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SYNOPSIS 

About 2002 e.s.t. on November 12 ,  1975, Eastern Air Lines, Inc., Flight 576 
struck the ground about 282 feet short of runway 23 at the Raleigh-Durham Airport, 
Raleigh, North Carolina, bounced and touched down on the runway, then slid to  a stop off 
the right side of the runway 4,150 feet past the runway threshold. The accident occurred 
during an instrument landing system approach when the airplane encountered 
unexpectedly heavy rain while 100 feet above the ground. The airplane was damaged 
substantially. Of the 139 persons aboard the airplane, eight were injured; one was injured 
seriously. 

The National Transportation Safety Board determinesthat the probable cause 
of t h e  accident was an encounter with heavy rain and associated downdrafts and wind 
shear during the final stages of landing when the airplane was less than 100 feet above t h e  
ground. The sudden onset of the meteorological conditions did not allow sufficient time 
for the captain to perceive and react to the effect of the downdraft and wind shear on the 
airplane's performance t o  stop the airplane's increased rate of descent and for the 
airplane to  respond before striking the ground short of the runway. 

1. INVESTIGATION 

1.1 History of the Plight 

On November 12, 1975, Eastern Air Lines, Inc., Flight 576, a Boeing 727-225, 
N8838E, operated as a scheduled passenger flight from Miami, Florida, to Washington, 
D.C., with intermediate stops a t  Atlanta, Georgia, and Raleigh, North Carolina. 

Flight 576 departed from Atlanta a t  1848 I/ with 139 persons, including 8 
crew members, aboard. It was cleared to  the Raleigh-Durham Airport in accordance with 
a computer stored instrument flight rules (IER) flight plan. The flight was uneventful 
until i t  approached the Raleigh-Durham area, where several deviations from course were 
required to  circumnavigate heavy precipitation areas southwest of the airport depicted on 
the airplane's weather radar. No areas of heavy precipitation or thunderstorm activity in 
the immediate vicinity of the Raleigh-Durham Airport were observed by the flightcrew, 
either visually or on the airplane's radar. 

I /  Unless otherwise indicated, all times herein are eastern standard time, based on the - 
24-hour clock. 



During the en route descent for landing, the flightcrew received the Airport 
Terminal Information Service (ATIS) 2/ report as  follows: 

Raleigh-Durham Information Oscar, 2253 Greenwich Weather; estimated 
ceiling, 2,000 overcast; visibility 7; light rain; temperature, 69; 
dewpoint, 65; wind, 170' at 4; altimeter, 29.75. Expect ILS approach 
landing runway 23. Stage 3 departures advise clearance delivery on 
120.1 of intended heading and altitude. Advise you have 'Oscar'. 

At 1956:06, Raleigh-Durham approach control gave Flight 576 t h e  following revised 
weather: ". . . 1,000 scattered, measured ceiling 2,000 overcast, visibility - 4 miles." 

The captain, who was flying the airplane, conducted an approach briefing 
during the descent. The briefing included a discussion of the missed approach procedure. 
'he flight engineer reviewed the first officer's instrument approach chart to  familiarize 
himself with the procedure. 

At 1958:21, approach control gave the flight further clearance: "Eastern 576, 
5 miles northeast of Leesville, 3/ contact tower 119.3." The first officer acknowledged 
the transmission and contacted the Raleigh-Durham tower. 

At 1958:35, the tower controller stated: "Eastern 576 is cleared to  land 
runway 23. The wind is variable 180' at 4, and I have a Queen Air reported strong wind 
from the left about 20 kn a t  between 900 and 1,000 - correction, - and 2 -and 1,200 
feet on final." At 1958:54, the first officer replied: "Okay, thank you sir. It looks like 
you have quite a storm coming your way." 

The airplane intercepted the runway 23 localize? course about 7 miles from 
the final approach fix (FAF). The glide slope was intercepted about 1,800 feet m.s.1. +/ 
and the airplane was flown with flaps at 30'. 'The landing reference speed for the 
approach was 140 KIAS. During the approach, airspeed indications were stabilized and t h e  
airspeed indicator needles did not "bounce." The highest airspeed indication observed by 
the flightcrew after  the aircraft passed t h e  FAF was 147 KIAS. The airplane averaged 
about 142 KIAS during the final 1 minute 20 seconds before impact. The-average KIAS 
from the flight data recorder readout was consistent with the airspeed callout by the first 
officer of "bug plus s ixvat  2000:54. 

At 2000:35, the tower controller reported: "Eastern 576, visibility a t  the 
airport now is a mile and threequarters." At  2000:43, in answer t o  a request by the first 
officer, the tower controller stated: "The wind right now i s  190' a t  5; it's been holding 
pretty well at 5 kn." 

At 2001:42, the local controller and the Raleigh-Durham approach controller 
assessed the airport visibility, and a t  2002:07, the Raleigh-Durham approach controller 
said to  the local controller, "-visibility three quarters now." 

11 ATIS-The continuous broadcast of recorded general information in selected high 
activity terminal areas. "Oscarm was the phonetic designation of information being 
broadcast when Flight 576 was on the approach. 
3/ Leesville - A nondirectional beacon (NDB) which serves as the final approach fix. 
4/ All altitudes are above field elevation unless otherwise indicated. 



The flightcrew made altitude awareness calls and instrument crosschecks a t  
1,000 feet  and a t  500 feet. The instrument check indicated that all  systems were 
operating normally. At 2001:37, with the airplane about 500 feet above the airport, the 
first officer repeated, "Five hundred feet ground contact." At 2001:46, as the airplane 
descended below the well-defined ceiling of 400 feet, the first officer stated, "There's the 
flashers just ahead." The captain said that, following this call, he looked out, saw the 
approach lights, shortly afterwards the runway threshold, and then the runway lights. He 
was satisfied that the airplane was aligned properly with the runway and was a t  the 
correct altitude to  complete the approach and landing. 

Flight 576 had been in light to  moderate rain throughout the final approach, 
and the windshield wipers had been used a t  the low setting. The captain called for the 
wipers to  be placed at the high setting a t  2001:49, when the rainfall rate began to  
increase. The call for a high setting on the wipers came after  the first officer reported 
that the flashers were in sight and af ter  the captain confirmed that the approach lights 
were in sight. The captain stated that he  continued to  fly the airplane with reference t o  
visual cues for the remainder of the flight. The rainfall intensity varied, but the first 
officer said that the visibility remained better than 1 mile. 

At 2001:55, the first officer reported the runway in sight. The airplane was 
about 200 feet above the runway. The crew said that the approach lights, threshold lights, 
and runway lights were well defined and easily seen, without noticeable halo effect or 
backscatter. 

The captain said he increased thrust when the airplane was a t  200 feet above 
the runway, because he noticed that the airplane was slightly below the glide slope. This 
evaluation was made from the landing sight picture and by reference t o  the raw data from 
the glide slope. He said he planned to  level the airplane and to  reintercept the glide 
slope. He said he did not make a conscious effort to  increase the airplane's angle of 
attack since he still had the threshold and runway lights in sight. Both pilots noticed that 
the VASI indication was a "pinkish" color, which indicated that the airplane was below the 
desired ILS glidepath. 

The flight engineer, who had been looking a t  his panel, scanned the first 
officer's panel and observed the position of the airplane below the glide slope. While 
doing so, he heard the calls of the first officer that they were low and that t he  rate of 
descent was high. However, he saw the  captain adding thrust to correct the glide slope 
deviation, so he did not call the low position of t he  airplane t o  t h e  captain's attention. All 
flightcrew members said that although the rainfall was heavy, the runway lights remained 
visible. Shortly after the captain began to  increase power t o  return t o  the glide slope, t he  
first officer stated, a t  2002:00, "Looks to  be a little bit low." At this point, the airplane 
was just inside the middle marker, about 100 feet above the runway. At 2002:04, the first 
officer stated, "Rate of descent too high." He repeated the same call a t  2002:05. This 
was the last cockpit comment before the initial impact a t  2002:08.5. 

The first officer said that he never saw a rate of descent during the approach 
which exceeded 1,000 feet per minute (fpm). The captain said that  he  did not hear t he  
first officer's callouts concerning the rate of descent or the airplane's position on the 
glidepath. 

The captain said that  a t  100 feet, the crosswind increased and he adjusted the 
airplane heading to the left t o  maintain runway alignment. The flight data recorder 
showed a 2O heading change to the left. Almost simultaneously with his course adjustment 
t o  correct the drift, the captain lost all  forward visibility as the windshield became 



"opaque" and the external light glare became "brilliant." He described the situation a s  
encountering "a wall of water" and, that the airplane developed an excessive sink rate; in 
his words, "the bottom dropped out." He stated that he started adding more thrust a s  
these events developed. However, he was unable to recall the amount of added thrust. 
The captain stated that he had not considered a missed approach before encountering the 
heavy rainfall. The approach to runway 23 had been routine, and the airplane was almost 
to  the runway threshold before any significant change occurred in the meteorological 
conditions. 

The flight engineer said that his forward visibility "went t o  nil" and that he did 
not see any lights until the.  airplane passed over the green threshold lights. The first 
officer said that he lost forward visibility a t  the 1,000-foot approach light bar and that his 
visibility was limited t o  three or four approach light bars ahead of the airplane. He said 
that he did not have any sensation of a downdraft; however, a t  the time, he felt 
uncomfortable and thought a missed approach should be started. 

The captain said that  he was "caught totally unaware" by the sudden sinking of 
t h e  airplane and the loss of visibility. As he added more thrust, he "pulled back on the 
yoke in an instinctive manner and almost simultaneously I felt the main gear catch." He 
further stated that he knew the airplane was over the runway and in line with the 
centerline. When the landing gear hit the ground, he thought he had caught the lip of the 
runway. As a result, he "had t h e  thought that  I did not want t o  try to  go around." He then 
reduced power on the engines. 

- The first officer and flight engineer said that the airplane continued t o  
descend after  the captain added thrust. The captain said the intense rain, the loss of 
outside visibility, the increased thrust, and the airplane's contact with the ground 
occurred almost simultaneously. Contact was made 282 feet short of the threshold about 
6 feet below the runway touchdown zone elevation, at an indicated airspeed of 147  kns. 

The flightcrew believed that the airplane would land on the runway, or a t  most 
several feet short of the threshold. The first officer believed that the airplane had made 
a premature touchdown on the runway. The crew described the first ground contact as  
firm or "stiff," and the travel down the runway as "rough." They believed that a tire, or 
tires, had blown. 

The captain said that after the airplane struck the ground, it continued 
forward and emerged from t h e  "heavy rain" a t  the runway threshold. He could then see 
the entire length of the runway. He deployed the ground spoilers and placed the Nos. 1 
and 2 engines into reverse thrust. The No. 3 engine thrust reverser had been deactivated 
before this flight. His concern a t  that time was stopping the airplane on t h e  wet runway. 
He did not have wheel braking and ordered the antiskid system turned off. He stated that 
he did not have directional control problems; however, while the airplane's longitudinal 
axis remained aligned with the runway, the airplane drifted off the right side of the 
runway and stopped with a portion of the left wing extended over the runway, about 4,150 
feet from the runway threshold. The captain pulled the fire-control/fluids shutoff handles 
and turned the emergency lighting switch on. 

The flight engineer went into the passenger cabin area to  assist with the 
evacuation of the passengers. He left the airplane from the forward left door and found 
the escape slide wet and very fast. 



Shortly thereafter, the pilots left the cockpit and found that the passenger 
evacuation was almost complete. They verified that all the occupants had evacuated the 
airplane, then departed by the forward door slide. 

An Eastern Air Lines Booing 727 captain had landed on runway 23, 18 minutes 
before Flight 576. The visibility during the final approach was about 5 miles with light to  
moderate rainfall. The captain maintained a 10Â°t  13Odrift correction to  the left. At 
300 feet, he saw the VASI lights change rapidly t o  red. He immediately applied thrust and 
pulled back on the control wheel. At the same moment, the Ground Proximity Warning 
System activated. The captain regained the proper glide slope and completed t h e  landing. 
Neither pilot recalled a sudden "seat of the pants" sensation of an increasing rate of 
descent. 

At t h e  time of the accident, a commercial pilot was standing by a hangar 800 
feet to  1,000 feet from the threshold of runway 23. He estimated the airport visibility as 
one-half to three-quarter miles with rainshowers. The rainshowers were initially light but 
rapidly increased t o  a moderate and then heavy rate. The winds were from the southwest 
a t  10 to 15 knots with gusts to  20 knots. He first observed Flight 576 about one-quarter 
to  one-half mile from t h e  threshold. As he watched the airplane, he concluded that i t  
would not be able to  make the runway since i t  began to set t le  toward the ground. He 
heard a "large increase of power" and he  observed the airplane a t  a high angle of attack. 
He then saw the airplane hit t he  ground. He stated that a few minutes after  the accident 
the wind became calm. He noted about 1 inch of standing water on the runway. 

A second witness, also a pilot, reported that the rainfall increased from light 
to  a "hard downpour, accompanied by lightning and gusting winds." When he first observed 
the airplane, i t  appeared to  be on a normal approach path t o  runway 23. He looked away 
for "only a few seconds." He looked back and saw the airplane had "become too low for a 
normal approach to this runway." He heard turbine engines spool up and saw the airplane 
level off, but the rate of descent did not slow appreciably, and he saw t h e  airplane hit the 
ground. 

A pilot in a light airplane was in t h e  runup area near the threshold of 
runway 23 a t  the time of the accident. He said that  just before Flight 576 hit the ground, 
the magnitude of the wind gusts made i t  difficult for him to  hold t he  control wheel of his 
airplane. He had only a momentary glance a t  Flight 576 as i t  slid past his airplane. He 
said that the heavy rainfall obscured his vision. 

The accident occurred a t  night, a t  an elevation of about 436 feet m.s.l., and a t  
latitude 35" 52'N and longitude 78' 47lW. 

1.2 Injuries to Persons 

Injuries 

' Fatal 
Nonfatal 
None 
Total 

Crew - Passengers 

1.3 Damage to Aircraft 

The airplane was damaged substantially. 



1.4 Other Damwe 

The localizer antenna for the instrument landing system (ILS) of runway 05 
was damaged substantially. The antenna is located about 400 feet before the approach 
end of runway 23 and is aligned with the runway centerline. Centerline monitors and 
width monitors for the ILS localizer, located 260 feet before the threshold, were 
destroyed. 

Five approach lights, located 200 feet before t h e  threshold, were destroyed. 
Two runway threshold lights and some blue taxiway lights on the right side of runway 23 
were broken. 

Crew Information 

The three flight crewmembers were properly certificated for the flight. (See 
appendix B.) 

1.6 Aircraft Information 

Tlie airplane was certificated, equipped, and maintained in accordance with 
Federal Aviation Administration (FAA) requirements. The airplane was configured for 
installation of a ground proximity warning system; however, because of a manufacturing 
delay, the hardware for this airplane had not been delivered to  Eastern Air Lines. 

The airplane was not equipped with an aural radio altimeter signal. 

The gross, weight and c.g. were within prescribed limits for both takeoff and 
landing. At the time of the accident, about 17,000 pounds of Jet A-1 fuel was on board. 
(See appendix C.) 

Meteorological Information 

The terminal forecast for Raleigh-Durham, issued by the National Weather 
Service (NWS) a t  Raleigh, on November 12, 1975, and valid for 24 hours beginning at 1700 
was, in part: 

1700 - 2200: 1,200 feet scattered, 2,000 feet overcast, wind -- 180Â°a 
10 knots; occasionally, 800 feet overcast, visibility - 3 miles, light rain, 
fog; chance of visibility - 1/2 mile, thunderstorms and heavy rain 
showers. 

The official NWS surface weather observations a t  Raleigh-Durham Airport 
near the time of the accident were as follows: 

1955: 1,000 feet scattered, measured 2,000 feet overcast, visibility -- 4 - 
miles, moderate rain, fog, temperature - 6 7 9 ,  dewpoint - 66OP, wind 
160' a t  5 knots, altimeter setting 29.72 inHg. 

2004 - Special: Partial obscuration, estimated 500 broken, 1,500 feet 
overcast, visibility - 3/4 mile, heavy rain, fog, wind - 160Â°a 6 knots, 
altimeter setting - 29.73 inHg, runway 05 RVR - 4,000 feet variable to 
6,000 + feet, rain and fog obscuring 4/10of the sky. 



2009 - Local: Partial obscuration, estimated 500 broken, 1,500 fee t  
overcast, visibility - 3/4 mile, heavy rain, fog, wind - 190 a t  8 knots, 
altimeter setting - 29.73 inHg, runway 05 RVR - 4,000 feet variable t o  
6,000 + feet, rain and fog obscuring 4/10 of the sky, lightning in clouds 
and cloud-to-ground west. Aircraft mishap. 

The rainfall ra te  measured a t  the airport between 1957 and 2000 was about 
7 inches of rain per hour. This rate decreased to  about 1.7 inches per hour between 
2001:57 and 2003:OO. 

The Universal Rain Gauge was located 3,700 feet southwest of the threshold of 
runway 23, and 500 feet  t o  the north of the runway centerline. Witnesses located about 
800 feet to 1,000 feet from the runway 23 threshold reported that as  Flight 576 was on 
final approach, the rainfall increased from a light, steady rain t o  a heavy downpour in a 
short period. Witnesses also estimated the winds a t  10 t o  15 knots with gusts to  20 knots. 

A WRS-3 weather radar set is located a t  the NWS station a t  the Raleigh- 
Durham Airport. It is an obsolete system used only for local information. A line of 
convective activity was observed on this radar by the observer on duty a t  the time of the 
accident. The line extended from the northwest t o  the southwest of the airport; however, 
significant weather cells were not portrayed. No official reports are  made or required 
using information observed on th is  weather radarscope. This information was not 
transmitted, nor was i t  required t o  be transmitted, to  any other agency. 

1.8 Aids to Navigation 

The Raleigh-Durham Airport is equipped with an ILS for runway 23, with an 
inbound course of 229". The Leesville NDB is located on the inbound course 4 nmi from 
the threshold of runway 23, and is the FAF for the approach. 

The altitude a t  the FAF is 1,800 feet m.s.1. (1,365 feet above the touchdown 
zone) and the glide slope is intercepted just before crossing the Leesville NDB. The glide 
slope crosses the NDB a t  1,785 feet m.s.1. (1,350 feet above the touchdown zone). 
Decision height for the approach is 200 feet. 

There were no reported discrepancies in the navigational aids at the time of 
the accident. Postaccident flight checks of the ILS, the VASI, and the NDB showed no 
indications of malfunctions or misalignments. 

1.9 Communications 

No air-to-ground communication difficulties were reported. 

1.10 Aerodrome and Ground Facilities 

Runway 23 at the Raleigh-Durham Airport, an asphalt surfaced runway, is 
7,500 feet  long and 150 feet wide. The published elevation of the touchdown zone is 
435 feet m.s.1. The runway i s  equipped with high intensity runway lights, medium 
intensity approach lights, runway alignment indicator lights, and a type-A VASI on the left 
side of the runway. All runway lights, approach lights, and the VASI were illuminated a t  
the time of the accident. 



1.11 Flight Recorders 

The airplane was equipped with a Fairchild Model A-100 cockpit voice 
recorder (CVR), Serial No. 740. The CVR was not damaged, and the tape was read out 
without difficulties. 

The airplane was also equipped with a Sundstrand Data Control, Model 
FA-542, flight data recorder (FDR), serial No. 1304. The recorder and foil medium were 
undamaged and all parameter traces had been recorded clearly and actively. 

The FDR showed that the airspeed on the final approach varied from 140 knots 
to  145 knots until about 300 feet and had increased to  about 147 knots a t  initial impact. 
The rate of descent remained fairly constant a t  between 650 fpm and 700 fpm until about 
100 feet. During the 5 seconds'before impact, the FDR showed that the average rate of 
descent was 1,260 fpm, with an airspeed of 145 knots. This airspeed and descent rate 
equalled a flight path angle of about 5'. Ground damage and marks on the ILS glide slope 
shack indicated a glidepath angle of about 2.5Oat impact. This angle could be produced by 
a rate of descent of 640 fpm a t  145 knots.. 

Both recorders were located in the af t  section of the airplane fuselage. Data 
from t h e  FDR andthe  CVR were correlated into a descent profile. (See appendix D.) 

1.12 Wreckage 

The airplane first struck the ILS localizer antenna screen for runway 05, which 
is located 400 feet  before the threshold of runway 23. The top 2 feet of the parallel 
antenna screen wires were severed. The elevation of t h e  top wire was about 430 feet 
m.s.l., about 1.5 feet below the runway threshold elevation, and about 5 feet below the 
touchdown zone elevation. An antenna dome was also damaged. (See appendix E.) 

The main landing gear tires hit the ground first-about 282 feet short of the 
runway 23 threshold. The elevation of the ground marks was about 425 feet m.s.1. about 
3.5 feet below t h e  elevation of the runway threshold, and about 6 feet below the elevation 
of the touchdown zone. The airplane's angle of descent between the broken ILS localizer 
antenna domes and the ground marks was about 2.5. 

After it first contacted the ground, the airplane again became airborne; 
however, i ts second touchdown point could not be determined. Because of the first ground 
contact, both main landing gears and the No. 3 engine separated from the aircraft. These 
components continued down the runway and came to  rest between 1,275 feet and 1,600 
feet from t h e  runway threshold. 

After its second contact with the ground, the airplane slid down the runway 
and off the right side. It left the runway about 3,250 feet from the threshold. The air- 
plane stopped about 4,150 feet beyond the threshold and about 33 feet off the right side of 
t h e  runway. 

,' 

The nose landing gear remained on the airplane; the tires were flat. Portions 
of both main landing gear support structures, the left inboard, mid-inboard, and the  mid- 
trailing edge flaps; the airstair handrails; and airstair control access panel were found 
between the point of t he  first ground contact and the runway threshold. 



There was no evidence of a failure of the airplane's systems, structures, or 
powerplants before impact. All of the high lift wing devices were found fully extended. 
The measurements of the outboard trailing edge flap jackscrew showed that the flaps 
were extended 27.5Oon the left wind and 28Oon the right wing. The airplane's fuel system 
remained intact. 

1.13 Medical and Pathological Information 

Eight persons were injured during the evacuation. One passenger sustained a 
fractured right ankle and was hospitalized; injuries to t h e  remaining seven were minor. 1 

1.14 - Fire 

There was no fire. 

A witness said that when he saw the airplane strike an object short of the 
runway threshold, he also saw a burst of fire of very short duration near the No. 3 engine 
a t  the rear section of the aircraft fuselage. 

According to  a report of the crash/fire/rescue operation, the control tower 
initiated the crash alarm a t  2006 and the first vehicle responded a t  2007. A t  2008, the 
control tower sent ambulances t o  the accident scene; three units responded. 

1.15 Survival Aspects 

This was a survivable accident. The cabin and crew compartment remained 
intact; the fuselage and cabin floor did not deform substantially. 

Because the airplane came t o  rest in a level attitude, the occupants evacuated 
quickly and without difficulty. The evacuation was completed in 1.5 minutes; all  four exit 
doors and the overwing exits were used. The four escape slides deployed properly; one 
slide lighting system malfunctioned. All airplane emergency lights operated normally, 
except for the unit located above the main cabin door. 

1.16 Tests and Research 

None. 

1.17 Other Information 

1.17.1 Eastern Air Lines, h., Flight 738 

Eastern Air Lines Flight 738, another Boeing 727-225, landed a t  Raleigh- 
Durham Airport, about 14 minutes before Flight 576. The Safety Board obtained its FDR, 
read it out, and compared the traces with those obtained from t h e  FDR readout for 
Flight 576. 

Both FDR altitude traces disclosed similar flight profiles until about 100' feet 
above the runway surface. At that point, Flight 738's rate of descent decreased t o  near 
zero. 



The captain of Flight 738 said that  he was alerted to  a descent below the glide 
slope by a change in color of the VASI and an aural warning from the Ground Proximity 
Warning System. He took control of the airplane from the first officer and completed the 
approach and landing. 

1.17.2 14 CFR Part 91 -Instrument Flight Rules 

With regard to descent below minimum descent altitude (MDA) or decision 
height (DH), 14 CFR 91.117(b) states: 

Descent Below MDA or DH No person may operate an aircraft below the 
prescribed minimum descent altitude or continue an approach below the 
decision height unless- 

(1) The aircraft is in a position from which a normal approach to 
the runway of intended landing can be made; and 

(2) The approach threshold of that runway, or approach lights or 
other markings identifiable with the approach end of that 
runway, are clearly visible to  the pilot. 

If, upon arrival a t  the missed approach point or decision height, or a t  any 
time thereafter, any of the above requirements are  not met, the pilot 
shall immediately execute the appropriate missed approach procedure. 

