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Abstract Cont'd 

The National Transportaxion Safety Board determines that the prohable cause of the 
accident was  the airpiane's encounter during the liftoff and initial climb phase O f  flight with a 

effects of which the pilot would have had difficulty recognizing and reacting to in t ine  for the 
microburst-induced wind shear which imp& a downdraft ana a decreasing headwind, the 

airplane's descent to be arrested before its impact with trees. 

Contributing to the accident was  the limited capability 3f current ground based low level 
wind shear detection technology to provide definitive guidance for controllers and pilots for 
iise in avoiding low level wind shear encoucters 

i i  
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SYNOFSE . -  

On July 9. 1982, Pan American World Xirwazs, Inc, Flight 759 (Clipper 1591, a 
Boeing 727-235, N4737, was s regularly sebeduled passenger flight from sliami, Florid&, 
to L s s  Vegas, Nevada, with till en route stop at Kew Orleens; Louisiana. About Is07251 
central daylight time, Ciipper 759, with 7 crewmembers, 1 nonreveme passenger on the 
cockpit jumpeat. and 137 pasengers on W - d ,  b e e n  its t&eoff from runway 10 at the 
New OrIeans InternaConai Air-, Kemer. Louisiena. 

- : 
.i 
... 

. . .  ..; 

~ 

.., ' .. 
. .  

. .  

the  airport and to the easi of the airport along the &@me's intended takeoff path. The. 
At tbe time of Flight 759's t&eo€f. there were showers  over the east end of 

winds at the t ime w e r e  gust:. variable, end swirling. Clipper 759 lifted off the rmway, 
climbed to an altitude of between 95 feet to a b u t  150 feet ebove the ground, and then 
begtin to descend. The airplane struck a line of trees about 2,376 feet beyond the 
depclrture end of runwa>t 15 at an &titube of abut 50 feet  above the ground. The airplane 
contimed on an eastward track for another 2.234 feet hitting trees and houses and then 
crashed in a residential area about 4.610 feet  fmm the end of the  runway. 

The U?LS &strop3 during the imprict, explasion, and subsequent 
ground fire. One hundred forty-five persws on board the airphne and 8 persons on #e 
gromd were killed in the crash. slx houses were destroyed; five houses were damaged 
substanti&y. .. 

The Kational Trrirtsyrtation Safety Board determines xhat the proixue cause 
of the  acadent was the &plane% encounter during the  liftoff and initial climb phrse of 
f i i g t  with a microburst-induced wind she&r which impcsed a downdraft and a decreasing 
headwind, the effect? of which ?he pilot would have had difficulty recognizing and 
reacting to in time for the airpiwe% descent to be rureszed before irs impact with tr- 

Contributing to the accident was ? h e  limited mpbility of current ground 
based l o w  level wind shear detectim technology to provide definitive guidance for 
controllers and pilots for use in avoiding low level wind shear encounters. 

. .  

. .  ' 
". 'j . .  

. . .  . .  
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1.1 
. . .  

€ 6 s t o ! r y o f t b e ~ t  

On July 9, 1982, Pan American World -Airways, Inc., Fligfit 759, a .'Boeing ' ' 
127-235, N4737, was a. regularly scheduled passenger flight from Miami, Florida, to LES . .  

Vegcls, Nevada, with an en route stop at New Orleans, Louisiana. 

.~ 

. . .  
.., 

.... . .  !. . 
. . . . . . . . .  . . .  . . .  . . .  - .  . 

. . .  . .  

At 1558:48, central &ylight time, I/ Flight 759 (Clipper 759) taxied from its 
gate at t b  New Orleaw Internatimtd Airport, Kenner, Louisiana, with 7 crewmembers3 . ' 

leaving the gate, the flightcrew had received Automatic Terminal inform&tion.Ser<ce . . 

1 nonrevenue passenger on the cockpit jumpeat, and 137 passengers on boar+ Before . . 

(ATIS) message Foxtrot (F) which read in part, ". . .time one eight five five ; 
Zulu, 2/ weather, two tholsand five hundred scattered, two five thousand thin broken, 
visibsty six m i l a  in haze, temperature niner zero, wind two four zero at two, winds ire 
d m ,  altimeter thee zero zero one.. . ." 

The company takeoff computation form completed by the flightcrew Cdntained 
the  foEowing dats &timated takeoff grcss weight - 170,000 I@ takeoff flap setting-- 
Eo; center of gravity/stabilizer Dim setting - 21.3 percent mean aerodynamic chord 
(MAC); takeoff temperature - 33OC (91O F); wind - 320° at 3 knots; and altimeter 
setting-29.98 i&g. The target, engine pressure ratics (EPR) were 1-90 on engines Nos. 1 
end 3, end 1.92 on engine No. 2. Critical engine failure speed W! and rotation speed (Vr) 
were 138 knots indicated &speed (KIAS), and takeoff safety speed (V2) w&s 151 KIAS. 

The flightcrew requested runway 10 for the  takeoff and ground control cleared 

and ground control informed the  flightcrew that the  winds were 040° at 8 knots. 
Clipper 759 to t& to runway 10. At 1559:03, t he  first officer requested a wind check, 

According tc' the codqGt voice recorder (CVR), the flightcrew had completed 
its takeoff and departure briefings before turning onto the active runway for takeoff. A t  

&irpIane of low level wind shear 3/ alerts in the  northeast quadrants of the  airport and 
1602:34, while Clipper 759 was tmiing to m w a y  10, ground control advised another 

proviW the rdevant wind direcths and speeds. This advisory was received on Clipper 
759% radio. 

control replied, 'Wind now zero seven zero degrees at one seven.. :peak gusts two three, 
A t  160333, Clipper 759's first officer requested another wind check. Grt jkd 

and we have low level wind shear alerts all quadrants, appears to be & frontal (sic) passing. 
overhead right now, we're right in the  middle of everything." The captain then advised 
the first officer to ". . Jet your airspeed build up on takeoff. - ." and said that they would 
turn off the  air condititwing packs for the takeoff, which would enable them to increase 
the EPR's on engines N c r ~  1 and 3 to 1.92. 

1606~24, the  local controller cleared the. night for takeoff, and at 1606:30, the first. 
A t  1606:22, Clipper 759 informed the tower that it was  ready for  tikeoff. At 

officer acknowledged the clearance. The acknowledgement was *-he last radio 

1/ All t imes herein.unless otherwise noted are central d&ylight time h s e d  on the 24-hour 
dock. 
- 2/ Zlllu-Greenwich M e a n  Time (GMTI; subtract 5 hours to convert Zulu to central &ylight 
time. 
3/ Wind shear: a change in wind direction and speed in  a very short distance in t)e 
Ztmosphere. 

- 

. .  
. .  . . . .  
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transmission received from Clipper 759. A t  1607:08, while the flightcrew was completing 
the final items on the takeoff checklist, the local controller cleared Eastern Flight 956 to 
land on runway 10  and advised ''. . .wind zero seven zero {at) one seven.. .heavy Boeing 
just landed said a ten knot wind shear at about a hundred f r z t  on the final" The CVR 
showed that this advisory was also received on Clipper 759's radio. About 160757, 
Clipper 759 began its takeoff. The CVR showed that (Vr) and (VZ) were called out. 

person making these callouts. 
Company personnel familiar with t h e  flightcrew's voices identified the captain as the 

According to witnesses, Clipper 759 lifted off about 7,000 feet down 
runway 10, climbed in a wings-level attitude, reached an altitude of about 100 feet to 150 

airplane during the  initial part of the  takeoff and takeoff climb w ~ i  described as "normal" 
feet above the ground (.4GL), 2nd then began to descend. The pitch attitude of the 

or "similar to other" B-727's for this part of the flight. One of ihese witnesses, a flight 
data specialist and furloughed airline pilot, observed the takeoff f r o m  the tower cab, 
which is 126 feet high. He said, that Clipper 759 lifted off near the intersection of 

appeared to be normal. I observed the airplane climb in a normal manner until it reached 
runway 10 and the center taxiway. H e  said, "rotation, liftoff, and initial climb segment 

an altitude of about my eye level at which time I turned away." 

airplane's pitch attitude as i t  crossed the  airport boundary and before it initiauy struck 
Sixteen witnesses interviewed by Safety Board investigators described the 

trees. Two witnesses had a head-on view of the airplane during this portion of the flight. 
Both witnesses said that tine airplane was in a noseup attitude, and one said t h a t  the 
noseup angle was "quite steep." 

Six witnesses located at  the American and Delta Airlines' concourses had a 
rear view of t he  airplane durin-gothis part of t he  flight. The consensus of these witnesses 
was that Clipper 759 was in a i to iOOnoseup attitude as i t  descended tcward the trees. 

Eight witnesses had a profile view of Clipper 759 as it f l ew  over t'ne end of the 
runway and crossed tine airportk east boundary. Two witnesses said that ?he airplane was 
in a nosedown attitude, one witnes said that it was straight and levei, and five said that  

angle. The witness who said t h 8 t  the airplane was at a 45O noseup angle also said that ,the 
the airplane was in a noseup attitude ranging from a "slight pitchup" to a 4 j 0  noseup 

nose was lowered as the aiaqiane proceeded east ". . .as if the pilot was trying to gain 
increased airspeed." One of these five witnesses, an airline station agent, stated that 
Clipper 759 was in a noseup reguukr t a k e o f f  position when he first s a w  it, and that  the 
no% then came down to 2 landing position. Another of these five witnesses, s 
professional pilot who was sitting in his truck just east of the end of runway IO, stated 
that as Clipper 759 passed in front of his truck, it was no higher than l o 0  feet  AGL and 
that i t  ". . .had a very slight pitchup attitude.'? He said that the pitchup attitude was not 

began a gradual descent end then disappeared from his view behind the line of t r ee s  
!'. . .what I am usefd) to seeing . . _ "  and that the attitude did not change as the airplane 

Clipper 759 crashed into a residential area and was destroyed during the 
impact, explosion, and subsequent ground fire. One hundred forty-five persons on board 
the airplane and 8 persons on the ground were killed. 

15"N latitude and 90° 14' 08"W longitude. 
The accident wcurred about 1609 during daysght hours at coordinates 29O 59' 
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2.2 Injuriig to Persons 

Injuries Crew 

Fatal 8* 
Seriots 0 
Vinor 0 

Totd 
None 0 

8 
- 

Passengers I- Others 

137** 
0 
0 
0 

137 
- 7 

24 

* Includes a nonrevenue passenger occupying the cockpit jumpseat. 
* *  The coroner of Jefferson Parish, Louisiwe, issued B “Certificate of 

Fatal Deeth” for a 7 1/2 month fetus which  is not included above. 
* * * Persons on the ground. 

1.3 Damage to Airplane 

The airpiane destroyed Sy i m p c t  and the postcrash fire. 

I .4 Other Dam- 

Six homes were deJ!royed; fi 3 houses were damaged suSstmtially. 

1.5 Personnel Information 

accordance with current regulations. (See appendix B.! 
The flightcrew and the Air Traffic Control (ATC! conrrolfers were qualified in 

According io availabie in iomat i sn ,  the captain did no? have any sleep or 

July 9. 1982. He had about 7 ?o 8 hours sleep the night before, and airrived at the airport 
heal:!: probiems. The captsin had ‘xen off duty from J d y  5 until reporting for duty on 

a b u t  1230-1300 on J u l y  9. The captein w s  described as being in good spirits. 

svpervisors reveded that the captain wiis emsidered lo be en above average pilot. His 
hterviews w i t h  Pan American (Pan Am) pilots, t-ainizg pexonnel, and 

judgment m d  ability to exercise commmd were rated as exceiient. Sever& of these 

question concerning his fl>ing aSiiity and judgment, and t h a t  there wiis never any doubt as 
persons said t h a t  it  was ‘*coin.fortabie” to fly with t h e  captain &ca:ase there w t s  no 

to  w h o  ws in command. In x ld l iont  Yationa! Airiines hac! commended :he captain for bis 
handling of an in-flight emergency invoiving a comp1e:e Icljs of A X .  eieetricei gwer  md 
susequenx emergency landing a t  ~ f J W t 0 n  Internationa: Airpert, Texs .  The  emergency 
had occurred on Jmuary  1 ,  1973, be.?i.re Xational Air!ines had ir,erged xi:h Pan Am. 

Except for a middIe ear infeetior. (otitis rne&a>, which had occurred on 
Jaauary 11, 1982, ::he f i r j t  officer did not have any sleep or hedlh problems in the recent 

recurrent tyaining a t  the Tzn A m  rrai?ing academy. art6 he w s  off duty on July 8. 
past. Iie had re:urned f rox  a %gh: on JUiv 4, 1982. On 2.d~ 6 m d  7,  he received 

According to av8i:ajle information, I > e  first officer had a b u t  9 to !0 b w s  deep  the 
night k f w e  r e p x t i n g  fo: the Eight  and !eft the aiqmcrt a k u :  1233 on J ~ : J  9. A t   his 
time. b e  wes described s being in good spirils. 



personnel, and line captains who had flown with him revealed that he was considered to be 
Information received from the first officer's peers, compmy training 

a ~nscient.iow pilot with an excellent knowledge of the airplane's systems and company 
flight procedures and techniques. They desc-ibed him as being quiet in the cockpit, but 
that he &ways could be "wunted on" to supply infomation when i t  was  needed. 

Iilterviews concerning the second officer revealed that lie had no sleep or 
health problems. He had returned fron a fiight on July 4 ,  1982, and w a s  off duty until he 
reported for the flight on .July P. The second oificer had about 8 to 9 hours sleep the 
night before and left for the &irport about 1145 on Ju ly  9. The second officer's 'raining 
records showed that he had passed aJ1 his proficiency checks without problems. 

1.6 Aircraft Infametien 

The &jrpime, a Boeing 727-235, h74737, was owned and operaied by Pan 
American World Airwaqs, Inc. (See appendix C.) The airplane's maximum ttllcwable 
structurai gross weight for takeoff was  172,000 I t s .  The forwtird and aft center of gravity 
k.g.) limits were 8 percent and 33 percent XAC, respectively; the company fur:her 
restricted these c.g. l imi t s  to 14 percent m d  29 percent NAC,  respcctively. Based on the  
existing outside trir temperature at  takeoff, the maximum allowable no-wind takeoff gross 
weight on runway 10 was 171,200 Its.  The eirpiane's takeoff gross weight and c.g. were 
recomputed after the accident using actual passenger weights and fuel loads. Based on 
this computation, Clipper 759's takeoff weight and c.g. were 171,139 1% and 20.4 percent 
MAC, respec?.ively; therefore, Czpper 753's takeoff weight was below the ma*mum 
allowable structural gross wei$t for takeoff and th? maximum dIowable gross weigbt  for 
takeoff on runway 10. 

system (GPWS). Since Clipper 759 never at:&ned 700 feet &tt,tude. of the six availabie 
X4737 was  equipped w:th the Litton "Digiprox" growd proldnity wtrning 

GPWS modes, only Xode 1, excessive descent rate below 2,500 ,'eet, and Mode 3. descent 
during takeoff regime below 700 feet, were appiicase to the ai,-:.iden?. Slode 1 is eng&gea 
at  50 feet AGL. Between 50 feet AGL and 100 feet AGL. a iescent rare of a b u i  1,500 
fpm wilt activate the warning cycle. :lode 3 is engegeer: at 90 feet AGL. Thereafter, a 
: e s  of 20 feet will activate the wz-ning cycle. The aural Kzning fo? joth M o d e s  1 and 3 
is "whoop whoop p~& up," and b t h  rriodes are deaetivatec Selou; 50 feet .4GL. 

radar system. The system operated on X-band '?eTJency at  t? 3.2-c:n wavelength. The 
34737  was  eqdiFed with a Sendix =&et RDR-IE. monochromatic weather 

system is designed to disp1ay tzgeets at  three rmge se!ec:ions--30 nautical r;i!es (nmi), 
90 nmi, and 180 nmi--acd to dispiay wearher in  t w ~  modes--no?%& and contour. In the 
norm& mode, precipi?a?ion is dsplayed s luntinesrent green s e a s  on the dmk 
background of the cockpit Cispky. The system is equippeel circuifrv which meassres 
t h e  relative density of the precipitation &-em ar16 Feserrs these *_pets on ihe indicator s 
three s e p r a t e  :eveis or shades of ope target color. Very h e m y  precipitation rates, in  
excess of 12 mm/>s. - 41 we displ!ryed i n  the brig~cest shade: t.% cediurn shade represents 
rates between ?mm& and I ?  mmib?; and :he lightest shade re?rese,-ls a rete of less than 
1 rnm/tL-, Ptken &he weethe? rad= system is piaTe< i n  contcur mode. the  eontour 
circuitry, in effect. inverts the brightest s:?sce of coior ax.? di~plti::~ i t  as a black area 
surrounded by two li@ter shdes  of cole:. 
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The mwufac ture r ' s  manual addressed attenu&tion e f f ec t s  of ra in  as follows, 
" severe rainfall  within t h e  antenna near field (100 f e e t )  disperses t h e  beam with  a 
conseauent reduction of radar  range performttnce." The  theoret ical  e f f ec t s  Of attenuation 
by r&infall and water vapor between t h e  radar  antenns and t h e  t&rget have  been 
calculated to be qui te  high for X-knd  radar as compared to radar  operat ing at lower 
frequencies  and  longer wavelengths. 5/ Additionally, empirical  evidence 6/ exists t h a t  
rad io  magnet ic  waves of t he  X-hnd  frequency are significantly more &sceptible to 
a t t enua t ion  by rainfell  than are lower frequency W d V 9 S  of longer !en@h. According to 
Medhurst, t h e r e  were  indications that t h e  measured amounts of a t tenuat ion substantidy 
exceeded t h e  theore t ica l  wnounts. and h e  believed t h a t  fu r ther  measurements  we re  
needed to  reconci le  t he  discrepancies. 

!.? Meteomlogical Information 

The 1600 National Weather Service  (RWS) sur face  analysis xeather cha r t  
i s t i e d  by ? h e  National Metecrological Cente r ,  C a m p  Springs, Maryland, shDwed t h o  New 
Orleans area to be under the influence of a high pressure center loca ted  about 60 nmi off 
t h e  Louis ima coast. The re  were no f ron ts  or low pressure are= within 100 nmi  of t h e  
airport .  

T h e  New Orleans  area forecest  issued at 0740, on J u l y  9, 1982, by the New 
Orleans  N W S  off ice  contained, in par t ,  t h e  following d a t a  tine wes velid between 1200 and  
2000 of t he  same day: thtmderstorms occasionally forming I l e s  or ciusters; chur,derstorm 
tops to a b v e  45,000 fee t ;  " thunderstorms imply possible severe or greater 
Iurbulence. . s e v e r e  ic ing and low level  wind shear." 

1382. end was valid between 1200 and 2200 of the s a m e  day: sca:tert?d clouds, var iable  to 
T h e  followins terminal  fo recas t  was issued by t h e  N e w  Or'.eans NWS on Ju ly  9, 

broken churls at  3,000 feet;  chwace of overcas t  ce15ngs a t  1,000 fet:t; visibility 2 miles; 
thunderstorms, mode ra t e  rain showers. 

According to t he  XWS, there were no SIG?IET's. convect ive  
SIGNET'S, 71 Seve re  Weather Warnings, Local Aviation Warnings, or Severe  Weather 

Xissouri, Yat ional  Seve re  S to rms  Forecas t  Cen t e r  issued convectivl! SIGMET 38C f o r  
Wztches i n e f f e c t  for the  t i m e  and mea of t he  accident.  -41 1455. t h e  K a n s s  Ci ty ,  

Akbema, Mississippi. and t he  coastal wate rs  which called for thcnde?storms with tops to 

of Mobile, to  60 Tiles s o u t h e s t  of New Orleans. The  SIGMET also stt i ted t ha t  through 
50,000 fee: witbin an met? from 40 miles northwest of Mobile, Alabama,  to 20 miles nor'h 

delivery t ransmi t  d SIGNET 38C to "&E aircraft '! and advised them to "monitor t he  
1655 t h e s e  st:-ns wodd show Titt le '7 movement.  A t  1501:28, t h e  New Orleans clearwce 

VORTAC or theex with fl ight wa tch  fo r  fu r ther  information." This message wlfs also 
broadeast  on the  Sew Orlean's tower  approach and depar?ure  control  frequencies. 

- 5 /  Skolnicic. l i e r r i l  L.: Radar Handbook, Chap t e r  24, McGraw-Hill Book Company, New 
York. 1970. 

-~ 

- 6,' Medhurst, R.G.: Rainfell  A t t e n w t i o n  of CentimeLre Waves: Comparison of Theory and 
?.Ieawrementt  IEEE Transac:ions, Vol. AP-13. pp. 550-564, July 1965. 

tiircrdt. Convect ive  SIGMETS are issued for tornadoes, lines of thunderstorms, 
embedded thunderztorms of any intensi ty  :evel, areas of rhunderstorms greater than or 
ea& to VIP level  4 with a n  area coveraye  of 4/10 or more  and heil 3/4 of a n  inch in 
d iamete r  or greater. 

- 7 i  A weather  advisory concerning convect ive  weather  significant to t he  safety of all 
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The faowing surf- speather &swtie w e  *-,Me &,&&..-$:' .' <.:: i.Y.Tc :.% 
&&dent by 0~~~ - n e t  & -a& 'by *e N m  w:.., ',:.:: ' i : ~ ' . ~ ' ~ ~ ~  

.i 

Intermtion& Airport: . .  ;. . " , .< . . ,,,,,... .. .; .. 7;.'.'.vz:. 

1455: Type--record; 3,000 feet *tt. douds, &,,ata -:....::::;.-; ., .; ,:,;;zcj$ 

25,000 feet brokewdou- visibility --, 5 mBes, haze; temperahne . . " "  . 
9 ~. T': 

9l0 F; dewpoint - 7S°F; wind -- 32U0 at 3 altimeter ' j . . .,:; . , ~ , ,,. 
setting -- 29.98 inHg Cumulus buildups overhead east to south. 

. . . . . . , , .. ... . . '. 
. . , . I .  

, . .~ :--. ..:. .- .Io . .  . .  . ,  
. ' , .:. : , ,~ .... , ." , . ;. $..';? 

. . :  ..: .. . 

. 
: . i .;.,:, 

. . . " i  

. .  . . . .  . : .: . :. . 
. .  . . . ... . .. :. .. 

: . . .  .: . .  
. ... 

.~ ... 
. .  . .. . . :' 

.. ., 
1555: mm eeilix - mea~twd 4,100 feet  broken, 

L 

25,000 feet overcast; visibility -- 5 miles, moderate.rain showers, 
haze; temperature -- So F; dewpoint - 15OF; wind - 070" at . . . 

8 knots; &timete: setting -- 29.98 inHg; reniarks - eunrulommhus ' ; .. . . 

overheae, rain began 1548. I ,  . .  

1603: . wal; c e i l i n g  -- measured 4,100 feet 0- '. ' . : . .  . 

14 knots gusting to 20 knots; altimeter setting -- 29-98 imp; . : " .. . .. i 

remarks - cumulonimbusaverhead. 

1618r -I* c e i I i  -- estimated 4,100 feet broken, 
25,000 feet  overcas~ visibility -- 2 miles, heavy rain showers, 
haze; temperature -- =OF; dewpoint - ?Sop; wind -- 070' at 
14 know al t imeer  setting-- 30.00 inHg, remarks - visibility 
northeast 2 mils, cumulonimbus all quackan&, aircraft mishap, 

. .  
. .  . .. . 

. .  . .. . , 
. .  ... 1 
.. :.< 

. .. . .... 
. .. 

. . .  . ,... : . .  . .  . 

. .  . .  . . . .  
. -  

. .  . .  . .  
. . .  .. visibility -- 2 m i l s ,  h a w  win showers, haze; Wind -- 070* at . '  ' . . . :. .. 

. .  . .  

. .  
. .. . .  

. .  . .  
. .  

. .  . .  

. .  

. .  

. .  ... 
. .  The 1455,1555, 1603, and 1618 surface observations were transmitted on tbe . . , ' 

electrowriter and were received at the terminals in the tower & in the Rm ArneriQm 
operations office at the airport The dectrowriter tape showed that the 1555, 1603, rutd 
1618 transmissions kere com@eted at 1556. 1604, and 1619, respectively. 

The transmissometer trnces for the Zouchdown, midfield, and rollout mes for 
m w a y  18 were obtained and converted to rrnway visual range (RYR) wing a mway light 
setting of 3 and a 250-foot baseline. 8/ At  1600,1610, rutd 1620, khe rnidfAd RVR'S were 

zone RVR's were  3,000 feet, 1,600 feeL and 1,200 feet, respectively; 1,200 feet was the ' . 

minimum vaIw recorded between 1600 and 1620. . .  

Wind direction artd velocity are measured at the a ipr t7s  centerfield wind 
sensor; however, only the wind velocity is recorded. At 1605, 1610, and 161.5,. ,the 
recorded speeds were 20 knots, 16 knots, and 12 knots, respectively. Between 1605 and 

respectigeIy. In addition, a t  1606r13, 1607:10, and 1609rO3, the wind directions &.' 

IHS,  the minimum and maximum recorded wind speeds were 6 knots and 20 knots, 

velocities given to airplanes by t h e  local and ground contr0ners were 070° at 17 knots, 
070° at 17 knots, and 080' at 15 knots, respectively. 

5,FjGO feet, 4,000 feet ,  and 6,000 f&, respectively. A t  1600, 1610, and i620, the idl- 

. .  

. .  

. .  

Ascording to the weather observer on duty a t  the airport a t ' the  t ime  of the 
accident, rainfall intensity is based on the following scale: . .  

.. 

. .  
. .  . .  

- 
.. . .  

8/ Federal Meteorologic& Handbook No. 1, Surface Observations, January 1, 1982. 
. .  

.. . . . .  .. - -  . .  . 

. . . .. 

. .  
. .  , . ,  . 
. . .  . .  . .  . .* 

. .  . .  . .  . .  
, :. ,;.. . .  . .  ..~. 
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. .  

,' 

. . .  . . .  
. .  

. . .  
. .  

Rainfazl 
. .  

Rate - . .  

. . . .  . . . . .  
. . . .  . .  

. . . .  . . . . .  . . .  . ,  . :.. . .  
. . .  

. Light . . . . . . . .  Trace to 0.01 in& in 6 minutes. 
Modetate kffl inches to 0.03 inches in 6 minutes. 

. .  
. .  

.... 
. .  

. . . . . .  Heavg More than 0.03 inchg in 6 minutes- 
. .  

The r ecc~dd  rainfa data at Ute airport indicated &at' between 1545 and ,. 

1615,8&Ut .2 inches Of fa, and S e t w e  1615 and 1%'00,1-6 inches of tain f e u .  

In rejponse to 8 Safety Board -est, a New Orle8ns television station 
provided the Board with rainfaE data collerted at seven locatiors in the uiclnity of the 
airport. The data caIlected showed that on July 9, 1982, the raid& logged on thge 
seve~ rain gauges ranged from no rain ;o 2.8 inches- The observers of these g&ugeS were 
not certified weather otservers. Three of these observers were able to qwmtify the. ' . 

amorat of rain tbt I& near the time of the accident. One obserwr stated, "at 6 p a ,  I 
checked the rain g a t  and found that 2.08 inches of rain hac? fallen between 350 pm. 

said that 2 inchg of rain were measured between 1600 and 1645- A t W  obserwr .. 

and 6 p.m. I would &mate tlprt most of that hed fallen before 5 p.mP Another obserper 

during, and immedately af ter  the crash- 
estimated that the majarit? of the rain fogged at his focat icm (1-75 inches) fell jnst belore, 

Weather  Radar Observatiors-The NWS rsdar systems are able to .determine 
objectivay radar weather echo intensit? by the use of Video Integrator Ptocesor m) 
and has assigned VIP numbers for each level. (See table 1.1 
equipment. Based on this capability, the NtVS has classified six levels of echo intensity . . .  

, . .  
. . .  

TabIe l.--VP levels and categories of intensity 
and rainfall rate. 

M p  Echo Precipitation Rainfail Rate (inlhr)' 
Number Intensity ;ntensi ty - dB?.* Stratiform Cowective 

1 Ligilt Light 

2 M o d e r a t e  %oderate 

3 Strong B e v y  

30 0.1-.2 

4 1 L -  5 1.1 

46 
4 

1 - -22- 
Very Strong . v'ery Heavy 

*dBZt A measurement of radar reflectivity ewressed in decibels. 
**Stratiform rain with an intensity of very fterrvy, intense, or extreme does not occur. 
RainfaU rates fa these intensities are, therefore, omitted here. . .  

. . .  

. . .  

k, 
, .  . . . .  , .  . . . . .  

. .  
. . . . .  . . . .  . . . .  . .  

. . . . . . .  . .  ., . . .  . :. . .  
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6rect correlation between the degree of turbulence and other weather features 
Although existing weather radar systems cannot detect turbulence, there is a 

associated with thunderstorms and the intensity of the radar weather echo. The degrce of 
turbulence and type of weather phenomona aSoci&ted with these VIP numbers or storm 
levels have also been identified and categorized. The resultant data have been placed in 
tabular form and made availeble to pilots &rid controllers in various publications. The 
following table!, excerpted from the Pilot/Controller Glossary of the Airman's information 
Manual, presents the weather features likely to be associated with these VIP or 
thunderstorm ievels: 

Table :.--Storm levels and associated weather phenomena. 

Level Phenomena 

Weak (1) and Moderate (2) Light to moderate turbulence is possible 
wi th  lightning. 

Strong (3) Severe turbulence possible, lightning. 

Very stror.7 (4) Severe turbulence likely, lightning. 

Intense (5) 

Extreme (6) 

Severe turbulence, lightning, organized wind 
gusts. Hail likely. 

Severe turbulence, large hail, lightning, 
extensive wind gusts and turbulences. 

Orleans International Airport, nas Weather Surveillance Radar (WSR) type-57 radar with 
The NWS station at Slidell, Louisiana, about 30 nmi northeast of the New 

VIP equipment. Radar weather observations taken at Slidell which were pertinent in time 
to the accident were, in part, ns follows: 

thunderstorms with intense r&in showers, no change in intensity over the 
1531: T-ype-specid: An area 3/10 covered by intense echoes containing 

last hour. The area was bounded by 323'at 175 nautical miles, 029O at 
170 nautical miles, 082Oat 200 nautical miles, 223O at 100 nautical miles, 
and 263" at 170 nauLical miles. The cells were stationary. A maximum 

radar. NOTE: A specid radar observation was taken because t h e  
top of 50,000 feet w a s  located at 060' at 40  nautical miles  from the 

maximum echo top was within 5,000 feet of the tropopame. The 
tropopause was reported as 52,000 feet m the radar log. 

1635: Typespecial: An intense echo cell containing e thunderstorm 
with intense rain showers w a s  located at 230° at 31 nautical miles from 
the Slidell, Louisiana, weather radar antenna. The diameter of the  cell 
was  11 nautical miles. The cell was stationary. The maximum top was 
49,000 feet. 

The departure end of runway 10 a t  New Orleans International Airport is located about 
30 nmi from the antenna of the Sliciell radar on a bearing of 237'. 
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,.'. According 'to .the:Slidell weather'-radar spec+st, none'of the Weathekradar': . :':. 
echoes in the vicinity of New .Orleans InternationaI Airport he okerved either before'or ': 
after the ac,cident . m e t  the N,WS Southern Region's special radar ObSerVation'  op Severe' 
wehther criteria. . . . . .  

. .  . .  . .  , 

. .  
. .  . .  . .  

A t :  1510,' the Center W'eather Service .Unit (CkXJ) meteorologist . in ..the '. 
. .  

Houston, Te&,.Air Route Traffic Control Center (ARTCC) called t h e  New Orleans tower.: : ., ..: 
on t h e .  FAA ' 300, system .interphone and advised the controller of level 4 end 5 . .  

' '  thunderstorms located south and southwest of the airport. H e  told the contr.oEer that  ', 

'these Storms were moving northwest tow,&rd .the airport and to - "keep an eye 0 1 1 .  those .: 
thunderstorms.". Af te r the  tower controller acknowledged receipt of the advisory, the 
CWSU meteorologist then.advised.the Houston Center's flow controller of these-storms. : 

The'CWSU meteorologistsaid-that he SBW the storms on the ATCs,.ra& plan 

precipitation intensity. Rowever,. the  meteorologist said that based on the 1435 rads?. 
view display. Although. this radar displays the area of prepitation, it cannot indicate the 

observation from SlidelI, he knew that the areas of precipitation being displayed m, the ,: 
AT.C radar were isolated level 4 and 5. storms. 

