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HATIONAJ, TRANSPORTATION SAFETY BOARD
HASHINGTUN, D.C. 20594

ATIRCRAFT ACCIDENT REPORT

Avgust 1, 1978

CONTANENTAL AIR LINES, INC.
BOEING 727-224, N32725
TUCSON, ARIZONA
JUNE 3, 1977

SYNOPSIS

About 1258 um.s.t. on June 3, 1977, Coatinental Afir Lines,
Inc., Flight 63 struck powerlines and two utility poles just after
takeoff from runway 21 at the Tucson International Afrport, Tucson,
Arizona., The aircraft was damaged substantially after striking the
powerlines and utility poles, which were located about 130 feet to the
left of the runway centerline and about 710 fcet from the departure end
of the runway. The afrcraft was landed safely at the Tucron Afrport;
there were no injurles.

The National Transportation Safety Board determines that the
probable cause of the accident was the captain’s decision to take off
under evident hazardous wind conditions which resulted fn an encouvnter
with severe wind rhear and subsequent collision with obstacles in Lhe
takeoff path. The rate of climb of the afrcraft in these conditions

- when flown according to prescribed operating procederes was not
sufficient to cleor the obstacles. However, if the aircraft's full
aerodynamfic capability had been used, collision with cbstacles probably
could have been avoided.

1. FACTUAL INFORMATION

1.1 History of the Flignt

On June 3, 1977, Co...inental Afr Lines, Inc., Flight 63, a
Boeing 727-224 (N32725), operated a3 a passenger flight from Houston,
Texas, to Los Angeles, California, with scheduled en route dtops at San
Antonio and El Paso, Texag, and at Tucson and Phcenix, Arizona. A crew
change was made fn El Paso.

™~ Before the flightcrew started the engiries, the Tucson station
ageiit-had prepared the Pilot Weight Sheat (welight and balance form) for
Flight 63. The shcet was prepared for a 15° flap takeoff on runway 111,
tha active ruaway at the time., and was based on a 93° F temperature and
o takeoff gross weight of 137,960 lbs. 3Before leaving the gate, the
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1

flightcrew received a wind report of 210° at 18 kns, gusting te 25 kns,
and the gacond officev prepared the takeoff data card for a runway 29R
departure. The computed takeoff speeds were as follows: Critical
engine fallure speed, or decision speed (Vi). and rotaticn speed (VR)
were 123 kns; takeoff safety speed (V) was 138 kns. Before beginning
tax! runway 21 was selccted instead of runway 29R, because it was then
the current actlve runway and the wind velocity e ‘ceeded the crosswind
limits for runway 29R.

Flight 63 departed the gate at 1251 1/ uien 84 passengers ard
7 crewmembern aboard., It »-3 -leared to taxi 7o runway 21 for takeoff,
During taxi operations, the sccond officer crviputed the weight for a
runway 21 Jdeparture and advised the captain, '"Well, we're overprossed
without wind.” He further advised that they needcd 10 kns of headwind
Lo meet takeoff weigh' requirements. (See Appendix G.) While Flight &3
was en route to runway 21, the tower coutroller transmitted the following
wind reports: At 1251:35, 18(° varfable to 210° at 20 kns, gusting to
32 kns; at 1254:10, 210° at 40 kns; at 1256:00, 210° at 30 kns, gusting
to 50 kns; at 1257:05, 150° variable to 240° at 25 kns, gusting to 35
kns; at 1257:20, 120° at 13 kns; and at 1257:40, 170° at 13 kns., This
last reported wind would have provided a 10-kn neadwind corponent at the
start of the takeoff roll on runway 21.

During the taxi to runway 21, a dust storm passed over the
alrport and reduced the visibility., The flightcrew first recognized

this dust storm at 1251:38 when the cockpit voice recorder (CVR) tecorded
& discussion between crewnenbers concerning the afrport's going IFR
because of »>lowing dust. 1he dust storm lasted for about & minutes.
During that time, the flightcrew experienced difficuliy in following the
taxi route tc the runway. At 12%4:30 the flight was told by the tower
to make "a rizht turn onto the next taxiway." At 1254:35 the first
officer of Flight 63 replied, "Oray, we got to find 1t first." Accovding
to the CVR, at 1255:06 the captain said, "This is just a chort lived
thing, by the time we get out there, it will be all gone 1 think." At
1257:05, the flight was cleared for takeoff on runwav 21, At 1257:15
the first officer vepllied, "Oh sixty~three, we're gonna okav looks like
we can get into position now. We haven't even beea able to got {nto
position." At 1257:35 the flight roquested takeoff clearance. At
1257:40 the tower cleared <he flight for takeoff. The takeoff was begun
from the pesition on the runway where taxiway C {utersects the runway
and 6,500 ft of runway remaln, Althoagh the captain and first officer
referred to the Jeppesen airport diagram, they indicated that they did
not see the displaced threshold depiction, The captain later stated
that he had not been into the Tucson Afrport for about 3 years befere
the day of the accident,
I/ ALl times herein are mountain standard time, based on the 24-hour
clock,
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For the takeoff, the captain stated that he used normal takecff
th-ust (1.94 EPR on engines Nos. 1 and 3 and 1.96 EPR on engine No. 2)
and a 15° flap setting. He forther stated that all instrument readings
were within takeoff limizs when checked at 80 kns even though the No. 1
engine had been slow to redch takeoff power. At 1258:22 the captain
stated "Hang cn guys.'" At 1258:24 an unidentified crewmember stated
"lost all our airsroed.! At 1258:26 an unidentiffied crewmember stated
""keep 1t gofng." At 1258:28 the first officer called '"Vj rotate," and
the captain rotated the aircraft to a reported pitch attitude of about
11°, At 1258:33 rhe first ofilcer stated "dropped off on us." The
captain later testified "as ve rotated nothing happened. It seemed like
quite a long time before we were gzetting ofy the runway at all, We
assumed we were just.slightly off the runway. When I noted that we
weren't climbing, I glanced at the airspeed again and noticed that we
vere slightly above V2. 1 increased the pitch attitude above the normal
takeoff climb .and again noted no clinb. Thei. I noted the airspeed
ivopoing off rapidly. I then also observed che wires and that we werc
going to hit the wires. 1T decreasel the nose attitude to the normal
pitch attlitude for takenff and applied full power." He sa:d that he
lowered the nose, because bs was concerned with "control."” The captain
stated that he did not consider aborting the takeoff av. any point oa the
takeoff voli.
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The alrcraft struck powerlines and two uti{lity poles, the
first of which was located 710 ft from the departure end of the runway.
Inftial impact was recorded on the CVR at 1258:41. The fligjht data
vecorder (FDR) trace showed that &n the 5 to 6 secs before the aircraft
t.it the wires, the indicated atrspeed varted from about 145 kns to 130
b.as.  The FDR showed that after the aireraft strucl. the poles, it then
accelerated normally through 160 kns. At 1258:50 the first officer
advised the tower, "Okay sixty~three we got the wires, we're gonna be
alrborne, we're gonea make it."

Once safely alrborne, after an evaluation of alreveft flight
characteristics, the crew inforimed the tower that they were going to
return and land; a normal landing was made on runway 29R about 1310:20,
Regarding the takeof{ wind condltfons, the captain sald that "noting the
conditions that I was taking off under, I wanted to use all of the
available runway, and I made a point ir my mind, as 1 was taxiing, to go
over the bar crossing the runway and to get as much availakle runway as
possible for takeoff." The cantafin stated that wvhen the fiight landed
at Tucson the "first officer vas flying and he landed on 21." The
captain did not recall sceing the displaced threshold area during the
landing. With regard to training that he may have received on runway
markings, the captain stated that he was 'not sure that it was covered.”

The flightcrew stated that before beginning the takeoff, each
saw a windsock at the approach end of runway 21. The windsock was
indicating a wind of within 10° of the runway heading and was "straight
out."”

