’s going on.

DR. LCEB: But do you believe that nost of
these came to light as a result of the operating crew

squawki ng the system —

MR, SLENSKI : | can’t say for sure —

DR. LOCEB: -- or do you know?

MR, SLENSKI : —— on that. | really can’t
say. | don’t know if a maintenance personnel just

noted it during nmaintenance of the system or whether
it was a wite—-up against the system

CHAI RVAN HALL: M. Slenski, if you could
find that information out and provide it for the
record, we would appreciate it.

MR SLENSKI : Ckay. 1'11 see if we can get
t hat information.

CHAI RVAN HALL: That is specifically what the
guestion was when we first becane involved.

DR. LOEB: \Well, the real question is: How
did we learn, how did you | earn about this continuous
problem and was it primarily through the operating
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crews, the pilots squawking the system or was it --

MR SLENSKI : Sure.

DR LCEB: -- through the maintenance fol ks,
or

MR SLENSKI : Ckay. I think -- we’'ll attenpt
to get that answer.

DR LCEB: Ckay. Thank you.

CHAI RVMAN HALL: Sonet hi ng nust have | ed
sonmebody in 1990 to put out your contract
F- 33615-89- C-5647 that was a survey of data on failures
of aircraft electronic and electrical conponents.

MR SLENSKI : | don’t think that these were
related in that that particular investigation is,
again, something we started in our |lab, being a failure
analysis lab, and working m shaps for the air force.

W were concerned that as we went to nore
electric aircraft, we needed to address electrically
related failures and m shaps, and we just so happened
-- that program was actually initiated in 1989 through
the Small Business, and it was to collect data to help
us understand how to do analysis and coll ect
conponents, and really, in that particular study, fuel
probes were not, although | think they are nentioned in
there when we | ooked at the |arge body of data, which
you had nentioned before, fuel probes really did not
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cone out as a mmjor problem although we did surveys in
those areas, we had reviewed data on fuel probes.

MR SWAIM M. Slenski, in about 1988 or so,
the air force began a nore enhanced quality program
Do you have any famliarity with that? Could this have
cone out of that nore intense research, and the quality
of the airplanes, and such?

MR, SLENSKI : When you' re referring to a
particular quality program or just in general?

MR SWAI M It was fairly general, where they
started reviewing data on airplanes, and incidents, and
failures, and --

MR SLENSKI : I’mnot sure if that’s related
or not. It mght have had sone bearing on that.

MR SWAIM  Again, when we read a report, our
safety center gets that information, and then they
woul d review these reports and deci de what action has
to be taken.

CHAI RMAN HALL: Whatever background
informati on you can provide for the record on that,
we' d appreci ate.

MR SLENSKI : Ckay. Thank you.

MR SWAIM M. Hulm the testing that Boeing
did on the 23-year-old probes in Septenber of 1996, I
believe, were those renoved fromthe airplane with the
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wiring still attached, or was the wiring renoved,
probes taken out, and then put into whatever your test
rig was?

MR HULM The probes were renoved fromthe
airplane without the wiring attached, so it was
conpl etely disassenbled before we put it back together
in our |ab. In other words, the probes cane out
separately fromthe wiring.

MR SWAI M Ckay. Thank you. Do you know,
M. Hulm on the part of Boeing, what prior know edge,
what data base of know edge, or collection of know edge
Boei ng has on copper sulfite, and this subject?

MR HULM The know edge | have of it is that
we’'ve seen it on probes and wiring in very small
amounts. W understood it could be there where the
mechani sm was, but we’ve never had an issue where it
affected, that we’'ve been able to identify, that was
awarded to us, that affected the reliability of the
airplane, or it was such a problemto cause us to | ook
any further.

W knew it was a sem -conductive material,
but we hadn’t seen any bridging of the individual
conponents either in the probes or in the wiring that
woul d indicate that we had a problem on the airplane.

CHAI RVAN HALL: Was that sonething they were
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| ooking for in the inspections then?

MR HULM This particular issue with the
sulfites, this would not be part of the inspection
ri ght now, no.

CHAI RVMAN HALL: So how woul d you know about
it then?

MR HULM  Well, this would be kind of I|ike
what the air force experienced, if we got mnassive
reports fromthe airlines that they were having
problens with the system and the wiring, and --

CHAI RVAN HALL: Ckay

MR HULM — repeated failures, and stuff,
and they couldn’t resolve it, then we would have
reacted in the sane way, simlar to the way the air
force did, and we didn’t have any indication that
people were noting the sane thing that the air force
di d.

Agai n, when you |look at the way the air force
found the problem they saw the residue on their probes
t hensel ves, and since our probes are nickel and
alumnum wth very little of the silver or copper on
the probe itself, you wouldn't see any residue on the
probe, the probes would be very clean. So the only
place you'd really have to concentrate is on the
term nal blocks and the wiring itself.
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DR. LCEB: In fact, that’s one of the reasons
why we think it’s so inportant to get in there and take
a real close look at these things, because you won't
see them necessarily if you re not specifically | ooking
for that.

MR HULM Exactly. In fact, | think even
one step further, it’'s better even to get, like,
simlar to what the NTSB is, get sone airplanes where
you can actually cut themup and bring themto a |ab
and anal yze them so you can get the exact anount of
what the contami nation is, and test it appropriately,
where you won’t be able to do that in an airplane.

CHAl RVAN HALL: But this is a phenonena, if |
under stand, of age, or not.

MR HULM Yes, sir. It’s a conmponent of
age, and then the amount of tinme that the probe
actually spends in the fuel, because the fuel is the
conponent that contains the sulfur, and that’s what
initiates the corrosion.

MR SWAI M Since the air force is using
airplanes of equivalent or slightly older years than
the commercial flight, and the air force is using a
slightly nore sulfur-rich fuel in JP-4, or at |east
used to before JP-8, M. Slenski, do you think that

could have a bearing on the air force having found a
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problemwith this in 19907

Now, |’m not saying we found a specific
problemwith it at this point, but if we have, could
that be a bearing in the difference of seven years or
so here?

MR SLENSKI : I think that’s a reasonable
assunption, in that we used to use JP-4. I think I’ve
heard the sane statenent nade before, it mght have
nore sul fur conpounds in it, and then we have naybe
ol der aircraft, too, possibly.

CHAI RMAN HALL: Do you have fuel experts in
the air force, do you know the conposition of your
fuel ?

MR SLENSKI : | believe we do. W don't have
any on this panel, but we do have experts on the fuel.
W have a fuels lab actually dedicated to that area.

CHAI RVAN HALL: So sonebody woul d know what
the conposition of the fuel is you use, and woul dn’'t
that be inportant to you in doing your work?

MR, SLENSKI : For our analysis, if you go
back and | ook at sonme reports, we did have the fuel
anal yzed, the JP-4 analyzed in one of our reports, and
as | think M. Swaim had nentioned, we changed over to
JP-8 pretty much anyway in our aircraft several years
ago.
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CHAI RVAN HALL: Do you know why that decision
was made?

MR, SLENSKI : | can’t really. ["m not,
again, a fuels person, and unless sonmeone else here —
1 don’t know if Steve has any comments on it.

CHAI RVAN HALL: No. | don’t want any
specul ati on. | f sonebody knew, that would be fine.

MR SWAIM: Very good. For the record, M.
Chairman, you' d asked about the parked airplane that we
got these other probes out of. The good fol ks from TWA
made a call back to Kansas Cty, | understand the
airplane cane in for a de-check, actually | found this
through -- the airplane cane in for a de-check, a heavy
mai nt enance check, and the maintenance check had not
been conpl eted when they decided to cease using the
ai rpl ane. It was parked in Kansas Cty on Septenber
26, 1994. The total time was 95,004 hours, so it was a
coupl e thousand ahead of the accident airplane. The
total |andings were 17, 941.

CHAI RMAN HALL: Wien did you clinb in it,
into the tank, or get the stuff out of there, do you-
all remenber the date on that?

MR HULM [f not, 111 get it for the
record.

CHAI RVAN HALL: I want to be sure we're very
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clear that it’s not — that presentation did not cone
from TWA 800, and what we were |ooking at was from an
airplane that had been sitting for sonme period of tine,
So be sure that’s clear on the record.

Is this a good tinme, |'mjust going to ask
this question, because it’'s been on nmy mnd, and I'm
trying to understand. As you-all know, on the cockpit
voi ce recorder, at 20:29:15, there’'s a voice that says
“Look at that crazy fuel flow indicator there on nunber
four. *

M. Hulm do you-all know what -- can you
tell me what that fuel flow indicator, where that --
the wiring on that, and that probe, and what you m ght
know about that, or what — what is your-all’s opinion
on that conment?

MR HULM The fuel flow indicator itself is
totally separate from the fuel quantity indication
system it’s not related in any way, it doesn’t nonitor
or neasure fuel in the tank with fuel probes, or

anything like that.

CHAl RVAN HALL: It’s not in any way
connect ed.

MR  HULM No. It’s two totally separate
syst ens, they don’'t share any sort of data between
them or anything. It’s an independent system just a
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neasure of the fuel going into the engine, and it’s
kind of a backup to the quantity system to provide a
check between the two.

CHAI RMAN HALL: So it’s not attached to any
of the probes or anything?
MR HULM No, it’s not. There’s a separate

-- | guess nmaybe M. Thomas m ght be better to address

CHAI RVAN HALL: Well, it was widely reported
of course, when we released the cockpit voice recorder
Monday, and | thought it would be appropriate. ["m
sure you-all have been aware of that since the
begi nning of the investigation as to whether you had
any thoughts on that, or what had been done in that
area, because it is so, what is it, a mnute -- within
a mnute before we |ose contact with the — the
electricity ceases.

MR THOVAS: M. Chairman, if | can -- the
fuel flow nmeters are installed on the engine, they
provide a signal of how rmuch fuel -- they obviously
provide a signal of how nuch fuel the engines are
using, it’s a sinple turbine device that puts out a
pul se.

Normally, if the engine fuel flow neter
starts msbehaving, it may be there’s ice, or whatever
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that nay be affecting that turbine performance for a
short tine, it will just wiggle and it will go away.
It has absolutely nothing to do with the gaugi ng system

for the tanks. W use it as a conpletely separate

backup. If one of the gauging systenms on a given tank
was to fail, you could continue to use the flow neter
to track how nmuch fuel was comng fromthat tank. [t’s

a backup system

CHAI RVAN HALL: Ckay. Pl ease proceed, M.
Swaim | just wanted to clarify that at this point.

MR SWAI M Ckay. We had an illustration
|”d be hoping this would all cone up |ater. In the
Wi ng center section there are seven small vertical
lines connected by lighter lines that are red. The
pencil point is right now indicating the left aft fuel
probe.

The heavy red line that cones out of the rear
spar of the tank cones down along a wiring run, wth
other wiring, it conmes up the side wall of the
airplane, into the overhead, it would be over the left-
nost passengers, and then forward under the upper deck
wi ndows on the left side of the airplane, and then
crosses over the roof of the airplane, and goes into
the flight engineer station. So that’s the routing for
the center wing tank w re harness.
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The blue routing that comes in fromthe right
wing is the routing for the fuel flow that we were able
to find. It comes into where the pencil point just
was, right there, and that’s in the electronics
conpartment behind the nose gear.

The only place that the group has been able
to find a coomon run of wiring is, as lvor said, not
between the fuel flow and the fuel quantity, but from
that electronics conpartnent, up to the flight
engi neer’s panel, through the wiring that goes to the
volunetric shut-off box, part of the ground re-fueling
equi pment, and there is a conmon routing in that. |
think that’s a pretty good graphic answer.

CHAI RMAN HALL: Well, and | guess didn't we
have a problemwith fuel in the airplane on the ground?

MR HULM  Well, that’s nore where | was
going with the --

CHAI RVAN HALL:  Ckay.

MR HULM — ot her questi oni ng.

CHAl RVAN HALL: well, then 1'11 shut up and
you-all go on, as long as we’'re going to cover all
that, M. Swaim because all that is on the record, and
people would want to be — we need to be sure it’s
cover ed.

MR SWAI M ["mtrying to. The center tank
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to go back to nmy train of thought here, the airplane,
the accident airplane, M. Hulm it had an increase
over the last several nonths of its existence of
writeups, maintenance actions against the ground
refuel i ng equi pnent.

Does the ground refueling equipment rely on
t he conpensator from the center tank, for that tank
obvi ousl y?

MR HULM Coul d you please re-state the
question? Sorry.

MR SWAI M Sir, the ground refueling, the
volurmetric shut-off box, does it take signals fromthe

conpensator from the center tank, for refueling that

t ank?

MR HULM I’m drawi ng a bl ank here.

MR SWAI M Ckay. It’s a detail ed question.
| apol ogi ze. It’s a detail ed question. Qbvi ousl vy,

there’s no preparation for this kind of thing, so okay.

Let’s try --
DR LCEB: Do you want that provided for the
record?
MR HULM | can definitely get hat for you.
DR. LOEB: I mean | think we need to do that,

at least, and/or if you have any information that does
speak to that, you mght want to bring that up.
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MR SWAIM  Well, | think the proper person,
| think, for that would have been M. Taylor, from
Honeywel | , yest erday.

CHAI RVAN  HALL: I's he still here? He has
left. Very well.

MR SWAI M Ckay. W will be investigating
that further. As |’ve nentioned, and will Kkeep
mentioning, this is an open part of the investigation,
it really is.

CHAI RVAN HALL: Let ne just say, M. Swaim
so it’s clear to anyone who is watching these
proceedings, that we are in the process of an
investigation, and we have an obligation to explore
t hese issues. That does not nmean that any of these
i ssues are going to lead us to conclusions, and at
present, we do not have any, and there will not be a
probabl e cause that will come as a result of this
hearing, but the things that are identified in the
mai nt enance records, and identified in the cockpit
voi ce recorder, flight data recorder, need to be
covered, and the public view, as part of this
investigation, so if you're doing that, proceed ahead.

MR SWAI M Thank you, sir.

MR. RODRI GUES: Excuse me, M. Chairman —

CHAI RVAN HALL:  Yes?
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MR, RCDRI GUES: -- the answer to your
guestion, Bob, is yes, it does use a volunetric shutoff
in the center tank.

CHAI RVAN HALL:  Thank you.

MR SWAI M Ckay. W will be foll ow ng—-up,
obvi ously, as the Chairnman nentioned. I had a question
to the FAA. M. Hartonas, before this investigation
what awareness had the FAA had into sulfide deposits
such as copper silver sulfide?

MR, HARTONAS: Yes. As | stated earlier, M.
Swaim is that the FAA had no previous know edge of
copper sulfur deposits. W becane aware of it during
this investigation.

MR SWAI M Ckay. Thank you.

MR HARTONAS: However, in the course of this
investigation, as we identify here today, and it was
presented during this hearing, the copper sulfur
deposits, including damaged wiring insulation off the
FIQS system drew sone safety concerns as potential
ignition |ocations. | recently introduced AD to
provide protection for the wiring of the FIQS we'll
address both of those.

MR SWAIM  AD or NPRW?

MR, HARTONAS: It’s an AD, it’s a proposed
rule under the unbrella of airworthiness directives.
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MR SWAI M Ckay. Very good. Question from
that coment for M. Hulm Is there a reason that the
fuel quality systemwring was protected only at the
gauge, when we have the fuel quality systemwring tied
to other wires and routed with other wires between the
tank, the flight engineer station, down to the
el ectronics conpartnent, and so forth, as we saw in
t hat graphic?

MR HULM So when you say protected at the
gate here, you're referring to the current limting
circuitry within the gauge itself —

MR SWAI M Correct.

MR HULM — correct? | think that was just
the normal course of the design itself. The majority
of the wiring from —

CHAI RMAN HALL: That design didn't change on
any subsequent nodels, or is that consistent on all
your nodel s?

MR HULM Correct. It’s basically the same
we use on all of our nodels. The wiring fromthe
flight engineer’s disconnect, down to the center tank
di sconnect, and to all the main tanks, really, | nean
to all the tanks, fromall the indicators is basically
the Teflon wiring, with the nylon over blade across it,
and that protects sone abrasion.
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There is some of the normal ship’s wiring
between the flight engineer’s, the actual indicator
about three feet of wiring that goes to the disconnect,
and then down to the all-shutoff unit, and we use our
standard wire routing practices within the airplane to
nmake sure that we have any separation from structure
for the wire bundl es.

Wthin the pressurized vessel itself, the
wire bundles are clamped with either a circular clanp
every 24 inches, or else there’' s another clanping
arrangenent used, where it’s like a channel clanp that
will hold bundles, and there’'s a foam bar that will go
across the top to keep that in place, to nake sure that
it was secure.

