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MCDONNELL DOUGLAS DC-9-14, N3305L, |
GREATER SOUTHWEST INTERNATIONAL AIRPORT
- FORT WORTH, TEXAS
MAY 30, 1972

SYNOPSIS

A Delta Air Lines, Inc., DC 9-14 crashed
while attempting a go-around following a
landing approach to Runway 13 at Greater
Southwest International Airport, Fort Worth,
Texas, at 0724 central daylight time, May 30,
1972. Three 1delta Air Lines pilots and one
Federal Aviation Administration air carricr oper-
ations inspector, the only occupants of the air-
plane, sustained fatal injuries. The aircraft was
demolished by fire and impact,

The DC-9 was on a tralning flight scheduled
for the purpose of qualifying two captain-
trainees for type ratings in the PC-9,

A McDonnell Douglas DC-10, American Air-
lines, Inc., Flight 1114, also on a training flight,
had completed a “touch and po” landing on
Runway 13 just prior to the landing approach of
the DC-9,

The final approach phase of the Delen DC-9
appeared normal until the airplane passed the
cunway  thieshold, At that time, the airplanc
bepaov ier oscitlate about the roll axis, After two
-' ~ersals, the airplane rolied rapidly to
v st and struck the runway in an extreme
right-winglow attitude. Fir  occurred shortly
after initizl impact,

The National Transportation Safety Board
determines thav the probable cause of the acci-
dent was an encounter with a trailing vortex

generated by a preceding “heavy” jet which re-
sulted fit an involuntary loss of control of the
airplane during the firal approach. Although
cautioned to expect turbulence the crew did not
have sufficient nformation to evalvate accu-
rately the hazard or the possible location of the
vortex. Existing FAA procedures for controlling
VER flight did not provide the same protection
from a vortex encounter as was provided to
flights being given radar vectors in either IFR gv
VFR conditions,

As a resule cf the investigation of this acci-
dent, the Safety Board has made cight recomn-
mendations to the Adminiserator of the Federal
Aviation Administration,

1. INVESTIGATION
1.1 History of Flight

Delta Air Lines, Inc., Flight 9570 (D1.9570)
departed from Love Field, Dallas, Texas, on a
training flight at 0648' on May 30, 1972, and
proceeded to the Greater Southwest lnterna-
tional Airport (GSW) to perform approaches and
landings. Upon arrival in the airport area, the
pilot of the DC-9 requested an 1152 approach to
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Runway 13, This rlearance was granted, and the .
flight was advised that an American Airlines
DC-10 was in the traffic pattern, conducting
“tonch and go” landings. The ILS approach was
completed with a fullstop landing. Subse-
quently, the @light was issued takeoff and
climb-out clearances, with instructions to main-
tain VFR.® A second ILS approach was tetmi-
nated by a voluntarily cxucuted missed
approach, The flight then requested and received
clearance for a VOR* approach to Runway 35
to be terminated by a circling approach to land
on Runway 17. Upon completion of the VOR
approach, the pilot of the IDC-9 re juested and
received clearance to circle left for a full-stop
landing on Runway 17. A short time luter, the
pilot requested approval for a landing on Run-
way 13, behind the DC-10 which was inbound
on the ILS. The clearance to use Runway 13 was
issued with an advisory, “caution turbulence,”

On approach to the runway threshold, the
DXC-9 started to oscillate around its longitudinal
axis and then took and extreme roll to the right.
The airplane had achicved approximately 90° of
roll when the right wingtip contacted the sun-
way surface approximately 1,240 feet beyond
the threshold. The airplane continued to roll to
a nearly inverted attitude before the main body
struck the runway. The fuselage and empennage
separated vpon impact and slid approximately
2,40C feet, coming to rest off the right side of
the runway,

The flight was routine until approximately 11
seconds before impact. At that time, the right
seat occupant, the Delta check pilot, com-
mented, “A litedle turbulence here,” The flight
daia recorder disclosed a corresponding vertical
acceleration trace excursion to + 1.7 g. 'The alti-
tude at this time wes approximately 670 fect
m.s.l.,® which is 100 feot above the aAlrpaort
elevation,

W R Sy e 08 ot g rRehe

T Visual Flight Ruios.
4 Vory High Frequency ommnldirectional radio range,

5 All altitudes and clevation are reported as mean vy
level unless otharwise tndicated,

Data extracted from the cockpit voice re-
corder disclosed that an atterapt was made to
“go-around” and that the stall warning system
was actuated just prior to impact with the
ground,

The airplanc was destroyed by the impact
forces and the general fire which developed sub-
sequent to impact. The four occvnants sustained
fatal injuries.

1.1.1 Amarican Airlines Flight 1114

Americar  Airlines, Inc., Flight 1114
(AA1114), a McDonnell Douglus DC-10, was the
final flight for two first officers training in the
[XC-10. The DC-10 had completed several ILS
approaches to Runway 13 and had preceded the
DC-9 on all three approaches made by the latter
to Runway 13,

The DC-10 departed from Love Field at 0511
with a takcoff gross weight of appraximately
330,000 pounds. The center of gravity (c.g.) was
26 percent mean acrodynamic chord (MAC),
The approach immediately preceding the acer-
dent was started at approximately 0720. At that
time, the estimated gross weight was 300,000
pounds, and the c.g. was 2% percent MAC, A
reference speed of 130 knots was used. The
approach was flown manualty and was very
smooth, with tle deviation in azimeith or glide
slope, ‘The airspeed did not vary more than 2 to
3 knots from the approach speed of 135 knots.
The accident occurred during daylighe at Greater
Southwest international Afrport. The airport’s
geographic coordinates are 32°50°N. latitude
and 97°03°'W. longitude, and the field elevation
is 568 feet mus.l,

It was determined from informavion obtained
from the airplane flight data recorders that the
DC-9 had traversed the same track as the DC-10
during the final phase of the approach, The time
separation between the two airplanes was 53 to
54 seconds. {Refer to Section 1,15.)
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1.2 Injuries to Persons

Injurles  Crew  Passengers  Other
Fatal *4 0 0
Nonfatal 0 0 0
None 0 0

*Includes FAA Inspector on board for profi-
ciency checking,

Three of the occupants died as a result of
massive injuries and one died as a result of
snoke and carbon monoxide inhalation.

1.3 Damage to Aircraft

The arplane was destroyed by impact and
fire. Portions of the fuselage sustained only
minor structural damage but subsequent fire
damage was severe.

1.4 Other Damage

Portions of the runway pavement sustained
minor damage from saturation with jet fuel, and
several runway lights were broken.

1.5 Airmen Information

The pilots, the Federal Aviation Administra-
tion (FAA) air carrier opetations inspector, und
the tower operator were certificated in accor-
dance with existing regulations. (See Appendix
B for details,)

1.6 Aircraft Information

The airplane, 1 McDonsell Douglas DC-9-14,
serial No. 45700. N3305L operated by Delta Air
Lines, knc., was certificated in accordance with
the existing regulations,

The takeoff gross weight of the airplane at
Dallas was 77,300 pounds, and the comptted
center of gravity was 25.7 percent MAC. At the
time of the accident, the gross weight was
approximately 74,000 pounds, and the c.g. was
approximately 25.6 percent MAC., Both the

ptoss weight and center of gravity were within
preseribed limits,

The No. 1 cargo compartment was ioaded
with 2,000 pounds of sandbags for ballast in
accordance with company proceduzes,

The aircraft had 25,298 pounds of Jet A fuel
abourd at takeoff from Dallas. Approximately
22,000 pounds of fuel were aboard at the time
of impact. {(See Appendiz C for additional air-
eraft information,) |

1.7 Meteorological Information

The surface weather observations for GSW ae
Fort Worth were, in part:

0600 10,000 fect scattercd, 25,000 feet
thin broken, visibility 30 miles, tem-
perature 63° F,, dew point 59° F.,
wind 330° 4 knots, altimeter settirg
30.00 inches.

0700 10,000 feet scattered, 25,000 feet
thin broken, visibility 30 miles, tem-
perature 63° F., dew point 57° F,
wind 330" 6 knots, altimeter sctting

30.02 inches.

0723 Local, 10,000 feet scattered, 25,900
teet thin brolen, visibility 30 miles,
temperature 67° ¥., dew point 59°F,,
wind 340° 7 knots, altimeter setting

30.03 inches. {Aircraft mishap.)

The gust recorder graph for GSW showed the
surface windspeed ranged from abeout 5 to 8
knots during the period from 0700 to 0725,

The Carswell Air Force Base 0700 wirds aloft
observations for the heights indicated were:

Height (m.s.l,) Lirection Velocity
Surface 320° True 4 knots
1,000 335 » 9% »
2,000 3550 17
3,000 005° 19 »
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Intermediate winds aloft derived from the bal-
loon ascent were:

1,647 355° LY
2,602’ 005° » 2007
3,557 011° » 18

The Carswell AFB 0700 radiosonde ascent
(below 5,000 feex m.s.L) ¢'sclosed a 1° C. tem-
perature inversion and stable air fiom the sur-
face to approximately 1,600 feet. Conditionally
unstabie air existed above approximately 1,600
fect. The air was generally dry. The freezing
level was at 11,500 feet.

Carswesl AFB is located 20 nautical miles
west of GSW,

Delta Operations at Dallas provided the cap-
tain of the DC- with the 0600 hourly weather
sequences, the winds sloft forecast, the Delta
terminal forceosts, and the National Weather
Service terminal forcasts,

1.8 Aids to Navigation

Runway 13 ac GSW is equipped with an in-
strument landing sysiem, The glide slope is not
uscable from 200 feat above ground level to
touchdown,

The outer marker for Runway 13 is located
4.6 nautical miles from the touchdown zone,
and the middle marker s 0.5 miles from the
touchdown zone of Runway 13,

All aids to navigation were functioning
normally at the time of the accident,

1.9 Communications

Communications between the DC-9 and GSW
tower, and between the DC-10 and GSW tower,
were maintained without difficulty,

The DC-Y9 was operating ov the same fre-
quency as the DC-10 during the last several
minntes of the flight.

1.10 Asrodrome and Ground Facilities

GSW is located at BEuless, Te:.s, approxi-
mately midway between Dzllas and Fort Worth.
There ate two intersecting runways of concrete
construction. Runway 13-31 is 8,450 feet long
and 200 feet wide and intersect: Runway 17-35,
which is 9,000 feet long and 150 feet wide.
Approximately 2,650 fee¢ of Runway 13 are
northwest of the intersection,

1.11 Flight Recorders

A Fairchild Camera and Instrument Corpora-
tion Cockpit Voice Recotrder {(CVR) Model
A-100 was installed in the DC.9 at the time of
the accident.

The unit contained a serviceable tape re-
cording of voice communications, and recorded
sounds and pertinent communications were
transcribed {rom this tape,

A Sundstrand UCDD Model FA-542 flight
data recorder, serial No, 2422, was also installed
in the 1DC-9. The recorder foil was in satisfactory
condition for readout althcugh it had sustained
minor mecharical damage. The last 17 minu-as
of the recorded data were read out, and a graph
of the data was prepared. (See Appendix E.)

