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SYNOPSIS

About 1851 e.s.t. on November 27, 1973, Delta Air Lines Flight
516, a McDonnell Douglas DC-9-32, N3323L, crashed while making an
ILS approach to runway 20 at Chattanooga Municipal Airport, Chattanocoga,
Tennessee. Seventy-four passengers and five crewmembers were aboard
the aircraft. Thirty-eight passengers and four crewmembers were injured;
there were no fatalities.

The aircraft struck the approach lights 1,600 feet from the runway
threshold. After initial impact, the aircraft continued through the
“approach lights and struck a flood-control dike located 785 feet from the
runway threshold., The aircraft stopped on the airport 450 feet beyond
the approach end of the runway and 250 feet left of the runway centerline.
The alrcraft was destroyed.

The National Transportation Safety Board deterrhines the probable
cause of the accident was that the pilot did not recognize the need to
correct an excessive rate of descent after the aircraft had passed decision
height. This occurred despite two verbal reports of increasing sink rate
by the first officer. The captain disregarded the reports of the first
officer, possibly because of the influence of a visual illusion caused by the
refraction of light through the heavy rain on the windshield, The excessive
rate of descent was initiated by a wind shear condition which existed in the
lower levels of the approach path and a glide slope that tended toward the
lower signal limit. '

1. INVESTIGATION

1.1 History of the Flight

On November 27, 1973, Flight 516, a Delta Air Lines Mcho ell
Douglas DC-9-32, N3323L, departed Atlanta, Georgia, at 1757 =, ona

L/ All times are eastern standard, based on the 24-hour clock.
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regularly scheduled passenger flight to Chattanooga, Tennessee. The
flight was dispatched on an instrument flight rules (IFR) computer-stored
flight plan, The captain, who occupied the left seat, was flying the air-
craft, No difficulties were reported during the en route portion of the
flight.

The flight contacted Chattanooga Approach Control at 1817:05 and
was cleared to hold at the Chattanooga VOR at 11, 000 feet. 2/ The flight
was advised by the approach controller to expect further clearance at
1830." This time was later amended to 1835.

At 1836:49, Flight 516 was cleared to descend to 6, 000 feet and
given vectors in preparation for an ILS approach to runway 20. This
clearance was followed by additional vectors and descent clearances.

At 1842:51, the aircraft was at 3, 500 feet when the approach control
cleared the flight with, '"...turn right heading one eight zero and you're
3'miles north, make that 4 miles north of Daisy 3 beacon, cleared ILS
runway two zero approach.' This clearance was acknowledged by the first
officer.

The Chattanooga weather, as reported to other flights on the approach
control frequency, was 400 feet scattered, 1,100 feet overcast, visibility -
5 miles, and light rain. This weather information was not given specifically
to Flight 516. | |

At 1846:10, the checklist was completed, and the captain placed the
autopilot in the ILS mode for an automatic coupled approach. At 1846:53.5
the captain ordered, "Flaps fifty, ' which was acknowledged by the first
officer. ' !

At 1847:32, _following a clearance from the approach controller, the
first officer contacted the Chattanooga tower and reported the flight's
position at the Daisy beacon. The local controller ¢leared the flight to
land and reported the wind to be ''one five zero degrees at four."

At 1849:35,5, the first officer commented, '"Now we're at a thousand
feet above minimums -- No flags.” This report was followed by a comment
from the captain, "Right on the glide slope."

__2_/ All altitudes are mean sea level unless otherwise noted.

3/ A nondirectional radio beacon 7.7 nmi NNE of the threshold of
runway 20, Chattanooga Municipal Airport.
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At 1850:05,5, the first officer reported, "I got the lights.' The
captain looked out of the aircraft and verified that the approach and run-
way lights were in sight and then returned to monitoring his instruments
and the autopilot operation. He also ordered the first officer to turn the
windshield wipers on at slow speed. ‘

At 1850:41, the first officer reported, "Five hundred feet above
(minimums), " 4/ The report was followed immediately by the captain's
order that the windshield wipers be turned to the fast speed,

At 1851:03, the captain requested the local controller to, 'kill the
_rabbit,..." 2 This was the last radio communication from the flight.
Nine seconds after this request, the CVR recorded the first officer report,
"Two hundred feet."