1.17.3 FAA Advisory Circular No. 91-25A 

FAA AC No. 91-25A, dated June 22, 1973,' "Loss of Visual Cues During Low 
Visibility Landings-Discussion," reads as follows: 

Pilots conducting instrument approaches utilize visual cues as they 
become available during the approach. At the DH or MDA the pilot 
should, however, be aware that  due to  shallow fog, snow flurries, or 

. heavy precipitation, these cues may be lost af ter  descent below t h e  DH 
or MDA. If visual cues are lost after DH or MDA, the pilot should 
execute the appropriate missed approach procedure as required by 
Federal Aviation Regulations. Missed approaches, when properly 
executed, involve Little loss of altitude below the altitude a t  which the 
missed approach is "started." 

1.17.4 Eastern Air Lines Procedures 

The following is excerpted from the pertinent Eastern Air Lines, B-727, Flight 
Operations Manual, Enroute Operation Section (Altitude Awareness Call-outs) and B-727 
Flight Manual, Normal Operations (Callouts a s  Required), Revision 147; dated October 21, 
1975: 

During approach, the pilot flying* will call out: 

When IFR: 

Altitude crossing FAF (i.e., OM, VOR, etc.) above field level (AFL), 
1,000 feet above field level. 



Any significant dev,iation below 1,000 feet should be announced. 
Immediate corrective action will be taken, or the approach abandoned. 

100 feet above DH or MDA. 
Minimums (DH or MDA) 

*The pilot not flying will verbally acknowledge all  callouts. In addition, 
he will cancel t h e  terrain warning system when necessary. 

The second officer will serve a s  an additional backup. The pilot(s) not 
flying will challenge the absence of any callout. 

The following company NOTAM (Notice to  Airmen) issued October 22, 1975, 
was attached to flight papers for every flight between October 23, 1975, and 
November 27, 1975: 

Important all flight crewmembers review new altitude awareness callout 
procs as described in Vol. one, rev. 174, Page 4-1-12 and in the latest 
revision to each airplane flight manual, all dated 10/21/75. Also note 
changes in pre-takeoff and approach briefings as described in normal 
operation and flight training sections of all  AFMts. 

Missed Approach 

By definition, a missed approach and a rejected landing are two separate 
maneuvers. The procedures for execution of these two maneuvers are 
identical. 

To initiate a Missed Approach or Rejected Landing: 

Apply takeoff thrust. 
Rotate to  E0 nose up - stop descent. 
Flaps 25'. 
Positive rate of climb - "Gear Up." 
Airspeed - V, to V2 + 10K. 
Clean up as in normal climb. 
Follow published missed approach procedure. 

The following item is excerpted from the  Eastern Air Lines Company 
Training Manual: 

Land ines 

B. The recommended approach and landing procedures consists 
primarily of the following: 

1. Aim point or point of intended landing 1,000 feet beyond the 
runway threshold. Touchdown should occur a t  a point 
between 500 feet and 1,500 feet inside the runway threshold. 

2. Stabilized approach from the outer marker or 1,000 feet 
depending upon the type of approach being made. Gear and 
flaps extended, stabilized on desired speed, rate of descent 



between 500 and 700 FPM. A rate of descent in excess of 
1,000 FPM is considered undesirable and must be corrected 
prior to  500 feet  above t he  field or a missed approach 
executed. 

1.18 New Investigative Techniques 

None 

2. ANALYSIS 

2.1 General 

The airplane was certificated, equipped, and maintained according t o  
regulations. The gross weight and c.g. were within prescribed limits during the approach 
to  Raleigh-Durham Airport. 

The Safety Board concludes that t h e  airplane's powerplants, airframe, 
electrical and pitothtat ic  instruments, flight controls, and hydraulic and electrical 
systems functioned properly and were not factors in this accident. 

The flightcrew was certificated and qualified in accordance with company and 
FAA requirements and regulations. 

2.2 The Weather 

The weather in the Raleigh-Durham Airport area was substantially as stated in 
the NWS forecast which included thunderstorms and heavy rain showers. However, the 
actual conditions encountered by Flight 576 were far worse than the general weather 
reported to the flightcrew when it- first contacted the ATC a t  the airport. 

The weather over the approach end of runway 23 deteriorated rapidly a s  Flight 
576 progressed down the approach path for landing. The rapid deterioration was 
corroborated by the flightcrew statements, the observations of witnesses, and significant 
differences between the weather observations taken a t  the airport a t  1955, and those 
taken a t  2004 and 2009 by NWS weather observers. Moreover, a measured rainfall ra te  of 
about 7 inches per hour between 1957 and 2000 at a point 3,700 feet southwest of the 
accident site supports the statements of the flightcrew and the ground witnesses that 
there was very heavy rain near the threshold of runway 23 just before t h e  accident. 
Although the rainfall rate decreased t o  about 1.7 inches per hour between 2001:57 and 
2003:00, a t  t h e  measurement site the rainstorm was observed to move generally from 
west to east. Accordingly, the rainfall ra te  recorded between 1957 and 2000 a t  the 
measurement site was consistent with similar rain conditions having been encountered by 
Flight 576 near the threshold of runway 23 about 2002 hours. Consequently, the Safety 
Board concludes that Flight 576 encountered heavy rain, which probably included 
downdraft activity and a horizontal wind shear as i t  descended below decision height (DH) 
for landing. The intensity of the heavy rain, coupled with the suddenness with which the 
rainfall increased, caused the captain to  rapidly lose visual contact with the runway just 
as the airplane approached t h e  runway threshold, and he apparently did not regain 
forward visibility until after the airplane struck the ground, bounced, and touched down 
past the runway threshold lights. 



'2.3 The b r o a c h  

The correlation of the CVR and the FDR data indicate that the ILS approach 
to  runway 23 was stable until the airplane neared DH. The airplane had been slightly 
below the glide slope just before the first officer reported the "flashers just ahead," a t  
2001:46, and the airplane was then slightly above the glide slope until 200155, when i t  
returned to t he  centerline of the glide slope. About the time the first officer stated that 
the runway was in sight, the airplane was about 250 feet  above the runway elevation. 
When the airplane passed through DH, it was about 5 feet below the glide slope. A t  
2002:00, when the first officer said "Looks to  be a little bit low," the airplane was 10 to 
15 feet below the glide slope, and its rate of descent began to  increase rapidly. At 
2002:04, when the airplane was less than 100 feet above the runway, the first officer 
called "rate of descent too high." He immediately repeated the call. According to  the 
captain, he increased thrust a t  DH, and as t h e  airplane started to  correct t o  the glide 
slope, the airplane entered a "wall of water" and continued to  descend. The captain 
continued to  increase thrust but the airplane struck t h e  ground. These actions and 
conditions were confirmed by the first officer and the flight engineer. 

The evidence established that the flightcrew acquired sight of the flashers, the 
approach lights, and finally the runway lights as the airplane descended from about 380 
feet to about 250 feet. Further, the runway lights remained visible to  the flightcrew until 
4 to 6 seconds before impact, when, while a t  an altitude of less than 100 feet above the 
runway, the airplane entered the heavy portion of the rainstorm. Consequently, the 
Safety Board concluded that the heavy rain caused the flightcrew t o  lose sight of the 
runway immediately, while the downdrafts and horizontal wind shear associated with the 
heavy rain resulted in a significantly increased rate of descent. 

I 
The Safety Board concludes that the heavy rain was accompanied by 

downdrafts and horizontal wind shear, although i t  was not able to calculate their 
magnitude. Therefore, the Safety Board concludes that when Flight 576 suddenly entered 
the heavy rain area, it encountered changes in wind which hampered the effectiveness of 
the captain's efforts to  maintain a proper descent profile during the very last portion of 
the approach. Consequently, the captain probably failed to  perceive promptly the onset 
of the increased descent rate which resulted from the adverse winds because of the 
concurrent loss of visual references. 

Once the airplane encountered the heavy rain, the captain had very few 
seconds to  take corrective action. The airplane was less than 100 feet above the runway, 
and the captain had transitioned from instrument references to  visual references t o  
complete t h e  landing. 'Hie FDR and CVR indicate that the captain had between 4 and 6 
seconds to correct the airplane's flight path if he was to  avoid a crash. In that time, he  
had to  transition t o  the flight instruments, analyze the magnitude of the situation, make a 
decision with respect to  landing or go-around, and initiate the appropriate control actions. 
Assuming that the captain could have reacted to  the situation properly in 4 to 6 seconds, 
there was the further problem of the airplane's response time to  the control actions 
initiated by the captain. 

Studies of reaction time requirements for pilots in similar situations, by the 
Safety Board and by consultants who have examined this subject, indicate that between 
2.5 seconds and 3.8 seconds are necessary from recognition of the event to  movement of 
airplane controls. During this period, t h e  flightpath of the airplane, however, would 
continue to respond t o  the adverse weather conditions until the captain initiated 
appropriate control actions to complete the landing or to begin a missed approach 
procedure. 



The observations of the witnesses, the statements of the flightcrew, and the 
FDR recording of the airplane performance indicate that the captain began to  react to  
the effects of the changing weather conditions on the airplane just before impact. The 
witnesses reported hearing an application of engine power and observed Flight 576 rotate 
to a nose-high attitude. The FDR trace showed that during the last 5 seconds of flight, 
the average flight path angle was about 5'. However, ground damage and markings 
showed an impact angle of about 2.5'. The difference between the average glidepath 
angle of about 5' and the impact angle of about 2.5O indicates that the captain had 
initiated action to rotate the, airplane and that the airplane had begun to  rotate. 
Additionally, this maneuver was verified by witnesses. However, the airplane struck the 
ground before the descent could be stopped. Consequently, the Safety Board concludes 
that once the airplane encountered an unexpected heavy rainstorm and downdrafts while 
less than 100 feet above t he  runway, insufficient time was available for the captain t o  
react and the airplane to  respond to avoid impact with the ground. 

~ n o t h e r  factor which might have affected the captain's perception of the 
airplane's altitude in relation to the runway was the refraction of light through the water 
on the windshield. The effect of a heavy film of water on the windshield is to  cause a 
downward refraction of the pilot's line of sight to  the runway. The FDR trace indicated 
that the airplane went below the glidepath after the captain transitioned to visual cues. 
This could have been the result of the approach and runway lights appearing to  be higher 
than their actual elevation. Consequently, it is possible that the captain was misled as to  
t h e  actual altitude of the airplane and that he thought he was higher, which resulted in his 
allowing the airplane to descend below the glidepath. Moreover, he  was using the VASI as 
a visual reference and the limitations of the VASI would not have permitted immediate 
recognition of either the descent below the glidepath or the increasing descent rate. 

The captain said that when he  noted the position of the airplane below the 
glide slope by reference to  the ILS display, he added power t o  level the airplane and 
regain the centerline of the glidepath. About t h e  same time, the first officer made a call 
concerning the position of the airplane below the glide slope, followed by a call about the 
rate of descent. The captain stated that he did not hear the calls of the. first officer, 
even though they were clearly-noted on t h e  CVR. However, since he was already aware of 
the position of the airplane and was concentrating on putting the airplane back on t h e  
glide slope, it is not likely that the calls, even if heard, would have stimulated the captain 
to  take more aggressive action. 

2.4 Adherence to Checklist Procedures. 

Eastern Air Lines procedures required that the pilot flying the airplane make 
specific altitude calls and that the nonflying pilot and the flight engineer monitor the 
altitude calls to  further assure that proper altitude awareness is maintained in t h e  
cockpit. In this accident, the captain made the first altitude call of "2,000 feet" a t  
1959:43. At 2000:03, the captain stated "Eighteen hundred's our.. .-yepu The required 
call was t h e  final approach fix(FAF) at 1,785 feet. It appears likely that the captain's 
altitude call at 2000:03 was the glide slope intercept altitude, while the first officer's 
call, a t  2000:21, "glide slope cap both sides" was the actual crossing of the FAF. Although 
the -captain, under Eastern Air Lines procedures, was required to  make the FAP callout, 
he apparently anticipated the call and was conscious of the proper altitude before t h e  
airplane reached the FAF. Once the first officer noted t he  glide slope capture a t  the 
FAF, and then reported the passing of the FAF to  the tower a t  2000:28, the checklist 
requirement had been met, although i t  was done by t h e  first officer rather than the 
captain. 



According to  the procedure, the captain was required to make another altitude 
awareness call a t  1,000 feet  above the airport. However, a t  2000:49, the terrain warning 
system sounded, which indicated that the airplane was about 1,000 feet above the airport. 
Four seconds later, the first officer said "one thousand feet." This call was followed by 
the second officer's statement of "one thousand feet." This again was an altitude call by 
the first officer that should have been made by the captain. It was possible that t h e  
captain was too busy or too engrossed in the approach to  make the prescribed altitude 
calls. However, i t  was also possible that the first officer made the calls as  the airplane 
arrived a t  t he  appropriate altitude either because he was waiting t o  reach that point or 
because he wanted to  relieve the captain's workload. In either case, although the captain 
did not initiate t h e  required calls, the proper altitude checks were made. 

At 2001:34, the first officer called, "five hundred feet,  ground contact." 
Shortly afterwards, the captain said he had visual contact with the  flashers, the approach 
lights, and the runway environment. He continued to  fly the airplane with reference to  
visual references, and he did not make the required call of "100 feet above decision 
height" or ''decision height." Moreover, the first officer and t h e  flight engineer did not 
challenge the captain's failure to  make either of these callouts. Although the first 
officer's calls concerning the airplane's position on the glide slope, and the rates of 
descent, as  well as the captain's and the flight engineer's statements about observing t h e  
airplane go below the glide slope, indicate that the flightcrew did monitor the 
instruments, the calls of 100 feet above DH and a t  DH were checklist items and should 
have been observed by t h e  flightcrew. The captain had begun to fly the airplane by visual 
references before he reached 100 feet above DH; however, the meteorological conditions 
were marginal, and the Safety Board believes that it would have been prudent to  complete 
the required checklist calls, if for no other reason, in order t o  establish the airplane a t  a 
specific point and altitude in the final approach sequence. The fact that  the approach was 
being conducted a t  night was further reason for the entire checklist t o  be followed. The 
checklist callouts were a backup to  the flightcrew to  confirm their observations of the 
position of the airplane a t  times during the instrument approach, and as a result, were not 
items which should have been arbitrarily discounted. Although the absence of the callouts 
does not appear to  have had an influence on subsequent events, a reminder to  the captain 
that the airplane was below DH might have influenced his subsequent decisionmaking 
process. Further, although the deviations from the approved checklist did not contribute 
t o  the accident, they indicate a lack of discipline which is not professional. 

3. CONCLUSIONS 

1. There was no evidence of preimpact structural failure, fire, or flight 
control or powerplant malfunction. 

2. The flightcrew did not accomplish al l  checklist items which related to  
altitude awareness; however, members of the flightcrew did monitor the 
altitude of the airplane and the flight instruments during the final 
approach. 

3. The deviations from the checklist did not contribute to  the accident. 

4. The instrument approach was stable and uneventful until the airplane 
passed decision height. 



5. The general weather forecast was substantially correct; however, the 
localized weather encountered by Flight 576 while on final approach was 

. much worse than was reported on the Airport Terminal Information 
Service. 

6. Air traffic control (ATC) personnel a t  the Raleigh-Durham ATC facility 
were not aware of the rapidly deteriorating weather conditions in time 
to  warn t h e  flightcrew. 

7. About 1957, heavy rain moved across the airport toward the approach 
course to  runway 23. 

8. The weather conditions changed rapidly after Flight 576 passed decision 
height. 

9. The airplane encountered an unexpectedly heavy rain with associated 
downdrafts and horizontal wind shear about 100 feet above the ground. 

10. The magnitude of the downdrafts and wind shear could not be determined 
from the available information. 

11. The rainfall rate may have been a s  high as 7 inches per hour when 
Flight 576 encountered the heavy rain. 

12. The captain observed the descent below glide slope caused by t h e  initial 
encounter with the heavy rain and responded by adding thrust. 

13. The flightcrew lost forward visibility rapidly when the airplane entered 
the heavy rain. 

. , 

14. The captain was not aware of the magnitude of the downdrafts and 
horizontal wind shear, with the result that he initially applied the thrust 
he believed necessary t o  maintain the glide slope. 

15. The rate of descent increased rapidly after the airplane encountered the 
heavy rain despite t he  addition of thrust and the upward rotation of the 
airplane by the captain. 

16. The captain had less than 6 seconds to correct the airplane's flightpath if 
he was to  avoid the airplane hitting t he  ground. 

17. There was insufficient time for the captain to  react and the airplane to  
respond to prevent the airplane from striking the ground after the 
encounter with the heavy rain when the airplane was less than 100 feet 
above the ground. 

Probable Cause 

The National Transportation Safety Board determines that the probable cause 
of the accident was an encounter with heavy rain and associated downdrafts and wind 
shear during the final stages of landing when the airplane was less than 100 feet above the 
ground. The sudden onset of the meteorological conditions did not allow sufficient time 
for the captain to  perceive and react to  the effect of the downdraft and wind shear on the 
airplane's performance to  stop the airplane's increased rate of descent and for the 
airplane to  respond before striking the ground short of the runway. 



4. RECOMMENDATIONS 

As a result of its investigation of this accident, the National Transportation 
Safety Board has recommended that the Federal Aviation Administration: 

Issue an Airworthiness Directive to  require that the seatbelt 
tiedown rings on all Boeing 727 forward jumpseats be relocated so 
that the seatbelt will be positioned across the occupant's pelvic 
girdle a t  the recommended angle with the seatpan of 45' to 55'. 
(A-76-80) (Class Il - Priority Followup.) 

Inspect the flight attendant jumpseats on all other air carrier 
aircraft to  insure that t h e  seatbelt tiedowns are positioned 
properly; where improper installations are found, take immediate 
action to  require that the tiedowns be relocated. (A-76-81) (Class 
I1 - Priority Followup.) 

As recommended by the Safety Board in 1971, the FAA issued Air Carrier 
Operations Bulletin No. 71-9 to emphasize the common errors which are made by 
flightcrews during the execution of nonprecision approaches and has recommended 
practices to eliminate these 'errors. The Safety Board believes that the FAA's 
recommended practices should apply to precision approaches as well. 

Approach and landing accidents continue t o  occur a t  an unacceptable rate; this 
accident, as have many others in the recent past,demonstrates either a disregard for, or a 
modification of, approved operating procedures and lax flightcrew discipline. The Safety 
Board has recommended to the Administrator, Federal Aviation Administration, several 
measures to  reduce the number of approach and landing accidents. However, in view of 
their continued occurrence, the Safety Board reiterates its concern and reemphasizes the 
importance of flightcrewsf adhering more meticulously to  approved procedures and 
regulations. 

REVISED REPORT ADOPTED 
BY THE NATIONAL TRANSPORTATION SAFETY BOARD* 

Is/ JIM BURNETT 
Chairman 

Is/ PATRICIA A. GOLDMAN 
Vice Chairman 

Is/ FRANCIS H. McADAMS 
Member 

/s/ G. H. PATRICK BURSLEY 
Member 

Is/ DONALD D. ENGEN 
Member 

September 7, 1983 

*The original report was adopted on May 19, 1976, by the '  following members of the 
National Transportation Safety Board: Webster B. Todd, Jr., Chairman; Francis H. 
McAdams, Philip A. Hogue, Isabel A. Burgess, and William R. Haley, Members. 
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APPENDICES 

APPENDIX A 

INVESTIGATION, HEARING, AND RECONSIDERATION OF PROBABLE CAUSE 

Investigation 

The Safety Board was notified of the accident about 2200 on November 12, 
1975. The investigation team went immediately to the scene. Working groups were 
established for operations, air traffic control, witnesses, weather, human factors, 
structures, maintenance records, powerplants, systems, flight data recorder, and cockpit 
voice recorder. 

Participants in the on-scene investigation included representatives of the 
Federal Aviation Administration, the Boeing Company, Eastern Air Lines, Inc., the A i r  
Line Pilots Association, the Transport Workers Union, Pra t t  & Whitney Aircraft Division 
of United Aircraft Corporation, the National Weather Service, and the Professional Air 
Trafffic Controllers Organization. 

2. Public Hearing 

There was no public hearing in this case; however, deposition proceedings were 
held December 16 and 17, 1975. Parties represented at the deposition proceedings were: 
the Federal Aviation Administration, Eastern Air Lines, Inc., the Air Line Pilots 
Association, the National Weather Service, and the Professional Air Traffic Controllers 
Organization. 

3. Reconsideration of Probable Cause 

On October 3, 1978, the Air Line Pilots Association submitted to  the Safety 
Board a petition for reconsideration of the probable cause in the subject accident. The 
petition offered new evidence concerning the accident investigation, and discussed errors 
and omissions in the original report. The original accident report was revised as a result 
of the Air Line Pilots Association's petition. 
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APPENDIX B 

CREW INFORMATION 

Captain Edward A. Barchard 

Captain Edward A. Barchard, 45, holds Airline Transport Pilot Certificate 
No. 1327749 with ratings in the Boeing 727 and the Douglas DC-9. He was upgraded t o  
pilot-in-command of the Boeing 727 aircraft on November 15, 1972. His first class 
medical certificate was upgraded on May 20, 1975, and was issued with a limitation to  
wear corrective eyeglasses when exercising the privileges of t h e  airman's certificate. He 
stated that he was wearing the eyeglasses a t  the time of the accident. 

Captain Barchard's last proficiency check was satisfactorily in compliance 
with 14 CFR 121.441. His last en route competency report was completed satisfactorily 
in compliance with 14 CFR 440 on December 6, 1974. He had accumulated about 5,986 
total flight hours, 1,724 hours of which were in B-727 aircraft. Captain Barchard had 14 
hours 47 minutes of rest time before this flight sequence. A t  the time of the accident, he 
had been on duty for 10 hours 57 minutes of which 6 hours 22 minutes were flight time. 

First Officer Robert F. Nicholson 

First Officer Robert F. Nicholson, 42, holds Commercial Pilot Certificate 
No. 1484308 with ratings in airplane multiengine land B-727, and instruments. His first 
class medical certificate, issued with waivers for corrective eyeglasses, was upgraded on 
May 27,1975. He stated that he was wearing the eyeglasses a t  the time of t h e  accident. 

First Officer Robert F. Nicholson's last proficiency check was completed 
satisfactorily on April 7, 1975. He had accumulated about 5,831 total flight hours, of 
which about 2,939 hours were in B-727 aircraft. First Officer Robert F. Nicholson's rest 
time, as well as his duty time and flight time on this trip, were the same as Captain 
Barchard's time. 

Second Officer Jiles L. Robinson, Jr. 

Second Officer Jiles L. Robinson, Jr., 35, holds Commercial Pilot Certificate 
No. 1641970, with ratings in aircraft single engine land .and instruments. He also holds 
Flight Engineer Certificate No. 1808743. His first class medical certificate, issued with 
waivers for corrective eyeglasses, was updated on September 15, 1975. He stated that he 
was wearing the eyeglasses a t  the time of the accident. 

Second Officer Jiles L. Robinson's last flight proficiency check as a flight 
engineer was completed satisfactorily on March 24, 1975. He had accumulated about 
3,880 total flight hours, of which about 950 hours were in B-727 aircraft. Second Officer 
Jiles L. Robinson's rest time, a s  well as his duty time and flight time on this trip, were the 
same as the other two flightcrew members. 



APPENDIX C 

AIRCRAFT INFORMATION 

Boeing 727-225, Serial No. 20381, N8838E, was registered t o  Eastern Air 
Lines, toe. I t  was cer t i f icated and maintained in accordance with procedures approved by 
t h e  Federal Aviation Administration. At the  t ime of t he  accident,  t he  a i rc ra f t  had flown 
15, 969.57 flight hours; 571 hours had been flown since t he  last major phase check. 