A comparison of the field elevation at Love
Ficld, Dallas, with the flight data recorder alti-
tude measurement, when corrected for the baro-
inctric pressure existing prior e the last takeoff,
disclosed an errcr of only 172 feet, thus verifying
the accuracy of recorded altitude valucs.

A Digital Flight Data Recorder, Sundstrand
Maodel F-573, serial Mo, 1067, was wstalled in
the 1DC-10. The data taken from this recorder
were plotted and used in the preparation of a
flight track chart. (See Appendix I2,)

1.12 Aivcraft Wreckage

The firse evidence of ground contact made by
the airplanc was a narrow scripe mark 1,242
feet beyond the threshold of Runway 13 and 60
feet to the left of the runway centerline, heading
approximately 120° magnetic.
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From that point, a continucus trail of scores,
gouges, and paint smears as well as spilled fuel,
ground fire, parts of the right wing and fuselage
parts appeatcd on the runway, The fusclage
came to rest approximately 160 feet to the right
of the runway centerline and nearly on the
reciprocal heading, 2,370 feet from the point at
which the airplanc first rouched down.

The initial marks on the runway continaed in
a slight curve to the right for approximately 340
feet down the left side of the runway. A fuel
stain on the runway originated 84 feet from the
initial impact mark, and ground fire originated
273 feet beyond the point of initial contact.

A continuous trail, made by fire, extended
irom that point to the main wreckage site, The
varts of the airplane, including right wing fuel
system components, outside of this trail were
neither burned nor sooted. (Sce Wreckage Distri-
bution Chart, Appendix F.)

1.13 Fire

Fire propagated from the ruptured wing fuel
tanks to the airplancs’s feselage subsequent to

initial impact. The airplane’s integral fusclage
tank did not sustain mechanical damage during
impact,

All firemen on duty at GSW responded to the
crash prior to the sounding of the crash alaem,
The local tower controller logged the crash crew
arrival at the accident site at the same time that
he recorded the accident. All available equip-
ment was used,

A total of 625 pounds of 4w chemical, 160
gallons of foam concentrate, and 35 gallons of
light water were expended by these units.

Three fire trucks from the Fort Worth Fire
Department and one fire truck from Buless also
responded. The fire departments at Naval Air
Station Hinsley Field and Carswell Air Force
Base were alerted on the emergency communica-
tions network, but they were not actually dis-
patched to the crasls site.

1.14 Survival Aspects

The impact was nonsutvivable for the occu-
pants of the cockpit. One captain-trainec was
occupying the cabin comparument at the time of
impact. This compartment retained its integrity,
and the occupant could have survived the acci-
dent if there had been no fire.

1.10 Tests and Research

The circumstances surrounding the crash of
the DC-9 suggested that a loss of control had
occurred as a result of an encounter with a
trailing wingtip vortex generated by the DC-10
airplanc, Test and rescarch activities were con-
ducted to explore this hypothesis. The objec-
tives of this research were to determine: first, if
the approach flightpath of the DC-9 did pene-
trate the theorcetical location of the DC-10
vortex trail, and, sccond, the extent to which
the aidoads of such a voriex would affect the
controllability of the 1DC.9.

A conparison of the time-correlated ground
tracks disclosed thay the DC-9 craversed the
same path as the preceding DC-10 during the
tina: portion of the approach and that the time
separation was between 53 and 54 scconds,

1.15.1 Determination of Vortex Location and
Movement

‘The flight track data were submitted to the
Transportation Systems Center (TSC) in
Cambridge, Massachusetts, where they were used
to determine the position relationship of the
DC-9 to the wingtip vortices gencrated by the
DC-10,

From previous researcli, the general behavior
of vortices was reasonably well defined; Le., the
movement of & vortex as a function of time,
relationship with the ground, and prevailing
winds, TSC has sponsored the development of a
computer program which used these data to
predict the puosition of vortices as a function of
titne,

o
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The program, when applied to the
DC-9/DC-10 position relationship and existing
meteorological conditions, indicated that the
DC.9 descended into the influence of the left
vortex gencrated by the DC-10, approaching the

vortex from the left at a convetgence angle of

7°, This calculation also indicated that the en-
counter occurred at an altitude of approxi-
mately 60 feet above ground level.

The analysis was expanded to examine the
effect of increased time separation. 1t was deter-
rined that the left vortex of the DC-10 would
have remained in the runway threshold zone for
more than 2 minutes in the abserce of the ex-
ternal disturbing forces which noomally cause
breakup or dissipation within this period.

1.15.2 Determination of Voriex Characteristics

Following this accident, the FAA initiated a
project to investigate the intensity of the wing-
tip vortices generated by the DC-10 and L-101}
class of airplane. The L-1011 was sclected for
the initial tests, which were conducted oa June
3, 1972, A DC-10 was subscquently made avail-
able to the FAA, and additional vortex measure-
ment tests were conducted on July 25, 1972,

The tests were conducted at the FAA’
National Aviation Facility Experimental Center
(NAFEC) Atlantic City, New Jersey, where the
tower flyly technique was used to measure
vortex intensity, This technigue consisted of
flying the test airplanc perpendiculur to the
ambient surface wind at an appropriate altitude
and distance upwind from an instrumented
tower. As the vortices drifted past the tower,
v«'.-.locity sensors, which were mounted on the
tower, recorded the vortex flow veladity
gradient,

Colored smoke was emitted from dispensers
on the tower to provide a visual indication of
vortex movement ond structure, The age of the
vortex, as it passed the tower, was noted by the
time interval between airplane flyby and tower
capture of the vorex.

Twenty tower passes were flown by the
DC-10 airplane during which the vortex inten-

sities generated in landing, takeoft/approach,
and cruise configurations were measured, The
weight of the DC-10 ranged from 319,000
pounds to 276,000 pounds during the test
period.

The results of the L-1011 and DC-10 tov.er
flyby tests were compiled in NAFEC data re-
ports, Project 214-741-04X, special task Nos. FS
1-73 and FS 2.73, respectively. A review of the
contents of these reports disclosed the fol-
lowing:

1. The vortices generated by the L-1011 and
DC-10 were similar in intensity and struc-
ture,

2. The vortices generaily exhibited a tubular
type structure with a visible diameter of 8
to 10 feet and peak tangential velorities on
the order of 150 feet per second, The maxi-
mum tangential velocity which was re-
corded for an L-1011 vortex exceeded 220
feet per second, The maximum peak tan.
gential velocity recorded during a DC-10
landing configuration pass was 158 feet per
sccond. This velocity was recorded for »
vortex 42 scconds in age,

The limited quantity and the scatezr of the
collected data precluded the formation of
valid conclusions regarding the effect of
vortex age on the flow inteasity,

The total velocity distribution of the vor-
tex flow about the core generally ap-
proximated values which wete derived by
analysis, using accepted theoretical expres.
sions,

1.16.3 Determination of Vortex Upset Hazard

The results of the FAA DC-10 tower flyby
tests were submitted to TSC for use in a further
analysis to determine the effect of the vortex
flow on the DC-9, This analysis employed a
simulation program which was developed by the
Measurement  Systems  Laboratory, Massachu-
setts Insiitute of Technology. The program con-
sidered airplane response to a vortex velocity
distribution in teems of six degrees of freedow,
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A mathematical model representing the
characteristics of the DC-9 was exposed to a
mathematical model of a DC-10 lef wingtip
generated vortex in a manner which simulated
the entry conditions previously described. As
the model aitplune was subjected to external
loads, control surface deflections were intro-
duced into the simulation by a model autopilot
which was designed 1o represent pilot authority
and reactioa,

The siewlation disclosed that the initial in-
fluence of the clockwise circulation of the
vortex was the upward airloads acting predomi-
nantly on the right wing, Thesc loads caused the
aitplane to enter a moderate left roll, which was
immediately counteracted by a right roll aileron
command. The aitplane responded to the con-
trol surface deflection and rolled to the right,
overshooting the wings-level attitude, The subsc-
quent correction caused the airplane to roll
again to the left ac a low rate. The autopilot
tespunded by commanding a 5° right roll aileron
deflection, approximately 30 peicent of maxi-
mum, in attempting to regain the wings-evel
attitude. At this ctime, the airplane was
approaching the center of the vortex core, and
the right wing came under the influence of the
devnward loads produced by the clackwise vor-
tex flow, The result was a reversal in the direc-
tion of the induced rolling moment which, when
combitied with adverse controf command, pro-
duced a sharp right roll acceleration, Full left
aiferon was commanded; however, the overall
autopilot/control system lag was such thyt a
right roll ratc of 57° per sccond was achieved,
The simulation showed the airplane reaching an
altitude coincident with wingtip ground impact
within 1.3 seconds of initiation of the right roll
at an attitude of approximately 52° right wing
down,

Following this simulation, several more tests
were conducted during which a control stick
command input was mrade to the DC-9 nircraft
modcl control system, Massachusetts Institute of
Technology engineers used displayed deviations
in roll as the cue for Initiation of control com-
tiand, The engineers were not pilots and there

were no physical cues representing an actual en-
counter, However, it was noted that any initial
action to counter the vortex-induced left roll,
invariably catried the airplanc into proximity
with the vortex core, causing a violent right rell.

Simultaneously with the TSC effort, the
Douglas Aircraft Company conducted an inde-
pendent study which considered only the rolling
moment induced on a DC-9 when placed
directly in the core of a DC-10 vortex model,
This study confirmed the TSC simulations which
showed that the roll moment induced by the
vortex exceeded the maximur, rcll control cap-
ability of the DC-9 by a factor of 12 percent,

It was thus concluded from both Douglas and
TSC studies that a DC-9 encounter with a vortex
generated by 4 DC-10 could result in an upset of
the magnitude evident in this accident,

1.16 Other Pertinent Information

1.16.1 FAA Procedures and Traininy

Existing geidelines and procedures relative to
control of airplanes which are following “heavy”
jets* are published by the FAA for the guidance
of their controllers, FAA Order 7110.29, as re-
vised August 10, 1971, was published for the
purpose of consolidating e various directives
which were issued on the matter of wake tur-
bulence and establishing “procedures for sepat--
ating aircraft and other air traffic handling
techniques with regard to these phenomena.”
The procedures wete derived from data collected
during a series of wake turbulence tests, which
were conducted by the FAA between Febraary
and June 1970 and analysis of other velated data
which had been collected in prior years.

oy

5 Heavy jets are those pircraft capable of takeoff
weighis of 300,000 pounds or more, wnether or not
they are operating st this weight during a particular
phase of flight.




2. "“VER aircraft. When a VFP. aircraft is
1970 tests which serve as the basis of the pro- being radar vectored or sequenced behind a
cedures outlined in FAA Order 7110.29 arc as heavy jet; i.e., at the six e’clock position,
follows: provide a minimum of ‘e miles unless the
VFR aircrafe is knowq o be above the
heavy jet or 1000 fect or more below it.”