C o s W e A R e B ey
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The captain stated that before takeoff, he was concerned about
the high gusty winds and the dust that was blowing, and "since T wasg
already taxiing at that time, I decided to wait and see and continue
taxling. As the dust storm passed, I could see out my left window and
it was clear.... It appeared that everything was back-to as before."
The captain stated that he did not anticipate the poesibility f a wind
sheai becsuse "uy previous experience with wind shear is that the winds
are quite var‘abdble, as much as 180° and, as far as I am concerned at
this rine, the wind was predominantly out of the southwest —

The captain of Air West Flight 985, scheduled to depart at
1305, delayed his departure from the gate because of che dust and wiuds.
He caid he told the gate agent,wvhen he came onboard to give the crew the
weight sheet, that "1f It was alright with him, I would just as soon wait
8 few minutes until the thing kind of blew over."

The accident sccurred during daylight hours at 32°07'0G7"N
latitude and 110°56"36'W longitude and at an elevation of about 2,660 ft
m.s.1.

1.2 Injuries to Persons

Injurjes Crew ragsengers

Fatal 0
Serfous 0
Minor/none 7

Damage to Alrcraft

The aircraft was damaged substantially,

1.4 Other Damage

Two utiliey poles and several sectfions of powerline were
destroved.

1.5 Personnel Inf-rmation

The sevea crewnembers were properly certificated for the flight
In cccordance with Federsl Aviation Administration (FAA) requirements,
except for the flight captafn who was nuc route certified. (See Appendix B.)

1.6 Afrcraft Information

The aircraft was certificsred, equipped, and maintained {n
accordance with FAA requirements. (See Appendix C.)

According to the Pilot Weight Sheet, the alveraft's takeoff
gross weight was 137,960 lbs, 960 lbe over takeoff gross welght 1imits
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for a no-wind condition for runway 21, At 137,960 1bs takeoff gross
weight, a 3.6-kn headwind was required to raise the allowable gross
weight limit so rhat the takeoff gross weight would be within prescribed
limits. (See Appendix D.)

The center of gravity was within prescribed limits. The
aircraft had about 18,900 1bs of jet A fuel on board,

The flight engineer's calculated gross weight was approximately
1,000 1bs heavier than that calculated by the station agent. The flight
engineer stated he was aware at the time that his calculation of fuel on
board was 700 lba higher than the statlon agent's calculation, and that
his rule-of-thumb for empty aircraft gross weight was arbitrarily 300
lbs high. His calculations led him to conclude that the flight needed
a 8.8-kn headwind to be within prescribed takeoff weight limits., A 20-
kn headwind was needed for takeoff from runway 21 using 6,500 ft of
runway. The Safety Board used the station agent's weight calculations
1n the performance studies, '

LT e SN A SR s - W a7 T

1.7 Meteorological Information

The National Weather Service (NWS) surface weather observations
at the airport were:

1154 9,000 ft scattered, 14,000 ft scattered, estimated
25,000 ft overcast, visibility--59 mi, temperature--—
95° ¥, dewpoint--40° F, wind--270° at 11 kns, altirster
setting--29.89 in. cumulonimbus over mountains,
northeast, southeast, and southwest. Remarks--rain-
showers, intensity yunknown, southeast and southwest.
Lightning cloud to greound, southeast.

Estinated 9,000 ft broken, 14,C00 ft broken,

25,000 ft overcast, visibility--60 ml weather--
light rainshowers, temperature--92° F, dewpoint--
38° F, wind--210° at 21 kns gusting to 34 ks,
altireter--29.90 in., rerarks--blowing dust west-
southwest rain began 1225, Peak wind 220° at 34 kns
at 1253,

Estimatad 9,000 £t broken, 17,000 ft broken,

25,000 tt overcast, visibility---40 mi, weather--
thunderstorms with light rainshower, temperature--
90% ¥, dewpoine--38° F, wind--310° at 10 kns gusting
22 kns, altimeter setting--29.90 in., remarks--
thundecstomms west and north began 17305,

The IWS terminal forecast for Tucson, which was issued at
and which was valid for the 24 hours afver 0900, was as follows:

NA e L e e TS W g
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Clouds 8,000 ft scattered variable broken; 1500:
Ceiling 8,000 ft broken chance of visibility reduced
to 3 mi with thurderstorms, light rainshowers,
bloving dust, and wind gusts to 35 kns.

The anemometer that nrovides the official surface wind information
Is located about 2,500 ft northeast of the fulersection of runway 29/11
and runway 21/03.

At the time of the accident, the following wind warning was in
effect for the Tucson area but had not been transmitted to the tower:

Scattered thunderstorms in the Tucson area may prcduce

some wind gusts to about 40 to 55 mph this afternoon and
evening along with brief blowing dust lowering visibilities
to less than a mile. Precipitation will be spotty and
generally light. Caution is advised when blowing dust is
visible as wind gusts may be quite strong nearby,

The warning was issued at 1245 by the NWS office on the
airport. The tower did not receive the wind warning information until
1309. The weather observer stated that transmiztal to the tower and
other facilities was delayed because of the rush of events and other
priorities.

The Continental Air Lines forecast for Tucson, valid for 16
“Shours after 1100, was in part as follows: Ceiling and visibility above
5,000.ft, 4 mi wind variable--5 kns, cumulonimbus in vicinity, chance of
ceiling 4,000 ft overcast, visibility--6 mi with thunderstorms and light
rafnshowers, wind gusts to 30 kns.

An Alr Natlonal Cuard pilet, who was located in a runway
supervisory unit at the end of runway 111, stated that from 1215 until
1300 the winds were variable from the southwest to the northwest at 10
to 30 kns. He further stated that wind speed and direction differed
between the two runway supervisory units at cach ~nd of runway 29R. At
1255 he noticed virga, streaks of precipitation which evaporated before
veaching the ground, in most quadrants and a circular wall of dust move
over the ailrport from the southwest. About this time he noticed Flight
63 on takeoff.

Another Air National Guard pilot, who had taxied an aircraft
doun taxiway "A" to the intersection of runway 29R and 21 and was waiting
at the intersection to cross the runway when Flight 63 tock off, stated
that "the blowing dust was visible in front of me as I began my taxiing
dowr the parallel taxiway. 1ts point of origination at that time was 1
to ! mi seuthwest of my posfition. The point .. origination moved across
the airport in front of me so that it was visible just north of the
airport as Continental departed.” le further stated “as the aireraft

T T e f e e gy




broke ground it yawed abruptly to the right as (if) it had weathervaned
into the wind. Simultaneously with the weathervaning, the airceaft
moved laterally to its left a distance of 50 to 100 ft."

Two firemen, who were located about 1,500 ft north of the
intersection of runways 29/11 and 21/03, said that when Flight 63 passed
the runway intersection, a windsock located near the intersection fudicated
no wind. The crew did not see this particular windsock,

LI
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About 15 min before Flight 63's departure, the touwer controller
had advised several geueral aviacion aircraft, before takeoff, of a
possible wind shear at the departure end of runway 21. 1his advisory
was discontinuerd whew no comments were received from the departing
aircraft.

1.3 ‘1ds to Navigation

Not applicable.

1.9 Communications

Before the accident, communicnaiions were normal; however,
after the powerlines and urility poles were hit, tower communications
were disrupted briefly because electrical power was lost and standby
equipment had to be used.

1.10 Acrodrome and Ground Facilities

e e e r————

Tucson Tnternational Afrport is located about 4 /2 mi couth
of Tucson, Arizona. Two runways were available for takeoff -- runway
11L/79R and runway 03/21. Runyay 11L/29R is 12,000 ft long and 150 ft
wide. Runway 03/21 is 7,000 ft long and 150 ft wide. Although there is
a 500-ft displaced threshold for landing, the entire length of the
runway is avallable for takeoff. Taxiway "C" iprtersects the runway 500
ft down the runway from the approach end. [n order to use the entire
7,000 ft, one must backtrack down the runway. (See Appendix E.} Airport
clevation is 2,630 ft m.s.1l. The displaced threshold area of runway 21
was marked with 120-ft long, yellow arrows followed by a row of chevrons
and a, 10-ft-wide white displaced threshold stripe followed by 60-ft-long
runway numbers. (Standard displaced threshold runway marking depicted
in the Afrmen's Information Manual.)