Engines: Three Pra t t  and Whitney JT-8D-7 

Hours Since 
Date o f  Manufacture Serial No. Total  Time Last Overhaul 

No. 1 9/10/68 655082 19,208 4,517 
No. 2 3/25/66 653413 27,227 16,172 
No. 3 3/13/64 648783 29,705 9,868 
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APPENDIX F 

AIR LINE PILOTS ASSOCIATION'S PETITION FOR RECONSIDERATION 
O F  PROBABLE CAUSE 

October  3, 1976 

Mr. J a m s  B. Unf, C h a i m a n  
N a t i o n a l  T r a n s p o r t a t w c  S a f e t y  Board 
803 Independence  Avenue, S.U. 
U a s h i n g : ~ ~ ,  D.C. 20594 

Deer Mr.. King: 

I n  accordance  v i t t .  the P a r t  831.36 o f  t h e  Board 's  r u l e s ,  v e  a r e  e n c l o s i n g  
a p e c i t i o c  h r  n c o n s i d e r a t l o n  of  t h e  p robeb le  cause  i n v o l v i n g  an Laste:?, 
A i r l i n e s  Bo&g 727 a c c i d e n t  wh^ch o c c u r r e d  a t  R a l e i g h ,  North  C a r o l i n e .  

r n i s  p e t i t i o n ,  p ~ e p r e 2  by AU'A r e p r e s e n t a t i v e s  l n t i ! a a t e l y  i n v o l v e ?  wi:h 
the a c c i d e n t  1 m e s : i g a t i o n .  h a s  beec  reviewed by nos: of t h e  ALPA t e c k i s a l  
c o m c i t t e e  a f f i b e r s  and t h e r e f o r e  r e f l e c t s  a  v i d e  r ange  of t e c h r i i c a l  e x p e r t i s e .  
.'.?A h ? =  w e n d e d  c o n s i d e r a b l e  r e s o u r c e s  i n  g o i n g  beyond t h e  or ig1ns- l  1r:es- 
t i gas io - .  co i r iuc t ed  by t h e  KTSB i n  an  e f f o r t  t o  d e c e n t i n e  i n  a  d e r a i l e d  
macaet j u s t  vhy  t h e  a c c i d e n t  o c c u r r e d .  Ue t r u s t  t h e  p r o f e s s i o n a l  views 
CCT.:alned I n  this p e t t r l m  v1l.l be g i v e n  a n  e q u a l l y  . 1 ' h o ~ o u ~ t .  rwitw and 
e v a l u a t i o n .  

ALPA r e p r e s e n t a r l v u  would be p l e a s e d  t o  p r o v i d e  any a d d i t i o n a l  infor^acio: 
r e q u i r e d  by the Board in t h e i r  c o n s i d e r a t i o n  of t h i s  p e t i t i o n .  

Copies  of t h i s  p e t i t l m  have  been f o r u a r i i e i  t o  a l l  p a r t i e s  who participi:e2 
i n  t h e  i n v e s t i g a t i o n .  

' JJO'Dfpas  
E n c l o s u r e  

S i n c e r e l y ,  

c c :  KTSB Board Menbers  
F. Tayiar, HTSB 
H. CLark, BISB 

'A. Kuehl, m s s  
C. Brugg ink ,  hTSB 
FAA 
EAL 
H a t i a n d  Weather  S e M c e  
PATCO 
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Mr. J a r e s  6 .  U n g ,  Chcircs-,  
N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  Board 
60: Independence Avenue, S'i< 
h'as?~ingtor., DC 2059: 

Dezr Kr. f c in~ :  

Subsequent t o  s u b m i t t i n g  our  p e t i t i o n  f o r  r e c o r . s i d e r a t i o n  of t h e  Boa:d's 
f i n d i n g s  i r .  t h e  case  of an  E a s t e r n  A i r l i n e s  Boeing 727 which experie?.:e< 
an a c c i d e n t  a t  Ra le igh ,  North  C a r o l i n a  on November 12 ,  1975,  our  re ; re-  
s e n t a t i v e s  determined t h a t  a  v e r y  s imple  c a l c u l a t i o n  would shov t h e  e r r c ~  
of t h s  f l i g h t  r e c o r d e r  r eadou t  a s  d e s c r i b e d  i n  t h e  p e t i t i o n .  We recogr.ize 
t h a t  t h e  c o m p l e x i t i e s  of t h e  r eadou t  p rocedures  may n o t  a l l o w  an  e a s i l y  
unde r s tood  e x p l a n a t i o n  of t h e  s o u r c e  of t h e  e r r o r ;  however I t  should be 
r e a d i l y  a p p a r e n t  whether or  no t  t h e  FDR d a t a  i s  c o r r e c t  by merely  t ak ing  
t h e  NTSB readou t  v a l u e s  of  a l t i t u d e s ,  i n d i c a t e d  a i r s p e e d s ,  ar.6 e l a r s e ;  
t i n e s  and c a l c u l a t i n g  t h e  d i a t a n c e  t r a v e r s e d  t o  impact w i t h  t h e  ground 
(1 .e . .  2 6 2  f e e t  s h o r t  of t h e  t h r e s h o l d ) .  K i t h  t h e  d i s t a n c e  o b t a l n e -  
u s i n g  t h e  v e l o c i t y  v e r s u s  t ime c a l c u l a t i o n ,  t h e  a l t i t u d e  p r o f i l e  ca?, 
t h u s  be de tenc ine r i .  

We have done t h i s  f o r  s e v e r a l  of t h e  NTSB T D R  d a t a  p o i n t s  i n  t h e  fo l l cv i r .&  
t a b u l a t i o n .  The r e s u l t s  a r e  t h e n  p l o t t e d  on t h e  enc losed  l a y o u t  of t h e  
VASI and ILS g l i d e  s l o p e  p r o f i l e s .  It  c a n  be  e a s i l y  t e e n  t h a t  t h e  KTSE, 
p o i n t s  p l a c e  t h e  a i r c r a f t ' s  f l i g h t  p a t h  above no t  o n l y  t h e  I L S  g l i d e  
e l o p e  b u t  a l s o  a t  t h e  v e r y  upper edge  of t h e  VASI g l i d e  p a t h .  

Need les s  t o  s a y  t h e r e  i s  no i n s t r u m e n t  which would have a l lowed  t h e  c a p t e i c  
t o  f l y  a n  a lmos t  c o n s t a n t  a l t i t u d e  above t h e  g l i d e  s l o p e  th roughou t  t h e  
f i n a l  approach.  Also  i t  should  b e . n o t e d  t h a t  when t h e  f i r s t  o f f i c e r  makes 
t h e  coinaent "VAS1 looks  a  l i t t l e  b i t  loi.," t h e  NTSB d a t a  has  t h e  a i r c r a f t  
a t  t h e  uppe r  (h igh )  s i d e  of  t h e  VASI on-course s i g n a l .  
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C l e a r l y  t h e  NTSB FD; r eadoa t  c o n t a i n s  an e r r o r  a6 we p o i n t e d  o u t  pre\-iousl\-. 
It is e v i d e n t  t h a t  t h e  i u p a c t  v l t h  t h e  ground as r eco rded  by t h e  FC?. 
occurrec* a t  At59 (FS? t i = )  a s  i l l u s t r a t e d  by t h e  s t a r t  of t h e  i n c r e a s e  
i n  t h t  v e r t i c a l  a c c e l e r a t l o r ~ .  At t h i s  t ime p o i n t ,  however, t h e  a l t i t u d e  
ie i n d l c a t i n ~  A 7 5  f e e t  whereas t h e  ground impact e l e v a t i o n  i s  6 2 4 . 6  f e e t .  
Obviously  t h i s  is a  s i g n i f i c a n t  a l t i t u d e  d i sc repancy .  

Me b e l i e v e  t h i s  e r r o r  I 6  a s s o c i a t e d  v i t h  a s h i f t e d  r e f e r e n c e  l i n t  o f  
t h e  FDR t a p e  a s  b r i e f l y  o u t l i n e d  I n  t h e  p e t i t i o n .  I n  any ever.[, we C ~ U E :  
t h e  above c l a r i f i c a t i o n  w i l l  t h o u  more e l e a r l ?  t h e  n a t u r e  o f  t h e . e r r o r  
=d hov w i t h  t h e  p rope r  c o r r e c t i o n s  a p p l i e d  t h e  d a t a  confonc  t o  t h e  
knobn fa : ts .  

S i n c e r e l y ,  

JJ0'D:bh 
E n c l o s u r e s  
p . o  n e l l .  P r e s i d e n t  
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I D R  AVERAGE 
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I. INTRODUCTION 

A. Intent 

The Air Line Pilots Association offers the following petition for 
modification of the National Transportation Safety Board Aircraft 
Accident Report 76-15: Eastern Air Lines, Inc., Boeing 727, 
NbE3SE, Raleigh, North Carolina, November 1 2 ,  1975. Based upo: 
new evidence relevant to the report, a8 veil as nubotantive 
errors and omissions or the part of the Board, the petitioner 
will establish a revised accident icenario that supports 
modification of the Board't findings and probable cause. 

The petition details errors and omissions both in analysis of the 
Flight Data Recorder (FDK) tape and in the correlation of the 
Cockpit Voice Recorder readout with the approach path summary, 
then presents a revioed analysis of the approach that accuratelv 
portrays the path of the aircraft relative to the actions of the 
flight crev and meteorological phenomena. The succeetfing porticn 
of the petition will addreos specific errors and omissions in the 
derivation of Board conclusions in the context of both the 
reviled scenario and new evidence. 

0. Errors and Omissions 

The following errors and omissions in the Board's conclusions c.6 
analysis of the evidence will bedi8cussed: ' 

1. Errors in the FDR Readout and Analysis 

a. Altitude trace error. 

b. h p a c t  time error. 

c. Airspeed trace error. 

d. Lack of correction for ground effect or rotation of the 
aircraft about its lateral axis. 

e. Failure to read out radio transmission time binary. 

2. Errors in CVR transcript timing. 

3. Miointerpreftion of altitude at which crevlost forward 
visibility. 

4. Failure to understand limitations in ability of 
crev/aircraft to execute missed approaches under adverae 
conditions. 

5 .  Miointerpretation of required IFR callouto 

6 .  Kiaunderstanding of the term "approach apeed" as opposed to 
the term "Vref" (the speed required for the approach). 
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-;i. of t ubs t an t i ve  ana lys i8  of the  app rop r i a t e  
a e t eo ro log i ca l  da t a .  

8.  Erroneous i n t e r p r e t a t i o n  of r a i n f a l l  r a t e .  

9 .  F a i l u r e  t o  analyze e f f e c t  of heavy r a i n  on a i r c r a f t  
performance. 

10.  MisunderÃ§tandin of use of f l i g h t  i n t t r u n e n t s  dur ing 
v a n d i n g .  ._ 

Ane l onowing  new evidence v i l l  be p resen tee  i n  #upport  of 
r e v i i i m  of AhR 76-15: 

1. A i r  T r a f f i c  Control  (AX) f a i l u r e  t o  r e l a y  informat ion 
p e r t i n e n t  t o  execut ion of t he  approach. 

2.  Inadequacies of the  a i r c r a f t 1 #  v indsh ie ld  v i p e r  systero. 

3. Deficieri'cie9 i n  t h e  atandard Vi8usl  Approach Systen 
Ind i ca to r  ( V A S I )  p re sen t a t i on .  

&. Analysis of p i l o t  even t - re la ted  r e a c t i o n  t imes.  

11. ERRORS I N  FLIGHT RECORDER KÂ£Ar>OtT 

We nus: emphasize how important a  c o r r e c t  a n a l y s i s  of t he  f i n a l  
approach p r o f i l e  ii t o  t he  u n d e r ~ t a n d i n g  of t he  t r u e  f a c t o r s  leading 
t o  t h i s  a cc iden t .  

ALPA's e x d n a ~ i o n  of both the  c a l i b r a t i o n  and recorder  t apes  revealed 
an average re fe rence  l i n e  e r r o r  of .0075 inches .  This  i s  a  
8 i g n i f i c a c t  e r r o r  which, i f  unaccounted f o r ,  would r e s u l t  i n  an 
a l t i t u d e  t r a c e  151 f e e t  too h igh .  - 
Another e f f e c t  of the r e f e r ence  l i n e  e r r o r  i s  t o  produce an a i r tpeed  
t r a c e  which i s  too  high b y  approximately 5 k n o t t .  Ae w i l l  be shorn 
l a t e r ,  t h i s  e r r o r  r e s u l t e d  i n  t he  Board's m i s i n t e r p r e t a t i o n  of the 
a c t u a l  approach speed being flown and i t s  r e l a t i o n s h i p  t o  V r e f .  

The cor rec ted  a l t i t u d e  and a i r speed  t r a c e s  were re -p lo t ted  over the 
Board's readout  f o r  easy compari#on (Figure  3 ) .  Although t he  heading 
t r a c e  w u l d  have been t i m i l a r l y  e f f e c t e d ,  no c o r r e c t i o n  was made t o  i t  
a i nce  i t  ii n o t  r e l evan t  t o  t h e  a n a l y m .  

Another e r r o r  i n  t he  Board's readout  i a  the  time of i n i t i a l  impact. 
The Board's ana lys in  o f  t h e  FOR concluded t h a t  t h e  acc iden t  occurred 
a t  an FDR t i n e  of 5:OO. However, t he  T D R  readout ahovs t h e  # t a r t  of a  
aharp i nc r ea se  i n  the  v e r t i c a l  a c c e l e r a t i o n  t r a c e  beginning a t  &:59. 
This represents t h e  ac tua l  impact t ime r a t h e r  than t h e  eak "g" a s  
as8med by t he  Board mince t he  impact f o r c e  which c a u s e d r  
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accelerometer to rise to a peak value had to occur at same time prier 
to the peak value time. 

The above corrections, plus two others, 177-foot barometric 
correction and a 14-foot pilot'a eye-to-static-port vertical 
separation were applied to ALPA's readout and resulted in the flip?t 
path profile ahour in Figure 1. (According to Boelng, eye path and 
ILS antenne path are approximately the tame; therefore, this flight 
- - p 6 1 ' l p  represents the path of the pilot't eyes and glide slope 
antenne.) The main wheel path lies 20 feet below the eye path. 

It thould be noted that 'the i q a c t  point of the altitude profile h e e l  . - - -  -. , - - -  . .  E L ,  yet the impec; ele.,~:i;: i: AÂ¥"'Â¥ foet KSL. 
This discrepancy is due to ground effect and rotation errors. As an 
aircraft in ground effect is rotated about its lateral axis, the 
static pressure ports, which are located under the forward fuselage, 
are prefurizet! as the air flow angle changes. This pressurization 
produces a decrease in the indicated altitude which, if not corrected, 
could be interpreted as indicating an increased descent rate. 
(Figures 1 mi 2 show the corrected altitude profiles.) 

The Board's report ttated that "At 3.6 teconds before touchdow, the 
descent rate increased to m average of 1400 f p . "  The Board faile? 
to understand that this was only an apparent, and not an actual, 
increase in the deacent rate. At 140 knots ground speed, a ItOD fpr 
descent rate would produce a flight path angle of 5.6 degrees; yet, 
according to the Board's report, "the angle of descent between the 
broken ILS localizer antenna donee and the ground marks was about 2.5 
degrees .I' 

In sunnnary, when all corrections are applied, the Board's pressure 
altitude trace is generally high by 81 feet, and the last few meconis 
of the trace were misinterpreted as an increasing descent rate when 1". 
fact a pullout was underlay. 

The possibility of additional error can be raised since the Board's 
readout of the FDR did not contain the radio transmission time bina-v 
which is uaed to obtain a real time converaion of the FDR data. 
ALPA't readout of this binary revealed erroneous transmission tilting 
of the entire trace. While ALPA believes the lack of this information 
was not critical to the investigation, we do feel this malfunction 
thould have been mentioned in the FOR Group Chainaan's Factual Report. 
Because these radio transmission timing traces are often relied upon 
to accurately correlate ATC transmiasion times to events which occur 
on the F D R  tape, it ia important to know the history of the 
reliability of this particular part of the recorder. The opportunity 
to examine these traces occurs only during accident investigations. 
But in this case the cause of the erroneous timing will never be known 
aince it was never investigated. 
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111. ERRORS IN CVR TRANSCRIPT TIMING 

careful examination of the FDR tape, U . 4  concluded that 
application of real time to the events leading to the 
could be effected only by careful ~~nchronization of the Air 

Control ( A X )  an6 Cockpit Voice Recorder (C'VR) tapes. 

N P A  reviewed the ATC t r a n s c i s ~ i o n ~  beginning at 0051:27Z until 
finn.LÃˆ7 utilizing a digital readout playback device. With the aid 
o: a variable (peed tapedeck and stopwatch, the CTO tape tpeed w a s  
then adjusted to coincide vith the 9-~ioute, 21-aecond period covered 
Ã̂Â¥ c h ?  two ATC t r a n m i s ~ i o n ~ .  Real time was then applied to the CVR 

When comparing ALPA't timet vith those of the Board, there 
i t  as ouch at a three-second ditcrepancy between ALPA't and the 
Board's transcripts. 

At an example, the Board'a transcript ahows that the 500 feet callout 
made by the first officer occurred 31.5 aeconds prior to impact. 
According to our examination, the callout actually occurred 34.5 
teconds prior to impact, at a corrected altitude of 490 feet above 
the touchdown zone elevation. 
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1 k .  SVMMARY 01- THE APPROACH BASES ON A CORJIECTED PROFILE 

The key to understanding this accident lies in careful acrutiry of 
the last 3b.5 aeconds of flight. In Figure 1, the later portion of 
the flight path profile has been expanded; and, in Figure 2 ,  cocks-It 
voice recorder ( C V R )  c m e n t s  have been tine correlated to the flight 
path profile. This profile confinas the crevnembers' statemefits ar.? 
depositions regarding the events which occurred during the approach. 
Thirtv-four and a half aeconds prior to impact, the firut officer 
i .=.m: ; J -  feet - ground contact." At thin time the aircraft was 
positioned on the electronic glide d o p e  m d  the captain was flying 
the aircraft aolely by reference to the flight in~trunients. 

oeconds later, 21.5 oeconds prior to impact, the firat 
officer aaid, "There's the ah flashers up ahead." At this time, the 
aircraft was still petitioned on the electronic glide slope 
approximately 300 feet above the airport and being flovn solely by 
reference to the flight instrments. According to the captain's 
deposition, "The first officer conmented he had the approach lights 
in might. I hesitated a few aeconds after he made the comment before 
I cone off the inntrwnents to look out and when I cane off the 
instrments,, came in view pretty much in sequence; the lights, 
threshold and runway were pretty much in a row." (TR 11&-6)  In 
addition, the first officer's deposition, "I recall 400 feet; I ' m  
sure that'a what it was. We have a procedure to call in a hundred 
feet above designation light (decision height) and that's when I 
caught the approach." (TR 80-23) It ahould be pointed out that the 
decision height for this approach is 200 feet. 

The CVR transcript ahows that 18 aeconds prior to impact the Captain 
requested that the vindshield vipera be placed to high; this is 3 
aeconds after the "Flashers up ahead" callout by the F/0. It is 
obvious that the captain's request for a higher windshield viper 
speed indicates that at about this time hit viaion was transferred 
outside the aircraft. The flight profile also ahovs that the 
aircraft began a deviation below the electronic glide alope 16.5 
seconds prior to impact or 5 aeconds after the "Flashers up aheai" 
callout. 

The captain's deposition atated, "At approximately 200 feet or so 
again I was visual. I felt aomewhat low and I checked back to the 
raw data on my glide alope and it ahoved that I was slightly below 
the glide alope and I added power and flattened the airplane out to 
fly back into the glide slope. I vaa alao trying to cmnpare it with 
the VASI and the runway aa to hov it felt to m e  at the same time." 

"After that, I did not refer to the glide #lope. I stayed more or 
less on the V A S I .  Everything was normal. The approach was flat." 
(TR 114-15) 

The flight profile indeed Ã§how that at 200 feet the pilot'o eyes and 
glide #lope antenna were approximately 12 to 15 feet below the 
electronic glide alope and the descent rate had increased to slightly 
o v e r  1,000 feet/minute. Eowever, the VASI was shoving an on-glide- 
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path i nd i ca t i on  (Figure  2 ) .  

The f a c t  t h a t  the  VASI was observed by t he  cap t a in  a t  t h i s  po in t  
(approximately 200 f e e t  above t he  a i r p o r t )  ind ica te ;  t h a t  the  
v i s i b i l i t y  was equal t o  o r  g r e a t e r  than the  d ia tance  of ^ , a00  f e e t  
( . 9  mtatute mi les )  t o  the  upwind VASI ba r .  

When t h e  cap t a in  requested tl" wipers be placed t o  high the  f i r a t  
n Ã ˆ f < r ~  re turned h i s  v i s i o n  i r o n  ou t s i de  the  a i r c r a f t  t o  the  Overhead 
s v i t c h  panel t o  l o c a t e  anc a e l e c t  t h e  high pos i t i on  on the  v i p e r  
mvitch and then re tu rned  h i s  v i s ion  ou t s i de  t he  a i r c r a f t .  

. . . . of f ice r 'm v i a ion  had t o  s h i f t  from a Bare intensely l i t  
ou t s i de  acene t o  the dimly i l lumina ted  overhead awitch panel .  Re 
then had t o  l oca t e  t he  windshield v i p e r  ( e l e c t o r  mvitch, make the  
melection t o  high apeed, and a h i f t  h i s a t t e n t i o n  back t o  t h e  ou ts ide  
environment. 

~. . . 

During t h i s  6-172 second#,  the VASIwould have provided an on-glide-, 
path  i n d i c a t i o n  a8 dep ic ted  by t he  f l i g h t  path  p r o f i l e  (F igure  2 ) .  
This on-glide-path i n d i c a t i o n w o u l d h a v e  been displayed t o  t he  f l i f i t  
crew f o r  i n  add i . t iona l  2  seconds a f t e r  t he  f i r s t  o f f i ce r 'm c a l l o u t  of 
" a n d t h e r e ' s  the  runway." I t  i m  emphasized t h a t  a l l  v i s u a l  cues up 
t o t h i e  point  have i nd i ca t ed  a  normal approach. 

From 10 t o  8  seconds p r i o r  t o  impact,  t he  a i r c r a f t  would have been 
t r a v e r s i n g  the  t r a n s i t i o n  or pink zone of the VASI system. One-ha'.: 
aecond l a t e r ,  7-1/2 seconds p r i o r  t o  impact, t h e  f i r ~ t  o f f i c e r  maid, 
"VASI an looks a  l i t t l e  b i t  low." With a  descent r a t e  of s l i g h t l y  
more than 1,000 fee t /minu te  e i t a b l i s h e d  a f t e r  depar tu re  from the 
e l e c t r o n i c  g l i d e  s l ope ,  a  per iod of 9 aeconda e lapsed before  the  
f l i g h t  crew received a  p o s i t i v e  low i nd i ca t i on  from the  VASI; i . e . ,  
both upwind and downwind boxes r ed .  The f a i l u r e  of t he  a t a n d a r i  VASI  
ayatem t o  provide r a t e  guidance i s  a  c r i t i c a l  f a c t o r  overlooked i n  
t h e  Board's  i n v e s t i g a t i o n .  This aub j ec t  w i l l  be diacuased f u r t h e r  i n  
t h e  aec t i on  on New Evidence. 

The v i s i b i l i t y  up t o  t h i s  t ime, 7  meconds p r i o r  t o  impact,  was a t  
l e a a t  3,350 f e e t  a ince  t he  f u l l  VASI myatem was i n  view a 1  evidenced 
by t h e  f i n t  officer's a b i l i t y  t o  de t e rn ine  t h a t  the,:aireraft  looked 
' a  l i t t l e  b i t  low.'' At t h i s  t ime, t he  a i r c r a f t 8 #  ifheels were t o  f e e t  
above t he  touchdovo zone. 

F ive  seconds p r i o r  t o  i + a c t ,  t h e  f i n t  o f f i c e r  maid, "Rate of 
descen t ' s  too  high;"  t h e  a i r c r a f t ' s  wheels were 56 f e e t  above t he  
touchdown zone and the  f l i g h t  recorder  ahow a  descent r a t e  of 1020 
fee t lminu te .  

At t h i s  time t h e  v i n i b i l i t y  wan probably d e t e r i o r a t i n g ;  however, i t  
was ( t i l l  a t  l e a s t  1480 f e e t ,  aa  t h e  f i r s t  o f f i c e r  testified t h a t  he 
could s t i l l  aee the runway s h o r t l y a f t e r  hemade  the  c a l l o u t  
concerning the  high r a t e  of deacent .  (TR 8&A-5) , ,  
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Shortly thereafter, the aircraft encountered the torrential d o ~ . p o u r  
described by all three crewmembers in their statements and 
depositions. The captain's description follows: 

"I atraightened the airplane out and began to drop the left wing 
when -- I'm not certain as to the sequence -- but I felt a 
oinking feeling and lost viaibility and at that point it was 
certainly strictly a reaction type of thing. I was caught 
i y  unaware by it. It was so audden, just a sudden happening 
and I added the power up and pulled back on the yoke in an 
instinct manner and almost simultaneouely I felt the main gear 
,. S -t. * thought that passed through BT mind vas I was prettv 
well over the runway and in line with the runway but possibly the 
main gear might have caught on the lip of the runway and with 
that I had the thought that I did not vent to try to go around. 
SO I vent from power on to power off and had the thought in my 
mind that all I wanted to do is keep the airplane straight an? 
level and try to keep i t  on the runway and about this time we 
broke out and I could see the full length of the runway an6 we 
were pretty well centerlined all the way down the runvay for the 
greatest portion; had engines in reverse; had speed brake 
extenderi. Ther we itarted a slight, gradual slide to the rigbit 
which I tried to (top with nose wheel fleering and with rudder, 
but it just continued on." (TR 115-14) 

It is obvious from the crev statements, crew depositions-, an6 AL?A's 
flight path profile, that.power was applied, the nose of the aircraft 
W a c  rotated after the encounter with the vall of water, and the 
aircraft began to respond to the captain's inputs. This is evidenced 
by the fact that, from the time the aircraft left the electronic gliie 
slope (16 aeconds prior to impact) until 3 seconds prior to impact, 
the flight path angle average? approximately 4 degrees.' Furthentc-e, 
as depicted in the Board's Report AAR-76-15, Appendix E, the flight 
path angle of the aircraft's wheels between impacting the localizer 
antenna and the ground was 2 . 5  degrees. It is obvious, therefore, 
that a marked decrease in the flight path angle took place during the 
last 3 ~econds of flight. 