The principal characteristics derived from the

1. “Wake tutbulence generased by heavy jet
aircraft dissipates to a random turbulence
after five miles behind the geuerating air- Instructions for Noaradar IFR Procedures are
craft. to “...auply the procedures and minima cur-

vently in 7110.8B and 7110.98 except as fol-

2. *“The lateral position of the vortices follows lows:”
closely the track of the generating aircraft.

While a crosswind drifts the wake to the 1. Arriving  airplancs ar the same aitport
side, wind associated turbulence hastens “...ouse at least a two minute interval
the wake breakup,” behind an IFR or VFR arriving heavy jet

for aircraft landing on the same runway, a

paralle! runway separated by less than

2,307 feet or a crossing runway if projected

flightpaths will cross.

The intent of these procedures as stated in
7110.2v is that:

1. “When nonradar separation is being applied
ATC facilities shall effect equivalent time

| 2. *“No special separation is required for air-
separation behind heavy jets; ie., two

craft landing behind a departing heavy jet

minutes to IFR arriving/departing and VFR
departing aircraft.

2. “ATC facilitics shall issuc wake turbulence

cautionary advisories to VFR arriving air-
ctaft not being radar vectored behind heavy
jets. In this case, VFR pilots are expected
to maintain their own sepazation,”’

on the same runway or parallel runways,
No special separation is required for air-
craft landn g on crossing runways bchind a
departing h-avy jet if the arrival flightpath
will cross the takeoff path behind the
heavy jet and behind ths heavy jet rotation
point, Irv all cases, however, issue a cau-
tionary advisory on potential wake inurbu-

lence.”

Radar Procedures outlined in FAA Order
‘ .
7110.29 arc as follows: “PHRASEOLOGY EXAMPLE:

1. “IFR aircraft. Apply the procedures and

minima currently in Handbooks 7110.8B° LEFT CAUTION WAKE TURBULENC

3ﬂd 7110.9“7 cxccpt When radal' scpam- BOEING 747 DEPARITINC; RUNWAY 27
tion is being applied, provide a minimum of RIGHT.

five miles between a heavy jet and any
other IFR aircraft operating directly be-
hind it; i.e., in the six o’clock position.”

“CLEARED TO LAND RUNWAY 27

Instructions for handling nonradar VFR oper-
ations of arriving airplanes at the same airport as
cutlined in 7110,29 are:

1. “When a succeeding aircraft is lznding on

" the same runway or a parellel runway
separated vy less than 2500 feet behind an
arriving heavy jet, info m the aircraft of the

¢ 711088 Terminal Alt Traffic Control.

7 7110.9B Es Route Air Traffic Control.




position, altitude, and direction of flight of
the heavy jet, issue a cautionary advisory
on potential wake turbulence.”

“PHRASEOLOGY EXAMI'LE:

“NUMBER 'TWO TO LAND, FOLYOWING
LOCKHEED C5A ON TWO MILE FINAL.
CAUT{ON WAKE TURBULENCE.”

2. “When a succeeding aircraft is landing on a
crossing runway behind an arriving heavy
jet if arrival flightpaths will cross, inform
the aircraft of the position, altitude and
direction of flight of the heavy jet and issue
a cautionary advivory on wake turbulence.”

“PHP ASEOLOGY EXAMPLE:

“CLEARED TO LAND RUNWAY 33,
CAUTION WAKE TURBULENCE
BOEING 747 CROSSING THRESHOLD
LANDING RUNWAY 27."

3. “When a succeeding aircraft is landing

behind a heavy jet departing on the same
runway, parellel runway separated by less
than 2500 fect, or a crossing runway, and
the arrival flightpath witl cross the takeoff
path behind the heavy jet and behind the
heavy jet rotation point, issuc a eavtionary
advisory on wike turbulence,”

“PHRASEOLOGY EXAMPLE:

“CLEARED TO LAND RUNWAY 33,
CAUTION WAKLE TURBULENCE C141
DEPARTING RUNWAY 36.”

4, “Do not clear any aircraft to land within
two minutes on a crossing runway when a
succeeding aifrcraft is landing behind a
heavy jet departute if the arrival flight path
will cross the takcoff path behind the
heavy jet and in front of the heavy jet rota-
tion point,”

1n conjunction with the latter procedures, an
added emphasis was placed wpon educational
programs for piots {e.g., Revision “B” to FAA
fdvisorv Circular (AC) 90-23% on February 19,
1971.} This AC described the vortex encounter
hazard, the typical behavior of vortices, and pre-
ferred avoidance procedures. Similar informa-
tion was also mcluded in the Airmap’s Informa-
tion Manual, Additionally, film strips were made
available to aviation grouvs to emphasize the
vortex hazard,

The vortex avoidance procedures, illustrated
in AC 90-23B as applicable to the landing air-
piane, were designed generally to keep the pene-
trating airplanc above the approach path of the
preceding heavy airplane. The advisory circular
specified that tollowing a “Caution Wake Turbu-
lence” advisory, the VIR pilot is expected to
adjust his operation and flightpath as necessary
to preclude serious wake encounters.

A further revision, AC-90-23C, was issucd on
May 16, 1972, However, this revision was not

received by the carrier until after the accident of

May 30, 1972. The changes, which werc under
the heading of *Pilot Responsibility” in AC-
90-23C, consisted of the following paragraphs:

“Pilots are reminded that in operations con-
ducted behind heavy jet aircraft the pilot’s
acceptance of traffic information and instruc-
tions to follew the heavy et or the accep-
tance of a wvisual app sroach clearance from
ATC is acknowledgment that the pilot vill
ensute a safe landing interval and accepts the
responsibility of providing ¥'s own wake tur-
bulence separation.

“Pilots may tcqguest a waiver to the two-
minute wake tu-bulence separations minimum
from ATC on departure; however, pilots must
recognize that whether a waiver is requested
or not, the piluc has the responsibility for

FAA Advisory Circular 90-238 subjcrt: “Wake turbw
lerce” alerts pilots 16 the hazirds of *railing vortex
wake turbulence and .econu-ends operational prr»
cedures,
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maneuvering his airerafe so as to avoid the
wake tarbulence hazard.”

ATC personnel are trained in and acquainted
with the general aspects of vortex tu’bulence,

Controllers are instructed to adhere to per.
tinent provisions of the Air Traffic Controliers
Directives such as 7110,29, Airman's Informa-
tion Manual (AIM), and special NOTAMS or
Directives published by the FAA,

Informal discussions and the viewing of films
are inchuded in the program for updating con-
trollers on the general problem of voricx tarbu-
lence,

1.16.2 Air Carriev Procedures and Training

Delta’s DC-9 operating manaual provides that
“Command Authority” be discussed during the
preflight briefing for training flight. 'The icaince

will use good judgment regarding the conduct of

the flight during normal and abnormal situations
and will call for che kitsts, gear, flaps, power
seteings, ctc., in an authoricative manner, The
trainee should command assistance 25 desired
from the Check Airman/Instructor as he would
from a regular line crewmember.

Recovery from the approach to a stall in the
landing configuration is described in the manual
as follows:

“At the sick shaker, trainee initistes and
commands ‘takeoff thrase, flaps. .. 20°’ and
lowering the attitude to 5° noseup (0° for
DC-9-14). When airspeed reaches 120 knots
increase attitude to stop descent {10° - 12°
noseup). The increase in pitch must be at a
rate that does not reactivate the stick shaker.
When altimeter stops and 1VSI goes through
zero to positive rate of climb, trainee calls for
landing gear up.”

The manual provides that a circling approach
is to be flown ar 160 knots with 20° flaps (1.4

Vs? may be used if necessary) on the dewnwind
leg, approximately 2 miles abeam the runway,
Timing for 20 seconds (10 seconds for 11 knots
wind) is to begin as the airpfane passes abeam
the threshold, When the timing Is completed the
pilot should begin a 25° to 30° banked tuen, call
for the landing gear, and the before landing
checklist. After the landing gear is down, the
captain may select 30° flaps. A level turn is con-
tinucd until the runway enviconment comes into
proper perspective, and the trainee determines
that he will not overshoot. He should adjust the
angle of bauk as necessary and call for 50° flaps
when he is ready to descend, At this time, he
should also start to adjust the airspeed to 1.3 V,
plus 5 knots.

The missed approaci procedure is listed us
fOllO‘a’E’S!

1. Rotate aircraft to approximately 10° nose-
up similtaneously applying takeoff thrust.

2. Retract flaps to 20°,

3. With a positive climb rate, retract gear,

4. Climb at V, or airspeed that results from
15° noscup,

NOTE: Steps one, two, and three should be
performed as one continuous maneuvver, The
pilot executing the missed approach should
start a smooth rotation o 15% noseup, simul-
taneously advancing the throtdes toward
takeoft power and stating “TAKEOFF
THRUST.” The pilot not flying sh- "1 set
takcoff power and monitor the rotat As
the aircraft attitude passes 5°, call for ‘F.  ¥S$
20°° As the airceaft attitude passes 10°,
check for a positive rate of climb and call
‘GEAR UP. ”

Stall speed for the aircraft at zero thrust and the
most unfavorable center of geo ity.
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The airpiane manuals do not provide ary in-
struction or any recommended techniqus to
counter the effects of vortex turbulence, hus
Delta has provided wiitten material on this s 1b.
ject to all pilots in several ways,

Two Operations Memos, Nos, 69-134 aand
70-35, of the Air Transport Association, con-
tained material on the problem of wake turbu-
lence. This material was reprinted in the Delta
tlight operations periodical “Up Front” in
September 1969 and April 1979, The 1969
article described the circumstances of a fatal
accident involving a DHC-6 and a B-707. The
DHC-6 took off sppioximately 1 minute 5
seconds behind the b-707. After climbing to 2
height of 50 to 100 feer, the DHC-6 encourn-
tered wake vortices from the B-707, The follow-
ing airplane banked sharply, turning to the left
approximately 160° and crashed,

The 1970 article presented the then cirrent
data on the problem of vortex. turbulence. The
material was raken from a joint FAA, National
Aeronautics and Space Administration (NASA),
US. Air Force, and Boeing study and, in
summary, stated that:

“Information received and the conclusions
reached as a result of these tests require
revision of the Airman’s Information Manual
(AIM), Section I, pages 1-88 through 1-91 and
Advisory Circular 90.234, Accordingly, the
AIM and AC 90-23A will be revised to include
the following:

1. Bach wing-tin vortex formed by these
heavy aireralt have (sic) a diameter of
from 50 to 6') feet,

2. The vortices begin descent itnmediately
behind the heavy generating aircraft.

3. The vortices tend to level off at 900 feet
below the heavy generating aircraft,

4. The rotational circulation of the vortices
behind heavy generating aircraft remaing
concentrated until decay to a random

turbulence, i.e., 5 miles behind the heavy
generating aircraft.