1.11 Flight Recorders

N32725 was equipped with a Fairchild model 5424 flight data
recorder, serial No. 7759, and a Sundstrand model C-557 cockpit voice
recorder. The two recorders were located in the aft section of the
fuselage. Nefther of the recorders were damaged in the accident; FDR
traces and CVR chanacls were recorded clearly, The qual? 'y of the CVR
recording was good and the entire tape was transcribed.

PRATE . KVTR G S o Aot & oma?
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The FDR readout began at a point where the aireraft turned
onto the runwvay to begin t.e taken’f and ended at a point where the
aircraft had clinbed to an altitude of about 4,200 ft m.8,1, The altitude
trace and headfiug trace times were atable until the aircraft lifted off.
At that time the¢ recorder data trace showed an 8° heading change to the
right. The altitude trace showd a alight climb after 1ifioff followed
by a slight descent after impact and then a normal climb profile,

The recorded aiirspeed increased erratically from zero tn 110
kns (13 kns below V)) and then fluctuated around 110 knas for about 12
secs before increasing, Eight secs before the "V) rotate'' call, the
recorded airspeed droppec to 94 kns, at 4 sec before V] 1t recovered to
114 kns., Four secs after the "1 rotate" cell, the alrspeed reached
about 142 kns, then began to decrease to about 130 kna at impact. After
the aircraft, struck the utility poles, its airspeed rapidly increased to
about 156 kns then increaszd sluwly to the highest alrspeed recorded--
185 kas-~during the climbout, (See Appendix F.)

1.12 Wreckage ond Impact Infermation

The aircraft first .truck a utility pole 710 ft from the
departure end of runway 21 and 95.5 ft to the left of the runway centerline,
Next, it struck a utility pole 687.2 ft trom the departure end of runway
21 and 153.8 ft to the left of the runway centerline. Both utility
poles were 39 rt high. Parts of the two poles and the powerlines were

scattered along the aircratt’s flightpath, and pieces of the poles were
embedded in the aircraft's structure,

The aiirraft remained intact. The right and left wings, the
lower fuselage, ind the landing gear doors -ere heavily damaged. The
lower left wing aurface and the eatirc length of the leading edge flaps
exhibited ele:tricnl arcing burns. The lower wing had been purctured in
several places witth accompanying internal wing darege and fuel leakage.
The leading and trailing edge flaps had been punctured and dented,

The right wing had been s-verely dented and punctured near tho
leadirg edge flaps and slats, and ninor abrasions were found on the
lower wing surface. On che lower fuseiage, water and fuel drain masts
ard an antenna ware shoared sff. In addition, several ving fairings
tere dented,

On the left main landing gear, a gear door was severed and on
the right mafn landing gear, a door was bent. Antiskid viring was also
danmaged 1n the accident. The landing gear was sti11l in the extended
position at imapct.

1.13 Medical and Pathological Iniormation

- .

A reviev of the flighterew's medical records revealed no
evidence of medical problems that might have affected ¢hetr per formance.
None of the afrcraft's cccupants were injured in the accident.




Fire
There was no fire.

1.15 Survival Aspects

The accident was survivable. There was no damage to the
interior of the aircraft. Before the landing, airport fire and rescue
equipment was alerted and positioned near the vunway. After a normal
landing, the captain taxied the aircraft clear of the runway onto a
highspeed taxiway where the engines were shut down. The fire department
applied extinguishing agent to the wings as a precautionary measure.

The passengers deplaned via a boarding ramp after it was determined that
an emergency evacuatio: was not required. ‘

1.15 Tegts and Research

The infomation from Flight 63's FDR was analyzed to determine:
(1) the probable winds into which the aircraft flew, and (2} whether the

aircraft could have successfully cleared the utility poles during the
takeoff,

Char..teristics of the Atwmosphere

Theoretical aircraft performance was compared with actual
aircraft performance as recorded on the FOR. The difference wus assumed
to reflect the effect of external forces on the aircraft. Since atl
aircraft systems, including engines and flight controls, were operating
properly, differences between actual performance and theoretical performance
were assumed to reflect the effects of winds.

The horizontal wind component ia the direction of the takeoff
run was deterwined by taking the difference between the known performance
capability of the aircraft (groundspeed as calculated from an integration
of the acceleration capability of the ajrcraft), and the actual performance
of the alrcraft ({ndicated airspeed as det._rmined f..om the FDR trace).

The horizental wind component from liftoff to the time of
impact was obtained i{n a similar manner by comparing calcalated groundspeed
with airspeed from the FDR. The acceleration, relative to the ground
after 11ftoff, used to calculate groundspeed was determined using the
rate of climb/acceleration capability of tha aircraft ‘n ground effect
(empirical data) and the rate of climb requirod for Flight 63 to hit the
utility poles in the time interval from liftoff.

The brake release puint was assumed to be 650 ft from the approach
end of the runway based on ccmments from the flightcrew and runway and
taxiway geometry. The probable liftoff point, based on Boeing 727-224
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acceleration data, was calculated to have been zfter 5,450 ft of takeoff
roll. The point of impact was interpreted from the ¥DR to have bean at
the time of the vertical acceleration spike of 0.26, 65.04 secs from the
beginning of the rcadout. (Sce Appendix ¥,)

Two levels of thrust were assumed during a normal takeoff 1in
the study: (1) Average thrust-—the thrust normaily expected from three
average engines, and (2) ninimum thrust--the ninfmum certified thrust,
as used to calculate the performance section of the aircraft flight
manual, is the minimum level of chrust guaranteed by th: engine manu-
facturer. The wird rodels derived vere identical for both cases.

Three te  fayes for setting takeoff power were examined:

() Set the brakes, advance the power to about 1.4 EPR,
release the brakes, and set takeoff EPR during the
takeoff roll,

(2) Set the brakes, advance the power to takeoff EPR,

release the brakes,

(3) VWhen entering the runway, continue rolling and set
the takeoff EPR during the roll before rezching 80
kns,

None of the three methods influenced :akeoff performance
significantly,

The plot of the derived horizontal winds indicated that the
aircraft encountered a headwind component of more than 40 kns at the
beginuing of the takeoff roll. This headwind component decreased to
essentially zero at a point about half way down the runwzy., From that
point the wind experienced by Tlight 63 chenged o0 a taflwind that
averaged about 5 kns until {iftoff, After Liftoff, the tailwind Increased
at a rate of about 4.5 kr-/sec to a maximum of about Z8 kns at the first
utility pole. .

Since crosswind could only be estimated from the heading
change recorded on the FDR, a right croeswind was assumed with a speed
Increasing lincarly from zero at brake release to about 30 kns at impact,

The FDR data indicate that just after impact the aircraft
apparently encountered an abrupt shift in winds which pernitived it to
assume a near normal acceleration schedule.

The derived wind model contaiued only headwind/tailwind and
crosswind components, Investigators believed that at 30 fr a.g.1.
vertical wind velocities would be negligible. The presence of relatively
high horizcntal winds supported this assumption.




LIPS RN

T DTy i, WMl et -

PR AN ¥ SR\ ATy g rm - R T

Takeoff Performance

In order to determine whether the alrcraft could have cleared
the urility poles during the takeorf, the required rate of climb vas
calculated for two flight profiles:

(1) rerage rate of climb required to miss the atility
poles rom the point at which it was realized that
obstacle clearance would be a problem; and (2) the
averagelrate of climb provided by suuti'ning the
highest Whrobable pite: attitude reached by Flfenr 63
after 1iftoff,

In the first case, it was determined thac when obstacle clearance
became a concern, the angle of attack could have been increased to
temporarily establish a steerer flightpath wund clear the utility poles.
Assuming that a decision was made by th- pilot at a peint about 710 ft
from the obstacle and 20 ft above the ground at an initial airspeed of
135 kns indicated afrspeed (KIAS), the average rate of climb required to
clear the obstacles by 20 ft in ne-wind ~onditions would h:ve been 780
ft/min. If flown in winds identical to the derived wind profiie, the .
average rate of deceleratior at 780 ft/min rate of climb would have been
about 2.2 kns/sec. (See Figure 1.) Thus, the afrspeed above the
ovstacle would have becn about 128 KIAS (13 KIAS above the stickshaker

activation speed) and an estimated pitch attitude of at least 13° would
have been required.