It also becomes evident that the aircr~ft's encounter with this "wall 
of water" had to occur less than 5 meconds prior to impac.t. At this 
point, as additional corrobative evidence, N P A  auggeeta that the 
statement of ground witness Robert L. Crutchfield, a pilot, and the 
atatement and deposition of ground vitness Allan Hare, a pilot, and 
the witnets statement suomary prepared by the witnets group be 
examined. These dociments reiterate the following facts nimerous 
times: 

1. That at least takeoff 

2. That the aircraft had 

3. That the descent rate 

I--- - . .. . . -- .- 
'-'I 

thrust had been applied by the flight crev. 

a high angle of attack. 

had been reduced. 
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k .  That it uas raining extremely hard. 

5 .  That the wind uae gutting. 

6. That all of the above had occurred prior to the aircraft crotsing 
the localizer antenna. 
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7. CORRECTIONS TO ERRONEOUS FINDINGS AKD OKISSIOKS 

A. Misinterpretation of Altitude at vhich Crew Lon: Forward 
Visibility 

The Board's Report, AM-76-15, Page 13, states, 

"Flight 576 encountered heavy rain which was probably 
associated with downdraft activity and a slight horizontal 
wind ihear as it de'scended be1 ow 200 feet. Although viaus! 
contact with the runway environment was lost at this point, 
. ,  -ip:&in regained forumti i . i . ~ l l i i ; i ~ ~  am me aircraft 
passed over the threshold lights." 

As we have a h o m  in the revised approach profile auwnary, the 
aircraft entered heavy rain shower activity approximately & 
seconds prior to impact, when the aircraft's wheel8 were 67 fee: 
above the touchdovn zone, and not at or near the decision height 
of 200 feet, as the Board's report implies. 

If the Bosrd't implication were correct, the aircraft would have 
encountered the "wall of water" 13-1/2 to 14 seconds prior to 
impact. Hone of the evidence tupportt this. The CVR concent, ,* and there's the runway", occurs at 12.7 seconds prior to impact. 
Again, according to the CVR, the first officer was still able to 
see the VASI 8 teconds prior to impact. Furthermore, according 
to the first officer's deposition (TR 84A-51, he atill had the 
runway in sight 5 seconds prior to impact when he called out the 
high deecent rate: 

"Q. And having made this callout of a thousand--sorry--you 
alerted the captain to a high rate of descent, then 
what did you do? 

A .  At the sane moment aa I called it out t h e  captain was 
reacting-to it. I doubt if he heard me. But, he Va6 
reacting to a reduction, what appeared to me reduction, 
of descent and increase in power. 

Q. Did you make any cross reference to anything else the; 
would give you some feel of whether this rate of 
descent was going to get you in trouble or not? 

A. Just visually out'the vindou, out at the runway. 

Q. Out at the runway? 

A. Yes. 

Q. So you had the runva? in tight at this point? 

A. Yes. 



APPENDIX F 

,Q. Do you r e c a l l  any  t ime  a f t e r  c a l l i n g  o u t  t h i s  h i g h  r a t e  
o f  d e s c e n t  l o o k i n g  a t  t h e  VASI? 

A.  No. I d o n ' t  b e l i e v e  we could  s e e  i t . "  

Review o f  F i g u r e  2 shows t h e  r a t e  o f  d e s c e n t  c a l l o u t  was made 
when t h e  a i r c r a f t  was 1 , U Z  f e e t  from t h e  t h r e s h o l d .  

Â ¥ '  e v i d e n t  t h e r e f o r e  t h a t  t h e  c rew had v i s u a l  c o n t a c t  v i t h  t he  
r ' a v a y  a s  c l o s e  a s  1,482 f e e t  from t h e  t h r e s h o l d .  

1: c o n c l u s i o n ,  a c c o r d i n g  t o  t h e  crew d e p o s i t i o n s ,  c r ew 
. ifi .ement8, v i t n e s a  a t a t e m e t i t s ,  Ã§n f l i g h t  d a t a  g raph ,  i t  becomes 
a p p a r e n t  t h a t  upon e n c o u n t e r i n g  t h e  "wall  o f  water":  

1. T h r u s t  was i n c r e a s e d  y e t  t h e  a i r s p e e d  s t a y e d  c o n s t a n t .  

2 .  The a i r c r a f t ' t p i t c h  a t t i t u d e  was i n c r e a s e d  y e t  t h e  f l i g h t  
p a t h  a n g l e  r e n a i n e d  n e a r l y  c o n s t a n t  u n t i l  3 seconds  p r i o r  t o  
impact .  

The only  way t h e s e  two a c t i o n s  and t h e i r  r e s u l t s  can  p h y s i c a l l y  
t a k e  p l a c e  i s  f o r  the, a i r c r a f t t o  encoun te r  a  downdraft  
a s s o c i a t e d  w i t h  t h e  heavy r a i n f a l l .  

I t  shou ld  b e  p o i n t e d  o u t  t h a t  t h e  f l i g h t  r e c o r d e r  r e a d o u t  of an 
e n c o u n t e r  w i t h  a  d o v n d r a f t  v i l l  n o t  n e c e c a r i l y  ahow a i r s p e e d  
d r o p o f f s  SB h a s  been t h e  c u e  i n  s e v e r a l  o t h e r  p r e v i o u s  a c c i d e n t s  
reviewed by t h e  Board. I n  t h o s e  o t h e r  c a s e f ,  t h e  a i r c r a f t  
t r a n e i t e d  t h e  dovndra f t  and emerged i n t o  t h e  t a i l w i n d  o f  t h e  
Outf low as t h e  a i r c r a f t  con t inued  i t 8  d e s c e n t .  I n  t h e  p r e s e n t  
c a s e ,  however, t h e  a i r c r a f t  never  e x i t e d  t h e  d o v n d r a f t  p r i o r  t o  
impact  w i t h  t h e  l o c a l i z e r  an t enna .  

The e x a c t  a l t i t u d e  a t  which dowadraf t  a c t i o n  cannot  e x i s t d u e  t o  
t h e  p h y s i c a l  n e c e s s i t y  of t h e  f low t o  t u r n  i n t o  ho r i zon ta i 'w ine ' s  
as i t  approache i  t h e  e a r t h ' e  f u r f a c e  h a s  n o t  been de t e rmined .  I t  
i s  g e n e r a l l y  b e l i e v e d ,  however, t h a t  t h e  d o v n d r a f t  e f f e c t 8  can be 
e x p e r i e n c e d  a t  100 f e e t  o r  perhaps  even  lower .  I t  ahould  be 
n o t e d  t h a t  t h e  t e r r a i n  p r i o r  t o  t h e  t h r e s h o l d  o f  Runway 23 a t  
L l e i g h  drops  o f f  t o  a lmos t  75 f e e t  below t h e  e l e v a t i o n  of t h e  
runway. I n  t h i s  c a s e ,  t h e  e f f e c t s  o f  a  d o v n d r a f t  c o u l d  be 
e x p e r i e n c e d  a t  v e r y  low a l t i t u d e 8  ' r e l a t i v e  t o  t h e  runway 
threshold. Fur the rmore ,  t h i s  t e r r a i n  characteristic would have  
a l l w e d  t h e  a i r c r a f t  t o  p e n e t r a t e  t h e  d o v n d r a f t  w i t h o u t  f i r s t  
e n c o u n t e r i n g  a  headwind component. -This i s  e n t i r e l y  c o n s i s t e n t  
w i t h  t h e  l a c k  of a p p r e c i a b l e  a i r s p e e d  i n c r e a s e  on t h e  FDR 
r e a d o u t .  

. . F a i l u r e  t o  unde r s t and  A b i l i t y  of Crew/Aircraf  t t o  Execu te  Missed 
A p p r o a c h e s  under  A d v e r ~ e  C o n d i t i o n s .  

' Y e  1TTSB concluded i n  i t s  F i n d i n g s  6 and 10 t h a t ,  "That c a p t a i n  
.:id no t  e x e c u t e  a  missed  approach when h e  l o s t  forward  
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visibility," and "The captain demonstrated poor judment and did 
not exercise the prudence and care expected of an air carrier 
pilot when he failed to make a missed approach." 

At ALPA haa already pointed out, the visibility 1088 did not 
occur at or near decision height a8 the Board's report implied, 
but rather vithin seconds of the runway at an altitude toe low to 
effect recovery. The auddenneÃ§ with which the intents rain was 
e:,ii^r^ered did not leave adequate time to make corrective 
actions to regain the glide slope, let alone trantition f r m  a 
visual enviromnent to an instrment gff-mound. When exmining 

"Â¥Â¥" path profile (Figure 2 )  an+ tha rvev  atatementa and 
depositioni, it is obviout that 5 seeon'tis prior to impact and 
with a flight path angle of 4 degrees, the captain initiated a 
correction. Almoat instantaneously (one iecond later and 
approximately 4 seconds prior to impact), the aircraft entered 
the "vall of water." Regardlean of the acuity of an individual, 
there will be a time interval betveen encountering a phencmenor. 
and the response of that individual to the encounter (i.e., 
recognitim., decision, and reaction!. In addition, there will be 
a time period for the aircraft to reapond. This total tine 
period issportrayed on the flight path profile. At 4 ieconds 
prior to impact, at an altitude of 40 feet and a flight path 
angle of 4 degrees, the aircraft entered the "vall of water." Bv 
the time the main gear ttruck the localizer antenna, 3.75 aeconc's 
later, the aircraft's wheels were approximately 5 feet above the 
ground impact point and the flight path angle was 2.5 degrees 
(ftwcarding to the Board'a Report AAR-76-15, Appendix El. To 
accmplith this change in flight path angle, the captain ha6 to 
provide the inputs of additional thrust and increased angle of 
attack. The problem which was encountered by tht crew was that 
there just wasn't enough time for the pilot to r e c ~ ~ i z e ,  decide, 
and react, and subsequently for the aircraft'to react, before 
im?act. 

To assist the Board in recognizing the time required for a pilot 
to react to an unexpected encounter vith dangerous phenomena, 
ALPA it including an outline of a itudy of this particular 
accident by Dr. A. 0. Dick (Attachment A). Dr. Dick has 
conducted a number of studies looking at pilot reaction times and . 
division of attention to flight instruments during low visibilitv 
approaches. 

An the Board will recognize, this Xi nev evidence relating to 
this accident. It now becomes moat important to reiterate that 
the encounter with the "wall of water" occurred less than 5 
seconds prior to impact. Dr. Dick concluded that a 3.6 aecon'i 
reaction time for the captain would be required prior to 
initiation of a control input. Eovever, vith 3.8 seconds tor the 
crew to react and leas than 5 seconds to impact, onlv 1.2 seconds 
remained for the control input to be applied by the captain and 
for the aircraft to react before impact with the ground. It is 
important to note that no reaction time for the aircraft response 
ia incorporated into Dr. Dick's study. It it quite evident, 
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however, t h a t  some a i r c r a f t  r e a c t i o n  t o  t h e  c a p t a i n ' s  i n p u t s  had 
o c c u r r e d  p r i o r  t o  impact .  At 3-1/2 t econds  b e f o r e  impact ,  t he  
f l i g h t  p a t h  o f  t h e  a i r c r a f t  was 4 d e g r e e s ;  however,  d u r i n g  the  
l a s t  1/2 second o f  f l i g h t  ( i . e . ,  from t h e  t ime t h e  mein lan i i ing  
g e a r  mtruck t h e  l o c a l i z e r  a n t e n n a ,  u n t i l  impact  w i t h  t h e  ground) 
t h e  f l i g h t  pa th  a n g l e  was 2-1/2 d e g r e e s .  

C o n t r a r y  t o  t h e  Board 's  o p i n i o n  t h a t  t h e  c a p t a i n  demonstrated 
"poor judgment," NPA b e l i e v e s  t h a t  when c o n s i d e r i n g  t h e  f a c t o r s  
e n c o u n t e r e d  d u r i n g  the  l a s t  6 eeconds  o f  f l i g h t ,  t h e  c a p t a i n ' s  
d e c i s i o n  no t  t o  e x e c u t e  a  mi s sed  approach a f t e r  ground c o n t a c t  

' - . - h t e d l y  u v e d  t h e  l i v e s  of  a l l  thoÃ§ board  t h e  a i r c r a f t .  
Th i s  f a c t  becomes obvious  a f t e r  examina t ion  o f  t h e  damage t o  the  
a i r c r a f t ;  i . e .  <3  eng ine  d o s i n g ,  bo th  main l a n d i n g  g e a r  
s e p a r a t e d  and e x t e n s i v e  f l a p  daaage .  

C .  M i s i n t e r p r e t a t i o n  o f  Requi red  IFR C a l l o u t s  

The Board 'Ã F i n d i n g  9 s t a t e s :  "The f i r s t  o f f i c e r  d i d  not  make 
l o u d ,  d i s t i n c t  c a l l u u t s  when a  hazardous  s i t u a t i o n  was 
encoun te red . "  

ALPA h a s  g r e a t  d i f f i c u l t y  i n  d e t e r m i n i n g  how t h e  Board a r r i v e d  a t  
F i n d i n g  9 .  C a r e f u l  mcrut iny  o f  t h e  CVR, f l i g h t  path p r o f i l e  and 
f l i g h t  crew d e p o s i t i o n s  s h o w  t h a t  t h e  f i r s t  o f f i c e r  made the 
c a l l o u t  "VASI looks  a  l i t t l e  b i t  low" a t  0102:Ol.S ( 8  aecon t s  
p r i o r  t o  impac t )  and t h a t  t h i s  c a l l o u t  wag p l a i n l y  a u d i b l e  i n  
t p i t e  o f  t h e  n o i s e  o f  t h e  w i n d s h i e l d  v i p e r s  a t  h i g h  speed  and the 
ambient  a i r  n o i s e  from t h e  nose  wheel w e l l .  5 .4  seconds  p r i o r  t o  
impac t ,  n o t  4 seconds  a s  n t a t e d  i n  t h e  Board ' s  r e p o r t ,  t h e  f i r s t  - 
o f f i c e r  s a i d ,  "Rate o f  d e e c e n t ' s  t o o  h i g h . "  T h i s  c a l l o u t  vas 
made w i t h  more i n f l e c t i o n  t h a n  t h e  p rev ioua  c a l l o u t .  I t  i s  
n o t e v o r t h y  t h a t  t h i s  i s  t h e  t i m e ,  a c c o r d i n g  t o  t h e  f i r s t  
o f f i c e r 1 #  ane  second o f f i c e r ' s  d e p o s i t i o n s ,  t h a t  t h e  c a p t a i n  was 
a l r e a d y  a p p l y i n g  power and a t t e m p t i n g  t o  c o r r e c t  t h e  a i r c r a f t ' s  
f l i g h t  pa th  r e l a t i v e  t o  t h e  VASI.  Four ~ e c o n d s  p r i o r  t o  impact 
t h e  f i r s t  o f f i c e r  a g a i n  s a i d ,  "Rate of d e s c e n t ' a  t o o  h igh ."  T h i s  
e a l l o u t  w a s  a lmost  c e r t a i n l y  n o t  h e a r d  by t h e  c a p t a i n  because of 
t h e  e e c o n d o f f i c e r ' s  s imu l t aneous  a d v i s o r y  t h a t  "Umber t h r e e  
w i l l  n o t  r e v e r s e " .  I t  t h o u l d  b e  noted  t h a t  ALPA's CVR r eadou t '  
p icked  o u t  two c a l l o u t s  of "Bate o f  d e s c e n t ' s  t o o  h i g h . "  - 
T h e r e  is no way t h a t  t h e  Board can  d e t e r m i n e  t h e  c l a r i t v  o r  t h e  
volume o f  c a l l o u t a  r e c e i v e d  by t h e  c a p t a i n .  The CVR o n l y  r eco rds  
t h e  c l a r i t y  and volume o f  c o a n e n t s  r e c e i v e d  by t h e  CTO i t s e l f .  
Ad a  m a t t e r  o f  f a c t ,  when examining t h e  CVR, and c o n s i d e r i n g  a l l  
t h e  ambient  n o i s e  i n  t h e  c o c k p i t ,  i . e . ,  w i p e r s ,  r a i n  on t h e  
w i n d s h i e l d ,  and a i r  n o i s e ,  i t  if obvious  t h a t  t h e  c a l l o u t s  were 
q u i t e  loud and d i t t i n c t ,  as ev idenced  by  t h e  f a c t  t h a t  t h e s e  
c a l l o u t a  cou ld  e a s i l y  be h e a r d  on t h e  CVR t a p e .  

N e v e r t h e l e s s ,  i t  i s  s i n p l y  n o t  p o i s i b l e  t o  aay  because  t h e  CVR 
p icked  up t h e s e  comment8 t h a t  t h e y  were indeed h e a r d  by t h e  
c a p t a i n .  As a  m a t t e r  o f  f a c t .  t h e  c a p t a i n  i n  h i s  d e p o s i t i o n  (TR 
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135-11) stated that he did not hear either of these callouts by 
the first officer. The toard'a report (pages A and 1 5 )  . . 

erroneously implied that the captain heaidthese callouts but 
"did not understand" them. (ALPA emphasis) 

However, as sn explanation for the reason the captain did not 
hear either of the above callouts, ALPA suggest8 two 
possibilities: (1) that during this period, the captain Gas 
wk=.aLing at a high level of concentration which tuned out 
cockpit comments; ( 2 )  that the noise level in the cockpit was 
auch that he was unable to hear the callouti. 

As we have attempted to point out. to t t .6 Sisri iz the past, 
callout procedures are not the panacea the Board apparently 
thinks they are. In our petition regarding the Pan An Pago Page 
accident, we informed the Board that "under high workload, pilots 
filter callouts, and may in fact not even be aware of t h e  or me? 
disregard thea. Callours under a m e  aituttiont may be 
distracting, harmful rather than helpful." The fact that 
callouts tend to go unheard in high stress situations was noted 
by the Air Force pilots who conducted the famous PIFAX prograr in 
1967. 

It is important that the Board recognize that the Pan An, Papo 
Pago, Delta, Chattanooga and Raleigh accidents all occurred under 
similar circumstances. The presence of descent rate callouts 
during the Chattanooga and Raleigh approaches did not prevent 
those accidents. 

It is interesting to note the Board's analysis of the Chattanoops 
accident: 

'"In analyzing the evidence, the Safety Board believes that 
the captain's visual illusion caused him to ignore the tv; 
reports from hit first officer that the rate of descent ves 
increasing too rapidly. The fact that the approach hat been 
correct in every aspect up to that point, reinforced the 
captain's belief that he was in the proper position to 
complete the landing. Since no additional means of vertical 
guidance was available during the visual segment of the 
approach, the seriousness of these confined factors 
increased. Eowever, the procedures to alert the captain to 
the problem that vas developing were uied, and the 
infonaaf,ion was conveyed to the captain in the prescribed 
manner. 

The inconniatency in the analysis between the Chattanooga 
accident and the Raleigh accident, a6 evidenced by the above 
paragraph, is atartling. Elow can similar accidentsbe analyzed 
so differently? 

The Board further atates in Finding 11 of the Raleigh report 
that, "The flightcrew failed to follow company procedures 
concerning required callouta on final approach." 

. - - - - - - . 
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Not o n l y  d i d  t h e  crew make a l l  t h e  p r e s c r i b e d  c a l l o u t s  on f i n a l  
app roach ,  b u t  t h e y  made an  a d d i t i o n a l  t h r e e  c a l l o u t s  n o t  
r e q u i r e d :  two o f  a l t i t u d e  and one o f  a i r s p e e d ,  I n  an  e f f o r t  t o  
a s s i s t  t h e  Board,  ALPA would l i k e  t o  p rov ide  t h e  h i t t o r y  of 
a l t i t u d e  c a l l o u t  p rocedures  on EAL p r i o r  t o  11/12/75 .  P r i o r  t o  
October 21,  1975, when IFR on approach t h e  p i l o t  n o t  f l y i n g  would 
c a l l  o u t :  ( 1 )  t h e  FAT a l t i t u d e ;  ( 2 )  1 ,000 f t .  A G ~ A / S ,  and 
d e s c e n t  r a t e ;  ( 3 )  500 f t .  AGL, A/S, and d e s c e n t  r a t e ;  ( 4 )  100 f t .  
. KDA/DE; and ( 5 )  HDA/DH. 

On October  21,  1975 (21 day8 p r i o r  t o  t h e  a c c i d e n t )  IAL changes! 
c a l l o u t  p rocedures  s u b s t a n t i a M y .  The new p rocedures  a r e  a s  

L O L A W S :  The, p i l o t  f l y i n g  w i l l  c a l l  o u t :  (1) TAP; ( 2 )  1000 ft.. 
AGL; ( 3 )  100 f t .  a b o m / ~ ~ ;  and (45  KDA/DH. 

The EAL F l i g h t  O p e r a t i o n s  Manual (Vol I ,  Page 4-1-12 d a t e d  
10/21/75) a d d i t i o n a l l y  s t a t e t  t h a t  i f  t h e  p i l o t  f l y i n g  d o e s n ' t  
make t h e  above c a l l o u t s  t h e  o t h e r  c r e m e m b e r s  w i l l  c h a l l e n g e  the  
absence  o f  t h e s e  c a l l o u t s .  

I n  a d d i t i o n ,  i t  h a s  never been a  p r a c t i c e  on EAL, o r  most o t h e r  
a i r l i n e s ,  t h a t  t h e  100 fee:  above o r  t h e  KDA/DH c a l l o u t  be 
r e q u i r e d  once t h e  a i r c r a f t  i s  i n  v i s u a l  c o n t a c t  w i t h  t h e  runway 
envi ronment .  

To aunmiarize, on t h e  d a t e  o f  t h e  a c c i d e n t  t h e  r e q u i r e d  c a l l o u t s  
f o r  t h e  ILS Runway 23 approach v e r e  a s  f o l l o w s :  Three  c a U o u t s  
were t o  be made by t h e  p i l o t  f l y i n g  t h e  a i r c r a f t :  2 ,000  f t .  MSL 
w i t h i n  10 W. of  t h e  f i n a l  approach f i x ,  1785 f t .  KSL a t  f i n a l  
approach f i x ,  and 1 ,000  f t .  AGL. No descen t  r a t e  o r  i peed  
c a l l o u t s  were r e q u i r e d  un le sa  t h e y  were o u t  of Hai t i .  The 100 
f e e t  above D l  and DR c a l l o u t i  v e r e  n o t  r e q u i r e d  because  t h e  ere" 
had v i s u a l  c o n t a c t  w i t h  t h e  runway environment a t  770 f e e t  MSL o r  
320 f e e t - a b o v e  t h e  runway a s  de termined by t h e  CVRIFDR a n a l y s i s .  

Upon examina t ion  o f  t h e  CVR, t h e  Board w i l l  ace  t h a t  a l l  t he  
r e q u i r e d  c a l l o u t i  were made by t h e  crew of EAL 576.  I t  ihou ld  
a l s o  be c l e a r  t h a t  t h e  crew.was w e l l  aware of t h e  a i r c r a f t ' s  
a c t u a l  a l t i t u d e  th roughou t  t h e  approach .  

Approximately 5-112 minu te s  p r i o r  t o  t h e  a c c i d e n t ,  EAL 576 was 
c l e a r e d  t o  descend and m a i n t a i n  3000 f e e t .  The a i r c r a f t  
ma in ta ined  3000 f e e t  wh i l e  b e i n g  r a d a r  v e c t o r e d  f o r  t h e  ILS 
approach .  A t  0057:32Z Ra le igh  Durham Approach Con t ro l  c l e a r e d  
EAL 576 f o r  t h e  approach.  Ten seconds  l a t e r  a t  0057:43, t h e  
c a p t a i n  s a i d ,  "Going down t o  2000 f e e t . -  would ya l i k e  t a  throw 
o u t  t h e  g e a r  t h e n  w e ' l l . .  ." ALPA m a i n t a i n s  t h e  0057:43 s t a t emen t  
by t h e  capt8i.n q u e l i f i e a  a s  t h e  r e q u i r e d  a l t i t u d e  c a l l o u t .  T h i s  
c a l l o u t  i s  r e q u i r e d  when descend ing  t h e  l a s t  1090 f e e t  f r m  one 
-signed a l t i t u d e  t o  m o t h e r .  