. .  

. .  

The CWSU meteorologist said thet he . d i d  not.isslle a center weather advisory ' : 

becake the weather. he was observing..did not meet., criteria reqttiring this type of : 

advisory, Center weather advisories concerning thunderstorms &re issued . w h e n '  . 

stated that. iie, believed impact of the weather would be limited to the Ne'# orfems 
convective S1GE.E" criteria are met. (See footnote 6.) The CWSU meteorologist also . . 

international Airport and that the FAA interphone "represented the best and qukkest way 
to 'provide the information to the affected FAA facilie-" 

j 

The C W U  met&rologist.&d'Ho]ston Center's flow eontroll& both testifred 
that the main .purpose for the mettkrologist's call to the New Orlems tower a t a s , . t o  alert 
that .facility to the  possibilitp that these storms might affecz arriving and departing 
traffic and that they could expect requests for route deviations from tkir  t ra f f i~  T$e 
meteorologist and the flow controller said that in the atsence of either a center wrpeathet 
advisoryor convective SIGMET, there was no requirement to bro&cast the  infmetian on 
ATC frequencies. 

. .  

............ . .  

Flightcrew Weather.CKservatiorts.-Eetween I558 a n d .  1627, four air ~errier 

In addition, during th& period, another air mrrier airplan- t&xied to m w a y  10.f- t a l e o € €  
airplanes and one .gene@ aviation airplane departed New Oriertns Internatiorutl Air-. 

but.did not depart. All o f ' t h s e  airplanes had wetither radar,. llnd their fligi-&c?e?ss tsed 
their radar to observe the weather near the airport. The air carrier airplanes teere 
equipped with Bendix RDR-1-E monochrm&ic:we&ther raclru systems. m' general 
aviatim .aircraft WBS equipped'with ,a &&x RDB-1100, X-bmcI eofer radar. ?[ . . . . . .  

. .  . .  

" 9/ :Three different colors.'&re sed to display raid& rate on the RDR-Ik?@cfisptay. 
, .  Rainfall .rates of more than '12 mm/hr are dis#&yed in red, rates bet- 4 man& aad 
.12.mm/hr we displayed in yellow, Llnd rate'of less h? 4 mrnfht ere &@nyeci in'grm, 

. .  

- 

. .  
. .  

. .  . .  . .  
. . . .  . . . . . . . .  . .  

. .  
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flightcrew, the Benctix RDR-I-E weather radar w a s  in normal mode and set on the 3O-nmi 
Delta Airlines Flight 1622 departed from runwey 10 a t  1558. According to the 

range. The flightcrew stated that there was a cebl directly over the airport which 
extended slightly north of runway 10 and that there were other storm cells at their 1230 
p i t i o n  at a range of 25 nmi. 

A t  1601, 3epubiic Airlines Flight 632, a DC-9-30, departed from runway 19. 

The rad&r w8s set on the 30-nmi range, and the antenna was tilted about 3 O  to 5OUp. The 
The flightcrew used the weather radar to scan the locd area while taxiing from the gate. 

flightcrew used both the normal md contour mode while scanning rhe area around the 

east-northeast of the airport, and numerous cells were to the south, southwest, tL'rd west 
&port. According to the captllin, thunderstorms were d l  around the airwrt; ORe WBS 

between 5 nrni to 20 nmi from the airport. The caphiin stated that the largest radar echo 
was east-northeast of the airport and that the cell contoured when he switched to contour 
mode. The captain testified that the gradient in this cell "was very steep." 

heavy rain and wind sheer about half way &own runway 19 and the visibility b e c m e  very 
The Republic captain testified that during their takeoff roll they encountered 

so even after left rudder was applied. The cciprllin testified that rather than reject the 
poor. According to the crew, the airplane began to drift  to the right and contkued to do 

takeoff and in order to avoid drifting off the side of the runwav, he began to rotate the 

c&ptain called for t h e  landing gear to be retracted, and while i t  w&s retracting, tile st& 
airplane and "prior to VI, I lifted ttte airplane off the ground.. . .TT After liftoff, the 

warning stickshaker activated for a short time. 

Flight 632's f i r 3  officer sgd that the Grspeed fluctuated between 100 RIAS 
and 110 KIAS during the takeof: roll. The captain, however, did not recalf seeing t h i s  
fluctwtion. Pccording to the firjt officer, V I  and Vr were I32 KIAS, V2 w&.? 140 KIA% 
and :he captdin rotated the airplane a? 123. KL4S. The first officer said ?hat tis t h e  
airplane passed over the end of the runwey, the &?speed went through V1, '62, and 

and reported that "we had a wind shear on the rmway." De-pwture control ac!aow:edged; 
160 KIAS "almost simi4taneousfy." Ar  1602:1?, the f i rst  officer c&ed departwe fonrro! 

however, this pilot report {PIREP) was not p e e d  on to the controllers in the  tower mS.  
The PERREP did not follow the recommended format contained in pitfag?&@ 523 of the 
Aiman's Information Manu& (AIM).  Consequently, the r e p r ?  d d  no: provide rhe ttltituee 
a t  wirich the shes was  encornteed and ?he r;irsped that was gained during thc 
encomter. 

The rad&? was set to the 30-nrni rtmge, m d  wh8e awaiting rakeoff, the ffigktcresv scanned 
A t  1604, Texas In?erna?icxxd FZght ?34, a DC-9-30, 6zw-tee from xnws:v IS .  

the &port &rea using b t h  normal and cvntoia mde .  TPe flightmew observed storm &?s 

in light rain, and they did not encounter eirhe? t z b d e ~ ~ e  op win0 shear drrrirrg clia;joltt. 
5 nmi to 5 nmj southwest of ?he airport, dn.d the cells emtoitred. Their takeoff was made 

19 for cakeoff. Wkr: N313W reached ymnay 29's a ~ o ~ ,  the piice -de  a 368" turn w d  
About $558, N3?MT, a Cesca Citation turbojet. w s  eleexffi to tm5 t3 fmwtiy  

scanned t'be weather xith the rad&-. Amut L639:i5. while holdi~g OR ranway i5 eiirtCtin g 
t&eoff cfwmee, ?he EigMeen s c a n ?  :h€ wed a&!? w i t h  t k  ?e&?- The pilot szid 
that there were :wo Storir. ceF.5  ab!^ 2 nrri  to 3 nZ?i e89 of the & r p t  a b u t  n;xi 
&p(L-t, and &?Other cel?.a%suz 7 nrri sou&m:e~t of the r-rporr. nach ce3 ws 3 nrni 
to i nrni in diameter; they were 8egee.2 es s h e - y d g d  tee a r e s ,  bssed en hiis 

.. 
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interpretation of the edges of the  red areas on the radarscope, the  pilot believed they 
were either level 4 or level 5 radar echoes. Thereafter, N3lMT was cleared to taxi to and 
takeoif from runway 01. A t  1618, about 8 minutes after t h e  accident, N31MT departed 
from runway 01. The pilot w a s  asked if he ever considered runway 10 for takeoff. He 
testised ?ha? he did not "primarily because of the weather east of the airport." 

N31MT's copilot's written statement corroborated his captain's statement and 

outlined in green to the northeast, southeast, and south of the airport. 
testimony. The copilot said that the radar painted numerous cells as large red areas 

Southwest Airlines Flignt 860, a B-737, left the terminal about 1549 and 

takeoif clearance. The captain testified that at this time, his radar showed a storm cell 
stopped on t k  end of the terminal ramp, abeam the east end of runway 10 to await 

above his 8irpiane which " was  between 5 to 6 miles  wide extending 2 mi les  e s t  of the 
airport." He said thh t  the shower contoured and that the contour was iocated just to the  
south side of the d e p t u r ?  end of runway 10. While in  this position, the flightcrew 
watched Republic Flight 632 and Texas International Flight 794 take off. Thereafter, 
they were cleared to taxi to runway 01 f o r  takeoff. After taxiing to runway 01, the 
captain aligned the sirplane with the runway for takeoff and rechecked the weather with 
his radar. He said the  cell described earlier w a s  still in  the area and that there was "little 
movement with heavy  contour." While he was looking at the weather, the captain saw 

the airplane w a s  about 200 feet  AGL, that the  landing gear was retracted, and that the 
Clipper 759 p a s  over the departure end of runway 10. The captain stated that he thought 

cockpit. The captain said that at the time he saw Clipper 759, the ceiAng WBS about 
airplane was starting to turn to the left. Thereafter, he focused his attention inside his 

3,000 feet, i t  was overcast, i t  was r a i ~ n g  iig'htly, and the visibility to the east w a s  about 
3 nmi. Flight 860 subsequently departed from runway to, at 1€27. 

G.S. Air Flight 404, a DC-9-30, taxied behind Clipper 759 to runway 10. While 
Clipper 759 was taxiing onto the runway, the captain of Flight 464 taxied to the apron and 
turned to a heading of 030' to look at  the weather. When the airplane came to a stop on 
the 030- heeding, the radar w a s  set on the 30-nmi r & n p  The captain testified that he 

S o  there was moista-e present, but not heavy, from wh&t I could tell from the radar." He 
"took a quick look. . . I did see precipitation or an outline of rain. I did not see a contour. 

further testified that he told his first officer, "we wi!i see how Pan A m  does and then we 
will take a look." After Clipper 759 departed, the captain taxied his airplane toward :he 
runway, and while awaiting clearance to take the :unway, heard that Clipper 759 had 
crashed. He shut his en@nes down to wait until the weather improved "so we really didn't 
get our radar turned around to rmway heading to take a good look." 

interviewed by the Sru^ety Board ddring this investigetim provided descripticns of the 
Witnesses' Weather Obervati.sns.-Fortyseven of the more th&n 100 k i t n w e s  

xeather conditions during the time pr:od relevant to the accident. Fourteen of these 
witnesses were on the airport: 33 witnesses were octside of the airpor: boundaries. 

300 f e e t  to 1 mile, saw Clipper '29 while it w a s  airborne, the firebdl after impact, or the 
Thirty-eight of t h e  47 witnesses, loc2ted at  distances which r&nged from 

smoke column rising from the crash site. O d y  t8o witnesses, airline support personnel, 
said that the rain obcured their view of Clipper 759 as it passed mer the access road just 
inside the airport's e s t e r n  boundary. 
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Only 5 of these 47 witnesses described thunder and lightning. Two of the four 
witnesses who saw lightning said tha t  i t  was not in :he aree. of the  accident site; one said 
that it occurred after the accident, and one said that the  flash was coincident with the 
airplane's ground impact. Only one witness, who was driving on Williams Boillevard when 
she saw Clipper 759, heard thunder. 

Of the 14 witnesses who were on the airport, 6 said that about the time 
Clipper 759 took off, the rain was light to moderate; 6 said thet the rain was heavy; and 2 
described the rain as very heavy. Four witnesses stated tnat the intensity of the rain 
increased after the  accident. Only 7 of the 14 witnesses provided wind direction 

northeast; and 3 said tha t  the  wind was variable but did not state the direction of the 
information: 2 said that the wind was from tie east; 2 said that the wind was from the 

wind. 

Of the 33 witnesses who were located outside of the airport boundaries at the 
time of the accident, 31 were either in the area 3f the initial tree strike or near the c r s h  
site; the other two witqesses were over 1 mile north of runway 10. Only nine WitJieSeS 
described the wind direction at the  time of the accident. Seven =id tie wind was 
southerly; however, there was no consensus as to whether it was ouz of the southeast, 
south, or southwest. Two witnesses said the wind w a s  from the north. Two of these 
witnesses said there had been a wind shift; one said the wind shifted from the north to the 
south, the other said that it shifted from the southeast to the northeast Some of the 
witnesses described the winds as "swirhg," "gusty," "strong," or "variable." 

Although all 33 witnesses said that it was raining at the time of the accident, 
observations varied as to the intensity of the rain. Seven of the witnesses who described 
the rain as not very intense a t  the time of the accident said tha t  the intensity incressed 
after the accident. 

Six of the 33 witnesses rueye on \%illiams Boulevard wbe? Clipper 759 initiauy 
struck a northsouth line of trees located along the east side of Williams Bouleverd; three 
of these witnesses were driving south on Williams Boulevard and were 1.000 feet to 
1,500 feet north of the airpiane when thcy s a w  i t  fly across the boulevard. These three 

down "in sheets." Kone of these three witnesses stopped their cars d u f i q  the rain. One 
witnesses said that the rain was heavy to very heavy: one said that th?  rain was coming 

of these witnesses testified that when Clipper 759 h i t  the trees, the  v ind  was blowing 
from west to east, and "whole trees were swaying. . .'! in the wind. 

1.8. Aids to Navigation 

Not applicable. 

1.9 Cornn;unications 

There were no known comrnuiiications difficulties. 

1.1c Aerodrome heormation 

in Kenner, Louisiaca, 14 miles northwest o: New Orleans. (See appendix E.) The airport 
New Orleens lnternationai Airport (Xoisant!, elevation 4 feet m.sL, is located 

is certified in accortiance with 11 CFK i39, Scbpart D. 
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( L L W ~ ) ) ,  WS& was fmctioniag at the time of the accident, pilots are notified tMt..a.' 
New Orleans International Airport has a Low Level Wind Shear M e t  Sy&n : 

UWSAS is available by a note on the rmway diagram chart .of the airport's instrumfait ' ' :  

figpoach charts. The w w a y  diagram chart does not depict t h e  location of the S;rstcni% .. 
components. . .  

The New OrZetms LLWAS consists of a cmterfeld vectw-e trpe'wind': 

. .  

sersor 10/ and five additional sensors located at or near the fin& approach comes to .:. .: 
e a ~ h  =way bee figLle 1). . These five peripheral mors are -designated:. .'; 
northwest, 11/ northeast, east, south, and wes;. These sensors provide wind '&&tion .&d . . 

speed a t t t a Z  e comp~ier and five w y  ~ t q  one display mit is 1ocntd.in.tfie.tower . 
cab, and four are located in the Terminal Radar Approach Control frRACONX (See: '. 
figure 2.) The New Orletus sensas, display units, and electronic gear are identical ' t o .  . 
those in an other LLWSAsq this equipment has been standardized nationwide. ' . , 

% top row of windows of the display unit in  the tower ShDw the cent,eriield.. 
wind drection, speed, . a n d  gust speed. The next five rows display wind information from ' . 

the five peripheraI sensus. W h e n  a peripheral sensor% average wind r e a a ' f m .  
30 seconds shows a vector difference (direction and s p e e d )  of 15 knots or more.'frorn that: 

information from the affected sensor or sensors win start flashing'in the appmpriate ,row .: 

of the centerfield sensor's wind reaming, an aural alarm will s m d  and tk.'&gitaI . .  : 

or rows of the t o w e  dbplas 12/ The flashing UilI contime for five scans O r ' -  system%. 
computer, or 37.5 seconds; theZr& atarm lasts for two scans, or 15 s e c k k .  .me wind 
gust velocity mi1 be ShD? in its appropriate window anytime the iztstantx3kotk wi@ 
speed retrieved from the centerfield sensor ex& by more than 9 h o e  tkmerage 

the readouts for the peripheral sensors. The digital readouts for the peripheral sensors 
wind speed retrieved over the previous 2 minutes. Wind gust information is notsbwn o n .  . 

occurred. However, a controller can obtain a Wind readout for any of the five . p e r i p h e r a l  

will not war in  their appropriate windows in the tower displays dess an.- has 

heations by pressing the appropriate blanking snitch on the w a y  unit The reach* will .' 

be retained until the contr0ner again presses f h e  Mankingswitch. 

According to  the manager of the Federal Aviatim Admini&Wiat% @&I) 
Aviation W e a t h e r  System Program, the FAA's criterion for the average spacing betwk 

10/ An irstrument wfiich measures both wind direction and velocity. - 11/ The northwest sensor, for exam@+ is located about 1 mile and on a bearing af about 
341- from the departure end of m w a y  01- Although this sensor is not northwest of 
center of the' airport, it is northwest of the departure end of 'rmway 01, ani3 .for'the: 
purpose of pwiding wind shear information, has been designated arbitrarily as .the. 
northwest sewx. - 121  he .fom TRACON ai~paeys h w  ody the centerti& wind and gust information-.  hey- 
do not receive or genemte wind shear alert information. . . .  
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On July rO,1982, the New Orleans LLRnSAS was inspected b y F A A : t w k -  , ' '  

. .  . .  

XI1 components of the system Were operating. within prescribed parameters. , . . 
. .  

. .  
. :  ,. 

. .  
. .  

1-11 m t  Recorders . .  
. . .  

. . .  . 

TL &plane was equipped with a Smdstrand rna'542 flight date recorder .;. 
(FDR), serial No. 2641, and a Sundstrand V-557 cockpit 'voice recorder !CVR), serial X-. 
1832. The FDR and CVR were removed from the airpartne wreckage and taken to the 
Safety Board's Washington, D.C., Laboratory to be examined and re&d out. 

Although the exterior of the FDX was damaged substantiafly by impct fo rk  
ancl ground fire, the interior incurred only minor damage. The foil medium was removed 
from the recorder &nd mag~zine without difficulty. All parameters lad been recorded in 
a dear and active manner, and there was no evidence of any recorder malfunetiun or 
abnormality. (See appendix E.) 

'The modei 542 FDR scribes a continuous and permanent record of altitmk, 
indicated airspeed, magnetic hea&ng, vertical acceIeration, and microphone keying on a 

examining events common to the FDR data and the CVR and ATC transcripts. The FDR . . 

met& remrdiilg meOrum. Correlation of the FDR data to GMT was accomplished by 

readout starts shortly after Clipper 759 was pushed back from i t s  gate at the terminal and 

r&nge, toIerances, resolution, and total stylus travel are depicted in tabk 3 Mow. 
e& 10 minutes 3.3 seconds later when &E traces became aberrant. The FDX3 recording: . 

relatively light initial impct with the trees, i t  was particularly difficult to correlate the 
miwe of the manner in which the FDR data were recorded and the'airpltine's 

timing of the FDR's scribed traces to each other. In mder to insure timing atcuraeg, it 
was necessary to incorporate addition& fact@ information into the interpret&- ef the 
FDR's scribed data. CVR, ATC, B-727 performance CapabiLities, and impact informati& 
were all used in evhkating the scribed FDR data. 

The FDR readout 'showed that at 160757, the indicated aim began 
. .  

increasing and the vertical acceleration (G) trace became active. 

About 1608x32, the dtitude *ace began to decre&.?.tse. I t  continued decreasing 
at a fairfy uniform rate until 1608:38 when the rate increased. A t  1608r40, the'tm& :' 

reached its lowest poi& and then began to rise, The nltitude tmce showed 'chat at 
160854.5, Clipper 759 had dimbed to 95 fee t  m s l . ,  the highesT altitude recorded. 
Thereafter, the altitude decreased and reached 0 feet m s 3 .  at 160858. 

Between 1608r47 and 160851, the trace decreasd to 0.72 G'a and remained at' that.&= 
The G trace remained essentiaIly at or above 1.0 G until about :608:47. 

for about 4 seconds. Between 1608-55 and 1608tS71 the  trtlce increased from 0.73 G 
to 1.0 G .  

Clipper 759 maintained a fairly constant magnetic he&ding of about 99: until 
about 1608:41. Thereaft*, the airplane begsn a left tun>, and at 1608:57. i ts  m a p t i c  
heading was 92': 

pushed beck E m  its gate at the terminal and ends with the sound of impact at 1609:05. 
A transcript of the CVR tape was made and begins before Clipper 759 WDS 

Using the time signal recorded on the FAA's ATC tape as a basis for comptlrison, CVR 
tape timing wss acctaate to within 1 second over a period of I S  minutes 40 seconds.: 

. .  



Table ).--Plight data recorder recording rtmge, 
tolerances, resdution, and totd stylus travel. 

Pressure h :i tude -1,000 t o  50,000 f e e t  20 f e e t  ._ tlO0 f t  sed l e v e l  t o  0.01 inch, front 0.161 inch  t o  
1700 f t  a t  50.000 f t  0 . 1 7 7  i nch  wi th  r e s w c t  t o  t h e  

0.095 inch,  fron. 1.757 inches t o  

sc r ibed  re fe rence  1 i n e  
1.85% inches with respect  to  the 

0.836 inch,  fronl 2 .750  inches t o  
J. ul0 i llLit<,:. w i t h  respect t o  the 
sc r i bed  refererlce 1 i n e  

0.076 i l lch,  f rom 4, , '60 ipches t c  
4.28h i n c h w  wi t.h respect  t o  the 
sc r i bed  r c f c r cnce  i In( . :  

F- 
I 

Y 

, 6  s c ~ o ~ ~ d *  fl:: i n  d n  8-hour The 10 nl iuutes, 3.3 sec.onds o f  
pe r i od  

was recorded on 0.998 inch  o f  
data conta ined i n  Attachment I I  

f o i  1 
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and had a high noise leveL The recorder was examined at the manufacturer's facility in 
The recording from the cxkpi t  area microphone (CAM) was distorted severely 

Redmond, Washington. Although the recorder tested satisfactorily, i t s  erase head was 
inoperative. Consequently, a portion of previously recorded sounds and conversations 
remained as background noise on the tape. The mixture of this background noise with the 
newly recorded conversations produced a recording which contained high-pitch background 
sounds. In addition, the very lo& sounds from the airplane's windshield wiper system 
during the takeoff roll further masked the distorted, iow level, CAM sounds. (%e 
appendix D.) 

Most of the CAM sounds recorded before the windshield wipers were turned on 
were decipherable by filter adjustment and repeated listening. The final minute of the 

same manner. However, because of the poor quality of the recording, the  CVR giOUp 
CA3I transci5pt which was recorded after the wipers were turned on was prepared in the 

could not reach a consensus conceming the content of sections of this final minute of the 
tape; therefore, these portions of the transcript are snclosed in parentheses 

The CVR transcript showed ?hat while Clipper 753 was Taxiing to runway 10, 
the captain and first  officer reviewed rejected takeoff and fuel dumping procedures. A t  
1607:14, as Clipper 759 took the active runway for takeoff, the first officer asked, "Right 
or left turn after we get out of here?" A t  160752, the captain said, "I wouid 
(suggest). . . .a sllght turn over to the left" 

unidentified flightcrew member called "(Eighty knots-)" A t  1608:33, 1608:11: and 1608:43, 
A t  iGO7:59, the first officer called for takeoff thrust, and at  1608:16, an 

the captain called "(Vr)," "Positive climb," and "(VZ)," respectively. Correlation of the 
FDR and CVR data showed that a t  1608:16, 1608:33, and 1608:43, Clipper ?59's recorded 
airspeeds were 78 KIAS, 138 KI-4S, and I58 KIAS, respectively. 4 s  stated earlier, the 
calculated Vr and V2 speeds for the t a k e o f f  were 138 KIAS and 151 KIAS, respectively. 

back.)" At 160857, the Ground Proximity Warning System (GPWS) activated and "Whoop 
At 1608:45, the captain said, "(Come on back you're sinking Don.. . .come on 

whoop pull up whoop.. . ." uas recorded. According to the FDR, at  160857, Clipper 759's 
recorded airspeed and altitude were 119 KIAS and 55 feet m.sL,  respectively. 

1.12 Wreckwe and Impact Information 

Clipper 759 initially hi t  three trees located about 2,376 feet beyond the  end of 
runway 10; the trees were oriented on a north-ut!? a x i s  The swath angles through the 
trees indicated that the a i r p h e  struck the trees about 50 feet AGL in a 2Oto 3' left- 

t rees  The airplane then struck a second group of trees located about 300 feet east of the 
wing-down bank angle; pieces of airplane structure were found et  the bases of these three 

the left wing's leading edge devices and trailing edge flaps were found in the areas 
first set of trees about 55 feet ACL in a 6 left-wing-down bank angle. Large segments of 

betwem the Initial tree strike and the point where the left wing tip struck the  ground. 
TI-- i r g k n e  continued to roll to the left as i t  moved on an eastward track hitting trees 
a m  tmses before comi?P io rest about 4,610 feet from the departure end of runway 10. 
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heading of about 089' M and was demolished during the impact, explosion, and subsequent 
The airplane struck the ground in  a left-wingdown bank of about l0S0 on 13 

ground fires. Except for the sections discussed herein, disintegration of the airplane's 
structure w a s  so extensive that little meful information was obtained from postimpact 
examination of the wreckage. 

Based on the positions of the applicable actuators, jackscrews, and actuator 
arms, it was determined that the landing gears were retracted, the trailing edge flaps 

stabilizer trim's jackscrew w a s  intact and attached to i t s  structure within the vertical 
were set at  153 and the leading edge flaps and slats were extended. The horizontal 

stabilizer. However, the jackscrew had separated from the horizontal stabilizer and the 
ballnut w a s  free to rotate; therefore, no useful measurement of the stabilizer trim 
position could be made. 

the left horizontal stabilizer. This rod and portions of four additional discharge rods 
One complete static discharge rod had separated from the trailing edge tip of 

removed from the right horizontal stabilizer were analyzed at  the Safety Board's 
MetaUurgied Lakratory for evidence of lightning strike discharge. No evidence of 
localized arc burns w s  found on the rods, the attachment plates, or rod holders. 

d4naged by fire. The bug settings for the three engines were: No. 1 -- 1.92, No. 2 -- 
The EPR gauges, located on the pilot's center instrument panel, had been 

-- 2.90, and No. 2 -- 1-90. The three EPR gauge transmitters were removed from the 
1.98, and No. 3 -- 1.92. The gauges for the three engines indicated: No. 1 -- 1.50, No. 2 

airplane, sent to a FAA MppWved repair station, and examined under the supervision of a 

indicated Setween 1.97 EPR and 2.0 EPR. 
FAA main?enance impector. The examination showed that all three transmitters 

Al l  three engines were found i n  the main wreckage area. The No. 2 engine was 
still attached to the airplane's empennage; the No. 1 engine and No. 3 engine had 
seprated from their mounts. Damage to the engines indicated that all three engines 
were powered and rotating at impact. The engines were sent to  Pan American World 
Airways' maintenance facility at John F. Kennedy International .4irport, Jamsica, New 
York, where they were disassembled and examined under the supervisiop of the Safety 
Board. There w a s  no evidence oi m y  preimpact malfunction. 

1.13 M e d i c a l  end PathDlogid M a m a t i o n  

accident. The pathological examinations disclosed no abnormal conditions and the 
All three flightcrew members sustained fatal injuries as a result of the 

toxicoiogicd tests were negative for alcohol, drugs, and carbon monoxide. 

The airplane was subjected to severe p'ouna fire. 

1.15 Survival Aspects 

The accident w a s  not surviwble because irnplict forces exceeded human 
tolerances. 
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1.16 Tests and Re3eareh 

1.16.1 Eeaw Rain Effects on A i r d a ~ e  Performance 

The effect of rain on airplane aerodynamics has been an area of technical 
interest and speculation for years; however, only within the past 2 or 3 years have 
theories been developed regarding performance penalties, which quantify the hypothesized 

scientists of the University of Dayton Research Institute. Their research work was  funded 
rain effects. The mcst definitive work in this area has been conducted by two research 

published in NASA Contractor Report No. 156885. 
by the National Aeronautics and Space Administration (NASA) and the results were 

During the course of this accident investigation, the Safety Board examined 
the research data published by the rejersch scientists, and then obtained the testimony of 
one of the senicr research scientists who conducted the study to amplify further the data 
presented in these papers and reports. 

Essentially, the theory states that heavy rain impacting an airplane can 

increases the airplane's weighti (7: the raindrops striking an airplane must take on the 
penalize performance three ways: (1) some amount of rain adheres to the eirplane and 

velocity of the airplane and the resulting exchange of momentum retards the velocity of 
the airplane; and (3) the rair i o rms  a water film on the wing, roughens the wings surface, 
and reduces t k  "e:c?Yi,amic efficiency of the wing. 

Calculations have shown that the lending weight of a large transport type 
airplane operating under the most severe rainfall intensities would be increased no more 
than 1 percent to 2 percent. Since this increase in mass can be shown to have a negligible 
effect on airplane performance, this weight penalty is not considered significant. 

The momentum penalty is considered to be more significant. An airplane 
flying in heavy rain will strike the raindrops in i t s  path, thlcj causing the raindrops to 
accelerate to the velocity of the airplane. This process extracts energy from t!xe 
airplane, causing the airplane to decelerate. The momentum penalty is dependent on the 
following factors: (1) airspeed, (2) r a i n f a  rate, (3) raindrop size, (4) size distribution, (5) 
water content of the air; and ( 6 )  airplane configuration. With leading and trailing edge 
lift and drag devices, the airplane is intercepting more raindrops, and therefore the 
penalty is more severe when the airplane is in the landing or takeoff configuration. 
According to the senior research scientist, this penalty becomes significant at  rainfsll 
rates "approaching" 500 mm/hr. At thcse rates, the rainfall could reduce airspeed at a 
maximum rate of about one-half knot per second. 

from the formation of a water film on the surface of the wing, thereby roughening i t s  
The mast significant of the penalties is the aerodymmic penalty resulting 

surface. The senior research scientist indicated that the hypothesized roughness penalties 

roughness on airfoil lift and drag. These experiments f o r  fixed elements which indicated 
originated in an experimental program conducted to determine the effects of frost 

small amounts of roughness led to speculation that rain could roughen the surface of an 
that significant increases in  drag and decreases in the stall angle of attack could occur for 

airfoil and produce similar detrimental effects. The roughness can be attributed to the 
following factors: waves or ripples that form in the film because of wind stress action; 
raindrops that strike the film and crater the surface of the Tim; and a combination of 
waves and craters. The depth of the film, the waves, and the craters were measured 



-23- 

and related to an equivalent sand graic roughness which w a s  then med to determine ?he 
l if t  w d  &ag penalties. The ser.ior research scientist testified that the penalties fo? 
Cratering and waviness ?'both turfiee 3;s: t > be approximately of the same significmee. We 
think that either one of these sources a n  give you inc-eases of drag in the range of IC to 
20 percent and decreases in lift of 10 percent a t  lower ang:es of attack, depending of 
course on rainfall rate.:' H e  testified that the lift penalty increases as the angle of atrack 
increa-es; therefore. the stall angle of attack will be decrectsed, and under certtrin 
conditions, aerodynamic stall could occur before the stall w8rnin.g system could activate. 
The senior research scientist testified that the onset of significant roughness penalties 
would occur in  a rainfdi rate range of 150 mr..,'!~ to 500 mmlhr .  

roughness could 'be attributed to a change in boundary layer flow (the fluid layer rldjacent 
The senior research scientist testified that the detrimental effects of 

transition prematurely from smooth laminar flow to turbulent flow. This turbulent flow 
to the airfoil surface). The surface roughness wodd came the boundary layer t o  

would produce an incretse of skin friction drag. and due to the extraction of energy from 
the flow, would cause the flow to separhte ear!!-r than normal from the airfoil. He also 
testified that premature flow sepwation cameL by the increased bomdary layer friction 
coefficienr would also occur for m entirely turbulent boundary layer on a high speed 
airplane. The senior rwearch scientist testified that h e  was not aware of experimentd 
work that showed th2t roughcess in  a turh!ent 'boundary layer could cause m i s n g  with 
high energy free stream air thereby delaying the detrimental separation effects. 

The performmce values cited ifi these studies were obtained totally by a 
theoreticd andysis with no experimental wind tunnei or fjight data sbpporting the results. 

ex:rapohitioils were made in  Order to equate the depth of the waves and the cratering of 
Fwther, during the analysis of the momentum and ;ou@ness wnttlties, assumptions and 

and extrapolatiors appear to be both rasonable and conservative. their vdidity has not 
the water film surface to an equivalent sand grain roughness. While these assumptions 

been determined positively; therefore. NASA Report No. 156885 included the following 
prefa:ory statement: 

The conc1:isions stated herein ttfe those of the contractor and we 
not neeesierily t h a e  of NASA. They are being published to 3irect 
a:tention to the projlern of heavy rain and the aerodynamic 
performance of an aircrdt.  