In the eacond case, it was calculated that if tue highest
pitch attitude reached after 1iftoff had boen sustained, the aircraft
would have cleared the obstacle. FNR data and pilot testimony indicated
that pitch attitude was reduced shortly after takeoff when a drop in
alrspeed was noted. ‘This probably occurred about 15 ft a.3.1. According
to the captai~, the initial target pitch attitude was about 11°. The
FDR data Indica.e that the alrspead was decreasing through an airspeed
of about 138 KIAS when the pitch attitude was reduced. It was determined
that 1f the aircrait had reached and had maintained the 11° pitch attitude,
it would have accelerated at an average rate of about 2.6 kns/sec. With
a taflwind increasing at 4.5 kns/sec per the derived wind profile,
alrspeed wonld have been decreasing through about 125 KIAS at the utility
poles and the afrcraft would have been at an altitude of about 70 ft
a.g.l. At Flight 63's takeoff configuration, the stickshaker would have
activated at 115 KIAS and a stall would have occurred about 105 KIAS.

Significantly, the calculations for these two cases assumed
that the wind effect on the aircraft, derived from the FDR data, did not
change as altitude increased. There are several schools of thought
regarding the wind velocities at altitude in the vicinity of thunderstorms.
The best evidence indicates that vertical wird speeds associated with
thunderstorm downdraft activity diminish rapidly below 300 ft and that
the direction of movement changes to a hor{zontal outflow.
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GEAR - DOWN WEIGHT 137214 LB
AL ON TEMP S2°F
FLAPS 15° ALTSTUDE 2590 FT
AVERAGE ENGINE THRUST

ACCELERATION

XTS/SEC

Figure 1. Acceleration vs rate of climb in ground eflect Boeing 727-224.
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Although the Board does not believe there were significant
vertical winds affecting Flight 65 at 30 ft a.g.l., additfional calculations
were performed to explore the possibility that Flight 63 could have
successfully flowr through an even more severe total wind effect than
that recorded by the FDR. Calculations were made for the two flight
profiles previously described in which, in addition to thes total wind
effect recorded by the FDR, (assumed to be all horizontal winds), strong
vertical downdrafts were also assumed to be present,

- Using vertical wind speed data derived from .recont NASA and
Nationa! Severe Storms Laboratory studies, an extreme vertical wind
profile vas selected consisting of a linear decay of the vertical speed
from 990 ft/min at 60 ft to zero at the surface., The actual decay would
more likely rcaemble a less severe logarithmic functicn., Additionally,
it should be noted that the data from which this model was derived
represented worst case instantaneous values, not average values,

In the first case, in which it was assumed the angle of attack
could have been increased to temporarily establish a steeper flightpath,
an average rate of climb of 1,400 ft/min would be required to counter
the downdv:Ii and clear the powerlines by 20 ct. ‘This rate of climd
would require a steady, smooth rotation to near the stickshaker attitude
of about 15° - 16° (depending on manecuvering loads and airspeed). If
initiated at an airspeed of 135 KIAS the airspeed orer the powerlines
would be about 120 ku.

In the second case, in which it was assumed the highest angle
of attack reached by Flight 63 was maintained, it 1s estimated that a
gustained pitch attitude of about 14° would be ~-equired to clear the
powerlines by about 26 ft. The airspeed over the powerlines at such an
attitude would have heen about 119 kns.

Because the captain initiated the takeff with 6,500 fc of
“unway remaining rather ttan from the end of the 7,u00 ft runrway, the
roard attempted to determine what effect the additional 500 ft of runway
would tave had on the flight's ability to clear the obstacle. Since the
wind mcdel derived from FDR data reflects the totas)! wind along the
flight profile sctually flown by Flight 63, the Board was unable to
deternine what winds Flight 63 would have experienced had the flight
texied to the end of the runway and used all of the available runway for
takefr. However, assuming that the winds did not change from those of
the FDR-derived wind model, a takeoff initiated from the end of the
vunw sy rather than from the displaced thres*wold, would have resulted in
liftoff at a noint 2,180 ft from the powerlines 550 ft before the actual
l1iftoff point). 1In this case, at an average grouidspeed of 138 kns (230
€t/sec), the time clapsed from 1iftoff to the powerlines would have been
about 9.5 sec. The rxate of climb required to clear the 39-ft utility
poles by 35 ft would have been about 467 ft/min and in the existing wind
condttions, the airspeed would have decreased to about 121 kns.
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Rejected Takeoff Performance

The stopping cepability of the B-727 was analyzed to determine
when the takeoff could have been rejected and :he afrcrafe stoppnd on
thz remaining runway., In the wind conditfons derived from the FDR data,
it was estimated that the aircraft could have been stopped on the runway
1f the decision to reject the takeoff had been made with at least 2,200
£t of runway remaining.  (No ailowance was made for reverse thrust or
decisionmaking time.) 1In this case, a decision to aborce at Vi (2,100 ft
remaining) could have resulted in the afrcraft's overrunning the end of
the runway, )

Flight Simulation

-

A theoretical study of a takeoff from 1iftoff to a specific
altitude is complicated by many unknowns related to pilot technique. To
analyze the accident takeoff, Buelng prepared a flight simulation incor-
porating the known performance characteristics of the Boeing 727-224
aircraft and the derived wind model. Numerous test flighte were flown
durire which a Boeing test pilot made takeoifs under various representative
condiiions. The sbjectives of the simulation study were to identify the
most probable control input in the acc ident takeoff profile and to
determine whether the afreraft could have become airborne and tleared
the utility poles in the wind conditfon derived from FDR data.

A sinulated takeoff was first conducted under no wind conditions
in ord. ¢ to validate the simulatinn model for the 727-224 atrerafe, There
was a good correlation between simulate- performance and known afircraft
performance. Additional simulated takeoffs were conducted using various
takeoff techniques. These takeoffs were made with the wind model derived
from FDR data affecting aircraft performance.

Several takeoff runs were flown in which th2 afrcraft was
initially rotated to a pitcu attitude of 11° and, after 1 ftoff, the
pitch attitude was lowered in an attempt to maintain V2. These takocoffs
culminated in the aircraft's hitting the utility poles. Recorder traces
of these takeoffs anrroximated the FDR trace of the accident aircraft,

In addition, other takeoffs we-e flown dur‘ng which the simulated
alrcraft missed the utility poles. When the simmlator was rotated to
15% and then flown at « pitch attitude of 13° to 15°, the airspeed
decreased to about 120 kns and miss-distancex of 90 ft wera recorded,
Takeoffs using the same technique, but with one engine accelerating
r2latively slowly to target KPR (target EPR reached on all engines by 80
kns), resulted in the same speed decay and mfas-distance. Takeoffs with
early or slow rotations to 15° followed by pitch attitudes of 13° to 15°
after liftoff resulted in airspeed decays to 116 to 120 kns and miss-
distances of 90 to 1€0 ft. |

1.1 Other Jnformation
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(%“j 1.17.1

Continental Air Lines, B-727 Takeoff Procedures

i o

Section 4 of Continental's B-727 Flight Manual for flightcrews
specified procedures fo. three engine takeoffs. Pertinent nornmal takeoff
procedures were specified as follows:

g L e
ol A WTS

"At VR, rotate the afrplane smoothly to the takeoff climbout
attituds of approxdmately 13°. The rate of rotation should be
approxinately 2° per second. When the airplane i3 rotated at
the proper rate, 1ift-off will normally occur before reaching

10° of budy angle, allowing rotation to be continued until
climbout atti:ude 1s reached.

IOl ST o iRV N

"Excessive rates of rotation must be avoided. Tf the rate of
rotation exceeds the proper rate, it is possible to reach an

attitude that will cause the tail skid to contact the runway
before the airplane can 1i:c¢ off.

e

“"The airpiane will normally attain V2 + 10 assuming all engines
are operating, approximately 35 feet above the runway, "

After cakeoff procedures (climb to 1,500 feet) specified:

“1. The airspeed indicator is primary for establishing pitch
attitude."