A t  0059:43,  t h e  c a p t a i n  maid "two thousand," r e i t e r a t i n g  t h e  
a i r c r a f t 1 #  a l t i t u d e .  A t  0100:03,  t h e  c a p t a i n  s a i d ,  "Eighteen 
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nunoieus  ou r  ah-- yep."  Thi: =n e f f e c t  c o n s t i t u t e d  
compliance w i t h  t h e  requi rement  t o ' c a l l  1785 f e e t  ( t h e  g l i d e  
s l o p e  i n t e r c e p t  a l t i t u d e  d e p i c t e d  on t h e  ILS approach p l a t e )  

E i g h t e e n  seconds  l a t e r  a t  0100:21, t h e  f i r s t  o f f i c e r  said, "Glide 
i l o p e  cap  bo th  a i d e s . "  T h i s  meant t h a t  t h e  f l i g h t  d i r e c t o r s  had 
c a p t u r e d  t h e  ILS g l i d e  p a t h .  

Seven aecoc i s  l a t e r  a t  0100:28, t h e  f i r a t  o f f i c e r  r epor t ec '  t o  t he  
~ i t i g n  Durhsc tower t h a t  t h e  a i r c r a f t  had paseed t h e  L e e s v i l l e  
Radio Beacon, t h e  f i n a l  approach f i x .  

'Â¥'W-:lt9 t h e  t e r r a i n  warning  iynte i t  iounded,  i n d i c a t i n g  t h a t  
t h e  a i r c r a f t  was approx ima te ly  1000 f e e t  above t h e  t e r r a i n .  ,. 

Four aeconds l a t e r  a t  0100:53, t h e  f i r i t  o f f i c e r  maid, "One 
thousand f e e t . "  Almost simultaneously t h e  iecond o f f i c e r  a a i d ,  
"One thousand f e e t . "  Then t h e  f i r s t  o f f i c e r  l a i d ,  "Bug p lus  
i i x . "  A t  t h i s  t i m e ,  a c c o r d i n g  t o  t h e  FDR r e a d o u t ,  t h e  a i r c r a f t  
was 1439 f e e t  MSL o r  1003 f e e t  above t h e  a i r p o r t .  A t  t h i s  po in t  
t h e  c a p t a i r .  d i d  n o t  c a l l  o u t  1000 f e e t .  However, t h e  two 
a l t i t u d e  c a l l o u t s ,  one by t h e  f i r s t  o f f i c e r  and one by t h e  seconc' 
o f f i c e r ,  p l u s  t h e  a i r s p e e d  c a l l o u t  by t h e  f i r a t  o f f i c e r ,  p l u s  t he  
c o n f i r m a t i o n  by t h e  f l i g h t  d a t a  r e c o r d e r  and T V S  t h a t  t h e  . 
a i r c r a f t  was 1,000 f e e t  above t h e  f i e l d ,  more t h a n  adequa te lv  
satisfied t h e  requi rement  f o r  one a l t i t u d e  c a l l o u t  a t  1,000 f e e t .  

I n  i t m a a t i o n ,  a t  1,000 f e e t  AGL, one a d d i t i o n a l  c a l l o u t  was ma6e 
b:, t h e  second o f f i c e r  and an  a d d i t i o n a l  a i r s p e e d  c a l l o u t  was made 
by t h e  f i r s t  o f f i c e r .  

A t  0010:35 t h e  f i r s t  o f f i c e r  s a i d ,  "Five hundred f e e t ,  ground 
c o n t a c t . "  Th i s  was an a d d i t i o n a l  non-requi red  a l t i t u r f e  ca l lou:  
and t h e  a i r c r a f t  was 468 f e e t  above t h e  a i r p o r t .  A t  0101:&8 t h e  
f i r s t  o f f i c e r  s a i d ,  "There ' s  t h e  f l a s h e r  up ahead."  And 1-1/2 
aeconds l a t e r ,  a t  0101:49.5, t h e  c a p t a i n  s a i d ,  "Wipers on h i ? ^ . "  
At t h i s  t ime t h e  a i r c r a f t  was a t  770 f e e t  HSL o r  approximate lv  
320 f e e t  above t h e  a i r p o r t .  The " v i p e r s  on high" concent  bv the  
c a p t a i n  i s  i n d i c a t i v e  t h a t  he  had  v i s u a l  c o n t a c t  w i t h  t h e  runvav 
envi ronment .  

As t h e  c a p t a i n  Ã § t a t e  i n  h i s  d e p o s i t i o n ,  (TR 114-6): 

"The f i r s t  o f f i c e r  commented h e  had  t h e  approach l i g h t s  i n  
t i g h t .  I h e s i t a t e d  a  few neconds a f t e r  he made t h e  cocnezt  
b e f o r e  I cone o f f  t h e  i n t t r i a n e n t a  t o  look o u t  and when I 
cone o f f  t h e  instruments, came i n  view p r e t t y  much i n  
sequence; t h e  l i g h t s ,  t h r e i h o l d ,  and runway were p r e t t y  much 
i n  a  row.'' 

Once t h e  p i l o t s  a r e  v i s u a l ,  t h e r e  ii no r e q u i r e ~ e n t  f o r  t h e  100 
above DH (300 f e e t )  and DH (200 f e e t )  c a l l o u t s  by t h e  crew. 
A d d i t i o n a l l y ,  t h e  Board ahould  r e a l i z e  t h a t  even  i f  +he 100 above 
DP. and DE c a l l o u t s  had been  r e q u i r e d  and made, t h e y  would have 
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had no b e a r i n g  on t h e  a c c i d e n t .  A t  300 f e e t  above t h e  a i r p o r t ,  
t h e  a i r c r a f t  was p o s i t i o n e d  on t h e  l o c a l i i e r  and g l i d e  t l o p e  i n  a  
stabilized c o n d i t i o n  ( a c c o r d i n g  t o  t h e  f l i g h t  pa th  p r o f i l e ) .  A t  
200 f e e t  t h e  a i r c r a f t  was positioned on t h e  l o c a l i z e r ,  on the  
VAST, 15 f e e t  l e v  on t h e  g l i d e  d o p e  and t t a b i l i z e d  - ac to rd ing  
t o  t h e  f l i g h t  p a t h  p r o f i l e  and a c c o r d i n g  t o  t h e  captain's 
d e p o s i t i o n  (TR 1L4-15) which r e a d s  a s  f o l l o w s :  

" A t  app rox ima te ly  200 f e e t  o r  10 a g a i n  I van visual; I f e l t  
8oneuhat  low and I checked back t o  t h e  raw d a t a  on my 
g l i d e s l o p e  and i t  ihoved t h a t  I was t l i g h t l y  below t h e  
g l i d e s l o p e  and I added power and f l a t t e n e d  t h e  a i r p l a n e  out 
t o  f l y  back i n t o  t h e  g l i d e s l o p e . "  

I n  s u n c a r y ,  a  r e a l i s t i c  a n a l y s i s  o f  t h e  CVR r e v e a l s  t h a t  t h e  
a u b t t a n c e  o f  t h e  c a l l o u t  p rocedures  had been more t h a n  complied 
w i t h  by t h e  f l i g h t  crew. 

D. Misunder s t and ing  of Approach Speed Versus V f  and Speed Required 
f o r  t h e  Approach 

Page 15 (second pa rag raph)  o f  t h e  Board ' s  r e p o r t  e r r o n e o u s l y  
f a t e s ,  "Company p rocedures  r e q u i r e  t h a t  t h e  f i n a l  approach be 
flown a t  t a r g e t  (peed ( i n  t h i n  e a s e  135 k n o t s )  plum 1/2  headi.+nd 
( i n  t h i s  c u e  2  k n o t s )  p lua  g u s t . ( i n  t h i s  c a s e  none) .  The t a r g e t  
t p e e d  f o r  t h i s  approach v a t  137 k n o t s . "  

For t h e  Board ' s  i n f o m a t i o n ,  t h e  f o l l o w i n g  i a  an  e x c e r p t  from 
E a s t e r n  A i r l i n e s  B-727 T r a i n i n g  and Reference  Manual (Page 2-6- 
3 7 )  d a t e d  June  17 ,  1975: 

"TYPICAL APPROACH PROFILE 

v a s  s e t  Airspeed  Bug on V e f  ( o r  V r e T  p l u s  c o r r e c t i o ~  
when r e q u i r e d  f o r  abnormal f l a p  c o n f i g .  . Never a e t  vim; 
a n d / o r  g u s t s  c o n s i d e r a t i o n s  on t h e  Bug. Ca r ry  1 / 2  t he  v i n d  
and a l l  t h e  guat  c o r r e c t i o n  ove r  and above Bug a e c t i n g .  
Xaximum c o r r e c t i o n  - p l u t  20 Knots .  Ca r ry  5 Knots f o r  a:l 
wind c o n d i t i o n 8  f r m  calm t o  10 Knots ."  
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Airspeed  
Landing F laps  Bug S e t t i n g  t t tximus U~E~C'J- - 

v r e  f Bug 20 Bug 5 
v re f  + 5 11 0 ,  

'ref 15  ,t I, 

^ re f  30 I f  ',, 
'ref + 60 Bug Gust  Bug 

The above paragraph explain!  t h e  p rocedure  f o r  determining t h e  
p r o p e r  approach apeed.  For  t h e  l a n d i n g  w e i g h t ' o f  F l i g h t  5 7 6 ,  the 
b e  0 $00 f l a p &  was 130 k n o t s .  B e c a u ~ e  t h e  c a p t a i n  i n t e n d e i  
t o  and w i t h  300 f l a p s  a i  r e q u i r e d  by t h e  company p o l i c y  f o r  t he  
p a r t i c u l a r  we igh t  o f  t h e  a i r c r a f  t ,  t h e  "Bug S e t t i n g "  would have 
been V f  + 5 o r  '135 k n o t s .  

But t h e  minimum a i r i p e e d  would have  been Bug 5 o r  160 k n o t s '  
At f u r t h e r  e x p l a i n e d  i n  t h e  above p a r a g r a p h ,  t h e  pad f o r  " 1 / 2  
wind" a p p l i e s  on ly  t o  headwinds above 10 k n o t s .  The r e f e r e n c e  
apeed f o r  t h e  approach ( w i t h  30  d e g r e e s  f l a p s )  was 135 k n o t s .  A s  
we have  p r e v i o u s l y  p o i n t e d  o u t ,  t h e  airmpeed t r a c e  of t h e  NTSB 
r e a d o u t  i a  t o o  h i g h  by approximate ly  5  k n o t t .  The KTSB'a 
c o n c l u s i o n  r e g a r d i n g  an  "a i r speed  margin" i s  t h e r e f o r e  based on 
a n  e r r o n e o u s  F D R  a i m p e e d  t r a c e .  When e x m i n i n g  t h e  cor rec tec*  
F l i g h t  Data  Recorder  r eadou t  f o r  t h e  l a s t  one minute  and twentv 
seconds  of f l i g h t ,  when t h e  a i r c r a f t  was i t a b i l i z e d  on f i n e ?  
approach v i t h  l a n d i n g  f l a p s  e x t e n d e d ,  t h e  ave rage  i n d i c a t e d  
a i r a p e e d  was 142.5  k n o t s .  T h i s  i t  w i t h i n  2.5 k n o t s  of t h e  
d e s i r e d  speed  of 140 k n o t s .  A d d i t i o n a l l y ,  t h e  f i r t t  o f f i c e r ' e  
a i r s p e e d  c a l l o u t  o f  "bug p l u s  ~ i x " ,  h a s  t h e  a i r c r a f t  f l y i n g  a: 
141 k n o t s  o r  w i t h i n  1  kno t  of reconnended a i r s p e e d .  

Because t h e s e  speeds  r e q u i r e d  by company p rocedures  a r e  f o r  
n o r a a l  app roaches ,  i t  i s  d i f f i c u l t  t o  u n d e r s t a n d  how t h e  Board 
c a n  b e l i e v e  t h e r e  was an " a i r s p e e d  margin" which could  have 
"overcome" t h e  f o r c e s  e x e r t e d  by t h e  m e t e o r o l o g i c a l  a c t i v i t i e s  

E. Lack o f  S u b s t a n t i v e  Meteo ro log ica l  A n a l y s i s  

The Board a l s o   contend^ t h a t  t h e  t h r u s t  a v a i l a b l e  was s u f f i c i e n t  
t o  overcome t h e  m e t e o r o l o g i c a l  e f f e c t s .  Obv ious ly ,  i f  t h e  
magni tude  of t h e  d o v n d r a f t  i a  unknown, t h e n  t h e  m o u n t  of t h r u s t  
n e c e s s a r y  t o  overcome t h e  e f f e c t s  canno t  b e  de t e rmined .  On t he  
o t h e r  hand,  a l l  c r e m t m b e r a  t e s t i f i e d  t o  t h e  a p p l i c a t i o n  o f  
t h r u s t  by t h e  c a p t a i n  a s  t h e  a i r c r a f t  encoun te red  t h e  heavy r a i n .  
While t h e  e x a c t  m o u n t  o f  t h r u s t  a p p l i e d  i s  unknown, p i l o t  
witnesses a t  t h e  end of t h e  runway b e l i e v e d  t h e  eng ines  were a t  
t a k e o f f  t h r u s t .  

A d d i t i o n a l l y ,  t h e  c a p t a i n  i n  h i t  d e p o s i t i o n  a a i d ,  (TR 115-.14): 

I, I n t r a i g h t e n e d  t h e  a i r p l a n e  o u t  and began t o  d rop  t h e  l e f t  

wing when -- I ' m  n o t  c e r t a i n  a s  t o  t h e  aequence -- b u t  I 
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.tit  a singing (sinking) feeling and lost visibility and at 
that point i t  was strictly e reaction type of thing. I v ~ s  
caught totally unaware of it. IC was so sudden, juÃ§ a 
happening and I added the power up and pulled back on the 
yoke in an instinct manner and almost simultaneously I felt 
the main gear catch." 

The above factt substantiate the presence of dovndraft activity. 
The flight path change from 4.0 degrees to 2.5 degrees without 
' - n c  airspeed is a positive indication of a tubstantiti power 
a;;lication and pitch attitude change. 

The Board tcknowledged the exiitence of "dovndraft and wind shear 
. . . Ã  which adversely affected the'captaan's efforts to 
maintain a proper descent profile during the last portion of the 
final approach." Obviously , since no measurement of downdraft 
velocities was recorded at the time of the accident, the Board is 
merely tpeculating as to the severity of the dovndraft. Yet i t  
concludes that the crew could have overcome these effects! It / 
bases this conclusion on the "airnpeed margin and thrust 
available." 

Obviously, downdrafts were present; however, their specific 
magnitude c a m o t  be determined solely by use of the flight 
recorder. It is obvious that the Board merely hypothesized as to 
the magnitude of the dovndraft. There was simply no detailed 
meceorologicsl analyeis conducted by the Board of the conditions 
which existed at the time of the accident. 

F. Erroneous Interpretation of Rainfall Late 

The Board's report states that the rainfall rate was 2 
inches/hour from 2005 -2008. While i t  is true that rainfall 
races have been historically measured over relatively long 
periods of time (i.e., minutes), these rainfall rates are ofter. 
irrelevant in terms of what the pilot may encounter in very short 
time periods (i.e., seconds). 

Analysis of the rain depth recorder shows that the heavy rain 
started at 1957 EST (see recording rain gauge chart, Figure 4 ) .  
The instantaneous rainfall rate at this tine approached 7 
inches/hour, an inteniity characteristic of the heaviest tropical 
downpours. From the recording it is clear that the rainfall rate 
increased to its maximum almost instantaneously. This is 
consistent with the eremembers' teitimony that the aircraft 
encountered a "vall of water .I' 

Radar photos taken from the Wilmington radar weather n a t i o n  at 
the time of the accident nhoved an ensentially southerly flow 
dominating the Raleigh area. Aa this cell which produced the 
downpour moved northward, it probably progressively obscured the 
runway creating a foreshortening effect to the pilots. 

The accident occurred at 0102:09Z. \ 
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It is interesting to compare the rainfall rate at Raleigh-hr'lle 
from 0101:572 to 0103:OOZ (4.40 in/hr) to the average rainfa:! 
rate encountered by Pan An Flight 606 at Pago Pago, k . 6 0  infhr. 
Both rite6 vere in exce66 of 4 inchea per hour, vhich indic6:es a 
very high probability that dovndrafts vere present in sufficient 
ttrength to have ar. adverse effect on aircraft performance. 

G. Failure to Analyze Effect of R e a w  Rain on Aircraft Perfomfince 

The Board makes no mectioc of the effect of heavy rain on the 
aircraft'a aerodynacic characteristic; or thrutt output. The 
available literature, although Bparte, indicates that rain in 
tuiiicient quantities vill produce a irag Force un the aircraft. 
While it may be difficult to quantify the aerodynamic effects, 
the exittence of this force cannot be denied. It it certainly a 
factor in this accident and ahould not have been ignored as i t  
has been is past accidents; i.e., Pan An, Pago Pago; Allegheny, 
Philadelphia; and Eastern, Nev York. 

It is e~pecially aignificant that the instantaneous rainfall 
rates in the Raleigh accident are essentially the tame as they 
were at Pago Pago. It is alto more than just a coincidence ths: 
the accident occurrerf vithin minutes of the large increase in 
rainfall rate as a h o m  by the recording rain gauge. 

Furthermore, consideration ahould have been given to the effect 
the heavy rain had on the thrust output of the engines. Even a 
momentary thrust loss as the aircraft progressed through the 
downdraft and the associated "vall of water" would have reduced 
the aircraft's ability to p e r f o m  as the pilot intended and 
expected it to perform. 

E. Misunderstanding of Dse of Flight Instriment~ during Landing 

The Board'a Findings 7 and 8 atated that "The pilots failed to 
monitor their flight inctrments until a safe landing was 
atsured," and "The captain did not m e  all of the flight 
instruments available to him." 

According to the captain's testimony, at 200 feet he felt low and 
checked his raw data glide alope. (TR 114-15) It is extremelv 
important to remember that at this time everything about the 
approach had been normal. At 200 feet the VASI indicated on 
course, while the electronic glide slope indicated very slightly 
low. The captain made a m a l l  adjuttment to maintain the ;'iide 
tlope and then returned his vision outside to follow the VAST. 
The captain at thin time would be getting his vertical guidance- 
f r m  the VASI, his pitcb information froi the VASI and runvay 
viev, and would be monitoring his airspeed, while attempting to 
land the aircraft viaually on the aiming point. It it likel? 
that the captain did return inside the cockpit to monitor the 
airspeed because, from the time the aircraft pasted 200 feet 
until impact, the airapeed variation was no greater than + 1.5 
knots. - 

- ,  . . 

-. - .. . .. .~.. . . 
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It is'also obvious that the firat officer van observinghis 
flight inttrunentt. This is indicated by the two excessive 
descent rate calloutn made by the first officer during the last 
few seconds of flight. 

When an aircraft vith prenently available instriaenti is in 
visual conditions, the pilot manipulating the control* Butt - : majsrity of hit attention to the runway and specifically 
the aiming point with occasional croÃ§scheck of ainpeed. Only 
the pilot not flying would be able to croischeck instrmenta and, - fact, did ao a8 evidenced by the two additional aink rate 
--.-...a. However, recent accidents have aade it abundantly 
clear that cfllouta cannot be depended upon to transfer e ~ e n t i a l  
instrument information to the pilot flying. Several deficiencies 
in "callout" theory have been identified, including: 

1 .  The information is inadequate. The Board itself reco&ze<i 
chit in Special Study AAS-76-5 when it ahoved that a simple 
callout of either aink rate or glideslope position was 
iniufficient in itself, but had to be correlated with other 
instrunient information to be uieful to the pilot flying. 

2. Conmunicttion of the information is unreliable: 

a. The pilot making the call may not atate it correctly. 

b. Cockpit noiae may-interfere. 

c. The pilot flying may not hear it, either because it is 
inaudible or bectuae he is "tuned out" by his intense 
concentration, which ii probably made necessav by the 
very aituation which generated his urgent need for 
instrument information and proopted the callout. 

d. The pilot flying may hear but not underatand the 
callout. 

e. The pilot flying may understand the callout, and trv to 
respond, but find himself still short of needed 
instrument information. For example, in response to a 
Ctllout of "low" he would pull the nose up; but how far 
up? Since the external viaual cues were not adequate 
for the t d k  of maintaining n o m a l  conditions, they are 
unlikely to be adequate for restoring normal 
conditions . 

3. In any c m e ,  the information will be ~ i g n i f i c a n t l ~  delayed 
by the callout process. 

In a i ~ o r r y ,  conpared with infomation received directly froo an 
inatranentditplay by the pilot flying, callout infomation is 
inadequate, unreliable, end aignificantly delayed. 

Furthermore, even when the callouts are made, conditions may not 
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always pe rmi t  t h e  r ecove ry  of t h e  a i r c r a f t  f r o c  a  d a n g e r o u ~  
p o s i t i o n ,  

I t  should  b e  no ted  t h a t  t h e r e  a r e  no r equ i r emen t s  t h a t  s f l i g h t  
crew on  astern A i r l i n e s  mon i to r  a  s p e c i f i c  nueber  o r  011 of t h e  
f l i g h t  i n s t r u m e n t s  subsequent  t o  p a s s i n g  t h e  d e c i s i o n  h e i g h t  a s  
l ong  a s  t h e  runway o r  i t s  e n v i r o m e n t  i s  i n  l i g h t .  These 
an^-oaches a r e  conducted on a  tee- to- land  concept  f r o u  t h e  
B:ei>t..i;t p o i n t  o r  t h e  d e c i s i o n  h e i g h t  (whichever  o c c u r s  f i r s t ) .  

*I The N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  Board r e c o g n i z e s  t h a t  a t  
---=e-i t  t h e r e  i s  no r equ i r emen t  f o r  a  p i l o t  t o  c o n t i n u e  t o  
mon i to r  t h e  i n s t r i a ~ e n t s  dovn t o  d e c i s i o a  h e i g h t  a f t e r  t h e  
approach l i g h t s  o r  o t h e r  ground environment a s t o c i a t e d  wi th  
t h e  end o f  t h e  runway i s  c a l l e d  i n  s i g h t .  I n  f a c t ,  i n  a  
8ee- to- land  concept  i t  i s  u n d e r s t a n d a b l e  t h a t  a  p i l o t  would 
v i s h  t o  make a  t r a n s i t i o n  f r e e  in s t rumen t  guidance  t o  grounc' 
v i s u a l  guidance  as e a r l y  a s  p o s s i b l e .  Bowever, i n  
c i r c m s t a n c e s  of l o v  v i s i b i l i t y ,  p a r t i c u l a r l y  aa r e l a t e ?  t o  
Category  I1 minima, t h e  approach l i g h t s  may o f t e n  be i n  
n i g h t  b e f o r e  t h e  d e c i t i o n  h e i g h t  i e  r eached ,  b u t  t hey  w i l l  
n o t  p r o v i d e  a  v i s u a l  guidance  s e p e n t  s u f f i c i e n t  t o  f u r n i s b  
adequa te  v e r t i c a l  i n f o r m a t i o n  t o  t h e  p i l o t .  The r e s u l t  can 
be a  t ouchdomi  f a r  s h o r t  o f  t h e  t h r e s h o l d  a s  i n  t h i n  
i n s t a n c e .  

"Accordingly ,  t h e  S a f e t y  Board recommends t h a t  t h e  Fede ra l  
A v i a t i o n  A d i c i n i s t r a t i o n  r e q u i r e  t h a t  a i r  c a r r i e r s  e s t a b l i s h  
p rocedures  i n  t h e i r  o p e r a t i o n s  manual t h a t  would r e q u i r e  t h e  
p i l o t  who f l i e s  an  a i r c r a f t  d u r i n g  approaches  i n  low 
v i s i b i l i t y  c o n d i t i o n s  t o  mon i to r  t h e  i n s t r i t Ã § e n t  
c o n t i n u o u s l y  u n t i l  t h e  runway t h r e s h o l d  o r  runway l i g h t s  a r e  
c a l l e d  i n  s i g f u . "  (ALPA emphas is )  

I n  suppor t  o f  t h e  NTSB's phi losophy i s  a  i t a t e m e n t  made by Mr. J .  
R. E a r r i s o n ,  t h e n  A s s i s t a n t  Ch ie f  Coun te l ,  L i t i g a t i o n  D i v i s i o n ,  
FAA, a t  a  d e p o s i t i o n  h e a r i n g  conducted by t h e  NTSB i n  r e g a r d  t o  
a n  A p r i l  1976  a i r  c a r r i e r  a c c i d e n t  a t  Ke tch ikan ,  A laska .  

