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NATIONAL TRANSPORTATION S8AFETY BOARD
WASHINGTON, D.C. 20584

Adopled: May 28, 1080

AIRCRAFT INCIDBNT REPORT
EASTERN AIRLINES BORING 727-25, N8139
ATLANTA, GEORGIA
AUGUST 22, 1979

SYNOI'SIS

On August 22, 1979, Eastern Alrlines, Ine., Flight 693, a Boeing 727-25,
encountered a localized hut heavy rainshower with associated wind shears on the
finai approach to the Williata B, Hartsfleld Atlanta International Alrport, Atlanta,
Georgia, The alreraft, with 71 passengers and 6 crewmembers on board, came
within 375 ft of crashing before it exited the shower and a missed approach was
completed.

The National Transportation Safety Bnard determined that the probable
cause of this incident was the unavailability to the flighterew of timely
information concerning a rapidly changing weather environment along the
insttument landing system final approuch course. The unavailabllity of this data
resulted in an Inadvertent encounter with a localized but heavy ralnshower with
assoclated wind shears which contained changes in the horizontal and vertical wind
velocities which required the flighterew to use extreme recovery procedures t:
avoid an accident. Contributing to this incident was the lack of equipment for the
afrport terminal area that could have detecteq. monitored, and provided
quantitative measurements of wind shear both sbove and outside the alrpest's
boundaries.

FACTUAL INFORMATION

History of the Flight

About 1512, 1/ on August 22, 1978, Eestern Airlines Inc,, Flight 893, a
Boeing 727-25, encountered a localized but heavy rainshower with associated wind
shears on the final approach to landing on runway 27L at the William B, Hartsfield
Atlanta International Airport, Atlanta, Georgla.

Flight 693, a regularly schedule¢ passenger flight, was en rcute to
Atlanta from Indianapolls, Indiana, with 71 passengers and 6 crewmembers on
beard. According to the flighterew, the en route portion of the trip was routine,
and as the flight approached Atlanta, it was clearcd to descend and vectoted into
position for an instrument landing system (ILS) approach to runway 27L. Tae first
cfficer was flying the aireraft.

37 A times hereln are eastern daylight time, based on the 24-hour clock.




According to the flightercw, they had received Automatie Terminal
Information Servicz (ATIS) information MIKE which stated in part, "Atlanta
weather, three thousand five hundred scattered, ostimated celling one three
thousand broken, 'three zero thousand broken, visibility eight (miles), temperature
eight-nine, wind two'ihree zero degrees at seven (knots), altimeter three zero zero
zero. ILS aglproaches runway 26, ILS approaches runway 27L. Simultaneous ILS
approaches in progress. ... Advise on initial contact you have information MIKR,"
The flightcrew did not inform the controller that they had received ATIS
information MIKE, :

As Flight 693 approached the Atlanta area, the f{lighterew sald that
they observed thunderstorms in the vicinity of the alrport both visually and on the
aircraft weather radar, and they monitored the storms during the descent.
According to the pilots, the storms were "scattered" and were located to tho north
and to the south of the approach course to runway 27L, The captain sald that there
was one cell south of the approach course and three cells, aligned on a north-south
axls, to the north of the approach course. The southernmost cell of the three
northern cells appeared t¢ be located on the approach course to runwsy 28, which
Is 6,500 ft north of runway 27L.

The eeptain said that he placed his radar set In the contowr mode to
exan.ine the cells while the flight was inbound to th2 outer marker {OM) of the ILS
approach to runway 27L. However, he could not recall what he saw In great detall,
12 iqid that he was not concerned with the three "little eells" to the north which
resembled "three little bubbles....about the size of eraser heads'; he was more
concerned about the cell to the south,

Atlunta approach control continued to vector Flight 693 toward the ILS
approach course, At 1508:09, the controller clesred the flight to eross Anval--an
intersection located 3.5 nmi east of the OM and 8.5 nmi east of the the threstiold
of runway 27L--ut 3,500 ft, 2/ to maintain 170 kns indicated alrspeed (KIAS) to the
OM, and to contact the tower. At 1510, Flight 693 rcported over Anval, The local
controller cleared the flight to land on runway 27L and added, “the winds are calm
and keep your speed up us long &s feasible on final, sir. You'll break out of that
rainshower in about 3 miles, and there is rain down the middle of runway 27 left
right now.™ Flight 693 acknowledged receipt of the trarsmission. The local
controller said that the rainfall was of moderatc intensity.

According to the captain, he monitored the communications between
the local controller and the two flights which were ahend of his aircraft on the
appreach—Delta Alrline's Plight 1154, a Lockheed 1011, and Delta Flight 452, a
Boeing 727. At 1508:24, the local controller cleared Flight 452 to follow Flight
1154 for landing and informed the flight that there was a shower on the "spproech
end of runway two seven teft." At 1509:54, Flight 1154 told the local controller
that it was "clearing” the runway "in that shower that's (unintelligible) end of the
runway now.,"

Flight 693 intercepted the glide slope outside of the OM at 3,500 f:,
The first officer said that he used his fuel flow meters to establish the desire3
thrust setlings for the descent, and accordingly, established a fuel flow of about
3,500 to 3,800 pounda per hour {pph) on cach engine. Exeept for minor adjistmenta

27 All altitudes kerein are mean sea level unless otherwise specified.




to keep the aircraft on the desired descent path, he said he maintained those thrust
settings until the aircraft encountered the Intense rainshower. According to the
engine ianufacturer 3,500 pph fuel flow would produce 4,850 1bs thrust at 2,000 ft
and 4,580 bs thrust at 1,000 {t.

The aircraft was placed in the landing configuration at the OM and the
final landing checklist was completed before the heavx rainshower and wind shear
were encountered, The landing flap setting was 30% and the computed missed
approach or go-around engine pressure ratio (EPR) setting was 1,93, The reference
speed for the finai approach was 120 KIAS; however, the first officer said that he
attempted to hold 135 KIAS after passing the OM. He also said that he kept about
a 2° to 3° noseup piteh attitude to stay on the ILS glide stope, and that after
leaving the OM, the rate of descent was about 500 to 700 fpm,

The flightecrew said that the ground was in sight as the aireraft
overflew the OM. The alrcraft was flying in light rain, light turbulence, and
experiencing "a little bit of airspeed fluctuation.” At 1,000 ft above gicund level
(e.g.1.), the rain and turbulence increased. The crew sald thet ine turbulence
became "moderate” and remained at that level until the aircraft flew out of tie
precipitation, The rain became "heavy" and, according to the flight engineer, it
was heavy enough to {nerease the noise level within tha cockpit, Ground visibility
wes lost and was not regained until after the alvcraft flew out of the area of
precipitation, The flight engineer satd that the alreraft reentered a cloud layer as
the raln and turbulence increased; however, the pilots were unable to confirm this,
hecause of the amount of raln on the windserezans,

About 1,000 ft a.g.l. and s'multanecus with the increased levels of ra’n
and turbulence, the indicated airspeed began to fluctuate. The first officer sald it
decreased from about 135 KIAS to ubout 120 KIAS, increased to ehout 140 KIAS,
and then, a few seconds later, decraased to between 108 and 110 KIAS. When the
alrspeed began to decresse, the first officer noted that the rate of descent had
increased to 1,000 fpm, At 800 ft a.g.l., he rotated the afrcraft to a 10° nozeup
pitch attitude, advanced the thrust levers, and called for takeoff power. The
captaln then refined the thrust sotting to the missed approach or takeoff power
sntting,

According to the first officer, the piteh corraction and added thrust had
no effect, The descent rate increased to 1,500 fpm and theri to 2,000 fpm. The
first officer then rotated the aircraft to a 15° noseup pitch attitude and edvanced
the thrust levers to their forward stsps to obtaln whatever thrust that wias
"avalluble at that time." The captain again insured that the thrust levers waere
sgainst their forward stops.

At 500 to 600 ft a.g.L, and at an eirspeed of between 105 KIAS and 110
KIAS the stall warning systein's sticksha<er activated. Almost simultaneous with
stickshaker activation, the ground proximity warning system (GPWS) activated; the
below glidepath light tHuminated; and the audio "pull-up" and whooper wernings
began. The captain said that the stickshaker and GPWS warnings continued to
operate until the descent rate was arrested and racovery began. He estimated that
the stell warning system operated for abott 10 to 20 sec.

When the stickshaker activated, the first officer said that he reduced
the aircraft's noscup piteh angle from 15° to about 12° noseup and that fhe
stickshaker stopped shortly thereafter, However, the captain suid that he believed




the first officer "overreacted" 1o the stickshaker when he lowered the nose. He
told the first officer to pull the nose up when the pitch angle reached "about tan to
twelve degrees." The first officer estimated that the stall warning operated about

5 to 10 sec. At this point, the flight engineer said that the instantaneous vertical
veloeity Indicator (1VS1) depieted a 2,100 to 2,200 fpm rate of descent.