%
There was nothing in the manuat which provided for alteration

of the takeoff procedures if variable or gusty surface winds existed or

were suspected, or if low altitude turbulence or wind shear existed or
was reported to exist. ' '

1.17.2 14 CFR 121.443--Pilot in Command Qualifications:
Routes and Afrports

With regard to pilot airport qualification, 14 CFR 121.443
gstates in part:

e R Al e M e W

"(a) No douestic or flag air carrier miy use a piloi as pilot
in command until he has qualified for the route on which
he is to eerve, in accordance with this sectlion, and the

appropriate Instructor or an approved check pilot has so
certified.

LI T

The qualifying pilot shall make an entry as a wenber of
a flightcrew at each regular, provisional, and refueling
airport into which he is acheduled to fly. The entry
must include a landing and a takeoff. The qualifying
pilot must occupy a seat {n the pilot compartnent and

nust be accompanied by a pilot who is qualified for the
airport.
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"(d) Pavagraph {c) of this section dors not apply 1f-

(1) 71r: initial entry is made under VFE wezther conditloas
at the afrport involved;

(2) the air carrler shows that the qualification can
be made by using aoproved pictorfal means...."

14 CFR 121,447--Pilot Route and Alrport Qualifications
for Particular Trips

With regard to using a pilot to ily a particular flight 14 CFR
121.447 statea in part:

'""(a) A domestic or flag air carrfer may not use a pilot as
pilot in command unless within the preceding 12 calendar
wnths, the pilot has made at least one trip as pilot or
other member of a flightcrew between terminals into which
he is scheduled to fly...."

1.17.4 Continental Air Lines Boeing 727 Afrport Qualification Requirements

The Pirector of Flight Crew Training, Contivental Air Lines
stated that the company's airport aand route qualifications were essentiall:
the same as those specified ip the regulatiu~s and he also stated thut
airport qualifications currency was each captair's responiibility. With
regard to recordkeeping, the Continental Operations Mznual stated:

""Records of pilot route and airport qualifications are maintained
by IBM and ave available at ithe base Flighe Manager's offices.
When a pllot makes a quaiifying trip as ACM, rather than as
flight crewmember, he will notify the Flight Manager in writing."

The Safety Board was unable to find any records that showed
the captaln's prior qualification for the Tucson Airport.

A veview of Continental's approved stide and tape presentation
on the Tucson Afrport disclesed no information with regard to use of the
displaced threshold area of runway 21 for takeoff, however, the presentation
did show the displaced threshold for the runway, specified 'a length of
the displaced area, and showed an approach to the runway.

According to the FAA Principle Operatlions Inspector assigned
to Continental Air Lines, there have been no inspection reports which
showed a lack of compliance with the afrport qualificatton requiremnents.
He stated that Continental's Afrport Qualification Program was adequate.
Additionalily, he stated that the company had the re-oonsibility to
insure that pilote are qualified in accordance with 14 CFR 121.447(2a)
but that the company had no procedvse that would fasura that the dispatcher
knew that a pilot was qualified into a given afrport tnfore a flight was
dispatched.
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On January 3, 3975, the Safety R:ard issued Safety Recormmendation
A-76-118 to the FAA corwcerning atrport yualifications, and the FAA, in
response, imsued Aly Currier Operaticni Alert No. 75-1, which required
that “uperat lons Inapectors...persedically reviev their egsigned oparator's
airpori: aud route qualification progrems to insure that all fnfornation
18 up-to~date, that company procedures are consistent with nublished
Federal Aviation Administration [ tocedures and that obsolete procedural
material 1a not included.”

1.17.5 Contineantal Afr Lines Wind Shear Training Program

Oa October 3, 1474, the Safety Board issuzad Safety Recommendztions
A-74-80 and 81 to the FAA on wind shear training programs for air carrier
pilots. The FAA responded on November 19, 1974, that sceps had been
initisted to emphasize the need fov more understanding of the low level
wind shear phenomenon and that air carrier cperations inspectors would
evaluate each air carrier's wind sheay training program. whero they
found inadequacies, the inspactors would requeat modification of the
programs to include materfsl on wind shear hazards and on flight techniques
needed to counter the effeccs of wind shear., As a result of their
evaluation, changes were made in the Continental Air Lines training
program. Specifically, the slide and tare presentation and simulator
training program were added,

The current Continental Air Lines Wind Shear Training Program
consists of a slide and tape pres tat on entitled “‘Hostile Environment,"
wvhizh has been uzed 1n all Recurr:nt Grourd Schools since June 1977; &
simulator training program, which -.rovides vind shesy training with
emptasis on recognition for both landing and takeoff, wap begun in
January 1976 and is given during all simslator ‘training; and claseroon,
lectures anl discussions on hazurdous weather, including wind shear.
Includad in the program ia a couprzhensive discussion of wind shear
recogalcion factors associated with thunderstorm and cunulonimbus clouds.
The training recoris of each of rhe flightcrew nembers showed that they
rec2ived thin training.

In addition to Continental Air Lines' formal wind shear
training progrem, the company published mwsercus articles on hazardous
veather conditions and wind shear in a conpany flight opevation: publication;
coples of this publication were made available to each piloz. Recogaition
factors such as virga and blowing dust were also contained in these
articles. -

1.17.6 Continental Air Lines Dispatch Procedures

Continental Air Lines Operations Center is located near Los
Angales Airport. From this center, the company provides Elight following
and operational control. Stations where flights originate are tied Into
an o erations and weather network with the Operationrs Centec. The
latest forecasts and weather observations are on hand and mide a part of
the crew's clearance napers,
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The Continental facility at Tucson is not an origination
station and the station agent is required tc maintain up-to-date weather
informatinn which is avatlable from the local Flight Service Station,

For Iintermediata stations, such as Tucscn, the Pilot Welight Sheet 1s
computed by the station agent, based on weather, load message Informatien,
aud the payicad leaving his station, At intermediate stations, if the
captafn has an aircraft welght clearance problen such as taking off

cargo, he may resolve the problem with the statfon agent, call the
voperations center from the station agent's desk, or call the operations
center via Aeronautical Radio Incorporated and phone patch,

.,17.7 Hazardous Weather Recognition Factors

Gust_Fronts From Thunderstorms

Based on tie research on thunderstorms reported in National
Geeanic aud Atmosphoric Adminfstration (NOAA) Technical Memovrandum NSSL
61 the fellowing structure of a thunderstorm gust front was developed:

"A surface wind shift may or may not accompany the gust
front, but may lead the gust front by as much as 3 to 5
nm.le2s. The gust front will be marked by onset of high
winds and gustiness at the ground--usvally 40 to 50 kns
©r nore. The gust front will move fater than the generating
tuurderstorms, preceding the nearest edge of the stornm by
> or 10 mi. Vertical wind shears of 10 kn per 100 €: 1in
the lower {ew hundred feet have been measured behind the
gast freat. Horizontal wind shears of 40 kn have been
nessured across the gust frone. A pressure jump precedes
the gust front,"

Cumulus Cloud and Vertical Wind Hazards

Case histories of several recent wind shear encounters
aw'icate that a potential wind shear hazard nay be expected to exlis:
under high based cumulus clouds when the following four conditions are
met: ¢1) High based cumulus type clouds with virga, (2) very dry svrface
dir with a temperature dewpoint spread of 35° F or more, (3) weak winds
from the ground to the cloud bases—-ﬁenerally less than 15 kns, and
(4) temperature warmer than 75° F, 2

27 TUniied M iTies Meteorology Department "Hot and Dry WUindshear,"
Aeroscace Safety, October 1977, pp. 10 a~4 1],
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2,  ANALYSIS

e o it

Geoeral

The alrcraft was certificated, equipped, and maintained in
accordance with applicable regulations and approved procedures, There
vas no evidence of a malfunction or faflurz of the aircraft's structuve,
flight instruments, or powerplaates that would have affected its performance.
Although the No. 1 engine was reported slow to spool up when the throttles
were advanced at the beginning of the takeoff, it did not affect the
aircraft's takeoff performance.