At 1851:26, the first officer reported, "One hundred above minimums, "
and 2. 5 seconds later the sound of the middle marker (MM) was recorded.
Coincident with the sound of the MM the first officer reported, '"Plus ten,
that's minimums.,' Three seconds later, he reported, '"I gotta plus five,
sinking to nine, ' and 6.5 seconds later, '"Plus five sinking to ten.' At
1851:42, the sounds of impact were recorded.

The captain stated that as he uncoupled the autopilot at decision
height (DH), no out-of-trim pressures existed on the control column,and
both the flight director and the raw data ILS displays were centered. As
the captain looked out of the aircraft, the runway appeared normal to him
and remained unchanged for, in his estimation, 5 seconds. The visual
presentation of the runway then "flattened out" in '"the blink of an eye.'"
The captain immediately advanced the throttles and applied back pressure
‘to the control column. However, the aircraft hit "'something" before any
reaction to the control inputs could he noted. After the aircraft struck the
first approach light, a series of jolts occurred, including one heavy one,
and the captain recalled seeing a fireball, or glow, on the left side of the
aircrait: The aircraft stopped on the airport 250 feet left of the runway
centerline and 450 feet past the threshold.

Ground witnesses said that heavy rain was falling while Flight 516
approached the airport; however, several persons, including the local

4/ The word in parentheses is difficult to distinguish on the cockpit
voice recording and is subject to interpretation.

5/ High-intensity sequence flashing lights are mounted along the
centerline of,and on top of,the approach lights, The phrase 'kill
the rabbit" is a request to turn these lights off.
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controller in the tower, saw the aircraft lights 1 to 2 miles out from
the runway.

The accident occurred at night and at latitude 35°02'30''N and
longitude 85°12'02'"W, The elevation at initial impact was 686. 39 feet.

1.2 Injuries to Persons

Injuries Crew : Passengers - Other
Fatal 0 0 0
Nonfatal’ 4 - 38 0
None 1 36

1.3 Damage to Aircraft

The aircraft was destroyed.

1.4 Other Damage

The approach light system and a flood-control dike were damaged.

1.5 Crew Informatioh

The captain, first officer, and flight attendants were trained and
certificated according to current regulations, {(See Appendix B.) This
was the first night IFR appgoach this crew had made at Chattancoga
Municipal Airport. . Their previous approaches had been conducted in
visual meteorological conditions. ‘ '

1.6 Aircraft Information

The aircraft was certificated, maintained, and equipped according
to Federal Aviation Administration (FAA) regulations. (See Appendix C.)

The aircraft's weight and center of gravity (c¢. g.) at the time of
the accident were 85, 800 pounds and 21,5 percent mean aerodynamic
chord (MAC), respectively. Both were within specified limits.

The aircraft had been fueled with 8, 200 poﬁ.nds of Jet A-1 type
aviation kerosene. About 10,600 pounds of fuel were aboard the aircraft
at impact,




1.7 Meteoroleogical Information

A thunderstorm and heavy rain showers were in progress at the
Chattanooga Municipal Airport during the approach and acc1dent The
prevailing visibility was 2 miles.

The pertinent surface weather observation follows:
1758 - Record Special, 400-feet scattered, measured ceiling-

1,100 feet overcast, visibility-5 miles, light rain,
wind-280° at 4 knots, altimeter setting-29. 80 inches.

1845 - Special, measured ceiling 400-feet broken, 1, 100-
feet overcast, visibility~2 miles, thunderstorm,
heavy rain showers, wind-160° at 5 knots, altimeter
setting-29. 79 inches. Thunderstorm began at 1842.
Thinderstorm southeast, moving east.

The NWS rainfall record indicates that heavy rain showers occurred
at the time of the accident. The rainfall rate was about 1.2 inches per
hour.