According to the flighterew, the aircraft flew out of the precipitation
at 375 ft a.z.l in a right wingdown attitude and began to accelerate. The descent
was arrested and a climbout was begun. The landing gear and flaps were raised
during the climb, and the aircraft accelerated to 200 KIAS,

The flight engineer sald that the thrust levers were against their
forward stops for about 30 to 35 see. The N, compressor rpms und exhaust gas
temperatures (EGT) of all three engines hah exceeded thelr limits and were

operating within the red bands on thelr respective gages. The highest readings
were noted on the No. 3 engine. However, the engines operated satisfactorily
during the 30- to 35-sec overboost period and for the remaining 50 min of flight.

At 1512:44, the local controller told the flight that the tower had
received a "low altitude alert, check vour attitude,” and then asked if th) crew had
the alrport In sight. At 1512152, the captain angwered, "...No sir, we kinde missed
out here." At this time, the aircraft was climbing and was accelerating away from
the stall regime. The captain then told the local controller "There's quite a bit of
rain . . . a wind shear out there. 1 don't see how anybody could make an approach
to the left one," (runway 27L),

At the captain's request, approach control then vectored Flight 693 to a
clear area south of the airport to hold uatil the weather cleared. At 1542, landing
traffic at the alrport was switched to the east, an spproach clearance to runway
9R was offeted and accepted, and the aircraft;was 'landed on runway 9R without
further ineldent. '

Alreraft Information

i

The aircraft, a Boeing 727-25, N8139, was powered by three Pratt and
Whitney JT8D-7B engines. The engines are rated ai 14,000 lbs of takeoff thrust up
to 84° P. Since all three engines had been subjected to overtemperature and excess
N, rpm, they were removed from the sircraft and shipped to the Bastern Afrlines'
mhintename facllity at Miaml, Florida, where they were disassembled and
inspected, Two of the engines showed no evidence of heat distress, The
examination of the No. 3 engine disclosed that the blades of all stages of the
turbine and the inlet guide vanes were discolored. However, it was not possible to
ascertain {f the discoloration resulted from one instantaneous overtemperature ot
from normal engine usage,

The aircralt was equipped with a Bendix X-band waather radar. The
equipment's gain control had a fixed gain position which, according to the
company's flight inanual, provides optimum viewing for norma! conditions:
however, the gain can be adjusted by rotating the gain control knob. The
equipment did not have =n antenna stgbilization switeh, The captain said that he
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could not recall the tilt angle of the radar antenna, and that he believed that the
gain control was in "fixed gain position." :

A flight data recorder (FDR} and cockpit volce recorder (CVR) were on
board the aireralt and were opera'ional. The FDR recording foll was removed and

a 4-min readout was made, Since only the last 30 min of cockpit communications
and conversations are retained on the CVR tape, this tepe was not read out,

Meteoralogical Information

At the time of the incident, numerous thunderstorms in the Atlanta
area were producing heavy rainshowers and gusty surface winds., Except within the
showers, where the ceiling wes probably less than 1,000 ft and the visibility was
probably less than 3 mi, the prevailing ceiling was above 3,000 ft and surface
visibility was generally greater than 3 ml. The area and terminal forecasts also
predicted thuncerstorm activity over the southeastern United States and in the
Atlanta area and the flightcrew had been given these forecasts before they
departed Indianapolis.

The investigation showed that the thunderstorm activity began to build
in the airport aren after 1400. By 1500, there were numercus ihunderstorms, some
of which produced heavy rainshowers and gusty winds; the 1445 and 1454 surface
observations reported winds from 260° at 16 kns and from 360° at 4 kns,
respectively, with a peak gust of 32 kns during the period.

The surface weather obsecrvations at Hartsfleld are token at the
Nationel Weather Service's (HWS) facility which is located about 1.5 nmi north of
the airport. The first pertinent mention of thunderstorm aectivity in the airport
area was at 1454, at which time the following surface observation for the
Hartsfield-Atlanta Airport was issued.

1454, record spcrial, estimated celling 3,000 ft

" overcsst, visibility--4 statute miles, thunderstorm,
light rainshowers, temperature--79°F, wind--360° at
04 kns gusting to 32 kns, altimeter setting--30.01
inHg, thunderstorm began 1450 overhead moving
northeast, rein began 1433, lightning cloud to ground
northwest,

This observation was {ransmitted by telewriter to the Atlanta apprecach
control and tower. At 1500:04, ATIS Inforraation ALPHA contalning this weather
was issued; however the wind gust cenditions were omitted inadvertently from the
text.

During the period between 1153 and- 1454, the surface weather
obscrvations at the Atlanta airport showed that the temy erature at the airport rose
from 84° to B9°F. At 1454, about 18 min before the incident, the temperature
dropped to 78° P and remained there for the next 2 hrs,

The NWS's WSR-§7 S-bend radar located at Athens, Georgia--57 nmi
east of the afrport--also displayed numerous radar echoes of varying intensity




-8~

levels in the Atlanta area. The intensity of radar weather echoes 1s expressed in
the following six levels as set forth in the "Pllot/Controller Glossary" contained in
Appendix 4, Air Traffic Control Handbook 7110.65A and the Airman's Informetion
Manual (AIM):

"Level 1 ~ (Weak) - and Level 2 (Moderate) - Light to moderate
turbulence is possible with lightning

Level 3 - (Strong) - Severe turbulence {s possible, lightning

Level 4 - (Very strong) -~ Severe turbulence 1s likely, lightning

Level § - (Intense) - Severe turbulence, organized wind gusts, hail is
likely

Level 6 - (Extreme) - Severe turbulence, lightning, large hall, extensive
wind gusts and turbulence"

A properly functioning X-band aireraft weather radar has the capability
to contour level 3 cells,

At 1508, the weather radar photographs from the NWS's weather radar
located at Athens showed that a level 2 cell was located about 7 nmi west of the
aircraft; a level 4 cell was located about 9 nmi northwest of the alreraft; and
ancther ievel 4 cell was located about 2.5 nmi northwest of the threshold of runway
27L. These photographs also showed a comma-shaped echo over the ILS course to
runway 27L. At 1508, this echo had a horizontal east-west dimension of about 3.75
nmi; at 1518, photographs showed that this dimension had decreased to about 1.4
nmi,

A further description of the weather situation was given by Eastern
Flight 209, Flight 209, a DC-92, was making a parsllel ILS approach to runway 26
and was slightly behind Flight 693 on its approach to runweay 27L. According to
Plight 209's captain, there were three storm cells off his right wing (north), and
"another big cell" south of the approach course to 27L. When he went to contour
mode on his radar all the cells contoured. However, he did not describe any cells
directly west of his aircraft or Flight 693.

The WSR-57 S-band weather radar at Athens only measures energy
reflected from the precipitation contained in weather targets. It does not have the
design capability to measure the motion of the air within the cell. During test
profects conducted from 1876 to 1978, Doppler type of weather radar has
demonstrated the capability to detect, in real time, air motion and wind
shear. 3/ This type radar is being tested and evaluated at the FAA's Technical
Center, Atlantie Citly, New Jersey.

The weather returns shown on the coler weather radar displays in the
Atlanta ATC Center and Approach Control are relayed from the WSR-57 S-band
radars at Athens, Bristol, Tennessee¢, and Centreville, Alesbama. Thesa color
displays were subject to the same limitations as the originating radar systems as
regards detecting uir motion within the storm cells, The color radar displays in the
center and approach control had been scheduled to undergo evaluations; however,
the tests had been delayed because of the "fuzzy" quality of the presentations,

3/ NOAA Technical Memorandum BRL NSSL-86, Final Report on the Joint
Doppler Operational Project (JDOP), March 1979,




Durlng interviews of ATC personnel, several supervisors and a controller
commented on the usefulness of these displays. The comments indicated that these
displays were of little value for furnlshlnf information to a pllot about the storm's
intensity or its distance and direction from an aircraft. This shortcoming was
attributed to the size of the display and the fact that it was a separate unit which
was not intergrated into the ATC video display. The video displays used to control
traffic in the approach control facility delineated precipitation areas by a solid line
around the circumference of the area of precipitation; however, no relationship has
been established between the six NWS radar echo intensity levels and the intensity
level of the precipitation displayed within the demarcation line,

At the time of the incident, a Low Livel Wind Shear Alert System
(LLWSAS) was In service at the Hartsfiald-Atlanta Alrport. The system uses six
vector-vane type wind sensors which are positioned on the airport. A centerfield
wind sensor is positioned north of and at about ihe midpoint of runway 9R/27L; the
other five sensors are positioned circumferentially about the centerfield sensor and
near the boundary of the airport, The data retrieved from the sensors are inserted
into and processed by a computer where veator differencing, centerfield averages
and gust calcviations are made; processing time is 1 see. If preset thresholds are
exceeded —u 15-kn vector difference, & 9-kn gust factor — these data are
transmitted to the displays in the tower cab, Vector difference alarms are
indicated by two audible alarms and flashing digits on the displays. The local
controller on duty in the tower at the time of the incident did not recall hearing or
observing a system audio or visual elarm either before or after the incident
occurred. While the system has the capability of detecting surface level wind
shesrs within the boundary of the alrport, it has little or no capability to detect a
wind shear aloft or wind shears outside the airport's boundarles.