There are tie waps around the bundles to
hold them and nmake sure they’'re not noving around a
lot, and things aren’t flopping around, to make sure
there’s no interference with structure, and any tine
there’s a penetration through a sharp edge or anything,
you' || have plastic grommets to protect the wiring,
al so.

Wthin the tank itself, when you |ook at the
wire routing within the tank, again, we use stand-offs
to keep the wire away from structure. W utilized the
Teflon wiring within the tank, also. Again, there s
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gromets wherever there’'s a penetration through
structure to nmake sure that there would be no chance to
nick or abrade the wire itself.

We used good practices in routing the bundle,
and | don't think that the main reason for any physica
separation of the harness from any other wiring would
be nostly a concern with interference from ot her
el ectrical systens causing an inaccuracy in the gauging
system so with these particular systens, at the tine
they were designed, it was not determ ned to be
necessary.

So the viewthen is, if you do get an outside
electrical short on the FIQS wiring itself, nothing
wi || happen, because the conponents and the cells in
the tank are designed to withstand the 115 volts AC
that you nmay get into the wring.

MR SWAI M Because of the quarter-inch gap
in the fuel probe conponents that M. Taylor was
tal king about, that’'s the --

MR HULM Correct. W do the 1,500-volt AC
insulation resistance test, | nmean the dielectric
wi thstanding test and the 500 DC insulation resistance
test.

So those conponents can withstand that, and
the mnute you get the short, you're going to cause a
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mal function of your indicator, and it would be noticed
by either the flight crew or ground naintenance, and
that particular section would be corrected and
repaired.

DR LCEB: Let me just see if | understand.
You're saying the protection from the possibility of a
second failure, a short circuit, is that you would get
an erratic gauge indicator, and that’s the protection
from that.

MR HULM  Well, the real protection is the
fact that the conponents in the tank can wthstand the
150-volts AC

DR. LCEB: Wll, they can withstand that,
providing there’s no additional failure, there’ s no
short circuit, or something of that nature that would
give you a short across it that you would not want.

MR HULM Correct.

DR LCEB: So if that is the case, then the
only protection we have right now is sone sort of an
erratic gauge indicator that nay alert the crew that
sonet hing i s happeni ng.

Is there any downside to a surge protection
system ——

MR HULM That we —

DR LCEB: — is there any downside to it?
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MR, HULM To a surge protection systenf

DR LCEB: Yes. For the wiring going into
t he tank.

MR HULM One of the issues we’'ve |ooked at,
| think as a result of what the FAA has rel eased, and
the end paper that they put out, one of the
reconmendati ons was to add surge protection at the spar
di sconnect going into the tank, and sonme of the issues
there that need to be addressed is the fact that a |ot
of time these conponents are passive in nature, and if
they do fail, you'll never know until --

DR LCEB: You nmean you have a | atent
failure

MR HULM It depends on how the unit would
be desi gned. If you have sone sort of surge protector,
you’'ve got to design the proper enclosure to ensure
that it’s going to be there at the time that you need
it.

DR LOEB: Vell, | would agree with that, but
the point that you just nade is that sonme of these
failures could be latent, you don't know that they’'re
there --

MR HULM Correct.

DR LOEB: -- that’s exactly what is of
concern, and | recognize that originally the system was
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desi gned that way. | guess ny question is going to be
you now, did anyone think about this kind of added
protection followng the Philippine Airlines 737
expl osi on?

MR HULM Not to nmy know edge, | think,
agai n, because the exact cause of that particular
acci dent was unknown, and nobody really addressed the
i ssue of —

DR. LCEB: Well, what was ruled out was the
possibility of any external cause for that explosion
nmeaning that it had to be sonething internal
therefore, sonehow in that accident, energy got into
that tank fromthe system and there was no
consi deration of adding sonme additional protection such
as a surge protection system

MR HULM I’ m probably stepping a little bit
outside of ny area of know edge as far as the
Phi |l i ppi nes accident, and everything that’'s associ ated
with that, but I’m not aware of any study they did in
that regard.

DR. LCEB: Ckay.

CHAI RVAN HALL: Well, if there is any, you
can provide it for the record.

MR HULM Yes, sir

MR SWAIM M. Hulm Boeing released the
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service bulletin for the center tank inspections, 2205,
which is nearly a hundred pages of instructions. Wuld
it, inits present form address the problens, the
breaks in the insulation, or the copper sulfide that
we’' ve been seeing here today?

MR HULM No, it would not.

MR SWAI M Ckay. But the revised service
bulletin would, is that right?

MR HULM That’s correct.

MR SWAI M kay. Are all the airplanes
al ready inspected, the 52 that you nentioned yesterday,
going to have to be reinspected for the new service
bul I etin?

MR HULM | think that’'s a determnation
that needs yet to be nade. W haven’'t nade a decision
on that yet.

MR SWAI M Ckay. M. Hartonas, | understood
from M. Cheney yesterday that the FAA is waiting for
the revision to cone out with an NPRM or an AD
airworthiness directive on that, is that right?

MR, HARTONAS: The FAA is closely viewng the
i mpact of multiple tank entrances, with the fact that
there’s already been discovered, danmaged wiring
i nsul ati on or danmaged probes. W want to mnimze tank
entrance, when we go in there we want to nmake it
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wort hwhil e with neaningful inspections.

MR SWAI M Is that a yes or a no? Are we
going to AD it or not?

MR, HARTONAS: The FAA is going to nost
likely nmove with an NPRM or AD action for tank
i nspections .

MR SWAI M Most likely is safe, that’s fine.

MR HUM M. Swmaim | wonder if | could
make a correction to —

MR SWAI M Pl ease.

MR HUM -- what | just said earlier? The
real fix for the nick wiring and stuff that you
referred to on the previous question, the real fix for
that is the surface bulletin, the re-work service
bulletin that we'll be generating from the series three
term nal block, not the inspection bulletin.

Wre really trying to keep any re-work
instructions out of that inspection bulletin, and keep
that purely just to inspect and determ ne the condition
of the aircraft. |f any corrective action is required,
then we’ll go back and rel ease the appropriate service
bulletin to address that specific situation

So the inspection bulletin will not address
the issues as far as the nick wiring and the things you
see, that’s where the series three term nal bl ock
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service bulletin, that one will address those issues.

MR SWAI M Ckay. I guess I'm comng down to
the kind of question that the Chairnman has been asking,
how long is all this going to take, first, for the
service bulletin, then for the NPRM or AD, and then
guess back for another service bulletin? How long are
we tal king?

MR HARTONAS: M. Swaim | want to clarify
the statenment | made previously. Once we have a
conpr ehensi ve inspection plan, the FAA will definitely
do that. We're in the mdst of preparing that
conpr ehensi ve inspection plan wth Boeing.

MR SWAI M It has to be worked out, we
understand that. M. Hulm | believe you may even had
said yesterday, January, next nonth, the inspection
service bulletin —

MR HULM January of next nonth for the
i nspection bulletin revision, and we're |looking at |ate
January, early February for the bulletin for the series
three term nal bl ock.

MR SWAI M And then, M. Hartonas, how | ong

will it take to nmake that mandatory through an AD, if
it comes through, | understand, in a typical — we're
not trying to pin you down, |I'mjust trying to get a

general idea of how long we’'re talking for this
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process.

MR, HARTONAS: Well, seeing that this is a
priority right now, to this tragic accident, it will be
just a matter of a few days before the FAA has the AD
ready.

MR SWAIM  Wuld this be the kind of
i nspection, M. Hum or M. Hartonas, |’m sorry, that
woul d be go out and inspect all the airplanes within
six months, or would this be within the next de-check
or four years?

MR, HARTONAS: W haven’'t gone that far in
t he devel opnent of it. W re still looking -- we're
still trying to make sure all the parts are there, and
try to assure that once we do go out with it, the
airlines have the materials and the instructions they
need in order to acconplish the service bulletin
itself. It doesn’t do us any good releasing it,
telling themto do it in three nonths, and then we
can’t supply the parts for themto do the re-work

So that issue is still being worked through
Boeing, we’'re still talking to our suppliers, naking
sure the appropriate wiring is there, the wring
bundles, and all the termnal blocks that they need to
upgrade these probes are avail abl e.

MR SWAI M I think that’s a good point.
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It’s not just Boeing, and the FAA, and the airlines,
there's a lead into this, isn't there? There s sone
kind of logistics before you release a service
bul letin, correct?

MR HULM Correct. There’s a | ot of
coordination to go on, even with the FAA and everything
that we’'ve been doing here, all of our suppliers that
— we have a different supplier for the tank harnesses,
it’s quite difficult to nake |ong-lead itens,
especially with the connectors thenselves, and the
terminal blocks, we have another supplier for those at
this present tine, and then the logistics of making
sure that if probes are returned, that the facilities
are there to re-work themin time, and turn them
around, and get them back to the airline, so there’'s
quite a lot of work to do in order to get one of these
service bulletins out, and particularly this one,

because the conponents involved and the age of the

ai rpl ane.

MR HARTONAS: M. Swaim --

MR SWAI M Pl ease.

MR, HARTONAS: -- the FAA agrees with that
st at ement . W recogni ze that these inspections are

going to be very neaningful and inportant; however, we
constitute a lot of maintenance activity, and perhaps
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this maintenance activity nay be repeatable. That is
the reason why the FAA proposed additional protection
to the airplane’s wiring, so that additional
mai nt enance activity, or the burden to the airlines is
m ni m zed.

DR LCEB: The additional protection being
the surge protection, or --

MR HARTONAS: The airworthiness directive at
this time provides for surge suppression or shielding
separation, it doesn’'t pin down a specific nethod.

DR LCEB: Now, that is an NPRM at this
poi nt . The is not an AD. It has 90 days on it, is
that correct?

MR HARTONAS: Yes, it does.

Dr. LOEB: After that, an AD, when it is
issued, wll provide about how | ong, do you know,
for --

MR HARTONAS: One year.

DR LCEB: One year. So that this additional
protection that you' re talking about is out in the
future, just like the inspections would be.

CHAI RMAN HALL: He answered the question.
Let’ s nove on.

MR SWAI M G eat. Thank you. Since all
this has to be done for the center tank, and the
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different Boeing representatives illustrated and
denonstrated how simlar the center tank and the other
tanks in the airplanes are, why hasn't the FAA called
for these sane inspections in the other fuel tanks?

MR COLLI NS: The center tank is the nost
fl ammabl e environnent, as the NISB flight test has
shown, so that's our first priority. W are evaluating
the other tanks, though, as followon action, and a |ot
of that action will be based on what we |earn out of
i nspections and the program with the center tank.

W have plans for a conprehensive program on
all airplanes, not just the 747, and that would cover
all tanks, also.

MR SWAI M Ckay. Can you expand on that
conpr ehensi ve program for all airplanes?

MR COLLI NS: Yes. That was outlined in
Adm nistrative Garvey’'s letter to Chairman Hall, in
response to your recomendations, and it said, we're
going to propose action applicable to the fleet of
| arge transport airplanes, and one of the requirenents
is to have each type certificate holder develop a fuel
tank mai ntenance and inspection program and require
each operator to have an FAA-approved fuel tank system
mai nt enance program and require review of the original
certification conpliance findings to the fuel system
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requirements, to re-validate that failures within the
fuel tank system and fuel systemw Il not result in
ignition, and also, interim required procedural changes
to prevent operation of any electrically driven fue
punp and fuel tanks, wth adjacent heat sources, unless
that punp’s inlet is fully subnerged in |iquid.

One alternative to that would be if they had
a flame arrester installed on the punp inlet, as
interim action.

MR SWAI M Good. I'’d like to come back to
that thought in a couple of mnutes, and | would Iike
to talk about punps in a couple nnutes. Bef ore we get
off wiring, M. Slenski, we’ ve been |ooking at
pictures, a couple of pictures of the various wring
bundl es.

There’s a docunent in one of the exhibits,
it’s exhibit 9c, page 197, it’s an OSHA docunent that
-- I"'msorry, 9c, 49 -- that says electrical arcs can
be 35,000 degrees Fahrenheit, and expand wire, the
copper, 65,000 tines, and that’s what that big flash
and spark are.

My question is: Can nylon or Teflon
i nsul ation withstand those kinds of tenperatures, M.

Sl enski ?
MR, SLENSKI : In reference to an arc?
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MR SWAIM Yes, in reference to an arc in a
tightly wapped bundle, if you get two of the chafe
t ogether, or however short.

MR, SLENSKI : In that situation, the Teflon
woul d probably sublimate, vaporize instantly, and nelt
away from that area very quickly.

MR SWAI M So there is a possibility of
putting power onto the wwong wire, if there’s an arc in
a bundl e?

MR SLENSKI : The question is what the arc
would do to the bundle, adjacent wires, is that what
you’ re asking?

MR SWAI M Yes.

MR, SLENSKI : I"’m sure there’s going to be
damage to surrounding wires, to some extent, and,
again, Teflon nelting is way below that tenperature,
and so as you nentioned, arcs are very hot, but they're
also very isolated and limted in the area, that you
probably woul d cause sone danmage in the surrounding
i nsul ati on.

MR SWAI M Question for you. You exam ned
sone other wiring when you were |ooking at the
scavenged punp relay, and | know you found sonething of
interest on that, a crack in the insulation. Do you
have anything that you can speak to, as far as that, in
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this flow?

MR, SLENSKI : |’ve got two charts that can
di scuss sone of our findings, if you d like.

MR SWAI M If we could do that fairly quick
yes.

MR, SLENSKI : Basically, the first chart here
will hopefully set up — if we could |ook at the right
top corner there, quadrant, what we're looking at there
is the actual scavenge punp relay, and the wiring that
was attached to that relay that was submtted to us for
analysis, and in this case, we requested a | ook at the
electrical context for evidence of anonalies such as
nelting, pitting at the context, and just briefly we
really — we found no evidence of that in these
cont act s.

However, in the inspection of the exhibit,
when we examned a wiring, we noted that this
particular insulation, which has been referred to in
the past as Poly-X, was marked with a process called
hot stanp marking, and with this process here, the wre
is marked basically for purposes of nmaintenance, and
al so so you can track and identify the wre. So if we
zero in on the lower right quadrant, this is the actual
mar ki ng process.

And, again, this is the actual process, it
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comes down on the wire and penetrates the insulation
normally, slightly, to enboss the wire with the
nonencl at ure.

In this case here, it has been a fairly deep
penetration, as we're seeing in these photos here. The
seven-four, as you can see, has been rotated, in the
m ddl e photo, you can see where it’'s penetrated the
insulation, and the top shows a close-up of that
particul ar seven, and we felt that was excessive
penetration of the insulation.

Now, if you look over to the left |ower
corner, this is off another mark, basically, a dash of
sone type, and there was actually a crack emanating
fromthat particular hot stanp nmark, and actually
exposed a conductor.

Now, we did not see any evidence of arc
tracking or arcing fromthat event, and |I think we need
to recognize this type of cracking could have occurred
during the actual breakup of the aircraft.

MR SWAI M This is from the accident
airplane, right?

MR, SLENSKI : This is fromthe mshap
aircraft. That’s the wiring off the scavenge punp.

The next chart has a little nore detail here,
if we go to the upper |eft quadrant. This is a cross—
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section now of one of these wires, and now you can see
the actual penetration of this hot stanp process into
t he insul ation.

This insulation consists of three |ayers.
There’s an outer white layer, an inner anber-colored
| ayer, and a m ddle anber—colored |ayer, and an inner
white layer. As you can see here, it penetrated al
three |ayers.

If we go over to the right side, you m ght
want to back off on that a little bit so they can see.
Let’s ook at the lower right corner cross-section
t here. That’s a longitudinal cross-section, show ng
several nmarks of wire, and you can see howit’s
penetrating the insulation, but also note that fromthe
lower right, to the top left, you can see a narked
increase in the depth of penetration there. This is
just showing you that this mark is inconsistent.

If we go up further, just to the top of that,
that’s a close-up of one of those penetration areas,
and we can see that, in this case here, |ooking at ny
notes here, that there’s 1.1 roils of insulation left,
or 20 mcrons of insulation |eft.

This is normally, | believe |I’ve |ooked at
nunbers here around 8 m| of insulation, or eight-

t housands of an inch of insulation.
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So our concern here, this is just an
observation, that you mght want to go |look at the hot
stanp process and other parts of the aircraft that was
used on this wre.

MR SWAIM M. Chairman, the point here is,
and the reason | asked M. Slenski to bring that up is,
we will be back in the hanger shortly, up in Calverton,
| ooking for nore wiring, especially of that conbined
routing between the flight engineer station and the
el ectronics bay, but that is the nost shredded portion
of the airplane. In the center photo behind us, Boeing
said there is 150 mles of wre.