The theory proposed herein contains certain assumptions and 
extrapolations because suitable deta do not exist. Because of this. 
the resd ts  and concltt~ions reported herein w e  i n  question. They 
are published, however, i n  the hope that other researchers wili 5e 

experimental proFarns to  obtein needec! verifications. 
impired to suKge'.t and to try new theoretical approaches an6 

According to the testimony of the chief of NAS.4's Low Spee2 Aerodynamics 
Division Chief, XAS.4 has reviewed the data contained i n  the rainfall stuc'y. Based on this 
review, XASA hcls concluded that there is no: enough data to deternine whether the 
estimaies postulated therein were either reasonable 3r unreeonable. iiowever. the X.q.53 
division chief believed ?hat the results obtained during these early experiments warrant 
additiond investigation under more controlled con& tions. 
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tunnel. Flight test would be too dangerous In order to find rain rates of the nature 
Accordipg to the NASA official, the testing will have to be done in a wind 

required, the airplane would have to be exposed to the  possibilities of encountering hail, 
extreme turbulence, and other hazards. Since he did not think it was safe io corsider a 
flight test, the alternative was to  conduct multiple small scale wind tunnei tests. He 
testified that he thought that "we will see in +?e very near future several efforts 
underway to conduct smalt scale testing. But I think somewhere in the program we will 
have to come ~p wi th  a scale of a test that is large enough to give us  the confidence to 
say that we are there with the answer." 

The NASA official also testified that although sand grain roug!mess tests did 
result in decreased lift and stall angle of attack, as stated by the  senior research 

produced beneficial results. Therefore, conclusions regarding roughness effect on an 
scientist, there were other cases in whicn roughness energized the bouridary layer and 

airfoil boundary layer need to be verified. 

1.15.2 Joint Airport Weather Study Project 

On September 17, i982,  the eo-director of the Joint Alrport Weather Study 
Project (Jib's) testified a t  the Safety Board's Public Hearing a t  Kenner; Louisiana, as to 
the status of the project and the results obtained to date. 

The JAWS project was conducted under the auspices of the National Center 

basic and applied aspects of low level wind shear in the eviation context.'' The basic study 
for Atmospheric Research. R e  primary objective of the project was "to examine the 

areas were: space and time scales of thunderstorm wind events, origin and evolution of 

downdrafts/ events, and the reiationship between microbtirst and thunderstorm 
wind shear, structure of wind shear events, dynamic forcing of thunderstorm 

strl%cture. 

The following three areas of study have been undertaken concerning aircraft 
performance: (1) theoreticai studies of aircraft performance i? wind shear; (2) manned 

instrumented airpianes in thunderstorm environments 
flight simclator tests of theoretical wind model studies; and (3)  Fesearch flights with 

The field or data collection phase of the project began May 15, 1982, and 
ended August 13, 1982. Consequently, t h e  project co-director cou!d oniy provide details 
as to how the data were obuined, the equipment use6 to obtain these data, and highlights 
of the project based on a pre!iminary survey of the raw data. 

The field phase of the JAWS project was concentrsfed geographically around 
Stapleton International Airport, Denver, Colorado, ana lasted 91 days. The most 
important of the data gathering tools was ?he pulse Doppler radar. Doppler radar can 

atmosphere; it measures any cornpoilent of morion perpendicular to the direction of its 
measure the velocity of the scatter echo of precipitation and other aspects d the 

antenna. Three Doppler radars were located in a triangular array in tke vicinity of 
Stepleton. 

the pulse Doppler radar sites. The Doppler LIDAR radar has the same capability to 
In addition, Doppler Laser Inffared Radars (LIDAR) were ccilwated e t  two of 

measure motion as the Pulse Doppler radar; however, i t  uses h e r  beaming insteed of 
microwave pulsation to accomplish its function. Doppler LiU.AR radar can measure 
precipitation and dust motion; however, it cannot penetrate cioiid 0- fog, and it emnot 
perform in a perfectiy clear atmosphere. 

- 14/ Downdraft (downflow): a downward flow of air irr the etz!mphere. 1 
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a t  1,050 ieet  i t  was down to IO meters per seeofid, or 20 b.o.uts." 7%- cd,-eeZc.- ZeSifi& 
that dthoqh .:hey Pad made "observatim" of v e r t i d  velOci5es 5eIcx 565 feer end 
200 feet .4GL, i t  was premature to address these o t s e ~ a 5 c ~ a s  in a qta&Iatii*e sexse. 

During the JAB'S pro;ect, the researehers at tezpted  IO ccrrehte wid 
occurrences with r a i n f a  rate and stom intendty. TAhe pwject co-&reetor testified :h& 
the "relationship is zero." Tihe micro%m: eppeered to &s? s likely 'to accitr in a 
little or m-rain situation es in a heavy rein situa?k~~.' Ee testified :?A t3e h-ger ma 
mcre severe the thunderstorm becomes, t k  mme likely i t  wil! k ?c Amoduee a FSt f%nt. 
The preliminmy date appears to indicate that :here is no ?ela?ioxs%p betwee;: SQKS 

intensity and microburst generation. 

The project demenstratec! t*wt lbe s p c i ~ ~  beeixeer; r3e LLXSXSs s e s m  a1 
Stapleton (6  kms) was too g e a t  to capture the m i c : m i i ~ ~ ;  o;! e regflsr k g s .  The 
LLWSAS did see the diverging outflows, but or;:!?. after the!: reached t? S;.ze io x%& tee 
LLWSAS was cepable of responding. The mesonetsork with a 3-krr! sessoi spacirng was 

be improved by incfsasing the numbeer of seinsorS and $emeasing the  &stawe beetxeen 
more swcesfui in seeing t k  microbiirs;. The eo-dhc'tor tbwt tea: :.he LLK3AS eodd 

them. 

system. 
The researehers have no? yet evelam?& t h e  &:a f r o 2  th2 pressre jm?p a??ey 

horizc,?tal outflow incretlses as the down&&'? apy'ogches :he p x n d ,  &nd that :he 
The co-director stated that the ?esesrche?s believe i?a: in P r ' icrcbst,  the 

meximum horizontal winds occur at about i5 feet AGL. Eowever. he cc?dd no; p?o\ide 
any data as to the magni tude of the down&eft co--.i>oner.f :?x? exist& Sdow 500 f ee?  
AGL. 

with (horizontal wind) velocities of 50 b o t s  or greater. Khy do eir$!snes not cmsh d3 the 
The co-director testified t h t  i n  the Denver =e*, "we Psd lots of n i z o ~ r s t s  

time? The enswer to that, i n  ow opicior., is I:' t the space xime xi~doti  f o r  a m?icso:5wsst 

last very long. Wkrees they were fairly common in  summer. yon-heve So be in  the H T O ~ ~  
is very small. You have to encounter it below 500 feet, i t  is verv smali, iandf i t  doesn't 

place at the wrong t i m e  to get in  trouble." 

Denver, they did not have m y  data concerning the frzaumcy of their occurrence 
The project co-directo,. testified that while microbusts &-e c o m m x  ir. 

south from Denver, you are more likely to find microSurs:s imbedded ir, thundersto;.rns 
elsewhere. However, he thought 'nicrohrsts &-e rather c o m ~ o n .  If you go east md 

and less likely to have dry microtvrnts the1 you have in the Fie believed that the 
JAWS data, particularly as it related to detection and warning, w s  applicebk tt2ywhe-2. 
The microburst flow is "a simple. straight-forward flow. i t  is going to hretppen rhe shxe  in  
Florida when a downdraft gets near the ground as it win in Derwer." 

1.16.3 Wind A~udysis 

i New Orleans International Airport near and at  the t i m e  of t h e  accident were pmvided to 
Analyses of the surface w d  l o w  level ;%-ifids t hh t  -!@it heve e~!s?ed on the 

i the Safety B w d  by the Nation& Ocemic and Atmospheric Administration CXO.-lA) 
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Figure 4.-Windfield of the microhrst over the New Orleans International Airport 
(Moisant Airport) at the time of the accident. Al l  wind speeds with b a r b  arc 
reduced to the 30 f t  (10 m) height above the runway w i t h  0 to +I. I t  elevation. 

new the accident site and 15 to 20 knots southerly wind at the departure end of 
Microburst was moving towards the northeast accompanied by strong west winds 

runway 19, (Page 28, “Microburst Wind Shear at New Orleans International Airport, 
Kenner, Louisimtl, on July 9, 19132,” Dr. T. Theodore Fujita.) 
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maximum altitude of 163.2 feet AGL was  reached at 1605:15, and the mil imum dti tude 
The computations used for this analysis showed that: (1) Clipper 759's 

of 50.7 feet AGL was reached at 1609:00.2; (2) Clipper 759 had a 12'noseup pitch attitude 
and w a s  climbing at 361 fpm when i t  hit the first tree: (3) the maximum headwind and 
tailwind encountered was 17 knots and 31 knots, respectively; (4) the maximum downflow 
speed w a s  7 fps or 4.1 knots; and (5) Clipper 759's pitch attitude gradudy increased to 13' 
noseup, then decreased to So noseup before increasing again to 12' noseup. 

;.15.4 Airplane P d o r m m c e  Analysis 

The NOAA and Pan Am wind analyses indicated that Clipper 759 flew t h r o w  
a microburst and encountered, in  rapid succession, an increasing headwind, a downdraft, 
and 'then a decreasing heedwind (increasing tailwind). To analyze the effwts  of these 
rapidly changicg win& or. t h e  flightpath of an airdane, the  following forces which BCt On 
the aiirplltne must be considered: lift, drag, weight, and thrust. In a dynamic sitwtion, 
chwges in  the lift and the drag are most significant becatse they depend at any instant On 
the airplane's relative wind vector; that is, the dire-tion and speed of the impinging air 
seeam relative io t h e  airsane's contrc? axes. The airplane's weight can be considered a 
mns:ant since i t  varies  only as fuel is consumed. Thrust is related Drimarily to throttle 
position and to a lesser extent on airspeed and the properties of the engine ir3et air. 

:he airplane's vertical and longitudinal axes. As long as the  component2 of the forces are 
The snalysis is simplified by resolving the components of these forces along 

unbelanced either by t h e  pilots manipulation of the throttles or flight controls or by a 
bdanced, the airplane will remain i n  unaccelerated flight. However, if the forces become 

change in the envircnment surrounding the airplane, the airplane will accelerate 01' 
dece!erate until a new flightpath is established and the forces are again balanced. 

direction of t h e  total wind vector, with respect to the airplane's path relative to t h e  
Wher, the airplane flies into 8 verticd wind, the  angular change in tne 

ground, changes the angle of attack which causes a change in both lift and drag. If the 

decrease causing the airplane to accelerate downward. The &sic stability of the  airplane 
verticel wind's direction is downward, angle of attack is reduced and the lift and drag will 

will be an increase in the descent rate relative to the ground. If the flight controls 
will  cwse i t  to pitch up initially; however, the ultimate effect on the  airplane's flightpath 

;esp?ct to the ground. Thus, the change in the airplene's rate of descent relative to the 
remair. fixed, the airplane will restabilize in the  air mass which is now descending with 

ground will equal t h e  vertical speed of the  wind and, if longitudinal wind does not chage ,  
the airspeed will remain approximately constent. The pilot can compensate for this 
confation by increasing the  airplace's pitch attitude ar,a by adding thrust to establish a 
climb relative to the descending air mass. He will thereby maintein the desired 
!lightpath. 

When an airplane flies into an ared where the direction of the horizontal wind 
changes abruptly, the  indicated airspeed will change. The change is eqoivalent to the 
abrupt change in the relative wind. 50th lift and drag will also change abruptly and thus 
produce a!! irnbdmce in the forces acting along the airplane's longitudinal and vertical 
8XeS. 

If the airplane flies into an increasing headwind, the rdative wind will 
increase. The indicated airspeed, lift, and &ag will increase; the  airplane's ncse will pitch 
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up; and  the  vertical speed  will change in  the  positive &rection. If t he  wind speed 
continues to change, t he  airplane will appez to have a positive increxse  in performance. 
When t h e  wind speed stabilizes,  if th rus t  has  not been changed, t h e  !ongitudn& forces will 
be u n h l a n c e d  because of the  inereas& drag. The  airplane will dece lerare  and e v e n t m y  
will return to equilibrium at i t s  original airspeed. When equilibrium i s  regained, however, 

change i;l t h e  iongitudina' wind eomponent.  
t h e  airplane's speed relative to t h e  gr0w.d wili have Seen changed by t h e  amount of 

If  t h e  tlirplane fl ies into a decreasing headwind, t h e  e f f e c t  wi!l be t h e  
opposite. The indicakd airspeed wi i i  dccrellse, lift will decreilse, t h e  &plane's nme will 
pitch down, and t h e  vert ical  speed will change i n  t h e  neget ive direction. 

headwind can be  singularly hazardous; however, when cornbind, t h e  two conditions 
-4s i l lustrated above. passage through e i ther  8 downdraft  or u decreasing 

prcduce en even more  critical situation. A microburs: contains both a downdraf: and a 
decreasing headwind. The  seve r i ty  of the e f f ec t s  produced by m. encounter of tbis type  
will depend on t h e  magnitude of t h e  chmges in wind speeds and the  abruptness with which 
t h e s e  changes occur. Obviously, t h e  higher t h e  speed chacges a d  t h e  shxrer t h e  t i m e  
intervllt involved, t h e  greater t h e  e f fec t  cm t h e  a i r p l m e 3  flightpath. 

A t  the S a f e t y  Board's request.  the Boeing r o m p m y  analyze< the ir6ormation 
f rom Clipper 759's FDR to de te rmine  the  p r o k b l e  horizontal and v e r t i c d  wind veloci t ies  
a f f ec t ing  iC5 takeoff performenee. The computarions performed during th i s  analysis were 
based on t h e  followinc g e n e r d  assun9tions:  t h e  weight and configuration of the  a i rp lane  
at takeoff: t h e  weather  conditions at New Orleans at t h e  t i m e  of takkeoffr engine and 
airplane performance parameters derived f rom 'ioeing Company docilmen:ation: t h e  
elapsed t i m e  and distance between brake release and initial  impxct of 63.9 seconds  mnd 

were tho-e expected from average  in-service engii:es. Fineily, aithough t h e  examinat ion 
11,524 f e e t ,  respectively. T h e  th rus t  levels ,used from brake release to initial  i m p a c t  

of t h e  EPR t ransmi t te rs  a f t e r  the acc ident  indicated that  t h e  engines' thrust  had k e n  
increased above the takeoff  thrust s e t t i n g  during the depwture, t h e  effect of a thrus t  
increase  above  t h e  1.9'2 EPR takeoff  thrust s e t t i ng  tves not cocsidered during t h e e  
computations. 

with aiirplane rotat ion and ending at in i t i a l  impact was l h e  design lirr,irations of :he foi l  
A f!:ndamental prcblem in t h e  analysis of t h e  segment  of the f l ight  beginning 

type F D R  imtiti led on Clipper 759. Data 'concerning Fiight comrcl inputs, engine  t k u s t  
inputs, longitudinal acceleration, and S r p l a n e  pitch angles were  not recorded. A s  a 
result, d a t a  tha t  would h w e  furnished precise rnetiswements depic t ing  pilot ene re  
management techniques during t h e  takeoff  f l a r e  maneu*ier and throughout t h e  remllinder 
of the  flight .were not  available. Therefore,  assumptions concerning these  d a t a  were  
required in o 4 e r  to solve t h e  equat ions of motions Pelevant to th is  and>&. 

takeoff  f l a r e  maneuver which ;ncluded rotation. liftoff.  and cl imb to 35  feet AGL: ajjd t h e  
T?e anal l s i s  was divided in to  t h r e e  segments: ground roll to rotation: :he 

f l iaht  from 35 Ceet AGL to init ial  i m p r c t  u t  50 feet AGL. Thir teen  cases were  developed 
during t h e  andyes to explore t h e  variat ions in airplane per formance  resdting from t h e  
fast  and slow rates of rotation: the  different  rates of c l imb be tween l i f toff  and 35 f e e t  
A M , ;  and t h e  different  a l t i tude  - t ime  histories from 35 f e e t  .4GL to ini:id impact. In 
order to insure that  the  a i r k r n e  segment of the  flight ' . v s  comple ted  within t h e  d is tance  
constraints  imposed by t h e  physical ev idence  of the  acc ident  sequence ,  d i f fe ren t  ground 
speed m u m p t i o n s  wc:e required. Compclrison of the  theoretical per formenee  produced 
by t h e s e  a s s u m p t i o x  with t h e  tiirplane's FDR's measllred per formance  pa-ameters  yielded 
t h e  speeds  of the  horizontal and vert ical  wind components dong ?he airplane's E i g h t w t h .  
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8u 13 CBSS. Takeoff groun&ped anc! &stance from !rake release to  Vr WES determined 
Grmmd R d  to Rotatiw,--The ground roll to rotation phase WB identical in 

f rom ecptatiors of motion. A time history of horizonta? wind during the takeoff ground 
roll was ch?lputed by taking the Gifference betweer, rhe & r p h e %  computed groun&peed 
and t k  FDR's i d e a t e d  eirsm corrected to  true airspeed. These cornputations sfiowed 
that She horizontal wind along Clipper 759's t&eoff path be@m as an increasing tailwind, 
switched from LUI 8-knot tailwind to a headwind of 8 b o t s  et a b u t  2,600 feet  127.5 
seeon& from b k e  release), thw. diminishes to a 4-knot headwind at S r  (4.560 feet and 
37 seconds from brake releasel. 

of pilot en- mmagement techniques during rotatioz a ~ d  the climb to 35 feet AGL, the 
Rotation, Lift Off. and Climb to 35 Feet AGL.--Because of possise variatiors 

act& airpiiie fkightpth during tpjs phase o? the fZght could &!fer with respect to time. 
Therefore, the 13 cases a ~ d y z e d  herein contain a range of possible assumptions which, 
based CR exp&menW flight test data or energy-work c o m p t a t i m  for a arcdm 
fijgFztpath, were consisler;t with p & % e  variuiatio.s of pilot technique md airphe perfor- 
mance capasilitis. 

The brizontal winds affecting ~ i i s  pert of the flight were derived by 
comparing the grozad speed from rotation to 35 feet AGL with the true a i r s p e e  the 
analysis assumed that vertical win& did not exkt below 35 feet AGL. 

horizontal wind components and eirplane pitch attitudes for the %gat from 35 feet AGL i 
Thirty-Five Feet AGL to Iritial fmpact.--The 13 timehistories of vertical and 

to impact were derived from &rnputitions -using ai*ane eqiations of morion in 
conjunction with known and assumed quantitiej. Since the variations of the takeoff flare 
maneuver resulted in the airplane reaching the 35 feet AGL point at different times, 

structured in a manner which sstisfied the remaining &tit&, distance, and time 
ground distmces, and ground speeds. the remainir?g segment of the flight had to be 

constraints to the  point of initial impact. Two metho& were then sed to construct 
a l t i tudet ine  histories which met the above constraints. In cases I through \TU, the 
altitudetime Mstories were structured :o resemEe the sfrape of the F3R's  pressure 
altitude t-ace with & peak &tittide of 100 feet  AGL and tree contact at 50 feet AGL. In 
cases IX throvgh Xm, the altitude-time histories were estabiished by integrating the 
FDR's vertical ameleration data. The integration procedure wed in c r s s  IX throlrph Wr 

of initial tree implict could not be oStained using these methods. Therefore, these 
produced altitude profiles which reached 160 feet AGL; however, the 50 feet AGL height 

altitude profiles were adjusted downward from their pea% vdues  to coincide witn the 
known impact altitude. 

satisfy the distance and time constraints between the point the airplane reached 35 feet 
The ground speed assumptions for each of the 13 cases were made in order to 

AGL and the initial impact point. 

Pitch attitude calculations were made possible when the solution of the 
airplane's equations of motion produced a value for ?he rate of climb relative to the air 
(R/Cair). Calculations could then be ma& to estimate the pitch attitude of the airplane 
at any point during the flight. 

headwind cr slight tailwind at 35 feet AGL to an inneesing tailwind which then 
The analyses of these 13 cases showed t h t  the horizon:& wind chang, from a 

diminished slightly before initial contact with the trees. The verticd wind increased 
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from a slight down&& at 35 feet  AGL to a maximum downdraft as the  airplane reaehed 
100 feet AGL; the downdraft then diminisbed as the airplane descended and appraeched 
the impact point. Tine maximum horizontal wind changes -- cBes I, II, and PII -- ranged 
f rom 2.5 knots to 3.4 knots per second over a 10-second to 15-second period. The 
xaximum vertical *nd component -- cases N, VE, and IX -- ranged from 60 to 70 feet 
per second at about 100 feet AGL to 120 feet AGL. Computd pitch angles ranged from 
peak values of 25" noseup -- cases N, VE, and IX -- to minimum values between 5 O  =up 
and IOo m e u p  for the rest of the cases. 

and stickshaker speed ( V s f  were 122 IiIAs and 138 KIA& respectively. 

1.17 other xnfaatim 

The performance analysis also determined that Clipper 759's st& speed (Vs) 

During the t ime  pericd relevan? to thi accident, bo th  the ground end I d  
control positions in the New Orleans Intenationd Airport's tower were manned by 
developmental controllers. E/ Both developmental controllers were monitored by 

conr?uetizg the trainirk- were we&-ing headsets and could override the developmental 
controllers who were fully qualified a t  t h e  respective positions. The controllerr 

controllers' transmissicns et any t ime suoh action was required. The training and the 
manner in  which the trairing was being administered was in aceordence with the 
procedures containej in  the applicable FAA Handbooks and General Notices (GENOTS). 

1ASR-8), and the mtenna is located on the  airport. The TRACON has Automated Radar 
The ts'ew Orleans TRACON is equipped with Air Surveillajce Radar type 8 

Terminal Service III (ART5 Ei) capability. The tower cab has a Bright Radar Indimtor 
Tower Equipment type IV (BRlTE IV) display and a diagonal Conrac display. 18/ The two 
tower displays repeat the  displa? shown on the TRACON's radclrscapes. Although the 
ASR-8 radar is primarily designed to display air traffic to controllers, the equipment will 
show precipitation echoes; however, i t  does not have the  capability to differentiate 
Setween various levels of precipitation. The same limitaC?n &o applies to the tower's 
BI t r fE  m.d Conrac displays. 

- 

that i t  was raining on t h e  airport when Clipper 759 departed. The senior controller in 
The f ive  controllers in  the tower either stated to investigators or testified 

tha~ge of the tower said that he saw that weather was being painted in the center of the 
BRITE scape; however, he said, "it didn't appear significant enough to affect aircraft 
operations." The five controllers said tkat the weather at the  time of the accident was 
typical of thunderstorm weather which occurred during a summer day at the airport. NWS 
data shoxed that during t k  past 17 y e a s  there was an average of 13.47 days in July 
wherein thunderstorms occurred a t  the  airport. 

According to the TRACON chief, the tower controllers me qualified to take 
visibility readings and provide wind shear information from the airport's LLWSAS. They 
may describe precipitation es heavy or light, but they &re not certified weather observers. 

- 17/ A qwlified air traffic control specialist who is being trained for a new position or 
procedure for career development. 
18/ A black and white  television repeater manufactured by :he Conrac Corporation, 
Esrnford, Connecticut. 
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A ~ ~ ~ e i - A c c o r d i n g  to paragraph 1230b(3) of ' FAA' %endbabk 
7210;3P, "Facility Operation and Administration," ATls broad33st.S shall be UpdEtd . n p M l  

receipt of any new offieid weather regard- of w&tber there &s a change of.--. ' '. 
"Make a new.recording when there is a change in other pertinent data slrch as:ruuooag 
change, instrument approach in. use, new or mnceled NOTAM's, SIGMET%, PIBEP'S, etc" 

, . .  

At the  time Clipper 759 t.axied from the terminal gate, ATIS T was the 
current message. A T S  -T" was issued at 135850 and reflected the 1355 sarfae weather 
observation. The.1455 surface weather observation was issued and received in the tower. 
cab at its electrowriter terminal. Whi le  the weather on this observation was essentidly 
the s&!e as the 1355 weather, the remarks section noted, "cumulus bddups overhead east 
to south." At  1555, another surface weather otsevation was received in the tower and 
was followed at 1603 by a special weather obervation. At 1604545, ATB "G" was issued 
and reflected the 1603 special weather observation which noted in its remarks SetiOn 
"low level wind shear in all quadrants. . . ." 

According to facility procedures, the ground controller is responsiie for 
updating the ATE messages. The ground controller, who was modtooring the 
developmental controller at that position, testified that' an ATJS rnessge should have 
been issued when the 1455 weather observation was received. It was not. When 
questioned as to why it was not issued, he testified, "It is just LUI oversight, basiCany." 

The: supervisory ground controller testifed that the  tower did not issue an 

obser?!ed from the  tower differed from that contained in the 1555 weather observatim. 
updated ATIS message when it received the 1555 observation because the visibility 

The controllers advised the weather station of the variance m d  then .waited .for the 
cor6ected cbservation. The next observation received was the 1603 speaai, and this was 
included in ATIS "G". The Pan American Systems Manager for Flight Standards was .' 

asked, "In your eSimation, is there m y  other wenther information that the  crew of 

the NWS information that was available. There was no SIGNET'S issued pertinent to t h e  
Clipper 759 could lave been given but. . - .wasn%?" He answered, They were. given all 

depurture. So it was not that they were mising my weat&& Information. They were 
given, according to ATC testimony, the  wind shear alerts that exist& at the. time they 

that that was an operational factor here. If t h e r e  wlls additional data on the magnitude or 
were taxiing out. An updated ATIS might have been more vniuable, &but I really don't think 

location of the.. . .echoes that were being observed bv the SIidf3l site or t h e .  HOWOR 
center weather coordinntor, this mag have been of some value." 

information derived from a LLWSAS are presented in pagraph 981 of FAA Hardbook 
Dissemination of LLWSAS Information--The procedures for disseminatica of 

7110.85C, Air Traffic Contra Parngraph 981 reads, i n  prt, as follows 

981. LOW LEVEL WWDSHEAR ADVJSORES 

System, the  1 0 4  controller shall provide wind information as 
follows. . - f 

displayed field boundmy wind. 
981.a. Fxample.-- 

wind, one eight zero at two five." 

At  those locations equipped with Low Level Wind Shear Alert 

a. If an alert is received, issue the centerfield wind and the 

"Centerfield wid, two seven zero at one zero. ~ a s t  bo&arg 



... . .  

.... . . . . . . . .  . .  . .  ....... . .  ..,";: 
j I . .  . . .  

controner supervising his perfomlmce both stated in their original interviews that the 
The devehpnental controller working the ground amtrol position and.* 

gmmd controller was required to provide LLWSAS advisories. During the public hearing, 
the superviscq ground controller contradicted his earlier statement. He testified that he : 
cauld not speak f a  the developmental controller, but his statement had 

issue LLWSAS alerts "it is the local eontroller's resporsibility." H e  added, "I pesonally, if ' '  

misconstrued. He testifxed that it was not the responsibility of the ground controller to 
I eonsidered it advantageous to the pilot, I would give i t  Wind shear alert), - . J .connot 
speak for ground controllers at Moisant. But as I said, it is mmdatory actually by I d  
contral" 

ground control; 
Between 1602:33 and 1609x33, three wind shear alert advisories were isstled by 

1602:33 (To C g s ~ a  Citation N31MT) Win& zero six ' : 
degrees at one Eve, peak gust two  five, low 
level wind shear alert at northeast quadrant . '  

three thme zero degrees at one zero, 
northwest guadrant one ttwe zeo  degrees at 
three. 

1603:36 

1609S3 

(To Clipper 759) Winds  now zero seven zero . 

degcep at one seven, peak gust.. . .two three, . .  

r\nd wt have low level wind shear aterts all 
quactrar, L Appears ta be a frontal (sic) 
passin, overhead rigkt now, we're right in the . ' 

raiddle of everything. 
. . .  

(To Delta Flight 169) Ttud to runway one . . ' 

niner, wind zero eight zero at one five, low ' ' ' . 
level wind shear from the nort,hettst two two 
zero at four; from the east t h r e e  oEe zero at ' ,  . j  

six; from the south one six zero at three. - - . 

... 
3 .  

, 
. . .  

. .  
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. .  

. .  
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I .  
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! 

j The supervisory ground controner issued these three advisories because, at t:. " ""me, tad : 
~ developmental controller was " cutti n g"  a new ATIS message. 

. .  

. .  
. .  

. .  . . .  
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. ' T h e s l p e r v i s o r g g r o r n d c o n t r o I I e r r e c a f E e d b i s ~ ~ . " f ~  ' . i  

& % g W i n ' t h e  middle of mSH H e  testified that it was %n off tbe r m  
remark, Iamnat-ameteosrdoejst  I t . * r a s j w t t o a a p i s e t h e m t b s t p a c a n ~ : ~ .  
condtionswhenafmnt&(sic)bpsssing-n pai thregardtu~seconcl~iaet test i fe4  

f o r a d i f f e r e n t p u r p o s e , b u t I n o t i c e d ~ t h e m a i n O a n g l R a s ~ ~ b g ~ d t l t t e r  
which iedioated a lot of raia right there at the airport," 

- 
' I a r e s r e f e r r i a g ~ t h e f a c t t h a t I W s s l ~ a g a t t l r e r n a i n b e n g ( t h e ~ t ~ ) c b t h e ~  

 he -vis- g1-0- a~sc noted that "ion lwei wind sbertr dats is 
given out when it occurs. It is not a l w a ~  constant- It wodd be no facta to them st& ILS 
t ~ a n a i r e r a f t ~ s ~ i s y a r e o n t f i e f ~ y t h a t i t e ~ a n d t f K y ~ ~ k  
ready fa departure fa five and six minutes later, there w d d  be w longer a use far 
that..n 

Examination of the transcript of the control @tion showed that forp 
wind advisories were transmitted Three of thge advisories - at 16CE208,1604:111,8nd 
1604x28 - were based on readings from the tLWSAS display in the toner; thc fovth - at 
1607:lO -- was generated by a PIBEP received from a landing B-707- 

??K filst t kee  advisories were issued to Texas International Flight 79&. At 

check. A t  1602Io8, the de~el0pm-W I d  cotktroller answered, "Centgfdd arind 
1602S05, Flight 974, whSe awaiting takeoff dea?ance from ranway 19, requested a 

five zero at one liw gustingto two five, northeast quadrant wind three two zero at one 

the centerfieid -.and the northeast and northwest q u a d r a n t  winds were 00% 15 ~QOTS) 
zero, northwest quadran~nind one thee zero at fora." tm vector differences betweis 

cheek, and at 1604i11, the developmental local controller amwered, nCentei-fieM wind 
A t  160436, Flight 794, after b e i n g  cleared f a  takeoff, requested another vind 

zero six zero at one six, all q%dranls Iighten-ng (sic) up an amotmt of wind shear." At 
160498, the developmental local controller broadcast, "No wind skar registering in south 
quadrant," and at 160423, Flight 794 answer&, "Okay, Texas (unintelligible).' 

The developmental controller working the bcal controller pasition was being 

testified that the developmental controner made most  of the trcmsmissiors b e f o r e '  the 
matitared by the senia ControlIer in charge in the tower  ca'a The senior controller 

XcidezS, but that he made most of the transmissions thereafter. 

and informed the pilot that the current weather was nmeaswed ceiIing four ttiotMlnd one 
At.l607:10, the tower's clearance delivery ismd a dearance to a Micopter 

hundred overcast, two miles in heavy rain showers and-haze, and the wind is zeto.seven 
zero degrees at sixteen, wind Shear stll quadrants, gusting to twenty hots.. .=. The' 
clearance was delivered by a f Q h t  deta specialist who had "plugged inn to the dearance 
delivery p i t i o n  just before issuing t'm clearance. .. 

The flight data spec'.;al.it who issued the clerirance said that he had been om hiS . '  

coffee brdc but remained in the tower cab while off duty. H e  said that ' the traffic lev,& 
had increased and ' h e  "plugged in" to assist the m-duty flight data specialist .at the- 
dearance d a v e r y  position. R e  w& positioned between the clearance delivery and p m d  
control positions and his 15-foot long headset cord all5wed him to move abouvtk t o w e  
cab. (See figure 5.) He stated tfiat the LLWSAS's aura3 alert can be heard throughout the  
"entire cab however; he could not see the ZLWSAS's display wind 
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1. B R l T E  IV 
2 LCWAS 
3. ELECTROWRITER 

Fwre L-New Orleans International Airport tower cab layout chart. 
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AccOrcring to the se&r &der, the LLRSAS dispky was digmed t o .  . 
present both an audio and visual &e& Re testified Lhat the 'udurne of the am50 dert 
could be adfuSec$ however, he 66 not know if *& audo alert feature could &e eli.minated. . 

. .  