Aireraft Performance

The alreraft performance was calculated by Integrating and comparing
data from the FDR, the Automated Radar Terminal Service ARTS-IIl printout,
ATC transeripts, and the flighterew's statements concerning the manner in which
they flew the aircraft., Purther verification of these data was sought by analyzing
the PDR readouts from the aireraft preceding and the two aireraft following Flight
693 on the appoach to runway 27L.

Flight 693's FDR foil was undamaged and a readout of the 2 min before
and the 2 min after the indicated low point of the altitude trace was made, (See
appendix C.} The OM, which is 5 nmi from the thtashold of runway 27L, was passed
about 38 sec on the readout’s time baseline; the lowest altitude--1,400 {t (about
375 ft a.g.L)y—occured at 2 min 9 see.

Twenty seconds after the start of the readout, the pilot began to
descend from 3,500 ft. Betwecen 20 sen and 98 sec, the aiccraft descended at an
average rate of 823 fpm to 2,300 ft. Between 38 sce and 113 see, the afreraft
descended at an average 1,500 fpm to 1,925 ft, and between 113 sec and 139 sec, it
descended at an average 1,963 fpm to 1,400 ft, Thercafter, the aircraft began to
climb and achleved a rate of climb of about 2,004 fpm, ‘
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During the first 27 seec of the readout, the alrspeed was stabilized at
182 KIAS. About 30 sec before crossing the OM, the airspeed began to increasa,
reaching 184 KIAS within 8 see and then restabllizing about 182 KIAS as the OM
was crossed. Between 70 sec and 100 szc, while the aircraft was des-ending at 923
fom to 2,300 ft, the airspeed decrcased to 128 KIAS, Over the next 5 see, ths

3 airspeed increased to 144 KIAS and then decreased. The lowest airspeed-~110

KIAS--was recorded 9 see before the lowest altitude was recorded. Beginning at

120 sec, the airspeed began to increase and reached 209 KIAS at 170 sec. The most

erratlc movements and maximum vuriations ¢f the airspeed trece occurred
between 102 sec and 130 sec. These coincided with the maximum descent rates

noted on the altitude trace and the largest excursions noted on the vertical
acceleration trace. '

> During the first 30 sec of the readout, the aircraft's heading was fairly
stable on the ILS localizer course heading of 270% Thereafter, it deviated either
side of the lccalizer course; to 278° at 64 sec; to 262° at 80 sec; end then back to
270° at 80 see, where it stablized until 115 see. Over the next 14 see and during
the latter part of the aireraft's deseent, the head! g Increased to 290° and then
returned to 270° FPlight 893's ground track, which was -amputed from ARTS-III
Nz bearing and range data, showed tha! it was aligned on the localizer centerline until
B it was within 2 nmi of the end of the runway. At 2 nmi, the aircraft began to drift

ol to the right, anc at 1 nmi from the runway end, it was 1,500 ft to the right of the
i localizer centerline,

The ARTS-1II printout slso provided sircraft groundspeed, altitude, and
time. These data were plotted end correlated with the FDR data. The ARTS-III
! altitude and groundspeed datr were compared with the PDR altitude and ajrspecd
e | plots. T.s dltitude plots were essentially the same, The PDR airspeed plot was
. corréated to true airspeed 4/ and compared with the groundspeed data. This
e ! comparisor Cisclosed saveral large headwind fluetaations during the approach. The
f headwind pltt disclosed the following: durin’, the first 20 sec the headwind
component was about 5 kns; at 38 sec it vas 24 kns; at 50 sec it was 3 kns; at 60
sec¢ it was 10 kus and, except for momentary excursions, betvicen 75 zec and 105
se¢ it was between 11 to 14 &os. The headwind then decressed #nd reacked zero at
120 sce, Between 120 sec and 135 sec, the headwind component again Inerecsed i
and reached its maxirrum vaiuz of 39 kns, and, theresfter, within 10 see it
decressed te a 4-kn tailwind, (See eppendix A.) Correlation of the PDR and

ARTS-IIl daia also showed that the lsterdl winds anting on the aircraft wero
negligible,

Correlation of the groundspeed and aititude trace with the ILS
glidepath showed that the aireraft began its initial descent sbout 340 ft above the
glid:path, and then began e descent correction to intercept it. At the OM, the
aircraft was 200 {t above the glidepath. At about 4,25 nral from the end of the
runway, tlie glidepath was intercepted; however, the sireraft rose above the
rlidepath cgain und the descent continued to about 375 ft a.g). About 3.4 nmi
rom the end of the runway, the eirereft intercepted the glidepath, descended
through it, snd descend to abuvut 375 ft a.g.l. About 2.3 nmi from the end of the
runway, the aireraft began to elimb out. (See appendix B.)

4/ True airspeed is indicated afrspeed currected for altitude and temperature,
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The vertical wind component after the first officer rotated the sireraft
and appiied takeoff thrust to begin tho missed approach was calculated by
subtracting the rate of climb capability of the aircraft from the known descent
rates. Climb capability essentielly dcpends on pitch angle, thrust application,
airspecd, gross weight, density altitude, and aircraft configuration. Piteh angle,
thrizst application, and aireraft coif: vration were not available on any recorded
data, Therefore, flighterew statements were used for these fnputs, and u computer
program utilized to perform the ealeulations,

A computer program based on the relationship between the forces
acting on the airerrft was conducted by the NASA Ames Research Center. The
program's objectives were to calculate the vertical wind component and to further
evaluate the data obtained from the FDR, ARTS-III, and the (flightcrew's
statements. The PDR fofl time of 117 sec was selected because of the high
descent rate recorded at that ume, and three computer runs were made for this
point. 'The assumptions for the first two rurs included takecff thrust and 10° and
17° aoseup pitch angles based on the flighterew's statements. These runs did not
include radar date. The third run included radar data, the caleculated maximum
thrust, and a noseup pitch angle of 12,7°. The calculated verticsl wind components
for the three pitch angles were as follows: 10° ncseup pitch -- 49 fps (29.0 kns);
12.7° noseup pitch — 59 fps (34.9 kns); and 15° noseup piteh — 68 fpa (4C.3 kn3).

A no-wind condition performance program disclosed that at idle thrust,
landing gear down, and flaps 30° the aircraft could not have followed the same
flightpath shown by the obtained data. Under a no-wind condition, the speed
brekes would have had to have been deployed in order to duplicate the aireraft's
actual approach profile.

At the Safety Board's iequest, the Boeing Commercial Airplane
Company conducted .performance analyses of the incident. Their analyses were
based on data derived from the FDR and the flightcrew's description of thrust
settings and alrcraft piten angles used during the descent and missed approach.
Calcwations were made at several points along the PDR trace.

The analyses substantiated the likelihood of downdraft and wind shear
activity during the approach and go-around maneuver; however, the actual
magnitudes of the horizonta! and vertical wind components could not be
determined from the available data.

Comparison of the FDR data to the pradicted performance capability of
the aircraft indicated that at 28-sec FDR foil time the aircraft encountered either
an increasing headwind or a deereasing tailwind; about 104-sec FDR foil time, the
aircraft encountered a combined change in horizontal wind velocity and a
downdraft that ranged in magnitude from 2,000 fpm to about 3,000 fom; and
between 120 sec to 128 sec the aircraft's erratic acceleration and deceleration
were probably caused by a sudden headwind shear. However, by 130 sec, the
aircraft's performance was consistent with predicted capability,

The enalyses indicated that between 20 sec and 83 sec the aircraft
maintained an aspproximate 3° glide slope descent and the thrust fluctuated
between 3° glide slope thrust (about 12,839 lbs) and flight idle thrust (about 921
1bs), Between 61 and 82 seq, the aireraft decelerated at 1 kn/sec and the sink rate
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increased from about 900 fpm to about 1,400 fpm. ‘These changes were within the
alrcraft's predicted performance capability and, therefore, were either the result
of flightcrew action or a downdrait and wind shear encounter,

In order to corroborate further the conditions on the ILS approach to
runway 37L, the PDR’s recoidings of three other aircraft were read out. Delta
Airlines Plight 452, & Boeing 72%, was about Z min ahead of Flight 693. Its FDR
recording disclosed that the spproach was flown at 160 KIAS and at a descent rate
between 800 to 900 fpm, Except for a sharp increase of 18 KIAS for about 10 tec
just outside the OM, the flight's descent path to landing was smooth with little
variation, The 18-KIAS airspeed excursior: took place about the tame place where
Flight 693 experienced a sharp 25-KIAS increase--shortly after intercepting the
glidepath at 3,400 ft.