5. Out »f ground effect, the dimensions of

both vortices generated by these heavy
awrcrafe are about three-quarters of 4
wing-span and were never found greater
thas ore and one-half spans,

6. The vottices behind the B-747 and the

C-54 did not dissipate as rapidly as pre-
dicted, There was a noticeable redaction
in che vortex strength at the poine where
break-up started, i.c., 5 miles behind the
genetating aircraft,

7. Significant data gathered during thes

tests indicate that aircraft can be Hown
through the vortices at § railes behind
the heavy generating aircraft without
affecting safety of flight, (Note: This is
flying through the vortices and not
staylig in che core). Turbulence will
probably be considered light to
moderate with some rolling ¢ffect at the
5-mile point and beyond.

8. Small sircraft can fly safely en route at

the sarae alticude as the heavy gencrating
aircrafi up to within 5 miles in-trail, and
they can fly safely en route 1,000 feet
below the heavy gerarating aircrafi in
any direction,

9. The procedure of small aircraft touching

down beyond the touchdown point of g
heavy gencrating aircraft is effective pro-
vided the stnall aivcraft does not descend
below the final approach flightpath of
the heavy generating aircrafe, and, most
important, that the small aircraft remain
well above the final approach flightpach
of the heavy genevating nircraft in the
vicinity of the t!mesho%d and past the
point where the heavy airerafi towches
down. It is in the area of the threshold
t point of touchdown of the generating
alrcraft that wing-tip vortices in ground
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effect is indeed hazardous to smali air-
cralts.

10, The vortices maintain maximum veiocity
and persistence during calm conditions,”

As a result of the emphasis on vortexy tuthu-
lence, generated by the study referred to in this
article, Delta incorporated the material from the
AIM and AC 90-23A in the classroom instruc-
tion for all pilots. However, carly in 1972 this
material was dropped from the recurrent and
new aircraft type “training, it is stifl taught to
newly hired pilots in their inicial training,

During the public hearing, testimony was
taken from three pilots who had encountered
vortex turbulence while they were flying
Douglss DC-9 aircraft. In one case, an instructor
pilot on a training Hight experienced a violent
roll which was attributed to wake turbulence
from an L-1011 three miles ahead of the DC-9,
The pilot executed a missad approach,

The second case involved a scheduled
passenger flight. The 1C-9 took off after a
Boring 727 and esperienced a violent lateral roll
of 20° to 30° to the right and left and a nose-
down attitude of approximately 10° below the
horizon, The pilot maintained control and com-
pieted the climb-out without further incident,
He estimated that the 727 was three to four
miles out at the time of the encountes.

A third case mvolved a military version of the
DC-9 on a medical evacuation mission, The air-
craft was conducting a coupled ILS approach to
a myjor U, 8, airport. As the flight approached
the final approach fix, the airplane experienced
a roll of approximately 45°, and a nosedown
attitude of about 20°, The airplane went into
this extreme atvitude and Jost about 200 feet in
altitude before the pilot could override or dis-
:ngage the autopilot. He disengaged the auto-
pilot and exccuted a missed approach. At that
time he was advised that he was following a

heavy jet,

e dremas e rvfi #

1.16.8 Inditry Activity Relating to Vortex
Hazard

FAA and NASA have sponsored and partici-
pated in research programs designed to provide
knowledge relative to the vortex hazard and
solutions to associated problems since 1952, The
carly research programs were ditected toward
determining the characteristics of vortices by
both academic studies and experimental tests,
The quantitative data obtained during these
tests, however, were sparse and relatively crude.

The effort devoted to vortex studies was
intensified in the mid-1960’s concutrent with
the introduction of larger jet airplanes, The ob-
jectives of the research programs initiated since
that time have been:

1. To provide a better definition of the char-
acteristics of wingtip generated vortices and
the general magnitude of the hazard pre-
sented by such vortices,

2. To apply this knowledge to the Air Traffic
Control System to provide safe operation
in all flight regimes,

3. To develop a mcans of detecting a vortex
flow field which could provide sufficient
information to allow positive avoidance.

4. To investigate the feasibility of alleviaving
the hazard through climination or accel-
erated breaknp of the generated vortices.

The programs designed to determine vo .
characteristics consisted of flight tests whach in-
cluded vortex penctrations and instrumnented
tower measurements, A wide variety of airplanes
was used, and a substantial amount of data were
collected.

The knowledge accumolated during these
tests was applied to the development of Air
Traffic Control procedures, and, at the same
time, it became the basis for further academic
studies in the seach for vortex detection and
climination techniques,
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1.16.4 Vortex Avoidance by Electronic Means

The most promising solution to the terminal
area vortex hazard problem: appears i be in the
development of a ground-based vortex avoidance
system. The FAA is currently sponsoring
research and development programs being con-
ducted by TSC to explore this system,

A system such as is envisioned by TSC will
consist of acoustic radar sensors, pressure
sensors, and meteorological senscrs installed in
thc runway approach zons. This equipment,
coupled with a simulated vortex predictive
model, will detect the presence of # vortex and
will predict its motion as a function of time, A
hazard definition program will ileo be gencrated
to determine if a vortex will be a hazard to a
following asirplare, based on airplanc type or
classification, The hazard wouid be determined
by predicted vortex location and airplane sus-
ceptibility to upset. As . result of the system
vutput, spacing critetia wiil be established, or, if
the devclopment of an unsafe situation is evi-
dent, a missed approach advisory will be issued
by the controller, A visual display to the pilot
can be autcinated as a function of the system
output.

Prototype hardware has been developed and
tosted at the FAA NAFEC facility, The results
of these tests have been classified as
“encouraging.” The initial schedule calls for the
following milestones: A warning subsystem to
be cvatuated by September 1973; a manual, safe
spacing systern, by which the tower controller
determines hazard existence, to be available for
installation by September 1974; and automatic
safe spacing, using aircraft transponder signals
and a min-computer to determine huzard
existence and to provide warning, to be available
for installation by June 1975,

1.16.5 Vortex Dissolution by Aerodynamic
Means

The most desirable solution to the wake vor
tex hazard would be to climinate the vortex at
the source. However, the nature of the alrfoil

seems to preclude that, Severcd NASA projects
have been and are curiently intended to solve
the probiem by aerodynamic means. The pro-
grams are largely concentrated on finding a
means of disturbing the orderly flow of the vor-
tex, thus reducing its intensity and accelerating
its breakup,

Several techniques have been explored in
wind tunnel, rowing tunnel, and full-scale testing
with varying degrees of success, These tech-
niques have included the installation of an aero-
dynamic shape on the wing or a drag device aft
of the wingtip in the vortex core.

Another consists of the irtroduction of a

pressure gradient to the vortex core by mass in-
jection. This technique involves the installation
of an engine or the exhausting of engine bleed
air at the wingtip. The disadvantages of such a
design fron: the acrodynamic standpoint are of
some concern. Because of the introduction of
control problems, the effect on vortex for-
mation as well as aircraft performance will be
evaluated in fullscale flight tests in the near
futurc.
~ Following the Delta Air Lines accident, the
FAA requested that NASA accelerate a program
tor research in the area of vortex attenuation,
NASA will attempt to define the feasibility of
an aerodynamic design solution to the wake vor-
tex problem by fanuary 1974,

2. ANALYSIS AN); CONCLUSIONS
2.1 Analysis

The Delea training flight from Love Field,
Dallas, to the Greater Southwest Intern-*ional
Airport was routine in every respact,

The airplane was performing normaily, its
systems and powerplints functioning without
any difficulty. The airplane’s weight and c.g.
were well within prescribed limits, There was 1o
in-{light fire, nor was there any incapacitation of
the flightecew, The airplane was properly
equipped for the Bfight, The aircraft was op-
crated in accordance with a VFR flight plan
filed with the company dispatch office. The
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pilot requested and reccived an IFR clearance
for the flight from Dallas to Greaver Southwest
Airport. The issuance and acceptance of that
clearance pleced the flight under the protection
provided by the ATC system for aircraft opera-
tione under IFR. Upon arrival in the GSW area,
the flight was cieared fve an ILS approach to
Runway 13 and sequenced behind the American
Airlines DC-10. The separation between the
DC-9 and the DC-10 was established by radar
vectors and exceeded 6 nautical miles. The ILS
approach and the subsequent full-stop landing
were uneventful, There were no indications that
the flight experienced turbulence of any nature
or any other difficulty,

The IFR clearance issued by ATC at Dallas
was terminated'® by the landing at GSW, To
reinstate an JFR clearance would have required a
request from the pilot, This was not done, After
the next takeoff, the DC-9 was advised by the
tower to ‘“‘Maintain VFR” and to contact
approach control,
~ On the second LS approach, the DC-9 was

again tzquenced behind the DC-10, with ap-
proximatcly 6 NM separation. Again there was
no indication of an encounter with abnormal
turbulence. This approach was terminated with a
“missed approach,” after which radio contact
was reestablished with approach control. The
DC-¢ requested and received radar vectors to
position the airplane for a VOR Runway 3%
approach to include a circling approach to land
on Runway 17. The approach was initiated, and
the crew was advised to contact the tower and
to report passing the 5 NM fix. The subsequent
tower contact was followed by a clearance for
the circling approach to Runway 17,

Although the DC-9 was not specifically ad-
vised by GSW or approach control that radar

19 Past 91.83a of the FAR’s requires pilots to close their
flight plan upon completing the flight. The Airman’s
Information Manual states, with reference to can-
celling IFR flught plans, <, . . 3, If operating on an
IFR flight plan to an afrport with a functioning con-
trol tower, the flight plan is aut-maticatly cancelled
by the fower ...

setvice was terminated, it was, in fact, termi-
nated at the time the radio was switched to the
tower local control frequency. There is no reasoir
to believe that the flighterew of DC-9 thought
otherwise. Recorded conversation betweer the
check airman and the captain trainee verified the
intention of the crew tu “watch the traffic.”
They subsequently saw both the B-727 and the
DC-10 in the traffic pattern for an ILS approach
to Runway 13,

As the approach continued, the flightcrew of
the DC-9 visually assessed the traffic situation
and became concerned that the DC-10 landing
on Runway 13 would conflict with the planned
circling approach to Runway 17. Consequently,
they requested a revised clearance for continua-
tion of the circling approach to terminate with a
fullstop landing on Runway 13 behind the
DC-10. The local controller tesponded with
“Okay that'll be fine use one three for full stop!
Caution turbulence.” |

Subsequent commenus by the crew have beer:
interpreted as referring to a visual assensment of
spacing with reference to the DC-10, which was
then on final approach, The intracockpit conver-
sation, “‘All right, there’s twenty seconds,” indi-
cates that the DC-9s downwind leg was
extended 20 seconds beyond a position abeam
the end of Runway 13, At the time of the
20-second comment, the pilot initiated a left
turn to the final approach. At that time, the
computed flight track shows chat the DC-9 was
almost directly abeam the DC-10.