CHAI RVMAN HALL: But you'll be able to know
where the wiring cane from is ny question.

MR SWAI M Yes, sir. Every six inches the
wire is marked with a unique mark —

CHAI RVAN HALL: The hot stanp.

MR SWAI M — as M. Slenski just showed
you, and the marking tells us right where that wire
came from or at least the routing that wire cane from

CHAI RVAN HALL: And you said that hot stanp
m ght be a problem M. Slenski, is that —

MR, SLENSKI : | think it’s recognized in the
i ndustry.

CHAI RVAN HALL: Gauging it down to the
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Chairman’s |level here, is that something we should be
concerned about ?

MR SLENSKI: Anytine you have a process that
penetrates insulation, you need to be concerned. Now,
this is a standard technique for marking, controllable,
it’s not a problem W’ve used it in industry for
quite a few years. It’s being used today. [ think
back then -- | think we have better controls today, but
| think, you seemto recognize that if you're going to
mark wire by this process, you have to be very careful
on the controls.

CHAI RVAN  HALL: Do we know how much of the
wiring we have already, M. Swain?

MR SWAI M Well, from previous trips to
Calverton, having lived up there for a little now, we
have parts of that harness in at |east three genera
areas of that six—acre hanger that |I’m aware of. It is
a fairly hefty wire bundle, it’s — Larry is working to
put a picture up that’s just a small portion of that
bundl e. There we go. This is the photo |I used
yest er day. There are two fingers sticking through the
hole in the right side, where his finger just showed.
The bundl e is about three, three-and-a-quarter inches
in dianeter, where it goes off to the left of the
photo .
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Right now it’'s a lot of shredded i ndividual
wires, and different piles of wires that are around the
hanger . This is what |’ve said over and over, it’s an
active investigation, we keep going back, we keep
spendi ng weeks up there looking at just this type of
t hi ng.

CHAI RVAN HALL: But if it arced, we mght be
able to find out within —

MR SWAI M It’s a needle in a haystack, but
we will be | ooking.

CHAI RVAN HALL: Thank you.

MR SWAIM M. Hartonas, the surge
suppression the FAA is considering, there were sone
press reports regarding induced energy tests --
actually, before | speak to you, M. Hartonas, let ne
ask M. Hul m about the induced energy tests that were
pi cked up by the press. W’ve done a lot of testing
wi t h Boei ng. Can you el aborate on those induced energy
tests, tell us sonething about those?

MR HULM Yes, sir. As part of the
investigation, we were asked to look into a nunber of
different things, and this is just one area we wanted
to gather sonme nore information on. W did this in
concert with the NTSB and the FAA

The question was posed, how much energy can
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we induce fromwring that’'s adjacent to the FIQS wires
-- let me start over again. The question was, the FIQS
wiring fromthe flight engineers panel, down to the EA
bay, how nuch coupling do we get from adjacent wires,
and can that energy from that adjacent wiring get into
the FIQS wiring, and then into the tank?

The technical termis induced electromagnetic
interference . They’'re like electrical transients, and
the nearest way to put that, | think maybe in real-
world terns so people can understand it, it's like a
magnet .

If you take a magnet, the closer you nove it
to like a paper clip, the stronger the field becones,
and all of a sudden you pick up, and if you nove it
away you can kind of feel the pull and the |essening of
the strength, and if you go really fast, you kind of
get a transient, that’s what it would |ook Iike, you
kind of feel a pull on your finger, and it will go
away, and that’s what these wires do as they generate
el ectrical and magnetic fields, when an electrica
pul se goes through them and that pulse then gets
transferred over to adjacent wiring, and that’'s the
kind of thing — we were asked to | ook at that and
determ ne exactly what it would take to cause any sort
of problemw th the equipnent in the tank.
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So what we did was we got a full ship’s head
of center tank probes and the conpensator, we got the
wiring, the actual airplane wiring, and these stuff,
and we got the wiring all the way fromthe spar, up the
flight engineer’s panel, we nocked up a little flight
engi neer’s panel, wth the national indicator that's
used on the airplane, so that we have a relatively
simul ated environnment, we thought, as close as we could
get it to a laboratory, which is to sinulate an
ai rpl ane.

There’s multiple phases to the testing, and
it’s a rather long test that we have in progress, and
we're right in the mddle of the fourth phase right
now, but the first phase is to just check out the
systemto make sure we’'re correct, and we did, and it
was okay.

The second phase was to induce these type of
transients on the power wires going into the indicator
and see if anything could get through the indicator
and into the wiring, and into the tank, and that | ooked
okay, there were no problens there.

The third phase of that testing was what |
woul d term as a severe stress test, and it did not
necessarily represent anything we knew could be on the
airplane at the tine, but it represented to us an
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environment that we shoul d exam ne.

So what we did was we took 75 feet of wiring,
and basically wapped it around the FTS wiring that we
had in the lab, and this was the ship’s portion of it,
and we attached that to a transient generating device.

In this case it’s a giant relay coil. \What
happens with relays is that when you turn them on and
off, they |l degenerate a nice voltage transient for
you that can get coupled onto your wring.

So when we did that under normal airplane
conditions without any faults induced into the tank,
there were no problens. W didn't see any arcing or
any breakdown within the tank units thenselves, or in
the tank wiring.

The next part of that testing was to insert a
pi ece of debris between the inner tube on the probe,
and the inner surface of the outer probe, and what we
did was we actually shorted that piece of debris
directly to that inner tube, and then laid it up
agai nst the outer tube, so there was not a direct short
circuit there, but it was laying up against it.

Wen we did the transient testing under those
conditions, there was a small arc between the inner
surface of the probe, or that outer tube, to that piece
of debris we had, and that debris was either — we used
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two different kinds when we were doing this testing --
either a thin piece of strand of steel wool, or a piece
of lock wire, and in both instances we had little arcs
that we could see at a curve right at that junction
where those two net each other.

CHAI RVAN HALL: They were arcs.

MR HULM  Yes, sir, visible arcs. The next
part of that is we had to determ ne how nmuch energy is
in those arcs then. There was a trenendous anount of
time and a trenmendous anount of effort put into that,
because this is basically new stuff, and nobody has
done this type of testing before, and it was a very
difficult procedure to go through, and it took probably
al nost a nont h-and-a—half of steady testing in order to
get to a nmethod that we had sone relative confidence
in, even though right now we still need sone way to
col |l aborate some of the information we did get.

What we did find out is that we did have one
instance during the testing, out of 70 different
nmeasurenments that we took, or 70 different transients
that we generated, where we exceeded the .2 mni-jewel
[imt that is the industry standard as far as our
ignition energies.

At that point in time, the NISB and the FAA
have been participating totally with us on this, and
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t hey’ ve been witnessing all of our testing and
everyt hi ng. W had to make a decision whether this
represented a real airplane environnent, and we're
basi cally conducting an experinent at this time, and we
had to determine if there was an actual threat on the
airplane, so what we did is we conducted the test on a
747 at the sane era that the TWA 800 airplane was
built, and it was configured very simlar to the TWA
800 airpl ane.

W were able to use that airplane, it was an
in-service airplane, so it wasn't like it wasn't in
sal vaged condition or anything. W were able to use
the power system on that airplane for the testing, so
we got as much of a real environnent as totally
possi ble, and what we did was we took our own set of
probes down with us, and basically disconnected those
fromthe tank, so we would not induce anything into the
tank that we did not want to, because we wanted to mnake
sure we didn’t cause a hazard or anything, since that
was an in-service airplane, and we connected it up to
our own little ships at -- to our probes outside of the
tank, so we reconstructed basically what we had in the
| ab, using a real airplane, and were able then to hook
up our test equipnment to these probes to determ ne and
neasure the voltage specs that we were getting on the
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wiring, going into the tank.

There was a lot of work that went into this
test. W did a lot of analysis, looking at all the
airplane wiring, relative to the FIQ wiring, making
sure that when were doing a test that we exercised
every conponent we knew that could be a possible
i nductive source for energy into that tank.

That testing showed that the voltages that
were being induced in the wiring, as part of the real
airplane itself, were extremely |ower than what we were
getting in the lab, and there was no indication from
that test that any arc could be generated fromthe
vol tage transients that we saw from the airpl ane.

So that’s kind of like where we're at with
the testing right now Wat we’'re going to be doing is
taking that information and noving that into a
| aboratory environnent, so we can do sone additional
i nvestigation now on sonme of the information that we
got fromthe airplane itself, and try sone different
failure nodes that we weren't able to do on the

airpl ane, because it was an in-service airplane, and we

could not danage it in any way. So we're still just --
that’s kind of like we are at in the investigation
ri ght now.

MR SWAIM  Very good. I’d like to nention
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at this point that this has been a very |ong, drawn—out
process, M. Chairman, it is not sonething that can be
done quickly, and we’'ve been getting a |ot of support
out of M. Hartonas and the FAA, and M ke Stockhill,
out of our Seattle office, staying with Boeing on this
program

M. Hulm--

CHAI RVAN HALL: Before you get off that, let
me ask —

MR. SWAIM No, |I’'mmnot getting off it.

CHAI RVAN HALL: Ckay. \ell, go ahead.

MR SWAI M Ckay.

CHAI RVMAN HALL: |"ve got a question before
you get away fromit.

MR SWAI M Yes, sir. You nentioned you' d
wrapped in the previous lab test the 75 feet around the
harness, was that tightly wapped Iike a coil, or was
that a slow, just general spiral type of wap?

MR HULM From what | understand, it was a
sl ow, general spiral, maybe like a circle every foot or
every two feet, but it was secured around the bundle
itself, it wasn't laying |loosely up against it.

MR SWAI M Ckay. Now, what was the highest
vol tage you saw in those tests?

MR HULM In those tests it was
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approximately 1,600 volts.

MR SWAI M Ckay. What was your primary
voltage, the voltage induced into the 75 foot, was it
1,600 volts that you put into that original 75 foot?

MR HULM | don't recall that offhand, what
the induced side was. I’d have to check, |ook at the
lab tests.

MR SWAIM M. Hartonas, you were there, do
you renenber ?

MR HARTONAS: | believe it was 28 volts.

MR  HULM nNo, that’s the power that was
supplied to the coil itself. What sort of transient
the coil was generating, that | don’t know. That’ s
what you' re asking, right?

MR SWAI M Very good. M. Chairman?

CHAl RVAN HALL: Well, ny question is, you are
famliar with the systens group report --

MR SWAI M Yes, sir.

CHAI RVMAN HALL: — which I've read, along
with a little bit of other information, and on page ten
of that there’s a footnote down at 13 that says “The
fuel quantity indication system and the nunber four
engine fuel flow wires pass fluorescent cabin white
wires of up to 350 volts AC in the shear grouting.”

If you read all of this together, then you
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know that there was the crazy fuel indicator we talked
about, we know that they had a problemw th the plane
accepting fuel at loading, that was -- if |I’mincorrect
on any of this, correct ne, but I'’mtaking this, that
they had to pull the circuit breaker to fuel the plane,
and that there had been sone electrical problens with
the |ights.

Now, is the nodel you are recreating going to
kind of explore, to be sure that, what’'s that word you
used, where it junps, or transfers, or —

MR HULM The electrical transient —

CHAl RVAN HALL: Yes.

MR HULM — induced electrical transient.

CHAI RMVAN HALL: Are you going to address

that, is that being addressed?

MR HULM | don’t know if the testing we'll
do will specifically address the issue you re talking
about . | think -- | don't -- as part of the

investigation, this testing is basically rated to what
we coul d induce. I think that will cover any sort of
transient that nmay have been induced by the lighting
wiring itself.

The specific wiring that you re talking
about, the highest voltage that we have routing wth
the FIQS wiring that we have identified, was sone cabin
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lighting was back by the sidewall of the airplane, and
that was only 200 volts.

CHAI RVAN  HALL: Is that footnote correct, M.

Swaim is there 350 volts there, or is that not

correct?

MR SWAIM | believe fromthe wring diagrans
we’ ve | ooked at, it’s correct. The primary input m ght
be a little under 200 volts, as | renenber. I m doi ng

this off the top of ny head, sitting here. W' Il go
back and we’ |l explore that, and make sure.

CHAI RMAN HALL: Well, vyou just read all this
and those things kind of junp out at ne. They may not
junp out at anybody else, but they --

MR HULM The analysis that we did showed
that the highest voltage we had routing with the FI QS
wiring was 200 volts. There is 300 volts in the
airplane, and it may be this particular lighting
circuit you're talking about, but that did not show up
in our review as routing with the fuel quantity wiring,
although it may be —

CHAI RMAN HALL: And you’' ve gone through al
t he mai ntenance witeups on this airplane and the
mai nt enance history, which we’'re going to get into in a
| ater panel, as part of this —

MR HULM | personally have --
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CHAI RMAN HALL: You personally — you have
not .
MR HULM No, | have not.
CHAI RMAN HALL: I's there sonebody w th Boeing
that has that responsibility?

MR HULM Yes, sir

CHAI RVAN HALL: Ckay. I want to ask that
question, because that’s what | get when | read al
this information, | would like to know whether that is

a problem or not a problem

DR BI RKY: | have a couple of questions I
would like to pursue about that, if | could. | assume
from your discussions that --

CHAI RVAN HALL: Wit just one mnute now,
here we go, and then 1'11 be quiet, and you-all have
t he floor again. This is in exhibit 9A of your docket
SA-516, and I’'mon -- and this is on page 112, where it
says that “The raw bundle 1360 has a fuel flow nunber
four sigma wires, routed partially with bundle WB50 on
the right side of the forward fusel age, close proximty
of fuel flow wires to 350 volts, AC power, and that

wire is 1306-L1892-22, of the cabin fluorescent

lighting transformer T-63, at station 360.” If you
could ook into that, M. Hulm | would appreciate it.
MR HULM | just think we were
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m scomunicating a little bit. You' re tal king fuel
flow again and | was tal king fuel quantity, so that’s
the difference, but we'll look into that for you then
Thank you, sir.

CHAI RMAN HALL: According to his footnote it
all cones together, it’s bundled together.

MR HULM We'll look into that.

CHAI RVAN HALL: Ckay. Go ahead, Dr. Birky.

DR Bl RKY: | assune that when you’re doing
t hese inductants tests, which I wll call themthat, if
that’s appropriate, you re not using the shielded wire
to the tank, is that correct?

MR HULM  We're using the configuration that
was on the TWA 800 aircraft. That does contain a H -Z
wire that is shielded, yes, but not the overall shield,
as on sone of the later 747s.

DR BI RKY: So you're wapping both wres
together around the bundle, is that correct?

MR HULM W' re wapping the wire that’'s
i nducing the energy onto the FIQS wiring around all
three wires that are going into the tank.

DR BI RKY: kay. When was that change made
to all the wires that go into the center tank?

MR HULM At line nunber 244, there was sone
manuf acturing instructions released at that tinme to add
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additional shielding from the flight engineer’s panel
di sconnect, down to the spar on all the FIQS wiring in
the airplane.

DR BI RKY: And the voltage you get is
dependent on what factors when you do that test?

MR HULM The transfer voltage?

DR BI RKY: Yes.

MR HULM It depends on the proximty of the
source to the wre.

DR BI RKY: And the nunber of turns per the
| engt h?

MR, HULM  Yes. The nunber of turns is nore
to make sure that you' ve got a really tight connection

bet ween the bundles, as opposed to adding additional

energy into the — you know, the nore you would do
that, it would induce nore energy, but for the purposes
of this test, it was alnost negligible, that wasn't

really taken into account.

If you took a piece of wire and you w apped
it, you know, within every quarter inch you had a turn
that’s going to induce nore energy than if you had it
spread out over a |onger distance, but the nunber of
waps we had, |ike one or two per foot, would not nake
a significant difference in the results. The idea
there is that the wires couple tightly close to the
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FIQS wring.

DR. Bl RKY: And was that designed to
approxi mate the way the wires mght be run in the
aircraft?

MR HULM No, that was not designed to
approxi mate any sort of installation that would be in
the airplane. The test is basically a stress test on
the systemto see if we could get sone sort of energy
into the tank.

CHAl RVAN HALL: Vell, | think it would be
hel pful if the results of that test could be nade
available for the public record, is that a problen?

MR HULM | don’t know that to be a problem

CHAI RVAN HALL: Good.

MR SWAI M W have sone nention of that in
the systens group report, as it is. It’s an ongoing,
open test. W’ve gotten to the third --

CHAI RMAN HALL: Well, M. Swaim as you know,
the Anerican people rely on us to be their independent
person on these investigations --

MR SWAI M W will put it in there, sir.