Delta Airlires Flight 128, a Boeing 727, was about 1 min behiné Flight
683. it's FDR recording showed that between 3,200 and 2,800 ft its rate of descent
exceeded 1,300 fpm for 9 see. The descent rate then was reduced and e 800 fpm
descent rate was maintained to landing. About tiic same position where Flights 693
and 452 cxperienced the airspeed incieases, Plight 128 experienced a 10-KIAS
increase which lasted 10 sec.

Delta Alrlines Flight 1742, a McDonnell Douglas DC-8, was the second
aircraft to follow Flight 693, and i« was about 3 min behind Flight 693. About the
same position where the other three eircraft encountered airspeed increases, Flight
1742 experienced & 20-KIAS increase which lested about 25 see, 8nd the aircraft's
descent rate increased to sbout 1,300 fpm. At the point inside the OM where
Flight 693 had experienced the greatest rate of descent, Flight 1742's descent
increased to 1,600 fpm for about 11 sec. After landing, Flight 1742's pilot
Informed the Atlanta tower, ". .. you got a nice shear there inside the marker."

Alr Traffic Control Procechures
FAA Air Teaftic Control Handbook 7110.65A (Handbook) contains the

procedures which govern the handling of arriving air traffie, and the procedures to
be followed by controllers Yor relaying pilot weather reports.

Paragraphs 394 and 1010 of the Handbook contain the procedures
governing the information a controller should provide en arriving aireraft.
Pursuant to paragraph 394, the controller should provide current spproach
information to an arviving aircraft on first radio conteet or as soon as possible
thereafter. However, "Approach information contained in the ATIS broadcast may
be omitted if the pilot states the appropriate ATIS code.” If the arrlving plilot does
not state that he has received the appropriate ATIS broadcast, the controller either
can request the pilot to obtain the ATIS information or provide the following data:
the approach clearance or type of approach to be expected; the runway, if
different from that to which the instrument approach is to be made; surface winds
celling and visibility {f the ceiling i3 reported to be below 1,000 {t or below the
highest cireling minimum, whichever is higher, or the visibility is less than 3 mi;
and the altimeter setting,
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Paragraph 394b states that the controller should issue "any known
changes classified es spoelal weatier observations &s scon as possible™ however,
these need not be issued after they are included In an ATIS broadcast and "the pilot
states the appronriate code.”

Paragrsph 1010 contains the land'ng information that should be
provided to an eircraft, The paragraph essentially reiterates data contained in
paragraph 394 and reliaves the controller from the requirement to provide data
contained in the ATiS broadecast if the pllot states that he has received the
broadcast.

Afr teaffic controllers are required to furnish numerous services, and
the Handbook esteblishes an order of priority for these services. Paragraph 22
requires that the controller "give first priority to separation of alrcraft as required
in this hendbook and to the issuance of safety advisories. Give second priority to
other services that are required but do not invoive separation of aireraft.,”" Safety
edvisories are defined as those relating solely to the alerting of aircraft to
potential confliets with the terrain, obstructions, or other aireraft.

Paregraph 981 of the Handbook contaliny guidance for transmitting low
level wind shear advisorles; however, the procedures contalned therein only apply
to locations equipped with a Low lLevel Wind S8hear Alert System, and methods to
disseminate data derived from that system.

During the period 15 min before and after the incident, the ATC

transeripts disclosed that the tower controllers issued numerous edvisories on the
weether situation.

At 1454:12, Delta Flight 208 reported to the Atlanta tower that "there's
a pretty pood wind shear about three hundred ft from left to right.” At 145018,
the tower controller relayed this pilot report to the next alreveft, stating in part,
"a three hundred ft wind shear from left to right," At 1454:31, EBastern Flight 82
advised the tower that it had encountered a wind shear at "about a hundeed ft there
was a little one whan we landed." At 1455:08, the tower controller passed these
pilot reports to all alrcraft cz his frequency, "Okay all aircraft. .. wind shear
report three hundred ft from left to right and a smell one at a hundred ft, and a
heavy rainshower off the approach end of the runway (27L)," At 1458:38, the local
controller issued the same advisoty to Delta Flight 1120. Thereafter, there were
no fucther pilot reports concerning wind shear. At 1500121, the controller asked
Delta Flight 1132. which had just landed, for a report on wind shear conditions.
Plight 1132 reported that they had encountercd "a little wavy. . . stuff there at a
thousand ft but down next to the ground didn't seem too bad" Thereafter the
tower controllers ceased the wind sheer advisory.,

At 1513100, Flight 693 reported a wind shear encounter to the Atlanta
tower, stating, "There's quite a bit of rain. . . a wind shear out there, 1 don't see
how anybody can mske an approach to the left one." At 1513:11, while the local
controller was engeged in assisting Flight 693 during itz missed approach
procedure, the tower monitor controller, who has the capability of overrlding the
local controller on the radio, advised Dalta Flight 128, the next sircraft on the
approach, "caution wind shear sbout a mbe and a half ahead" At 1517:08,
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Delta Piight 1742 reported after landing that there was "a nice shear there inside
the marker.” During the time of these encounters none of the conirollers recalled
n)ting an alazm by the Low Level Wind 8hear Alert 8ystem,

Between 1455 and 1515, only two conversations relating to wind shear
o “rind shifts were recorded at the local eentrol position for traffic using runway
26. At 1459131, Bastorn Flight 201 reportec 2 "pretty good wind shify to the left at
cbout two hundred ft." This pllot report was pessed to the next aircra{t. At
1514124, the monitor position asked the local control controller for runway 16 it ke
had "any wind sheer on your runway!™ The controller answered that he had
received one pllot report concerning wind shear "and that was it."

Wind Shear Training

On January 23, 1979, the PAA issued Advisory Circular, AC 00-50A,
entitled "Low Level Wind Shear.” The Circular, which canceled an eat:ier clrcular
cn the same subject, included deseriptions of the low level wind activity to be
expeated around thunderstorms, the outflow from a "downburst cell,™ and the
effects the flow could have o an aircraft on an UL.S approach, and recommended
vaethods for reporting a wind shear encounter,

According to the Advisory Clreular, there is a strong downdraft in the
center of the thunderstoirm cell and there is often heavy rain in the vertical flow of
afr.  As the vertical flow nears the ground, it turns 90° and becomes a strong
horizontal wind, flowing outward radially from the center. An alrcraft traversing
this type of activity on an ILS approach would fly through a headwind, a downdraly,
and a tailwind, The affects of these wind components would be as follows: as the
alreraft enters the headwind component, its airspeed and lift increase and ft
balloontt above the glicepath; as the alreraft leaves the headwind and enters the
downdraft its airspeed and lift decrease and the aircrait begins to sink, The
downwerd flow of the air further complicates the situation since it decreases the
alrerafi's angle of attack and incresses the sink rate. As the aircreft leaves the
downdraft, It encounters en increasing tailwind, which fturther decreatvs its
airspeed and lift and increuses the sink rate. According to the Circulsr, the
"moment of truth” for this situation occurs as the alreraft encounters the headwind
and rires above the glidepath. If, at that point, the pilat "does not fully appreciate
the situation™ and nttempts to  egain the glide slope by reducing thrust and pushing
the nose over, the aireraft will enter the downdraft and subsequent teilwind sreas
with a reduced angle of attack and in & thrust-deficlent configuration. Depending
upon the wind velocities of the downburst activity, the faiflure ¢f a flightcrow to
institute a missed approach at the "moment of truth" or shortly thereafter could
produce an accident,

Both the Clrcular and the AIM urge that pllots report wind shear
encounters to ATC. Both publications recommend that the report contain the loss
or gain of airspsed and the alti*aeles at which it was encountered. The AIM
contains the following example. "Tulza Tower, American 721 encountered wind
shear on final, gained 25 kns between 600 and 400 ft followed by loss of 40 kns
bstween 400 ft and surface." The Circular contains a similar example,
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The Advizory Circular also includes operational procedures designed to
help a pllot caught in a low level wind shear. The Circular notes that in this
situation a pilot may pull the nosvup and trade speed for altitude; i.e., trace kinetio
ene for potential energy. However, if at or below V or V, — minimum
takeol! safety speed — the trade should be attemJPJd only in extreme
clrcumstances. The Circular states, "Wind shear simulations have shown, however,
thut in many cases trading alrspeed for altitude (down to stickshaker activation
gpezd) prevented an accident, whereas maintaining V__, resulted in ground impact.”
Girnilar data were contained in a performance sfﬁsy published by the Boeing