. Low level winds from the 1900 winds aloft observations made at
Nashville, Tennessee, and Athens, Georgia, were:

NASHVILLE

Feet Direction Knots
. (Tr_u.e)
1, 000 350° 23
2,000 . 3300 . 33
3,000 E '305O 33
4,000 ‘ 280° 34
ATHENS

2,000 - ‘ 180° , 30
3, 000 185° 32
4,000 190° 33

An estimate of the winds aloft during the time of the approach was
baskd on the 1900 winds aloft observations at Nashville, Tennessee, and
Athens, Georgia. Because there is no winds aloft reporting facility at
Chattanooga, estimated winds were calculated and applied to the FDR
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approach profile. The surface wind was 160° at 6 knots. The winds
aloft at 4, 000 feet and below were calculated to have been:

Feet Direction Knots
{True)

4, 000 185° : 41

3, 000 185° © . 35

2, 000 "~ 185° 32

1, 000 180° _ 15

A radarscope photograph taken at Nashville at 1853 showed weak
to moderate precipitation echoes over the area of the accident site.

The terminal forecasts for Chattanooga, which were issued by
Delta Air Lines and the National Weather Service, called for thunder-
storms and moderate rain showers., These forecasts were provided to the
flightcrew of Flight 516.

The crew of a Learjet 24, which landed on runway 20, 6 minutes
before the accident, stated "there must be 2 wind shear because we're
experiencing gusty conditions . . ..' The tower advised that winds were
calm at the airport. Another crew that landed about 20 minutes before
the accident did not notice a wind shear.

The accident occurred in darkness below the clouds in heavy rains.

1.8 Aids to Navigation

I3

The ILS approach to runway 20 at Chattanocoga Municipal Airport
incorporates a localizer with an inbound course of 196°, a glide slope,
a nondirectional beacon {Daisy NDB) located 7. 7 nmi from the end of
the runway, an outer marker {(OM) 4.1 nmi from the end of the runway,
and a MM 0.7 nmi from the end of the runway. The glide slope crosses
the NDB at about 3, 000 feet, the OM at 1,918 feet (1,245 feet above
ground), and the MM at 900 feet {227 feet above ground). The glide slope
is unusable below 873 feet (200 feet above ground). The reference speed
for this approach was 120 knots.

Flightcrews of this and other aircraft reported that all components
" of the approach system operated without probiems.

The postcrash flight inspection of the ILS approach aids for runway
20 indicated that the ILS was operating within tolerances. However,
during the analysis of the data from the CVR, the FDR, and the postcrash
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flight inspection data, the location of the MM was found to have been
improperly charted.

The Safety Board requested another flight inspection of the ILS
using a radio telemetering theodolite to monitor the tests. The flight
inspection records indicate that the MM was about 300 feet closer to
the runway threshold than indicated on the airport maps and approach
charts forthat runway, (See Appendix D.) The integral components
of the ILS were within the tolerances specified for a category I ILS.

However, the reinspection of the facility revealed that, while
within limits, the glidepath beam structure descended toward the maxi-
mum lower tolerance in the vicinity of the MM, the point just before the
autopilot was disconnected,

The projected threshold crossing height was 39 feet.

The flight inspection aircraft followed the glide slope to the runway
on each test. Although the beam structure exceeded tolerances below
873 feet, following the glide slope did not cause the test aircraft to land

short of the runway threshold.

1.9 Communications

‘There were no difficulties with air-to-ground communications.