CHAI RVAN HALL: —— and Boeing is an
out st andi ng corporation, and they ve got 200,000
enpl oyees, and build excellent aircraft, but we're
testing sonething here, and it mght possibly — it may
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or may not have anything to do with what caused this
accident to occur, and we need to ensure that the test
protocol and what’s being done is understood and
avai l able for everybody, or you and Dr. Birky need to
go and do your own tests for us.

MR SWAI M Yes, sir.

CHAI RVAN HALL:  Ckay?

DR BI RKY: Can | come back and ask M. Hulm
anot her question at |east on this test. You indicated
that the shielding was on both wi res has been changed
on subsequent aircraft. Do you know why that was done?

MR HULM  Wiat’'s witten in the
manuf acturi ng paper, because it was released to do
that, was that they were having problens with the
accuracy of the system at the |ow end, when the gauge
was reading near zero, and they were attributing that
to interference from different systenms in the airplane,
so they added the additional shielding and renoved
that interference so that they could calibrate the
i ndicators correctly.

DR Bl RKY: So the shielding does percent RF
pi ckup, is that correct?

MR HULM That’s correct. Yes.

DR BI RKY: That’s all for right now.

Thanks .
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| have one |ast question in this

area. You’ ve not had a chance to go back, and you

don’t know what ny question is going to be anyway,

S0 —. Two nonths before the accident the nunmber four

fuel flow indicator,

quote, “Pegged high and

i noperative,” unquote.

According to Ms. Eckrodes (ph.) factual

report on nmai ntenance, factual report, exhibit 11A

page 24,

“The witeup said that the maintenance

personnel suspected wiring, but that the system passed

all tests.”

transient |like this,

Is this the kind of thing that, you know,

that you' re talking about wth

your EM problens, vyour interference type of problens?

MR, HULM
these transients are
tal king mlliseconds

MR SWAI M

MR. HULM
some instances, so |

coul d be observed,

Vel |, without speculating too far,

very short in nature, you're
M11liseconds .

Yes. -- if not mcroseconds in

don’t think any — anything that

like a fuel flow neter problem

woul d not be as a result of these type of transients.

MR SWAI M

engi neer with the FAA

M. Hartonas, is an electrica

and | ooking at it from your

standpoint, | mean there’s the Boeing standpoint, and

you’' ve been doing your testing, and we’ ve been doing
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testing wwth the parties, which includes you, that the
FAA has got its own expertise, what do you see as far
as latent failures, or single-level failures that could
affect this fuel quality systen? Do you see anything?

Is there anything the FAA is doing that we're
unawar e of ?

MR, HARTONAS: The FAA has participated in
this investigation from the start, and we diligently
have gone out |ooking for possible ignition sources of
a latent nature. W could include failures of a |atent
nature, such as conductive debris in the tank, that
could bridge probes. W could say that the copper
sul fur may be of a latent nature, bridging probes.

MR SWAI M But if you have conductive debris
in the tank, and | know in our systens factual we
mention —

CHAI RVAN HALL: What is conductive debris
so, again, 1’11 understand?

MR SWAI M Ckay. If we have bits of netal
fromthe sunp or the bottom of the fuel tank that gets
pi cked up, and we found docunented in the factual
reports, the nine exhibits, that some, say, steel wool
and sone other netal were found in the fuel punps, so
I”m saying now, w thout the background, if some of that
safety wire, steel wool type of debris — what kind of
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problens could that create for the fuel probe, let ne
put it that way.

MR, HARTONAS: | didn't quite finish. |
nenti oned the copper sul fur perhaps being a dornmant
devel oping type failure, a latent failure, conductive
debris, in the sane category. Damaged wire insulation
also falls under the category, but you also need two
conductors to fail, or the insulation of two conductors
to fail.

Those in thenselves, those in thenselves
could not be an ignition source, could not spark an
ignition. You woul d have to have sone type of energy
getting into the tank, a hot short, perhaps, or an
i nduced transient, which could be — |ightening
produces such transients.

Those voltage sources, in conbination with
conductive debris, copper sulfur, the danaged wre
insul ation, or danaged probes, are the ones that could
present the conbination for a possible ignition source.
That is why the FAA has taken the prudent action, as we
have with the NPRM

CHAI RVAN HALL: Does that answer your
question?

MR SWAI M I think it does. It does

MR HULM I wonder if | could clarify one
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t hi ng, though.

MR SWAI M Pl ease.

MR HULM M. Hartonas referred to
lightening as being a possible source like this. |
t hi nk peopl e nmust understand that these airplanes are
protected against |ightening strikes. The proper
shielding exists on the wiring along the |eading edge
of the wing itself, and the structural design of the
airplane, which M. Thomas could speak of nore fluently
than | could, is designed to protect against |ightening
strikes, so in that instance | guess |I'd like to
clarify that. Qur systens are protected agai nst that
source of energy in the tank.

MR, HARTONAS: | agree with that statenent,
M. Hulm I was referring to the broken shield that
was discovered in the exhibits, certain shields tend to
deteriorate with tinme on the airplane. | just don't
like to specul ate on scenari os.

The NPRM in fact, is out for the coment
period, 90 days, and we'll review all the data and
findings in the conclusion of those 90 days.

MR SWAI M But let ne go to M. Slenski for
a noment. Is this a way that, | know I’m junping into
the aging panel, but is this the way that shiel ded
Wi ring brakes down, where the shielding can penetrate
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or sonewhat penetrate to the inner conductor?

MR, SLENSKI : Well, actually, that's an
interesting question, because you mght ask, why do we
put silver on copper anyway. W put it on there to
make it conductive, because copper oxidizes fairly
qui ckly, normally, silver stays fairly surface
conductive, and part of the shield integrity is to
mai ntain very low conductivity, it all interfaces in
connections .

So if you degraded that silver interface, you
could actually increase resistance of your shield, and
that would | ower your shielding capability, basically.

MR SWAI M Ckay. But one aspect of M.
Hartonas’s answer, could that provide us with a snall
spark gap, essentially, if the inner insulation is
breached by degradi ng shi el di ng?

MR, HARTONAS: W recommended the testing for
different scenarios in failing a shield. I think it’'s
part of the continuing investigation

MR SWAI M Ckay. Very good

MR, SLENSKI : What you’'re saying is possible,
no doubt about it.

MR SWAI M Has it been seen as a breakdown,
an agi ng nmechani sm of shi el ded—type wiring?

MR SLENSKI : The shielded wire, what | was
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referring to, there had been issues where |oss of
conductivity, if you re talking about breakage of the
shield, and sonehow getting arcing, | --

MR SWAI M O to puncture the inner
insulator with the broken shiel ding.

MR, SLENSKI : Now, what you’'re talking about
is the primary conductor shorting to the shield.

MR SWAI M Yes.

MR, SLENSKI : That’s definitely -- that has
been a probl em

MR SWAI M That has been. Thank you.

MR SLENSKI : I have seen failures associated
with that.

CHAI RMAN HALL: Do we have a picture of that,
with the shield, and a —

MR  SWAIM M. Johnson had a picture where
he had | ooked at the shielding, and they m ght be able
to flip that up. There is the shielding inside the
outer layer of insulation, inside that shielding is
anot her layer of insulation, and | should probably Iet
M. Slenski explain it, and M. Johnson, rather than
nysel f.

MR JOHNSON: I think what you' re pointing
out here is obviously the —

MR SWAI M The shield is sonmething on the
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wire 1it’s not something separate.

MR, JOHNSON: The shield is there to protect,
obviously from electrical shielding, but underneath
that shield is another primary conductor that’s also
insulated, and the scenario you're dealing with here is
if you penetrate that primary insulation, you could
actually have a short between the shield, which is
ground, and your primary wire, which may have a
potential on it, and | have seen that in the field, as
a failure.

CHAI RVAN HALL: Thank you.

MR SWAI M As a matter of clarification, a
guestion fromthe tech panel here, the Madrid 1976 747
that was involved in an accident, was that a simlarly
manuf actured airplane to the TWA 800 airplane, was that
of the sane vintage, do you know?

MR THOVAS: As far as | know, yes, it was a
very simlar vintage airplane.

MR SWAI M Very simlar along the
production, that they would have been wired
approximately simlar?

MR THOVAS: Yes.

MR SWAI M Ckay. In that one, do you
remenber, M. Thomas, what the cause of that accident

was, or M. Hartonas?
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MR, HARTONAS: | did not investigate that
accident; however, it was stated that it was due to
I i ghtening strike. How exactly it happened, | have not

read the report.

MR SWAIM  Very good. Thank you. M.
Thomas, do you have anything to add to that?

MR THOVAS: No. As far as | renenber, it
was attributed to a lightening strike. | don’t believe
any definitive ignition inside the tank was identified
fromthe |ightening strike.

MR SWAI M Very good. Since we have M.
Thomas again, we’'ve been dealing very heavily with —
well, let me ask one |ast question regarding the fue
probes .  We have two of the fuel probes that M.

Johnson showed us before we were renoved them from the
airplane, these are still in the airplane, and with the
wiring comng up beneath those fuel probes, there is
apparently little commonality to how the wiring is
routed to the fuel probe, up through the clanping, into
the term nal bl ock.

Is there a Boeing specification back in the
seventies that would have said, this is how you route
these wires into this field probe?

MR, COCLLI NS: The way that’s usually
controlled is that there are drawi ngs, a three-
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di mensi onal drawing of the probe itself, and it shows
the wiring going to it, and it should have been
standardi zed at that point in tine.

I"’mnot famliar exactly with what those
show, but as part of the series three term nal bl ock,
when we go in and | ook at these probes, we’'ll ensure
that we standardized the wiring to each probe so that
it’s non-interference will not cause any nore damage to
the wiring itself.

MR SWAI M In the service bulletin?

MR, COLLI NS: Correct.

MR SWAI M Ckay. Coul d you pl ease provide
us some kind of a description to how it was done, after
the hearing, as a followup action, provide us sone
kind of a record as to how it was done back then, would
t hat be possi bl e?

MR, CCLLI NS: Yes, sir, 1'11 try to find that
for you.

MR SWAI M Ckay. Thank you. M. Thomas, in
theory, or in actual history, actually, M. Collins,
I"msorry, what kind of punp failures could or in the
past have led to ignition of fuel tanks, that you're
aware of ?

MR, CCLLI NS: I"’m not personally aware of any
fuel tank explosions that were caused by fuel punps.
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The things |’ve investigated or dealt with --

MR SWAI M But in the literature?

MR COLLI NS: You tal ked about sone failures
earlier that the group had | ooked at under this
investigation, and that |isted sone areas where we have
concerns that types of failures may create ignition
sources inside the punp, and things |ike that, which is
why the punps are expl osion proof.

I mentioned earlier a reevaluation of fuel
systenms and part of that is to |look at the possible
mechani cal failures, contam nation being brought into
the inlet of a punp, and we will be requiring that the
sections of punps and heated tanks, or tanks near
heat ed equi pment, that those punps stay covered with
liquid, or have a flane arrester to preclude any flane
that may, or spark that may be in the inlet of the punp
fromigniting vapors. But I don’t know of any fromthe
stuff 1’ve looked at, that have actually occurred.

MR SWAI M Ckay. Larry is working on
bringing up a photo of material, foreign material found
in sone fuel punps, and | believe this is in the
exhibits.

Most of it is tank sealant, sealant fromthe
bottom corners of the tank, and it is nentioned, | know
in the factuals were nentioned pieces of netal found in
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sone of the punps or punp housings. Wat can this do
to the punp internally? |Is this something that is not
a problem M. Collins?

MR, COLLI NS: Sufficient contam nation may
lock the rotor, so the notor is trying to turn the
punp, and it can’t turn. That’s one of the basis of a
qualification test run, before the systemis
certificated to show that that doesn’t create
tenperatures, and that they create auto-ignition.

MR SWAI M Ckay.

MR COLLINS: W did |ook at sone punps in
this investigation that had contam nation in there, but
| don't recall any signs of damage to the punp, or
heard any reports of it causing ignition-type danage.

There were sone that were reviewed, and the
mai nt enance records where they had been renoved, and
there were foreign objects in the inlet, but | don't
recall the specifics of the renoval causes.

MR SWAI M Ckay. W have a picture up there
of tank sealant, | used that term w thout explaining
what it was. It’s the rubberized sealant that the
finger is pointing to.

M. Thomas, in fuel punps, how coarse of a
pi ece could get through -- well, is there a screen
bet ween fl akes of paint sealant from places like this,
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and the punp itself?

MR, THOVAS: Yes, there is.

MR SWAI M How fine or how coarse, actually,
of a piece could get through that screen?

MR, THOVAS: The screens on the |arger punps
are full mesh, which nmeans if you |ook at the
m crophone, you're looking at a nesh. If you could
have four of those wires per inch --

MR SWAI M A quarter-inch, essentially.

MR, THOVAS: Basically, it's slightly smaller
than a quarter-inch length of the wire sizes, yes.

MR SWAI M Ckay. So slightly less than a
quarter-inch.

MR THOVAS: Yes. On the scavenge punp,
there are 12-nesh, so a tenth-of-an-inch on the very
bottom of the scavenge punp, and then a quarter—inch
mesh, one inch up.

MR SWAI M Is it conceivable that a piece of
conductive debris could get through there, or netal, a
pi ece of metal could get through there and caught in
the inpeller, and through being rubbed agai nst the punp
housi ng, create a hot point, and that point, just going
sonmewhere, is that conceivabl e?

MR THOVAS: It’s hard to conceive of that.
Let me wal k through that process.
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MR SWAI M Ckay. Pl ease.

MR, THOVAS: You have the -- the punp is
running 99.99 percent of its tinme punping, doing what
it’s supposed to do, punping fuel. Mst of that debris
is probably washed into the punp, if you can inagi ne
smal | pieces going through a fine—-nesh screen, being
sucked by the fuel, being carried along by the fuel
into the punp.

In the case where the punp is -- so a jam at
that point, as M. Collins said, if you got into the
punp and jammed, the punp would stop, and the circuit
breaker would lull, and the punp would stop working, or
alternatively, snmall pieces would flow through the punp
inpeller, the inpeller has fairly |arge passageways
anyway, would flow on, and woul d eventually get caught
in the engine filters thensel ves. So that’s the norma
process that would take place.

If you look at the case where the punp is
dry, in other words, the tank is enpty, and the punp is
left running, which is maybe a few mnutes until the
flight engineer turns the punp off, the punp has a very
| ow suction capability to pull air through the punp.

W have a check valve on the discharge side
of the punp, which is specifically designed to nake
sure the punp can’t force air into the engine features,
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because the engine itself doesn't like air, it tends to
cough and burp.

So we nake sure that when the override punp
runs out of fuel, that check valve goes closed, so it
tends to be a natural protection against the override
punp, in this particular case, forcing air into the
engine, so that really makes the punp work as a very
poor air punp, it doesn't want to suck things up when
it’s running on air. So you kind of have this m xed
mat ch.

If I have a piece of debris being flushed
along by the fuel, it janms the punp, or the punp is in
the fuel. If you have a piece of debris when the punp
is running dry, then the punp can’'t suck the piece of
debris up into the inlet, so it tends to be self-
protecting.

1 could inmagine an extrenely renote case,
sonet hing happening in the |last two seconds, where the
punp runs out of fuel, but it’s an extrenely renote
case, | can’'t even imagine it happening, in reality.

CHAI RVAN HALL: Could we find out and
establish how nmany punps there are, what we referring
to, in the center tank?

MR SWAI M In the center tank? Go ahead,
M. Thomas .
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CHAI RVAN HALL: No. How many punps there are
in the whol e thing.

MR, THOVAS: Ckay. As | explained yesterday,
was it yesterday ——

CHAI RVAN HALL: I think it was, yes.

MR, THOVAS: — or the day before yesterday,
they have two override punps in the center w ng tank,
and a scavenge punp, there's three. Two are relatively
| arge punps that are designed to supply fuel to the
engines, and a very small punp, this size, which is the
scavenge punp, that is designed to pick up the remants
of the fuel in the bottom of the tank, where the big
punps can’'t pick up thensel ves.

CHAI RMAN HALL: So all this conversation

we just went through, does that apply to all three

punps - -

MR THOVAS: Yes.

CHAI RVAN HALL: — or just to the scavenge
punp ?

MR, THOVAS: It will apply to all three
punps.

CHAI RVAN HALL: Ckay.
MR SWAI M The point |I'’mgoing to here,
though, is we did find material in the punps, but

metal, and this rubbery tank sealant, and it has been
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found to not be beneficial for the punp. Wy isn’t
there nore of a screening put in there? Wuld it be
possible to put in sone type of a flane arrester, such
as we have for the vents out at the wing tips?