The flightcrew was certificatad properly, except for the
flight captain who had not been route certified. Each crewmember had
received the off-duty time prescribed by regulations. There was no

evidence of pre-existing medical problems that might have affected their
performance.,

The evidence revealed that after hir assignment to the 1iight,
the captain had not fulfiflled his responsibility to assure that lie was
familiar with the airports on the route to be flown. He had not made
use of a pictorial airport presentation which was available from the air
carrier, he had not planned for a qualifiaed pilot to accompanvy him over
his intended route, and he had not made a qualifying entry into the
scheduled airports on his route as a8 member of a flightcrew, Furtherwore,
a check airman. who had sccupied a seat in che pilvt compartment to
Phoenix and remainad in the passenger cabin during the El Paso and
Tvcson airport eatries, did not certify as required by regulation that
the captain possessed sdequate knowledge of the assigned route, Nevertheless,
the Safety board concludes that by virtue of his VFR arrival and departure
at the Tucson sivport, the captain was airport qualified by regulation
upon liftofi., However, the Safety Board also concludes thar he was not
properly certified to operute over the route. If he had been properly
route qualified by a check airman or appropriste instructor, the physical

layout of the Tucson afrport, incleding the displaced landing thresheld
should have been brought in his attention,

——
i
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However, these inadequacies do not lessen the captain'‘s respon-
sibility to have recognized the displaced landing threshold warkings on
runway 21 which conforms to the standard marking explained in the Alrxzan's
Information Manuagl, Part 1. Th's part contains "basic fundamentgls
required to fly in U.S. National Afrapsce System," Additionaézy?&the
Jeppesen airport diagram should have alerted the captaln to the presencze
of the displaced landing threshold.

Following the accident, Continental flight managemrent personnel
stated that they conaidered VFR airport entries only to be aduquate to
fulfill the regulatory requiremnenis for route qualification. The Safety
Board does not belfeve that this interpretation provides an acceptable
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level of safety and the Board concludes that tne Continental Aitlines
Afrport Qualificatrion Program was not conslistent with the intent of the
regulations, Further, the avidence indicates that the FAA's surveillance
of Continental's airport and route qualification was not in conformity
with 1its oun directives,

The Safety Board believes that in addition to the caprain's
responsibility for insuring proper airport qualificetions, the company
also has a responsibility. When questioned about their airport qualifi-
cation program, Coiutinental Air Lines indicated that it is the pfilot's
responsibiiity to insure that he meets the qualifications for the routes
to de flown. At the ¢ime of the accident, the company did not have a
monitoring system for insuring that a pilot was properly airport and
route qualified before using him as pilot-in-commnand. The Continental
Director of Flightcrew Training stated that i{n accordance with 14 CFR
121.443 and .447 the company had a responsibility in this regard, however,
he indicated that they kept records for the afirport qualification film
program orly. The Board believes that without adequate company record-
keeping, it would be posnsible to dispatch a pilot as pilot-in-command to
airports for which he 13 not qualified. Presently, as a result of this
accident, Continental Air Lines is iastalling a comprehensive program to
monitor route and afrport quaiifications of flight captains. All flijht
operationg personnel will have access to the reccrds.

Weather Recognition

The HWS terminal forecast, valid at the time of the accident,
was not accurate since a thunderstorm, blowing dust, and gusty winds
were not forecast until 1503, However, the Continental Air Lines terminal
forecast, which was avaflabla to the crew, was substantially correct
since 1t forecast a chance of thunderstorms,

The wind warning in effect at the time of the accident called
for atrong gusty winds, although neither the Tucson control tower personnel
nor tha flightcrew received tals information. According to the weather
observar's testimony, a 24-ninvte delay in getting the information to
the users was caused by the rush of events and other priorities. NW3
procedures do not contain a time linft for hazardous weather dissemination,
The Board believes that such severe weather information should be disseminated
as scon as possible after it ig detccted 1if it i3 to be effective, This
warning would have helped alert the tlightcrew of a possible wind shear
condition. However, the wind report received at 1256:00 indicating a
wind from 210° at 30, gusting 50 kns, should have provided the same wind
shear alert.

Witness otservations, recorded weither data, and the wind
model derived from }'DR data support a conclusion that the center of a
thunderstorm was slightly north of the airport when Flight 43 tool off.
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A dust storm originated to the scuthwest of the airport and
proceeded across the airport in a northeriy direction. 1c¢ was accongpanied
by high surface winds variable in direction with gusts ip to 50 kns.

The storm was several hundred feot high as i: noved rapidly across the
airport. Based on these rcported characteristics, the Safety Board
concludes that this storm was the gust front of a thunderstorm or group
of convective clouds which produced strong vertical downdrafts and
strong and variable horizontal winds at the surface.

Avoidance of a wind shear encounter depends on timely alerts,
and the flightcrew's early recognition of possible wind shear conditions.
The Safety Board believes that, in spite of the inaccuracies of the
forecast, the captain had other clues that should have alerted him to
the possibility of a wind shear encounter: (1) The tower reported gusts
up to 50 kns about 2 minutes before the flight's takeoff; (2) the winds
shifted rapidly, as much as 90°; and (3) a severe dust storm crossed
the apprecach end of the runway as the flight attempted to take the
runway for takeoff.

When the flight left tnae gate, the captain became aware of
blowing dust approaching the airport from the southwest. Discussions
recorded on the CVR about 1252 showed the crew's awareness. While
taxiing to runwar 21, the captain recefived several reperts of high wind
speeds and gusts. In fact, gusts up to 50 kns were reported to the
flight by the tower controller ahbout ? ninutes before takeoff. The
variability >f the wind indicated rapic¢ movement or change, which was an
additional indication of unstable conditions conducive to wind shear.

These recognition factors should have been a part of the
captain's knowledge of thunderstorms and hazardous weather phenomena.
The Continental Air Lines wind shear training program vas expanded
substantially after an accident involving Continental in Denver. 3/
The Safety Board concludes that the company's training progranm provided
sufficient wind shear information ro the captain so that his observat jon-,

regarding the seather at "aessn should have alerted him to the possibilities

of wind shear and should hive ceterred him frow taking off under the
conditions especially since the wird factor wese critical to remain
within allowable weight limitations for ttkeoff on runway 21.

Aircraft Performance

The wind model derived from FDR data showed that the aireraft
inftially encountered a strong headwind at the start of the ,takeoff
roll. This strong headwind decreased as the aircraft progressed dewn
the runway until relatively (aqlm wind was encovntered. This calm was
followed by an encounter with a rapidly increasing tailwind. As the

E/ NTSB~AAR»76:TZ, Continental Afr Lines, TInc., B-727, Stapleton
Internatfonal Airport, Denver, Colorado, August 7, 1975,




alrcraft 1ifted off, it encountered a strong crosswind from the right.
Based on the recorded and visual evidence, the Board concludes that
Flight 63 encountered severe wind shear during the takeoff roll and

during a criticai phase of the departure.

Continental Air Lines Boeing 7:7 takeoff procedures call for
a smooth rotation to a pitch attitude of approximately 13° and specify
that, after takeoff, use of airspeed au the primary reference for
establishing pitch attitude, In this accident, the captain rotated the
aircraft first to about 11° and then increased the pitch attitude when
he saw that the aircraft was not climbing., When he saw the airspeed
decrease and saw the powerlines, he lowered the pitch attitude before
hitting the powerlines.

Alrcraft performance analysis and simulation showed that the
aircraft could have cleared the utility poles on takeoff if the captain
had concentrated on flightpath control rather than air.peed loss in a
takeoff situation where airspeed was erratic. The FDR showed that the
average rate of climb was 172 ft/min. -When the airéraft impacted the
utility poles its airspeed was about 128 KIAS. The performance analysis
showed that maintaining a 11° pitch attitude after liftoff would result
in a rate of climb sufficient to clear a 39-ft obstacle, although this
wouid have required the pilot to allow lLis airspeed to decrease to about
125 kn,

While the aircraft possessed additional aerodynamic potential
to counter the effects of the wind shear, the increased potential existed
in a regime of flight for which the captain had no training or approved
operating procedures., Based on the evidence, the Safety Board concludes
that the captain could not have been expected to operate the ailrcraft
other than in accordance with prescribed company procedures.