1.10 Aercdrome and Ground Facilities

Runway 20 at the Chattanooga Municipal Airport (L.ovell Field), is
asphalt surfaced, 7,400 feet long, and 150 feet wide. The runway is
equipped with high-intensity runway lights. The approach lighting system
includes the standard 3, 000 feet of approach lights, high-intensity sequence
flashers, and runway-end identifie,f lights. The runway and the approach
lights are variable control, 5-step intensity lights. The runway lights
and the approach lights were set at step 3 during Flight 516's approach.
There is no visual approach slope indicator (VASI) on the runway. The
high-intensity sequence flashers were operating until the captain asked
the local controller to turn them off. No runway or approach lights were
reported out before the accident. ;

The runway elevation at the threshold is 666.8 feet. The runway
slopes up to 682 feet at the 4, 500-foot point, slopes down to 677 feet at
the 6, 200-foot point, and slope's up to 681 feet at the departure end of
the runway. The total runway gradient is less than 0. 3 percent.




1,11 Flight Recorders

N3323L was equipped with a United Control Data Division (Sunstrand)
Model FA-542, flight data recorder (FDR), serial No. 2626. The FDR
and foil recording medium were undamaged. All parameters had been
recorded, and there was no evidence of recorder malfunction. The read-
out covered the last 5 minutes of the recorded traces. (See Appendix E,)

The aircraft was also equipped with a Fairchild Model A-100 cock-
pit voice recorder (CVR), serial No. 1552, The CVR and tape were not
damaged. The tape contained about 30 minutes of recorded mforma,tmn
The final 16. 3 minutes of the tape were transcribed.

The recorders were installed in the aft section of the aircraft.
Flight data recorder information, cockpit voice recorder information,
radio communications, and meteorological data were combined to pro-
duce a computer profile of the approach. (See Appendix F,)

1,12 Wreckage

N
The wreckage area was about 400 feet wide and 2, 095 feet long.

The aircraft first struck approach llghts 1,600 feet short of the runway

threshold. The aircraft continued to descend, striking additional approach

lights. The aircraft struck a dike 785 feet short of the runway threshold,

and the left wing separated from the aircraft. The left wing tip imprint

was about 8 feet below the top of the dike.

Numerous components and pieces of aircraft were strewn along a
path from the d1ke to the thteshold of the runway.

The fuselage with the right wing and empennage attached came to
rest 250 feet to the left of the runway 20 centerline and 450 feet beyond
the runway threshold., The left engine came to rest on the runway
threshold. (See Appendix G.) '

The landing gear had been fully extended. The th_ree gear assemblies
were separated from the aircraft, and the wing flap actuators were damaged.
There were no impact marks to indicate the flap position. The flap
followup was found in the neutral position, and the flap selector handle in
the cockpit was positioned in the 25° detent.
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Portable testers were used to check the operational integrity of
the pitot/static and the VHF navigational systems in the wreckage. No
significant discrepancies were discovered. Flight director, autopilot,
VHF /NAV systems components, and the flight instrument panels were
tested, and no discrepancies were detected.

The flight director mode selector switch was in the "VOR/LOC"
position, and the captain's heading selector was set at 201°. The two
pictorial deviation indicators were set at 196°, with both' navigation
receivers tuned to 109.50 MHz. The captain's radio altimeter was set
at 200 feet, which was DH for the approach. ‘

1.13 Medical and Pathological Information

The captain sustained a compression fracture of a thoracic vertebra,
two fractured ribs, and chest contusions. The first officer sustained
similar injuries of his thoracic vertebra and to his lumbar vertebra. He
also suffered chest contusions and knee abrasions.

One flight attendant,who was seated in the rear of the aircraft,
sustained a lumbar strain, a sprained right ankle, and an abrasion and
fuel irritation to the left eye. A second flight attendant, who was seated
in the same area, sustained contusions to the left ankle, left foot, and
right knee. She was also treated for fuel vapor inhalation.

Passengers were injured when they struck seats, other passengers,
or the aircraft walls. Their injuries included fractured vertebrae:
fractured ribs; lacerations, contusions, and abrasions to the head, face,
upper torso and the upper and lower extremities; and neck and back
strains. Two passengers who were in seats 38-B and C reported minor
face, leg, and head burns from a flash fire in the rear cabin. Some
passengers were injured slightly during evacuation of the aircraft.

The-captain, first officer, two flight attendants, and a passenger
were admitted to the hospital. Five other persons were treated and
immediately released.