'Re Sanzor CORtMuer testified that it was not tower palicy for the gr- 
controller to pravide wind shear advisories &nd that, even if ground control had BmadcaS 
a wind shear alert, the local c o n t r d I ~ ' a l s 0  woad have trrusnitted the LLSWAS alert to,.,'.'. 
mt ai- He tesrified that when Clipper 759 was d d  for takeoff, there W ~ S M ) ,  ' 

Re d s e t d k d  that he could not recall a pilot refwing a takeoff solely on the 5asis .d a 
LLWSAS elert in progress; therefore, an LLWA5 advisory was not issued to' the fligtrt. 

LLYCSAS advisay- 
. .  

Is additicrt to the LLWSAS alerts, two PLREP'S: were received C 0 n c e r n i r r g : w i n d .  . 

&ear. According to t h e  Airman's Information ?d&nu& {AM), which is not a regiilitory 
pubIication, a PEEP concernhg a wind shear enwunter s M d  inciude t%e a m k t  af . .  . 

incEcatec: airspeed either gained or lost, and the dltitude at which the airspeed ex&micn: 
occurred- The AIM recommends that pilots whc auvlot report wid ssAe&r in thesespecific: 

40s Charlie, encountered an abrupt wind shear at 800 feet on final, mar: tkmt. e '; terms should desm-be the effect the shear h d  on his airpXane. For a m p l e ,  "GuEstre&n~ 

A t  1600-13, N S R D ,  a 5 7 0 7  heavy, after landing on runway IO, informed i d  controL; 
"Eigi~t R D, you got a ten knot wind shear on one zero at two hundred .feet," Accordir?g to, 
t h e  serrior controller, the developmental controller "wasn't exllcrly fsmiliar with how to. 
rela? this information. -. ." to landing &irpImes. Therefore, when Errstem Plight: 956 
reported inbczuncI over the o.uter marker, he took over the radio an2 at 1607:lO tmmsniitted 
fo the Eastern flight "the wind zero seven zero at one seven, hewry 96 eight or heavy " 
Boeing just Ianded said a ten knot wind shear at about a hund?ed feet on the final." Flight ' . 

956 tknked  him for ?he information. . .  . 

"we hsd a wind shear on the runway." Departure control replied, 1 u n d e r s t a n d " ,  ' This 
A t  1602:17, Republic Flight 632, after contacting deptlrture control, reported 

PIREP w&s not relayer? to the tower cab nd the lwal controIk. According to the 
departure controller, he made "a statement in the  TRACON in B loud voice t h a t  Republic 
reported a wind shear on the runway." Be did not relay t k  infamation to the lo& 

controllers and the  local controller would be rekying the LLWSAS wind information ta 
controIler becaise the tower had LLWSAS.dispI&y which depicted that data to the tower 

&.ving and akparting'traffic, 

. .  
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On January 19, 1980, National Airlines, Inc. was merged with Pan Am. During 
the merger, the flightcrew procedures of both airlines were reviewed by Pan Am. These 

incorporated into the present Pan Am FOM and AOM. Theredter, crossover training was 
procedures were comprrreC and revised where applicable; the resultant procedures were 

conducted for the former National flightcrew personnel to familiarize them with t3e 
contents of the revised mwuals. 

Dispatch Procedures.--The evidence showed that Clipper 759 had been 
dispatched from Miami in accordance with Pan Am's dispatch procedures. 

According to the Pan A m  operations agent at New Orleam, Clipper 750's 
captain and first officer came into the operations office whiIe the flight was on the 
growd in Ye:: Orlettns. The operations cgent pepred the flight folder for the 
flightcrew. When the folder was complete, %.th he and the cxptain signed the teletype 
copy of the dispetch release whi\?h had Seen t rmmit ted  To New Orleans by t3e Miami 
dispatch office. According to the disprtch agent, his signature on the teletyped release 
form signified t b t  "dl the information requested for the flight (New O r l w s  to Las 
Vegas) hrps been assembled and L? present and accounted for." In additi-n to the release 
form, computer flight plan, aad x preliminary loar' sheet. the flight folder prepared in  
New Orleans contained the 1415 Gulf Coast and Pacific State Surface Aviation Weather 
Reports md the 1425 Southwestem States Surface Aviation g a t h e r  Reports. 

displayed on clipboards mounted on a cero;sel on the Jperations office's counter and t k t  
The u,)erations agent testified cha t  additional weather information was 

these deta were available for Eightcrew review. Ir. rddition, the electrowriter terminal 
and ATE mdio receiver were 3n the same counter and b o t h  were operating so that the 
flightcrew could d5tain the c'ata required to prepre  their takeoff computation fo rm.  

weather observations on the electrowriter from the weather station, on the weather 
The operations age!% said that the office received the New Orlerns surface 

circuit teletype machine, and over z@. .\TIS receiver. The teletype copy of these 
otservatio!xs is ako placed on ?he eppropriate dipboard which is then glaced on the 

"retain i t  on t h e  earurnel for two hours." The agent w a s  asked. "if the 1455 weather 
counter carousel. According to the operations agent, i t  was the office's Factice to 

event merely by refereng to the camse l?"  He answered, Y"-" 
sequence was never put OR the ATIS, would the crew have obtained the irfornation in  any 

Takeoff Procedures.--Pan Am's  R A Y  prezented the runway weight 
in3 cmaeon for takeoff a! New Orleans IrAernationt?! Airport. Rased on t h e  data 

information chart for New Orleans International Airport. rLLn.w&y 10 was the only rtmwav 
contained on Ciigp?r 759's 'hkecff momputation form m d  -n the RAM'S runway weight 

availake tc, Clippe? 759 for ta2eoff. Also, according to the runway weight information 
.-,"cLJ iG wes o-acle limited. The limiting obstacle was a tree 7 8  feet higt:, 

2,250 feet e s t  of the depclri-re end of :he runway, t;nd 200 feet to the r i a t  of the 
extended centeriine of the runway. 

...--.-.--- 

A s  set forth in the AOM, the procedures call for the flying pilot to ewe  off 
the brakes and advence t h e  tkrottles smoothly to the verticd position. This will produce 
a b u t  1.40 EPR. Allow the  engines to stablize, then check for hianced EPR." 
Thereafter, tLe flying pilot wiH advance the throttles to near takeoff EPR, c d  for 

The nonnylng pilot is required to make the 80 knots, Vr, V2, and positive climb cafiouw. 
takeoff t F n S t ,  and the flight eneneer wil l  trim the engines to the takeoff EPR setting. 

"IT V I  and Vr are different. VI must be called &so." 
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V2+1G climb attitude. Therefore, t he  AOM reccrmmends, "At V r  rotate smoothly to  the 
The rotation maneuver should be 6 smooth continuous pitch change to the 

te-get cl imb attitude. The airplane should reach the target climb attitude and V2+1@ 
simultaneously." The AOW recommends that sfter  liftoff and during the  initial climb, ZhP 
pilot monitor the airspeed and =adjllst the pitch attitude to  maintain V2+10, t o  & maximum 
of 18 degrees ncse up (pitch attitude)." 

The AOM states that horizontal wind gradients and vertical wind csmporhents 
are not figured in takeoff gross weigh: calculations, but they have a significmt effect on 
the airplane's perfwmance over the ground. The AOM presents the following wfFlming 
notes to the flightcrews: 

If significant wind shear is suspected, consider the alternatives c,f 
taking off in a different direction or delaying the takeoff until 
conditions are more favorable. 

if shear is suspected and the takeoff is not obstacle limited, a 
speed in excess of V2*10 may be s e d  for the i p i t i d  climb to  
provide additionel protection from decreasing headwinds or 
downdrafts. 

AOM elso present information and guidance to flightcrews conce r~ng  wind shear and 
Weather Avoidance and Wind Shear Information.--Pan Am's FOM and 727 

convective weather. The Meteorolom section of the FOM conteins a discussion of wind 
shear and the LL WSXS. 

Y_. 

the system, how it functions. and the type report to be expected from controllers at 
The materid concerning tke LLWS.4S is essentially limited to a description of 

airports with a LLWSAS. Except for noting that the system is "primarily designed to  

limitations of the system. However, t h e  discussion of the system's capabilities does 
indicate the presence of horizontal wind shear," the discussior: does not describe the other 

infcrm t h e  flightcrew that the lowest, or minimum, wind vector difference required to  
produce a LLWSAS alert is 15 knots. The FOM states that the LLWS.4S wind information 
'5s strictly informational and no action is required unle-s deemed appropriate by the 
pilot." 

A det&iled description of thunderstorms and the wind conditions generated by 
t h e e  storms is also included in  the FOM's Xleteorology section. These data include a 
description of the rain cold front or gust front and the conditions ssociated with this 
phenomenon. The description of the conditions associated with the gust front states, in 
part: 

A surface wind shift often accomp&nies the gust front but may lead 
t h e  front by up to 5 miles. The gust front move  fas,ter that the 
thunderstorm fron which it was created and m.ay lead the 
t!!understorm radar echo by 5 to 10 miles. 

Verticd wind shears of 10 knots per I00 feet extending from the 
surface to sevend hundred feet above the ground r8ay  occur just 
behind the nose (of the gust fron?). 

while crossing perpendicularly through the gust front., m d  the shear 
Horizontel wind shears of 40 knots per mile have been measured 

may be even greater i n  thunderstorm squalls. 
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TBe FOX also notes that, "At large airports the tow& may be  are of gust front ~' 

activity in the approach or departute mrrjdor and winds which are vast& &ff-t.tfrom. ., 

dhose reported by the tower could be emomtered." . ,  

Neither the FOM nor the AOBB contain any description of microbursts 0r 
downbursts and the weather con&tions assoeiated with these two phenomena- 

The Severe Weather Avoidance section of the FOM contains Pan Am's were 
weather avoidance policies The FOM states, in pmt, "the foIiowing precautions ShOuLd be 
obseryed in avoiOi turbulence, wind shear, and hail associated with thmdemtorm 
activity:" 

1. Departureand Arrival 

When significant thunderstorm activity is appnxlchirrg within 
15 miles of the airport, the captain should eonsider conduct- 

&hying the takeoff or landing. Use aU available information 
ing the departure or arrival from a mferent  direction or 

for this juclgment, including pireps, ground radar, aircraft 
radar, tower reported winds, axl visual observations Gust 
fronts in advance of a thunderstorm €requenw contain high 
winds and strong vertical and horizontal rim% shears, capable 
of atusing an upet near the ground- 

A gust front can affect an approach corridor or mw&y 

conditions, tower-repwted win& and the altimeter setting 
without affectitg other ares of the airport. Under such 

could be misleading. 

The Normal Operation, Landing section of the Pan Am 727 AOM five 1 
weathw conditions that indicate the possibility of wind shear during the approsdt; one of ' 
these conditions listed is, "Thunderstorm in the immediate vicinity of the airpon" The 
AOM then presents a detailed description of the effects a decreasing or increasing 
headwind shear may have on airplane performance during a land= fqproftch and the 

be encountered Although it is not stated explicitly in the AOM, these shears would 
recommended pilot techniques to  counter the effects of these types of shears should they 

produce a similar effect on airplane cIimb performance during takeoff; consequentiy, 
portions of this part of the AOM presentation me relevant to the takeoff regime. The 
AOM states, in part, that the initial airplanc reaction to a decreasing headwind (or 
increasing tailwind) is a drop in airspeed and a I o n  in altitude. "It~is important that the 
pilot promptly add thrust and increase pitch to regain airspeed and glidepath. Do not 
consider 18 degrees a pitch limit in this case-" 

Airplane Weather Radar Svstem Procedures.--The AOM contains recorn- 

weather radar. Acc~rding to the AOM, the radar may be operated in normal mode during 
mended procedures to obtain the optimum performance from the Bendix RDR-1-E 

taxi and should be used to analyze surrounding weather conditions before takeoff. This 
search is usually made using a 150-nmi to 180-nmi range- The AOM also recommends 

states that the target return should be optimized by manipulating the antenna tilt. "A one 
that the 30-nmi range be used to analyze local weather before takeoff. The manual 

contour mode may be selected to provide additional information concerning the intensity 
hali degree change in tilt can produce significant changes in target definition." The 

of precipitation echoes 

L . . . .  . .  . . .  
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takeoff and during climbout, and the AOM states, in part, ?€chws recei.ved at high angles 
Vertical scanning of storms is described as important particularly before 

of antenm tilt during low altitude f&ht indicate the presence of mature storms . . 
The X@M also discusses the effect of attenuation stating, in part, ''Very light 

rair. may be undetected: but interposed between the airplane and a distant weather &;get, 

'his often causes distant weather targets to fade or c'isappear temporarily when light rain 
it prod.~ces scattering snd attenuation of the radar signd in transit, both out and back- 

Lies in the path of the radar bean." 

Durirg the piiblic he&-ing, a Pan Am Regional Chief Pilot and the Systems 

before takeoff. The chief pilot testified that after the airplane was alkged with the 
Director of Flight Standards described the use of the airplane's weather radar system 

get cut of ground clutter. . . .and scan tie area." 
takroff runway, the flig'ltcrew "wouid have tilted the antenna u? 5 to 7 degrees or so to  

The director of flight standards testified that, according to Pan Am poficp, 
"The crew instructed to turn the weather radar on while taxiing out, to scan t h e  
departing are4 parricularly vertically by usirrg up (antenna) tilt and to make a decision on 
takeoff based on their enalysis of the aircraft weather along with a myriad other factors 
we have already discussed." 

1.i7.3 wi shear Ram= 
firclllar, XC OO-5OA, "Low Level Nind Shear," which contains descriptions of the low 

FAA Advisorv Circulnr.--On Jmdary 23, 1979, the FAA issued Advisory 

level wind activity generated by weather fronts, thunderstorms and the  outflow pattern 
produced by a "downburst celL" The Circular contains precautionary measures to avoid 
wind shear and flight techniques to counter wind shear effects Since there was no 
weather front near New Orleans a t  the time of the accident, our summarization of the 
material herein has been limited essentially to low level wind shears associated w i t 5  
convective type weather and the  effect of wind sheer on takeoff performance. 

cell, in the downdraft directly under the cell, and in the wind shift linc or gust front ahead 
The Circular states that wind shear can be found on all sides of a thunderstorm 

of the cell. This gust front can precede the actual storm by 15 nmi or more; therefore, 

landing, low level wind Shear hazards may exist." 
the Circular concludes "if a thundeystorrn is near an airport of intended takeoff or 

The C.rcular warns that "Airplanes may not be capable of safely penetrating 
all intensities of low level wind shear. Pilots shoilld, therefore, learn to detect, predict, 
and to avoid severe wind shear conditions. Severe wind shear does not strike without 
warning. It can be detected. . . ." The Circular cautions pilots to be alert for the 
possibility of *:.A shear in the  departure or arrival areas if thunderstorms are cbserved or 
forecast a t  or near the airport, and to examine the approach or takeoff  area with the 
airpkne's radar to determine if thunderstorm cells are in the vicinity cf the airport. A 
departure or approach should not be fiown through or under a thunderstorm. 

The Circular siso urges pilots to utiiize the LLWSAS a t  the airports, where 
available, to assess the potential for wind shear. An example of severe wind shear aiert 
would be the following: "Centerfield wind is 230 degrees a t  7 knots; wind at north end of 
runway 35 is 180 dqrees  at 60 knots." In this case, ri pilot departing on runway 35 would 
be taking off into an increasing tailwind condition that would result in significant losses of 
airspeed and consequently altitude. 
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performaqce in wind shertr. It describes the effect of a downdraft on the airplane’s angle 
Thereafter, the Circular presents a detailed discussion concerning airplzne 

of attack, and states, 

When an airplane flies into e downdraft, t he  re!ative wind shifts so 

attack, which in turn decreases lift, and the airplane starts to sink 
as to come from a%ve the  horizon. This decreases the angle of 

rapidly. In order to regain the angle of att?ck necessary to  support 
the weight of the airplane. !k? pitch attitude must be significantly 
increased. Such a pitch at:i?ude may seen uncomfortably high to a 
pilot. The wing produces lift hsed on angle of attack -- not pitch 

downdreft and has pitched up sufficiently to stop the sink rate. If 
attitude. Caution should be observed when a pilot has traversed a 

that pilot does not lower the n a e  of the airplane quickly when i t  
exits the downdraft, the angle of attack will become too !wge and 
may approach the stall angle of attack. 

The Circular notes elso that jet transport manufacturers have pointed out that 
their airplanes still have substantial climb performance (generally in excess of 1.000 f p n )  
at speeds down to stdl warning of stickshaker speed (Vss). Soeing perfoi;nwce data 
indicate that a 8-727-200, a t  185,000 pounds w i t h  all engines operating, at sea level, and 
a t  sttmdwd dag conditions can produce, at  Vss ,  about a 1,300 fpm rzte of climb. - 19/ 

The Circular presents the effects of an energy trade -- airspeed for altitude 
or altitude for airspeed -- in a low leve: wind shear. It states, i n  part: 

Trading Altitude for Speed: A pilot caught in a low level wind 
shear who finds he is slower than the normal airspeed (even though 
h e  h a s  gone to max power) could lower the nose and regain speed 
by trading away altitude.. . .Eowever, data shows that the penalty 
for doing this is severe; i.e., a l-ge sink rate is built up and a great 
deal of altitude is lost for a relatively small increase in  airspeed. 
Therefore, s t  low alti?udes this alternative becomes undesirable. 
ft is preferable to maintain the lower einpeec! and rely on the 
airplane’s climb performance a t  these lower speeds chan to piah 
the nose over and risk ground contact. . . 
TrcldineSpeedfor Altiluds: Conversely, a pi!ct caught in a low 
level wind shear may pull the nose up and trade speed for 
8ititqlde. . . .If rhe speed is above V 2  or Vrei 201 (as applicable) 
thed this trade may well be desirable. If at  ofbelow V2 or \’ref 
s u - h  a trade should be attempted only in extreme circuxstance;. 
In doing so the pilot is achieving u temporary increase i n  climb 
perfornance. After he has  traded away all the airspeed he desires 
to trade, h e  will then be left with a pernment decrease i n  climb 
performance. In addition, if ground contect is still inevitable d t e r  
the trade, there may be no airspeed marg in  left i n  which to flare in 
order to soften the  impact. Wind shear simulations have shown, 
however, that in m m y  cases trading airspeed for altitude (down to 
V s s )  prevented an accident. 

- 
19/ Boeing .4irlincr Magazine, January 1977, “Ha7.ards of Landing Approaches m d  
Ekeoffs  in a Wi.ld Shear Environment,” Page 15. 
- 20/ “ref is 1.3 stall speed (Vs). V2 is 1.2 Vs. 
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The %MI sections of the Circular are devoted to procedures.for,coping 6ih: ' .  
wind shear  encounters during takeoff and landing. According to t h e  Circular, 'The..worst 
sitwtion on departure occurs. when the airplane encounters a rapiay increasing tailwind, ..:. 

denreassing headwind, and or downdraft. Taking'off under these circumstances would lead 
to a decreased perforrr~mce condition. .. ." since i t  will cause & decrease in  indicated 
airspeed. The &plane will initidly pitch down "due to decreased l i t  in proportion to the , 
&peed loss." The pilot techniques recommended in the Cir .dar to counter the effects ' . 

of this type wind shear on takeoff require t h e  pilot to trade airspeed for altitude. .On : 
encountering the shear, the pilot should apply rnmimum rated thrust, rotate the airplane 
to  high ncseup pitch attitudes -- "15O to 32' are to be expected .during this maneuver" -- 
and, if necessary to prevent a n .  unacceptable descent rate, maintain the naseup .pitch' 
attitude even though the airplane decelerates below V2. The speed tradeoff should . b e  

ended when the sti-haker is encountered. Theredter, the airplme should be flown at d.  
pitch attitude that will maintain an indicated airspeed just above stickshaker speed. The. 
Circular notes, in part, that, "Postaccident studies have shown that, under si&&. 

above) been.zsed immediately, t h e  airplane could have remained airborne'and the accident :. 
circumstances, had flight techniques of an emergency nature. (such as those. outlined 

averted." . .  

. .  

. .  ... 
. . . .  . .  

. .  
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. .  
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The Pan A m  director of Flight Standards .t&tified:th&t the company reviews.". ' .  

all FAA Advisory Circulars and "Illmost exclusively adopt them into, the aircraft operatiug .. 

m m d .  . - .or the flight.operations manu&l. W e  don't issue the txivisory &dm, per se, :: 

to the airmen because we wan t  the airmen's attention to be focused on the Pan American .: , 

advisory circulw. gut .we iksure that the thrust 'and intent of the advisory circular i s . .  

mm'ual system so that there is a single source document and not .a' myriad of l e e '  ' : 

incorporated into t h e  .manual." He testified t h a t  Pan A m  accepted and incorporate&in :. 

their manuals and training procedures the data contained in circular AC00-50A. . . . . . .  . .  . . -  . .  
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this course was not presented to the flightcrews; however, during t h e  latter half Of 1981, 
the Pan Am ground training course included a review of five accidents and the review 
included "wind shear procedures" The flightcrew of Clipper 759 s a w  this program. 

In addition, the director testified that the company safety magazine "Cross 
Check," which is distributed to all fliihtcrews, published 20 articles in recent years 
"regarding wind shear encounters, !and) ezcident reports of aircraft that have been 
in-Jolved with wind shear." 

The nightcrew of Clipper 759 were former National Airlines personneL 
National Airlines, before it merged with Pan Am, included a slide/tape presentation 

begun in 1978, presented wind shear data to its flightcrews, wind sh,ear effects on airplane 
"Hostile Environment" in its annua; grGund training prcgram. The program, which was 

performance, a?d recommended pilot techniques to counter wind shear effects The Pan 
Am chief pilot, who had occupied the Same position with National Airlines before the 
merger, testified that the National Airlines B-727 AOM contained procedures concerning 
a wind shear encounter during departure, and that the procedure suggested "Wing off 
v:ith a little higher than normal speed if obstructions and so forth would allow that. It 
a h  suggested pulling the airplane up to something less than normol cli;nb-out airspeed in 
an  effort to stop the sinking situation. The procedure is relative to the wind shear 
circular that e6me .-it. it is almost verbatim to that procedure that is spelled (out) in 
?hat." 

Simulator Training.--in 1975, National Airlines progamrned their B-727 flight 
simulators to gi wide wind shear training. According to the chief pilot, "Tire wind shear 
program that was inserted in the former National Airlines simulators was (a) 180 degree 
change in wind direction over a Gsecond period and (the magnitude of the  wind) was at 
the discretion of the check airman." 

Therefore, the check airman, although not always, quite frwuently warned the 
The wind shear exercise was not graded, it was "purely for schooling purposes" 

flightcrews that they were going to receive a wind shear durijlg a certain part of the 

recurrent simulator training in leu of a proficiency check and "this particular exposure 
simulator flig1.t. This derxonstration was given as part of the  flightcrew member's 

would have Seen given to them once a year." 

conducted on an approach and landing, on a departure, or on both. During the exercise, 
f.ccording to the chief pilot, the wind shear exercise could have been 

the check airman evaluated the fiightcrew's ability to recognize the type of wind shear 
encountered and to take appropriate and t ine& ac?ion to counter the effects of the wind 
shear. 

According to National Airline's training records, th,: captain of Clipper 759 
flew a wind shear training exercise during his recurrent simulatcr training in 1919. There 
is no requirement for the first officer to receive "hands on" wind shear training in the 
simulator, and there is no record that he did. 

Pan Am's 8-72'7 flight simulator training program is conducted in a mawer 
similar to the manner in which National's was conducted. Since the maneuver is not a 
graded item and since no entries are made in the airman's training folder to denote that 
he has  accomplished the maneuver, Pan Am's training personnel could not state whether 
either the  captain or first officer of Clipper ?59 had performed this maneuver during their 
last recurrent sirnulator training periods. 
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recommended flight techniques to counter a decreasing headwind shea r  during depar ture .  
The Pan Am director of fl ight s tandards  was asked if t h e  company provided 

He testif ied,  "The wind shear  procedures as described i n  Pan Am's a i r c r a f t  operat ing 
manual for t h e  727, as a matter of fact, for dl our ttirplanes, notes t h a t  when 
encountering decreasing headwinds. . . . the pitch (angle) should be increased, to whatever  

and p a v e r  are required." He  tes t i f ied that t he  s imulatofs  were programmed to provide 
pitch and power are required. Those are t h e  wor& t h a t  are in the  m w u a l ,  whatever pi tch 

t N s  training !'when shear became a known operation& f ac to r  in  airl ine operat ion in  tne 
29?0's.'! 

1.17.4 Low Level Wind Shear Detection Systems--Air and Ground 

Ground Detec t ion  Systems.--The FAA has b',en involved in  t h e  testing and 
development of ground based wind shear  detect ion systems since 1972. The  LLWSAS's in  
operation at 58 airports in t h e  United States represented the state- of- the- art  a t  t he  r ime  
of the accident.  However, the  F A A  has tried to improve this  system since i t s  i n cep t im .  

In 1980, a pressure jump array .:ystem was in tegra ted  with t h e  LLWSAS at 
Hwrsf ie ld  Internxtional Airport, Atlama, Georgia. Because of t h e  lack of n e c e s s z y  
weather  conditions, t h e  results were  inconclusive. Therefore.  t h e  FAA decided 10 
reevalukte  :he pressure j ump  system during t h e  JAB'S projec:. According to t h e  manager 

system is "false alarms. The system goes o ~ f  without wind shear." 
of FAA's Systems i lesearch Aviation Weather Branch, one problem with t he  pressure j ump  

modulated and pulse Doppler wicrowave systems for  use i n  wind shear  de tec t ion  systems. 
5eginning in t h e  ear ly  197O's, t h e  FAA t e s t ed  acoustic, laser ,  rrequency- 

The  acous t ic  Doppler system p r o p g a t e s  sound waves ver t ical ly  i n to  the a tmosphere  to 
e x t r a c t  low level wind veiocities. This system did not mee t  the  FAA's reliabil i ty 
standards. !n addition to :he t ransmit ted noise, i t  was very sensi t ive  t:? other  noise. 
Airplane noise, high wind velocity over t he  receivers, and even bird souncls would dis tor t  
t h e  signal. 

were fur ther  +creaser! by low visibility environments such as fog. clouds, and heavy rain. 
Laser Doppfer systems were  found to Se range- iimited and their rapabi l i t ies  

Frequency-mod:rlated microwave Doppler systems alsc appeared to be reng?-!imi?sd. 

addition21 da t a  cor.cerning the  performance of this system w a s  col lected at t he  Ta t iona l  
T h e  pdse Doppler microwave radar  was evaluated during :he JAh'S project;  

Seve re  S to rms  La i c r a to fy  (NSSL) at  Worman, Oklahoma, and a t  f ive  o ther  pulse Doppler 
radar s i t cs  ir. t he  Cni ted States. Based on ?he evaiuation of t h e  la ta  col lected to date, 

system is now tne c:hief candidate  fo r  use as a low level wind shear  warning system w d  as 
F t l . 4 ' ~  weather  reseitrch branch mantiger tes t i f ied t h a t  t h e  pulse Doppier microwave r ada r  

t h e  Next Generat ion Radar  INEXR.4D). 

The  weather  researe5 branch manager tes t i f ied t ha t ,  for aviation purposes, t h e  

$0,000 f e e t  m.sJ. throughout t he  continent81 United States and in  .$;ask+ Hawaii, and 
FAA wants t h e  VESRAD to (1) monitor air t ra f f i c  a i rspace from 6,000 f e e t  ns.!. to  

Pue r to  Bico; and  ( 2 ;  lo m e a s w e  low k v d  shea r  i n  precipitation out t G  30 nmi f rom t h e  
antenna.  The 30-nmi nutoff was estcoiished keadse of the  e&rtWs cur%vatwe; d: 20 nmi, 
:he radar beam is d r e a 8 y  too far above t h e  s u r f m e  t o  d e t e c t  e i the r  the rnicroburs: or 
downburst. 



consisting of some  1 4 0 - p l s  radars should be available by 1991. T h e  initial eVdUatiOn Of 
The  weather  research branch manager test if ied th&t the NEXRAD network 

t h e  s i t ing c r i t e r i a  showed that t h e  140-plus radars in the continental  Upited States would 
protec t  nearly t h e  en t i re  en  route airspace sys tem and  "70 percent of t h e  terminals w e  
are concerned with. . . ." Additionally, based on thunderstorm exposwe and high *&fie 
density, t h e r e  are about  40 high priority terminals  which are not  pro tec ted  by t h e  
p r o p &  (NEXRAD) network, and, according to the  weather  branch -wager, the FAA 
wil i  have t o  examine t h e  option of protec t ing  those  terminals. 

The weather  research branch manager test if ied that t h e  LLWSAS was dgigned 
to de tec t  gust f ronts  not  microbursts,  and t h a t  it would be at least 3 yeass before t h e  

t k a t  t he  present  LLWSAS could be improved, and t h a t  a f t e r  t h e  JAWS' project  d a t a  are 
present system could be replaced by rno the r  type of wind shear  alert system. He  thought 

endyzed ,  t h e  F A X  will have t o  de termine  what can be done to irnprol-e izs performaqce 
and m a k e  i t  a more viable system. 

Airborne Detec t ion  Systems.--Between 1975 and 1979, t h e  FAA spo~sSored a 
major research program to test and develop airborne displays and instrumentat ion for 
Eiding a pilot in coping with wind shear  on approach and landing and on takeoff. Although 
general aviat ion airplanes were  included in t h e  program, t h e  discussion herein has  been 
limited to those portions of t h e  program relevant. to large transport  airplanes. The 
projected end resul ts  t o  be derived from t h e  program were: 

(1) DetermiMti3n  of optimum pilot aidiEg concepts  for de tec t ing  
and coping with wind shew.  

(2) Comple te  performance specifications f o r  cost- effect ive 

groundspeed information in  t h e  cockpit.  
a irborne equipment t o  dispiay accurat.e and t imely 

(3) Select ion of and recommendat jm for use of wind shear 
systems.  

part of t h e  FAA's A l l  Weather Landing System (AWLS) project. Task 2 began in  June 1975 
The program to develop wind shear  de tec t ion  equipment (Task 2) was made a 

ar,d ended i n  Ju ly  1979 with t h e  issuance of Repor t  No. FAA-RD-117 (RD-l l?) ,"Airborne 
Aids For Coping With Low Level Wind Shear." The  program w a s  conducted by SBI 
International ,  and t h e  following organizations p&rt.ieipclted: Sunker R a m 0  Corporation, 
Cosins Division of Rockwell Internationlrl, D O U ~ ~ M S  Airplane Company, NASA A m e s  
Research Cen te r ,  and the Boeing Commercial  Airplane Cornpmy. 

In order  t o  accomplish t h e  goals of the  program, more than  21  wir.d models 
were developed and used in va r iow combinations during piloted simulation tests. T h  

representa t ive  of the  type wind shears generated by a tmospher ic  boundary layer  e f fec t s ,  
Drofile sever i ty  of these  models w&s classified as low, modera te ,  and high, and they  were 

fronta l  systems,  and thunderstorms. Repor t  RD-117 states, 'Tn t h e  high sever i ty  wind 
profiles, t h e  two wind components (vert ical  and horizontal) combined Gdversely t.o produce 

shear in tb.e ver t ica l  component w6s present. Higher sever i ty  profiles were also found to 
complex wind shears  possessing greater haztlrds; in t h e  l o w s e v e r i t y  wind profiles, nc 

cont8jn reversals  in wind shear direction." Of t he se  more tha;! 21 wind models used, 7 
were chosen and recommended t o  the FAA as candidate s t a n d w d  wind profiles f o r  sys tem 
qilaiificetion. 
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analyt ical  and exper imental  ctudies of airplane response to wind shea r  and  t h e  
Task 2 consisted of a series of piloted fl ight simulation tests sapported by 

meteorological phenomena t ha t  produce low level wind shear.  Approach and landing tests 
Were conducted under various conditions of visibility, wi th  different levels of approach  
i r s t rumenta t ion  (full ILS end localizer o ~ t y ) ,  i n  both -widebody and non-wide-body j e t  
transport fl ight simulators, and  in a 5-727-200 fl ight simulator with a Head U p  Display 
(HUD). The  simulation exper iments  were  c o n d w t e d  using simulators of good qual i ty  and  a 
significantly large number of experienced pilots. Baseline v l l ue s  for each  meneuver w e r e  
established by requiring each  pilot to fly t he  test wind profile using conventional &rDl&ne 
instrumentation.  Repor t  RD-I t7  states, ''A major conclusion, over  dl t h e  tests, wtts t h a t  
conventional instrumentation was found inadequate  f o r  coping with  wind shear  during 
approach and landing. The  percentage of acceptable  approach ou tcomes  under t h e s e  
conditions w a s  generally less than 50 percent.': 

Many ins t ruments  and techniques, including RED,  were tested. Groundsspeed- 
airspeed comparison and energy rate management  instrumentetion sys?ems we re  tesied; 
Report  R i b 1 1 7  noted t ha t  b t h  produced approach and landing resul ts  which exceeded 
baseline vLI~IJ~s. 