The procedure of turning onto the base leg
when abeam the preceding aircraft is a common
practice for establishing separation from pre-
ceding aircraft. At the prescribed approuch
speed and bank angle, the turn to final approach
approximates a standard rate (3°/sec.) turn,
After completing the turn 1 minute later, the
followiusy, aircraft would be in approximately the
position occupied by the praceding aircraft
when the wrn was begun. Experienced pilots,
and particulatly the FAA air carrier inspector,
should have been awarc of the 2-minute crl-
terion for separation from “heavy” jets in IFR
conditions. This category included the DC-10,
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although the term “heavy” was not used on the
1210,

The Board believes that if cither the pilots of
the DC-9 or the FAA inspector had recognized
the hazard of their situation at that time, they
wonid have extended the downwind leg to in-
crease the separation interval. ‘The facy rhat such
an action or recommendation was not taken is
attributed to one or more of the following
factors:

1. The pilots and the FAA inspector might
have been engrossed in conducting the
circling appronch in accordance with the
procedures specified in the Delta DC9
operating manual, The DC-9 flightctew ad-
heted to these procedures explicitly and, in
doing so, might not have recognized the
hazard of iheir proximicy to the DC-10
with regard to wake turbulence,

2. The flightcrew and the FAA inspector were
aware of the proximity of the “‘heavy” je
and, although cognizant of the nature of
turbulence associated with trailing tip vor-
tices, did not correctly assess the hazard to
a DC-9. The evidence indicates an apparent
widespread belief that the vortex hazard
was a problem for small general aviation
aitcraft and that, although uncomfortable,
it is ot dangerous to an airplane of the size
and weight of the DC-9. The fact that this
is only the second instance in which vortex
wake turbulence has been considered a
causal factor in the crash of a moderately
large airplane lends further support to ¢chis
misconception,

3. Finally, the flighterew’s  complacent
ateitude toward the tower controller's
“eaution turbulence’ advisory might have
resulted from the “cry wolf” syndrome.
This syndrome might well have existed in
this case because the crew of the DC-9 had
successfully completed two approaches
behind the DC-10 without apparent diffl-
culty, Frequent caution advisories without

o

resultant encounter with a vortex may lead
pilots ta disregard such notices,

A unique set of muceorological canditions is
necessaty £ cause & vortex to persist in ground
effect at the runway threshold. The occurrence
of these meteorological conditions, combined
with intersecting approach paths, is rare. The
Board belicves that the pilots of the D9 and
the FAA inspector had been involved in similar
approach situations in which caution advisories
were issued and no wake turbulence was encoun-
tered. |

The evidence incicates that cthe flightorew of
the IXC-9 expressed no concern over their separa-
tion behind the Dx-10. 1n this connection, the
Board notes that the vortex turbulence data
available to the pilots in the form of training
aids, advisory clrculars, ete., are not specific in
the discussion of “safe” separation interval, Jt is
difficult to determine what effect an additional
minute of separation would have had upon chis
vortex encounter, It is possible that the vortex
generated by the DC-10 would have been cither
dissipated or decayed to a point where a setious
upset would not have occurred bad the 1FR sep-
aration interval of 2 minutes been used duxing
this approach.

The turn to the final approach was conducted
at the circling approach altitude in accordance
with the prescribed procedures. The rollour into
the final approach was accomplished at
0722:56.0 as a position slightly to the right and
below the path traversed by the DC-19. The
tiwe separation wae 55 seconds and the NC-9
was 2,25 NM behind the DC-10, which was
hfting off {ollowing the completion of the
roucht-and-go landing.

The DC-9 was above the influence of the
wake turbulence until it was inslde the middle
marker, The DC-9 flightpath upproached the left
wingtip vortex of the DC-10 from left to right,
descending into the disturbed air. The onset of
turbulence was appatent on the Hight data re-
corder vertical acceleration trace at approxi-
mately 0723:23, at which time the pilot's
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recoghition of turbuleace was evident by the
cotnment, “A little turbulence here”

The vortex encounter simulation shows that
the onset of turbulence wonld hive been sig-
naled by a moderate left voll which would
probably not have been of serious concern o
the flightcrew, The reflec reaction of the pilat
would have been to make a right lateral conirol
input in an attempt to maintain a wings-level
attitude, This action, onee initlated, would have
caused the airplane to penecrate deeper into the
vortex, The induced left rolling moment con-
tinued to increase and at 0723:28.2 the pilo’s
became concerned. An order by the check aiv-
man to “go around” was followed immediately
by a call for “takeof? power,”

At an altitude of approximately 50 feer above
the ground, the pilot’s most immediate concern
would have been devoted to maintaining level
flight, Whether takcoff power was actually
applied could not be determined. 1t is possibie
that the ~=wention of both pilots was diverted by
the roll problem to the point that there might
have been some hesitation to remove one hand
from the control yoke to effect power lever
movement, It is also possible that the power
levers were moved forward but that the normal
fag in engine acceleration delayed the thrust
respoise to maxinwam r.p.m. Engine accelerasion
could have been compromised further by tran-
sient compressor stalls which could have been
caused by the vortex-produced airflow disrup-
tion at the engine inlet, There were no indica-
tions of engine overtemperature conditions;
however, a transient seall might not have pro-
duced discernible overtemperature cvidence.

Whatever the reason, there was no positive
indication in the evidence provided by the flight
data recorder that the airplane responded to an
application of takeoff thrust,

At 0723:30, the 1XC-9 was at a critivally low
altivade, deep within the influence of the vortex
flow field, The stall warning (“stick shaker™)
was activated as a result of the high angle of
attack, which was induced by the vortex vertic:
flow compoment, "The pilots were, i all proba-
bility, stﬂl countering a lefe rolling tondency by
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application of right aileron control when the air-
plane moved into the vortex core. The resultany
load reversal would have induced a sherp roll to
the tight, The pilots would then have responded
immediately with a control reversal: however, at
this rime, the magnitude of the induced rolling
moient and the normal lag in pilot’s reaction,
control system, and aerodynamic response were
such that recovery was impossible. The DC-9
right wingtip struck the rurway surface in an
uncontrolled attitude,

The Board believes that the actions of the
flightcrew ware normal for the circomstances,
Bacause of the moderate nature of the initial
roll, and possibly because of the uneventful ex-
periences with past encounters with less severc
vortices, neither the flightcrew nor the FAA
inspector associated the initial turbulence with
impending loss of control. As a result, the de-
cision to >xecute a missed approach was not
made in time to avoid this accident,

The meterological conditions existing at th
time of the accident and the nature of the sur-
rounding terrain were perhaps as adverse as
possible in relation to vortex persistence. The
stable atmospheric conditions and the relatively
flat terran produced no disturbing influences to
accelerate breakup of the vortex flow,

The crosswind component caused the vortex
to temain In the ranway centerline area by pre-
venting the lateral motion normally produced by
ground interaction. The slight tailwind com-
ponent further _ravated the situation by
moving the turb.lnt ait mass back into the run-
way threshold area,

To  esiablish airplane landing and takeoff
separations, the air traffic controller is guided by
those criteria specified in FAA Handbook
7110.8B and Order 7110.29, The FAA Hand-
bouk addresses itself to the terminal area opera-
tion including the controller’s responsibility in
both IFR and VFR landing situarions, The air-
ceafl: separation criteria which are specified in
that document are desiged primarily to prevent
calllsion between aircrakt,
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FAA Order 7110.29 is a supplemental docu-
ment which pertains specifically to those pro-
cedures which are to be employed to assure safe
operations in consideration of the vortex hazasd,
The order is applicable to operations which in-
clude those airplanes which are capable of take-
off weights of 300,000 pourds or more. Four
specific situations are considered thercin:
(1) IFR. without radar control, (2) IFR with
radar control, (3) VFR with radar vectors, and
(4) withe 1t radar, Separation criteria for an air-
plane which is not included in the “heav” cate-
gory when following an airplasie identified as
“heavy” e established for each situation.
Basically, the controller is yequired to provide 5
NM, or 2 minutes' separation, to any landing
airplane behind a “heavy,” if the following air.
plane is operating under IFR or VFR under
radar control, On the other hand, the controller
is required only to fssue a wake turbulence
cautionary advisory to VFR arriving aircraft
which is not under radar control, In such cases,
pilots operating VFR arc expected to mainzain
their own separation, The order further specifies
that once a pilot accepts a clearance for a visual
approach, whether the initial operation was IFR
or VFR, the pilot assumes the tesponsibility for
establishing safe sepacation,

FAA Advisory Circular 90-23B under “Pilot
Responsibility,” Jssued May 17, 1971, states in
part:

“However, the flight disciplines necessary to
assure vortex aveidance during VFR opera-
tions must be exercised by the pilot, Vortex
visualization and avoidance are equal in im-
portance to traffic avoidance.”

The situation which applies specifically to this
accident must be evaluated ~n the basis of
avatlable evidence,

One contention brought forth during the
investigation of thit accident was that the DC-9
was being controlled by the tower under IFR at
the time of the accident, This contention was
based wn the interpretation that the tower issued
clearance for the VOR approach at 0718:30 and
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that constituted an IFR clearance. In this con-
text, it was furcther pointed out that the
controller did not subsequently clear the DC-9
for a visual approach.

The latter «ontention can be disputed by
close examination of the available evidence, 1t is
acknowledged that the regulations which define
the status of a flight while it is conducting
practice instrument approackes under the mixed
jurisdiction of approach control and tower in
visual meteorological conditions are open to
some interpretation. However, the pilots of the
DC-9 were advised to maintain V¥R at time
0703:15. At no time subsequent to this advisory
did the flight specifically request or file for an
instrument clearance, They did make routine
requests for practice approaches. The con-
troller’s phraseology, used to issue the last
approach clearance did not conform to the
phraseology prescribed by 7116.8B. The clear
ance should have been issued in the following
manner: “(Type) approach approved, Maintain
V-F-R conditions.” This latter phraseology was
to be used unless 5 flight on an IFR flight plan
requested IFR separation, The intent of both
the controller and the pilot in this aceldent is
considered clear, The flight had conducted
several practice approaches after having been
instructed to maintain VFR and the pitot had
not requested IFR separation or an 1FR clear-
ance, All these approaches were handled by :he
same controller, Finally, the GSW tower con-
troller had no facilitics for maintaining specific
separation between traffic,*!

Based on the intracockpit conversation, which
indicated concern regarding attention to traftic,
the crew did not misinterpret these clearances.
The crew, in fact, acknowledged the approach.as

'8 GSW tower is classified as a VFR tower; however, this
informatlon Is not generally avallable to pilots, The
tower was equipped with Bright Rudar Indicstor
Tower Equipment, This equipment is lmited in
useful range and is not adequate for providing separa-
tion between alrcrait at ranges greater than 5 NM
from the fleld,
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visual Uy the response to the controller’s
0720:41.2 transmission, “Nincty-five seventy,
plan you, ah, landing on sne seven so ar to cross
behind the seven, b, the DC-10 over the outer
marker now on one three, He'll be touch and
ga.” The “Roger” response indicates that the
pilot accepted his responsibility for maintaining
scparation from the preceding airplane,

The Board, therefore, concludes that the pilot
of the DC-9 accepted the clearance for a visual
approach, and that in accordance with cffective
directives, it was his responsibility to establish
separation or institute other vortex avoidance
measures. The controller’s responsibility was to
advise the pilot of the position of the heavy jet
and to issue a caution for wake turbulence.