MR THOVAS: The short answer, where we
designed the systens, the interest was keeping |arge
pi eces of debris out of the punp, so the punp woul dn’t
get jamred by a large piece of the debris.

In looking at this whole accident, and trying
to say what else could we do, there was the question
that the Chairnman asked on Monday, what else could we
do to the airplane to help inprove it, we have started
| ooking at putting a kind of flame arrester
installation in the scavenge punp.

W' re testing that right now even as we speak
to try and determine the right configuration for that,
a flane arrester in the scavenge punp inlet.

That woul d provide protection against sone
strange ignition source that may occur in the scavenge
punp itself, even though we have no data in history
that says it happens. W're, again, extending
oursel ves over and above what we’ve done. W' re
| ooking at that very hard at this point.

The concern we have is, now, do we start
picking up lots of little pieces of debris on that
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flame arrester, which is a very small hole, it’s fifty—
or sixty-thousandth of an inch in dianmeter, a series of
themin alnost a honeyconb design. VWether or not we
now start accunmulating nore ——

CHAI RVAN HALL: Is this a phenonena, al so,

M. Thomas of aging, that the tank flakes, or does a
new tank flake, or have you ever |ooked at all that?

MR THOVAS: I’m not a seal ant expert, so |
really don’t know. I can certainly inquire of our
peopl e.

CHAI RVAN HALL: Yes. W're going to get into
the aging aircraft panel again, and | just didn't know,
is that sonmething that's —

MR, THOVAS: | don’t know whether it’s an
aging problem or snmall pieces of sealant. As the
phot ograph showed earlier, you kind of put the seal ant

around the bolts and along all the interfaces, whether

or not a small piece at the end will cone |oose, be
jarred loose, | don't know if that’s an aging problem
or not. I will certainly happily take an action item

to have it | ooked into.

CHAI RVAN  HALL: Thank you.

MR SWAI M W found a photo here of what
we’' re tal king about. There is the inlet and the screen
for the scavenge punp anyway. Now, | believe that one
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has a finer filler, does it not?

MR THOVAS: Yes. That’ s the 12-nesh. The
screen itself is approximately two inches high. The
bottom inch is a 12-nesh screen, and the
tenth-of -an-inch hole dianmeter at top is, | believe is
a quarter—of —an—i nch nmesh, the top one inch of the
screen.

MR SWAI M Are there any potential problens
with putting a flame arrester in this inlet? |’ m not
trying to appear beneficial to you, it’s just that 1'd
hate to go through this accident investigation and do
ny next one, because the flane arrester created a
probl em

MR. THOVAS: As far as the scavenge punp is
concerned, the biggest question is how quickly would
t he screen plug up. In other words, you're changing
fromthis normal kind of screen to a finer dianeter
screen, would it plug up and cause additional
mai nt enance probl ens. | don’t see that there’d be a
safety issue.

MR SWAI M But this is the exterior of the
tank, right?

MR THOVAS: This is the inside of the tank.
No, sir. This is the inside of the tank.

CHAI RMAN HALL: So this part is inside,
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because that scavenge punp, part of it’s outside the
tank, right —

MR THOVAS: Yes.

CHAI RVAN HALL: -- but this is inside

MR, THOVAS: Yes. This is, basically, you
can |l eave the picture there, this tube that you see in
the picture, this thing is alnost imediately in the
m ddl e of the tank, centered in the tank. The tube
itself runs aft to the rear spar, so it’s about six— or
ei ght—foot run of tubing to the punp itself, and what
we're looking at is, can we put a flane arrester in
that tube that will provide additional protection and
enhancenent to the design.

CHAI RMAN HALL: So it wouldn't be where you
could clean it out, really.

MR, THOVAS: You would have to go into the
tank to clean it, and that’s the issue | was
addr essi ng.

CHAI RVAN HALL: Did | keep hearing you-al
say that it’s bad to go into the tank? Can soneone
explain in the sinplest terns possible why it’s bad to
go into the tank --

MR THOVAS: I think that --

CHAI RVAN HALL: — other than | understand
you have to take the plane down, and enpty the tank,
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and do a |l ot of things. Is there a safety reason?

MR COLLI NS: The main concern we have is
causi ng damage, due to the tank entrance, to systens
that could | ater cause failures, danmaging wres, or
conponents probes.

CHAI RVAN HALL: So whoever is in the tank is
an unguided mssile, or sonething, and damagi ng things
that --

MR COLLINS: No, | didn’t say that, but
there is a risk any tinme you open a system for
mai nt enance

CHAI RVAN HALL: Ckay. That’s why -- | just
didn’t know whether it was sonething else. | thought |
understood that, but | wanted to be sure.

MR THOVAS: Al of the nechanics who are
allowed tank entry have to go through very specific
training for tank entry, it’'s a very confined tank.

Try and crawl into a fuel tank -- the 747 is a big
airplane, fairly short guys like nyself can stand up in
the center w ng tank.

The wing tanks are very small, they're very
difficult to crawl into, and there’'s just a general
phi | osophi cal concern of people just banging things as
they’'re trying to get out, and those kinds of issues.
The nechanics are trained to be very careful in doing
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so, but it is that finite risk of sonething happening.

CHAI RMAN HALL: Maybe the IM can tell us the
size of the person that goes in the tank. Go ahead,
Bob .

MR SWAI M kay. We found that this is a
conpensator in the bottom of the fuel probe in the
center tank of that derelict airplane we were
di scussing before, 105, and the wires hanging down to
the conpensator, and the tube that’s under, is to the
right side of the picture, it’s a greyish, silver tube,
has got a nunber of dents pointed out with the arrows,
S0 you can see, there is sone kind of possible danage
that we’ve seen in our investigation, which is
essential to what M. Thomas was sayi ng.

M. Collins, what are the requirenments for
protection of fuel punps from foreign objects?

MR, CCLLI NS: It’s a basic requirenent that
to perform their function between nmaintenance
intervals, and for the punps, there are no schedul ed
mai nt enance intervals, and if they don't create
failures, an adverse failure, stopping the function
safely would be an acceptable failure, for instance.

The cause of an ignition source is definitely
not an acceptable failure, so they have to be installed
to protect against any kind of adverse failures.
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MR SWAI M Ckay. A point of clarification
for M. Thonas. Yest erday, sonebody had nentioned the
vent system having a flanme arrester in the 747, the way
it was said, it was generic. Did the accident airplane
have a flane arrester systen?

MR THOVAS: No, it did not. It had the
equi valent of a flame arrester system known as a surge
tank suppression system This consists of a
photoel ectric cell |ooking at the tube from the
outboard, outside of the airplane, into the search
t ank.

That photoelectric cell is looking for a fire
comng in fromthe outside of the tank, out fromthe
at nosphere, outside the airplane, into the fuel tank.
The photoelectric cell is wired to, | believe it’'s
three Freon canisters that act as fire extinguishers,
so the intent of the systemis if it detects a fire
comng in fromthe outside, say in a ground fire
condition, it would fire those freon bottles and fl ood
the search tank with a freon fire extinguishing agent
and stop the fire from progressing into the rest of the
ai rpl ane.

The flane arrester was, in effect, a no
noving parts replacenment for that system The surge
tank suppression system had several problens of people
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shining flashlights up and saying, is this where the
systemis, and the photoelectric cell reacting to the
flashlight, and firing the system and the nechanic
than has to go in there an replace the freon bottles.

So those kinds of issues encouraged us and a
ot of the operators to switch to a flane arrester
system

MR SWAIM M. Collins, building on that,
what are the regulatory requirenents the FAA has to
prevent ignition fromcomng in through the vent
system or from going tank to tank through the vent
system

MR, CCLLI NS: The regulations requiring
flanes coming in the vent systemare really a
I i ghtening protection issue. There’s a rul e-maki ng
project to require flane arresters at the vent entrance
on the airplane, and that’s to protect against ground
fire effects coming in the vent system Again, that' s
a rule—-nmaking project, it’s not a regulation at this
tine.

MR SWAI M Ckay. Tank to tank.

MR COLLI NS: Tank to tank, the nethod of
preventing flames fromgoing to tank to tank is to
prevent a flame in a tank in the first place. There is
no requirenent to have any sort of tank-to-tank flanme
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arresters, or anything |ike that.

The problens inherent with that is when you
install a flane arrester in the vent outlet, you also
have to protect against clogging or freezing over with
ice of that vent flane arrester, so you need to have
relief valves during clinb and during descent, to
protect against over pressure in the tanks, or under
pressure during flight. So there is no regulation
requirement for flame arresters between tanks.

MR SWAIM  Very good. M. Chairman, it’s
been a long tinme comng, |’mcomng dowm to the end of
that |ist of questions.

CHAI RVAN HALL: Al right.

MR SWAI M I"d like to ask nmy fell ow nmenbers
of the technical panel.

CHAl RMVAN HALL: Al right. Dr. Birky, do you
have any additional questions?

DR BI RKY: I have a couple, if | mght.

CHAl RVAN HALL: Al right.

DR BI RKY: The first one is, I'd Iike to go
back to M. Hulma little bit, and | guess |’'m m ssing
sonmething in this RF induced voltage experinent you
were doing with 75 feet of wire. Wat were you trying
to sinulate with that experinent?

MR HULM W were just stressing the system
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to a very high level to see what woul d happen in the
tank under normal operating conditions and under
failure conditions. W weren't necessarily trying to
simul ate any known airplane environnent. W were
taking a past, what we know today, and trying to find
out if there’s sonething else we don’t know about.

DR. BIRKY: And that wire bundle that you --
you had this FIQS wire running in, do you have
sonething that turns off at a high enough rate that you
used as — relate to do, switching on and off?

MR HULM The wire that induced the voltage
onto the FIQS wiring itself, that wire is hooked up to
a switch, which is hooked up to a relay, so we could
turn on that relay and turn off that relay, and every
time we did that, that induced a very short voltage --

DR BI RKY: | understand that.

MR HULM " m sorry. Maybe 1’ m m ssing your
question then.

DR Bl RKY: Well, | guess, isn’t that induced
vol t age dependent upon the rate at which you turn the
power on and off, the voltage?

MR HULM  Well, the switch tine is what's —
we used the standard switch, and that’s really what
controlled the rate of change between —

DR Bl RKY: So you nmanual ly used the sw tch,
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you didn’'t use the re-power relay for that.

MR HULM  Well, vyes, it was just a nornal
switch, with a spring contact on it, and that had a
certain transition tinme, and that’s the what then
controlled the length of the transient that was being
i nduced onto the wring.

DR. BIRKY: And you were able to get 1,600
volts in the experinent, is that correct?

MR HULM W had a very |arge power
contactor—-type relay, that’s the kind we were using, |
nmean a very large relay coil attached to that wring,
yes. We were able to generate up to 1,600 volts.

DR BI RKY: What was the primary voltage
again, |'ve forgotten, 32 or 28 volts, is that correct?

MR HULM It was a 28-volt relay coil, yes.
It was a 600 mllianmp coil. That’s the rating of the
cross electric current that it took to actuate the
coils, which is a very large rel ay.

DR. Bl RKY: Wll, the size of the relay
doesn’t determ ne how nmuch voltage you get induced in

that, does it?

MR HULM  Well, it will determne the actua
length of it, because it will store a |lot nore energy,
right? So that particular coil itself was generating

very large, very long transients.
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DR BIRKY: (kay. Well, we can pursue that
later --
HULM Ckay.
Bl RKY: -- privately, | think.

MR.
DR
MR HULM Yes, sir.

DR BI RKY: The second question | had was
dealing with, yesterday we talked about this inspection
system | don't think we asked you what were the
primary findings, what you did find from those aircraft
you inspected, the 52 aircraft you inspected to date.
You gave us a conclusion fromthat, but you didn't tel
us what you found in those 52 aircraft.

MR HULM  What we did find was that a large
majority of the airplanes net the origina
manuf acturing specification, and of those that didn't,
there were none that exceeded a hazard level for the
airplane that would result in sone sort of an ignition
source in the tank that we were concerned with.

What we're finding fromthe airlines, in
their report back, and what we have in our information
is that as they do these neasurenments, and they record
the data for us, if it doesn’t neet the origina
manuf acturing specification, which allows a certain
anount of degradation before you hit any sort of hazard
level, is that they re—work the bond or the ground back
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to the original manufacturing specification, and that’s
the kind of data we’'re getting back.

DR. Bl RKY: So sonme of the wires you
i nspected did not have proper grounding on conponents,
is that what |'m hearing you say?

MR HULM It’s nostly a matter of degraded
bonds or grounds, is that they ve kind of slid over
time, which is kind of to be expected. Most of them
had stayed within, but over tinme they ve just slightly
drifted out of tolerance.

DR BI RKY: How woul d you decide if they' re
out of tolerance that they would not be a risk or an
i ncreased hazard to an ignition?

MR HULM That’'s a detailed analysis. W
have an entire group working on the data itself, and
reviewing all of the information com ng back from the
airlines, and we | ook at each installation
individually, and determ ne exactly what the particular
bond or ground was there for, and based on what’s
there, whether it’'s static, then we evaluate if it’'s
still within acceptable Iimts or not, and we’ ve found
everything so far within acceptable limts.

DR Bl RKY: | thought you said some of them
were outside the —

MR HULM They were outside the original
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manuf acturing specification. I mean there’'s still a
buf fer between that and sonething then that would
result in an ignition — if it goes slightly out of the
manuf acturing spec, it’s not a hazard to the airplane.

DR BI RKY: Do you have a criteria by which
you nmake those decisions, whether they are a risk or
not, or when you go back and re-do it, the bondi ng?

MR HULM  Well, we nake them -- the
instructions in the service bulletins thensel ves say
that, because the original manufacturing specification
says to go ahead and re-work it, so we don't say, well,
if it’s this nuch above the original manufacturing,
then you can leave it alone, we just say bring it back
down to the original condition, when it was as the
ai rpl ane was delivered.

CHAI RVAN  HALL: Now, that’s over tinme.

What’'s over time? Can you put a definition on that?

MR HULM  Well, we’'re inspecting the entire
747 fleet, so it’'s — right nowit's 30 —

CHAI RVAN HALL:  Wien woul d have been the | ast
time they checked? Wre they checked on G checks?

MR HULM These particul ar bonds and grounds
are never checked in the tank.

CHAI RVAN HALL: Never checked

MR HULM That’s correct, sir.
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DR. BI RKY: I have no further questions.

CHAI RVAN HALL: Thanks . Let ne understand
this, you nean the things inside the tank that are
supposed to be grounded are never checked.

MR HULM If a conponent is renoved for any
sort of nmaintenance —

CHAI RVAN  HALL: Then it’s checked.

MR HULM — and it has a bond and ground,
once that's installed back in, it has to be installed
per the manufacturing drawing, and all the other bonds
and grounds are not checked on it, as far as | know.

CHAIRMAN HALL: What's the air force policy
on that, do you-all know?

MR, SLENSKI : I’m not aware of the air force
policy on that.

CHAI RVAN HALL: Coul d you find out for ne,
M. Slenski?

MR SLENSKI : The question is: Do we check
bondi ng inside of tanks?

CHAI RVAN HALL:  Yes.

MR SLENSKI: W' Il try to get the
i nformation.

CHAI RVAN  HALL: If youcould, | would
appreciate it.

DR LOEB: \Wat he neans is other than on
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condition, | nean is there sonme periodic --

CHAI RVAN  HALL: Schedul e of mai ntenance.

DR. LCEB: — or schedul ed nai ntenance that
| ooks at those issue.

MR, SLENSKI : The question then is concerning
schedul ed mai nt enance.

DR LOCEB:  Yes. | mean he understands that
obviously if there is a problem then it’s |ooked at,
but other than on condition, is there any kind of
schedul ed or periodic —

MR SLENSKI : 1'11 see if we can get the
i nformation.

CHAI RVAN HALL:  Thank you.

MR SWAI M I had a question from sonme of our
col | eagues here. M. Thomas, do you have any history
that you know of, of a cracked punp body? |'mgoing to
cone to M. Collins next.

MR THOVAS: No, | do not. No.

MR. SWAIM No. kay. M. Collins, can you
think of any actual cracks in the punp housing that
breaches the punp housi ng?

MR, CCLLI NS: No, but you’'ve rem nded ne that
there was a condition on another airplane, it’s not one
that | work, but there was a part of the inlet that was
separating, and that’s the subject of an airworthiness
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MR. COLLI NS: Yes, | believe so.

839

CHAI RVAN HALL: M. Swaim where are you on

guestions now?

MR SWAI M I’ m readi ng one fromthe back

row, |’ m about done.

finish up,

CHAI RVAN HALL: Ckay. Because 1'd like to

and let’s give the parties a chance, and

like to take a break before we do that.