With t he  use of a modified f:ig3t d i rector  system (XFD-delt;?-A), whicb 
consisted of ai acceleration and groundspeed augmented flignt director, ecceJ.erarior?- 

steering,  t h e  e f f ec t s  of wind shear on aircraft pe r fo rmmce  during approach and  landing 
margin criterion for  advising go-around. and minimum-height-loss go-ai-ovnd pi tch 

nonprecision apprcach demonstra ted a s u b s t s n t i d  and  operationally significant inc rease  i n  
were  g rea t ly  minimized. Report  RD-117 s t a t e s  t ha t  results for bo th  t h e  precision w d  

t he  s a f e  management of low-level shear  encounters when t he  pilot aiding feii tures of the 

able to make within-limit t o x h d o w n s  or execu t e  successful  go-arounds during all of t h e  
MFD-de l t a4  system were  available. With this system. pilots on  precision tqproach were  

mo ie  hazardous h ighseve r i t y  shear  encounters.  On t h e  nonprecision approach, this level 
of performance w s  echieved on all but one of the  high-severity shear  encounters. In all 
t e s t ed  levels of wind shea r  sever i ty ,  and  fo r  both t h e  precision and nonprecision approach,  

approaching t h e  expected t o p  level of performance (which correspond5 t o  t h e  simdator 
t he  MFDdefta-A system showed a major improvement over baseline jalues L L ~  well as 

results  wi th  no shear). Report  RD-!IT concluded t h a t  the  

. . . s y s t em performed weil enough altd ranked high enough in 
acceptabi l i ty  to be recommended as a solution t o  t h e  wind shew problem 
on approach and  landing. We d o  not mesn to imply, of course, t h a t  MFD- 
delta-A is the  only solution nor even that i t  is t he  mast  economical 
solution. We can  only say t h a t  i t  is t h e  system t h a t  ha? been found to  

chmges t o  t h e  a i rplane ins t rumentat ion and  introducing more  complexi ty  
work, and tha t  the l ine of development taken (s tar t ing with minim& 

0 n . y  when needed for improved performance)  implie;  tha t  it shodd be 
rejsonabiy cost  effective. 

Report  R D - l i ' i  s t a t e d  tha t  pilot worklocd, as reiiected by pilot jcdglnents of 

significantly increased over b s e l i n e  valbes when t he  ?JFWdeltr.-A sys:em w a s  wed. T h e  
mental  and  physical e f fo r t  involved in  managing t h e  wind shear encounter ,  was not 

most  noticeable e f f ec t s  on workloads were  associated with t h e  s fwe r i t y  !eve1 of t h e  s!;e&-. 
The  report eoneluded t ha t  "with sufficient training and famil iwizat ion,  pilots will accept 
&n epproach-management technique celling for del iberate  variiition in command airspeed 
to cope ef fec t ive ly  wit): t h e  low leve! shear environment." 
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Report R B I 1 7  stated that the test HZD formats were generally helpful for 
30th detect%- wL?a  shear effects end for providing guidance for contt-1 actions, 
'however, test reslllts showed no substw.tia1 irnprovernents over beseline performance in 
eithe? approach outcomes or approach management during the shear encounters" 

shea? profiles were developed especially for We takeoff tests; four were thunderstorm 
Takeoff perfofmulee was  a h  evaluated during ;he Task 2 prograix. Five wind 

wL?d fields characterized by a substantial headwind shearout (decreasing headwind- 
increilsir!! tailwind) during the first 500 feet of the climbout. * three of tfese 
ihunderstorm shears, the headwind shearout was accompanied by a downdraft in excess of 
10 knots. The fifth profile represented a frontal type wind shear with a milder headwind 
shearout occurring in combination with a downdraft of less than 5 knots. 

The takeoff simulations were performed i.. a DC-IO flight simulator, at sea 
!eve: elevation and on a standard day. Low comprecsor ( X I )  takeoff setting was 
IO2 percent, and the pilot executed e normal rotation and climbout. All takeoff 
sequences were flown using the MFDdelia-.4 system. Report RD-117 states, however, 
thvt  the only element of this system considered appropriate ''to the takeoff situation was 
the modified flight director pitch steering cornmantis develo3ed for go-around guidance." 
Focr takeoff ana climbout control strategies were used: 

Follow standard DC-iO pitch steering corcmand immediately 
after rotation; this was the baseline. 

Pitch up to 15O a t  rotation and thereafter attempt to 
establish and maintain V + i O  bv reference to the airspeed 
indicator, with no pi?ch-stiering command available; 
hereafter referred to as "no flight director" (NmDi. 

Follow the modified pitch-steering command immediately 
after rotation; hereafter referred to as "MTD at lift-off" 
(MPD). 

Use baseline procedure fo; rotation and initial ciirnb and 
switch to %?PD when shear effects are encountered; hereafter 
referred to as "MPD option" (?.IPD opt). 

Three pilots flew 60 data runs, and conirasts between alternate climbout 
control strategies were based on 15 runs using each control strategy. In all instances 
when severe wind shear effects were encountered. the throttles were advanced to an 
sverbvost condition of 113 percent. Report KT)-117 states in part, 

The outcomes of the takeoff attempts were remarkably consistent for 
the three pilots end, for the most part, showed little difference across 
the four contro: strategies Encounters wi:h the combined headwind 
silearout and low level downdraft were extremely hezardous for both the 
baseline and the test systems. Crashes were recorded on all of the test 
runs under these conditions.. . . Encounters with rhe milder 
thunderstorms profile with no downdraft and with the frontal shear were 
comparatively benign; none of the pilots had any difficulties c!irnbing 
through these conditions uslng any of the four control strategies 
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Comput.&m&el stu&Sconducted durirrg!,& prqp-&i Showed.t&t ge.haz& ..::':::-::.:~;~.,,~~~'i~~ 
On takeoff is at least as great *'that on approachrand . t h a t . t h e ' ~ ~ e ' ~ f . . ~ ~ ~ l ~ ' c ~ , ~ ~ . . ~ ' ~ . . ~ . ~ ~ ~ ; ~ ~ ~ ~ ~ . ~ . ~ ~ ~  

being flown at.'high pitch attitudes, and the throttles are positio@id to; almost ;full..thrxist:.;:.'! ..:.<::. :I : 1;' 
(they may alreadg be there). ' The. computer.studies i&iCated that there: ake.realistic v v i n d  :'I.' I :::::::. . . . . . .  :?::::j 
profiles in which even operation at .the limit of airplane capability "is" not' encxsgh :&:': .':. . ...... . . . .  :....::d . .  
prevent ground &&act" The simulation tests, confirmed the computer studies, and .:the :.;'.' ' 5  -..,::.., .::i 

i 

xmrt Stated, "The overall picture given by: the takeoff outcome .data was that individual ': ',.: . . :  

W i n d  shear effects were' dominant. and that none of ' the aiding techniques .t?sted couM ::,..:, : :: 
. . .  ...... 

Cope efficiently with the coinbmed effects of a headwi?d.:shearout a n d .  downdraft &ring .: 

the first 500 .feet of the climbout" The .Report then states, -e tests showedthat there : 

are realistic wind shear conditions that, occurring on takeoff, exceed the aerodynamic .and ' . : ::. . ::. : 
thrust apability of the airplane. . A n  attempt to m&e a normal takeoff in such 'a . , ., . ' 

Situation, even when aided by a minium-height-los
s 

pitchsteering algorithm, cannot..be. . . . .  .. 

retrieved by: pilot action." . .  . .  . . .  . .  

On May 3, 1979,. the .FAA issued Advance Notice of Proposed Eulelnaking : ' .  ' .  -':: 
79-11 (ANPRM 79-11) which discussed, in.part, research and development of wind shear , .' . ,  ' . 

detection and guidance equipment. The ANPRM invited public participation to determin?, ' ' , .  . 

whether there. is a '%aIid need to  amend Part 121 and requie. .  wind shear detection ' ' 

equipment." 

. i  ..".. : ..SJW .::i r 

. . . . . . . . . . .  ,:. . . . . . .  ., 
..... a .... ir4 

,.*-e 

actions in response to shear on . . .weof  f i s .  much 'mope; umit&'.:.me ciirplane:is &&ady: ~ . ~ : : ~ ~ ~ . ~ , , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  . >. ir .... 

~ . . .  
....... L. ......... 

. . . . .  :.. '. 
.. ...... 

..: 

... . . .  . . i. 
. . .  . ' V  . . ? ,  . . . .  . . . .  

. .  
... . . .  . . . . .  . . . .  

,. 

. . ,  . 
. . .  :i 

. . .  
. .  . .  

. . . . . . .  
. .  

. .  
.:. 

. . : 
. .  . .  

..:e 
I 
. .  

. .  . . . . .  . . .  

The majority of those responding to the ANPRM: believed that regulatory'" . j : , . I .  

action under 14 CFR 121 would be either. premature or unnecessary. ANPRM 79-11 was . . 

closed out and a Notice of Proposed Rule Making (NPRM) was never issued. ?&reover, . ' . : ., 

since 1979, the FAA has not directly fund& a continuation of airborne instrumentation 
development and testing programs. Although the FAA's National Airspace System Phi;  .. 
dated December 1981,.contained a project to  define airborne techniques to  traverse wind 
sbears, the project plan caned only €or a final report in 1986 which W O U E  contain ' . 

acceptance criteria for airborne systems According to '  a ' FAA Systems Researe@ and . . 

Develjpment. Service project manager, the funding of additional testing or simulation ' .  

activities is contingent upon the. d+overy of new hazardous wind shear profiles in the . ' 
JAWS project. . .  
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Shortly after the. 'Clipper 759 accident, the FAA issued a draft .Advisory . '  

. .  

Circular 120. (AC-120), "Criteria For Approval of Airborne W i n d  Shear Detection 
Systems." The draft AC presents guidelines to "operators holding operations certificates 
issued under Parts 121, 125, and 135 of the Federal Aviation Regulations" to obtain 
operational approval of airborne wind shear detection systems+ The draft AC dearibes. . ' 

accep+&le simulation criteria, wind field modelillg data, and minimum performance 
parameters for system evaluation ' The circular is strictly advisory and does not require 
the use of wind shear detection and guidanee systems on.air carrier airplanes Comments .. 

regarding the draft AC are presently being reviewed by the FAA; the decision.to issue the 
fi ial version of the AC will be made early in 1983. 

1.17.5 HumM Performance Data 

. .  

. . . . . . . .  . .  

. .  

The captain was hired by National Airlines on August 16, 1965;- the first . . .  ::... 
officer washired on December 20, 1976. Since their respective &tes of hie, both the 
captain and'first officer had been based at Miami, Florida. The evidence showed that, for . . 

the mast part, they had flown routes which traversed the a t h e r n  tier of, the U R ~ W  
States and .the Gulf Coast States  According to NWS data, convective or .thunderstorm: 
type weather activity is common to this part of the United States during the; 
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summer. x/ The evidence also showed that the captain had flown through New Orleans 
numerous times; during the 90 dpys before the accident, the captain had made five 
landings and takeoffs a t  the airport. Thus, the evidence was conclusive that both the 
captain and first officer were familiar with the air mass type thunderstorm weather that 
was affecting the New Orleans area and airport on the day of the accident. The evidence 
also indicated that they most probably had landed and had departed from airports under 
weather conditions similar to that which existed a t  New Orleans International Airport on 
July 6, 1982. 

within 1 5  miles of the airport, the captain has, among other considerations, the option Of 
The Pan Am FOM states that when thunderstorm activity is approaching 

delaying takeof: or landing. According to a former National Airlines Chief Pilot, the 
procedures concerning severe weather avoidance, particularly those relating to the 
captain's option to delay a takeoff or landing, were identical to those contained in the 
present Pan A m  manuals According to ?an Am supervisory personnel, the exercise of 
this option is based on the captain's evaluation of the a i F p h d s  performance capability, 
runway conditions, wind, and weather. The Pan Am Director of Flight Standards iesiifiec! 
that captains "routinely do not takeoff  in bad weather and delay and cancel flights." 
There was no evidence tha t  management exerted any pressure on its flightcrews to keep 
to schedules in disregard of weather or other safety considerations. 

2. ANALYSIS 

2.1 General 

Federal regulations and approved procedures There wa$ no evidence of a malfunction or 
The airplane was certificated, equipped, and maintained in accordance with 

failure of the airpime, i t s  components, or powerplants that would have affected its 
performance. 

The flightcrew was certificated properly, and each crewmember had received 

m y  preexisting medical or physiological conditions that might have affected the 
*he training and off-duty time grescribed by FAA regulations. There was rko evidence of 

flightcrew's performance. 

The ATC controllers on duty in the Xew Orleans tower at the time of Clipper 
759's departure were certificated properly, and each controller had received the training 
snd off-duty time prescribed by FAA regulations. The developmental controllers being 
trained a: the ground and local control positions in the tower were qualified to receive the 
training at tiose positions; the controllers monitoring the developmental controllers at 
the local and ground control positions were qualified to supervise this training, and the 
?raising was conducted in accordance with applicable regulations and GENOT's. 

- 211 Twenty-eight y e a x  of NOAX climatological data reflecting the mean number of days 

Orleans--41 days, M i a m i 4  days; Fort Myers, Florida-50 days; Pensacola, Florida-45 
wi th  thunderstorm Occurrences duri.ng June, July, and August showed the  following: New 

published bjr ttte Water Information Center, Inc., Port WashLTton, Hew York. ('Based on 
days,* and Mobile, Alabama47 days. "Climate of Lye States" Vok 1 and 2, 1974, 

2 years of data.;) 
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airplane aerodynamic performance, and operational factors which mighr have caused the  
Accordingly, the Safety Board directed its attention to the meteorological, 

airplane to descend and crash. The meteorological evidence relevant to this accident 
included: the weather data provided to the flightcrew in their flight folder, the  weather 
conditions e ~ s t i n g  at  the New Orleans International Airport before and at  the time of 
Clirtper 759's departure, t h e  weather information provided by ATC to the flightcrew, and 
go-und and airplane weather radar systems. For continuity and clarity, aspects of the 
latter two weather related areas - the processing and dissemination of weather 
information by ATC and ground and airplane weather rhdar systems - will he discussed 
during an examination of operatianal factors. 

2.2 Meteorological Factors 

Miami and N e w  Orleans showed that they contained the required weather documents. The 
Examination of the flight folders prepared and given to the flightcrew at 

&re8 and isrrm.int4 forecasts were both current and substantidly correct. The flightcrew 
did not have a copy of S!GMET 38C; however, this SIGMET did nct affect the New Orleans 
International Airport or Clipper 759's route of flight, and there was no requirement to 
provide them with a copy. 

2.2.2 W e a t h e r  Conditicns ai Airport 

and that the initial impact with the trees occurred a b u t  1609:0!, the Safety Soar3ls 
Since the evidence showed that Clipper 759 began i t s  takeoff ro l l  at 1 6 0 7 5 7  

examination of the weather w a s  ceatered on? but w a s  not limited ta, t h e  time period 
between 1 6 0 7 5 7  and 1609:Ol. 

Convective Keather Activi:y.--At the time Clipper 759 was prepwing for 
takeoff, convective weather radar echoes were located both over and to the east of the 
departure end of F U J I W ~ Y  10. The 1608 weather radarscope photograph from Slidell, 
Louisiana, showed a V P  level 2 echo located nearly over the departure end of runway 10 
and mother VIP leve: 2 echo a b u t  4 n m i  east of the airport. The weather radar "sees': a 
V I P  level 2 echo at  an intensity level of 40 dBZ. However, due So intervening rain, 

4 dBZ. 22/ Therefore, the nonattenuated echo intensity of these cells w a s  probably 44 
atmcsphere, and clouck, the twc-way attention of t he  radar beam would have been about 

: dBZ; a a dBZ intensity corresponds to a level 3 storm cell. 

Between 1601 and 1609, the pilots of four airplanes -- Republic Flight 632, 
Texas International Flight 974, Cessna Citation N31RIIT, and Southwest -4irlines Flight 680 

their respective airplane weather radar systems. All four ~ r p l a n e s  were on the east side 
-- saw three weather cells either over or near the New Orleans International Airport on 

of the airport when these obervations were made. One of the weather cells was over the 
departure end of runway 10, another was  within 2 n m i  to 5 nmi east-northeast of the 

of their radar, all four pilots testified that these weather cells were level 3 or higher. 
airport, and the third cell was 5 nmi  southwest of the airport. Based on their ctservations 

Based on this evidence, the Safety Board concludes that level 3 storm cells were located 
over the airport and just east-northeast of the departure end of runway 10 during Clipper 
759's t*keoff. 

22/ - Federal Nleieorologiical Handbook No. 7, Jme 1981, Chapter 3, p. 24. Wexler, R, 
Atlas, D, Radar Reflectivity and Attenuating Rain: Journd  of Applied >leteorolon, Vo1 2, 
pps. 276-280. 
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showed that a thmderstorm was  not in prcgress a t  the airport either just before or during 
The statements of the witnesses, controllers, end the airport weather ObSerVeF 

the time of Clipper 759's departure. Further, based on the Seme sources, tbe  weighhr Of 
the evidence showed that  a thunderstorm was not in progress in the sea just east of the 
departure end of runway 10 d u P i  this same time period. 

Rainfall Rates--The rainfall rates during Clipper 759's departure were also 
ca!culaated from various data sources A rain gauge located about 3,000 feet southeast of 
the departure end of runway 10 showed that, between 1608 and 1609, the r a i n f a  rate 

6epar.c:re end of rxnway 10. The radar reflectivity in this area, as stated earlicr, was 
increased to a value of about .5 in/hr. T:e rainfall rate was probably heaviei. east Of the 

44 di3Z. The relationship betw e radar reflectivity and rainfall rate is expressed in the 

expresseo in milKi:aeters to the sixth power per cubic meter (IIIXI'~~'). 23/ Substituting 
foaoKicg equation: R = (z/55).6'< where R equals rainfall rate, equals reflectivity 

14 dSZ into this eqaation yields a rainfall rate of 1.8 inhr  (45.7 Kmhr) east of 
runway 10. 

Several witnesses located on the airport saw Clipper 759 froin the point Of 

locations io the tree line WBS about 4,000 feet (1.22 krns). The rainfall rate a t  the 
Liftoff to the tree line eaft of n!nway 10. The ave rqe  distance from :he witness 

departlire end of runway 10 was calculated using this visibility. The relationsl&ptween : 

visibility and rainfall rate is expressed in the following equation: S M  = 18.81- * , where ; 
S%' eqzak visibility in kilometers, and I equals rainfall rate in mi l l ime t e r s  E/ Substitu- i 
tion of 1.22 k ~ s  into the &ove equation yields a rainfall rate of about 2.1 in/hr 6 3 . 3  
m m h j  e t  the departure end of runway 10. 

At  the time Clipper 759 took off, the average rollout RVR on runway 10 was  i : 

3 rainfail rate of 5.7 i d h r  (144 mm/hr) for the area near the departure end of runway 10. 
2,000 feet (.51 k n ) ;  substituting -61 k m  into the visibility and rainfall rate equation yields : 

Wind Direction and Speed.--Although the Safety Board used bot3 meteore 
logical data and witness statements, it was not possible to determine precisely the 
horizontal and vertical wind components affecting Clipper 759's takeoff. 

about 15 knots. The NWS anemometer is located within 100 feet of the LLWSAS's 
Bctween 1507 and 1609, the NWS wind trace showed that the average wind was  

centerfield sensor. At  1604:21, 1606:13, 1607:10, and 2609:03, the local and ground 

knots, 070° a t  17 kklots, and 080° at 15 knots, respectively. Therefore, at the time Clipper 
controllets using the centerfield sensor reported winds of 060° a t  16 knots, 070' a t  17 

759 took off (1607:57), the centerfield wind was approximetely 070°at 16 knots. 

Souie-vard, there was a LLMiS.\S alert involving f:le east sensor; the ground controller 
A t  1609:03, about 2 secGnds after Clipj-er 759 struck the trees on WiIIiam 

reported the centerfield wind as 080° a t  15 knors and the east sensor wind as 310° at 

- 23/e&ral Xeteorological Handbook No. 7, Weather Radar Observations dune 1981. 
- 241' Bartishvili, IT., Meteorologicheskaia Dal Nost Vidimosti V Zone Dozhdia (Xeteoro- 
logical Visibility Range in a Rain Zone) Trudy, Nauchno - Issledovstel, skii Gidrornetecm- 
logicheskii Institute, Tiflus No. 5 1959, p p s  115-123. 
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! :  . ' In su&ary, the met-kgid evidence a w e d  that at t h e '  time. Qipper ?s''i I .  
1. was preparing for -takeoff, there wereVIP level 3 wekther cells hated o~~' tb%eaStern  

part of the airport +d 'east of. the departure end '"of runway 10; :however,:lighbing &: 

thunder were not occurring in-either are& 
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the takeoff roll and even heavier rainfall after liftofL Between the points of Eftaff and 
Clipper 759's takeoff begaa in light rain; it encountered increased rain duriog 

initial impact, the calculated rate increased from 0.5 in/& to about 2.0 in/hr;.bwever, 

runwayk.end could have approached 5.7 iifir. 
theoretical maximum rainfall rates near the departure end of the runway and east of the 

liftoff and initial impact with the trees, the wind changed t o  a tailwind. The minimum 
A t  roation. and liftoff, Clipper 759 was operating in a headwind; between 

and possible meximum magnitudes of this decreasing headwind shear were on the order of 
19 knots and 40 respectively. The performance studies showed that Clipper 759% 
average liftoff time occurred 43 seconds after brake release; consequently, the time from 
liftoff to initial impact was 20.9 seconds. Given a 20.9-second flight time from liftoff to 
initial impact, the possible minimum and maximum rates of decreasing headwind shear 
between these two points were .9 knuts/second and 1.9 knotdsecond, respectively. -In 
addition, between liftoff and initial impact, the airplane would have experienced a 

'. Portions of the wind data referred to in this analysis are based on the ground 
controller3 1609S3 wind shear alert advisory. The evidence showed that Clipper 759 
lifted off about 1608:40, and hit the trees about 160991. The Safety Board @auld not 
determine either the precise time the LLWSAS alert began or how long it had been in 
progress before the ground controller issued the 1609S3 advisory. Given the retention 
features of the LLWSAS display, the alert could have begun as early as 160825.5; 
therefore, the Safety Board concludes that the winds .=using this 'wind shear 'alert also 
affected CIipper 759's takeoff and initial climb. 

downBraft of betweer! 10 fps t o  5 f p s  

Based on its analysis of all the available meteorological data and its analysis 
of the data contained in the NOAA and Pan Am wind analyses, the Safety Board copcbdes 
that the winds emanated from a microburst which was centered about 2,100 feet east of 

Based on the microburst windfield, the Safety Board also concludes that during the flight 
the centerfield sensor and 700 feet north of the centerline of runway 10 (see figure 4). 
from liftoff to initial impaet, Clipper 759 most probably experienced about a .38-knot 
decreasing headwind shear and about a 7 fps downdraft at 100 feet AGL. 

2.3 rrirpzane Aerodynamic Performance 

During the analysis conducted by Boeing Company and the Safety Board's 
performance group, 13 hypothetical flight profiles were developed to establish the 
environmental conditions affecting Clipper 759's takeoff. The 13 cases were necesary in 
order to explore airplane performance produced by fast  and slow rotations, rapid and slow 
climb rates to 35 feet AGL, and the various assumed wind patterns required to get the 
airplane from 35 feet  AGL- to the impact point at 50 feet AGL within the constraints of 
total distance traveled and elapsed time. These possibilities had to be considered because 
of the total lack of recorded parametric information required to make direct wind 
evaluations 



The maximum altitude reached in case lll was 95 feet AGL, and the pitch 
attitudes during the latter part of the flight were on the order of 12O to 13O ncseup. The .' . . : '. 
wiitnesse who saw Clipper. 759 on takeoff estimated that it dimbed to an altitude of .  .' : . , 

about 100feet AGL to 150 feet AGL before descending. The majority of the witnesses 
who estimated a pitch attitude indicated that Clipper 759 was in a noseup attitude 
throughout its flight to the impact point. While three witnesses described pitch angles 
higher than lSO, the majai ty  of the witnesses described Clipper 759's pitch attitude as . . 

lower than 15s At least two witnesses said that t he  nase wa.. lowered as Clipper 759 
approached the tree line. Thus, the witnesses offer s o m e  corroboration of t k  pitch 
attitude end altitudes presented in case EL Based on the evidence, t h e  Safety Board 
condudes that case III is a reasonable representation of the environmwta: condi?ions 
encountered by Clipper 759 on takeoff, although the  downdr&ft velocity exceeds values . '  

expected to =tidy a downdraft continuity constraint. 

. .  

. .  
. . .  

Using case III as a reasonable and conwrvative appro?timation of 
environmental conditions, a hypothetical assessment of diffeent  airplat,e energy 
management techniques with available airpleme capability can be made by comparing the 
available rate of climb of the airplane to the computed downdraft values over a selected 
period of t ime or distance. For example, in case III, at 58 seconds after brake release, 
had the a i w s  climb capability been used to establish and mclintclin a 25-fp: rate of 
dimb relative to the air which could have been done by increasing the airplane% pitch 
attitude to maintain the indicated aispeed that existed at that time, the airplane 
theoretically could have maintained 95 fee t  AGL and the decreasing taiIwind vould have 
cawed the indicated airspeed to increase. This hypothetical evaIu&tion is bod on 8 
static analysis of the airplane's instantaneous performance capability; the  evduation does 
not include any allowance f a  pilot recognition, perception, and reaction times, 

The major difference between .the derived windfields in the h e i n g  . .  

p e r f a m a n e  analysis and those reflected in the Pan Am and NOAA wind analyses was t b  
wind speed of the downdraft at 100 feet  AGL. In addition, the airplane pitch attitudes 

In the Boeing performance analysis, t h e  speeds of the horizontal and vertical .wind 
reflected in the Pan A m  analysis were different from those shown in the Boeing an&ySs.' 

compomnts and their spatial relationship to each other were adjusted by assuming 
groundspeed time histories which insured that t h e  airplane's flight met  the constreints 
impcsed by the physical evidence of the &ccident sequence. Airplane pitch &ttitudes were 

. . .  
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derived from the airplane's measured performance .wrameters combined with the  motion 
equation results f o r  the assumed groundspeed profiles. No attempt was made to adj*St 
the derived airplane pitch wgles to produce a windfield thst would fall within reasonable 

in case IX is reasonable, the  25 fgs downdraft at 100 feel  AGL is not; a 25 fps downdraft 
environmental parameters. Consequently, while the horizontal wind shear demwtra ted  

obvious that  surface win& of this magnitude did not occur during this accident. 
at 100 f ee t  AGL wodd produce a diverging outflow on the order of 100 knots. It was 

71% Pan A m  and NOAA wind emlyses were &sed on similar assumptions to 
those used in the airplane performance analysis; however, ;n additional constraint was 
satisfid. The horizontal and vertical wind speeds were adjusted to sssunec! values which, 
when inserted into the equation of continuity, ><elded outfiow wind speeds which were 
consistent with those recorded or observed in the area of the airport 8t the time of the 

noseup angle, w a s  then decreased to 5* noseup, and ws thereafter increased to ?2O 
accident. The assumed &plene pitch angies shown in the Pan Am anallysis reached a 13O 

noseup. (Assumed pitch waes w8ere not reflected in the NOAA anrrlysis. However, since 
the assumptions and equations used in the MOA.% analysis were esseqtially identical 10 
chase used in  the Pan Am analysis, the Safety Board cocdudes thet the pitch ang3e5 shown 
in  the Pan A m  analysis would be q d l y  applicable to the assumed horizontal and vertied 
wind speeds s e d  in  the NOAA unalysis.j Except for the 7 fps downdraft speed, t h e  wind 
speeds contained in  the Pan A m  wd NOAA analyses approximated those contained in w e  
III of the airplme performance analysis. The variation of the dorind-aft speed resulted 

this constraint produced downdraft speeds thet were substentidy less at  100 feet AGL 
from the appiicatim of the equation of continuity constraint. Since the spplication of 

environmental wind conditions of esse III did not exceed the airplane% performance 
than the downflow speed reflected in  case III, the Safety Board's deterrnin8tion that the 

cap&bilities is equally, if not more, appliceble to the horizontal ilnd vertical wind speeds 
reflected in the Pan A m  and MOAA microburst windfields. 

There is tangible evidence which appeers to subtmtia te  the airplane's 
theoreticd capability to negotiate the derived environmental conditions. The swath 

was in  level flight or in a slight climb. The evidence &o showed that during the 1 s t  5 to  
through the two groups of trees at the impact site indicated that at impact Clipper 759 

6 seconds befcre impact, Clipper 759's 8irspeed had increased 15 K I M .  Had the pilot 
been able to recognize and react to the chwging fight path immediately, this increase in 

airplane more quickly. 
kinetic energy might have been wed to decrease the rate of descent and perhap level rhe 

The swath through the two groups of trees d.sc '4icated that the  pilor may 
have recognized the wind shew but too late to avoid the tr:-e -; however, the fact that the 

i t  more difficult for the pilot to detect ?he wind shea .  Normaily during the passage 
wind shear w a s  encountered immediately after takeoff m C  juring the initial climb made 

through a downburst or microburstt the airplane will fi?t encounter an inerasing 
headwind, a downdraft, tmd then 8 loss of headwind (or a siiciden tailwind). An airplme 
which a.pproaches a microburst or downdraft either during crtise flight or during w 
approach to landing is generally in  stable flight conditians when rhe pttenomena is 
encountered; i.e., the airplane's fli@t attitude and airspeed are stabilized. Under these 
flight conditions, the changes i n  airspee& pitch attitude, and performance prod!xed by 
the airplane's passage thro*eh the divergent windflow would be more apparent to the pilot 
than t5ey would be immediately d t e r  :akeoff and during initial climb. D*min$ takeoff, 

The pilot's actions are predicated upon his reac3%ng target airspeed vdues.  Cnder this 
the &irpl&x is accelerating to reach the minimum level of performance to inititite flight. 



conditiolq & i~ not h, a positioit 'to recogRize twt ,me Ate of.- .'E m:, 
result .Of an -. . 
ipPandS to w-- SG achieve liftoff and achieve his zicrmai initial :climb:- j '  

- headwind es .well' as tk airplane's . i n e r t b l  acceleratitin. € k . '  

attitude. %bus, *e. &~h is not to akin 'a performanee 

slower the entry &peed the longer the -re to downdraft, and the 'more sigrSkant 
into s dowmburst or microburst t o  ash ion  the effkct of downdraft and headwid *' m' 
the of rtttacg change resulting from the c&mbined downdraft and headwind b.. 
magnified. aerodynamic perfarmaace perdty combined with the absence of aitia&e 
available ?or recovery present m extremely severe hazard. If the airplane is theoreticaIfp 

. capable of maintaiuing level flight during the microburst penetration, *&e amkkee of 
ground impact is cont@en€ upon rapid m i t i -  of the situat:on and reaction by. the 
pirot I t  w d  neewitate a rapid pitch change a perhaps unaccustomed attitude to 
immediatety decreese the airplane's descent fEghtpath argk 

lparifin 

'Ihere are several factors to consider when evaheting the pilct's performanee 
in such a situatioL First, the pilot of an airpk~e takkg ~ f f  in the outflow of zi downbarst 
or microburst is Iess like& to tecognize that he is encxwntering such a phenomena than a 
pilot apPmschh this conditian in other phases of flight where outfkm entry effects 

aerodynamic forms developed by the wing and horizontal stabilizer balance the 9irplaw's 
would be more e-pparent Scond, the airphne is trimmed for takeoff sc that the 

weight at the normal takeoff and climbout airspeeas with m i a i d  forces require3 on the 
pilots control coltlmn As the airpbme Sf&- off in the outflow and appr0acte.s the 

overlay& by an irereasing &wn&afL The resultant reduction in airspepa and angk .of 
downflow area al the microburst, it experiencs a &crease in the horizontal headwind 

attack caused by the effects of tbe decreasing headwind and kmeashg downdraft-rednces 
the aerodynamic forces acting on the wirg and initially produces a pitehup caused by the 
iwgi tudid  stability of the airplane- ultimately, the fmce imbalance causes the akpk 
to d e s e a ,  and as the horizontal wind charge is encountered beyond the center .of the 

the a i r p h  to descend and pitch down until emu@ lift force was produced to restore the 
microburst (an increasing tailwind), the resuiting loss of airspeed w& continue to cause 

v e r W  force balancs Theoretically, ahpeed acceleration, because of the descendbg 
flightpath, w d  restore the force batance at the t r h  angle of attack and eventually 
result h a restoration of the climbing flightpath However, ca takeoff w final approach, 

to be completed. *&ore, to avoid or minimize altitude loss near the grwnd, the pilot 
it is unlikely that enough altitude ts available for such a self-correted fligbtpatl? change 

must recognize the &ctim in airspeed and the pi€ehbg tendeney of the a k p h  

higher the; normal pitch attitude. 
immediately and apply badc forees on the control column to rotate the airplane to the 

Furthermore, if the pilot &err not react irnmediatef?. Md the descent is 
permitied to devehp, even greater corrective actions will be needed to develop a positive 
load .factor to arrest the desrent AC 00-SOA has stated tfdt a rro$etlp pitching rotation 
to the stkkshaker angk of attack may be pequired to  prevent gr0cz-d impact However, it 
if imperative that the pitot immediately recognize the onset of the descent h -' 
his ebility to do so, consideration mast be given to the cues provided. Durirg the takeoff 
roR until liftoff, the pilot flying the airplane uses visual references to mamtain 
directid control, altbougk he will  periodieRUy monitor his a-ed Micator and fIi&t 
director for rotation to ?he takeoff climb attitude. He would probably tpansition to 
instrument flight as he stsblished climb nnd certainly as he entered heavy precipitation. 

reliant im his imZrument presentation as a cue to the airplene! attitude, . a i r s p e e 4  

W i t h  visual cues obrd by me heae precipitation, the pilot wwld have k. 

flightpath 
. .  
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present generation flight directors provide the pilot pitch command @- 

such as the B727 involved in this accident, or an optimum climb airspeed, 85 i s .  the . e a s e  

to either a fixed tukeoff attitude, as is the  case with most  older jet h e  -. 

with the newer wide-body airplanes. In either system, the @tch.command @,denCe is Ipt 
prwammed to account for the environmental wind condition experienced in.a & i w M  
or microburst. These flight drreetors will in fact provide takeoff and initial dimb @t& 
commands which are IikeIy to prcduce a descending flightpath as the w a n e  
a downdraft and loss of headwind. The Board beIieves that the  FAA and indaftry should 
expedite the development and installation of a flight direction system ' s u c h  

MFD-delta-A which indudes enhanced pitch gukdance logic which r-ds to in&& 
speed/airspeed changes and ground proximity. 

provide pilots with wind shear penetration dernon.sPAtions during their recurrent.simul&tor 
Althocgh the Safety Board notes thrt nxxt air carriers induding Pan Am 

training, there does not appear to be a.eonsistent sglLsbus which encompasses microburst 
encounters dttrilg all critical phases o f .  flight. Becam of the  differences h.eirplane 
configuration,' pezfcmance margins, flTght director logic, ammg others, the .BO& 

believes that flightcreK should be exposed to simulated microburst encounters drrring 
takeoff as well as approacki phases of flight. 