Commercial Airplane Company. The study contained an analysis of the
performance aveilable between V_ . and sticksheker speed, and noted, In part, that
if inadvertently caught in & sever&%

il wind shear and, or, intense downdraft:

"Simultaneously with commanding go-around power, pitch
the aireraft up to the go-around attitude or higher to check
the rate of descent. Do not worry too much about loss of
airspeed until approaching stick shaker speeds. ... " 5/

The procedures contained in the Circular and the Boeing study are reflected in the
wind shear training programs conducted by the carriers in stmulators, The
simulator training procedures recommend that go-around or takeoff thrust be
epplied when the shear is encountered, and that the gircraft be rotated to the go-
around attitude or higher If necessary. I the stielshaker activates the pilot should
reduce his pitch attitude until it ceases and then retain that attitude,

These procedures are reflected in a "note" contained in the Eastern
Alrlines' Missed Approach Procedure. After roquiring in part that the pilot
simultaneously apply takeoff thrust and back pressure on the yoke to stop the
descent, raisa the flaps to 23°% raise th ‘anding gear after obtaining a positive
climb rate, and maintain V, to V, + 10 KIAS, the procedure contains the following
note: |

"Under adverse conditions, such as a high rate of descent
near the ground, the body angle required to establish
maximum lift may excecd 15% In extreme conditions, even
the Flight Director V-bars WILL NOT program sufficient

angle to stop descent and establish a climb attitude.
'STOP DESCENT* REQUIRES THE AIRCRAFT TO BE
ROTATED UNTIL, A RATE OF CLIMB I3 ESTABLISHRED,
MAXIMUM LIFT WILL OCCUR BETWERN 10 TO 15 KNOTS
BELOW V_ ., AT 1.15 TO 1.2 V, (stall speed). THIS WILL
APPROAdﬁ' STICK SHAKER A'CTIVATION WHICH WILL
PROYIDE A WARNING OF OYER-ROTATION AND SPEED

REDUCTION AT APPROXIMATELY 1,1 Vs." ‘.

During the lust few years, all air earriers have programed their flight
simulators with wind shear models based upon those disecovered durirg; the U.8. and
forelgn accident investigations, Flighterews are required to fly the simulator
the thers wind shear models in order to recogdlze the shear and its effect on
the alreraft, and to fainiliarize themselves with the flight procedures which have
been established to counteract the effects of wind shear. Both the cuptain and

57 Boelng Alrliner Magazine, pg. 19, January 1077,
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first officer stated that they had received this tralring. The first officer said he
had never flown the sirulator through one of thr.se wind shear models. He had
recalved treining In the lirst officer's seat and '1ad been trained to perform the
tasks required to assist the captain during the muneuver,

Both pllots stated that the shear eacountered or. the approach was more
violent than any they had experienced during thelr simulator training; however,
both pilots praized the training they had recelved. The captain stated that the
wind shear training "saved us" and thet if they had not applied that training, "we
would not have been able to stay in the air long enough to fly out of it." The first
officer sald that "the simulator was Guite accurate in what you would encounter
and what the sicplans might do." He then added, "I think the simulator gives you e
littie more courage than you might have had to try the maneuver.”

ANALYSES

The examination of the evidence disclosed that Flight 693, while on the
ILS approach, encoun ared a localized but heavy rainshower with associated wind
shears which Included changes of veloeities in both the horizontal and vertical wind
components and that the weather conditions which existed near the airport at the
time of tne incident contained the potential to produce the wind shear activity
which the flight encountered. The investigation also revealed deficlencies in the
ATC procedures employed during the time of the iInciden:, however, these
defisiencies did not produce or contribute to the incident.

The Intense rainshower ar.d associated wind shear activity during Flight
693's descent was confirmed by the aircraft performance analyses, the wind
analyses, &nd the computer analyses performed at NASA, The corrclation of these
aralyses identified the types of wind motion, the approximate velocitias, and the
time the alrcraft encountered them, At 28 sec FDR foi) time, tte alrcraft
transitioned from a small decreasing tallwind into en increasing headwind. The
headwind component incressed about 20 krs within 7 sec. About 104 see, the
aireraft again encountered an increasing headwind; however, this horizontal shear
was accompanied by a downward vertlcal veloeity of about 2,000 to 3,000 fpm,
Thiz calculated downdraft velocity correlated closely with the vertleal values
derived from the NASA computer run made at a 10° noseup pitch attitude, and the
run inade af & 12,7° noseup piteh aititude.

According to the first officer and the captain, us the alreraft descended
below the glidepath and the rate of sink increa%ed, the firt oflicer raised the nose
of the alrcraft, advanced the thrust levers, and called for takeoff or missed-

proach thrust. When this failed to arrest the desceirt rate, the thrust levers were
vlaced full forward to obtain o}l availsble thrust, and the afreraft was rotated to »
15° nosvup attitude, At this paint, the stickshaker actlvated and the firs* =’fiees
loviered the nose, and attempted to acrelerato the alrcraft from the stickshuker
regime, il sllevad the stickshaker stopped when the pitch attitude was redwred
to about 12% piaeup. Despite the 13° noseup piteh attitude and the thrust
overboost, the aireraft continued to lose eirspeed and to descend. rerformance
caleulations indicated that the combination of the airspeed loss and the downdraft
exceeded the climb capability of the afrerdft. |
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While the FDR rssdout confirmed thu flighterew's recollectior. of
altitudes and alrspeeds durlng the woather encounter, it did not confirm 1he
manner in which the first officer mansuvered the alresalt thecugh it. Because of

its design limitations, the FDR could not provide data which shav.ed (1) the ttrust
setiirgs used to maintain the ircraft's descent rate bafore it encountered the wind

shear, (2) the exact time the hrust levars were advanced to apply taieoff thrust,
or (3) when total sva'lable thrist was applied. The recorder could not provids the
precise {ime the alrcraft was rotated to 10° 15°% and 12° noseup attitudes, or
viather thucs preciss piteh attitudes, in fact, were attaliied Tho results ¢f the
computer no-wind parformance piogram provided positive evidence o’ the
existence of a wind shaar inside the CM, end this was corrcborated by the
performance of the aircraft which preceded end followed Plight 693 on ths finei
approach, Hovever, the compututions which provided the velocities of ihe
horizontal and vertical winds within ths shower were based on the assumption thet
Flight 693 was flown to the precise velues of thrust and noseup pitch sititudes
described by the flighterew. Therofure, if the alrcraft was not fiown at those
paramsiers it did not perferm to Its predicted cllind capability for those
configurations, its perfcemance wes decogated, and, consequently, tne winds
affecting it may have been less than those computed,

Between the OM and the onset of the weather encounter, about 104 see
FDR foil time, Flight 693 decelerated at about 1 kn/cec end its rute of descent
varied between 1,400 and $00 fpm. The performance siudy showed thst these
values were within the performance capability of thv: aireraft, end that the
required thrust settings to produce this descent ranged fiom 3° glide s'ope thrust to
flight idle thrust. During this time period, the evidence also shuwed that the
alroraft had descended from 200 ft above the ILS glidepath and had intercepted it
and that the first officer was trying to slow to 135 KIAS, Widle the descent and
Geceioration could be atteibuted to the offect of a decreasing tell wind, it aiso
could reflest an attempt by the first officer to Intercept and maintain the
glidepath and to decelerate to his desired target alrspecd of 135 K/AS. The weight
of the evidence Indicated that the thrust settirgs were Lelow thous recalled by the
first officer, and the wind shear and dovmdraft may have been encountered at
thrust settings which were below 3° glidepath thrust and may have approached
flight idie thrust,