In addition, the Board concludes that the
responsibility for vortex avoidance should not
be placed solely with the pilot because of the
difficulty he has in complying with techniques
which requite him to visualize an invisible
hazard,

A review of the Boatd's accident seatistics dis-
closed that “zncounter with vortex rurbulence”
has been assigned causa! significance in approxi-
mately 120 aviation accidents between 1964 and
1971. The statistics indicate the seriousness and
severity of the vortex problem.

As previously stated, the Board does not
believe that pilots can be expected to apply the
procedures outlined in A.C. 90-23 in offorts to
avoid vortex encountcrs. The following points
are the primary basis for this belicf:

1. The Advisory Circular makes reference to
separation by asking the question “How
Far?” on the cover of the publication,
There is no data whatsoc ver available o the
pilot to indicate the distance which consti-
tutes safe separation. The reasons for estab-
lithing such criteria are discussed In detail
for the IFR situation, Bven if such critetia
or staiviards were established, it is believed
that a pilot’s ability to judge separation dis-
tance while in flight is severely limited. A
study was conducted in 1962 by the
Applivd Psychology Corporation,

Arlington, Virginia, under FAA contract
s1D-127, to determine the pilot’s ability
to jadge range, This study concluded that
the accuracy to which a pilot carn judge
range is a function of his experience and
training, PDuring actual tests, the range esti.
mates by a pilot with approximately 1,000
flight hours were in etror by as much as
+2.5 Niv when the airplanes were scparated
y only 3 NM. For 1 less experienced pilot,
errors of 200 percent were commot..

The Advisory Circular also makes repeated
teferenve to the pilot’s ability to mainsain
an approach path above that of a preceding
airplane and to cffect a rouchdown beyond
the preceding airplanc’s touchdown point,
Again, the pilot’s ability to judge the versi-
cal descent path of an airplane which is
pethaps 2 NM distant is questionable, It is
quite difficult to determine whether on air-
plane over a runway is airborne of rolling
v the ground when it is obsetved from
above,

The Advisory Circular emphasizes the
problem imposed on “smaller” airplanes.
This is implied even from the cover illus-
tration which depicts a light airplane
crossing behind a jumbo jet. Based o
studies conducted subsequent to this acci-
dent, the danger is neither unique not con-
fined to the lighter classes of airplanes,
Additional emphasis is needed to impress
t: e danger of a vortex encounter upon the
plats of larger airplancs.

After examining the results of the 1970 flight
test setivs and the general knowledge of the vor.
tex hazasd, the Board belicves that the separa-
tion eriteria based solely on the 300,000 pound
weight of the vortex generating airplane s
questionable. Although weight is certainly one
of the significant factors relative to the vortex
intensity, the duta clearly indicate that che size
of the penetrating airplane relative to the vortex
intensity Is of equal impartance,
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The hazard which a DC-10 vortex imposes
upon a DC-9 is relatively as severe as the hazard
which a B-727 or DC-9 vortex imposes upon a
PA-28 or a Cessna 150, The conclusions pre-
sented by the Boeing Company contain a hazard
index based upe span Dhading of the generating
airctaft and the ratio of the wingspans of the
penetrating and generating airplanas,

In view of the limited amount of test data
available to indicate that vortex dissipation rate
is a function of vortex strength, a further divi-
sion of classifications as a function of weight or
wirgspan may be required to protect all aircraft,
There is a need for more research in this area
The data available from vortex measurement
tests to date are not sufficlent to present indis-
putable evidence that a Z-minute or 5.NM
separation is adecuate to assure hazard
avoidance under all conditions. The separation
criteria do not account for pilot response and
maximum transient excusions,

This conclusion is based upen the resules of
the NASA in-flight probe tests conducted in
1970, tests conducted by TSC involving the

evaluation of acoustic radar vorex monitoring

equipment, and the DC-10 tower Ilyby tests at
the FAA NAFEC facility.

During the NASA tests, the criterion used to
examine ‘“safe scparation” was the ratio of
vortex-induced fofl acceleration to maximum
lateral control roll acceleration of the probe air-
plane. The conclusions reached by INASA were
that aitplanes with a short wingspan can suscain
uncontrollable upsets from a desired flightpath
when they intercept the wing vortex wake of 4
“heavy” or “jumbo” jet within 8-NM separation
distance. These conclusions were based upon
tests conducted at altitude and in a higher speed
regime than that in the landing envitonment
which prevents exact correlation to the termiral
area sttuation,

Mote relevant to the terminal aren landing
situation are the results of the TSC tests con-
ducted in July 1972, wherein vortex tracking
hardware was cvaluated in the landing approach
zone of NAFEC, During these tests, vortices
snder the influence of ground effect were

tracked repeatedly for periods exceeding 140
seconds, However, meteorological data were not
recorded during these tests, In addition, the test
equipment would produce a return while the
vortex remained in an organized laminar circu-
lation, Therc were no provisions to measure
intensity, and it was impossible to determine the
hazard effact of a vortex of this age, There does
not appear to be sufficient data to conclude that
such a vortex would not be a hazard to light
atrplanes,

The persistence of vortices for more than 2
miautes was also noted during the FAA DC-10
tower flyby tests. During one pass, the upwind
vortex reached the tower 105 seconds after the
DC-10 passed abeam. The laminar-type flow
field was observed visually by the induced
smoke circulation for several more seconds after
tower passage, but measurcd velocitics were rela-
tively low in this case. The data, which have
been cbtained under varying meteorological con-
ditions, are not of sufficient quantity to allow
statistically valid conclusions of the aging char-
acteristics of vorrices.

The vaortex-predictive-motion stadies con-
ducted subsequetit to the Delta DC-9 accident
do, however, indicate that those wind con-

ditions, which would allow a vortex to persist

for lengthy periods and to remain in the runway
threshold atea, can be identificd as a function of
crosswind/headwind velocity components,

2.2 Conclusions
a. Findings

1.The crewmembers were certificated and
qualificd for the flight.

2.The airplare was cevtificated and
equipped for the flight,

3. The gross weight and center of gravity
were within proper limits,

4, The airplane was under the command of
a company check captain, who was also
performing ficst officer duties, The air-
plane was being piloted by a captain-
trainee, and the flight was being
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observed by an FAA air carrier
inspector.

5. There was no evidence of malfunction of
any airplane system or the powerplants,
nor was there evidence of preimpact
structural failure or fire,

6. The flightcrew was attempting a missed
approach at the time of the accident.
The low visibility circling approach was
flown in accordance with the prescribed
procedurcs set forth in the Delta DC-9
Operating Manual,

7. The DC-9 crew had the DC-10 in sight
and were approximately 1 minute
behind the DC-10.

8.The DC-9 flight was operating in
accordance with VFR procedures at the
time of the accident,

9. Meteorological conditions, particularly
surface winds and stable air, were con-
ducive to the persistence of a vortex
which was influenced by ground effect
and to stagnation of the vortex in the
runway threshold area,

106, The FAA tower controller essentially
complied with existing orders by issuing
traffic information and a “caution turbu-
lence” advisory.

11, The tower controller did not have facil-
ities to aid pilots in the establishment of
separation in accordance with J¥R pro-
cedures,

12, In accordance with procedures in effect at
the time of the accident, the responsi-
bility for vortex avoidance rested with
the pilot of the DC-9,

13. The DC-9 descended into the circulatory
air flow of the vortex generated at the
left wingtip of the preceding DC-10 air-
plane. The core of the vortex was
stationary along the runway centerline at
a height of approximately 60 feet above
ground level, and was not visible to the
crew of the DC-9, |

14, The velocity distribution of the vortex

enerated by the DC-10 airplane in the

- landing configuration induced a rolling

moment on the DC-9 which exceeded
the maximum lateral control capabilicy
of the DC-9,

15. The vortex encounter resulted in a lateral
upset from which the pilot could not
recover within the available altitude.

16, The time separation during the approach
between the DC-9 and the DC-10 was 53
to 54 seconds,

17, The upset might have been averted had
there Lcen greater separation; however,
there was no Information available to the
flightcrew to help them determine what
might constitute “safe’ separation,

18, "The “caution turbulence” advisory issued
by the tower controller lacked the neces-
sary en phasis, The significance and
impact of such caution advisories is
degraded by the frequency of issuance.

19. The upset might kave been averted had the
pilot initiated a go-around at the first
recognition of turbulence, Because of
the moderate nature of the initially
induced roll, the pilots and FAA
inspector did nct recognize the severity
of the turbulence. The reflex reaction to
maintain wings level Hght resulted in
decper and nonrecoverable penetration
into the vortex core.

20. The actions of the flightcrew in atcempt-
ing to malntain wings-level flight were
normal. There were no prescribed
recovery procedures frormn a vortex
turbulence upset.

21, Pilot compliance with the vortex avoid-
ance procedures recommended in Advi-
sory Circular 9523 was, in many cascs,
impossible. The ability of a pilot to judge
accurately air-to-aii range, the vertical
descent path of a preceding airplane, and
the runway touchdown point of a pre-
ceding airplane is extremely limited.

22, There is insufficient vortex measurement
data available to verify the adequacy of
the IFR separation standards because
recent test data show that vortices can
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persist in ground effect for 2 minutes or
longer,

23. The vortex test data which have been
obtained indicate that the separation
standards should be based upon a hazard
index determined by weight of the
gencrating airplane and the relative wing-
spans of the geucrating and penetrating
airplanes,

24.The local meteorological conditions,
particularly surface winds and svable air,
are significant in determining vortex per-
sistence in the runway threshold area.

b. Probable Cause

The National Transportacion Safety Board
determines that the probable cause of the acci-
dent was an encounter with a trailing vortex
generated by a preceding “heavy” jet which
resulted in an involuntary loss of control of the
airplane during the final approach. Although
cautioned to expect turbulence the crew did not
have sufficient information to evaluate accu-
rately the hazard or the possibie location of the
vortex. Existing FAA procedures for controlling
VFR flight did not provide the same protection
from a vortex encounter as was provided to

flights being given radar vectors in either IFR or
VFR conditions,

3. RECOMMENDATIONS AND
CORRECTIVE ACTION

As a result of the investigation of this acci-
dent, the Safety Board on Junc 39, 1972, issucd
two recommendations (A-72.97 and 98},
directed to the Administrator of the Federa]
Aviation Administration, Copies of the recom-
mendation letter and the Administrator's
response thereto are included in Appendix G,

On July 28, 1972, the FAA issued special
instructions to all controllers which called for
new and increased separation for all aircraft
operating b hind the DC-10 or L-1011, Specifi-
cally, the new standards requited 5 miles spacing
for all aircraft, with the exception of the 747 or
C5A operating behind the DC-10 and L-1011,
Previously, a wide-bodied jet {ollowing another
“heavy” jet required only 3 miles spacing.