"Ur. Kampschror, t h e s e  q u e s t i o n s  a r e  a r g u m e n t a t i v e .  I th ink  
I could  make a  s t a t e m e n t  t h a t  could  be a c c e p t a b l e  t o  most 
peop le  h e r e .  The d e c i s i o n  h e i g h t  i n  t h i n  p a r t i c u l a r  c a s e  i s  
e s t a b l i i h e d  because  of o b s t r u c t i o n  c r i t e r i a  and many, many 
f a c t o r s .  Whether o r  n o t  i t  ( i . e . ,  t h e  g l i d e  d o p e )  i s  
u s a b l e  b e l w a  thousand f e e t  ( i . e . ,  t h e  d e c i s i o n  h e i g h t )  i s  
r e a l l y  a p a r a d o x i c a l  q u e s t i o n .  It d o e s n ' t  need t o  b e ,  
because  o Â  t h e  d e c i s i o n  h e i g h t  a t  a  thousand f e e t ;  'and i f  i n  
f a c t  i t  i s  u r b l e  a n o t h e r  300 f e e t  o r  500 f e e t  i t  r e a l l v  
q u i t e  i r r e l e v a n t  t o  t h e  c i r c u m i t a n c e s  h e r e .  A p i l o t  ought  
t o  be v i s u a l  when h e  g e t s  t o  a  thousand f e e t  ( i . e . .  t h e  . ~ 

d e c i s i o n  h e i g h t )  and t h e r e a f t e r . "  (Note:  p a r e n t h e t i c a l  
i n i e r t i o n a  and u n d e r l i n i n g  by &.PA) 

I t  i s  c l e a r ,  t h e r e f o r e ,  t h a t  b o t h  t h e  NTSB and FAA c o n s i d e r e d  
I-- -. - - .  
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that a pilot would be visual during the later stages of the 
approach; i.e., after obtaining the requiredvisual cues. It 
ihould also be clear that at the time the NTSB made this 
reconnendation to the FAA it was not the intent of the K S B  that 
pilots monitor their flight instrments to touchdovn. 

At no time prior to this accident had the Board recoinaended that 
the instrments be monitored beyond the point where the runway 
threshold or runway lightt are called in sight. And yet itwants 
to fault a crew for not going beyond what it had reco~nended. As 
far as the crew was concerned, l safe landing was assured when 
the visual cues associated with the ronvay became visible. 

Subsequent to the Raleigh accident, the Board did make such a 
recommendation in Report US-76-5; but the FAA, underestimating 
the importance of this recommendation, failed to act upon it. 

The Board should have followed up on that reconnendation, but to 
date has not done so. The Board ihould clearly state that the 
pilot flying needs instrument information throughout the approach 
and landing, and that callouts are an inadequate way to supply 
it. 

Considering the widespread military (and growing-civilian) use of 
existing technology which can deliver both instrment and visual 
information simultaneously to the pilot flying, ALPA calls upon 
NTSB to support priority development of Head U p  Display for use 
in air carrier aircraft. The Board's most recent statement on 
HUB : 

,, The Safety Board could reach no conclusions regarding the 
advantages or disadvantages of HUD in the lowvisibility 
environment ." 

is insufficient to the point that it is tonetimes interpreted as 
'damning with faint praise". We ask the Board to make a strong 
direct atatement in favor of BUD development. 

VI. DISCUSSION OF NEW EVIDENCE 

In addition to the new evidence regarding pilot reaction time 
previously discussed, ALPA would like to address three additional 
subjects: ATC involvement, the windshield wiper system presently 
installed on the EAL 0-727, a n d  the deficiencies in the present United 
States VASI System. 

ALPA strongly believes that one of the main omissions conmitted by the 
Board in this, as in many other accident investigations, is the 
detemination of ATC involvement. Thin omistion usually results from 
a cursory examination of ATC procedures, actions by controllers and 
the resultant effect on the accident aircraft. 



-53- APPENDIX F 

After careful examination of the ATC tapes, ATC Group's factual 
report, and Terminal Air Traffic Controllers Handbook 7110.80, ALPA 
believes that a number of factors involving ATC were not addressed by 
the Board and that these factors certainly had a'bearing on the mate 
conduct of EAL 576. 

ALPA examined in detail the Local Control (LC) ATC tape during the 
time period 00302 - 01252, (time of accident 0102:092). During the 
32-iainute period prior to the accident, there was an almost continuous 
(hot alike) dialogue carried on by the local controller with a aeconii 
inaudible partner. Starting at approximately 00312 and continuing 
almost nonstop until 0100:28 when EAL 576 called passing the Leesville 
Radio Beacon, for tome 29 minutes, the 1ocal.controller was talking 
about becoming involved as a referee in a recreational ooccer league 
and then moving up to referee high ochool and college games. 
(Selected portions of thit tranocript from approximately 00302 until 
after the accident are included for the Board's examination.) Again 
ALPA would like to reiterate that this extraneous non-operational 
dialogue was continued for a 29-ninute period prior to the accident. 
During this 29-ainute period, there were two important transmissions 
made by aircraft. An Army Guard Helicopter called the LC and 
requested permission to proceed to the East side of the field and do 
tome hover vork until the thunderstorm passed. Additionally, at 
0058:54, the first officer on EAL 576 aaid, "OK, thank you, sir, yeah 
look like you have ah quite a a t o m  coining your way." Almost 
inmediately following the 0058:54 transmission, the L C  went back to 
the extraneous conversation regarding the soccer referee business. It 
now becomes interesting to note that at 00552 the record weather at 
RDU was as follows: 10QX206 four miles vis., rain and fog. At 
0100:35 the LC advised EAL 576 that the airport visibility was 1-3/& 
miles (the controller did not oay what phenoinenon was restricting the 
visibility). By 0101:55 (at the latest), the visibility had dropped 
from 4 miles to 314 mile. This is a drastic change in the weather 
over a relatively ahort period of time. 

The Terminal Air Traffic Controllers Manual 7110.8D in effect at the 
tine of (he accident specifies tone of the thing9 the local controller 
should have done during this period of rapidly changing weather. 
Paragraph 1002 Airport Conditions states: 

*I a. On first contact or as soon as possible thereafter and 
subsequently, as changes occur, info& an aircraft of any 
abnormal operation of approach and landing aids and of airport 
conditions which might affect an approach or landing. Omit 
Information currently contained in the ATIS broadcast if the 
pilot atates the appropriate ATIS code or says he has received it 
from another aource." (Underlining supplied1 

Obviously rapidly deteriorating visibility could and did affect the 
approach and landing of EAL 576. 

Paragraph 468 of the Controllers Manual otates "operate ~ ' 1 ~ 1  which 
control the associated HALS/RAIL in accordance with the accompanying 
intensity netting table, except (T) (N) 
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a. a6 requested by the pilot 

b. as you deem necessary, if not contrary to the pilot's 
request . 

Visibility 

Step - % Night - 
5 Less than 1 mile when requested 
4 1 to but not including 2 miles less than one mile 
3 2 to butnot including 3 miles 1 to but not including 3 miles 
2 when requested 3 to 5 miles inclusive 
1 when requested more than 5 miles 

In addition the Federal Meteoroloeical Handbook No. 1. Surface 
Observations, Chapter A6-7, paragraph 3.11 (US, FAA) control Tower - 
Observations and Actions states: - 

"Unless otherwise exempted, certificated cower personnel shall - 
report prevailing visibility d e n  the prevailing visibility at 
the usual point of observation or at the tower ia less than 4 
miles. The Control Tower visibilitv observations may be used 

v -- immediate1 for aircraft operations, but they s h a l l e  recorded 
h e - o  the weather statLon a8 soon as ~racticable. 
During this condition, Control Tower personnel shall notify the ' 

weather station as soon as possible when they observe the 
prevailing visibility at the tower level to decrease to less than 
4 miles, and change by one or more the reportable values (Table 
A3-&I. When the tower visibility is reported as variable, 
subsequent actual observed values within the limits of the 
reported variability need not be transmitted to-the weather 
station." (Underline Supplied) 
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procedures was accomplished. However the LC, for whatever 
reason, felt compelled to notify approach control at 0102:07, 2 
seconds before impact, of the visibility reduction. ALPA also 
realizes that the controller may have felt that under Paragraph 
468 (b), "as you deem necessary," would negate any responsibility 
to elevate the EIRL from Step 3 to Step 4, However, ALPA would 
emphatically point out that, at 0100:35Z per the local 
controller's statement (1 minute and 34 seconds prior to impact), 
the local controller set the HIRL up to Step 3 as a result of the 
visibility reduction from 4 milea to 1-3/4 miles an outlined in 
Paragraph 468. 

ALPA would aseuoe that if the controlltr deemed it necessary to 
raise the intensity for thin vitibility change, he should also 
have deemed it necessary to raise the lights to Step I* when the 
visibility dropped to 314 mile. 

Additional analysis of the tranÃ§crip leads to the conclusion 
that the local controller was not paying aufficient attention to 
his duties. The Board's factual report says the local controller 
stated he monitored the BRITE display in the tower continuously 
while EAL 576 approached the airport. However, at 0102:422, 33 
aeconds after the accident, the Local Controller asks the 
approach controller, "Who's that last jet that landed?" AL?A has 
to conclude that after three communications, one of which is a 
landing clearance, and a continual monitoring of the BRITE 
display with ALPHA numeric data, the local controller ahould at 
least have been aware of the flight number and airline name of 
the fl landing aircraft. Obviously, he was not. 

subsequent to the accident, there it more hot mike conversation 
by the local controller. "Did I vhay - yeah, I told him a mile 
and a half. I didn't give him the three quarters cause he was on 
final*--- Eastern Five Seventy-Six is what they told me 
downstairs ." 
ALPA is sure that a lengthy description of theomissions of 
pertinent local weather information to EAL 66 st Kennedy Airport, 
to Allegheny 121 at Philadelphia Airport and EAL 576 at Raleigh- 
Durham is not required. The only person in a position to collect 
such information is the local controller. ALPA believes it' is 
incumbent upon the local controller to inform the pilot of 
weather information which may affect his flight. 

WINDSHIELD WIPERS 

Enclosed for the Board's information are two internal letters and 
a selected portion of the B-727 Newsletter. to EAL pilots 
regarding the efficiency..of the B-727 windshield wiper6 
(~tt4chment B) . 
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The fourth paragraph of thin letter dated March 2, 1976 shows 
that in the conditions encountered by EAL 576 the vipers could be 
expected either to stall or to remove the rain improperly. Ir 
this case the wipers moved, so it is very likely that the rain 
was not properly removed. 

The Board should have considered the possible effects of improper 
rain removal on the ability of the pilots to make use of external 
visual cues in conducting the approach, in detecting any 
deviation from the correct approach path, and in making required 
corrections. On the theory that the EAL letter o f  March 2, 1976 
was not available to the Board in its deliberations, we ask that 
it and thewhole iubject of windshield +per performance be 
addressed at this time. 

ALPA has become extremely concerned about a new discovery 
regarding the design efficiency of the present U.S. VASI System. 
Prior to this accident the aviation cornunity was generally aware 
of only one minor problem associated with a U.S. VASI 
installation, that being color discrimination during periods of 
poor visibility. Now it becomes alarmingly apparent when 
examining Figure 2 that an aircraft can depart the centerline of 
the VASI on-course area at a descent rate of over one thousand 
feet per minute and fly for a period of nix teconds and still 
receive an on-course indication. The aircraft can fly for an 
additional three seconds, or a total of nine aeconds, before a 
positive (re6 over red) low indication from the VASI is received 
by the crew. During this nine-second period the aircraft would 
have covered a horizontal distance of 3 / B  of a nautical mile. 

When examining the design of the VASI System with the above 
deficiencies in mind, it becomes all too. apparent that an 
aircraft, close to the runway threshold, (i.e., 1/2-1/4 NM), 
could fly in the on-course area with descent rates above 1000 
ft./min., for an extended period of time while receiving a safe 
VASI indication, even though the aircraft's safety had been 
compromised. Furthermore, the on-course area can be even wider 
than that of the Raleigh-Durham VASI due to the range of 
installation tolerances allowed in the FAA's criteria. 

The above information ihould be given full attention in a 
reconeideration of Finding 2 which states that, "The VASI lights 
alerted the first officer that the aircraft had descended below 
the glide slope." While that finding is in a limited sense true, 
it reflects a misunderatanding of the point where the off-course 
indication from VASI first became available to this crev. 

ALPA's flight path profile adequately demonstrates that an 
aircraft can deviate from the VASI glide Ã§lop centerline for an 
extended period of time and attain an exceaaive rite of descent 
before the VASI will alert a crew that they are too low. The 
accident aircraft had a 9-second period of flight from the time 
when deviation from the VASI glide ilope centerline began, until 

..- -. . . 
. -- -.-,. - 
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a low indication was provided to the crew. The VASI actuaxy 
provided incorrect information to the captain at or near the 
decision height and from then on until eeveral seconds prior to 
impact. At 200 feet, the captain said he felt low and the 
electronic glide slope showed him slightly low. However, the 
VASI showed safe; i.e., red over white. For the n e x t t v o  and 
one-half aeconds it continuedto show a safe red-over-white 
indication. The aircraft then flew for an additional two and 
one-half seconds through the VASI transition zone; i.e., red over 
pink. 

Enclosed for the Board'8 infomation if a detailed letter to the 
New Zealand Pilots Aafociation outliaing the dangerous deficiency 
in our present red/white VASI System (Attachment C ) .  
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VII. COMMENTS OK BOARD'S ECOMKENDATIONS CONTAINED IN REPORT. 

ALPA fails to understand the basis for 'the list two paragraphs on 
page 17 of the Board Report AM-76-15. When the main body of a 
report contains numerous errors and results from an incocplete 
investigation, the recommendations could only be based.upon 
incomplete or erroneous findings. 

While ALPA supports having FAA OPS Bulletin 71-9 (Attachment D) 
applied to precision approaches, and agrees that accidents occur at 
unacceptable rates (in that any accident is one too many), we most 
emphatically disagree that this accident illustrates either a 
disregard for approved o p m t i n g  procedures or lax crew discipline. 

The new and corrected evidence offered here by ALPA makes it very 
clear that not only did the crew of EAL 576 not fall victim to any of 
the 21 .shortcomings listed in FAA Buletin 71-9, but that they 
actually used many of the reconmendations listed in that bulletin. 
Specifically, the crew used the following recommendations froc 71-9: 
2 a,b,c,d,f 6 9 (as it applies to a precision approach.) 

The Board and the FAA bulletin refer to "professionalisu". If there 
was any lack. of professionalism involved in this accident, it w a s  not 
on the part of the crew of EAL 576. . 



LEGEND FOR ATC TRANSCRIPT 

W L C  - Hot Mike Local Controller 
EA-576 Radio transmission from Eastern Airlines Flight 576. 

RDO-L/C - Radio ~r'ansnission from Raleigh Durham Local Controller 
IF/AC - ~nterphone transmission by Raleigh Durham hpproach Controller 
IF/LC m Interphone transdsion by Raleigh Durhem Local Controller 

IF/? * Interphone transmission not assignable to any particular position . 
EA-393 - Radio transdssion from Eastern Airlines Flight 393 
74E - Radio transmission from Beechcraft 74E 
Guard = Radio transmission from unidentifiable Guard aircraft 

784 - Radio transmission from Forecast 784. 
ATC TRANSCRIPT 

You start off' in City Recreation *** you go from there 
to high school and then to college. 

But ah I'm a I'm gonna read the book on everything he 
says that a lot of rules to know * but it's the easiest 
game to officiate. 

I guess because you know it's basically kicking~you 
can't trip em, but I'm gonna get the book on P.E.--read 
it-they play what (eight) halves, don't they-and no 
what and don't think they have any substitutes either 
(additional conversation). 

0031 :202 W / L C  But I don't ** and hell I don't know how much they--and 
Ã§h 

0031:352 =/LC Guard 59784 * * - TRW move8 through 
lightning noticed lightning. 

0058:312 EA-576 Raleigh Eastern five aeventy aix with you ah we're 
three from Leesville. 

Eastern five aeventy six is cleared to land runway two 
three and wind ah variable one ah eight zero degrees at 
four and I had a Queenair reported ah atrong winds from 
the left about twenty knots at ah between nine hundred 
and one thousand ah correction and two ah one 'thousand 
two hundred feet on final. 
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OK, thank you, sir, yeah looklike you have ah quite a 
l tom coming your way. 

But I don't know how much; I assume they pay about the 
same thing they pay you - well ah recreation or high 
school or - but see, you ntart off with recreation 
with a player on - on the team this might pose a 
little problem but I'm aure could do would ah 
ya know take a couple of hours leave ah cause I think 
they play around two thirty. 

Bow ouch do you get paid? Ah how much have you made i f  
you don't mind me anking? - (I bet you) enjoyed it! 
Did you? Yeah - I like it because ya know Chucky's 
going to a achool where I think soccer's gonna be real 
big-and more SO than football and ah - that's right 
(and who knows) on ah open field basis - he naid (that 
he's ah) - he's got forty-three high schools and 
colleges. 

Five seven six is Leesville. 

Eastern five seven six roger 

Yeah you ain't got ah we got ah 

Eastern five seventy six, visibility at ah airport now 
is ah mile and three quarters. 

OK, thank you, sir, nay your wind please. 

The wind right now is ah one nine zero degrees at five. 
It's been holding pretty well at five knots. 

OK 

. . . . 
Hay Ja Poco 

Go ahead 
. . 

Turn your runway lights up on three two 

(Simultaneous with "on" above) I did 

Wheeler's requesting a contact approach 

(Simultaneous with "approach" above) on three two 

Av right --- hey John 

Hey ah -- (sound of mike or speaker movement) --- 
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0101 :l4Z HM/LC 

0101 :182 HM/LC 

0101 :22Z W / L C  

0101:282 HM/LC 

IFILC 

IFIAC 

RDO-LIC 

RDO-LIC 

RDO-L/C 

Let ' 8  see -- 
What we got ah mile and three quarters with what -- 
See em red lights 

strobes at night - only see the miles eastward -- - *Â¥*- 

(but) what ah go ahead and give em the weather 
it's on -- 
Hell, I can't see t h e  white house - ah 
I cah't mee the Angui Barn - * give em ah give em ah 
quarter there 

Howard - visibility thre6 quarters now 
Hey John 

Hey Charlie - is i t  raining hard or is i t  fog moving 
in? 

Hey Chuck 

(Simultaneous with above) wait ah minute for an ILS. 

Wait ah minute! 

* three ninety three.when I got that three quarters 
how about give it to him 

Raleigh tower Eastern three ninety three 

Eastern three ninety - Eastern three ninety three ah 
stand by 

You're talking to us, Chuck. 

90's that last jet that landed? 

Five meventy six 

Five aeventy six, ah what'm your problem, sir? 

Chuck, you're talkin' to us - get off the override 
Five meventy six, vhat's your problem, mir? 

Hit that alarm *** runway - ** on the way out * 
Eastern 

Eastern three ninety three 
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Eastern three ninety three ah roger - ah I be right 
there ah momentarily we ah Eastern three ninety three 
just proceed to the VOR, maintain three thousand. 

You say proceed to the VOR, maintain three thousand. 

Yes, sir, we got ah disabled aircraft on the runway. 

Roger 

 astern five seventy six ah tower (background with 
above) OK, all emergency vehicles, on the runway. The 
runway is 'closed at this time. 

Hey, I'm sending Eastern 393 ah cleared to the VOR at 
three thousand, putting him on ah one twenty five three 

OK, Charlie, let him come on. 

Eastern three ninety three contact Raleigh approach one 
two five point three 

One twenty five three 

Eastern five seventy six ah tower (background w i t h  
above) turn three ninety three over -- he's talkin' to 
approach control - av right you all talkin' to three 
ninety three. 

Eastern five seventy six Raleigh tower (background with 
above) the airport's closed ** - hey Tom 

Raleigh this is Beech ah seven four echo 

Seven four echo Raleigh 

Ah it looked like he had an engine on fire when' he went 
by me. 

Ah say again sir: 

That ah jet looked like he had an engine on fire when 
he went by here at the end. 

OK, thank you sir, appreciate it. I just saw what ah 
looked like ah flame out there. 

I can smell kerosene all over the place down here. I 
don't know where; it'i everywhere. 

OK, thank you sir. 

74 echo said looks like an engine on fire to him. He 
smells kerosene all over the place down there. 

Eastern five aeventy six tower 
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HMILC 

W / L C  

74E 

RDO-LIC 

HM/LC 

RDO-LIC 

74E 

RDO-LIC 

Guard? 

I sme l l  i t  - and i t  .looked. l i k e  an eng ine  was on f i r e ,  
t h a t ' s  what t h a t  Beech D-eighteen j u s t  s a i d .  

Did I what - yeah I t o l d  him a  m i l e  and I t o l d  him ah 
m i l e  and ah  h a l f ,  I d i d n ' t  g i v e  him t h e  t h r e e  q u a r t e r s ,  
' c ause  he was on f i n a l  * -- E a s t e r n  f i v e  seven ty  s i x  
i t ' s  what t h e y  t o l d  me d o w n s t a i r s .  

I c a n ' t  a h  - I c a n ' t  t a l k  t o  him - c a l l  t h e  South 
Ramp, t e l l  'em t h e y  need a d d i t i o n a l  f i r e  t r u c k s  -- I 
d o n ' t  t h i n k  h e ' s .  o f f  t h e  runway. 

R a l e i g h  t h i s '  is  Beech a h  f even  f o u r  echo ,  l o o k  l i k e  t h e  
runway's  t i e d  up now. 

Yes,  s i r ,  Beech seven f o u r e c h o ,  t h e  run  a t  a i r p o r t  i s  
c l o s e d  a t  t h e  p r e s e n t  t ime  s i r .  

OK, ah  how abou t  me t a x i i n g  back i n ?  

Aw r i g h t ,  s i r ,  ah  t a x i  ah  i t a n d  by,  s i r .  

Number f o u r  somebody's c a l l i n '  - ah  looks  l i k e  he i s  
o f f  t h e  runway, I c a n ' t  s e e  ah  *- in '  t h i n g .  

E a s t e r n  f i v e  i e v e n t y  s i x  tower 

I *** r i g h t  h e r e  - s e n t  him t h e  VOR a t  t h r e e  thousand 
a h  and ah p u t  him on ah  -* s e e  i f  you can t a x i  t h i s  
guy back t o  t h e  South  Ramp - I knew i t ,  s e e  i f  he 
wants  t o  t a x i ,  j u s t  s e e  i f  you can  send him back -- 
c a l l  t h e s e  guys ,  s ee  i f  you can  t a x i  somebody t o  t h e  
South  Ramp - t h a t  one a t  t h e  approach e n d ,  he  wants t o  
t a x i  back  t o  t h e  South  Ramp - South  Ramp. 

Ah Beech seven f o u r  e c h o ,  t a x i  t o  t h e  South  Ramp. 

Seven f o u r  echo ,  r o g e r ,  he  r a n  o f f  t h e  end .  

Ah n e g a t i v e ,  s i r ,  ah  I c a n ' t  t e e  where he i s ,  s i r ,  i t ' s  
a h  r a i n i n g  up h e r e  s o  ha rd  I j u s t 1  c a n ' t  s e e  any th ing .  

Tower, .  h e ' s  r i g h t  a t  t h e  c e n t e r  o f  t h e  r e f u e l i n g  a rea  
f o r  h e l i c o p t e r s .  

H e l l o ,  t o w e r , P o r e e a i t  784 

F o r e c a s t  i e v e n  e i g h t  f o u r ,  go  ahead .  

Roger ,  s i r ,  h e  a p p e a r s  t o  be r i g h t  i n  f r o n t  o f  ah where 
we h e l i c o p t e r s  

OK, thank you,  s i r ,  a p p r e c i a t e  i t  - can  you t e l l  me if 
h e ' s  i n  t h e  g r a s s  o r  what ,  s i r ?  
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Roger a i r ,  a t a n d  by -- 
OK. 
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'̂  , k 
622 HARVARD STREET ROCHESTER, NEW YORK 14607 (716) 442-5861 

October -26, 1977 

Me. Dondd MeClure 
Safe ty  and Engineering Sect ion  
Ai r  Line P i l o t s  Associat ion 
1625 Massachusetts Avenue, N .  W. 
Washington, D. C. 20036 

Dear Don: 

Enclosed you will f ind  an o u t l i n e  ind ica t ing  t h e  phys io logica l  
and p s y c h o l o g i d  a c t i v i t i e s  of t he  p i l o t  beginning v ich  t h e  time ch$ 
rain hit t h e  wind screen.  You will no te  t h a t  t h e  t o t a l  time from the t i c e  
t h e  rain hit t h e  wind acreen u n t u  t h e  time of c a q l e t i n g  any kind  of cont ro l  
input  i s  approximately 3.8 seconds. Much of t h i s  time was consumed in 
Involuntary a c t i v i t i e s .  