1.14 Fire

About 1851, the control tower notified the airport fire department
of the accident. A ground fire had erupted at the south side of the dike,
785 feet from the runway threshold, The fire died out before tiretighting
equipi’nent arrived. (See Appendix E.)
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Another fire erupted in the vicinity of the fuselage at the left wing
root and near the left engine attach point. The fire ignited when the air-
craft stopped; however, when airport firefighting equipment arrived, it
too was dying out. The fire was extinguished in less than 1 minute.

Two firefighters entered the smoke-filled cabin without self-
contained breathing apparatus in response to an erroneous report that a
flight attendant was trapped inside. The firefighters crawled the lengthr
of the main cabin aisle in spite of the dense smoke.

Heat and soot damaged the coach section of the cabin. Except for
minor heat damage at seat 31-A, most damage was near rows 37 and
38. In that area, the edges of head rest towels were burned, seatback
trays were deformed, and plastic covers and bags were melted. The
passenger service unit above row 38 was damaged.

The passenger in seat 38-C saw flames near the cabin floor that
came toward him. Although he did not feel the heat, his hair was singed
and his polyester suit was melted in places.

Two flight attendants, who were in the rear cabin jumpseats, re-
ported that as the aircraft decelerated, a hole appeared in the floor in
front of them, through which they were sprayed with mud, debris, and
fuel. Shortly, thereafter, the cabin lights went off, and a flash fire
erupted in front of the flight attendants and lasted momentarily. One of
the attendants estimated that the fire extended from the floor to 15 inches
above her head.

Some passengeré reported no smoke, while others reported smoke
so dense that they could not see beyond the next seat,

The rear baggage compartment was also damaged. The top liner
was burned through, and the top and right side of the ¢compartment near
the right cargo compartment door was scorched, Baggape was melted
and damaged. Fuel was found in puddles in the compartment.

1.15 Survival Aspects
1.15.1 Evacuation
Passengers opened all four overwing exits in the coach section

without difficulty. A flight attendant opened the main cabin door with
the assistance of a passenger. She reported that the girt bar was in




- 11 -

place for the landing and that the evacuation slide fell from its case when
the door was opened. Passengers, however, jumped from the doorway
before the flight attendant could inflate the slide. The attendant said that
the galley service door was blocked by debris. One galley compartment
door and one galley drawer were found open. The galley service door
operated normally during the investigation. Before leaving the aircraft,
the flight attendant crawled through the first class cabin and up to the
first few rows of the coach cabin to look and call for passengers.

A galley tray carrier fell to the floor in the rear galley striking
one attendant on the foot. The floor also was covered with debris and
two wire containers. This material restricted the initial movements of
the flight attendants assigned to the rear cabin.

One of the flight attendants who was in the rear cabin went into
the coach cabin aisle and shouted for passengers to open the overwing
exits. Because of smoke and darkness, she became disoriented and
fell over a seatback as she moved toward the exits. After assisting
three passengers out of the aircraft on the right side of the cabin, she
also evacuated the aircraft. '

The other flight attendant assigned to the rear cabin attempted
to open the rear exit, but it jammed. She also tried to remove a portable
oxygen bottle and a megaphone, but she could not locate the release clips
which restrained them. After assisting two passengers out of the aircraft,
she determined that she was the last person in the rear cabin area and
exited. '

Seven persons‘had difficulty releasing their seatbelts because of
darkness and nervousness. Passengers located toward the rear of the
coach section reported that smoke and darkness hampered vision and
breathing. Several'passengers reportedly carried perscnal belongings
when they left the aircraft. No obstacles were encountered by passengers
escaping through the forward cabin door, and the door was illuminated
slightly by lights from airport buildings.

The evacuation was orderly and rapid. It was completed in 2
to 3 minutes. ‘

1.15,2 Interior Structural Failures

Witnesses agreed that the ernerger"‘u:y lights either did not actuate,
or where obscured completely by smoke. Emergency electrical power,
although selected by the captain, was not available, because the aircraft