The first officer sald that his initlal responsa to the effocts of ihe wind
shear was to rotate the alrcraft to a 10° noveup piteh attitude and apply takeoff
thrust. = The elreraft would have achieved the 10° nossup piteh attitude alriost
immediately: however, the engine's response would have leen subject te the
inherent delays of the engine's acceleration schedule. Whila the engines were
accclerating to the point whare they could deliver the requcsied thrust, the
increns.d cngle of attack without additional thrust would have also increased the
aircraft's rate of deceleration and decressed its energy level. If the alrcraft
entered the rainshower at lowesr ocnergy levels than those assumed in the
peformance studies, then the wind velocities computed in that study may have been
less than those stated earlisr in this report and the aireraft may have posvessed the
climb capability to overcome the effects of the downdraft and wind shear.
Although the pracise values of the wind velocity changes coudd not be determined
conclusively, the downdraft and wind sheac did cause the alrora’t to descend below
the desired hlghtg:th and required the flightcrew to use sxtrams flight techniques
to recover from the offects,
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The avidence suggests that either the present flight 'rst uments need to
te modified or that additional instruirents may be required to enable a pilot to fly
at or just above the sticksi.aker activitich speed. Since stall must be avolded, the
pilot must take positive gotion to stop the aircraft's deceleration when the
stickshaker activates, Without a preclse target le at which to aim, the
correction angle must be estimated, end thus the piteh sngle must be derrcased
until the stickshaker stops. If the pilot fails to reduce the pitch angle suffiriently,
the alrcraft may stall, Conversely If the desiced angle is overshot valueble climb
performance may be lost, In an actua! encounter of this type, the pilot's raaction
to the stimulus provided by the stickshaker could be abrupt gnd a consiferable
amount of overshoot could result, There wan persuasive evidence Indicating that
this type of overshoot occurred momentarily during this ircident, Between 120 and
149 sec FPDR foll time, the FDR altitude trace showed that the aireraft descended
3060 ft while its alrspead incressed 26 KIAS, While part of this airspeed ircrease
was atiributable to the abrupt increase in the neadwind component, part of the
acceloration and the descent also may have been atteibutable to the fact that the
nose was lowered In respoase to the stlekehaker, Although neither pilot could
recall seeing any plteh attitudes below 10° noseup, the captain stated that the first
ofticer did "overreact" to the point whera he requested him to raise the nose of the
aireraft, Therefore, the Safety Board believes that the piteh angle was reduced
momentarily to values that, were not only lowep than those noted by the flighterew
but may have approached 8° pitch. In addition, at the time of the correction the
alreraft wes, duo to the wind shesr activity, turning to the right and the resultant
bank angle would have furthsr reduced the angle of attack, and the aircraft's climb
capability, Therefora, ror the small amount of time the aireraft's nose was
dropping and until the nose was raised and the 12° to 15° noseup pitch attitude wes
restored, climb performance was sacrificed, In this case, because of the alreraft's
altitude above the grouad, the loes of olimb performance did not result in an
aceldent,

The performance data discloted that two factors combined to prevent
the wind shear encounter fror creating an accldent, The first wes the variaticn of
the downdraft pattern from the classic eonfiguration normally present in this type
of phenomenon. Batwaen the OM and the establishment of the missed approach
climb, the winds which Influenced tho aircraft were, sequentinlly, as follows:
headwind, a combination headwind downds aft, downdraft, and headwind., Instead of
encountering the downwind portion of the outflow pattern after the downdraft was
traversed, Flight 693 e¢ncountered a substantisl headwind. This, in effect,
immediately increased the aireraft's clitnd capability, and therefore, increased its
ability to attain a positive vertical speed «ind exzcute the missed approach,

‘The second factor which enabled the flight to traverse the wind shear
was the fact that, except for the momentary overcorrection in response to the stull
warning, the first officer attempted to maneuver his airceaft In accordance with
the procedures that he had seen demonstrated during wind shesr training In the
fiight simulator. When hs recognized the onset of this particular shear, he did nct
try to reustablish the landing spproach; takeoff thrust was applied, the alecraft was
rotated to a pitch angle which aotivated the stickshaker, then the nose wus lowered
until the stickshaker stopped, and the alrceaft's nose was raised sgein. Finally, the
pliots applied the totel thrust availabla aven though It meant exceoding engine
limitations, Although the pasrformance eslculstions indicated that recovery did not
tako place until the head wind component was entered, tho flightcrow's tactics
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delayed the aircraft's descent and helpes keop it airborne until the downburst srea
had been traversed. Had the first officer lowercd the aireraft's nose and
attempted to retain V_ . speed, the alrcraft either would have crashed or the
recovery would have be.e%r made at a lower altitude.

Since wind shear activity of varying intensities was located on the
approach course to runway 275 for several minutes before and after Plight 893's
enceunter, th~ *vreather conditions in the vicinity of the airport were examined to
determine the cause of this type of actlivity.

At 1508, when Flight 693 was atcut 12 nmi east of the end of rusway
27L, ther » were three cells Jocated within 15 nmi of the airport: a level 2 cell was
located avcut 7 nmi west of the aircraft, a level 4 cell was situated 8 nmi to the
northwest of the aiveraft; and a level 4 cell was located in the vielnity of the
Alrport, There also was an east-west comma shaped echo over the runwsy 27L ILS
(o se,

The statements of Flight 893's pllots corroborated the ground weather
redar photographs, According to the crew, there was a storm cell to the south of
ard three cells just north of the approach coursy, and the captain stated that the
northern three cells "looked like they were touching each other." Except for the
level 2 cell to the west of the aircraft, the pattern deseribed by the pllots was
sirilar to that of the radar photo analysis; the differences could be attributed
elther to the characteristics and capabilities of the radar sets fnvolvad, the
differences in distance and location of the radsr antennas from the observed cells,
the manner in which the captain of Flight 893 adjusted his weather radar ccntrols,
ot ¢ combination of any of these factors. The weather situation also was
corroborated by the captain of Eastermn Flight 209; his aircraft was making a
parallel ILS approach to runway 28 and was slightly behind Flight 893 on its
sppreach to runway 27L. According to Flight 209's captain, his weathor radar
portruyed thunderstorm cell echoes in sbout the same location as those des¢ribed
by the cuptain of Plight 693.

As Flight 893 approached the OM, the level 2 cell to the west of its
position probably decreased in sarea. Although analysis of the Athens rsdar
photogvaphs indicated that the echo from this cell was of level 2 intensity at 1508
and had decreased to level 1 Intensity at 1518, the cell probably Intensified shertly
before the inctdent and then decreased to lavel 2 again shortly after the incident,
This cor.clusion is based on the flightcrew's report that they ercountered an arew of
heavy rain almost simultaneous with the aircraft's entry into the wind shear.
During the Intensification of this cell, a contour should have been portrayed on the
aleraft's weather radarscope if it was functioning properly. The captain safd that
he did not attempt to contour the ceus after they wera inbound from the OM.
However, even if the radar had been in the contour mode after the flight departed
the O! the crew probably would not have had time to detect and avold the ¢
because of its small area and rapid evalution. -

The Athens radar photographs of the alrport area also indicated that
Flight 693 probably encountered the comma-shaped echo at ‘ne time of the wind
shear event. A comma-shaped weather echo can indlcate severe weather
contalning strong vertical velocities and the performance data showed that Flight
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693 wes exposed to strong downdrafts, Since downdrafts are located most often
within the rain shaft of a cell, the fact that the alroraft encountered the downdraft
and heavy rain at the same time and the faot the alrcraft simultaneously exited the
heavy rain and wind shear offer further confirmation that a downdraft was
assoclated with the echo. Recent studles of such downdrafts, downbursts, and
microbursts have shown that, as the vertical winds embedded in thece
meteorological events approach the ground, they become horigontal in direction
and in their early stages these horizontel outflows tend to be symmetrical in shape.

Interpolation of the Athens radar platures for the time of the incident
showed that the comma-sheped echo had & horizontel east-west dimension of about
2 nmi end was moving east at about 20 kns, Flight 693's flightpath began to balloon
above the glidepath about 4.25 miles from the end of the runway and the climb
from the flight's lowest eititude began 2.4 nmi from the end of the runway.
Therefore, the wind shear encounter was encompassed within a horixontal
eest-west distance of about 1.85 nmi; s distance which closely approximetes the
east-west horfzontal dimension of the comma-shaped echo,

Plight 693 encountered the rainshower about 3.5 nmi from the end of
runway 271. At this time, Delta 128 was outside the OM for runway 27L; Eastern
Flight 209 was about 1 mi north on & parallel oach to runway 26; and othez
aircraft were operating south of tue airport before furning on final approach to
runway 27L. A Low Level Wind Shear Alert System wind sensor was located 1/4 mi
east of runway 27R. The fact that the system did not alarm and that Flights 128
and 208 and those south of the airport did not report any significant shears
indicated that the meteorological event encountered by Flight 693 was probably
contained within the area defined by the traffic south of the airport, the positions
of Flights 209, 118, and the system sensor, The horizontal distance from the wird
sensor to Flight 128 was 5 nmi and from Plight 209 to the traffic south of the
afrport was 8 nml. Therefore, the area encompassing the event was about 5 nm! by
8 nml. Since the evidence suggests that the low leve! wind field associated with
significant convective activity tends toward symmetry, the meteorological evert
encountered by Flight 693 would have had a horizontel dimension of 1 to 2 nmi, At
the tima of the incident, Delta Flight 128 was about 1. nmi beuind Flight 693 and
did not encounter any significant wind shear during its landing epproach, This
could indicate that the lifespan of the meteorological event was only minutes.

About 2.4 nmi from the ¢nd of runway 27L and after the downdraft was
traversed, Plight 693 encountered an increasing headwind. At this time, a cell was
in the vicinity of the alrport and about 4 nmi northwest of the aircraft. Air flow
from the cell could have produced the headwind. Between 1430 and 1500, ths
temperature dropped almost 10°F and probably praduced an inversion at the
alrport which extended from the surface to about 400 ft a.g.l. An inversion of this
nature might have prevented the atronf winds associated with the storm cell wost
of the aircraft from reaching the surface, and this could explain the absence of
strong horizontal wind speeds In the area and the lack of a Low Level Wind Shear
Alert System Alarm at the time of Flight 693's encounter.