S ince re ly ,  

6% 
A. 0. Dick, Ph.D. 
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bin hissfapproach l igh t  _are 
A. S t a r t l e  reactio-  - re f l ex ive  (involuntary) 

B. 
1. Physiological changes/central changes 

a. Heart r a t e  increase 
b. GSR 
C. t t iscles t ighten  

(Both increased heart  r a t e  and muscle t ightening have been associated 
with slowed KT) 

2. Reduced s e n s i t i v i t y  t o  information 
3. U r e  - f l a s h  bl inding 

C. Orienting r e f l e x  
1. Physiology 
2. G S R  (3000) 
3. Pupil changes (5000) 
4 .  Heightened s e n s i t i v i t y  
5. Brain wave changes 
6. Heart r a t e  high 

D. Behavior 
1. What la i t? 
2. Resume a c t i v i t y  

e.g. monitor VASI 
3. Realize r a i n  
4. Check instruments 

A. .TD - a, 
b. Crosscheck 

5.  Accommodation and convergence 
A. reduced s e n s i t i v i t y  

6. Decision t o  go around 
7. Reaction t h e  
8. Movement tism 

E. Aircraf t  react ion time 

b t e n u a t  ing circumstances 

A. Expectancy 
B. Noise in cockpit ( c q h  -ions) 
C. Fatigue (complex decisions)  
D. Higher a l t i t u d e  (complex decisions)  
E. Memory load/processing capacity 

1. Wet runway 
2. Fully loaded - heavy a i rp lane  
3. Dovnhlll runway 
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Captain E. D. Meodor 

R .  F . Forbes 

0-727 Windshield Wipers 

DCAFO 

MIACK . . 

Morch 2, 1976 

Ed, os I indicated to you several days ago, Homer hoi assigned the 0-727 
windshield wiper problem to me for resolution. 

I talked to Whitey John today, to cut him i n  on the problem, and to find 
out i f  he hod received complaints i n  the nature of yours--he has not. 
The comploinh he has received relate to noise ond the "pork" mode. 

I then went to Terry Timmons i n  Eng?neering ond asked for his help. He 
i s  going to begin on immediate check of post records to determine if, on 
the phase check, blades ore showing up bod, or i f  orm tension regularly 
needs odiustment . We are also proposing an E .O . to check the next 
five or ten oircmft coming into phase check. 

One interesting item keeps recurring i n  my convenotioni on this motter. 
Thot i s :  The wiper motor oppeon to be underpowered, ond i n  developing 
fhe specsfor blode o m  tension, there was o trade-off between whot would 
be optimum tensionon the blade o m  for best water removing action, ond 
.whot the motor con generate i n  the way of tomye. Too much tension 
comes the blode to stoll. The cure i s  to ,educe tension, end this may 
cause uns.otisfoctory performance. . 

As you con see, this moy turn out to be o design problem, and therefore, . . 
a Boeing problem. 

We intend to punue oi l  aspects of this problem, ond I wil! keep you 
posted . 

R. F . Forbes 

RFFsdo 
cc: Contain W. L. Colsh 
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interoffice correspondence 

TO: Coptoin W.  R. Brady A o o n s s s  MIAFV 

FHOM: L . Homer Mouden ADDRESS.  MIACK 

SUBJECT: B-727 Windshield Wipers DATE. March 24, 1976 

W o l  t , 1 received several cornploints from pilots concerning the inodeauote 
wiping oct ion of the B-727 windshield wipers. These were presented to me 
as safety items. Since some of our recent landing incidents occurred when 
the wiper system was i n  use (the IAH  incident wherein there was o wiper 
moifunction, and the ROD incident of 11-12-75, to  mention a few), I 
thought the cornploints merited investigation. 

Accordingly, Dick Forbes, ond Terry Timmons of Engineering, hove been 
working together i n  on ottempt to run this problem down. Their tentative 
assessment was thot the tension on the wiper blade arm was inadequate, 
TO test this, a random check of the blode arm tension was mode on 10 
aircraf t .  A significant number of these showed improper blode arm tension. 

To correct this problem Engineerins plons to  chonge their work program to 
odd this function to  those of the mechanic. His work cord w i l l  specify the 
use of the scole to check tension, and w i l l  specify the required value and 
toleronces. This i s  to be done on the phase check and, i f  accomplished cs 
proposed, i t  w i l l  be opproxirriotely six months before the entire B-727 fleet 
i s  checked. 

Since we ore coming up on the rainy seoso?, ond i n  v iew of the possible 
correlotion of windshield wiper inodequocy wi th  recent londi ng incidents, 
you moy wont to consider asking for o one shot immediate check of the 
entire 0-727 f l e e t t o  be followed by the routine phase check, os o contin- 
uing program. 

. . 
L.  Homer Mouden 

LHM:F:o 
CC: Mr. Don Crosby 
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A l l  B-727 F l i g h t  O f f i c e r s  -3- June 1, 1976 

From my own e x p e r i e n c e ,  I keep  a  how goes  it on t h e  f u e l  
bu rn -o f f  as  t h e  t r i p  p r o g r e s s e s .  I f  t h e  T O G W  i s  w i t h i n  
1 ,000  Ibs. of  t h e  RGW on t h e  CFP, t h e  bu rn -o f f  is usua-lly 
p r e t t y  c lose- -except  a f t e r  t h e  d e s c e n t  b e g i n s .  T h a t ' s  
where v e c t o r i n g  o r  whatever  happens i n  a  t e r m i n a l  a r e a  t a k e s  
i ts  t o l l .  Tha t  a l s o  i s  where t h e  judgment f a c t o r  comes i n  
as t o  what a d d i t i o n a l  f u e l ,  i f  any ,  i s  r e q u i r e d  by  t h e  
Cap ta in .  

We s u s p e c t  t h e  QCs a r e  b u r n i n g  a l ittle more f u e l  t h a n  t h e  
computer is programmed f o r .  Any feedback  from you would be  
a p p r e c i a t e d .  I f  an a d j u s t m e n t  i s  needed,  w e ' l l  g e t  it done. 
All we need is  good v a l i d  d a t a  from you t o  j u s t i f y  a change. 

Windshie ld  Wipers 
A s  we had p u t  i n  "1teir.s;' w r i t e  up any wipe r  i f  t h e  b l a d e  
f l o a t s "  a t  c r u i s e  speed .  We u s u a l l y  d o n ' t  g e t  t h e  oppor- 
t u n i t y  t o  tes t  them b e f o r e  t h e y  are needed ( b e c a u s e  o f  a  
d r y  windshie ld) ;  t h i s  i s  one  way t o  g e t  a  p o t e n t i a l  problem 
a r e a  f i x e d  r a t h e r  t han  g e t  c a u g h t  b y  s u r p r i s e  on t h a t  n e x t  
r a i n y  approach .  

Reverse  T h r u s t  v s .  Rudder D i r e c t i o n a l  C o n t r o l  C a o a b i l i t y  
W i t h  t h e  thunders torm s e a s o n  upon u s ,  a l i t t l e  d i s c u s s i o n  on 
t h e a b o v e  s u b j e c t  may be  a p p r o p r i a t e  s i n c e  we d o  a l o t  of  
l a n d i n g  under  v a r i o u s  combina t ions  o f  a d v e r s e  runway and 
wind c o n d i t i o n s .  

A s  a r e s u l t  of some tests done s e v e r a l  y e a r s  a g o  w i t h  t h e  
r u d d e r  p e d a l  nose wheel s t e e r i n g  linka-ge d e a c t i v a t e d ,  t h e  
f o l l o w i n g  r e s u l t s  were observed:  

1. Reverse  t h r u s t  from t h e  c e n t e r  ( #2 )  e n g i n e  had n e g l i g i b l e  
e f f e c t  on rudde r  e f f e c t i v e n e s s .  

2. Reve r se  t h r u s t  from t h e  pod ( # 1  and # 3 )  e n g i n e s  g e n e r a l l y  
reduced  r u d d e r  e f f e c t i v e n e s s .  A t  60-80 k n o t s  IAS,  app rox i -  
m a t e l y  65% N1 i n  r e v e r s e  t h r u s t  r e n d e r e d  t h e  r u d d e r  com- 
p l e t e l y  i n e f f e c t i v e .  A t  65-100 k n o t s  IAS, app rox ima te ly  
80% Nl  i n  r e v e r s e  t h r u s t  r e n d e r e d  t h e  r u d d e r  comple t e ly  
i n e f f e c t i v e .  

The r e p o r t  on t h e  same series o f  t e s t s  s t a t e d  t h a t  a s y m e t r i c  
r e v e r s e  t h r u s t  i s  of l i t t l e  h e l p  i n  m a i n t a i n i n g  d i r e c t i o n a l  
c o n t r o l .  
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, I v m  i n t e r e s t e 2  in r a ~ z i v i z g  y o u  q u e e ~ e g e  the 
replacing of the red-white VGIS with a T-VSLS at  P w o  2x0. The proyosests 
of the red-white eystea do' not  genera l ly  r e a l i s e  t h a t - i t - i a a n  u a s d e  syetes 
in t h a t  a p i l o t  can receive  a n  "on elope" ind ica t ion  f o r  a  o i l 9  Or 80 not 
real lai&g t&at b e i e  descend* too rapiLly and he ~ a y  r e s t i v e  a double r e 6  
sigcA. too l a t e  t o  check his descent. 

One b i g  advantage of t h e  I-YSIS i e  t h a t  when i t  i e  i n s t a l l e d  
f o r  ref-ular a i r c r a f t ,  it does not have t o  be re-oited f o r  long bodied &ra^t. 
The p i l o t  of e l o a f  bosLied a i r c r a f t  caa f ly 'oa-s lope ' in  the  e a r l y  p a r t  of the ' 

approach and check the r a t e  of descent BO t h a t  he sees  a 1 dot  e1gna-L in the 
l a t e r  et,yces &e described on page 12 of Publ ica t ion 50. I f  Ã p i l o t  decides t o  
e x e r c i e e c a u t i o n  in hie  approach, be c o u l l  sake sure he sees  a 2 do t  fly dcwn 
sifin&l h e a i a t e l y  before the threshold. 

The current  Aust ra l ian  Standard i n s t a l l a t i o n  La deeig-.ed f c r  
15 m (50 f t )  above the threshold mi or. z?proach elope of 3 O .  I have enclosed. 
a' d i m a n  showing the  height  over threchsld  f o r  the  e tan ia rd  JO syatea  a s  well 
AS those designed f o r  2.75= and 3.25O all with a height  of 50 S t  over threshold* 
you w i l l  note t h a t  while the re  i s  considerable v a r i a t i o n  in the d is tance  f r c a  
threshold at which each l i g h t  unit i n  pl;-ced, the re  i e  very l i t t l e  di r ferense  
ia height  over threshold due t o  t h e  varyL-ii; approach slopes. When oonpared with 
an m, t h e m  heights  nuat  be corrected 'by t h e  v e r t i c a l  d i f ference  between toe  

a n n 1  p i l o t ' s  eye and the g l ide  path  L^A on the a-LrcraTt. 

I understand t h a t  i n  I T Ã ˆ  Zealand t h e  a u t h o r i t i e s  . a l t e r  the  
t e t t i n &  of t h e  whole l i g h t u n i t  t o  pro-lido a v a r i a t i o n  la t h e  approach elope, 
t h i n  ueans ' t h a t  the r e d  undershoot ie.klwaya t h e  eaae Uatanoe  below the 
approach elopo . 

Here la Austra l ia ,  we pre fe r  aay non-standard I n s t a l l a t i o n  
t o  have the l i g h t  control  bladea ~ p e c i c i l l y  i r~nufsc twed  f o r  t h e  se lec ted  
approach slope therefore  r e t & d n c  the  zetl wdc=shoot a i p a l  at a 6t-6 
w l e  of Only la, one of t h e  100 i ss ta l lc- t ion8 la Australia end Papua' 
fiow Guinea have we var ied  Â¥th r e i  uiiiei'=L-'o: c i p d  and tht  W&B a t  CanbeCTa 
vhera ve &no x d e e d  the  a ~ o a c h ' s ? a > ~ 3 .  . . - -- - . 
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If t h e  d i f fe rence  q u o t d  t he  lut e01- o f  %la t a b l e  i n  r edwed  b e l m ' 1 Â  the re  
i n  a oorreepn&- r e h o t i o n  la t h e  u ~ o u n t  of l i g h t  emit ted by the  Ugh* a t e  i~ 
tp Sly up leg, t he r e fo re ,  I d v a y a  reoomend the  &??roaoh @lope should be at l o a e t  
1 a b o n  the  ~ d ~ a ~ o o t  a i , p a l .  

Wa have no mow p r o b l e m  ia t h i n  countrq there fore ,  ve  d l d  no t  
develop the o r i g i n a l  d e a l m  f o r  any f o m  of  anow pro tec t ion .  U t e r  diacusaion 
with the  manufacturer r e ~ ~ u -  the  poafiLbili?y of oupplyfng the e q u i p e n *  t o  
c o u t z h o  with nmv  p r o b i e ~ a ,  a snow l i d  uao dea imed  and a mould oona t ruc te i  but 
none have been a u f a o t u r e d  azid t h e  d e e i m  baa yet t o  be v a l u t e d  fn pr~3tice. 
On p q e  15 of t he  enoloeei  0 0 3  of h b l i o a t i o n  15, ?ig 16 h a  been moUied t o  
Dhow t h i e  I L L *  ' 

If rekueeted by FA6, o r  t h e  e c u i v d e n t  au tho r i t y  hi att o?3e= 
o o u t r y *  I would axpeot that my l b ? ~ r t m e n t  would be on ly  too ha?n t o  pro=oto t h e  
Z-YSZS by &dng ava i l ab l e  on l o=  a met . o f  f i e l d  e g U p e r J t  f o r  e v d u t i o n  ~ W O ~ O E I *  
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SUmCT:  T r a i n i n g  Emphasis  on N o n - P r e c i s i o n  Approach P r o c e d u r e s  and 
I n t e r p r e  c a t i o n  o f  Low V i s i b i l i t y  w e a t h e r  R e p o r t s  . 

R e c e n t  a i r  c a r r i e r  a c c i d e n t s  which o c e u r r e d . d u r i n g  n o n - p r e c i s i o n  approaches  
p i n  p o i n t  t h e  need  f o r  a c t i o n  t o  improve t h i s  ty-pe o f  o p e r a t i o n .  A s t u d y  
was i n i t i a t e d  s o u e t i m e  back w i t h  a g o a l  t o  examine e x i s t i n g  c r i t e r i a  and 
mah r e c o r n e n d a t i o n s  f o r  changes  t o  c r i t e r i a -  The s t u d y  g roup  must 
d e t e r m i n e  i f  improvements  can  be tmde which w i l l  a i d  t h e  p i l o t  i n  making 
a d e c i s i o n  t o  descend  b e l w  MDA d u r i n g  a  n o n - p r e c i s i o n  a p p r o a c h .  M e a n v > ~ l e ,  
t h e r e  i n  a need t o  r e e m p h a s i z e  t r a i n i n g  i n  n o n - p r e c i s i o n  a p p r o a c h e s  a s  w e l l  
as improv ing  t h e  knowledge and  u n d e r s t a n d f o g  o f  t h e  i m p l i c a t i o n s  o f  r e p o r c e c  
lw v i s i b i l i t y  w e a t h e r .  

A c c i d e n t  i n v e s t i g a t o r s  from t h e  NTSB and l o s p e c t o r s  from t h e  Vash lng ton  
O f f i c e  have  q u e s t i o n e d  a i r  c a r r i e r  p i l o t s  a b o u t  t h e  meaning and imp1ica:ion 
o f  r e p o r t e d  o b s c u r a t i o n  i n  w e a t h e r  s e q u e n c e s .  The p i l o t  r e s p o n s e  r e f l e c t e d  
i n a d e q u a t e  k n w i e d g e  o f  t h e  s u b j e c t .  O f  p a r t i c u l a r  i n t e r e s t  i s  the  f a c t  
t h a t  p a r t i a l  o b s c u r a t i o n  i s  d e s c r i b e d  i n  t h e  remark  s e c t i o n  and can  be 
a n y t h i n g  from 1 / 1 0  t o  9 / 1 0  c o v e r a g e  and s t i l l  be  c o n s i d e r e d  p a r c l a l .  ?e 
i m p l i c a t i o n  o f  a 7 / 1 0  o r  8 / 1 0  o b s c u r a t i o n  i s  t h a t  a p i l o t  c o u l 6  r e a s o n a b l y  
e x p e c t  t o  e n c o u n t e r  r e s t r i c t i o n s  t o  v i s i b i l i t y  as he d e s c e n d s  f r o =  a  
p o s i t i o n  below cLoud l e v e l  toward t h e  runway e n v i r o n m e n t .  However, p i l o t s  
q u e s t i o n e d  were  n o t  aware  o f  Chis  b e c a u s e  t h e y  d i d  n o t  r e l a t e  t h e  r e r a r k s  
i n f o r m t i o n  t o  t h e  o b s c u r a t i o n .  

I n  view o f  t h e  l a c k  o f  knowledge .on t h e  p a r t  o f  t h e  p i l o t s  l n t e m i e v e d ,  
o p e r a t i o n s  i n s p e c t o r s  s h o u l d  a s s u r e  t h a t  t r a i n i n g  programs adeq.uate1y c o v e r  
w e a t h e r  oequences  and i n t e r p r e t a t i o n s  t h a t  may be made from t h e  low 
v i s i b i l i t y  d a t a  s u p p l i e d  on t h e  w e a t h e r  s e q u e n c e .  

The FAA Academy h a s  p r e p a r e d  a p a p e r  on n o n - p r e c i s i o n  a p p r o a c h e s  w h ~ c h  coc-  
t a i n s  e x c e l l e n t  m t e r i a l  t o  a s s i s t  i n  u p g r a d i n g  t h e  p r o f e s s i o n a l i s m  r e q u i r e d  
d u r i n g  a n o n - p r e c i s i o n  a p p r o a c h .  The m a t e r i a L  1s r e p r o d u c e d  i n  p a r t  an 
f o l l w s  : , 

The a b i l i t y  t o  c o n d u c t  t h e  non-precision a p p r o a c h  i n  a professional manner 
h a s  g i v e n  m y  l n  l a r g e  p a r t  t o  t h e  c o r ~ p u t c d  and  a u t o m t e d  a p p r o a c h e s ;  1 . t . .  
f l i g h t  d i r e c t o r  and a u t o c o u p l e d  a p p r o a c h e s .  The i n s t r u m n t  p i l o t  o f  today  
l o  b e i n g  t r a i n e d  i n  a manner which  e m p h a s i z e s  t h e  p h i l o s o p h y  o f  t h e  p r e c i s i o n  
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nS approach t o  Category I ,  11 and 111 procedures and weather  m i n i m ,  but  
de-emphasizes t he  b a s i c  non-p rec i s ion  ins t rument  approach procedures .  RIS 
t r a i n i n g  no longe r  s t r e s s e s  t he  need f o r  p r e c i s e  t iming ,  c l o s e l y  c o n t r o l l e c  
r a t e s  o f  d e s c e n t ,  thorough k n w l e d g e  o f  t he  procedure,  and t h e  b a s i c  # k i l l s  
and techniques  o f  us ing  the  raw d a t a  informat ion  d i sp l ayed  i n  t h e  c o c k p i t ,  
As a  r e s u l t ,  he has  become i n  f a r  t oo  m n y  c a s e s ,  ~ o m e t h h g  l e s s  than  a  pro- 
f e a a i o n a l  i n  conduct ing  t h e  non-precision approach.  

Wha't can be done tn r e v e r s e  t h i s  t r e n d ?  One vay would be t o  re-emphasize 
t h e  need t o  b w  and p r a c t i c e  the  b a s i c  n k i l l s  and techniques  a a s o c i n t e d  
w i t h  t h e  non-precinion approach.  Another  could be t o  recognize  the  need f o r  
more p r e c i s i o n  du r ing  the  80-ca l led  non-prec is ion  approach.  Even a name 
change f o r  t h i s  type procedure(s )  uay be ln o r d e r .  Perhaps we shou16 a t o p  
us ing  t h e  philosophy of non-prec is ion  and face  up t o  the need f o r  a tandazes  
tha t . a l1  phases of f l i g h t  ~ h o u l d  be based upon p r e c i s i o n  and professional is^. 
S t i l l  a n o t h e r  a r e a  i n  t he  conduct  o f  non-prec is ion  approach has t o  do w i t h  
the a t t i t u d e ,  cockp i t  d i s c i p l h e  and crew coord ina t ion  of the f l i g h t  crew. 
Recent event8  s t r o n g l y  i n d i c a t e  a  widespread l a c k  of a p p r e c i a t i o n  f o r  the 
importance of t hese  f a c t o r s :  Substandard a t t i t u d e ,  d i s c i p l i n e  and c o o r < i -  
n a t i o n  a r e  appa ren t  t o  t he  degree  t h a t  m n y  approaches a r e  be ing  f l m .  i n  a  
h i t -or -miss  f a sh ion  r a t h e r  than  i n  a d i s c i p l i n e $  by-the-book pr0ced.ur.e. The 
r e s u l t s  i n  f a r  too  many i n s t a n c e s  have been w k i n g  nev8paper h e a d l i n e s .  . T h i s  
a r e a  i n  V r t i c u l a r  is i n  g r e a t  need of added emphasis.  

I n  a d d i t i o n  t o  t he  preceding  p o i n t s ,  more o p e r a t i o n a l  knwledge  o f  the 
c o n s t r u c t i o n  of t he  non-p rec i s ion  approach a s  spelled o u t  in t h e  E R ? S  
Handbook 8260.9, i s  needed. Such chings a s  o b s t r u c t i o n  c l e a r a n c e s ,  desce?: 
g r a d i e n t s ,  f i n a l  course  a l ignment  c r i t e r i a ,  and the  p r i m r y  bounda r i e s  of t he  
approach segments a r e  need - to -knw f a c t o r s  f o r  t he  pzo fes s iona l  a imsi r , .  

What a r e  some o f  t he  shortcomings and cornon f a u l t s  f r equen t ly  not,ed Ln the 
execu t ion  o f  non-prec is ion  approaches?  

1. F a i l u r e  t o  conduct c o ~ p r e h e n s i v e  b r i e f i n g  on the  Approach p roce i s r e  
and techniques  t o  be used .  

2 .  F a i l u r e  t o  execu te  the procedures  as publi8hed;  Lee . ,  c u t t i n g  the 
procedure  s h o r t ,  e n p e c i a l l y  when the  i n i t i a l  phase is on top  of the 
r e s t r i c t i o n  t o  v i s i b i l i t y .  Thia c o r n e r  c u t t i n g  c a r r i e s  over  i n t o  
t h e  f i n a l  approach phase v h e r e  a l l  a t  once e v e r y t h i n g  p i l e s  up and 
t h e  crew L s  n o t  a lvays  e q u a l  t o  t h e  t a s k .  

3. F a i l u r e  t o  c ross-check altimeters and o t h e r  f l i g h t  i n s t rumen t s  
d u r i n g  the  i n i t i a l  and f i n a l  approaches.  

6. u s i n g  procedures  and t echn iques  which g l v e  t h e  p i l o t  t o o  &h t o  
do  a t  the ntart of t h e  f i n a l  approach B e p e n t ;  i . e . ,  checking  the 
f i n 1 1  a p p r ~ c h  f ix  p a s s a p ;  c a l l i n 6  f o r  gea r  d w n  and be fo re  landing  
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c h e c k l i s t ;  ca1l:ng f o r  approach o r  l and ing  f l a p s  as -pp ropr i a t e ;  
cormencement o f  t iming i f  r e q u i r e d ;  comaencement o f  t he  requi red  
descen t  r a t e ;  e s t a b l i s h ~ n t  o f  c o r r e c t  a i r s p e e d ;  e t c . ,  a t  l e a s t  
s h  t h i n g s  which must be accomplished in s h o r t  o r d e r .  kxperience 
has  shovn t h a t  one o r  more o f  t h e s e  i t e m  a r e  o f t e n  u t n t e n t i o n a l l y  
de layed o r  f o r g o t t e n ,  u s u a l l y  t o  t b e  deg rada t ion  of t h e  o v e r a l l  
q u a l i t y  o f  t he  approach.  