MR SWAIM  Absol utely.

MR. COLLI NS: The diffuser

, 4as

" d

| recall, we

have an AD out that requires carrying a certain anount

of fuel,

way if there is any sort

t her e,

to, again, keep that inlet

it

covered --

MR SWAI M Ckay. Thank you.

MR COLLINS: -- so it’s never

woul d not cause fire.

MR SWAI M Ckay. Thank you.

CHAIl RVAN HALL: Al right.

dry, and th

of degeneration or spark in

That’'s it.

Vell, we want

at

to

be sure we give the parties anple time to question this

panel ,

but

we'll take a break until

4: 15,

reassenbl e back here at 4:15, pronptly.

recess .
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(Thereupon, a short break was taken, after
which the follow ng proceedings were had:)

CHAI RMVAN HALL: We will reconvene this
hearing of the National Transportation Safety Board.

W are in the mddle of a discussion of our second
panel, on ignition sources. W have just conpleted
guestions by the technical panel, and the Chairnan has
one clarification that he'd like to get wwth M. Thonas
before we proceed to the parties for questioning.

M. Thomas, as you know, there was a 747 that
was in a fatal accident on May 9, 1976, in Madrid, that
| think was one serial nunber off of the TWA 800, or a
sister ship on the line at about the sane tine, if
that’s correct, or --

MR, THOVAS: I don’t know the exact spacing,
but they were very cl ose.

CHAI RMAN HALL: They were cl ose together.

MR THOVAS: Yes, sir.

CHAI RVAN HALL: That was a fuel air explosion
that was -- the Board did not do the investigation, but
we were, if | understand, a party to the investigation,
and the cause was |ightening, and you nentioned that
Boei ng had taken sone steps, and | think because
there’s been so much conversation about that particular
accident, it mght be good for you to just briefly
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mention that, and what Boeing has done since that tine
on lightening protection on the 747 —

MR, THOVAS: Ckay. Certainly.

CHAI RMAN HALL: — so we don’t |eave any
doubt in the public’s mnd in that area.

MR THOVAS: Ckay. 1'"11 try and do that.

Yes, the airplane, the Mdrid airplane was struck by
l'ightening, the probable cause was an ignition, or sone
kind of ignition, | believe in the outboard main tank.

| don't renmenber the exact details.

Subsequent to that accident, although it was
est abli shed where exactly the ignition source was
i nside the fuel tank, we went through the design very
carefully to look at possible ways we could get energy
froma lightening strike into the fuel tank.

The fuel tank itself is a big alum num box,
which acts as a Faraday cage to keep — basically to
carry the lightening currents down the outside of the
tank, rather than allowng currents to go into the tank
and cause any kind of problem

W also had, if you will, a failure in that
nmechanism to keep the lightening strike currents on the
out side of the Faraday box, so when we went through, we
shielded the FIQS wiring, there’'s sone short run of
wiring in the |eading edge, we shielded that wring,
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there was a question over whether there were sone
| eakage of induced current, as we’'ve been tal king about
in the last session, propagating through the plastic
access doors. W changed those access doors.
| believe there was a question on one of the

valves in the rear spar, as to how it was bonded, and

we corrected that. Al of those actions were AD d on
the airplanes, and | presune, | don’t have the data,
but | presune that the TWA airplane was covered by

t hose Ads.

CHAI RVAN HALL: You have not had any
difficulty with that problem since then, since you made
t hose changes, that you' re aware of --

MR THOVAS: No, no.

CHAI RMAN HALL: -- through your current
system that you-all described the other day —-

MR THOVAS: That’s correct.

CHAI RMAN HALL: — where you-all were
notified of problens. Very well.

MR THOVAS: M. Chairman, while | have the
m crophone, can | —

CHAI RVAN HALL: Sure.

MR, THOVAS: | realized as | got off the
podi um here, | had not finished ny answer to M.
Swain’s question on flane arresters.
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CHAI RMAN HALL: If you woul d reacquai nt us
with the question then, so we can —

MR, THOVAS: The question was to do with
putting flame arresters in inlets of punps.

CHAI RVAN HALL: Ri ght

MR, THOVAS: W went in length describing the
scavenge punp and its function, and where it was in the
tank, and putting a flanme arrester in the scavenge punp
inlet, and the question was, were there any problens
associated with putting a flane arrester in the inlet
of a punp to provide additional protection to that
punp, and | answered the question that the scavenge
punp, the only question would be plugging that flane
arrester with debris, and the need to go into the tank
to clean out the flane arrester on a regular basis.

If you apply that same argunment to the nmain
boost punps that supply the engine, you now have a
very, very different consideration, because now you
have the potential for plugging the boost punps that
feed the engine with debris, you also have the
potential of plugging that flame arrester with ice.

A normal way of getting rid of water that
comes — we bring water on board when you fill the
ai rpl ane, sonme anount of water cones in, a |lot of
wat er condenses from the airplane descendi ng. The
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normal process for us renobving that water is to use a
scavenge system that picks up water from the bottom of
the tank, and actually throws it into the engine, into
the punped inlets, so that water goes at a very fine
mst into the engine, it gets consuned by the engine,
but at a slow enough rate that the engine doesn’t know
it’s happening.

If you put a flanme arrester in that punp
inlet, you now have a very high probability of plugging
that flane arrester with ice, and then the punps would
choke, and we basically woul d have an airplane without
boost punps running. So it’s a very different
situation between a scavenge punp, which is, in effect,
a secondary feature of the airplane, and the main
engi ne feed systens, it’s a very different question.

I want to nmake sure the record reflected that.

CHAIRVAN HALL: And | think it’s very, very
appropri at e.

MR SWAI M Thank you.

CHAI RVAN HALL: Thank you, M. Thonas.

MR COLLINS: M. Chairman --

CHAI RVAN HALL: Yes, M. Collins.

MR, COLLI NS: — if | may correct a statenent
| nmade earlier, too, when M. Swai m asked ne about the
requirements for installation of fuel punps in
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transport airplanes, | neant to nmention the requirenent
for -- there is a requirenent for inlet screens on
boost bunps, and we tal ked about the screens, but there
is a federal requirenent for that, also.

CHAI RVAN HALL: Ckay. Very good. Thank you.
Now, |I’mtrying to renenber where we left off. It is
Honeywel |, Inc.” s time up at bat. Honeywel I, Inc., do
you have any questions for this panel?

MR, THOVAS: Thank you, M. Chairman. No, we
have no questi ons.

CHAI RMAN HALL: Crane Conpany Hydroair, do
you have any questions?

MR, BOUSHI RE: Thank you, M. Chairman.

Crane Hydroair has no questions.

CHAI RVAN HALL: The International Association
of Machinists and Aerospace workers, and | assune that
you-all represent sonme of the machinists --

MR LI DDELL: Yes, sir.

CHAI RMAN HALL: -- the nechani cal people who
get inside the tanks.

MR LI DDELL: Yes, M. Chairnan.

CHAI RMAN HALL: Do you have any of those
folks at the table that actually do that work?

VR LI DDELL: Speaking to you.

CHAI RVAN HALL: Very good. Well then I'm
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sure you nust have sone questions, or maybe you can
help us and clarify anything you hear that we’ve been
di scussing today, that may or may not be correct,
because you have actually been inside a center tank.

MR LI DDELL: Yes, sir, numerous tines.

CHAI RVAN HALL: Well, please, proceed.

MR LI DDELL: Yes, sir. My first question is
for M. Swaim Do you happen to know if the aircraft
93105 was in an airworthy condition?

MR. SWAIM No. As | had nentioned
repeatedly, but 1’11 be happy to say it again, to our
best knowl edge, that airplane canme in -- the
information, as a matter of fact, you provided ne, was
that the airplane had cone in for a de-check, that’'s a
very heavy maintenance check, and |'m sure you know the
interval better than | do, M. Liddell, the airplane
had cone in for a heavy naintenance check, and while it
was in for maintenance, they decided it was no |onger
economcally viable to keep operating it, and it had
been parked alnbst two years before we examned it, and
| don’t think you were there when | was in it, but you
had one of your associates with ne.

MR LI DDELL: Yes. Do you know how long it
was sitting open, and what condition it was in? Ws it
in a preserved condition?
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MR SWAIM Nb. It was not in a preserved
condi ti on. | was told when | was there that it had
been opened up in the — as a matter of fact, when we
were | ooking at probes and testing the previous
Sept enber, Septenber or Cctober, | believe it was
Septenber, and that was, | believe, and this is in
answer to the Chairman’s question, in April.

VR LI DDELL: Coul d you give us a short
description, or tell us what is the purpose of the
volunetric shut-off valve? O maybe M. Hulm could
tell us.

MR SWAI M I think that’s a nore appropriate
guestion for the manufacturer. M. Hulm

CHAI RMAN HALL: Did you hear M. --

MR THOVAS: Let ne make sure | heard the
questi on. What is the purpose of the volunetric top --

MR LI DDELL: Yes, its purpose and operation.

MR, THOVAS: The purpose of the volunetric
top-off systemis to shut off the fuel flow into the
tank when you' re fueling the airplane. The gaugi ng
systemis, in effect, reading pounds. At sone point,
when you' re trying to put in, and | can exaggerate
here, if you're trying to put in 100,000 pounds of fuel
into a tank that only holds 80,000 pounds, you can't do
that, because you' re going to basically dial in that
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amount .

If it’s a very light fuel, like JP-4, you try
and put in 80,000 of fuel into a 80,000 tank, it may
not go, there may not be enough volunme in that tank for
light fuel, to actually take on board that nuch fuel.
The volunetric top-off is really intended to protect
the tank fromoverfilling, when you deliberately try
and put a lightweight fuel into the tank, and try and
actually put too nmuch fuel into the tank.

VR LI DDELL: So would it be fair to say that
this device would shut off periodically to prevent that
condi tion from happeni ng?

MR, THOVAS: It would normally shut off, as
far as I know, when the fuel is very close to the top
of the tank.

MR LIDDELL: M. Chairman, if you want to
know the procedure for entering a fuel tank, we'll go
t hrough that now.

CHAI RVAN HALL: Pl ease.

MR LI DDELL: Ckay. Before an entry into a
fuel tank, it has to be open and vented, and purged of
all fuel funes. In sone cases, you do enter it with
fuel in it, but nost cases in a de-check, and in the
di scussion we had --

CHAl RVAN HALL: Well, tell us what -- do you
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know what de-check, how often that is?

MR LI DDELL: De-check is usually three to
four years, depending upon the operational hours of the
carrier.

CHAI RVAN HALL: Sonmebody can answer that.

How many hours is a de-check? Does it depend on --
does TWA know how often you do de-checks?

MR YOUNG W do it on calendar tine, M.
Chai r man

CHAI RVMAN HALL: On cal endar tine. Ckay
Thank you.

MR LIDDELL: After this is done, entry is
made into the tank. It’s not so much how tall you are,
the entry is about two-by-three feet, sem-circular.
Once you get in, you have no light. The pictures
|’ve seen around here show the center tank lit up to
where you could see everything. Al you can see is
what’s in front of your face with a flashlight.

If you have people that get claustrophic,

t hey have a condition. In a closed environnent it
takes two people to go in and do this task, plus one on
the outside to hel p anybody who gets sick inside, out.

Then once you go in, you can’'t see. The
reason the FAA and Boei ng have an adversity of people
going in and out of center tanks is, if you can't see
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anyt hing, you can danage it, you can hit it with your

feet, and then you may not even know that you’ve

damaged it. It usually takes, for a center tank, eight

hours work for two nmen to inspect, not fix, just to
find out what’'s w ong.

CHAI RVAN HALL: Well, that's very hel pful,
M. Liddell. That gives us a good understandi ng of
what’'s required there. So the whole thing is dark.

MR LIDDELL: Yes. Conpletely dark. There’
no light at all. It’s void of light.

CHAI RMAN HALL: You' ve got your flashlight,
and that's it.

MR LI DDELL: Right in front of your face
only, as far as you can see.

CHAI RVAN HALL: Ckay.

MR LI DDELL: I have no further questions,
after that.

CHAI RVAN HALL: Anything el se that you-all
that work on these tanks, you know, that need to be
added or asked of this panel?

MR LI DDELL: Not at this tinme.

CHAI RVAN HALL: The rest of the information
that’s been told is fairly accurate.

MR LI DDELL: Yes. Thank you.

CHAI RVMAN HALL: Thi s whol e panel -- has
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anyone on the panel been in a tank? Al right. Trans
Wrld Airlines. Capt ai n?

MR YOUNG Thank you, M. Chairman, TWA has
no questions at this tine, and | have not been in a
t ank.

CHAI RMAN HALL: Ckay. Nei t her have I, sir,
and although I think we have, several of our fol ks now
have been. M. Steeter, wth the Federal Aviation
Adm ni stration.

MR. STEETER Yes, M. Chairnan. I"d like to
start off with some itens here for M. Johnson. You
showed a picture up there of a wire with an exposed
conductor, and discussed the residue that you had
pi cked off of that wre. I wasn’t clear on that, |
knew that that was a wire fromthe accident aircraft,

but was it fromthe center wi ng tank?

MR JOHNSON: | can’t answer that right at
t he nonment. | didn’t pull all the captioning fromthe
report. The image is in the docket with the report

that we submtted, you may be able to tell fromthe
information included there, but I don't have it wth
me, in front of me right now.

MR STEETER Ckay. But it was fromthe
accident aircraft.

MR JOHNSON: Yes. It was from the m shap
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aircraft.

MR STEETER. Al right. Now, again, for M.
Johnson, and this now goes to the fuel probes that cane
of f of the out-of-service aircraft, where you showed us
the pictures of the deposits that had been discovered
on there. Wth this aircraft out of service, |I’'m
presuming that it was defueld and the tanks were opened
up, do you know that to be the case, or not?

MR, JOHNSON:  No. That wasn’t information
that was provided to us.

MR STEETER: Ckay. Can M. Swai m answer

that one? Was the aircraft in a defueled condition

Bob?

MR SWAI M Essential ly. There were puddl es
in the tank, and the tank still had a pretty good
snel | . It wasn’t as bad as going into a tank that had

just been taken out of service. Essential ly, defuel ed,

yes.
MR. STEETER So it did still have vapors in
it then, correct? | mean you said you could snell it.
MR SWAI M It had a snmell to it, a strong
snel | .

MR. STEETER The reason |I’m asking is, |I’'m
wondering, M. Johnson, if you have any idea whether or

not — I'’mtrying to understand — the sulfur comes
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fromthe fuel, is that correct?

MR JOHNSON: Yes.

MR. STEETER Ckay. So if you had sul fur
deposits on there, and then the probe ended up for two
years not being imrersed in fuel, does that have any
effect on the buildup that you were seeing there, does
it continue to grow, or does it becone static, does it
recede, or what effect does the dry air have on it?

MR JOHNSON: [ m not sure. | don’t know
whet her M. Slenski mght have sone --

MR, SLENSKI : Vell, | think you have to have
t he continuous source of the sulfur to continue to grow
the filmon there, so | think it would depend on the
concentration of the vapors, of the fuel in the tank,
and the residuals that may be left in there.

But | would think pretty much you’d have to
al nrost have imersion to continue to build up this
film and | think you alluded to this previously, it's
also, fromwhat we’ve seen, and this is sonething that
probably has to be studied nore, the potentials being
applied to these circuits nmay accelerate this whole
process.

You set up fields, and, again, we nention
this as a corrosion process, and whenever you apply
voltage in there, you can accelerate those types of
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processes.

MR. STEETER: Ckay. So you woul d expect
then, if | understand you right, that once the
imMmersion is no |onger occurring, whatever buildup you
had on there would be static, at least, it would not
gr ow.
SLENSKI : It would definitely --
STEETER Ckay.

SLENSKI : -- | would think

3 3 3 %

STEETER: Ckay. Under st ood. Thank you,
sir. M. Hulm there was a little bit of discussion
earlier on the MLSPEC, and you referred to the three-
inch rule when we were tal king about whether or not you
needed to ground or bond a clanp. My question is: |

t hink you describe that as any dinmension |ess than
three inches requires no bonding. Could you clarify
that? For exanple, if | had a clanp that had a tota

of a six-inch circunference, but it was only half-an-
inch wide, would I have to bond that?

MR HULM | guess to answer your question
what 1'd like to do is, we’ ve got bonding and grounding
experts within the conpany that do this kind of thing,
rather than trying to me answer it here, |'d rather get
the answer to you --

MR. STEETER That would be fine, sir.
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2

HULM — if that’s okay.

MR STEETER Yes. That woul d be fine.
Thank you.

MR SWAI M O course, we'll be getting a
copy of that, right?

MR HULM  Yes, sir.