On December 20, 1972, the Safety Board
issued six additional recommendations regarding
the vortex turbulence problem. A copy of
Recommendations A-72-213 through 218, also
dirccted to the FAA Administracor, as well as a
copy of the Administrator’s responsc, atc

included in Appendix H,
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BY THE NATIONAL TRANSPORTATION SAFETY BOARD:

/s/ JOHN H. REED
Chairman

/si  FRANCIS H, McADAMS
Member

/s/ LOUIS M. THAYER
Member

/s/ WILLIAMR.HALEY _
Member

ISABEL A. BURGESS
Member

March 13, 1973
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APPENDIX A
INVESTIGATION AND HEARING

1. Investigation

The National Transporation Safety Board received notification of the accident at approximately
0830 eastern daylight time on May 30, 1972, An investigation team was dispatched immediately to the
scene. Investigative groups were established for Operations, Air Traffic Control, Witnesses, Weather,
Human Factots, Structures, Powerplants, Systems, Flight Data Recorders, and Cockpit Voice Re-
corders, '

The Federal Aviation Administration, Delta Air Lines, Inc,, Air line Pilots Association, Douglas
Aircraft Company, and Pratt & Whitney - Division of United Aircraft, Inc., participated and assisted
the Board in this investigation, | |

z. Hear:'ng

A public hearing was held at the Green Oaks Inn, Fort Worth, Texas, Aﬁgusc 22 through August 24,
1972,

3. Preliminary Report

A preliminary report of the investigation was released on July 21, 1972,

APPENDIX B
AIRMEN INFORMATION

Captain Geerge G. Gray, aged 35, was employed by Delta Air Lines on January 3, 1967, He held
airline transport pilot certificate No, 1495151 with ratings for airplane multiengine land, DC-9 center-
line thrust, and commercial privileges for airplane single-engine land, He also neld flight engineer
certificate No. 1744217, with reciprocating engine and turbojet ratings. His latest FAA first-class
medical certificate was issued on April 20, 1972, with no limitations. He was designated a check
airman for flight engineer, Line and proficiency checks for the DC-8 were included as of December 3,
1970, An additional designation for pilots, DC-9 line and proficiency checks, was made on Feburary 9,
1371, The FAA inspector who conducted the surveillance of Captain Gray giving a proficiency check
stated, in part, in his recommendation, “Captain Gray was observed administering a DC-9 PIC (Pilot-
in-Command) check ...in the simulator on 2/9/71 and in the aircraft 2/10/71. Captain Gray was
thotough in his briefings. He sets high standards and expects applicants to do the same. He has a good
working knowledge of the aiccraft and he is well aware of FAA requirements for check airmen.”

At the time of the accident, Captain Cray had accumulated a total of a.proximately 5,000 hours,
of which approximately 517 hours were in the DC:9. He had flown the DC.9 approximately 7 hours
15 minutes in the last 30 days. In addition, he had accumulated approximately 386 hours in the DC-9
simulator, of which 28 hours were in the last 30 days. His last proficiency check ir: the DC-9 was
accomplished on March 6, 1972,
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Appendix B

(b) Pranklin M. Cook

Captain-trainee Franklin M. Cook, aged 32, was employed by Delta Air lines on October 28, 1963,
He held airline transport pilot certificate No, 1435054 with ratings for airplane multiengine land,
CV-240/340/440, and commercial privileges for airplane singie-engine land. He held flight engineer
certificate No. 1579675 with reciprocating engine and turbojet ratings; and mechanic certificate No,
1481117 with airframe and powerplanc ratings. He also held ground instructor certificate No.
1483216, dated november 9, 1960, and flight instructor certificate No. 1435054, dated May 26, 1961,
His latest FAA firse-class medical certificate was issued on May 15, 1972, with no limitations.

At the time of his last physical, Captain-traince Frankiin M, Cook estimated that he had accumu-
lated a total of 7,800 hours. Delta Air Lines estimated that he kad approximately 450 hours in the
DC-9, of which approximately 3 hours 50 minutes were in the last 30 days. His last first officer
training, in lieu of a proficiency check, was accomplished on March 23, 1972, in a DC-8,

(¢c) Johnny M. Martin

Captain-trainee Johnny M. Martin, aged 35, was employed by Delra Air Lines on February 28,
1965, He held commercial pilot certificate No, 1608938 with airplane single-engine land and instru-
ment ratings. He also held flight engineer certificate No. 1632896 with reciprocating engine and
turboject ratings, His latest FAA first-class medical certificate was isswed on December 23, 1971, with
no limitations. On December 22, 1969, a bilateral hearing loss of 40 decibels was detected in the 500

- cps range. However, on the basis of a statement of demonstrated ability, issued on January 26, 1970,
there were no limitations to his first-class medical certificate. -

At the time of his last physical, Captain-trainee Martin had accumulated a total of 6,220 hours, of
which approximately 845 hours were in the DC-9. He had flown the DC-9 approximately 8 hours 29
minutes in the last 30 days. His last first officer training, in lieu of a proficiency check, was accom-
plished on April 16, 1972, in a DC-8.

(d) Leon R, Hu”

Air Catrier Operations Inspecror Leon R, Hull, aged 38, was employed by the FAA on April 22,
1968, He was assigned to a Flight Service Station and a Flight Inspection District Office prior to
completing training as an operations inspector on September 23, 1970. He held airline transport pilot
certificate No, 1800350 with ratings for airplane multiengine land, CV-340, CV-440, DC-9, and
commercial privileges for airp.ane single-engine land and DC-3. His last FAA first-class medical certifi-
cate was issued on November 2, 1971, with no limitations,

Th- duties and responsibilities of the air carrier inspector were reviewed and it was found that
according to the existing regulations, he had no specific responsibility with regard to the safe conduct
of the flight. That responsibility rested with the pilotin-command of the sircraft. However, testimony
at the public hearing did indicate that the inspector would have been :xpected o point out to the
safety pilot any unsafe condition that was observed by the inspector. 1f, for example, the inspector
believed that the IXC-9 was tao close behind the DC-10, he would have been expected to communicate
that belief to the safety pilot. By virtue of his job, the inspector should have been familiar with the
FAA publications regarding wake turbulence and the recommended procedures for avoiding wake
turbulence encounters,
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Appendix C

(e} Tower Controller

Mr, William P, Johnson - Air Traffic Control Specialist (ATCS), aged 40, holds a valid Control
Tower Operators certificate No. 1302103, and a FAA second-class medical certificate dated August
10, 1971, , |

He entered on dwty with the Federal Aviation Admiwstration on June 11, 1956, and started
working at the Greater Southwest Airport Facility on August 16, 1971, He has been a full-performance
controller since November 2, 1958,

Mr, Johnson has held ratings tor the controlling facilities at El Paso, ‘Texas, and Dallas, Texas, His

current rating is for the Greater Southwest Tower and Terminal Radar Control (TRACON) Facility.

His last proficiency check was satisfactorily completed on February 24, 1972,

APPENDIX C
AIRCRAFT INFORMATION

Aircraft Data

The aiplane, a McDonnell Douglas DC-9-14, Serial No, 45700, was manufactured on November 14,
1955, and was assigned U.S. Registry No. N3305L. Total operating time was 18,998.7 hours. The last
service check was accomplished in Dallas, Texas, after Flight 335 on May 29, 1972, Time since last
major inspec.ion was 7,324,5 houts, Time since line maintenance was 292.8 hours,

N3305L was equipped with two Pratt & Whitney JT8D-8 Turbcfan engines.

Ergine serial numis.ers and times were as follows:

Dat. = Manufacture SIN T.58.0. Total Time

Januaary Left 654016 7202.5 11,480,7
April 1967 Right 656875 3369.8 10,686.0

Two thousand pounds of ballast in the Form of sand bags had been installed in the No. 1 cargo
compartment. The ballasc is normally not tied down. There was no indication that this ballast had
shifted from its position prior to the accident,
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APPENDIX G

| ~ UNITED STATES OF AMERICA >
NATIONAL TRANSPORTATION SAFETY BOARD
- WASHINGTON, D.C,

ISSUED: June 30, 1972

Adopted by the NATIONAL T RANSPORTATION SAFETY BOARD
at. its offlice In Washington, D, ¢.
on the 14th day of june 1972
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FORWARDED TO:

Honorable john H, Sha#fer
Federal Aviation Administrator

Department of Transportation
Washington, D.C, 20591
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SAFETY RECOMMENDATIOQ_S A-72:76 & 77

Preliminary evidence collected during the investigation of the accident involving Delta Air Lines,
Inc,, DC-9, N3305L, at Fort Worth, Texas, on May 30, 1972, suggests that the vortex turbulence
generated by an American Ailines, Inc., DC-10 might have been a factor in the occurrence, The DC-10
had just completed a “touch and g0 landing while the DDC-9 was on the fina! approach, -

The National Transportation Safety Board is aware of the Federal Aviation Adminisration’s con-
tinuing program of alerting the aviation community to the hazards associated with vortex turbulence
us outlined in Advisory Circular 90-23B. The Board also recognizes that the controller alerted the
DC-9 crew to the possibility of eilcounteting turbulence during tacir approach and that this aclvisory
was in accordance with the separation criteria stated in FAA Order 7110,29,

Although the investigation to date discloses no evidence that current separation procedures were
not followed, the involvement of vortex turbulence is likely in this accident, The flight operations of
increasing numbers of heavy jet aircraft present a greater potential for following aircraft to encounter
high-cnergy segments ot trailing vortices shed by the heavy jet aircraft, Therefore, the Board believes
that there is an immediate need to reassess the vortex avoidance procedures that are now presently in
effect,

Therefore, the National Transportation Safety Board recommends that the Federal Aviation

Administration:

1. Reevaluate wake turbulence separation criteria for aireraft operating behind heavy jet aircraft,

2. Issue alert notices to all pilots and aircraft operators that will stress the urgent need to maintaip
an adequate separation from heavy jet aircraft,

33
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Homnorable Johin H. Shaffer | Appendix G

Special emphasiz should be placed on nontadar VER procedures und the need to provide for
time/distance separation,

Qur technical staff is available for any further information ot clarification, if required,

These recommendations will be released to the public on the issue date shown above. No public
dissemination of the contents of this document should be made prior to that date.

Reed, Chaitman; McAdams, Thayer, Burgess and Haley, Members, concurted in the above recom-
mendations, |

/5]
By: John H. Reed
Chairman
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DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

WASHINGTON, D.C. 20580

B e U

Honorable John H, Reed THE ADMINISTRATOR
Chairman, National Transportation '
Safety Board
Department of Transportation
Washington, D, C, 20591

Dear Mr, Chairman:

I i e A A e T e

This is in response to your Safety Recommendations A-72.76 & 77.