.airfoils still must be verified. The two mast sipnitiemt penalties postdated in the theory 
Effect of Heavy Rainon AirpIaneAirf&s--The effects of heavy rain on 

are the momentum penalty and the iift and &ag penalties resulting from the formation of 
wing roughness. According to  the senioi research scientist, the momentum penalty 

roughness penaties would occur at about 150 mm/hr. The analysis of the meteorologicrit 
becomes significant at rainfell rates approaching 500 mm& the onset of wsignificant" 

data indicated tbt the maximum possibIe !xidinfeu rates eng Clipper 759's Weof f  could 

exceed the threshold rate of the momentum penaltE however, near the departure end of 
have been 144 m m h  in the  area near the departure end of runway IO. This rete Qd not 

roughness penalties occur. Given the present stat= of the theory, m y  c&lculatiorri m 
t h e  runway, the rate WCLS within 6 mm/hr of the rate at which the onset of "sisnificant" 

computations designed either to denonstrate the effects a 144 mm/hr rainfall rate would 
have had on Clipper 759% lift and drag, or to calculate how much these penaltieswould 
change the amount of air mass motion required to account for a difference 'between 
theoretical performance and FDR mc*smed performance would be speculative- Any 
values derived from this type of computation could not be sed to support any findings or 
conclusions; therefore, the Safety Board has not pursued this course of action. 

one of the implications of the theory which is a matter of seriocs concern to the Safety 
Although the  effect of heavy rain on airplane airfoils has not been verified, 

Board is the effect of premature flow separation due to wster film roughngs. If this 
occurs, t h e  flow separation would cause aerodynamic stall at a lower an#e of attack than 
flow that is not affected by roughness. Since airplane stall warning systems &re designed 
to operate on the bttsis of stall conditions f a  a smooth, or at worst, standtud rougtmeEs 
airfoil, any significant roughness effects due to a water fitm might result in the. true 
aerodynamic st&- occurring before reaching the angle of attack that would cause the stal? 
warning system to activate. It is not known if a naturtiI warning (buffet onset) would 
occur with sudden entry into heavy rain. . .  

The evidence developed at the public hearing indicated that research programs 
involving the necessary wind tunnel testing required to validate the heavy r&in effect 
theory are being developed. Given the .many detrimental effects on airplane performance 
postulated in the heavy rain theory, the Safety Board believes that the proposed rge&rch 
programs should be undertaken, and urges that this be &ne the  earliest date possible. 
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 he final major area in ttre seQwnce &i~fr mas a~af@ed &.,-'..,: '.. i: ,'.:,, 
. . _  ' .  

. . . .  &lard aras the captain's decisioo to take off. safety Board examined.thew. ..: 

concerning thunderstorm and wind shear avoidance provided in tbe Pan Am inantmk, tbe . . , , '  ., :: 
. . . . . .  

weather information provXed by the company, the ATC advisories irmed befa- takeoff, . . 

& the,use of the airplane's weather radar system. 

.., . .. 
: .  . 

. .  
. .  . .  

Company Mm&--The description of thunderstorms, wfnd sfnear, and &e 
meteomlogical phenomena associated with them are adequately explained In the Pam Am 
company manuals. Although new data ~ p e  now emerging from the JAWS project 
concerning microbursts and downbwsts, the data provide ' fii the Pan Am Fowl and AGE 
represented an accurete kprtrayaI of the low level wind shear as known on the date of the 
accident. The manuals emphasize that low 16-4 wind shears are associated yith 
thunderstorms and that they can be in front of, to one side of, a d  behind the storm Ceu, 

. .  

The Pan Am FOX states that m the event of "significard tbunderstorrn 
activity.. -. within 15 des of the airport, the captain should mider  conducting the 
departure or arrival from a different direction or deIaying the Weoff  or landing. Use all  
available information for this judgment including pireps, ground radar, aircraft radar, 
tower reported winds, and visual o b s e r v a t i o ~ ~  Because of Clipper 759's takeoff gros? 

available the option of changii the direction of takeoff. 
weight, Clipper 759 was required to take off from runway IO; the captain did not have 

The Pan Am FOM contained a short description of the LLWSAS, its 

controllers at airports with a LLWSM. The FOM states that LLWSAS wind information 
limitations, and the type information the flightcrew could expect to receive from the 

"is strictly informational, and no a&on is required unless deemed appropriate by the 
pilot." 

The intent of the company manuals is straightforward. ?hey deserlbe the 

avoiding them. They establish a distance standard -- 15 nmi -- at which the captain must 
thunderstorm and -1 shear phenomena, the possible consequences, and the necessity for 

exercise options to avoid the consequences of an encounter with the hazards associated 
with "significant tFnrnderstorms activity.'' Thereafter, it is the captain's responsibility-to 
evaluate and decide the severity of the weather with which he mus t  contend, and based on 
this decision, to choose an appropriate course of action- The company manuals describe 
the available :sources of the informatim on which this decision is to be based The 
information ar~ci guidelines in #e Pan Am manuals concerning this decision process are 
essentially the same as those contained in similar manuals of other air carriers Thus, it 
is appmprkte to  examine the information provided to the captain of Clipper 759 and to 
ascertain its adequacy relevant to his decision to take off. 

The flight folder provided to the captriin of Clipper 159 at M i a a i  contahed 
the 0740, July 9, 1982, area forecast. This forecast was still valid st the t ime  Clipper 159 
departed New Orleans. The area forecast predicted thunderstorm activity near the New 
Orleans International Airport and also stated that the thunderstorms "imply 
possible.. . .low level windshear." Thus, the captain knew that thunderstorms witb 
associated low level wind shear activity might nffect  his arrival and departure at New 
Orleans International. 

at the gate a: New Orleans, the H o u s t o n  CWSU meteorologist called New Orleans tower 
ATC Dissemination of Weather Information-At 1510, whae Clipper 759 Was 

on the FAA interphone a?d advised the controllers of VIP level 4 and 5 thunderstorms 

. .  
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located southsouthwest of the  &port and moving toward the &pOfl. However, the  

InternationaI airport. The weather the meteorologist otserved did not meet the & s a  
meteorologist did not provide the distance of the storm cells from the New Orleans 

requiring a Convective SIGMET cw CWA. The information was relayed from the tower'cab 
to the TRACON facility below the tower cab. 

The senior controller testified that the tower's BRITE IV display was set at.* 
20-nmi range and that. he did not see the storms described by the meteorologist, In this 
connection, the radnr equipment furnishing the FREE TV display wil l  degct  preeipitatim 
returns; however, it does not determine and differentiate weather echo intensity. 

or neap t.he airport nor was there any requirement to do so. However, the CWsu 
The informatim concerning these storms was never rdayed to any traffic at 

intensity and direction of movement, he cons ick - .  .hem to be significant. The evidence 
meteorolo@st relayed this information to the Ne% Orleans tower because, based on their 

showed that the storms did move towtlrd the  a i r p  2 .  pni; at &Sou: 1600, the" -wre abmt 5 
to 10 nmi south and sout"east of the  grport, The Ss-ety .yp(rg@lz?? Ulat tiSSwUiS 
reported by the metecwiogist at 1510 :*id not, based on current CFEiri4 ?*Ys=e that 
either a SIGNET or e * * . .  to be issued. However, the  Safety Board believe ; . A  8Ipy 
convective weather acidbs.sy provided hy u C%-7 meteorologist to a t e r m i n 4  fccE+Q 
should be relttyed by u e  facility to the pilots by inserting it into an ATIS message or as 

appropriate controller. 
part of the opening commun~ation betwee? an arriving or departing airpane a d  the 

Clipper 759's takeoff. The evidence alsoshowed that tfie captain and first officer saw the  
The evidence showed ?h&t the storms sotith of the airport did not affect 

storm south of the airport on the airplane's weather rad&r. The CVR showed that S o t A  
pilots had agreed that they would turn left or to the north after takeoff. Since a right 
turn to the south would have been the sbrtest way to proceed on course to tbe west, the 
left turn suggests strongly that the  decision to do so was b s e d  on weather radar 
iru'mnatim wixich depicted pteeipitetion echoes to the south of the projected deptuttre 
track. Ti:=, the only information conczning the storms which the captain did not have 
was  the fact that at 1510 the precipit&tion echoes of these storms were VIP levels 4 and 
5. Since t h e  captain w a s  aware of the storm to  the south of his projected departure mck, 
the Safety Bawd concludes th&t, in this instance, the failure to require the terminal 
faciEty to relay information provided by the  CWSU meteorologist to the pilot was not a 
causal factor in this accident. 

When Clipper 759 departed the gate at 1555, ATIS "F" was valid and contained 
the 1355 surfwe osServation. When the 1455 surface weather observation Was received, 
ATIS "F," in accordance with  ATC procedures, should have been revised. It was%ioZ,.ano'- 
the ATC controller testified that t h e  failure to do co was an  "oversight," The sigrdficant 
difference bet-ween the 1355 and 1455 otservations was the remark "cumlhl~ buildup 
overhead east end south." The 1455 otservation httd been plaezd on the earomel on the 
desk itl the Pan A m  operations office and was available to Clippsr 759's flightcrew. 

officer showed thtlt the 1455 weather observation data w&% ;sed in the computation. 
Examination of the compllny takeoff eomputation form compIeted by the captsin and first 

Therefore, &he Safety Bonrd condudes that t h e  pilots h&d read the 1455 observation. In 
additicm, eonversation between the apt&in and 8 member of the groundcrew personnel 

the airport. He had seen i t  on his arrival at S e w  Orleans, and based on its observed 
aLso indicated that the  captain was well aware of the convective weather activity cound 

Board concludes that s ince the captain had read m d  was awwe of the contents o€ the! 
movement, he had expected it to move toward and imp&ct upon the airport. The Sefetp 

1455 surface weather observatim, the f a d  that an A T E  messlge refiecting the 1455 
Otservation w a s  not issued was not a causal factor in this accident. 
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and 
not 

. .  
Clipper 759's fligktmew left the company's operations office before the 1555 : .;? ..:: !:;: 

1603 weather observations were received at that facility; therefore, the captain did. 
receive the information set iorth in tte two weather &=vations or ATIS "G". . :  

. .  , .  
. . . . . .  ..; .:. ,. 

. . .  . . .  ..,> . .  I .  ' , ,  . . .  

. .:.- - Rowever, the evidence showed that the  captaih was 'LC receive virtuaIly all the d a t a .  ' 

from other sources. 

. . . .  . . , .: :: 
, . .- 

..,... 
. . . .  . .  . . . . . .  :: . . .  . . . . .  . . . . .  . .  .... ., 

It was raining while ~i ipper  75s was taxiing from the gate to -runway '10. 
After reachirig the west end of runway 10 and while turning on the runway and toward. the , . . : .:..,:; 

takeoff head%, the heavier rain at midfield and to the east would have been v i s u a l l y . .  ' . 

apparent to the captain. Given the weather  data he already had and the type 
precipitation he was seeirg, the Board concbdes thar it would have b m  apparent to the 
captain that :he miri was emanating from cumulus type clouds over the airport. From the  : 

. . . . .  .. .. 
. . . . . .  

asesrrutce of these clouds, as they were Ceescribed by witnesses, it would have been 
equaliy apparent to him that they were cumulonimbus type clouds He wouW have . . '  . ' , '. 

observed aka that there was neither lightnirg nor thunder. 

.... 
. . . . . .  . : I  .... .... ;1 

. . .  . .  
. . . .  . . .  . . .  

. . :  
. .  ... 
1. . 

.~ . , 

. . . . . . . .  . . .  

. . .  

. . . .  

At 160337, ATC advised the captai? that there were LLWSAS alerts =in a i l  
quadrants," that there was a "frontal (sic) w i n g  overhead right now, we're right in the . . . . . .  

middle of everything." This advisory was incomplete since i t  did not include the wind . . 

direction and velocity at the peripheral sensors; however, the omission was not a causal' 
factor in the accident Despite the omitted data, the advisory gave the captain the 
pertinent weather data that was included in ATIS "G:'. H e  now knew of the low Ievei wind 
shears in all quhdrants He  also knew from the data in his  flight folder that there was  .no' .. ,: 
front near the airport; therefore, he  knew that whatever was producimg 'the showers and . . ' . ' .  

wind shear was directly overheard. Since showers and wind shear are familiar by-products. 
of cumulonimbus cloud formations, had the captain by chance not seen the cumulonimbus : 
clouds, the advisory should have alerted the captain ?.hat such clouds were directly over . ' '  

Iet his airspeed buildup on 'deoff which was consistent with his having heard and 
t he  airport Shortly after receiving 'the advisory, the captain advised the first officer to 

understood the contents of the 160337 advisory concerning the presence of wind shears 

. . .  
. .  

. . .  . .  

. . . .  

. .  

The wind sensor at the west end of runway 10  was  inoperative. However, in 
this instance, the inoperative west sensor played no part in the accident sequenca 
Although t h e  winds derived in the performance an!f$sis indicated that there might have 
been a sliiht tailwind component during the initial segment of the takeoff roll, the wind . ' 

switched rapidly to an  increazing headwind. A t  lif;ofi, the headwind component w s ,  ' 

about 1C knots and was consistent with the winds noted a t  the centerfield seusor at this ,. 

t ime  

. .  

. .  

. .  

. .  

Between 1600:13 and 1607:10, ATC trawjmitted nine wind shear advisories An 
additional advisory was broadcast at 1609:03, 2 secocds after Clipper 759 hit the trees 
The senior .controller testified that wind shear alert advisories were issued whenever a '; .. 
LLWSAS alert was  in progress and the information was operationally relevant to an ' .  

airplane. The. .weight of the evidence confirmed . t h i s  statement, and therefore, since . ' 

Clipper 759 did not receive a wind shear alert advisory before takeoff, the Safety Board . . . . . . .  

concludes that 8n opet.ationolly re1eva1:r wind shear alert was not in progress when . '  .. , : . 
Clipper 759 began i t s  takeoff. . .  . .  

. .  

. . . .  . .  
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The S a f e t y  Board concludes that t h e  captain had received adequate  weather 
information f r cm his company and f r o m  ATC to make an adequate  assessment  of t h e  
weather  conditions at the airport. 

which he  could use to  examine  t h e  weather  along runway 10 and to t h e  east of t h e  airport. 
Clipper 759's Weather Radar.-The captain had &n opera t ive  weather  radar 

Based on t h e  conversation on  t h e  CVR re la t ing  to a l e f t  turn a f t e r  takeoff and on t h e  f a c t  
t h a t  company procedures require  t h a t  t h e  weather  radar  system be  used to check  t h e  
depart*me area when possible thunderstorm ac t iv i ty  is nearby, t h e  S a f e t y  Board concludes 
t h a t  t h e  captain did cheek  t h e  depar ture  course with his weather  radar .  

airplanes and  t h e  C e s n a  Ci ta t ion  K 3 1 V T  showed t h a i  there were  Ievel 3 echoes  ove r  t h e  
The radar echoes seen on t h e  weather  radar systems of the  air carrier 

elrrctern part of the airport and just east of the  airport .  AI! these  airplanes were at the  
elrrctern edge  of t h e  airport. Clipper 759 was about  1.5 nmi  west  of x h e r e  these  airplanes 
were  loca ted  when these  level 3 echoes were observed, and i t s  weather  radar  antenna was 
"looking' at the area through rain. A properly functioning X-band weather  radar would 
have indicated an  mea of precipitation over and to the  e s t  of r m w a y  IO. AS s t a t e d  
earlier, t h e  intensi ty of t h e  weather  echoes  off t h e  end of t h e  runway 10  w s  greater than  
40 d 3 Z  and would have contoured on Clipper 759's weather  radar ,  if i t  were operating 

could resul t  in  a conto'ur not being dispIayed. At the t i n e  Clipper 759 lined up for 
proper!?;. Hovjever, a t tenuat ion  due t o  intervening rain dong t h e  axis of t h e  r ada r  beam 

takeoff ,  reu'n was fal l ing near t h e  depar ture  efid of t h e  r u ~ w a y  at a measured rate Of about 
.5 i n h ;  therefore ,  a t tenuat ion  of the  radar pulse would have occurred. The  exact amount 

conditions, a 2-way a t tenuat ion  on the order  of several  dRZ's was possi5le and would have 
of this  a t tenuat ion  could not be determined.  Considering t h e  e.xisting :neteoroiogicd 

k e n  suff icient  to prevent  contouring of the cell ac t iv i ty  dong Ciipper 759's takeoff  pa th  
on i t s  radar.  

A t  t h e  s a m e  t i m e  Ciipper 759 began i t s  takeoff.  V.S. Air 404 w a s  radar 
scanning :he weather east of :he airport .  G.S. Air 404 ws at the  takeoff  end cf runway 
10 and had a Bendix RDR- I- E rada; system. The captain of C.S. Air 401 t es t i f ied  "I did 
see precipitation or a n  out l ine of rain. I did not see a contour." &sed on t h e  evidence,  

airport did not  c o n t o w  on Clipper  759's radar.  
the Sace ty  Roard concludes tha t  the weather  radar echoes over and t G  the  e s t  of t h e  

The  only information avai:able concerning t h e  intensi ty and lactition of the  
weather  echo cells within 1.5 nini Gf t he  X e & s  Olleiins International Airport was t h e  radar 
echoes shown on t h e  airplme radars  described earlier and on t h e  Slidell, Louisiana, 
weather  r rda r .  T h e  capta in  and pilo: who o k e r v e d  Ieve! 3 iseather  echo  cells on the i r  
radars did not reiay th i s  to ATC r?or were they  reqiiired to do so. The echo on t h e  Slidell 
radar  was t! VIP fevei  2 celb t ransmi t ta l  of th i s  !nformarion to t h e  capta in  by ATC, had i t  

radar most probably showed level 1 to !eve1 2 rain outlines; moreover, w d  of significant 
been available,  wouirl only heve conf i rned  t he  captain's radar observaticns. Clipper 759's 

impor t ,  i ightning and thunder were not occur?iq? nor had these 2henGinena k e n  repor ted  
on any weather o k e r v a t i o n .  Sased or? the to t& da ta  av!iilaMe to t he  captain concerning 

showers: c o m p m y  directives did no: preclude t h e  captain from taking off in t h s e  
convec?ive weather  ac t iv i ty ,  i t  appeared t k t  ai! thHt wes occurr ing a t  t h e  r ime  w w  rain 

clrccrnstwces. 

A t  the  t i m e  t h e  decision to t ake  off was rnaee. t h e  wind shear information 
was over 4 minutes old. Based on t h e  evidence, wind sheer rdevan:  to his takeoff  
direct ion x ' s  not occurring. Company direct ives do not furnish fiix::;::crews with m y  
quant i ta t ive  res t r ic t ions  i(s to time in tervds  or sever i ty  for gzidtince in making t h e  
takeoff  decision. fn eddition. ?an .%rn's FOh! s t a t e s  :bat LLWS.4S ivinct icfornaiion "is 
s t r i c t l y  informational and no actior! is rec;iiirec! uniess deemed apprcprinte  by the pilot." 
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The weight. of ,the evidence showed that the winds which affected Clipp&::%%.- ' .  

were produced by a microburst which ..had occurred on the airport. The. prelirnirtary :..; " 

qSiS Of the JAWS data show that the microburst axxl downburst Occumnces~kannot- be;, ., 
related to storm intensity. Therefore, neither .the precise moment one .will occur nor::the-i . .  

numerical probability of such . i n  occurrence can be forecast. :The wind . s h e a r  which.':.. 
affected Clipper 759 was not deteeted until after it began its takeoff. If metaxologists ; 
and current technology cannot predict the ,location, the frequency of occurrence,-.and' 
Severity of this type of wind shear, pilots cannot be expected to ordinarily of routinely 
predict where or when one will occur or to estimate its severity. . .  

. .  
. .  . .  

Operational Decisions.-In t r y i i  to assess whether the captain's decision .to.. : 

"&e .off was reasonable, the Safety Board considered the guidelines contained in the . p h  :. 
Am AOW and FOM concerning wind shear and thunderstorm avoidance, the weather ' . 

information available to the flightcrew, the airplane's weather radar system, and the .. 

training and experience of the captain and the first officer. , ' ..:. 

..me Safety Board believes that the' wind shear information a&ab le  to'  U t e . ' .  

. .  

. .  

industry does not provide sufficient guidance concerning wind shear avoidance.: In .'.'. 

.by..pilots as a standard 'for refusing or delaying either a takeoff or . a n  approach sad. ' '. 

particular, the data do not contain quantitative wind speed values which could.be applied 

landing. Consequently, the guidance contained in ' t h e  Pan 'Am E0M;although generally 1 .  '. 
considered the "sstatedf-the-art".imatio~ did not contain any quantitative ,whd-speed-:. 
values .which would indicate that the wind shear was of ,a magnitude that could appr*& ; 
or might exceed the capability of the airplane or pilot to fly through the phenomenon. 
safely: Thus, the guidance in this area, unlike that concerning recommended minimum. 
separation distances from thundersturms, contain no quantitative wind speed parameters 
and no recommended courses of action for the pilot'to follow should these paramete? b e . .  

approached or exceeded. Should quantitative wind speed parameters be established,,,the ' . , 

resultant' parameters should be used to establish specific guidance. or recommended. ' , 

.&uses of action for pilots to follow should the prescribed values contained 'therein be.. 
approached or exceeded. 

. .  
... 

. .  
. .  . .  . .  

. .  . . . .  

The Safety E&rd believes that the LLWSAS could be used more efficiently a n d .  " 

that more emphasis shodd be phced on its use i n  air carrier trainkg programs. Pjloes 
should be instwcted that they can request wind direction and speed readwdtsfrom . a n y  

remote s6nsor in the system and that the issuance of ATC LLWSAS wind shear advisories 
is dependent on the controller's..higher priority traffic separation duties; therefore,. when : 
divergent wind Bow conditions exist, it  is incumbent on the pilot, in the absence of such. ' 
an .advisory, to quest  wind shear information from the controller before ttie 
takeoff roll. In addition, pilots-should be instructed that the wind speeds retrieved fr6m 
m y  LLWSziS s e n a b  may be lower than those existing at 75 to 200 feet AGL. TheAfore, ' : 
the s e n x w .  wind peed reading should be considered a conservative value for the purpose of 
estimating the magnirude of a wind shear. 'However, in evafnating the decision te 'We 
off, it is 'necessary to stress that the procedures noted above were not contained in a n y - .  : 

Pan Am manuals, According to the Pan Am FOM, the values derived from the LLWSAS 
were to be used for "informational purposes only." The Safety Board believes tMt..the . . 

wind shear avoidance procedures based on LLWSAS information are essentially .similar ' .  

throughout Ute industry. Controller statements also show that pilots rarely delay t a k e o f f s ,  

based solely on LLWSAS advisories . . .  

. . . .  

The evidence afso indicated that . t h e  flight simulator wind shear trainirtg 

than stressing wind shear avoidance. The exercises seem to indicate to the flightcrews .. 

exercises may tend t o  instill an unwarranted sense of security to the flightcrews ra theS  

. .  

. .  . .  

. .  
. . . .  

. .  

. . . . . . . .  .: . .  . . .  

. .  . . .  . .  
. .  
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that t h e  wind shears may be flown through successfully by increasing the airswed by l@to. 
20 KUS and then trading off. the aimpeed for altitude, if necessary, as the s h e a  is 
penetrated, During the time Clipper 759 taxied from the  gate toward runway.10, several 

. w i n d :  shear advisories were' recei-?ed on its radio. Except for one adVisory,.nOne were 
directed to  Clipper 759; however, the pilots were responsible for monitoring the radio'for 
any information that would affect the conduct of the flight. Considering the weather. 
conditions which existed at this time, the Safety Board believes that Clipper 759k'pilOtS 
heard and were aware of the wind shear advisories received on their radio 8 " d . h a d  

evaluated ti53 data before beginning their takeoff. Although none of these advisories 
invoived the east sensor,.the magnitudes of the shears: reflected in the advisories were : 

about 10 to 15 knots; therefore, the captain, in his briefing, directed the  first officer to 
"let your airspeed buildup on takeofP' allowing an airspeed increase above V2+10 KXAS in 
an effort to provide an airspeed margin to counteract the effects of a wind shear in the  . 
event one was encountered along the  takeoff path. A s  e further precaution, he  also 
briefed the  flight engineer to turn off the air conditioning packs before t&eoff and 
increase the thrust settings on engines Nos. 1 and 3. 

. .  . 

The Pan Am FOM notes t h a t  . w i n d  shears and gust fronts a n  be associated 

storm. The POM states that when "significant" thunderstorm activity is within 15 miles 
with thunderstorms and that they me g e n e r a y  located within 5 to  10  miles of a thunder 

of the airport, t h e -  &aptah should take approp-te measures to avoid the storm. 
However, the determinetion of the sevcritg of the thunderstorm and the meaSures to be 
med to avoid the thunderstorm and i ts  associated haztirds is vested in the captain, and 
that decision would be based on his tririning, experience, and judgment. 

.officer had encountered weather conditions similar to tkse which existed at takeoff on 
It was hot possible to precisely determine how often the captain and first 

Nationel Airline's and.Pan Am's southern routes since.1965 and 1976, respectively. From 
July 9, 1982. However, the mptain and first officer w e r e  Miami-based and had.flown 

NOAA clim,ntologiclll data,'thundersiorm occurrences during the 3 summer months in 
vkrious cities served by t h e  two airlines in Alabama, Florida, and LouiSaua average about 
45 dag. Considering this, the  Safety Board beIieves that the pilots were familiar.with. 
and had experience in  dettting with the wnveetive type weather occurring on July 9,1982, 
and had successfully flown in such.weather and evaluated its severity using their airplane 
weather radar systems. 

The effect of rainfall on the capsbility of the X-bend weather radar systems is 
well knnwn and has been.prsente&to flightcrews during their initial training in the -me  of 
the system. in, operational W e t i r s ,  arid in-cautionary notes in the Pari Am POM. Given 
the  importance of the airplane's weather radar system.in .avoiding thunderstorms; the  fikt 
officer's 'and captain's experience in flying in ereas in which convective weather wtivity 
is predominmt during the summer months, the' Safety Board condudes that both. pilots 

would have. considered the  effects of these limitations in their evaluation .of any 
were competent in the use.of their radar system, were familiar with its limitati.ors, and 

convective .returns they 'oberved On their padarscope. The Safety Board h s  concluded 
that, due to the limitations of the X-band weather radar system, it was possible that the  ; 
rad& e&o&east of t h e  field would not have contoured on Clipper 759's radar;, What the 
.evidence does mt show was the.precise location of these echoes PS portrayed on Clipper 
759's radarscope. . .  

. .  

. .. 
. .  

. .  
. :.. . ,  . .  . .  
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From witness testimony, the captain's judgment and his ability to make timely 
and proper command decisions were rated excellent. His past record demonstrated that 
he had performed successfully under emergency conditions and in weather conditions 
similar to those which existed at  Kew Orleans on July 9, 198'5. His advice to his first 
Officer to "let your .speed build up on takeoff" showed that, based on the wind shear 
information known to him at tha t  time, he was taking precautions to cope with a possible 
wind shear encounter. The direction to turn left after liftoff also showed that he had 
assessed the weather along his projected t a k e o f f  flightpath. His decision to take off 
indicated that, based on the portrayal shown on his radar, there were no thunderstorms 
directly over the t a k e o f f  runway and that the left turn after takeoff would place his 
airplane on a flighcpath that  would clear the radar echoes to the south and southeast of 

captain's reputation for exercising superior judgment in the exercise of his command 
the airport in accordance with the  parameters established in t h e  Pan A m  F0.11. Given the 

captain, the Safety Board believes that i t  would be illogical to assume that he would 
responsibilities, and given his performance record over the past 10 y e c s  as an airline 

contouring radar echoes which he had seen on his airplane's weather radar. Based on all of 
decide to take off ipto thunderstorms which he had either observed visually or into 

the factors cited above, the Safety Board concludes that t he  captain's decision to take off 
WBS reasonable. 

2.5 Wind Shear Detwtion Systems - 
The Safety Board's investigation of this accident disclosed several matters 

which, although they were not causal to the accident, should be discussed. The N e w  
Orleans LLWSAS had been tested and evahated with a functional west sensor. One week 
before commissioning the system, the  west sensor was vandalized and rendered 
inoperative. "he system, however, was commissioned without the west sensor. Since the 
system had been commissioned without the west sensor, and since the west sensor had 
never Seen repaired and commissioned, the maRager of the FAA's Termimi Procedures 
Branch contended that  it wes never a component of the LZWSAS, and as a conseqEence, 
there w a s  no requirement to insert this notification in the ATIS. Regardless of the FAA's 
contention, the Safety Board believes that the interests of safety demanded that pilots be 
aware that the west threshold of  runway 28 -- an ILS runway -- was not protected by an 

The Safety Board concludes that, given the continding inoperative statas of the west 
LLWSAS sensor and that no LLWSXS wind dzta for that end of the  runway was  available. 

sensor, the FAA should have issued a NOTAX stating :hat the  seilsor w a s  not in operation. 