F a f l u r e  t o  tune  and p r o p e r l y  i d e n t i f y  t h e  approach f a e i l i t y ( s ) .  

F a i l u r e  t o  p r e c i s e l y  n o t e  FAF p a s a a ~ e .  

F a i l u r e  t o  ,commence t iming a t  the  FAF. 

F a i l u r e  t o  promptly couurence a p r o p e r l y  c o n t r o l l e d  and c o r ~ e c t  
r a t e  of descen t  s o  a s  t o  a r r i v e  a t  K I A  in a  p o s i t i o n  t o  s i g h t  
t h e  runvay environment and cont inue  a  n o m l  approach t o  a landing  
s o  an t o  avoid  e x c e s s i v e l y  h igh  r a t e s  of descen t  a t  any p o i n t  
d u r i n g  the  f i n a l  approach segment. 

I n a t t e n t i o n  t o  t h e  d e t a i l s  o f  t he  t a s k  a t  hand; e . g . ,  conve r sa t ion  
and a c t i o n s  concerning  u n r e l a t e d  and irrelevant t h i n g s .  

Oppogite c o r r e c t i o n s  t o  tail ADF bea r ings .  

Poor q u a l i t y  0.f ADF maintenance and upkeep; e.g . ,  t h e  o f t -hea rd  
remark t h a t ,  " the ADF i s  no good i n  the modern j e t s , "  when a l l  i t  
l i k e l y  needs i s  t o  be m i t t e n  up and c a r e f u l l y  r e p a i r e d .  

Lack of a p p r e c i a t i o n  o r  k a w l e d g e  f o r  t h e  d i f f e r e n t  s c a l e  va lues  
o f  t he  l o c a l i z e r  and VOR a s  d i sp l ayed  on t h e  Course I n d i c n t o r .  

F a i l u r e  t o  c a r r y  o u t  proper  crew c o o r d i n a t i o n  procedures .  
E s p e c i a l l y ,  vhen the  c o p i l o t  is f l y i n g  the  CapUin  o f t e n  f a i l s  t o  
execu te  t h e  n o r a a l  c o p i l o t  f u n c t i o n s  and d u t i e s .  

Not s m y i n g  on in s t r -n t s ;  i . e . ,  both p i l o t s  lookfng o u t  f o r  the 
runway t h r e s h o l d  r a t h e r  than one s t a y i n g  on instruments and the 
o t h e r  c r o s s - c h e c k h g  and looking  o u t  f o r  t h e  rummy environment.  

I n a t t e n t i o n  t o  p r e c i s e  course  i n t e r c e p t i o n ,  anddcrosa-checking on 
secondary in s t rumen t s .  

F a i l u r e  t o  l e v e l  o f f  o r  a l i & t l y  -HM. 

P e r s i s t e n c e  i n  con t inu ing  a s u b s u n d a r d  approach r a t h e r  than 
promptly e x e c u t i n g  t h e  missed approach. There seem t o  be a  
a t r o n g - f e e l i n g  f a i s e  p r i d e  aga lnsc  a e c u t i n g  a  missed approach. 
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18. Rot ua ing  a stabilized approach concept .  

19. Not p rep lann ing  how t o  conduct  t h e  a p p r m c h  80 as t o  f l y  tad air -  
p lane  through the  v i n d w  (key po in t )  a t  U approximate ly  one mi le  
from t h e  r y m a y  th re sho ld .  

20. Not a t r i v i n g  f o r  a h igh  d e g r e i  o f  accuracy  and p r e c i s i o n  b t h e  
conduct  o f  t h e  non-prec is ion  a p p r m c h .  

21. Not g i v i n g  due c o n s i d e r a t i o n  t o  t h e  poeaib le  adve r se  e f f e c t  o f  
remote-aource weather  and a l t b t e r  a e t t b g  i n f o m a t i o n .  

R E C W V D A T I O N S  . 
1. Emphasize t h e  need f o r  more d i s c i p l i n e ,  c r w  c o o r d h a t i o n  and 

p r e c i s i o n  in t h e  v a r i o u s  non-prec is ion  approaches.  

2. Develop new and more s p e c i f i c  crew-concept procedures f o r  
non-prec is ion  apprnaches s i m i l a r  t o  t h e  procedures being used on 
the  f u l l  ILS approaches .  F o l l w i n g  a r e  aoae examples which . 
a p p a r e n t l y  a r e  a p p r o p r i a t e .  

a .  Complete in- range  c h e c k l i s  ts  and comprehensive h s t r u m e n t  
approach b r i e f i n g  p r i o r  t o  i n i t h t i n g  t h e  approach.  Carefu l  
c a l c u l a t i o n  of f i n a l  approach ground speed .  

b.  Extend l and ing  gea r  and approach f l a p s  and complete before-  
l and ing  c h e c k l i s t  a f t e r  i n t e r c e p t i n g  inbound course  and - 
t o  FAF passage .  E s t a b l i s h  a l t i t u d e  i t  the  minimum recomended 
v a l u e  10 a a  t o  avoid  subsequent  h igh  r a t e s  of descen t .  

c .  Use established a l t i m e t e r ,  f l i g h t  instrument and warning f l a g  
croaa-check procedures just p r i o r  t o  t h e  FAF. 

d .  Note FAF passage ,  start t i d n g  and promptly comence  pre-  
determined r a t e  of descen t .  S e t  l and ing  f l a p s  i f  a p p r o p r i a t e .  

0 .  Hake a l t i t u d e  and course  d e v f a t i o n  a l l o u t s  d u r i n g  f h d l  d e s c e n t .  

f .  C a r e f u l l y  monitor  t iming and descen t  mo as  to  a m i v e  a t  o r  
a l f g h t l y  above kRM p r i o r  t o  t h e  FEY POWI ( N o r m l l y  one mi le  
from the  runway t h r e s h o l d ) .  The KEY mIhT m y  be determined 
by t h i n g  ( u s u ~ l l y  30 seconds p r i o r  t o  HAP), by BE, by c r o s s  
bear ing ,  or o t h e r  type  f i x .  

g. FQstTIvELy monitor  m A  l f m i t a  and do n o t  descend beiw -ti1 
the  ruauay environment l a  in s i g h t  and t h e  a i r p l a n e  f a  i n  
p o a i t i o n  f o r  a NORqL approach t o  a landing .  Aaauming a 5 l T  
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o f  300' t o  400'. t h i s  should occur  a t  the  KET POINT and 
approx ima te ly  one mi le  from t h e  t h r e s h o l d .  

Abandon t h e  approach and execu te  t h e  missed approach procedure 
i f  t h e  approach is subs tandard  o r  i f  g .  above i s  no t  p o s s i b l e .  
It is NOT n e c e s s a r y  t o  carry o u t  t h e  t h i n g  t o  the  f i na l ,  MA?. 

Cons ider  r e v i s i n g  t h e  ins t rument  procedures  and approach p l a t e  
d i s p l a y  by e s t a b l i s h i n g  a KEY POINT FIX ( K P F ) ,  a p p r o x h t e l y  one 
mi l e  from t h e  t h r e s h o l d  o r  f a r t h e r  o u t  where M M  and v i s i b i l i t y  
minima a r e  above s t a n d a r d .  The f b  may be decermined by DXE, ?%, 
KDB, I n t e r s e c t i o n ,  o r  by t iming.  

./ 

C a l c u l a t e  and d i s p l a y  on approach p l a t e s  t h e  t l a i c g  from FAF t o  t he  
Key P o i n t  Fix (RPF). 

C a l c u l a t e  and d i s p l a y  on approach p l a t e s  t he  recornended r a t e  of 
d e s c e n t  r e q u i r e d  on f i n a l  approach t o  r each  K M  a t  o r  before  the  
KPF . 
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Air Line Pilots Association 
Petition for Reconsideration of 

Probable Cause 
Aircraft Accident-Eastern Air Lines, Inc., 

Boeing 727-225, N883E, 
Raleigh, North Carolina, November 12, 1975 

(NTSB-AAR-76-15) 

RESPONSE TO PETITION FOR RECONSIDERATION 

In accordance with the Safety Board's rules (49 CFR Part 845), the National 
Transportation Safety Board has entertained a Petition for Reconsideration of its findings, 
analysis, and probable cause in .the aviation accident involving Eastern Air Lines, Inc., 
Boeing 727-225, N883E, Raleigh, North Carolina, on November 12, 1975. As a result of 
its review of t h e  Petition for Reconsideration, the Safety Board has granted the Petition 
in substantial part. The aviation accident report has been extensively revised to  reflect 
the relief granted and to  revise the probable cause of the accident. 

8 
On May 19, 1976, the Safety Board determined that during the landing at 

Raleigh-Durham Airport in instrument meteorological conditions the instrument landing 
system (ILS) approach was uneventful until the airplane was about 100 feet above the 
ground. The flightcrew had the approach lights, the runway threshold lights, and the 
runway lights in sight. At that point, heavy rain moved across the approach path, and the 
captain, who was flying the airplane, lost all  outside visibility. The rate of descent 
increased, despite the application of increased thrust, and the airplane struck the ground 
282 feet short of the runway. The airplane bounced onto the runway and slid to  a stop 
4,150 feet past the runway threshold. There were eight persons injured; one was injured 
seriously. 

When the report was adopted, the Safety Board determined that the probable cause 
of the accident was the pilot's failure to  execute a missed approach when he lost sight of 
the runway environment in heavy rain below decision height. 

In its petition, the Air Line Pilots Association addressed 10 issues relating t o  alleged 
errors and omissions in the Board's conclusions and analysis of the evidence. These issues 
are addressed as follows: 

1. Errors in the flight data recorder (FDR) readout and analysis. 

The original flight data recorder group was reconvened to address the errors in 
the FDR readout and analysis alleged in the petition. The petitioner contends there was 
an error of 0.0075 inches in the reference line measurement on the FDR foil. The 
reference line stylus assembly is bolted t o  the recorder frame. To examine the possibility 
of the error asserted in the petition, the zero airspeed trace was measured relative to  the 
reference line for the three previous takeoffs and landings. The reference line values 
were all between 0.0005 and 0.0001 inch, which is not unusual for a bellows-operated 
stylus. 



Although the relative distance between the reference line and the zero 
airspeed line remained essentially constant, a weave was detected in the foil. 
Measurements were taken a t  different locations from t h e  reference line to the bottom 
edge of the sprocket holes on the foil to  establish the effect of the weave. The values of 
the traces on the foil, however, are relative to the reference line and not to  the edge of 
the foil. Thus the second examination of the foil recorded the same values as the original 
examination of the foil. With regard to  issue No. 1, the Safety Board's analysis shows that 
there were no errors in the Board's original readout. As a result, the Safety Board 
concludes that there was no error in the reference line measurement on the foil. 

The Safety Board agrees that the radio transmission binary information from 
the foil should have been read, and that this information was not essential to the 
investigation. 

The Safety Board does not agree that there is a lack of correction for pilot's 
eye to static port vertical separation in the FDR readout. It is a common misconception 
that the air pressure sensed by one side of the bellows in a barometric altimeter is the 
pressure at the static port end of the tube which is connected to  the bellows. In fact, the 
static pressure is sensed a t  the bellows. ' h e  accident airplane had a separate bellows in 
the FDR for sensing altitude and there was only a slight difference between the height of 
this bellows and the cockpit bellows during normal flight operations. The FDR altitude 
error tolerance, on the other hand, far exceeds this difference. 

The Safety Board does not agree that the readout of the altitude trace was in error. 
However, the Safety Board's extrapolation of the altitude information on the FDR in the 
original report exceeded the actual capability of the FDR to represent airplane altitude. 
The FDR altitude information has been reexamined and those sections of the report where 
altitude data inappropriately were used factually or analytically have been revised. The 
Safety Board agrees that the original report's FDR altitude information relating to  the 
last 15 seconds before impact was not accurate. Accordingly, the discussion in the text 
has been revised. 

2. Errors in the cockpit voice recorder (CVR) transcript timing. 

The final 4 minutes 37 seconds of the CVR tape were reexamined keyed t o  the 
FAA transcript times. There were two errors noted in t he  CVR transcript, wherein the 
times differed by more than 1 second. There was a 3-second error in the timing of the 
"Five hundred feet ground contact" comment. The correct time is 2001:34, rather than 
2001:37. The other error relates to  when "okay" was said by the first officer. The correct 
time is 2001:27 not 2001:29. All other times are correct within 1 second. 

The petitioner included in the section on CVR errors six conclusions relating to  
the approach profile. 

(a) "'hat a t  least takeoff thrust had been applied by the flightcrew." 

While the evidence establishes that some thrust was applied, 
neither the petition nor the Safety Board's examination of the 
evidence allowed a determination of the exact level of thrust that 
was applied. 



"That the airplane had a high angle of attack." 

The Safety Board agrees that there was an increase in angle of 
attack during the last few seconds of flight based on the Safety 
Board's analysis of the FDR and of the physical evidence a t  the 
point of initial impact but cannot conclusively state that it was a 
"high angle of attack." 

T h a t  the descent rate had been reduced." 

The Safety Board agrees, based on the Safety Board's analysis of 
the FDR and of the physical evidence a t  the point of initial impact, 
that the descent rate was reduced. 

"That i t  was raining extremely hard." 

The Safety Board agrees that the rainfall was heavy in the vicinity 
of the accident., 

tlThat the wind was gusting." 

Witness statements and meteorological conditions support a 
conclusion that there were gusting winds. However, the wind 
values cannot be quantified. 

'That all the above had occurred before the aircraft crossed the 
localizer antenna." 

The Safety Board believes that the precise point of the events 
cannot be established on the basis of the existing evidence. 

3. Misinterpretation of altitude a t  which flightcrew lost forward visibility. 

The report has been revised to indicate that the flightcrew lost forward 
visibility when the airplane was 100 feet or less above the ground. Although the petition 
asserts t h a t  the wheels of the airplane were 47 feet above the touchdown zone when this 
occurred, the Safety Board's view is that the limitations of the FDR data preclude such a 
definitive statement. 

The section of the petition which referred to  this subject also contained a 
discussion of downdrafts and the body angle of the airplane. Both of these issues have 
been addressed in the revised report in a manner closely paralleling the discussion in the 
petition. 

4. Failure to  understand limitations in ability of crew/aircraft t o  execute 
missed approaches under adverse conditions. 

In the reexamination of t h e  evidence, the Safety Board determined that it is 
likely there was insufficient time for the captain to  perceive the situation and react to  
the effects of downdrafts and wind shear on the airplane's performance and for the 
airplane to respond and to arrest the airplane's descent. The analysis appears in the 
revised report. 



5. Misinterpretation of required IFR callouts. 

The Safety Board agrees that the original report was incorrect with respect to  
finding 9 that the first officer did not make loud distinct callouts when a hazardous 
situation was encountered. The report has been revised to  correct this point. 

The second part of this issue addresses Eastern Air Lines' required IFR callouts 
and the manner in which the flightcrew of Flight 576 made such callouts. 

Eastern Air Lines requires the pilot flying to call out the final approach fix 
(FAF), 1,000 feet above the airport, 100 feet above decision height (DH), and DH. The 
flightcrew did maintain altitude awareness by making the calls a t  the FAF and a t  
1,000 feet above the airport. However, the captain was required by Eastern Air Lines 
procedures to  make the altitude calls. Instead, the first officer made the callouts. While 
the Safety Board does not believe that this lapse in carrying out the checklist contributed 
to the accident, nevertheless the actions of the flightcrew were contrary to  Eastern Air 
Lines procedures. 

No member of the flightcrew made the required 100-foot above DHor the DH 
callout. Despite the contention of the petition that these callouts were not required 
because the captain was flying the airplane with reference to visual cues, the Safety 
Board believes that they should have been observed. However, the Safety Board agrees 
that the omission of these callouts did not contribute to the accident. The weather 
conditions were poor and the approach was conducted a t  night. The purpose of the 
callouts is to  provide backup to the flightcrew's observations of its position a t  specific 
times during an approach. The revised report discusses this issue a t  length. 

6. Misunderstandings of approach speed versus Vref and speed required 
for the approach. 

The Safety Board agrees that the term target speed cited in the original report 
was incorrect. 

7. Lack of substantial meteorological analysis. 

The magnitude of the wind shear and downdrafts, and the effect of heavy rain 
on the airplane were not determinable. Therefore, the Safety Board's original report was 
incorrect in stating that  sufficient speed margin and thrust were available to overcome 
the effect of these meteorological conditions because the thrust demands needed to arrest 
t h e  descent are not known. The report has been revised accordingly. 

8. Erroneous interpretation of rainfall rate. 

The Safety Board agrees that the rainfall recording a t  the airport indicates a 
heavy rain within a few minutes before the accident and that it' is likely that the heavy 
rain, which was recorded a t  a rate of about 7 inches per hour between 1957 and 2000, had 
moved to the vicinity of the accident site by 2002. The revised report examines the 
rainfall rate at t h e  time of the accident more thoroughly. 

9. ~ a i l u r e  to  analyze effect ofheavy rain on aircraft performance. 

The petition acknowledges that i t  is difficult to  quantify the aerodynamic 
effect of heavy rain. However, the petition states that the existence of the aerodynamic 



effect  of heavy rain cannot be denied, and that it was a factor in the accident. This is 
true to the extent that no substantive research has been completed which allows the 
quantification of the effect of heavy rain on airplane performance,or thrust generation. 
The aerodynamic effects of heavy rain are currently being studied 'by the National 
Aerospace and Space Administration. However, it may be some time before meaningful 
data will be developed for the purposes of accident investigation. A recent research 
paper entitled "The Effect of Heavy Rain on Windshear Attributed Accidents" by 
James K. Luers addresses the issue. However, Luers states that the paper was based 
totally on a theoretical analysis of the data and that there is no experimental wind tunnel 
or flight test data to  support the results. The Safety Board recognizes that heavy rain has 
an effect on the thrust generation of turbojet engines, and that the meteorological 
conditions associated with heavy rain can affect airplane performance. However, it was 
not possible in this accident to  quantify the effect of rain on the aerodynamic 
performance of Flight 576. Upon completion of the current research on this phenomenon, 
the Safety Board would hope to be able to  begin to apply the research findings in its 
analysis of accidents where heavy rain is involved. 

10. Misunderstanding of use of flight instruments during landing. 

The Safety Board's review of the accident report and the supporting factual 
information has indicated that the flightcrew did monitor the flight instruments during 
the instrument approach in a manner consistent with accepted procedures. The report has 
been revised t o  reflect this conclusion, and a number of findings in the original report to 
the contrary have been deleted. 

The Air Line Pilots Association introduced four items a s  "new" evidence in its 
petition. These items are addressed as follows. 

1. Air traffic control (ATC) failure to  relay new information pertinent to  
execution of the approach. 

The portion of the petition dealing with' ATC involvement contains nothing 
which can be considered new evidence under the Safety Board's rules. However, the 
Safety Board has reviewed this issue a s  a claim of an erroneous finding based on existing 
evidence. 

The local controller did engage in considerable extraneous conversation before 
Flight 576 passed the Leesville radio beacon a t  2000:28. However, all conversation from 
that time until the time of the accident related to  ATC duties. ' h e  two transmissions 
received by the local controller described in the petition before Flight 576 passed the 
Leesville radio beacon came from Flight 576 and from an Army helicopter. The Army 
helicopter did not relate new weather information to the controller, while Flight 576 did 
comment on a storm in the area. The Safety Board does not agree that the controller 
failed to comply with paragraph 1 0 0 2  of ATC Handbook 7110.80, or that the extraneous 
conversation before 2000:28 had an effect on the safety of Flight 576. There was no 
information available to the controller to relate to Flight 576 which was not already 
known to the flightcrew. 

The local controller provided the flightcrew with the revised airport visibility 
of 1 3/4 miles a t  2000:35, and subsequently raised the intensity of the runway , i t s  to  
step 3. There was a discussion between the tower controllers of the visibility between 
2001:18 and 2002:07. A t  2002:07, the visibility was stated as three-quarters of a mile. 



Two seconds later the accident occurred. The Safety Board does not agree that in the 
2 seconds before the accident the local controller could have been expected to advise 
Flight 576 and turn up the runway lights to  step 4. However, he knew the airplane was 
within one-half mile of the airport, with the runway in sight. 

The final ATC issue raised in this section was the contention that the 
controller was not paying sufficient attention to his duties. This conclusion of the 
petitioner is based on the 2002:23 question of the controller, "Who's that last jet that 
landed?" The Safety Board disagrees with this assertion. The local controller stated that 
h e  saw Flight 576 a t  the approach end of runway 23 and then saw a "flash," after  which he 
activated the crash alarm. The 2002:23 question was more logically the result of 
confusion and surprise caused by the accident than a lack of attention to his duties. His 
previous communications with Flight 576 were correct, and there was no indication of 
confusion about Flight 576's identity. 

Accordingly, the Safety Board does not agree with the petitioner's 
interpretation of the ATC transcript and declines to revise its report to  find ATC 
involvement in the accident. 

2. Inadequacies of the aircraft windshield wiper system. 

The petition states that the fourth paragraph of a letter dated March 2, 1976, 
"shows that in the conditions encountered by EAL [Flight] 576 the wipers could be 
expected either to  stall or remove the rain improperly. In this case the wipers moved, so 
it is very likely that the rain was not properly removed." No other evidence is offered to  
support the assertion of improper removal of rain from the windshield of Flight 576. 

The cited paragraph 4 of the letter merely offers a hypothesis without any 
factual support. Although not mentioned in the petition, the tests mentioned in a second 
letter (dated March 24, 1976) apparently are to be considered the factual support to prove 
the hypothesis. However, those tests do not indicate the number of airplanes that had 
improper wiper blade tension, the degree of improper tension, or whether the airplanes 
tested had been modified with appropriate Boeing Service Bulletins. Therefore, these 
tests do not support any conclusion about either a deficiency in the wiper system of 
Flight 576 or a design deficiency on the B-727 wiper system. 

A statement in the last paragraph of the March 2, 1976, letter is significant: 
It reads, "We intend to  pursue all aspects of this problem, and I will keep you posted." 
Since there was no other information provided by the author to Captain Meador, or 
further pursuit of the problem, we assume that there was nothing more to report. If there 
was a deficiency or a design problem as alleged in paragraph 5 of the letter, the Boeing 
Company has never heard of i t  from either Eastern Air Lines or from R.F. Forbes, the 
author of the March 2, 1976, letter. Further, Boeing has no records of complaints from 
other operators in the form of service reports on windshield wiper deficiencies. 

Although it is true that insufficient tension of the wiper will provide less than 
optimum wiper blade performance, there was no evidence to  indicate that before the 
airplane crashed wiper arm tension on the accident airplane was less than specified. The 
only recent reported preaccident difficulty with the wiper system on the accident airplane 
was on October 9, 1975, when the captain's wiper was recorded as ineffective. ' h e  wiper 
motor was changed on October 13, 1975, and no further complaints were recorded. 
Therefore, the presumption of proper wiper performance on Flight 576 must stand. 



As a result, the Safety Board believes that the new evidence provided relating 
to  the Boeing 727 windshield wiper system does not permit any valid conclusions to  be 
drawn about the condition of Flight 576's wiper system. 

3. Deficiencies in the standard visual approach system indicator (VASI) 
presentation. 

The Safety Board disagrees with the submission of this issue as new evidence. 
The VASI was never intended for use a s  a precision instrument, and should not be used a s  a 
precision landing instrument. Furthermore, the Safety Board believes that most 
professional pilots are very much aware of the limitations of the VASI glide slope presen- 
tation, and of the inaccuracies which may result from viewing a VASI through heavy rain 
or other obstructions to vision. 

4. Analysis of pilot event-related reaction times. 

The report has been revised to  address this issue. 

As a result of the Safety Board's reexamination of the accident investigation, 
the accident report has been revised extensively. The Safety Board also has revised the 
findings, conclusions, and the probable cause. 

ACCORDINGLY, 

The National Transportation Safety Board determines that the probable cause of the 
accident was an encounter with heavy rain and associated downdrafts and wind shear 
during the final stages of landing when the airplane was less than 100 feet above the 
ground. The sudden onset of the meteorological conditions did not allow sufficient time 
for the captain to perceive and react to  the effect of the downdraft and wind shear on the 
airplane's performance to  stop the airplane's increased rate of descent and for the 
airplane to  respond before striking the ground short of the runway. 

The Safety Board commends the Air Line Pilots Association for its thorough petition 
and for its interest in aviation safety. 

JIM BURNETT, Chairman, PATRICIA A. GOLDMAN, Vice Chairman, FRANCIS H. 
McADAMS, G. H. PATRICK BURSLEY, and DONALD D. ENGEN, Members, concurred in 
the disposition of this Petition for Reconsideration. 
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