Because the wind conditions which affected Flight 63 could be
derived only from data generated during Flight 63's takeoff, the Safety
Board was unable to determine whether the captain's faflure to use the
full length of runway 21 contributed to the accident. A few minutes
delay in takeoff because the aircraft had to be taxied to the beginning
of the runway may have resulted in the wind conditions that could:have
heen better or worse than those actually experienced. However, even
without considering the hazarde of windshear, the captain'’s faflure to
use all available runway in a situation where he nceded a 3.6-kn headwind
component to avoid an overweight :takeoff reduced the intended margin of
safety. ;

The recorded CVR conversations “hang on guys" and "lost all
our airspeed" appear to reflect recoguitfon of unusval conditiors.
However, within about 4 secs the first officer called ''V] rotate.”
This would have discouraged any thouglit about rejecting the takeoff at
that time even if such a thing was ever entertained,
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While the performance analysis shows that the aircraft could
have been stopped on the runway if the takeoff had been rejected prior
to V3, initiation of the takeoff from the displaced threshold rather
than from the end of the runway substantially reduced the recognition
and decisfon time, and hence the margin of safety, had any attempt been
made to reject the takeoff from that point for any reason.

The problems associated with wind shear have been explored in
depth in several Safety Board accident investigation reports. 4/ These
accidents involved afrcraft on takeoff and on precision instrument
approaches,

The Safety Board 13 aware of re-ent wind shear studies conducted
by airframe manufacturers. 3/ The studies indicate that "sircraft
performance in wind shear conditions can be improved by using pitch and
airspeed control techniques which differ from the normal procedures
specified in most air carrier flight manuals. Because of these recent
studies, on February 16, 1978, the Safety Board recommended that the
FAA: '"Establish a joint Covernment-industry committee to develop
f.1ght techniques for coping with inadvertent encounters with severe
wind shears at low altitude. (A-78-3)"

4/ NTSB-AAR-74~14, Iberiz Lineas Aereas de Espana, DC-10-30, Logan
International Afrport, Boston, Massachusetts, December 13, 1973.
NT>E-AAR-76-8, Eastern Airlines, Inc., B-727, John F. Kennedy
International Airport, Jamaica, New York, June 24, 1975,
NTSB-AAR-76-14, Continental Air Lines, Inc., B-727, Stapleton
International Airport, Denver, Colorado, August 7, 1975,
NTSB-AAR-78-2, Allegheney Airlines, Inc., BC-9, Philadelphia,
Pennsylvania, June 23, 1976,

Boeing Company, ‘"Hazards of Landling Appreoaches and Takeoffs in a
Wind Shear Environment," January 1977. C. A. Whitmore, R. C. Cokely,
Lockheed Californifa Co., '"Wind Shears on Final Approach.”
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3. CONCLUSIONS

Findings

1.

2.

The aircraft was certificated and maintained according to
approved proceduces.

There was no evidence of a malfunction or failure of the
aircraft's structure, flight instruments, or powerplants
that would have affected the performance of the aircraft.

All crewmembers were properly certifficated, except the
flight captain who had not been route certified.

Although the captain was technically qualified for the
flight, he was not aware of the displaced threshold on
runway 21 at the Tucson Alrport.

The takeoff was initiated from a position on the 7,000-ft

runway where 6,500 ft of runway remain (the disnlaced
threshoid).

With no headwind, the aircraft's weight exceeded the
maximum allowable weight for takeoff on runway 21; a
3.6-kn headwind was needed for takeoff on runway 21
using all avaiflable 7,000 ft. A 20-kn headwind was

needed for takeoff on runway 21 using 6,500 ft remaining
from the displaced threshold.

Cunulonimbus clouds with associated rainshowers were
slightly north of the airport as Flight 63 began 1its
takeoff on runway 21. The bascs of the clouds were
relatively iidgh and the surface winds were variable,
strong, and gusty.

Before Flight €3 started tts takeoff roll, the captain
had clues that should have alerted him to the likelihood
of a wind shear encounter.

The Continental Air Lines wind shear training program
was adequate, and it should have provided the captain
with the necessary knowledge to recognize the potential
wind shear situation.

During the first half of the takeoff roll, Flight 63
encountered a strong headwind, The headwind decreased to

a calm wind condition and then to an increasing tailwind
at liftoff,
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Shortly after 1iftoff at an altitude of less than 30 ft,
the aircraft hit two utility polee and several secticns
of powerlines,

When flewn according to standard operating procedures,
the afrcraft could not avoid irpact with the powerliines;
however, if the aircraft's full aerodynamic capability
had been used, the afrcraft probably cauld have cleared
the powerlines.

The Continental Afr Lines Alrport Qualification progran
was not consistent «ith the intent of the ragulations
and the FAA's surveillance of their program wvas inadequate.

3.2 Probable Cause

The National Transportation Safety Board determines that the
probable cause of the accident was the captain's decision to take off
under evident hazardous wind conditions which resulted in an encounter
with severe wind shear and subsequent ¢ollision with obstacles in the
takeoff path. The rate of climb of the afrcraft in these conditions
when flown according to prescribed operating procedures was not sufficient
to clear the obstacles. However, 1f the aircraft's full aerodynamic
capability had been used, collision with obstacles probably could have
been avoided.

4. RECOMMENDATIONS

As a result of this accident, the Satety Buard has recommended
that the Federal Aviation Administration:

"Require that all takeoff analysis data pages of operating
gross weights in air carrier manuals are footaoted to identify
those runways which contain a displaced threshold. (Class I1I,
Longer-Term Action (A-78-51) .

"Require that alt operators ot certificated airports, where
runway designs feature a displaced threshold and taxiways
enter the runway at points other than the runway's end,
install an easily visible Intersection sign which displays
a displaced threshold notation. (Class II1, Longer-Term
Action) (A-78-52)"
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BY THE NATIONAL TRANSPORTATION SAFETY BOARD K\“.}

/fs/ JAMES B. KING
Chajrman

/s/ FRANCIS H. McADAMS
Mamher

/s/ ELWOOD T. DRIVER
Member

PHILIP A. HOGUE, Member, filed che following dissent:

August 1, 1978
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Philip A, Hogue, Member, Diasenting

Having studfed all available information, 1t is my conclusion
that the probable cause of subject accident should be stated as follows:

“The National Transportation Safety Board determines that the
probable cause of the accident was the pilot's failure to
utflize the full 7,000 feet of runway available versus the
6,500 faet he did utiifze."

In arriving at my conclusion, I do not concur that "The probable
cause of the accident was the captain's decision to take off under evident
hazardous wind conditions (underlining supplied) which resulted in an
encounter with severe wind shear and subsequent collision with obstacles
in the takeoff path, The cate of ciimb of the aircraft in these conditions
when flown according to prescribed operating procedures was not sufficient
to clear the obstacles. However, if the aircraft's fuly aerodynumic
capability had been used, collision with obstacles probably could have
been avoided."

There 1s no co :lusive evidence that the captain's wind shear
training was sufficient to enable him to recognize or suspect wind shear
under the specifi~ conditions of this accident:. 1In fact, it is not clear
that understanding of and criteria for wind shear exists today to do this.
It 1s not clear that specific criteria regacrding takeoffs and landings in
hazardous weather exists., How long should the captain have watlted until
he took off? He waited until the dust storm passed. Was his action
inadequate, and 1f so, by vhat criteria? Ir support of my view, I note
the National Weather Service does not warn specifically of wind shear in
its weather observations, If the weather experts and current technology
cannot provide positive wind shear information, 1t {s not logical to

expect pilots to ordinarily or routinely make wind shear decisions
independently.

TN U o T LI e

o .