No, 76, ATC procedures are constantly being reviewed and reevaluated to ensure that they are safe
and adequate. Present procedures for aircrafe operating behind heavy jet aircraft require either five
miles radar separation or two minutes longitudinal separation, These critetia are based on available
test data and to our knowledge there is no evidence that these criteria are unsafe, Controllers will
aiso issue cautionaty information if in their opinion wake turbulence will have an adverse effect on
the aircraft concerned, |

Present nonradar VFR procedures place the primary tesponsibitity for separation behind heavy jet aiv-
craft with the pilot in command. Two milnutes separati:n is provided a successive VFR departure
unless the pilot assumes responsibility for wake turbulence. Until such time as a method of detecting
and displayiug the position of the vortices to the controller and pilot is devised, we believe that this re.
sponsibility should remain in the cockpiz,

All terminal controllers have seen the FAA filin *Vake Turbulence.” We are planning to accomplish
this again. In addition, we are preparing a video tape which will again cmphasize the fact that large air-
craft may also be affected by the wake turbulence created by heavy jet aircraft, All terminal controllers
will be required to view the video tape.

No. 77. The following actions have been taken,

1. Advisory Circular 90-23B was issued in May 1971 and distributed to alf certificated pilots, including
students, at that time. This distribution reachad approximately 650,000 persons. The circular is being
reprinted and will again be distributed to many segments of the aviation industry,

2. Part 1 of the Airman’s Infocmation Manual contains detailed information for all pilots on Vortex
Avoidance Procedutes, This is republished and widely distributed each quarter. A program is being
established to provide free distribution of Part 1 of the AlM through FAA District Offices to all fixed-
base operators,




Appendix G

3. A film dealing with wake turbule.ace was distributed to approximately 90 General Aviation and
Flight Standacds District Offices under Notice 1750.58 in November 1970. This film has been viewed
by an estimated 185,000 general aviation pilots,

We are taking action to distribute additional copies of this film to be shawn to all airline and air taxi
pilots, as many general aviation pilots as possiblc, FAA inspectors and all tower and approach con-
erollers, We have instructed all FAA Regional Directors to establish programs whereby all tower and
approach controllers can sce this program within a reasonable period of time and to assure that all
airline and air taxi pilots view the film.

4, FAA Order 8000.23A, March 1972 advises our Accident Prevention Specialists how to procure
and use a number of safety films including the one on wake turbulence.

5. FAA Telegraphic Notice N8400.14, 2 June 1972 Pilot Training Wake Turbulence was sent to all
district offices. This message points out the need for emphasis on the hazards of vortex turbulence in
all pilot training activities and accident prevention meetings.

Extensive efforts are underway to eliminate or minimize wing tip vortices by aerodynamic design
changes ar d to duvise ground sensors which will measure vortex system activity in the runway thresh-
old area. NASA is concentrating its efforts on the aircraft research and the FAA is sponsoring the
ground based detcction systems.

Sincerely,

J. H. Shaffer
Administrator
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APPENDIX H

UNITED STATES OF AMERICA

NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C.

ISSUED: December 20,1972

Adopted by the NATIONAL TRANSPORTATION SAFETY BOARD
at Its office In Washington, D. C.
on the 29th day of November 1972
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FORWARDED TO:

Honorable John H. Shaffer
Administrator

Federal Aviation Administration
Washington, D.C. 20591
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SAFETY RECOMMENDATIONS A-72-213 thru 218

On August 24, 1972, the National Transportation Satety Board completed a public hearing on the
Delta Air Lines, Inc,, DC-9-14, N3305L, accident which occurred at Fort Worth, Texas, on May 30,
1972, :

In the Safety Board's letter to you on June 30, 1972, preliminaty cvidence disclosed that the DC 9
had entered into the vortex turbulence generated by a preceding DC-10 aitplane which had been
making a “touch-and-go” landing at Greater Southwest Airport.

During the Board's public hearing, which was completed on August 24, 1972, testimony presented
by Federal Aviation Administration and industry personnel involved in the research and operational
aspects of vortex turbulence outlined the extensive efforts that are in progress to establish a vortex
detection and avoidance system, However, implementation of such a system may not be possible for at
least 2 years, The Board commends the Federal Aviation Administration for this rescarch and urges
continuation and acceleration of this project.

The air traftic control procedures which describe terminal area operations with respect to the wake
vortex hazard were derived from data obtained during a 1970 flight test program. Qur revicw of these
studies indicates that there may be a requirement to extend, under certain conditions, the established
separation in the terminal area, There is evidence that vortices do not always dissipate within the time
frame prescribed in the present separatinn standards and that vortices generated by medium- and
long-range air carrier aircraft not included in the “hcavy” category offer a substantial threat to
following aircraft, The Board understands that an unqualified increase in existing separation standards
is not the answer to the vortex avoidance problem.,

The behavior characteristics of a vortex in ground cffect can be reasonably well predicted if the
surface winds are known, and we believe that this knowledge chould be applied to the formulation of
interin: separation standards for both IFR and VFR terminal arca operations,
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Honoratle John H. Shaffer ’ | Appen jix H

The VFR or visual approaches ase of particular concern to the Board. The adequacy of information
available to pilots regarding vortex existence and vheir ability to avoid trailing vortices are question-
able, The testimony indicates that it is very difficult for a pilot to judge the distance separating his

from a preceding aircraft, to estimate the preceding aircrafe’s vertical descent path, or to determine the
preceding aircraft’s touchdown point,

A lack of information exists regarding the vortex turbulence problem in civil aviation as it pertains
to other than general aviation aircraft, In addition, there is a lack of definitive information regarding
the vortex-generating characteristics of the various aircraft operating in the Nazional Airspace System,

The Board believes that the vortex turbulence problem merits intensified accident prevention effort,

‘This phenomenon can have an adverse effect upon both VER and IFR operations of ail categories of
aircraft and preventive measures should be suff ciently broad in scope to apply to all affected opera-

tions, Therefore, the National Transportation Safety Board recommends that the Federal Aviation
Administration: -

1. Revise appropriate publications to assure that they describe more specifically the desirable
avoidance techniques (e.g,, following aircraft maintain approach path above VASI or ILS guide
slope, extending downwind leg, etc.). ,

2. Define and publish the metcorological parameters which cause trailing vortices to persist in the

 vicinity of the landing run-vay, |

3. Include wake turbulence warnings on the ATIS broadcasts whenever the meteorological ¢on.
ditions identified in Recommendation 2, above, indicate that vortices will pose an unusual hazard
to other aircraft, |

4. Develop, on an expedited basis, new ATC separation standards which consider the relative span
loadings of the vortex-generating aircraft and the following aircraft under meteorological con-
ditions defined as being conducive to the petsistence of trailing vortices,

5. Pending the development of the standards refeired to in Recommendation 4, above, instruct
controllers to increase separation times of controlled aircraft to at least 3 minutes whenever the
meteorological conditions defined under Recommendation 2, above, exist,

6. Develop methods for tower controllers to aid pilots of flights in the traffic pattern to maintain
adequate separation to avoid wake turbulence encounters. Such methods might inclvde the use of
local geographic landmarks, radar or time separation over fixed points,

Our technical staff is available for further discussion or claritication of these recommendations, if

desired, | '

These recommendations will be released to the public on the issue date shown abwve, No public

dissemination of the contents of this document should be made prior to that date, '

Reed, Chairman, McAdams, Bu rgess and Haley, Members, concurred in the above recommendations.

Thayer, Metnber, was absent, not voting, | '

Is/
By: Jchn H. Reed
Chairman
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APPENDIX H

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMIMISTRATION

WASHINGTON, .C. 20590
9FER 1973

THE ADIRINISTRATOR

Honorable John H. Reed
Chairman, National Transportation Safety Board
Department of Transportation

- Washington, D. C, 20591

Dear Mr, Chairman:

This is in response to NTSB Safety Recommendations A-7 ;'?;-‘213 theu 218,

1. Advisory Circular 90-23D which supersedes AC 90-23C will be: distributed to FAA facilities and the
public soon. It contains new information on wake vortex probleras associated with fight quartering
tailwinds, low missed approaches, touch and go landings and jet sngine exhaust velocities during
ground operations. This ¢‘reular also emphasizes that wake vortices may be generated by any large air-
craft and that avoidance procedures must be considered when fying below and/or behind such airerafs.
The Airman’s Information Manual will also be revised in this area in the next issue,

2. Our response to number one abave also responds to this recommendation,

3. The majority of pilots listen to the ATIS broadeasts 50 to 80 miles from the station. At this point
there is no knowledge whether a wake vortex encountet is likely. In addition, diminishing value is
likely by continuous repeating of the same information.

We believe the procedures for cautionary advisories as outlined in Handbook 7110.8C and Order
7110.29 are a more effective means of providing a pilot with a realistic warning concerning wake tur-
bulence. A pilet receives this information when it is needed and can take action to avoid the area of
possible 'turgu!ence.

4. The data from flight tests indicates a relationship between the span ratio of the vortex generating
aircraft and the magnitude of the effects experienced by the trailing aircraft. Specifically, short span
aircraft can experience critical roll rates whenencountering wing tip vortices. We do not helieve that
dev:lopment of separation standards based on relative span loading and variable meteorological con.
dicions is necessary that this time. However, as you know, we ave continually reviewing and developing
new standards wherever safety is involved. You are assured that if the data obtained in the November
1972 vests differs from that upon which the present criteria are based, we will refine the eriteria,
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Appendix H

5. We note and agree with the Board’s statement in the release dated 20 December 1972 that .. an
unqualitied increase in existing separation standards is not the answer to uhe vortex problem,”’ Fecom-
mendations #4 and #5 appear inconsistent with this statement. |

Additionally, as you know, we have been using three miles radar separation of aircraft following other
than heavy jets for almost 20 years and we know of no wake turbulence accidents ocenrring when the
aircraft were separated by three miles. Finally, we know of no wake turbulence accidents when the
pilot was adhering to the recommended wake turbulence procedures,

6. Since the introduction of large turbojet aircraft in the National Airspace Systemn, many methods
have been developed to aid pilots in avoiding wake turbulence encounters. Some of the programs im-
plemented were: *“Keep-’em-high,” Terminal Control Areas (TCA) and Stage [1 in the National
Terminal Radar Program. Additionally, terminal facilities attempt to segregate small aircraft from
large air carrier type aircraft, whenever possible, by using various runway combinations to sliminate
the possibility of wake turbulence encounters.

W presently use local geographic landmarks and radar to aid « pilot in observing the aircraft he is to
follow, Huwever, once the pilot has traffic in sight, it is and should continue to be his responsibiticy to
provide adequate separation between his and the preceding aitcraft,

The Advisory Circular on Wake Turbulence which was published by the FAA is quite descriprive,
Hence. any pilot who studies this information can adopt operating procedures to avoid wake turbu-
lerice encounters, |

This recommendation strongly suggests total controller assumption of pilot separation resporsibility
tather than “methods for tower controllers to aid pilots, . . .” We always have and will continue to
aid pilots as much as praciicable. However, we do not believe the complete tesponsibility of separation
shouvld be placed on the controller when aircraft are operating in visusl meteorological conditions.
Uncier these conditions the “see and aveid’™ concept must remain the rule,

We request that your rechnical staff provide us with detailed proposals in writing to implement this
recommendition in 8 nonradar terminal environment,

Sincerely,

J. H. Shatfer
Administrator
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