MR SWAI M Ckay.

MR STEETER: ["m sorry. That’ s what |
meant . I was hoping it would go to the right --
CHAl RMVAN HALL: Well, if you d supply that

for the record, we’'d certainly appreciate it.

MR. HULM  Yes.

MR STEETER. And that’s where we need it,
sir. Now, either from M. Hulmor M. Thomas, and |
believe it was M. Hulm who said that there was no
specific requirenent to inspect any of the bonding
points, or anything like that, in the tank.

However, when you do have a situation where
you know you’'re going to go into the tank for sone type
of maintenance, such as that of a de-check, does Boeing
have any policy in there, in maintenance guidelines,
regardi ng zonal inspections, and things |ike that?

MR HULM Maybe |vor can answer that
guestion better than | coul d.

MR, THOVAS: To the best of ny know edge
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there are requirenents when you do a de-check, when
you're doing a heavy maintenance check. As | said
earlier, you're in the tank, |ooking at the structure,
| ooki ng for deep cracks, those kinds of things. There
is a requirement to do a zonal check on the system to
| ook around to see if everything is in working order

There are other requirenents that probably
others can probably get into better than | can, in
terns of checking things |ike the behavior of check
val ves on the punps, make sure they’ re working, which
requires breaking into the system and restoring it.

So there’s a regul ar naintenance program goi ng on.

The specific bonds, |ike a grounding slab, is
the area where we’ve said, you know -- they’'re designed
to be a good ground for the life of the airplane, and
so the question that we’'re trying to answer in these
inspections is really, does the data in the fleet
confirm that those grounds work for the life of the
ai rpl ane.

MR. STEETER. Al right. Thank you, sir.

MR JOHNSON: I have a bit of additional
information relative to your question about whether
that inmage we showed was from the center tank. W
still don’t know that, but possibly someone prseent
may.
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That was taken from sanpl e nunber 29, out of
the sanple bag, or from a probe nmarked by soneone
previous to us, with an identification nunber 29. So |
see sone digging going on, we nay be able to cone up
with an answer for that for you.

MR. STEETER: Well, while they re checking
the data base over there, sir, if | could refer again
back to M. Johnson for one other item The picture
that’s right behind M. Hartonas there, of the damaged
wire | believe when you showed the full diagram up on
the overhead, that there was a graph of the -- a
spectrographi ¢ analysis that was done on that.

MR JOHNSON: Yes.

MR. STEETER I’m not sure, but | believe
there was a peak off to the left side of that graph.
Was that a carbon peak?

MR JOHNSON: Yes. I think that’'s what it
was .  The real tall peak off on the left.

MR STEETER Yes. That’s correct.

MR JOHNSON: Yes, it was.

MR. STEETER Now, what’'s the significance,
if any, of the carbon peak, and ny concern is, does
that indicate any signs of any arcing of any type?

MR SLENSKI: No, that doesn’t. | don’t
bel i eve so. First of all, the analysis here, as we've
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nmenti oned before, is EDS, you talked a little bit about
this .

What that does is analyze the surface and a
smal |l bowl wunderneath the subsurface, and the full
polyner is made out of a carbon chain. So what we’'re
| ooking at is the carbon makeup of the Teflon.

MR STEETER | see.

MR, SLENSKI : W did not do surface anal ysis,
which there are techniques available, that would be in
the first couple atomc layers, but | don't believe --
1 think what we’re looking at there is just a Teflon --

MR. STEETER So that’s sonething that cane
out of the insulation then, in effect.

MR SLENSKI : That’s correct.

MR STEETER Ckay

MR JOHNSON:.  And in |ooking at that
particul ar damage site very carefully, under fairly
hi gh magni fication, there was no evidence of nelting,
or beading, or anything that you mght associate with
an arc having been present at that site.

MR STEETER Ckay. | under st and. Thank
you, sSir. Chairman Hall raised sone obvious points of
concern about whether or not the FAA and the air force
were sharing information, and you did nmention that you
had been to a neeting with the FAA, so |I'’mtrying not
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to leave an inpression that that was one neeting.

Do you work fairly regularly with the people
at our Fire Safety branch at Atlantic Gty?

MR SLENSKI : I’ve had considerabl e contact
wth a M. HIIl and a Pat Cahill. \Wen we' ve had
i ssues, we’ve discussed it over the phone. O course
with the NTSB investigators, this is not the first NTSB
i nvestigation we’ve done, so we’'ve worked in other
projects, and there has been a cross—fl ow of
i nformation.

MR STEETER Ckay. Have you ever had any
difficulty that you are aware of between the air force
and the FAA, as far as sharing of information in safety
matters?

MR SLENSKI : In my personal experience,
absolutely not. W’ve had a fairly good relationship.

MR STEETER Al right. Thank you, sir.

M. Collins, there have been nunerous tines,

di scussi ons about the agency’s concerns, and Boeing
made it obvious, too, about their concerns about
getting into the fuel tanks too often, and you

di scussed the problens of potential damage to
conponents in the tank, and | think we had sone photos
up there that showed that. Is there also an issue
regarding the introduction of debris into the tank, in
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t hose cases?

MR JOHNSON: Yes, there is, and here has
been evidence of that found in the tank, of debris
brought in.

MR STEETER: Is there concern there, again,
because that could be the type of debris that sets up
these potential failure scenarios?

MR JOHNSON: Yes. There coul d be bl ock
wire  for instance, that gets stuck on a piece of
clothing, or sonething.

MR. STEETER Ckay. That’s all | have, M.
Chai r man. Thank you.

CHAl RVAN HALL: Thank you, M. Steeter. Is
that the only way to get in that tank, is just with a
flashlight, 1 nean with lighting and video caneras, and
all the things that are available these days, is that
how it’s done, M. Liddell?

MR LI DDELL: Yes, sir, it has to be
physically done by people.

CHAl RVAN HALL: Vell, I'mnot trying to get
rid of your job now, I'mjust saying, it would seemto
me if you went in there with nmore lights, and a video
camera, or sonething, then you d have sone record, |
don’t know, | was just --

MR LIDDELL: Well, you would have the
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probl em of flanmmability, you d have the funes --

CHAI RVAN HALL: Fl ammabi lity, and |ights.

Ckay. Well, that’s explainable.

MR, THOVAS: Coul d you put that view up
again, it's particularly —

CHAI RVAN HALL: Yes.

MR THOVAS: If you look at it, there’'s a
person on the right-hand side of the screen, there's a
pencil pointing at the hole, that is the hole you have
to crawl through, right there, to get into the tank,
and that’s typical of any of our fuel tanks.

MR SWAI M And, of course, you're doing this
on top of a |adder, hanging above the ground, probably
what, ten feet over, and you basically have to do the
Fosberry Flip in there. It’s not an easy hole to clinb
t hr ough.

CHAI RVAN HALL: Are people specifically
trying to do this, M. Liddell?

MR LIDDELL: Well, specifically trying, if
you get the job, and you' re given training on how to
get in, sonmebody shows you how, yes, sir.

CHAI RVAN HALL: And what to | ook for.

MR LIDDELL: Wat to |look for, and what not
to do.

CHAI RVAN HALL: Good. Al right. The Boeing
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Commercial Airplane G oup.

MR, RODRI GUES: No questions from Boeing, M.
Chai r man.

CHAI RVAN HALL: Ckay. The Airline Pilots
Associ ati on, Captain?

CAPTAI N REKART: Thank you, M. Chairnman.
M. Gerken, many hours ago you described the static
electricity generating tests and their results, and
just a few questions concerning how representative your
setups were of the actual aircraft configuration and
operation. Was there any attenpt to replicate the
conditions of TWA 800, specifically the fuel pressures
that you were |eaving, versus the punp pressures that
were generated by the fuel punps in the airplane, and
the test sprays versus the tank geonetry? |[|’ve got a
couple nmore, but if you take those two first, 1’11 cone
back.

MR, GERKEN: It has been several hours ago.
Pressure, we varied that through a whole real m of
different pressures, from ny understanding, 25 psi was
used, which is very simlar to pressure in the fuel
lines, the orifices, we used eight to ten different
types of orifices, fromregular whole oracies, slots,
there’s a whole host of them | don’t know those right
now, but to try and duplicate different types of | eaks.
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The jet fuel that we used to start the whole
experiment on phase one was Jet A from JFK, and we did
vary the fuels throughout the experinent.

CAPTAI N REKART: You tal ked there nonentarily
about the filter paper. There was al so screening used
across the orifice face, | believe. Wat was the
pur pose for the screening?

MR, GERKEN: The screening in the orifice
itself was used to stabilize the flow sonewhat. \Wen
we used the slotted orifice, we got no control over the
flow, whatsoever, and it’s within the report, but as we
saw variances in the flow, contacting our plate or test
specimen, we saw differences in charging current and
voltage, and we’'d try to stabilize it a bit.

CAPTAI N REKART: You said you added water to
the fuel to get a different result. In the 30-odd
years that |’'ve been flying, the only water that we ve
ever added to fuel was for takeoff on sone of the
mlitary airplanes. What did that do to the fuel that
you were using, specifically changing it from what was
bei ng used on TWA Flight 8007?

MR GERKEN: The use of the water in the fue
for the electrostatic testing was done by Dr. Leonard.
W did none of that at Wight-Patterson, so | can't
address it fully, but there had been numerous studies
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that show that water cumulation in the fuel does,
indeed, increase static charging.

MR SWAI M Maybe | can ask M. Thonas, do we
get water into the fuel of these airplanes in-service,
and what kind of extents do you go, as far as the snall
jet pickups and such to nmix the water? Can you help
this?

MR THOVAS: Yes, | tried to address that a
l[ittle bit in the punp discussion. Certainly, there's
no free water in the fuel, as it cones on board the
airplane. You have filters in the trucks, and
coal esces, all designed to nake sure you absolutely
m nimze whatever - that there is no water in the fue
on the way to the airplane. However, there is sone
di ssol ved water in the fuel

As the fuel cools, that water will condense
out and settle on the bottom of the tank. Al so, when
you breathe -- as the tank is descending, you'll
breathe in air, and dif that air has obviously got some
kind of relative humdity, you ll bring water into the
tanks that way.

So the normal approach that the Boeing
Conpany uses, we’'ll provide a nunber of jet punps, very
sinple — no noving parts punps, go to the bottom of
the tank, with the intent of picking up the water as it
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drifts down to the bottom of the tank.

The discharge from those punps, which is
basically a mxture of fuel, and whatever water is
picked up, is returned to the tank very close to the
inlets of the main boost punps, so the mmin boost punps
basically pick up that water, to gather all the fuel
it’s picking up to send to the engines.

You have a very, very fine, very |ow
percentage of water mxed with the fuel on the way to
the engine, and so it’s basically a continuous
scavengi ng systemto pick up the water, and send it to
the engine, and that’'s pretty standard on nost of our
ai rpl anes. If you go back to the 707s, we didn't have
it. Al the airplanes cone with a sunp drain system
SO you can drain the water off on a regular basis.

MR SWAI M Thank you, sir.

DR, LCEB: Captain Rekart, | think it's fair
to say we did those tests just to see what woul d happen
if, | nmean it was a matter of trying to explore the
various possibilities, and learn and understand, is
t hat correct, Bob?

MR SWAIM  Absolutely. Water is present in
the system we're just trying to be — you're
absolutely right, Dr. Loeb.

CAPTAI N REKART: | understand that, Dr. Loeb,
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| realize why you did the tests, but the rig itself was
not dinensionally the sane as the tank, nor was it
nodel ed on the tank in any way.

MR GERKEN. No, it was not.

CAPTAI N REKART: Ckay. Thank you. That was
t he question.

M. Slenski, you showed sone photographs of a
mlitary non-747 fuel probe, which had arcing danmage,
and | believe there’s sone nmetal transfer associated
with that. Wat was the value of the electrical power,
the energy necessary for that sparking? Was that
| aboratory induced, or was it service induced? Do you
know how much energy that part was subjected to?

MR SLENSKI: Are you referring to the fue
probe that ignited the residual vapors, or the test we
did in our |ab?

CAPTAI N REKART: | don't believe it was a
test you did in the lab, | think it was a piece that
you brought in fromthe field.

MR SLENSKI: A field failure?

CAPTAI N REKART: Yes, sir.

MR, SLENSKI : | really don’t have that
information, as far as what — it was the tester that's
typically used with that particular probe system and I
know that’s been asked several tines. If we need to
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get that information, | can see if we can track that
down.

MR SWAI M W’ ve been searching for that
pi ece of information. It was an obsolete tester, it’'s
called a capacitance fuel probe tester, MXR2A, and it’s
an obsol ete piece of equipnent, and we’ve been
searching for that ourselves, | think just a few days
before the hearing here. W’re probably going to get a
copy out of an archive.

CAPTAI N REKART: Ckay. Thank you. M.
Slenski, your statenment that copper sulfide deposits
are a result of many years of exposure to fuel, have
you seen any difference between the mlitary problens
and the civilian problens regardi ng exposure?

For exanple, a DC-9 may be fueled eight tines
a day, and in the process its fuel washed by the high-
pressure fuel comng in. An airplane that sits on
alert, or sonmething like that, may not be fueled for
three weeks. Do you see any difference in the
operational use of the aircraft versus the buil dup of
t he sul fur conpounds?

MR SLENSKI : Well, if you re asking the
question, to speculate on that, | nmean | don’t have the
data, because | haven't |ooked at enough conmercia
aircraft probes to make that determnation

CAPI TAL HILL REPORTING | NC.
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

868

I think the situation here we're dealing
with, keeping it imersed in the fuel is probably going
to accelerate the process, and the types of fuels you
use have an inpact on that, also.

If there’s nore sulfur in the fuels, then |
think this reaction will occur faster.

As | said before, | even think it’s a
function of the potential that’s supplied to the
system so there are nmany factors in that. You' re
right, the use of the tanks may have i npact.

CAPTAI N REKART: Ckay. M. Chairnman, the FAA
just asked a question a little while ago, and | may be
repeating their question, if you feel it is, 111
withdraw it, but when the FI QS discrepancies are
di scovered during the air force depot nmaintenance, that
warrant corrective or preventive actions, how are these
actions comunicated to the other users of both that
airplane and simlar airplanes, if it happens to be
li ke a Casey-135, or — how does the civilian world get
that information? Perhaps that's the simlarity in the
guestion that | was referring to, sir.

CHAIRVAN HALL: Well, [1'd like to hear it
answer ed agai n.

MR, SLENSKI : The question here again is, how
do we transfer this information to the comercial ?
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CAPTAI N REKART: Yes, please

MR, SLENSKI : | don’t personally know that
mechanism  Again, obviously, our contractors are
simlar for Casey-135, and Boeing airplane. There’ s
going to be sone cross feeder information there, |
expect, but | don’t know if there is a forma
mechanism  Again, if that’'s the question —

CHAl RMAN HALL: Well, do you think you could
find out before tonorrow, M. Slenski, if there s any
di fference between the way the air force perforns
mai nt enance on these center fuel tank systems and the
FAA rul es and regs?

MR, SLENSKI : | can try to get that
information, by tonmorrow, |I’m not sure, we'll have to
nmake sone phone calls.

CHAI RVMAN HALL: That woul d be very hel pful,
if you could, because all we're trying to do is be sure
that if there’s know edge that inpacts the safety of
the operation, whether it’s gathered or collected in
the mlitary service, of course, the vast mpjority of
the mlitary aircraft are Boeing, or MDonnel |l -Dougl as,
or Lockheed, and a lot of those are the sane, you know,
they’ve got a different nanme to them it’s essentially
t he same pl ane.

MR, SLENSKI : The question you're really
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asking, do we inspect fuel probes, and do we have sone
process for inspecting fuel probes, is that what you're
aski ng?

CAPTAI N REKART: If you find a discrepancy in
the fuel probes, or if you find a defect, how do you
get this information to simlar users in the civilian
arena?

MR SLENSKI: \Well, that's a different
question, so that’s what really we’re asking now, is
how do we dissem nate the information

CAPTAI N REKART: Yes, sir.

MR, SLENSKI : Ckay. M. Chairman, is that --

CHAI RVAN HALL: Well, it’'s two different

questions, one is how you dissemnate it, and secondly,

what is it.

CAPTAI N REKART: That’s right.

CHAI RVAN HALL: I was mslead here by M.
Swaim | thought you-all were going to cone equi pped
with all that information, | apologize to you-all, but
I’mvery interested in, is there anything different

that the air force does in regard to these tanks, or is
it all done the same, you know, the things we’ve heard
about, the bonding, we heard this three-inch linear, it
can be ungrounded.