'l‘herefore, the metecrological event wiich Flight 8693 encountered wns
contained within a small geographical area, had a shoet lifespan, and waz not
cetected by the weather sensing and recording equipment. The only evidence
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of its existence were the reports forwardzsd to eir traffic control by the pilots who
had encountered wind shear vetivity on their approaches. The localized and short-
lived wind shear occurred outside the airport boundaries and, therefore, no wind
sensors were located adjacent to its point of peck severity. Had & wind sensor been
located along *he final epproash cowrse and had the downdraft affected the surface
wind sufficiently to activate the alarm system, the Low Level Wind Shear Alert
System might have provided some warning of this wird shear, The probability that
this warning might be given indicatas that some consideration should be given to
placing wind sensors outside the alrport boundary and along the final epproech
courses to an afitport's primary runway.

Even with sensors mounted along the final appruach eccursa and
integrated into the Low Level Wind Shear Alert System, the system would stlil be
limited to the cetection of those aberrations thet manifest themselves close
enough to the surface to affect the sensors, such as a gust front. Thus, any wind
ghear that dozs not occur in close proximity to the surface will not produce any
alarm, Therefore, other equipment such as the microwave Doppler weather radar
which would scan both the airport and its surrounding area and the air space above
the e;lrporl. must be developed and in:talled to solve the wind disturbance detection
problem,

Since the only evidence of the existence of the wind shear was the pilot
reports to the air traffic controllers, the burden of either preventing or lessening
the encounter was pluced upon the air traffic control system. Exeept for

communications which involved the handling and preparation of ATIS data, the
ATC procedures were in accordance with thoss contained in the Handbook. The
pilot reports of the wind shasr encounters were rolayed to other traffic expedi-
tiously.

Two ATIS broadeasts were pertinent to this incident--MIKE and
ALPHA. Information MIKE was hroadcast at 1430 and was In effect when [light
693 esteblished radio contact with approach control. At 1453:14, Flight 893
contacted approach control and stated that they were descending to 14,000 ft.
‘Although the flighterew stated In their interview that they had recelved
information MIKE, they did not, as directed by the ATIS broedecast, advise the
controller thet they had received the message., The controller did not question
them regarding the omiision, nor did he provide them with the data listed in
paragraph 394. During the ensuing transmissions, the controller fnformed the flight
of the landing runway and the type of approach that was to be flown. Since the
existing celling and visibility were above the requirements of paregraph 394a(4),
the only data the approach controller was charged to provide and failed to provide
were the surface wind conditions end aliimeter setting. Neither of these items
viould havo assisted the flighterew to either avold the wind shear encounter or to
change the manner in whieh they handled their atrcraft during the encounter, tince
the surface winds existing at the alrport at the time of the transmission were not
indicative of the strength of the conditions latar encountered on the approach
course, Therefore, these deviations from prescribed communications procedures by
the flighterew and the controller were not considered contributory to this inaident.

- At 1500:04, ATIS information ALPHA was broadeast, ALPHA reflected
the 1434 "record speclal” surface weather observation, the contents of which were
transmitted by telewriter to the Atlanta tower and approach control faciiity. The
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weather contaired in ALPHA differed from that in MIKE particulatly since it
contained the first reference to thunderstorin activity at the airport. At the time
of its Initia) trancmission, Flight 693 and several other air carrier aireraft were on
either approach or local control radio frequencies and would not have recelved or
known of ALPHA unless they were monitoring the ATIS frequency on their backup
radio or overhesrd other arriving flightcrews report to the controller with
information ALPHA,

Examination of the ATC transcripts at and after 1500 disclosed that
neither the tower nor approach control advised the aircraft on their frequency, as
required by parsgeaph 394b of the ATC Handbook, of the contents of the special
weather observation. Neither facility made a "blind" transmission to alert alreraft
on their frequency that a new ATIS Information was now current, Although many
facilities have adopted this method to alert aircraft of new ATIS data, the
procedure is not required by the handbook. However, the Safety Board could not
establish that either of these omissions contributed to the incident. The evidence
indicates that the pilots of Flight 693 and other pilots in the airport area were
a:vare that thunderstorm and rainshower activity existed in close proximiiy to the
alrport,

Any evaluation of the services provided by controller personnel and the
timeliness of the preferred services must be messured against the order of
priorities placed upon the controller. Paragraph 22 of the ATC Handbook requiree
that the controller "give first prioriiy to sepuration of aireraft as required in this
handbook and to the issuance of satety advisories. Give second priority to other
3ervicaes that are required but do not involve separation of sireraft.” The ATC
Handbook, paragraph 23 defines safety advisorles as those relating solely to
alerting aireraft to potential conflicts with tecrain, obstructions, or other aireraft.

During the 10- to 15-minute periods before and after the issuance of
the 1454 "record special” weather obscrvation, the ATC transeripts of the Atlanta
facilities diselosed numerous Instances which indicated eontroller Involvement with
traffic separation. The transeripts disclosed that holding, vectoring, and airspeed
mansgement procedures viere being used to separate the arriving flights. At the
time the special weather observation and information ALPHA were issued, the
Atlanta ATC facilities were engaged in handling a high volume of traffic and that
the weather in the airport srea added to the traffic control problems. ,

The ATC transeripts disclosed that, despite the traffic load, the tower
controllers issued numerous advisories on the weather situation and the location
and Intensity of shower eectivity. Flight 893 was advised that there was shower
activity on the runway, and between the OM and the runway, and that they would
"break out of that rainshower in about 3 miles,” The transcripts showed that this
typ: of advisory was transmitted to several Delta flights, a Braniff flight, and an
Eattern flight,

The tower controilers issued timely advisorles of wind shear encounters
to the alreraft that followed behind the reporting alrcraft. The advisories
eontained the quantitative data regarding the shear as it was reported to them.
Advisory Circulsr AC 00-50-A, Low Level Wind Shear, recommends that pilots
report any wind shear encounter to ATC and that this report "should bs in specific
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terms and include the loss/gain of airspeed due to the shear and the altitude!s) at
which it was encountered.” Except for Flight 893's report, the pilot reports all
indicated the altitude of the encounter, some located the encounter geographically,
and one indicated that it was a horizontal shear, However, none provided any
descriptions of the energy or strength of the shear gt the effect of the shear on
their aircraft. Flight 693's report mercly stated that the aireraft encountered a
wind shear and that the captain did not see how any alreraft could complete an
appreach to runway 27L.

The Safety Board, in conclusion, eould not find any evidence that the
flighterew had failed to comply with any directives, guidelines, or ‘regulations. Tka
decision to execute the approach was a matter of judgment based upon the pilot's
assessment f the existing weather situation. The captain indicated that he was
aware of contour-producing cells in the area; however, none of these were evident
directly along his intended approach course. Showers were being reported both by
the local controller and by the pilots of preceding flights travessing the final ILS
approech course. The captain knew these aireraft were landing at the airport
without reported difficulties, The rainshower which contained the strong
downdraft that was later encounteled may have been visible to the flighterew as
their alrcraft aporoached it. However, hecause of the limited forward visibility
conditions, the Safety Board believes the flighterew could not be expected to
assess the intensity of this shower or the need for course deviation, Under these
eireunstances, the Safety Board could not conclude that the captain's decision to
land wes unreasonable,
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The evidence appeared to indicate that the major eriterion upon which
the flighterews at Atlanta based their decisions to approach and land in the
presence of the thunderstorm activity was the fact thet there were no contour~
producing cells above the approach courses. The Safety Board is compelled to note
that this criterion may still expose an afreraft to hazardous weather conditions.
Even a level 1 or !evel 2 cell may have the potential to generate conditions which
could endanger an afreraft flying beneath it on a landing approach, especiaily if the
cell is in its generation stage. The Safety Board bulieves that any echo-producing
storm cell located astride the landing approach course should be avolded regardless
of whether or not it can be contoured by the aircraft's radar.
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CONCIL.USIONS

Findings

1. Flight 693 encountered a localized but heavy rainshower with
assoclated wind shear during its approach to the Atlanta airport.
The chower contained changes of horizontal and vertical wind

velocities,

The meteorological event was contained within a small
geographical area and had a lifespan of minutes.

The Low Level Wind Shear Alert System's wind sensors were
positioned on the airport., ‘There were no wind sensors located
outside the airport's boundarius,




22~

The Low Level Wind Shear Alert System's wind sensors on the
airport did not detect the wind shear condition. The remote
weather radar displays at Atlanta and the WSR-57 radar st
Athens did not have the capability to measure the motion of the
air within the cells., Therefore, the wind shear condition was not
dateeled until Plight 593 traversed the area.