I concur that wind shear was probably a factor in this accident,
but from the piiot's position he had clear viaibility, the dust storm had
passed, he had at least 13 knots of headwind "predominantly out of the
gcathwest” and within hiy knowledge and experience, there was no valid
teasan to fail to take off. TInsotar as his subsequent encounter with wind
shea!’ was concerned, it was inadvertent,

/a/ THILIP ALLISON HOCUE
Member
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5. APPENDIXES

APPENDIX A
INVESTIGATION AND HEARING

Investigation

The Safety Board was notified of the acctdent on June 3, 1977.
gator-in-charge was dispatched from the LoarAngeles Field
Working groups were estadlished for the on-scene investigatior,
the €light dsca recorder, and the cockpit voice rucorder.

Participants in the on-scene invest igation included represencatives
of the Federa% Aviation Aduinistration, Contiuental Afr Lines, Inc., and
the Alr Line Pilots Association,

2. Public Hearing

Although there was no public hearing, deposition proceedings
were held August 25 and 26, 1977. Parties represented at the deposition
Proceedings were: The Federal Aviation Administration, Continental Ar
Lines, Inc., The Afr Line Pilots Association, The National Weather

Service, The Boeing Company, and The Professional Afir Traffic Controllers
Organization. '

Pracading page Mank
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APPENDIX B . )

CREW INFORMAYTION

Captain Thomas E. Gullett

Captain Gullett, 41, holds Airline Transporct Pilot Certificate
No. 1374588 with type rating in B-727, DC-6, and BC-? atrcraft. iHe has
commercial privileges with airplane ringle-engine and multiengine land
ratings. He held a first-class medfcal certificate wiLh no linitations
which was ’ssued April 25, 1977,

Captain Gullett satisfactorily passed his iast proficiency
check on March 15, "977, vhen he was also requalified as a B-~727 captain.
His last line check was June 3, 1977, When the accident occurred, chack
captain vas seated in the passenger cabin. At the time of the accident,
he had 6,820 flight-hours, 320 of which wvere as pilot-in-command of
B-727 aircraft and 100 of which were as first officer of B-727 aircraft.
He had flown 98:09 hours during the 90 days preceding the accident.

First Officer Jolin H, Garretc

First Officer Garrett, 37, holds Commercial Pilot Certificate
No. 1556710 with airplane single~enginc iand, wultiengine land, rotorcraft,
and instrument ratings. He held a first-class medical certiricate with
no limitations which was issuad on Aurust 18, 1976,

First Officer Garrett satisfactorily passed his last proficiency
check on March 10, 1977, At the tine of the accident, he had 5,500
flight-hours, 1,721 of which were in the B-727 aircraft. He had flown
129 hours during the 90 days preceding the accident.

Second Officer Harry T. Pearce

Second Officer Pearce, 38, holds Flight Engineer Certificate
No. 1922371 with a turbojet power rating. He held a 7first-class medical
certificate which was issued with no limitatf{on on January 19, 1977,

At the time of the accident, Second Ofifcer Pearce had 5,053
hours as a second officer, all of which was in B-727 aircraft. He had
flown 205 hours during the 90 days preceding the accident.

Flight Attendants

The four flight attendants were qualified in the B-~727 in
accordance with applicable regulations a.ad received the required emergency
evacuation trsining.
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(\) APPENDIX C

AIRCRAFT INFORMATION

N32725 was manufactured by The Boeing Company on Aprit 10,
1973, and assigned serial No. 20655. It had accumilated a total of
12,793:40 hours in service,

N32725 was powered by three JT8D-9A turbofan engines. Pertinent
engine data are as follows:

Total Tine Since
Position Serial No. Total Time Total Cycles Last Service fheck

1 P6RSS27BA © 19,949:03 18,487 459:52
2 P665605BA 14,905:54 14,341 . 459:52
3 P665298BA 22,388:48 20,085 1,091:54




CALCULATED
TAKEOXF WEIGHT AND WISND REQUIREMENTS

Calculations Based On
Stu _ion Agent's Weight Data
Cross weight Runway 21

Estimated Wgt Ready for Flight 100,300 L=
{iacludes crew, wat-r, catering,
oil, etc.)
Fuel On Board {includes Agent's 18,900
700 Lb Revision) |
Fuel Required for Start and _axi -
Payload (165 Lb/Pascenger) 14,355
Cargo 4,182
2 Additicnal Crew Member _ 220
Total Used to Calculate Wind Required 13.,960 LB

Wind Required 7,000 Ft Runway

:
:
-

Max Wgt for T/0 - Mo Wind 95°F 137,000 LB
Actual Overweight ~ Zero Wind 960 LB Overgross no wind
Headwind Required (1KT/270 Llbs.) 3.6 KNS

¥ind Required 6,500 Ft Runway

Max Wgt for T/0 - No Wind/95°F 132,749 1B
Actual Over weight - Zero Wind 5,481 Lb Overgross no wind
Headw:nd Required (IXT/270 Lbs.) 20 KNS
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APPENDIX E
TUCSON, ARIZ. QD) ocrizzs

TUCSON INT'L APL.
Ber 2630' NI20T.4 NI10 56,8

NOTE: Asrport of entry,
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APPENDIX G

Continental Air 'Lines, Procedures for Use of Takeoff Weight Charts
Max{mum Take-Off Welght

"he Maximum Take-02fit Weight limitation for the particular
combinatiuvi, of airport, flap setting temperature, runway and winds, 1i.
the LESSIR of the weights determined in Steps A and B below. The WAT
(weighv, altitude, temperature) (Struct/2nd segment) limit (Step A) and’
the Runway Limit (Step B) are calculated separately because they are two
distinctly different limitations (but neither one may be exceedzd).

If the runway selected does not permit sufficient take-off
wiripst, consldev the possibility of using a different runway. This will
invclve repeating Step B for the new choice of runway (including revision
of wind component if the runway direction is different).

If more than one take-off flap setting is available for the
particular airplane type, then it may be beneficial to choose another
flap setting. In general, the smaller flap settings result in the
highest WAT (Struct/2nd segment) limi{t weights, but at the same time
longer runway lengths are required.

A. WAT (Struct/2nd Segment) Limit - the WAT (Struct/2nd
Segment) Limit is the maximum allowable take-off weight
for the altitude (of the airport) and the temperature (at
the time of take-off). Determine the WAT (Struct/2nd
Segment) Limit wefght be entering the airport charts with
the airport ambient temperature (in degrees Fahrenheit).
Follow the temperasture line to its fintersection with the
(heavy) line labelled "WAT" or column labelled Struct/2nd
Seg. Read horizontally and record the WAT (Struct/2nd
Segment) limited weight.

NOTE: The WAT (Struct/2nd Segment) Limit {s independent
of runway length and the actual take-off weight
MUST NEVER EXCEED this limitation no matter how
long a runway is available,

Runway Limit - The next weight to be determined is the
maxjmum take-off weight for the particular runway to be
used; including limitations due to obstructions beyond

the runway, wheel brake energy limitations, tire speed
limitations, etc.

Again, enter the airport chart with the (ambient) airport
temperature. Proceed along the temperature line to its
intersection with the line or column identified by the
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number of the'runway}to be used, Read hcrizontally and
record the (zero wind) runway limited weight. This
weight must now be corrected for winds (if any) as follows:

Determine the wind component parallel to the runway (from the
reported wind by uging the "Wing Component" chart in this section).

(1) For a Headwind

(a) MULTIPLY the headwind component. by the "LB/knot to

add" shown on the chart. This product is the headwind
correction,

(b) ADD the headwind correction to the (zero wind)

runway limited weight obtained above. The result is
the RUNWAY LIMITED WEIGHT.

(2) For a Tailwind

(a) MULTIPLY the tailwind component by the “LB/knot to

subtract” shown on the chart. This product is the
tailwind correction,

(b) SUBTRACT the taflwind correction from the (zero
wind) runway limited weight obtained above. The
result is the RUNWAY LIMITED WEICHT. ({(Take-off is
NOT AUTHORIZED if the tailwind exceeds 10 knots.)

)
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