I’m not a highly technical person, but | do
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know the difference between grounded and ungrounded,
and if there are ungrounded things in the tank, is that
the sane thing in the air force as it is in the --
they' re never inspected per FAA regulations, is it
different in the air force?

Now, | wunderstand, given all that, it’'s a
different operation, it’s a mlitary service, the fuel
may be different, but if you could get that information
either tonorrow, or for the record, we would appreciate
it, also as well, the Captain’s question of, if you
come up with inportant information regarding, say, the
737 equivalent, or the 747 equivalent, in the mlitary,
how is that information transferred between the FAA and
the mlitary?

MR SLENSKI : For the record, | think we can
get the information by tonorrow, but as far as our
preparation here, it was primarily to discuss the
testing we had done for the NTSB, so we really had not
been prepared --

CHAI RVAN HALL: Well, I wunderstand. \Well,
that’s ny msunderstanding, that’s not your fault. |
appreci ate you-all being here, and you ve nmade a real
contribution, |’ mnot being critical, I"'mjust -- I'd
just like to know that information

MR SLENSKI : Thank you.
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CAPTAI N REKART: | apologize. Also, |I'ma
pilot, and my questions tend to be operational, and I
realize that your expertise isn’'t in the operationa
side, and | certainly don't ask the questions to
enbarrass you, it’s just that | was hoping to get an
answer .

MR SLENSKI : That’s fine. If we don’t have
the information, we'll attenpt to get it —

CAPTAI N REKART: Ckay.

MR, SLENSKI : — We just may not be able to
answer it here.

CAPTAI N REKART: For M. Johnson, nuch of
your presentation focused on the various degrees of
pre-existing discrepancies in the FIQS wring. Coul d
you please comment on the difficulty in detecting these

irregularities on in-service airplanes, wthout having
to do any destructive testing? It seens |ike
everything that you did was destructive testing, and
needl ess to say, in line operations, you can't go out
and cut the wires and exam ne them Is there a quick
and easy on how you can do it with non-destructive
t esting?

MR JOHNSON: Rel ative to the exposed
conductor, the conpression danmage --

CAPTAI N REKART: Rel ative to the sulfide
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conpound presentation on the wiring, and so on, and so
forth.

MR JOHNSON: Vell, we’ ve tal ked about
i ndi cations comng fromthe fuel systemitself as
| eakage currents begin to clinb, not getting accurate
fuel measurements, so that would be one indicator that
you’' ve got a degrading fuel system problem But |'m
not aware of anything in place today.

|’m sure a test could be devised to go after
neasuring those |eakage currents. You’ d have to do
sonme characterization of known good systens, new
systems, and then sone further characterization of sone
that were known to have sone residues present, and
develop a fingerprint for the problem and then you can
carry out sone testing that would, | think, give you
the informati on about the condition relative to the
anount of residues present, but | don't know of
anything firsthand that’ s avail abl e. | can't tell you
a test nmethod readily available today for doing that.

CAPTAI N REKART: Ckay. Thank you. | guess,
M. Hartonas, can you discuss the design requirenents
and standards concerning the routing and the bundling
of FQQS wiring with other wires carrying higher
currents, is there a standard there that —

MR, HARTONAS: You’ re asking what the FARs
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are, pertaining to wiring, routing, and separation?

CAPTAI N REKART: Vll, I'masking if there is
a standard that is dedicated to delineating the
el ectrical potential between two wires that are bundl ed
together, and so on, and so forth, and what kind of
standard that is, and give us an idea of the
requi r ement

MR HARTONAS: | believe that each
manuf act urer has devel oped their own standards and
requi rements for wiring separation and protection of
one system from anot her. I cannot discuss each one of
t hose. I have sone personal know edge of sone
manuf acturers, but that information is proprietary.

| can tell you, however, that there are FARs
that do require separation and routing, but there is a
ground rule, and they will not tell you exactly how to
do it. I's that hel pful ?

CAPTAI N REKART: Yes. Thank you. Just one
nore comment, M. Chairman, if | could, M. Liddell
brought up a conment earlier about 105, aircraft 105,
and we’'ve called it a derelict, and we’'ve called it
several other things today, | would be very pleased if
it were just referred to as a non-airworthy airplane,
because that’s basically what it is. Every other term
that we’ve used so far to describe that aircraft, to ny
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know edge, is not an FAA-recogni zed term being non-
airworthy is, and that says what the airplane was.

In being non-airworthy, so were its

conmponents, and it pretty well describes the airplane

and the conponents. If we could go with the term
simlar to that, |'d appreciate it.
CHAl RVAN HALL: Well, 1'11 refer that to ny

general counsel, and get back to you on that, because I
don’t know whether that’s a legal matter or not. |
know | don’t like the word derelict, because that gives
nme a different picture than what | think we' re talking
about here.

CAPTAI N REKART: | don’t knowif it’'s legal,
sir, but I don't want to get into that side of it.

CHAI RVAN  HALL: 1' 11 check on that. I's that
the term nology the FAA would use, a non-airworthy
airplane? |Is there anything that covers those that are
parked and taken out of service, sit out in the desert?

MR, CCOLLI NS: | personally refer to flight
standards to give us the correct termnology.

CHAI RVAN HALL: Maybe M. Dorner can find out
the answer for us, and make sonme contribution to this
effort.

VR, DONNER: It’s fairly sinple, it’s either
airworthy or it’s not airworthy.
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CHAl RVAN HALL: Well, M. MSweeney, is there
an answer fromthe FAA table? W don't want to be
abusi ng the airplane?

MR, M SWEENEY: First, let ne give you the
FAR, to be airworthy neans you are in conpliance wth
the type certificate, and the condition for safe
oper ati on. There has to be a determination of that in
each and every aircraft.

I would kind of disagree with the statenent
about wunairworthy parts. You could have an airworthy
part on an unairworthy aircraft, because the aircraft,
as a whole, mght not conformto its type certificate.
Airworthy is a well-used term and that’s what it
neans .

CHAI RVAN HALL: Well, | appreciate that
clarification. O her questions, Captain?

CAPTAI N REKART: No nore questions, sir.
Thank you.

CHAI RVAN HALL: \Well, that conpletes the
round. Does anyone have anything else, from any of the
parties? M. Steeter --

MR STEETER Yes.

CHAI RVAN HALL: — the Federal Aviation
Adm ni stration.

MR. STEETER: Thank you, sir, | just wanted

CAPI TAL HI LL REPORTING, | NC.
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

877
to check before we finished here, and see if M. Swaim
found that part nunmber 29, and if we can answer that
guestion while we’'re here.

MR SWAI M Certainly, | got a couple of
things that we’ve found while we’ve been up here. Par t
nunber 29, in direct answer to your question, according
to what we have, was out of either tank two or three,
it’s a simlar part used in either inboard w ng fuel
t ank. Part nunmber 59 that M. Johnson was show ng you
in his photos, fragment 59, indeed, we have out of the
center tank, it was Honeywell FG-420A12, for those with

the exhibits.

In response to M. Liddell, 1 said that |
believed that was in the tank in April, and | was off
by a few weeks, it was May 20th of this year. I think

that was all that | canme up wth.

CHAI RVAN HALL: Ckay. Thank you. O her
guestions from the parties? M. Liddell, are you sure
now - you represent the people that actually do this
work, are there any other questions, are you satisfied
with all the questions that we’ ve asked here?

VR LI DDELL: Yes, M. Chairman, | am

CHAI RVAN HALL: Very well. Does t he
techni cal panel have any additional questions? |f not,
M. Sweedl er.
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MR SWEEDLER: Yes, M. Chairnman, | have a
few M. Thonas, is there a recommended inspection

interval for 747 center fuel tanks?

MR THOVAS: As far as | know -- well, let me
-- there is a recommended interval, | do not know what
it is. It’s basically tied to the structural
i nspections of the tank. In other words, you go into

the tank on a regular basis, and | can’t confirm

whet her it’s a de—check, or sonewhere in that region,

to go into that tank to do structural inspections, and
at the sanme tinme do zonal inspections of the systens in
t he tank.

MR SWEEDLER So there is sone --

MR, THOVAS: There is a requirenment. In
fact, we'll probably get into that in the aging
ai rpl ane di scussion tonorrow.

MR SWEEDLER Ckay. Well, | can wait unti
tonmorrow. | have a couple of questions concerning the
Philippine Airline accident in 1991. There was sone
di scussion yesterday from |1’m not sure which of the
FAA witnesses, but there was sone indication that the
recommendations that the Board had nade — the Board
made four recomendations after that accident, three of
those were not accepted by the FAA, but the inplication
of the statenment yesterday was that sone of those
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reconmendati ons were not going to be reconsidered,
based on new evidence that was comng to |ight.

Could I ask you if either of the two FAA
wi t nesses know whi ch of those recommendations are now
bei ng reconsi dered?

MR. HARTONAS: M. Chairman, |I'm conmng up to
speed on the Philippines accident rather quickly. |
don’t have all the information yet. I know that we’ll
be taking a | ook at the data that was generated as a
result of that investigation. Perhaps | could take an
action item

CHAI RVAN HALL: If you could just let us
know, and provide that for the record.

MR, SVEEDLER: Thank you. That’s all the
guestions | have, M. Chairnan.

CHAI RVAN HALL: Dr. ElIlingstad.

DR ELLI NGSTAD: Thank you, M. Chairman. |
have just a couple of clarifying questions for M.

Hul m

First of all, revisiting the induced voltage
tests that you did, let me just see if | understand,
the voltage that was induced into the FIQS system was a
function of the relay coil, and the 75 feet of wre
that you had wapped around it was essentially an
extension of the coil, is that correct? It was a
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function of the coil being there that --

MR HULM That’s correct.

DR ELLI NGSTAD: Ckay. Thank you. Just one
additional one. Wth respect to your new procedures,
with respect to inspecting conponents in the tank,
could you conment just very briefly about the
conpr ehensi veness of this? Are you examning the
probes and internal conponents, or are you exam ning
wire outside the tank as well?

MR HULM The inspection bulletin that we do
have just concerns the conponents within the center
tank itself, and we will be putting together a
conprehensive list of different inspection itens for
the airlines to look at, and it will be based on the
information that has come to light as a result of all
the work that we’ ve done with the NTSB and the FAA on
this issue.

So we’'re going to make sure we hit all the
di screpancies we see in the different airplanes we’' ve
| ooked at, but right now we haven't extended it past
t he center tank.

DR ELLI NGSTAD: Thank you, M. Chairman

CHAI RVAN HALL: Dr. Loeb?

DR LCEB: | have no questi ons.

CHAI RVAN HALL: | just have a few quick
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guestions. M. Slenski, your study that | referred to
earlier, where you had the 652 m shaps which were
caused by electrical failures related to instrunments,
wiring, and electronic conponents, do you know if any
of those, or how many of those ended up in fuel air
expl osi ons?

MR, SLENSKI : | don’t have that information.
In that particular study, the intent was just to
collect the conponents that were involved, and we
really didn’t have — at this point we don’t have the
data to correlate that actual nunber to the event on
the aircraft. W can't reconstruct that at this tine.

CHAI RVAN HALL: Well, 1'11 ask M. Thonas and
M. Hulm do you know how nmany so-called fuel air
expl osi ons of Boeing -- do you keep a record of those,
and how many there would have been, either during
mai nt enance on the ground, in-service? W were aware,
of course, of the lranian airliner that we discussed,
the Philippines, La Bianca, which was brought down
because of a small explosive charge, it was a crimna
act. Are there any others? And if you don't know, [|’'m
not trying to put you on the spot, | just — | know
these are very rare events --

MR SWAI M Yes.

CHAI RVAN  HALL: -- but 1'd like to be sure
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for the record we have what we do know about them

MR, SLENSKI : W do keep records of these
events, obviously. | don’t have it off the top of ny
head to run through them I think the FAA, in their
April 3rd publication, requesting coments, against the
NTSB recommendations, had a pretty conplete |ist of
those commercial and mlitary aircraft.

CHAI RMAN HALL: That’'s where |’ve seen that.
Is that part of our record?

MR SLENSKI : Yes. | believe that’'s in the
flammability reduction — we’ll have to correct that,
if it needs it, with M. Anderson, when we do that
panel .

CHAl RVAN HALL: Al right. Vell, let's do
that, if we can. Well, good. Wll, let’'s -- none of
the parties have anything el se, the technical panel,
board of inquiry. Wll, I'd like to go to each one of
you gentlenmen and see if you have anything else you --
1 know sone of you will be appearing again in another
forum right, tonorrow, but if you have anything that
you think we should be aware of, |ooking at, anything
the Board should be doing that would help us find the
probabl e cause of TWA Flight 800's tragedy. M.

Cer ken?
MR CGERKEN. Wll, as | nmentioned earlier,
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M. Chairman, | think there may be a need for
additional work in fuel msting and electrostatic
charges that mght be generated through atom zation of
fuel, and the possibility of filling that space with
single polarity electrostatic charge, which could then
charge up sonme of these conductors we’' re concerned
about, and basically give us a different charge
generation avenue, if you will, other than fuel
i mpi ngement that | discussed earlier. I think that
woul d be sonething we’d want to work on in the future.

CHAI RVAN HALL :  Thank you very nmuch. M.

Sl enski .

MR SLENSKI : Vell, M. Chairman, | think
based on what we’'ve heard, we’'ll probably be still
studyi ng sone of these phenonena we’ve just discussed
on the fuel probes, and I’m not sure where that’s going
to take us yet, but we’'ll be continuing to investigate
t hat .

CHAI RMAN HALL: Thank you. M. Johnson.

MR, JOHNSON: | don’t have any
reconmmendations at this time for inproving the effort.
| would like to take the opportunity to thank you, M.
Chairman, for the opportunity of participating in such
an inportant effort. This is a real teameffort for
the air force.

CAPI TAL H LL REPORTING, | NC.
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

884

There are several individuals 1'd like to
ment i on. Mary Ann Ransey, Rick Rybolt, J. Edward
Porter, Abigail Cooley, and Tom Dues were of particular
assi stance to ne. We all hope that our contributions
here will aid in furthering the investigation, and aid
in helping the famlies deal with this tragedy.

CHAl RVAN HALL: Thank you very nuch, sir.

M. Collins.

MR COLLINS: No, M. Chairman, | don’t have
any specific reconmendati ons. | ve been working with
the investigation of this accident, this tragic
accident, since last July, 1996, and | know the Board
has a lot of other things they're looking at, and I'm
sure in the flamuability reduction panel tonorrow,
there will be other issues that will cone up.

CHAI RMVAN HALL: M. Hartonas.

MR, HARTONAS: W wll continue supporting
this investigation, M. Chairnman. Thank you.

CHAI RVAN HALL: Well, thank you very rmuch.
M. Hulm

MR HULM This is the |last panel | have the
opportunity and the pleasure to be on, and I want to
express ny appreciation to you for letting nme be here.
| hope | answered your questions adequately, and I
really appreciate the support the NTSB is giving,
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especially in Seattle, we’'re working really closely
with Mke Stockhill, | want to make sure he gets proper
recognition, too.

Thank you, M. Chairnman.

CHAI RMAN HALL: Well, good, and thank you,
you did an excellent job of representing your conpany.
M. Thonas .

VR, THOVAS: Since 1'11 be here tonorrow, |
think, serving on the next two panels, | really want to
second some of the conments down the table here, where
obviously this investigation is |leading to new
research.

There’s a large amount of information being
put on the table today, also a |lot of questions have
been raised by that information, and we need as a team
to go forward and work to understand those things, and
| think that's a very inportant thing we all have to
do, work together.

CHAl RMVAN HALL: Well, | appreciate it. As
you know, the foundation of the National Transportation
Safety Board's investigations for 30 years has been the
party system in which we cooperate together with the
single aim of finding what caused the accident, and
maki ng recommendations to prevent it from happening
agai n.
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W’ ve been able to work with the parties in
this investigation, as we have in past investigations,
in a very constructive fashion, and | hope that we’'ll
continue in the future.

| appreciate all of the resources that have
been commtted to this investigation by the various
parties that are represented here in front of ne today.
This is, as you pointed out, a very inportant
investigation, as all the investigations are that the
Board undertakes, and we really appreciate the party
system we appreciate all of you-all’s willingness to

assist us in such a fine fashion, with this

i nvesti gation. This panel is excused.

W will reconvene in the norning at 9:00
a.m, at which tine we will begin which panel, M.
Canpbel | ?

MR, CAVPBELL.: The Aging Aircraft

CHAI RMAN HALL: The Aging Aircraft panel, and
we will stand in recess until 9:00 a.m

(Whereupon, at 5:15 p.m, the hearing in the
above—-entitled matter was adjourned, to be reconvened

at 9:00 a.m, on Thursday, Decenber 11, 1997.)
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