The pilot reports concerning wind shear encounters at th2 alrport
did not contaln any deseriptions of alrspeed and altitede losses,

There were several deviations from standard ATC
communications practices and procedures by the controller and
the pilots before the incident: however, these deviations did not
produce or contribute to the incident.

The wind shear contained changes In the horizontal and vertical
wind velocities which caused the aircraft to descend below the
desired landing approach path,

The flightcrew was unable to assess the intensity of the
rainshowet and its associated wind shear before they entered it,

" The flighterew maneuvered the afreraft in accordance with the
procedures contained in the «'mpany's wind shear training

program,

The wind shear training program conducted by the company, in
accordance with the FAA training requirements, contributed to
the ability of the flighterew to maneuver their aireraft through
the shear area sucaessfully.

Probable Cause

The National Transportation Safety Board determined that the probable
vause of this incident was the unavallabllity to the flighterew of timely
information concerning a rapidly changing weather environment along .the
instrument landing system finat' approach course, The unavailability of this data
resulted in an inadvertent encounter with a locallzed but heavy rainshower with
associated wind shears which contained changes in the horizontal and verticsl wind
velocities which required the flighterew to use extreme recovery procedures to
avold an accldent, Contributing to this incident was the lack of equipment for the
aleport terminal area that could have detected, monitored, and provided
quantitative rieasurements of wind shear both above and outside the airport's
boundaries,

SAFETY RECOMMENDATIONS

Since November 1974, the Safety Board has initiated 22
recommendations concerning wind shear and sassociated areas, These
recommendations were originated during the Safety Board's investigations of wind
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shear related accidents and special studies on the subject. They addressed areas
concerning weather reporting, pilot reporting, storm classification, wind shear
detection equipment, inflight procecdures, and flighterew training., As a result of
FAA and industry response to the problem identified in these investigations and the
Board's recommendations, progress has been made toward minimizing the hazards
contained in wind shears,

A classification system which Identifies the intensity of thunderstorm
radar echoes was developed. This system was disseminated to the aviation
community in the AIM, and to the air traffic controllers in their manual and is in
use,

ACQ00-50A established recommended provedures for flighterews to use
in reporting an encounter with a wind shear to controllers. The Circular contains
flight procedures to cope with the effects of a low level wird shear in the event
one of these phenomona Is entered inadvertertly, It also addresses the problem of
educating flight personnel to the characteristics of various types of wind shear and
the aerodynamic effects these characteristics produce on their alreraft's
performance.

As a result of the efforts of the FAA and industry air carrier
flightcrews receive training in these areas, and, in particular, they are vequired to
fly through wvarious wind shear models in their required simulator trafning

programs.

A Low Level Wind Shear Alert System was developed and placed in
operation at several major airports. The system represented a step forward;
however, as shown by the circumstances of this incident, the systemn contains
several shortcomings. An area of prime concern remains the inability of the
ground detection systeins to deteet a wind shear above and in the vicinity of an
girport end then to furnish up to date quantitative measurements of the motion of
air within that wind shear.

Another area of concern Is the lack of an airborne system or systems
which can (1) provide a warning to a pilot of the existence of wind shear, an (2)
provide accurate flight guidance to a pilot for the required corrective maneuvers in
the event his aircraft has penetrated a wind shear.

On May 3, 1979, the FAA jssued ANPRM No. 79-11, Docket No. 19110,
which addressed the wind shear problem, The Notice discussed the problem, the
FAA's research and development programs bearing on it, and requested comments
and recommendations that would assist the FAA "in determining what, if any
regulatory proposals should be developed."

The-FAA programs took a twofold approach to the wind shear problem,
One spproach explored the feasibility of placing detection equipment on the ground
and transmitting the data to the pilot; the other tried to determine whether
equipment could be installed in the aireraft that would provide the pilet with wind
shear information in "real time." The Notice summarized the results of, and the
present status of their programs and then requested comments that would assist
them to answer four speeific questions, On July 23, 1979, the Safety Board replied
to the ANPRM, and commented to the four questions as follows:
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"The Safety Board has watched with great interest the work of the PAA
Wind Shear Program since its inception, and commends all those individuals of both
industry and government for their efforts in the development of ground and
alrborne systems. We anticipate that, whatever systems are chosen, tha hazards of
low-level wind shear encounters will be minimized. Therefore, the Safety Board
strongly supports the proposed rule and offers the following comments on the
questions:

. Is there a_valid nced to amend Part 121 and require wind shear detection
equipment?

The Board believes thi:t there is a reed for this requirement. We base this
conclusion on the findings of our investigations of several accidents involving wind
shear. In these accidents, we found that the lack of recognition, surprise, the
absence of recommended piloting techniques, and the combined effects of degraded
aircraft performance were all contributing factors, These findings prompted the
Safety Board to issue several safety recommendations, Recomriendation A-76-42
recommended that rescarch be expedited to develop equipment and procedures
which would permit a pllot to transition from instrument to visual references
without degradation of vertical guidance during the final segyment of an instrument
approach, Recommendation A-76-43 recommended expediting the research to
develop an airborne detection device which will alert & pilot to the need for rapid
corrective measures as an airplane encounters a wind shear condition. We belleve
that the airborne equipment developed thus far, with refinements, fulfills the
intent of our recommendation and should be standard equipment on all air carrier
tyoe airceraft.

2. Which of the various systems is best suited to Part 121 operations, would be

cost_effective, and would provide a flightcrew with adequate and timely
information to avoid wind shear hazards?

The Board believes that the Modified Flight Director would be the least
expensive because a flight director is already iistalled and with the modifications
would be used in all flight environments as well as in wind shear encounters.
However, the Board is impressed with the Airspeed/Groundspeed Comparison and
Acceleration Margin Systems and would like to see these systems incorporated into
one integrated package along with the Modified Flight Director. We believe that
the Airspecd/Groundspeed and Acceleration Margin Systems should be used as "raw
data instraments." For example, the flight director receives most of the pllot's
attention during an approach, but the prudent pilot never ignores the "raw data”
instruments such as the altimeter, glideslope indicator, or localizer. He uses these
instruments as another source of information with whieh to make operational
decisions. The "raw data" instruments also provide the redundancy that is
necessary for safe flight,

3. Have all practical solutions to the wind shear problem been explored, or are
there other simpler and less costly solutions available?

The Board believes that the forecasting and detection of low-level wind shear
development should be given equal consideration with the development testing and
operational use of the Acoustic Doppler Win. Measuring System (A-74-8%), we
concede to your findings that the system is expensive and is inoperable in neavy
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precipitation, and we encourage you to continue working for the further
development of a pulsed doppler laser technique.

4, How relisble would the various systems be in providing wind shear
Information and what operallng and malntenance costs would each of them be

| Iikely to Impose on alreralt operators?

& : In general, all the systems are only as good as the actual winds fed into them,
‘\,; ; Winds, in conditions conduclve to wind shear, are almost constantly changing in
I : - speed and direction and may bear little relationship to the wind input of the
» | cockplt ground speed indices. The Board, therefore, believes that a means must be
; developed that quickly updates the threshold winds and transmits the updated winds
to the airborne equipment.

Specifically, the Modified Flight Director does not directly provide wind
shear information, but it does provide the flighterew with speed control and
attitude guidance when wind shear is encountered. The guesswork is taken out of
corrective procedures and technique,

The Airspeed/Groundspeed Comparison and the Acceleration Margin Systems
alert the flighteraw of wind shear and provide them with the magnitude (if the
threshold wind has ot changed) of that shear, as well as providing the airplane's
acceleration potentiay under the circumstances. As stated in a previous answer,
the Board would like 1o see an integrated systein which consolidates these three
systems, provides the flighterew with prior knowledge of the wind shear, and
provides them with flight guldence to penetrate it.

In sammary, the Board believes that a system that may be acceptable to the
airlines should be able to predict unacceptable low-aititude wind shear values and
warn the pilot to abandon the epproach. The unaucceptable values could then be
restrictive much the same as visibility currently restricts the initiation and
continuation of an approach. In order to accomplish this in "ee¢al time," constant
updating of low-level winds must be transmitted to the airborne equipment.
However, regardless of the absence of these refinements, the Safety Board is
satisfied that the equipment developed so far will be of inestimable value in wind
shear encounters and should be requirec under Part 121."

BY THE NATIONAL TRANSPORTATION SAFETY BOARD
/s/

JAMES B. KING 2

Chalrman

/s/ ELWOOD T. DRIVER
Vlce Chalrman

/s/ FRANCIS H. McADAMS
Member

/s/ PATRICIA A. GOLDMAN
Member

/s/ G, H. PATRICK BURSLEY
Member

May 28, 1980
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