Unti l  3 E X R A D  is in place and commissioned, the LLSVSAS is liiieiy to be the 
only system in existence which can and will, within its demonstrated limitations, inform 
pilots of the location and magnitLide of an existing wind shear. Despite its potential 
benefits, the m l y  deta presently availabie to 2 pilot concerning a partic-ukr LtiqSAS , l t  a 
particular airport is a note on the airport's runsway Ciagram that t5e airport has an 
LLWSAS in commission There is no diagram or map depicti,ng the location of the sensors 
described by the controiier in an alert advisory. In addition, durkg tile I,;--s:&itiont the 
Safety Board was not able to find any maps or charts depicting the New Orleans LLWSAS 
0:: display where it could be seen by the pilots. A h ,  ttte Safety Board has not discovered 
any data, to date, to indicate that. this situation was peculiar wlely to the N e w  Orleans 
International Aiqmt. The Safety Board believes that knowledge of the precise location 
of the LI,WSAS's seiisors relative to en airport's runways woiiid enhance the pilot's ability 
to evaluate t h e  LLWSAS information given by controllers. 
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' ' '&Safety m d  'k.sc..be&ves that the manner in:which LLWS&%&nd.Shear..'- ',: 

' ale&iformation is presented &uld.be improved. The.:wind shear;ale~:informeti~.:iVouM~': :' 

be more meaningful if i twere presented to . t , k  pilots as either a head wind,a tail*nd, ... .'!: 
a crosswind shear relative'to the runway being used, The.direction of the shear:S.WUra be ; '.: 
accompanied by its 'magnitude. I n ' c t t s e s  where crosswind shears in excess of aspecified...: . .  

minimum value are combine&with. either a headwind or tailwind, s k  direction, and 
magnitude of both components.should be-provided. ' The Safety Board believes ,that the 
LLWSAS computers could &.modified to present LLWSAS wind data in this f d a t ,  . a n d  '' 

that. the issuing of advisories based on the revised format would not pose a se~ors. burden 
to controllers. 

. .  

> 

. .  . .  

Since. the end of 1979, the FAA" not funded any research and develcpment . .  

. .  

activities regarding airborne wind shear .detection systems. Presently, airborne @ems 
are available which are based on (1) groundspeed-airSpeed comparison; (Z> energy rate 

' improved steering copmands in modified flight director systems such as the 
management; (3) a combination of features from the above systems combined with. 

MFD-delta-A. All improve pilot. performance in ' the wind shear environment, and . ' .  

system. However, none of these systems are capable of "looking ahead" and informing the 
according to Report RD-117, the  best results were obtained with the WD-delta-A 

pilot of wind shear in front of his airplane. 

During the JAWS project, a HS-125 with forward Iooking Doppler LIDAR radar 
was tested and evaluated This system did Sefetect wind shear in front of the  &irphne, but 
it only provided. a Gsecond lead time. Given the facts of this accident sequence, 
equipment such as the LIDAR system would not have'provided sufficient Ie& time to 
avoid this wind shear encounter. The Safety Board believes the Task 2 data have 
demonstrated that airborne wind shear detection systems can improve pilot performance 
in wind shear, but they have not been perfected to predict the presence of wind.' shear 
sufficiently ahead of the airplane. Since the results of the  AWLS Task 2 program show 

*paability not enough to prevent ground contact," the Safety Board betieves that 
that there are realistic wind profiies in which even operation at .the limit. of airplane 

programs must be pressed to develop airborne and gromd systems with greater 1-d t ime 
predictive capabilities. 

3.1 Findings 

1. . The &phme was certificated, equipped, and maintained in accordance 
with Federal regulations and appoved procedures. There 'was no 
evidence of a, m&fmction or failure of the airplane. 

2. The flightcrew was certificated properly, and each crewmember hwl 
reeeived the training, ,and off-duty time presCribed by Federal 
regulatiols. There was n o  . w i d e n c e  of preexisting rnediwi or 
physiologiedt problems that might h v e  affected their performance- 

3.  he ATC eontiolters & duty in the New orleans tower were certificated 
proper&; and each controller had received the training and o f f a y  t ime 

. .  JY esmibed kz FAA'reguhtiom. . .  

. .  

. .  
. .  

. . .  
, .  . . .  

. .  
. .  . : . . .  . .  . . .  . . .  
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5.:: 

. . .  . . . . . . . . .  .;.. ~ . .  

The flight. folders. 'supplied to .Clipper 759's flight&ew   contain.....^.'..'.-..-.;':-'. 
required . weather dgta.: The:,. forecasts . therein Were. eWrent..-&id! . . . . . .  ..".!.... .. <: .. :..,:'::..> ... 8 

.:,>::;:; 
. . . . . . . .  .... substantially:.&rrect. . "  . . . .  . . .  . . .  ..... .. 

. .~, .  I 

... ........ ... 
>.;?..L" .:,;.. .:11 

~ ~ . ,  ..". .>: .: .:: ..:> 
.. :. i. . . .  .i :: .. .....& i 

Clipper 759's takeoff gross weight required'the captain to :me ruaway..l@.; ?.::: .;;.'.';:::...'?< 

.,;,. .:; . :  ,:., ;', . .  

:forthe'takeoff. 
:; . . i  : . ' .. ' . . r  ._;> 

. .  . .  . . , _  ..: :. 
. 

. .  

:. . . .  
. . .  . . .  

. .  . . .  . . .  
%: 

. .  . . .  . .  , . - I  : . .  

. . . . . . . .  . .  . . . . . . . .  . > .  . : . 

. . . . . .  ; . .  . . .  
. . .  . . . .  ;: .. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  

. .  .......................... . . . . .  . . . .  , . . ,. 

6. , A t  16.09, VIP level 3 weather &ho were located over. the ' e a s t e r n  ..part of .',!' ,:: . , ' I  ' :,;:. '.; 

the airport and..east of t h e  departure end of ;runway 'IO. Lightning and'.!..: : ' . . . . . .  . ' .  '.! ..... :'.;. 
thunder were not occurring either' before'or during Clipper-759's takeoff: 

7.. .The m%t probable rainfall, rates tlt the departure end of runway.10 and..::. :.. ,:.:'..::: 
. . . . . . . .  .: 1, i 

east of t h e  deperture end were .5 infhr nnd 1.8 in/hr, respectively.. The . . . .  :"::: ;.:. . 
magm,um possible rainfall r&te near the deptwture end of the' runway was.: .-..:;:! :, 

in the  area of 5.1 inlhr. . . . . .  . . .  ... 

8. Between the t ime of liftoff and the time the &plane reached .the.tree . '  . : . 'jl.. 

line on Williams. Boulevmr!, . Clipper 759 experienced. ' a .  decreasing :'. . . .  i.. : 

The wind shear  was  caused by. diverging flow from a microburst which:. :' . :. :.: !:::< 

analysis indicated that, a t  5.9 seconds before initid impact, had the. pilot,. . . .  : : :. .: 
been able to increase the airplane's pitch attitude w d  maintain.the . . . . . .  

' indicated airspeed that eldsted at that time, Clipper 759 theoreticany . :  ' " ' . ' 

would have been able : t o  maintain an altitude of 95 f t  AGL. This ' . . ' . . . .  

theoretical evaluation is based'on a static analysis of the airplane's. : . . . . .  

iwantaneous performance captibility, the evaluation does not include : . . .  

m y  tlllowances for pilot recognition, perception, and reaction time. 

. .  , . . : . .,: ,  

. , . . :  
. . .  .:. . 

. . . . . . . .  . . . . . .  . . .  
. .  

. .  . .  * .:> 

. . . .  .... . <. 

. . . . .  ,.. 
. . . . .  . . .  . . ,  . 

' , .. ,~ 1.- y. 
. . . . .  . . . . .  . . . . .  . . . . . . . . .  . .  : 

I .  i . .  
...?!. 

. .  . ' S i  

a 

. .  . . .  
. .  

. . . .  . . .  . . .  . . . . .  . . . .  

. ,  . . . . . . . . .  headwind shear of about 38 knots and's 7 fps down&aftat 100 f ee t  AGL.. . . . . .  . . . . . . . . . . . .  

.occurred on the New Orleans International Airport. The performance . . . . . . . .  :.. 
. . . .  

. .  

. . . .  
. . .  .... 

. . . . .  
. .  

. .  . . .  
. . .  

. .  . . .  
. . : . .  

9. The wind shew which clffkted Clipper 759's takeoff was not .detected by ..: ' '; ' " .  

the LLWSAS until after Clipper 759 began its takeoff. . .  
. .  
. .  . .  

. lo .  The airplane was'not equipped, nor was it required to be equipped,,with ' '.' 

. .  . .  . . .  . .  

flight instfument systems designed to  sense wind she&r . t g d  ' .' 

instantaneously provide.information reqGred to counter the effects of :.' . :, 

wind shear. 

. .  

. .  

11. The first officer was  not able to arrest the airplane's descent rate:.in . .' . ' 
sufficient time to prevent the accident. 

. .  

. .  

12. The captain httd received adequate weather. intormation from his 
company and from ATC to make an adequate assessment.of the weather 
conditions at the airport. . .  

.. ; 

. .  

13. According to the Pan 'Am FObf 'and AOM, the captain is responsible.f&, 
evaluating the  seventy of the weather and based on -this appraisal, be is . . .  . .  

responsible fw choasing the m a t  appropriate course of action. 

The ASR-8 radw at the New Orleans TRACON displays precipitatkm . " 

echoes; however, it does not incorporate equipment which 'CLUL determine . . ; ':. 

and differentiate weather echo intensity. 

. .  

. .  

. .  . .  . .  . . . . . . . .  . .  
. . . . . . .  . .  . -  . .: 
. . . .  : 

. .  . . . . . . .  . . .  
. .  

. . .  . . . .  
. . . .  
. .  

. .  ... . . - .  . . . .  
. .  . .  

. .  . . .  
. .  

. .  . .  
. . . .  . .  

I 

. .  

. . . . . . .  . .  ' . 
. .  
... : 

. -  . 
..... 

. . :. 
. . . . . . .  . . .  

.> 
. .  . .  . . . . .  . .  ..:* '~ . .  . .  . . . .  . . . . . . . .  . .  
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19. 

20. 

21. 
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. .  

. . .  . . . . .  
. . ,  
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. ;  

. . .  . .  . . . . . . .  -7% 
. .  . .  

. .  
. . . .  

. .  
. .  

. . . . . .  1 

. .  
. . .  

ATC &d not issue'an ATIS ,message reflecting the 1455.Stdi&. Weather: ' . ': 

observation; however,. t h e  nightcrew of Clipper 759 had read the.1455 :. 
observation in Pan Am's Operations Office. 

ATIS "G", which. reflected t h e  1603 ;special 'weather ObSeWatiOn, . W B  
issued before Clipper 759 took off, but Clipper 759's flightcrew did not : 
see the 1603 speeial observation, nor did they receive ATS' "G". . .  

However, the flightcrew of Clipper 759 had received the. pertinent 
information contained in the 1603 special observation and in ATIS "G". 

The LLWSAS's west sensor' had been vandalized and was inoperative; 
however; the inoper2tive west sensor was not a causal factor in the 
accident. 

The captain w a s  aware that LLWSAS alerts were occurring periodidIy 
around t h e  airport. 

A'wording to t h e  Pan A m  AOM, LLWSAS 'wind'information "is strictly 
informationel. and no ecrion is required unless deemed appropriate by 
the pilot." 

The wptain used his weather radar before takeGff to check the weather 
along his departure 22th. The rain falling dong and east of runway 10 

The attenuation msy have been sufficient to prevent' contouring of the 
would h w e  attenuated the radar pulse from Clipper 759's weather =dm. 

C e l l  activity dong Clipper 759's takeoff p t h .  

The &ptain's decisim io t&ke off wm r easmble  in light of the 
information that lis available to him. 

. .  ~ 

. . . .  . .  

. .  

Probaffe Cause 

of the accident tiws the airplme's encounter during t h e  liftoff md initial &rnb.phase o f  
The Nation& Transportation S d e t y  B a r d  determines that the .probable cause 

flight with a microburst-induced wind shear which imposed a doowndraft and a decreasing 
headwind, the effects of which the pilot would have had difficulty recognizing and 
reacting to in t ime for the aiirpfane's descent to.& arrested kfore its impltct with trees. 

based low Ievel wind shea- detection technology to provide definitive guihce f w  
Contributing to the  accident wcs the limited cspbil i ty of c q e n t  ground 

controllers .end pilots for use in avoidng low Ievel wind shear encounters. *. 

. . .  

. .  . .  
. .  . .  

. .  

. .  



Amend 14'CFR ,121.343 so that, aft& a specified date, all aircraft 
manufactured after that date, reg-&rdless of the date of original 

recorders'that cecord..data from which the information listed in 
type eertifieite, be .equipped with one or more approved flight 

T W  I aut be determined as a function of time. For newly type- 
certificated aircraft, any dedicated Wranzeter which may' b e ' .  

necessary because of unique features of the specific aircraft 
configur&tion &nd the type design should also be required. (Class II, 
Priority Action) (A-82-66) 

Amend 14 CFR I n .  Subpart E, to rewire that all rotorcraft 

. .  

. .  

. .  . . .  . 

. .  . . .  
. .  . .. . .  . .  

. .  . .. . .  . .  
. .  . 

. .  . 

regtlrdiess of the date of . .' ' : ' , , - . '  

with one or mwe approved.. .' : .'..:.::' . . ... 

. .  
. .  

~~ 

. .  . .  
. . .  . . . , . .  . . . .  . .  

. , .  . . .  
. .  . ....,. . . . .  . 

' . ,  .; . ,, .. . .. 
. . .. ,  

.. . . -  . . .  . 
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. .  
. .  . .  

. .  

. .  

. . . .  
. .  

. .  
. . .  . . .  

. .  
. .  

. . flight re&&&. thnt.record &tA'.f&rri.'which.the i&m.m'ation~iisted. . ' '  ' i :  :.:i .:' 

' ' . . -type-&rtiticated :rotorcraft, any ,dedicated wametff. .which'.may . . :  . . .  . . : ,  .' ' 

be. nyessnry, ,because.- of . unique' features of. . . the . specific' . . . . . . .  .'; : 
. . configuration and. type. design. should -also- be required. (Class II . ' .j' ..:I:: 

Priority.Action). (A-82-87) 

. .  ' .  . in,,T&ble. It cm;be determined.&'.a.f*ction.of :tim,e.: POr':.neWLy~..-' : '.?,.':' 
. . . . . . . .  

. .  . .  

. . . . .  , Y  ' '. 
. .  
. .  

. .  . .  . .  

AS .a 'result 'of its .complete' investigntion of. this. accident, the 'Nations:'" 
Transportation Safety Ronrd recommends that.the Federal Aviation Administration: ' .. 

. .  . .  

Review .e Low Level Wind S'henr Alert System irstnliat~ons to  . . .  

identify possible deficiencies', in coverage : similnr to the one . . . . . . . .  

' ' resulting from the inoperable' wei t  . sensor, tit New. .Orlenns .'. 

. .  Internationa! Airport and correct such deficiencies without delay. 

. .  

(Clnss 11, Priority Action) (A-83-13) 

MGke appropriate ' distribution to the aviation. community 'of 
information regnrdhg (I) the location and designation of remote 
sensors of the Low Lev& Wind Shear Alert System (LLWSAS) a t '  . . ; 
equipped airports, (2) thecapabilities nnd limitations of the 
LLWSAS, ,jmd (3) the:availability of c?rrrent LLWSAS remote. 
sensor .information if. requested from tower controllers. (Class E,' .' 

. .  . . .  

Priority Action) (A-83-14) 

Record output data from nIl installed Low Level W i n d  Skar Aler t  
System sensors and retain such data for an appropriate period -for 
use in reconstructinp pertinent wind shenr events and ns a bnsis for . .  

studies to effect system improvements. (Class 11, Priority Action) 
&-83-15) 

Emphasize to pilots on a'continuing bnsis t h e  importance of makhg 

reporting guidelines, and assure that Air Traffic Control personnel 
prompt reports of wind shear in accordnnce with prescribed 

transmit such reports to  pilots promptly. (Clnss If, .Priority Aciion) 

Require  that Automatic Terminal Irformation Service .a&isori& be 
amended promptly to provide clxrent wind shear informittion and 
other information pertinent to havlrdous meteorological condi.tionS 
in t h e  terminal nren BS provided by Center Weather Service .Unit  
meteordogists, and thnt aIf aircraft operating in the termins2 me& 

Inform+tion Service advisory hns been issued. (Clnss II, Priority 
be addvised by blind broadcast when a new Automatic Terminnl 

Action) (A-83-11) 

Evaluate methods and procedures for the use of current wen& 
inform&tion from mmces such as radnr, .Low Level Wind Shear 
Alert Systems, and pilot reports s., critwia for delaying approrteh 
end departrue operations which would expose the  flight to;low 
nltitude penetration of severe convective weather. .fCl8ss. U, 

. .  

(A-83-16> 

Pr iOl f t$  Action) (A-83-18) 
. .  

. .  
. .  

. .  

. . .  . . . .  . . . .  
. . .  . .  . . .  .: . . . . .  . . . .  
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Study the fmibi l i ty  of establishing aircraft operational limitations 

System. (Class XI, Priority Action) (A-83-19] 
based on t h e  data available from t h e  Low Level Wind Shear Alert 

System wind outpilt data as longitudinal and lateral components to 
Make the necessary changes to display Low Level Wind Shear Alert 

t h e  runway centerline. (Class II, Priority Action) (A-83-20) 

Use the data obtained from the Joint Airport Weather Studies 
(JAWS) Project and other relevant data as a basis to (1) quantify 
the low-levd wind shear hazard in  terms of effect on airplane 
pe-formanze, (2) evaluate the effectiveness of t h e  Low Level Wind 
Shew Alert System and improvements which are needed to enhance 
performance as a wind shear detection and warning system, and (3) 
evaluate the aerodynamic penalties of precipitation on airplane 
performance. (Class II, Priority Action! (A-83-22) 

As  the data obtained from the Joint Airport Weather Studies 
(JAWS) Project become available (1) develop training ai& for pilots 
and controllers to emphasize the  hamr& to flight frob1 convective 
weather activity, (2) develop realistic microburst wind models for 
incorporation into pilot flight simulator trsining programs, and i3) 
promote the development of airborne wind shear detection devices. 
(Class E, Priority Action) (A-83-22) 

Expedite the development, testing, and installation of advmced 
Doppler weather radar to detect hazardow wind shears in airport 
terminal areas and expedite the installation of more immediately 
available equipment such as add-on Doppler to provide for 
detection and quantification of wind shear in high risk airport 
terminal ares. (Class 11, Priority Action) (A-83-23) 

Encourrge industry to expedite the development -F flight directcr 
system such as MFD-delta-A and head-up type .%sDI&~s which 
providc enhanced pitch guidance logic which responds LC inertial 
speed/aiilspeed changes and ground proximity and encoursge 
operators to ins t a l l  these systems. (Class III, Longer Term Action; 
(A-83-34) 

simulators capable of reproducing wind shear models so as t o  
Recommend to air carriers that they modify pilot training on 

approach, and other critic& phrises of flight. (Class E, Priority 
include microburst penetrstion demonstrations during takeoff, 

Action) (A-83-23) 

Advise eir carriers to increase the emphasis in  their training 
programs on the effective use of all available soi~pces of weather 
informt!tim, such as preflight mateorologicd briefings, ATIS 
broadcasts, controller-prulrided information, PIREPS? &ir!mrne 
weatha: raitar, and visxal observations, and provide addeS guidmce 
to pilots regarding operationel (i.e., “go/no go’?) decisions involving 
takeoff m d  landing operations which could expose a flight to 
Reather conditions which could be hazardous. (Class 11, Priority 
Action) (A-83-26) 

. 
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BY THE NATIQXAL TRANSPORTATION SAFETY BOARD 

/ s /  JIM BURNETT 
Chairman 

/s/ PATRICIA A. GOLDMAN 
Vice Chttirrnan 

/sf FRANCIS H. McADAYS 
Member 

f s/ G. H. PATRICK BURSLEY 
Blember 

/sf DONALD D. ENGEN 
Member 

March 21, 1983 

A 
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5. APPENDIXES 

APPENDIX A 

INVESTIGATION AND PUBLIC HEARING 

1. Investigation 

The National Transportation Safety Board was notified of the accident about 

scene from its Washingtsn D.C., headquarters. Investigative groups were formed for 
1800 e.d.t, on July 9, 1982, and immediately dispatched an investigative team to the 

operations, air traffic cowL+i-.-ol, witnesses, human factors, human performance, structures, 
powerplents, systems, fiight date recorder, maintenance records, cockpit voir!e recorder, 
and airplane performp:lce. 

Partiec to the investigation were the Federal Aviation Administration, pan 
American Worlc' Airways, he., Boeing Airplane Company, Air Line Pilots Association, 
Flight Enginer.rs International Association, United Technologies Corporation, and the 
Internationaj dnion of Flight Attendants. 

2. Public Heariw 

1982. Parties represented a t  the hearing were the Federal Aviation Administration, Pan 
A 4-day public hearing was held in Kenner, Louisiana, beginning September 14, 

American World Airways, Inc., Boeing Airplane Company, Air Line Pilots Assoeiation, 
Flight Engineers International Associatlon, and the National Weather Service. 

One deposition was taken on March 2, 1983. 
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APPENDIX B 

PERSONNEL IIWOBMA'IZON 

Captai? McCullers 

Captain Kenneth L. McCullers, 45, was 6 feet 1 inch tall and weighed about 

held Airline Transport Pilot Certificate No. 1570394 with an airplane muftiergine land 
190 pounds The captain was employed by National Airlines, kc., on Augast 16, 1965. He 

rating and comwercial privileges in airpian-. single engine land. He was typs rated in 
B-727 airplanes His last first class medical certificate was issued April 12, 1982, and he 
was required tc "wear lenses that correct for distant vision and pcssess glasses that 
correct for near vision while exercising the privileges of his airman certificate." On June 

defective vision in his left eye f20/56 corrected to 20/30). His medical examinations were 
24, 1980, he had bee5 issued a Statement of Demonstrated Koility, No. 40D680i5, for 

otherwise unremaFkable. 

Captain McCullers qualified as captain in the B-727 on January 20, 1972. He 
passed his last proficiency check on January 13, 1982; his b t  line check on January 23, 
1982; and he completed recurrency training on July 24, 1981. The captain had flown 

hours before the accident, he had flown 212 hours, 47 hours, and 1 hour, respectirely. A t  
11,727 hours, 10,595 of which were in the B-727. During t h e  last 90 days, 30 days, and 24 

the time of the accident, the captain had been on duty about 3 hours 45 minutes, 1 hour of 
which was Q h t  time. 

During the 90 days before the accident, the captain had made five arrivals and 
departures at the New Orleans International Airport 

First Officer Tierce 

First OfSicer Donald G. Pierce, 32, was 6 feet 2 inches teil and weighed about 

1976. He held Commercial Pilot Certificate No. 276807536 with airpiiie multiengine 
225 pounds The first  officer was  employed by %ation&- Airlines, Inc., un December 20, 

class medical certificate was issued December 29, 1981, and contained no limitations 
land and instrument ratings He was type rated in the Lockheed L-300 airplane. His first 

The first officer had suffered a kidney stone problem which was corrected in December 
1978. His medical examinations were otherwise unremarkable. 

First Officer Pierce qualified as first  officer in the 8-727 on January 21, 1977. 
He passed his Last proficiency check on February 13, 1982, and completed recurrency 
training on July 7, 1982. The first officer had flown 6,127 hours, 3,914 of which were in 
the 8-72". During the last 90 days, 30 days, and 24 hours before the accident, be had 

officer's duty hours were the same as the captain's 
flown 186 hours, E4 hocirs, and 1 hour, respectively. A t  t he  time of the  accident, the first 

Flight Engineer Noone 

Airlines, Inc., on June 19, 1967. He held Flight Engineer Certificate No. 1233362 with 
Flight Engineer (Second Officer) Leo B. Noone, 60, was employed by Nationa: 

reciprocating engine and turbojet engine oower airplane ratings His second class medical 
certificate was issued on April 21, 1982, and required hi::1 to wear glasses which corrected 
for near and distant vision while exercising the privileges of his airman certificate. No 
waivers were issued and all medical examinations were unremarkable. 
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Total Aircraft Time - 39353 hours 
Total Airframe Cycles - 35,643 
tast Base Check - 6?18/82 . 
Last"B"check. , - 4/26/82 
Lest Heavy Service - 12/8/80 

. . .  

P o w w h t s  

Erwine 

Serial Number 654851 655137 653683 
Date Installed 12/2/80 ll/l5/Sl 
Time Since Installation 

,618182 
4,191 hours 1,658 hours 

Cycles Since installation 
210 hours . . 

2,251 887 
Total Time 

129 

Total CycIes 
29,900 hours 25,581 hours 31,337 h@ 
27,499 22,245 30,034 

-- No. 1 NO. 2. No. 3 - 
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REMOVED FROM A PAN ARERICAN 8-727 WHICH WAS INYGLYED I N  AN ACCIDENT 
TRANSCRIPT OF A MODEL V-557 COCKPIT VOICE RECORDER, S/N 1832 

AT KENNE3, LOUISIANA. ON JULY 9, 1982 

LEGEND -- 
C M  
RDO 
-1 
- 2  
- 3 
-6 
-5 
-6 
-7 
-? 
UNK 
ATIS 
INT SI 
I N T l  
co 
CD 
PA 

LC 
GC 
NlMT 
NO36 
SW 860 
EA 956 

T I  794 
PUR 66K 

AL 404 
RAY 433 
N5MR 
N58RD 
N58 EV 

B 
% 

* 

0 
( (  1) --- 
Note: 

C o c k p i t  a rea  n lc rophone  v o i c e  or  sound source 
Radio t r ansm iss ion  from a c c i d e n t  a i r c r a f t  
Vo ice  i d e n t i f i e d  as Capta in  

Vo i ce  i d e n t i f i e d  as F l i g h t  Engineer 
Vo ice i d e n t i f i e d  as F i r s t  O f f i c e r  

Vo i ce  i d e n t i f i e d  as jump s e a t  r i d e r  
Vo ice  i d e n t i f i e d  as female F l i g h t  A t t endan t  
Vo i ce  i d e n t i f i e d  as male F l i g h t  A t tendan t  
Yoice identified as Ground employee 
Vo ice  u n i d e n t i f i e d  
Unkrlown 
New Orleans Automat ic Termina l  I n f o r m a t i o n  Se rv i ce  
Ground c r m m b e r  
Cap ta in  on i n te rphone  
Pan American Operat ions (PAN OP) New Orleans 
P u b l i c  address announcement 
New Or leans Clearance D e l i v e r y  
New Orleans Tower 
New Orleans Ground C o n t r o l  
Q ther  a i r c r a f t  
O ther  a i r c r a f t  
O ther  a i r c r a f t  
O ther  a i r c r a f t  
Other  a i r c r a f t  

Other sirfrat? 
Other  a i r c r a f t  

O ther  a i r c r a f t  
Other a i r c r a f t  
Other  a i r c r a f t  
O ther  a i r c r a f t  
U n i n t e l l i g i b r e  word 
Non p e r t i n e n t  word 
Break i n  ConZ inu i t y  
Ques t i onab le  t e x t  
E d i t o r i a l  i n s e r t i o n  
Pause 

All t i r r z s  a r e  expressed i n  Greenwich Mean Time. 
D u p l i c a t i o n  o f  some t r a n s s i s s i o n s  made on RW-I, NO-2, 
and RDO-3 a r e  heard  on CAM. However, for  c l a r i t y ,  they 
a r e  o m i t t e d  from t h i s  t r a n s c r i p t .  



INTRA-COCKPIT - 
TiMC & x I-.___ CONTENT 

AIR-GROUND ~ COMMUNICATIONS 

TIME & 
souucr . _. - - CONTENl -. _I - 

2048: 02 
N5A f.V 

2048:OY 
T I  194 

2048: 1 3  
c [I 

2048: 15 
CD 

2048: 18 
KOO-2 

CU 
2048: 20 

2040: 37 
RDO-2 

Okay s i r  c leared out o f  the TCA climb 
and maintain four  thousand f i v e  hundred 
feet ,  departure one two three po in t  e ight  
f i v e  and 5qlJaWking oh four f i v e  s i x .  
thank ya 

Clearance (Texas) seven n ine ty  four 
clearance to  Houston 

Uaron e igh t  echo v i c t c r  royer Ground 
one twenty one nirie 

Ah c l i ppe r  seven f i f t y  nine Moisant 
clearance 

Go ahead 

Cl ipper  seven f l f ty  n ine  cleared to the 
Cas Vegas A i r p o r t  as f i l e d ,  maintain 
f i v e  thousand, cxpect f l i g h t  leve l  two 
e igh t  zero one zero minutes a f t e r  depar- 
ture, departure frequency will be one 

fou r  two seven 
two three point e igh t  f i v e  squawk seven 

Cl ioper  seven f i .Tty n ine  cleared to Las 
Veyas as f i l ed ,  mainta in f t v e  thousand, 
expect two eiqht oh i n  ten minutes, 
departure one two three elght flve, 
squawk seven four two seven 



LO 
m: 46 

2048: 50 
CD 

cc 
2048: 53 

2051 :40 
ItlT SI 

2051 : 42 
IWT-3 

2051 :43 
I W V  $1 

IN-3  

2051:48 
IN7 SI 

2051:53 
PA- 3 

Texas seven ninety four 

ground taxi to  wway one nine foxtrot 
( f k t t a )  sixteer, twenty one, lbis.int 

i s  current, hold short of the east west 
m a y  

Cockpit th is  i s  ground 

Y C P  
I 
m 
LJ 

Yauld you l fke re to raise the m r  a l r  
stairs or have Phe fllqht attendants do 
i t  

Ro ue'1i hrve thea, raise thrr up )rere 

Uaise the a f t  s ta i rs  p iewe 
2052:06 
w 2  C1eared as f L i e d  

2052:Q9 
CAM-? Rcger 

2052: 1 1  
CUI-? 4 

http://lbis.int


TIME 6 SOURCE 
2052: 13 

INTAA-COCKPIT 

CONTENT 
~~~~ . .  
CAM-? (Cabin) 

CAM- 2 
2052: 15 

Leo 

2052: 19 
CAM- 2 No smoking, seatbelts 

2052: 20 
CAM- 1 On 

CAM- 2 
2052: 22 

V i  ndows 

2052: 23 
CAM- 1 Closed, heat set 

CAM- 2 
2052: 24 

Closed on the r i g h t  

2052: 36 
CAM- 2 A1 t imeters 

CAM- 1 
2052: 37 

Set, cross checked * 
2052: 40 
CAM- 2 Engineer's p r e f l i g h t  

AIR-GROUND - COMMUNICATIONS 

TIME 6 
SOURCE -___ CONTENT 

I 

2052 : 24 
1NT SI Dagone cater lng truck had been finished, 

I ' d  beat t h i s  r a i n  we got coming 

2052: 29 
INT-1 Yeah I f igured i t  ah t h a t  i t  would be 

here before now from the looks of the 
radar when we came I n  here 

2052: 35 
IN1  SI I can see i t  movin across the ramp 

a l o t  heavier eh 



TlHE & SOURCE 
2052:41 
CAM-3 

2052: 42 
CAM- 2 

CkM- 3 
2052:43 

2052:45 
CAM- 2 

2052: 50 
CAM- 1 

2052: 51 
CAM- ? 

CAM- 2 
2052:54 

2052: 54 
CAM- 1 

2052: 56 
CAM- 2 

2053:Ol 
CAM 

2053: 04 
CAM- 2 

2053: 06 
CAM- 2 

INTRA-COCKPIT 

-- CONTENT 

Complete 

F lu id  service 

Forty four f i v e  hundred oil  and 
hydraul ics 

Takeoff bugs ninety n inety two, 
one t h i r t y  eight. one f i f t y  (one) 

One s i x t y  nine f i v e  

(One seventy) 

Four e igh t  oh four 

A hundred and seventy thousand pounds 

Eight hundred 

((Sound o f  s t a b i l i z e r  being se t ) )  

Set 

Shoulder harnesses 

AIR-GROUND COMMUNICATICNJ 

SOUHCE 
TIME k 

_.____ 
CONTKNT 



TIME fi 
SOURCE - 

2053:07 
CAM- 1 

2053: 08 
CAM- 2 

CAM- 2 
2053: 10 

CAM-? 

2053: 12 
CAM-1 

CAn-3 

CAW1 
2053: 14 

CAM-5 

2053: 17 
CAM-2 

CAM-? 

CAM- 5 
2053: 28 

CAM-? 

2053: 31 
CAn-6 

CAM-? 

INTRA-COCKPIT 

CONTENT 

Fastened 

Fastened r i g h t  

ATIS and ATC clearance 

Thank you 

* d i r e c t  to ah 

I thought you'd never ask 

Alexandria * ((pronounciation o f  word 
extended)) 

(You guys l i k e  some water?) 

S t a r t  checkl is t  next 

C6))  
( (Un in te l l i g i b le  conversation C3, C5, 

(Huh?) 

* 

Fourteen one Wenty two 
* 

-- AIR-CROUND COlrNUNIC.ATIONS ___- 
TIME 6 
SOURCE 

-_1 
CONTENT 



TIME 6 

2053: 33 
CW- 6 

2053: 34 
CAM- 3 

2053: 47 
CAM- 1 

CAM-? 

2054: 10 
CAM- 1 

2054: 12 
CAM- 7 

CAM- 1 
2054: 13 

CAM- 7 
2054: 14 

2054: 15 
CAM- 1 

CAM-? 

CAM- ? 

INTRA-COCKPIT 

CONTENT 

Fourteerl and one twenty two captain 
over here 

Okay 

Last ah Ju ly  taking o f f  (from) L a s  Vegas, 
we threw a t i r e  cap out  and of f  t h i s  thing, 
went back and on the way back, i t  separated 
j u s t  a t  l i f t o f f ,  and ah went back and h i t  
the top o f  the ah 

* 

H i t  the * fa i r i ng  

What's your l a s t  name 

McCullers 

McCul l e r s?  

McCullers, uh huh 

* *  
* *  

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE 

___I___.__-- 

-- CONTENT 

I 
W .. 

I 

2054: 17 
RDO-2 Cl ipper seven f i f t y  nine t o  push out 

o f  seven 



INTRA-COCKPIT 

TIME .3 
SOURCE CONTENT 

2054: 22 
CAM- 1 

CAM- 7 

CAM- 2 

CAM- 1 
2054: 38 

CAM- 1 
2054: 55 

2055:OO 
CAM- 3 

2055:03 
CAM- 1 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE 

~ -- CONTENT 

2054 :. 2 1 
GC Cl ipper seven f i f t y  n ine Moisant ground 

ah roger on the push. t r a f f i c  i s  a pushed 
back ah couthwest seven th i r ty  seven 

Went back and knocked the ah fa i r i ibg 
of f  the a h  jackscrew ah l e f t  jackscrew, 
went on back f r o m  there and h i t  the 
number three engine, l e f t  a b i g  --- 
dent i n  ( the)  leading edge 

* *  
* 

2054: 28 
RDO-2 Okay 

And when I th ink  about how close i t  was 

e igh t  degree temperature out  ( there),  
t o  i n j e s t i n g  tha t  ff t’ling and ninety 

no way 

I thought we had gotten a compressor 
s t a l l  

So I don’ t  do any more f i v e  degrees 
o f  f l a p  slow ro ta t ion  ah a t  h igh tempera- 
tures * 

2055:03 
GC Texas seven n inety  fou r  ho ld  

2055:04 
T I  794 Roger Texas seven n inety  f o u r  holding 

I 
Q 
$” 

shor t  of  two e i g h t  



INTRA-COCKPIT 

TIME 6 
SOURCE CONTENT - 

2055: 12 
CAM-? No 

2055:40 
CAM- 2 

one knot of ta i lw ind  and we wouldn't 
(With t h i s )  Ihing, any mare than 

be legal  f o r  f i f t e e n  

AIR-GROUND CoMlUNICATlONZ 

SOURCE 
TINE 6 

CONTENT 

205!j:06 
GC Rtger Texas seven n inety  fou r  thank you 

20!i5:17 
SW 860 

GC 
2055:23 

2055: 30 
SW 060 

GC 
2055: 34 

Ai 404 
2055:40 

2055:41 
INT SI 

Southwest e i g h t  !iG.y t a x i  w i t h  f o x t r o t  

Southwest e i g h t  s l x t y  Moisant ground, 

current  ah ho ld  shor t  o f  the east west 
t a x i  t o  runway one niner,  ah foxt,.ot Is 

runway 

Southwest e i g h t  s i x t y  any chance o f  two 
eight? I w 

W 

Ah southwest e igh t  s i x t y .  tha t 's  ah, 
negative, unable a t  t h i s  time due to  
' rbound t r a f f i c  t o  ten 

Ah ground U.S. Air four  on four, we're 
still a t  the gate ah any chance o f  one 

Well they' re f i n a l l y  backln out  now 
okay cleared f o r  push back, brakes o f f  

2055:45 
CAM- 1 No I/  



- IhTRA-COCKPIT 

TIME & 
SOURCE -- CONTENT 

CAM-2 
205.5:47 

With t h i s  th ing 

2055: 51 
CAM ((Three mechanical c l i c k s ) )  

2056:07 
CAM- 1 Door l i g h t s  out now 

CAM- 3 Yeah 

2056: 20 
CAM-3 What do you want to c a l l  the t i n e  (Kenny) 

((Sound o f  w h i s t l i n g ) )  

-- AIR-GROUND COMMUNICATIONS 

TIME L 
SOURCE 
__-I CONTENT 

2055:49 
GC 

2055: 51 
INT- 1  

2055: 56 
IN1 SI 

A1 404 
2055: 57 

2056: 11 
INT SI 

2056: 14 
INT-1 

U . S .  Air fou r  oh four, runway one i s  
noise sensit 've ah f o r  departures, 
advise your in tent ions 

are, brakes released 
I'm t r y i n g  t o  get  'em okay there they 

Ah roger 

Roger w e ' l l  have t o  look a t  the weather 

And we're gonna l e t  southwest squeeze 
ou t  behind us now since he already 
s ta r ted  h t s  swing around 

Okay 

2056: 23 
At. 404 And Ground U.S. Air f o u r  oh four Push .- .. 

back 



INTRA-COCKPIT 

TIME 6 SOURCE CONTENT 

2056: 28 
CAM- 1 Whatever i t  i s  I guess, about ah ( f i f t y  

f i v e  f i f t y  seven) 

2056: 36 
CAM-(7) We've got  fourteen one twenty two cabin 

secure 

AIR-GROUND COMvlUNICATIONS 

TIME 6 
SOURCE CONTENT 

2056: 25 
GC 

GC 
2056: 34 

?056: 37 
INT SI 

2056: 40 
INT-1 

2056:41 
SW 060 

2056: 41 
INT SI 

2056 : 46 
INT-1 

2056: 53 
IN1 SI 

U.S. Air four  oh four  Moisant ground 
roger on the push 

Southwest e igh t  s i x t y  hold short  abeam 

be f o r  sequencing 
the wind sock ah y o u ' l l  be ah it'll 

Engines one two and three cleared to  
s t a r t  

Okay 

W 
I 

I 
4 

sixty 

wwe o f f  out there, I d i d n ' t  cme a chance 
Is i t  okay i f  I give you a k ind  of a f a s t  

to  get  any r a i n  gear on me 

Sure enough, yeah as soou as you gec us 
out  there you can cut  out, i f  we have 
problenls we can c a l l  you 

Ah roger, thank you 
2056: 54 
CAM-3 S t a r t  pressure (*)  fo r ty  pounds, 

pvnps on 



INTRA-COCKPIT 

TIME d . - 
SOURCE 

2 0 5 w  
CONTENT 

CAM ((Sound o f  c l i c k ) )  

2057: 00 
CAM- 1 ( S t a r t  check) 

2057:Ol 
CAM- 2 S t a r t  check, parking brake 

2057:Ol 
CAM- 1 (The parking) brake's o f f  

CAH- 2 
2057:OZ 

Beacon's on, engineer's s t a r t  check 

2057:03 
CAM-3 Complete 

2057:06 
CAM-2 S t a r t  cneck l i s t  i s  completed 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE CONTENT 

ID 
N 

I 

2057:07 
CAM-3 Turning one 

2057:07 
CAM 

and un iden t i f i ed  male f l i g h t  attendant,:) 
I( I r re levan t  conversation between captain 

2057 : 08 
U"K * 

GC 
2057: 17 

Texas seven n inety  f o u r  continue holding 
shor t  landing t r a f f i c  

TI 794 Roger 
2057:20 

2057:24 
RAY 433 And Royale four th i r ty  three to  the 

gate 



INTRA-COCK 

TIME d 
SOURCE -- -- CONTENT 

2057: 30 
CAM- 1 Normal fue l  and l i g h t  

2057: 38 
CAM ((Tap tap sound)) 

CAM- 3 
2057:40 

'Valve closed 

2057: 40 
CAM- 3 lu rn  two 

2057:43 
CAM- 3 Vi1 1 ve open 

2057: 59 
CAM ( (Elect ronic  sound i d e n t l f i e d  as 

an engine i g n i t o r ) )  

CAM ((Yap tap sound)) 

2058: 06 
CAM- 1 (Normal fue l  and a l i g h t )  * 

AIR-,GROUND C O M M U N I C A T W  

TIME & 
SOURCE 

2057: 77 
CONTENT 

- - - . . - . 
GC Royale four  t h i r t y  three Moisant ground 

tax i  t o  the gate 

2057: 31 
RAY 433 Okay 

2057: 33 
INT SI Set brakes 

2057: 36 
INT-1 Okay the brakes are se t  

2057: 40 
INT-1 Turning two 

W 
w 
I 

2057:40 
INT SI Roger 

2058: 05 
GC Texas seven n ine ty  four  cross the east 

wcs t runway 

2058:07 
T I  794 Seven n inety four  

CAM ((Tap tap sound)) 



INTRA-COCKPIT AIR-GROUND C M U N I C A T I E  

TIME & 
SOURCE -___ CONTENT 

2058: 11 
CAM-3 Valve closed 

CAM ((Tap tap sound) 

2058: 16 
CPM-3 Valve open 

2058: 19 
CAM-1 Temperature ah causes the ah 

21158: 21 
INT SI Okay a l l  ground equipment's m r e d .  

to rs ion  l i n k s  connected, c lear lng  o f f  
head se t  and 1' 11 see you a l l  out front 

2058: 28 
INT-1 

I 

So Ion  now ((sound o f  mike being keyed 7 
tu f ce ) v 

2058: 34 
N W  Ground f i v e  mike rune0 i s  c lea r  of 

one zero 
2058: 36 
CAM ((Tap tap sound)) 

2058: 39 
CAM-3 Valve closed 

2058: 40 
CAM-? Roger 

CM-2 Clear r i g h t  
2058: 44 

2058: 38 
Gc Ffve mike raw0 I b l s a n t  Ground hold your 

pos i t i on  ah outbound t r e f f l c  i s  a Clta-  
t i o n  

2058: 44 
N5WR Okay we got hla 

2 50:47 
C xn ((Tap sound)) 



205!) : I5 
CAM- 2 Pretaxi  check cabin report 

2059: 1 7  
CAM- Secure 

2059: 19 
ChM- 2 Door l i g h t s  

2059: 20 
CAlsl-3 They're ( o f f )  

GC 
2058: 52 

2059:03 
RDO-2 

GC 
2059 : 09 

2059: 16 
AI 404 

Clipper seven f i f t y  n ine  t a x i  and we 
need runway ten 

Ct ipper seven f i f ty  nine, roger ah tax i  
to runway one zero amend i n i t i a l  a l t i t ude  
four thousand ah departure frequency 
will he one two zero p o i n t  S i x  

Twenty po in t  s i x  and four  thdusand 
c l i ppe r  seven f i f ty  n ine  uhat  i s  your 
wind now 

Wind zero four zero a t  e i gh t  
I w 

01 
I 

Ah U.S. Air four  oh f ou r  t a x i  

2059: 20 
GC U S. Air four oh four  l lo fsant  ground 

t ax i  to rutway one nlner.  ho ld  short 
of  the east west runway, f t v e  mike 
romeo t a x i  t o  the west ramp 

2059: 21 
CAM- 2 Ant l - i ce  



INTRA-COCKPIT 

TIME h 
SOURCE CONTENT .~ 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE CONTENT ~- 

2059: 23 
CAN- 2 Wing closed, engine closed, p i t o t ' s  

on and checked. pre tax i  check's 
complete 

2059 : 26 
ROO-3 Pall Ops c l ipper  seven ( f i f t y )  nine 

(any) corrections? 

2059 : 30 
N5MH F i r e  mike 

2059: 34 
CAM 

pos i t ion ing o f  f l a p  contro l  l eve r ) )  
((Mechanical sound a t t r i bu ted  t o  

CAM- 1 
2059: 38 

there) 
(Can't see anything now r i g h t  

CAM-2 (Yes s i r )  

CO 
2059: 33 

Okay ah are you ready to copy sir? 

ROO-3 Okay go ahead 0 I 

2059: 38 
cn 
I 

co Eh zero fue l  weight one two f i v e  po in t  
f i ve ,  W.A.C. twenty f i v e  po in t  four, 
takeoff  weight one s i x t y  n ine po in t  f i ve ,  
twenty one po in t  two and you have a t o t a l  
o f  a hundred and t h i r t y  s i x  on board 

2059:43 
AL 404 U.S. Air ah fou r  oh fou r  the wind sock 

teen, we (wanta) go t o  ten 
i s  s t r a i g h t  (out)  and down runway nioe- 

2059: 52 
CM 

t o  windshield wipers)) 
((Mechanical sound a t t r i bu ted  

2059:55 
ROO-3 Okay sever) f f f t y  ntne and eh we were 

o f f  the blocks a t  f i ve  f tve 



INTRA-COCKPIT 

TIME 6 SOURCE -- CONTENT 

2059: 58 
CAM- 2 (Wipers a ren ' t  too hot)  

21 00: 04 
CAM- 1 Checklist 

2100: 11 
C9M-2 Taxi check, wing f laps 

2100: 13 
CAM- 1 F i  f teen, f i f teen, green 

CAM-2 
2100: 17 

Yaw dampers and instruments 

CAn . ((Sound o f  cough)) 

AIR-GROUND COMMUllICATIONS - 
TIME & 
SOURCE CONTENT 
I__- 

GC 
2059: 56 

U.S. Air ah four  ;.h four  wind zero 
three zero degrees a t  one zero. say 
your in tent icns 

2100:Ol 
co Five f i v e  thank you s i r  

UNK 
2100:03 

* request runway one 

2100:04 
RDO-3 Okay we ' l l  sese ya 

AL 404 Runway ten f o r  ah four  oh four 
2100:06 

210Q:lZ 
GC U.S. Air four oh four  t a x i  to runway 

one zero anend your i n i t i a l  a1 ti tude 
t o  read climb and maintain four  
thousand departure frequency now one 
two zero po in t  s i x  r e s t  o f  your clearance 
remdfns the same 



___-I 
INTRA-COCKPIT 

TIME 6 
SOURCE -- CONTENT 

CAM .1 
2100:21 

Checked 

2100:25 
CAM" 2 Checked or. the r i g h t  side, controls 

CAM- 1 Riqht  ( tu rn )  

CAM- 2 Wefyht and balance f ina ls  
2100:30 

CAM- 1 
2100: 32 

Hatch yoursel f  

2100: 33 
CAM- 1 L e f t  turn (looks l i k e )  a r i g h t  

2100: 38 
CAM- 1 We do have the r i g h t  o f  way here, 

don' t  we? 

2100: 39 
CAM-2 Yes 

2100:44 
CAM-3 One s i x t y  nine f i v e  hundred 

2100:51 
CAM-2 No s i g n i f i c a n t  chanye(s) 

AIR-GROUNG COMMUNICATIONS 

TlMF & 
SOURCE 
. - . . .. - 

2100:21 
CONTENT 

A 1  404 Four thousand one twenty p o i n t  s i x  

GC 
2100:23 

One mike tango tax i  continue tax i i ng  
s t ra igh t  ahmd p u l l  up behind the e r  

c l i pper  o f f  to  your r i g h t  
southwest there and e r  keep the Pan Am 

2100: 32 
GC U.S.  Air four oh fou r  fo l low the Pan Am 

you have opposite d i r e c t i o n  C i t a t i o n  
c l i pper  and c l i p p e r  keep o f f  t o  the l e f t ,  

m 

AL 404 Four oh four  fo l low Pan Am 
2100:37 

2100:39 
GC Clear the in te rsec t ion  inbound t h a t  e r  

heavy 

CAM-3 Twenty one p o i n t  two on the  
2100:53 

s t a b i l $ r e r  
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INTRA-COCKPIT 

TIME 6 
SOURCE - CONTEYT 

2101:42 
C A M 4  Okay 

2101:45 
CAM.. 1 Depending on the ah 

2101 : 50 
CAM- 1 I f  i t ' s  cl imbing okay * 
2101:52 
CAM-3 Ver i f ied  

CAM ((Sound of two mechanical c l i c k s ) )  

2101:57 
CAM-2 Taxi check l i s t  complete 

2102: 16 
CAM-? * B four  

CAM-? 
2102:17 * 

AIR-GROUNO CMUNICATIONS 

TIME & 
SOURCE CONTENT 

2102:03 
GC C i ta t i on  one mike tango t a x i  ah tax i  

around the southwest he's holding f o r  
flow contro l  

2102:08 
NIMT Mike tango roger 

2102:lZ 
GC F ive seven RD t ax i  ( t o )  west ramp 

2102: 14 
N58RO Five e igh t  RD roger 

2102: 16 
GC F ive e igh t  RD 

4 

0 

I 

0 
I 



INTRA-COCKPIT 

TIME 8 . .~ .- - -- SOURCE CONTENT 
2102: 25 
CAM- 1 How d i d  your (B four check) go 

2102: 30 
CAM-2 Pre t t y  good, he asked us about th i s ,  he 

sa id  what's the f i r s t  th ing you do 
on a re jec ted takeoff? that  the FAA 
has been askin 

2102: 39 
CAM- 1 As f o r  a f t e r  the abort? 

CAM-2 No, no, during the abort, as soon, 
2102:41 

i f  you See :he need t o  abort what's 
the f i r s t  th ing you do? 

2102:48 
CAM- 1 Pull the ( ( t a p ) )  th ro t t l es  o f f ,  ( ( taw))  

on the brakes a l l  a t  the same time, what's 
speed brake, ( ( tap) )  reverse, steppin 

the (answer supposed t o  be on i t ? )  

2102: 54 
CAN-2 Brakes 

AIR-GROUND COFMUNICATIONS 

TIME B 
SOVRCE CONTENT 

2102: 30 
NlMT And mike tango what's tha t  wind 

doing now please? 

2102: 34 
GC Wind ah zero s i x  zero degrees a t  one 

f ive ,  peak gusts two f i v e ,  low leve l  
wind shear a l e r t  a t ,  a t  northeast 
quadrant three three zero degrees a t  
one zero northwest quadrant one three 
zero degrees a t  three 

I 

C 
I 

I 

2102:47 
NlMT Okay, thank you 

2102: 54 
NlMT Is mike tango cleared to  CMSS the east 

west? 

2102: 55 
CAM-1 Brakes? 

CAM-2 
2102:56 

Brakes 



I INTRA-COCKPIT 

TIME L 
SOUkCE 
I- -__ CONTENT 

CAM- 1 
2102:57 

The thing, the th ing i s  to  bear i n  mind 
( ( t ap ) )  t h i s  i s  what so many guys forget  

2103:02 
CAM-2 Yeah 

CAM- 1 
2103:03 

aborts and ah t h i s  i s  the b i g  item r i g h t  
I n  any abort, now I've had qu i te  a few 

here 

CAM-? * * (pu t t i ng  i t )  o u t  (here; ( ( the  two 
u n i n t e l l i g i b l e  words at -c  superimposed 
on words "big i tern r i g h t  here" by C l ) )  

2103: 14 
CAM-? (Wait) 

2103:26 
CAM-1 Now we might have t o  turn  around 

AIR-GROUND COMMUNICATIONS 

TIME L 
SOURCE 
I-___ 

CONTENT 

GC 
2103:OO 

One three mike ah cor rec t i rn ,  three 
one mike  tango, cross the east west 
runway 

2103:03 
NlMT Mike tango 

I 

0 
ha 

I 

2103:Og 
SWA 860 Ground southwest e igh t  s i x t y  with the ' 

present wind condl t ions we're request- 
ing two e ight  f o r  departure 

2103: 19 
GC Southwest weight sixty twger see what we 

can work for you 

2103:24 
NlMT And ah ground t h i r t y  one mike tango i s  

also requesting two e igh t  

and come back 



-- .INTRA-COCKP I T  

TIME & 
SOURCE CONTENT - 

2103: 30 
CAn-2 Yeah 

2103: 31 
CAM ( (9wnd of c l i c k ) )  

2103: 32 
CAM-? ((Sound of cough)) 

2103: 56 
CW? 

2103:57 
CPn-1 

2104:OB 
CAH 

CAM 

GAH- 1 
2104: 23 

2104: 2!i 
CAM-? 

c *  

Le t  your airspeed b u i l d  up on 
takeoff ,  takeoff  

((Tap tap tap sound)) 

( (Elect ronic  buzz sound)) 

Leo, you want t o  (do) a no packs 
takeof f  on t h i s  thing 

((Sound o f  whis t l lng) )  

AIR-GROUND COrmNlCATIONS 

-- CONTENT 

GC 
2103:29 

One mike tango roger stand by 

2103:33 
RW-2 What are you winds now 

2103:37 
GC Uinds now zero seven z e w  degreees e t  

one seven and ah peak gust  t ha t  was ah 
two three and we have ah low level  
wlnd shear a l e r t s  a l l  quadrants appear& 
the f ron ta l  passing overhead r i g h t  now Y 
\bi?'re r i g h t  j n  the middle o f  everything 

I 



INTRA-COCKPIT .- 

TIME & 
CONTENT 

21 04: 26 
CAM-3 NO packs, okay 

CAM" 3 
2104:29 

1'11 get  ( i t )  l i ned  UP ( fo r )  you 

CAM- 1 
2104:46 

The (winds) o i n  to be o f f  
t o  the l e f t  1 3  too 

2104: 53 
CAH- 1 Not much 

2104:58 
CAM- 1 

are requesting runway twenty e fgh t  
I don' t  understand why these guys 

1'105:03 
CAM- 2 I don' t  e l  ther 

AIR-GROUND COWUNICATIONS 

TIME & 
SOURCE CONTENT -- 

2104:34 
GC November one mlke tango unable runway 

two e igh t  due to the overhead t r a f f i c  
and inbound t r a f f i c ,  wind now zero S i x  
zero degrees a t  one seven 

2104:43 
NlMT Okay w e ' l l  go on down 

2104:46 
GC One mike tango cross the east west 

6 

0 
f 

2104:59 
RDO-? Hey Tex ya s t i l l  there? 

2105:OZ 
RDO-1 (Cl ick - c l i c k )  

RDO-? A stewardess said a ab lady (wlth lasses) 
2105:05 

and grey ha i r ,  in f i r s t  class (was 3 coming 
over from Houston 

2105:06 
C A M- 2  (Must be s i t t l n  there) lookln a t  a 

w 1 ndsoc k 



INTRA-COCKPIT 

TIME h 
SOURCE CONTENT -. -. I - .- 

F*IR-GROU_ND COMPIUFtICATIONS 

TIME h 
SOURCE CONTENT 

ROO-? Well i guess that 's  where she's (a t )  
2105:14 

2105:20 
PA- 1 Ah good afternoon lad ies  and gentlemen, 

we would l i k e  t o  welcome our New Orleans 
passengers aboard the continua- of. the 
continuation o f  f l i g h t  seven f i f t y  nine 
t o  i a s  Vegas and San Diego, we ' l l  be 
ready f o r  takeoff  mmentar i ly ,  we'd 

your seatbelts are a l l  buckled up, we' l l  
l i k e  t o  ask you t o  please ensure that  

be c ru is ing  a t  thirt;' one thousand 
feet t o  Las Vegas and estimated f l y i n g  

a f t e r  takeoff w e ' l l  be maneuvering 
time i s  three hours and t en  minutes 

a,ound. circumnavigating some ah some 
l i t t l e  thundershowers out  there so we ," 
would l i k e  t o  ask you f o l ks  to please I 

remain i n  your seats, we thank you 
f l i9h:  ;::miant please secure the cabin 

2105: 58 
CAM-2 Want t o  pu t  the E:R correct ions up 

there 

2106:02 
CAM- 1 For the packs? 

2106:02 
CAN-  2 Packs o f f  

2106:03 
CAM- 1 Yeah what, what, whalt'll we 

ge t  on (them) 



TIME (L 
SWRCE - 

INTRA-COCKPIT 

CONTENT 

2106: 07 
cw3 Plck up ah, three ( m r e )  we got 

one ninety, gonna 90 t o  max 

2106:14 
 CAM-^ One nlnety (and) three on the 

outboards 

AIR-GROUND -------”- COmUNICATIONS 

TIME (L 
SOURCE 
-I__ 

CONTENT 

2106:08 
LC Zero three bravo proceed d i r e c t  t o  

the ah west pad remain soclth Of the 
east west runway 

2106: 13 
N03B Zero three bravo roger 

2106:24 
LC Clipper seven f i f t y  n ine maintatn tno CY 

thousand. f l y  runway heading, cleared ’? 
for takeoff  rumay one zero 

2106:30 
~ m - 2  Nalntaln two thousand, runway headlng. 

I 
4 

cleared f o r  takeoff  runway one zem 
c l lpper  seven f i f t y  nine 

2106:35 
cm-1 Okay we have the pretax4 and the tax i  

check l fs t  complete? 

2106: 39 
CAM-? Yes 



INTRA-COCKPIT -- 
TrnE (L 
SWRCE -- COMTENT -- ___ 

2106:40 
CAM-1 Takeoff check l i s t  

CAM- 2 
2106:41 

Takeoff check, transponders and WE 
on, cabin n o t i f i c a t i o n  an3 l i g h t s  

2106:45 
CAM- 1 We yot ‘em 

CAM- 2 
2106:48 

Engineer’s check 

CAM- 3 
2106:49 

Complete 

2106: 50 
CAM-2 Conf igurat ion check 

2106:53 
CAM- 3 Ant i- sk id  

2106: 54 
CAM-1 Skid i s  an 

CAM- 3 
2106: 56 

Speed brake 

2106: 57 
ChY- 1 Fomard 

z106:5a 
CAM- 3 Stab1 1 i zer trim 

AIR-GROUND -- C C X W M l C A T I O ~  

TINE (L 
-. SOURCE - -- CONTEUT 

2106:57 
EA 956 And Eastern ah n ine  f’ifty s i x  Is 

by the marker 

2106:59 
CAM- 1 It’s set 



--. INTRA-COCKPIT 

7IME 6 
SWRCE -- COHTENT 

CAM-2 Twenty one three 
2107:OO 

210203 
CAM-3 Wtng f l ags .  vee speeds 

2107:05 
C A N 4  Okay 

CM?- 1 0ka.y we've gat (ah) 

caM.2 ThSrty e igh t  (f i i ' ty one) 
210?:06 

2107:06 
0% 1 F i f t een  ind ica te  f i f t e e n  green 

i107:07 
G A K Z  F i f t een  f i f t e e n  green l i g h t  

2107:09 
CAM- 3 Compasses 

2107: 11 
CAM ( (C l fck ,  c l i c k  sound)) 

2107:18 
CAM-1 Noor we're going out t h l r  way 

CAK.2 All right 
2107:20 

TIME 6 
SOURCE -~ CONTEMT 

2107:02 
LC Eastern nine f i f t y  s i x  MoiSant t W e r  

cleared t o  land runway one Zero 

2107:06 
EA 956 Roger 

2107:08 
LC And ah Eastern the wind zero seven 

heavy Boeing j u s t  1anQed sa id  a ten 
zera one seven heavy M efgh t  e r  ah 

knot wind shear a t  about a hundred 
fee t  on the f i n a l  

2107: 18 
EA 956 Thanks very much 



1"-COCKPIT 

CONTENT 

2107:25 
CAM-3 Takeoff check complete 

2107:27 
CWl (Okay spool in up) 

CAM 
2107: 33 

((Two c l i c k s ) )  

2107: 33 
CAM-1 L ights are on 

CAM-1 
2107:35 

Engines spool in up Leo 

2107:44 
CAM-2 Right t u rn  o r  l e f t  turn a f t e r  

we ge t  out o f  here? 

CAM- 1 
2107:48 

(A l l t t l e )  nor th  

2107:50 
CAM- 2 We're cleared f o r  takeoff  

2107: 52 
CAM- 1 I would (suggest) --- 
2107:52 
CAM-3 Looking good 

AIR-GROUND CMWNICATIONS 

TIHE 8 
SOURCE CONTENT 

AL 404 Ah tower U.S. Air four  oh four i s  
2107:44 

ah ready t o  go whenever Pan Am i s  
ready to  go 

I 

0 
Io 
I 

..' 

2107:51 
LC U.S. Air four oh four  

2107:Fsl 
PHM 66K Molsant tower s i x  s i x  k l l o  



TIME B SOURCE 

I N T R A - C O W  

-_I_ 

CONTENT 

2107:53 
CAM- 1 A s l i g h t  turn over to  the l e f t  

CAM-2 Okay 
2107:56 

2107:56 
CAM-3 Takeoff (checks a l l  done) 

2107:59 
CAM-2 Takeoff t h rus t  

2108:04 
CAM- 2 (Need the) wipers 

2108:06 
CAM ((Sound o f  windshield wipers begins 

and continues to end o f  tape)) 

2108:16 
CAM ((Thump sound similar t o  runway bump)) 

CAM-? (Eighty knots) 
2108:16 

AIR-GROUND COMMUNICATIONS --- 
TIME & 
SOURCE .- CONTENT 

21J8:OO 
PllM 66K Molsant tower s i x  s i x  k i l o  

2108:02 
LC Six s i x  k i l o  t r a f f i c  i s  a hel icopter  

landing a t  the west pad I ..., 
4 

0 

2108:06 
PHM 66K This i s  petroleum S IX  s l x  k i l o  l i f t i n g  

the ah west pad on a special  VFR 

LC 
2108:14 

Zero three bravo t r a f f i c  i s  departing 
the west pad, do you have him in  s igh t  

2108:16 
N03B 1 got  him i n  sight. 1'11 ~ M I I ~  inside 

of-h im 
- 

2108:19 
LC Okay thank you 



INTRA-COCKPIT 

TIHE II SOURCE CONTENT 

AIR-GROUND C€”ICATIONS 

TIME II SOURCE CONTENT 

2108: 20 
ROO-2 Six ty  * i s  ready on number one 

2108: 25 
NlMT And ah t h i r t y  one mike tango i s  ready 

210827 
CAM ( (C l i ck ) )  ((Windshield wiper speed 

1 ncreases ) ) 

2108: 28 
CAM ((Thunp sound s im i l a r  t o  runway 

bum) 1 

210833 
CAM- 1 (Vee R )  

2108:34 
CAM ((Clunk sound a t t r i bu ted  to  nose s t r u t  

topping)) 

CAM-1 
2108:41 

Pos i t i ve  climb 

2108:42 
C A M 4  Gear up 

CAH- 1 
2108:43 

(Vee two) 

2108:28 
LC Th i r t y  one mike tango hold short 

2108:W 
AC 404 And U.S. four oh four  i s  ready 

2108:33 
LC U.S. Air four  oh four  roger 



INTRA-COCKPIT 

TIME & 
SOURCE CONTENT 

2108: 45 
CAM- 1 --- come on back) 

( C o w  on back you're s inking Don 

2108:48 
CAM 

s t r i k i n g  up locks))  
((Thump sound a t t r i bu ted  t o  nose gear 

2108: 56 
CAM 

2108: 57 
CAM 

2109:OO 
CAM 

2109:02 
CAM-? 

2109:03 
CAM 

2109:04 
CAM 

2109:m 
CAM 

2109:05 

( (Thump) 1 

p u l l  up whoop 
((Sound o f  GPWS)) -- "Whoop whoop 

((Sound i d e n t i f i e d  as f i r s t  impact)) 

I 

( (C l i c k ) )  

((Sound o f  impact)) 

((Sound o f  f i n a l  impact)) 

((Sound a t t r rbu ted  to  end of 
tape) 1 

I AIR-GROUINJ COMMUNICATIONS 

TIME il 
SOURCE CONTENT 

2108: 51 
LC Clipper seven f i f t y  nine contact 

departure one two i ? r o  po i n t  s i x  
so long 
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