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Abstract: This report explains the crash of USAir flight 405, a Fokker 38-4000, after an 
attempted takeoff from runway 13 at LaGuardia Airport, Flushing, New York. on 
March 22, 1992. ??le safety issues in the report focus on the weather, USAir's deichp 
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On Sunday, March 22, IW2, a b ~ t  2135 ezstem stan&rd aiie, 2 
Fokker 28-4800 (F28), N485KJS, operating as USAir night 405, crashed during an 
attempted takeoff from runway 13 at LaGuarelia wirpo% Rushing, New Yo& 
might 405 was operating under Title 14, Code of Federal Regulations, Pari 121, as a 
scheduled passenger fligbt fbm Jacksonville, Florida, to Cleveland, Ohio, with a 
stopover at LaGuardia Airport. There were 47 passengers, 2 fightcrew members 
and 2 cabincrew members on bard. The captain, one of the cabincrew members, 
and 25 passengers received fatal injuries. The airplane was destroyed by impact 
forces and subsequent fi. 

The National Trampfiation Safety Board determines thpt the probable 
causes of this accident were the failure of the airlie industry and the Federal 
Aviation Administration to provide flightcrews with procedures, requirements, and 
criteria compatible with depahture delays in conditions conducive to airframe icing 
and the decision by the flightcrew to take off without positive assurance that the 
airplane's wings were free of i c e  accumulation after 35 minutes of exposure to 
precipitation following deicing. aple ice contamination on the wings resulted in an 
aerodynamic stall and loss of control after liftoff. Contributing to the cause of the 
accident were tke inappropriate procedures used by, and inadequate coordination 
between, the flightcrew that led to a takeoff rotation at a lower than prescribed air 
speed. 

The safety issues in this report focused on the weather affecting the 
flight, USAir's deicing procedures, industry aiirframe deicing practices, air traffic 
c0ntr01 aspects affecting the flight, USAifs takeoff and prefpignt procedures, and 
flightcPew qualifications and training. The dynamics of the airplane's impact with 
the ground, postaccident survivability, and crashlfiehescue activities were also 
analyzed. 

Safety recommendations concerning these issues were addressed to the 
Federal Aviation Administration, the Port Authority of New York and New Jersey, 
the Department of Transportation, and the New York City Health and Hospitals 
CoHporation. 

. 
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Iacksonvilfe at 1715 and was cleared into the LaGuardla area without significant 
additional delays. The first officer, who had flown the Tri-Cities-Charlotte leg, said 
&a: he accomplished an tlstrurr?e?t landkg system (-U) approach to LaGuardia's 
mway  4 "to minimums" and initiated braking on the landing rol!. Ramp congestion 
delayed taxiing to the parking gate. Although the first officer could not recall the 
inbound taxi route, he estimated a lo-minute wait on the ramp for a gate. The 
airplane was parked at Gate 1 at approximately 1949, 1 hour and 6 minutes behind 
schedule. 

After the airplane was parked at Gate 1 ,  the line mechanic who met the 
flight was advised by the captain that the aircraft was "good PO go." The captain left 
the cockpit, without Ih?rther comment or instructions, and the first officer prepared 
for the next leg to Cleveland that had originally been scheduled to depart at 1920. 
The first officer stated that they had not experienced any problems with the airplane. 
The first officer then went into the terminal for 3 to 5 minutes to use the rest room. 
The captain returned about 10 minutes after the fmt officer, and neither of them 
performed a walkaround inspection of the airpiane, nor were they required to do so 
by USAir procedures. The first officer described the snowfall as "not heavy, no 
large flakes." He stated that the windshield heat was on low, snow was sliding off 
the airplane and that the airplane's nose had a watery layer as far as his m could 
reach out the window. The first officer did not recall the presence of wind. 

USAir deicing records show that the airplane was deiced with Type I 
fluid with a 50;50 water/glycol mixture, using two trucks.2 After the deicing, about 
2026, one of the trucks experienced mechanical problems and was immobilized 
behind the airplane, resulting in a pushback delay of about 20 minutes. The captain 
then requested a second deicing of the airplane. The airplane was pushed away 
from the gate to facilitate deicing by one deicing truck. USAir deicing records show 
that the second deicing was completed at approximately 2100. At 2105:37, the first 
officer contacted the LaGuardia ground controller and requested taxi clearance. 3 

The airplane was cleared to taxi to runway 13. At 2107:12, the flightcrew switched 
to the LaGuardia ground sequence controller, which they continued to monitor until 
changing to the tower frequency at 21 25142. 

~~ ~ 

2Type I fluid is manufvrtured to military specification MIL-A-3243 or MIL-D-8243. The fluid 

with 50 percent water. by weight. the fluid musl have a freezing point no higher than -20 degrees Celsius. 
must consist of at least 80 percent ethylene glycoi or propylene glycol or 80 percent of a mixture of both. If diluted 

times used in this section were taken from the cockpit voice recorder (CVR) recording. 
The mnscript of this recording can be found in appendix D. 
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During the taxi and takeoff, the f i t  officer was conducting the 
nodying pilot duties. 191e before-takeoff checklist was completed during the taxi. 
The fmt officer recalled that they selected engine. anti-ice for both engines during 
taxi. The captain announced that the flaps would remain up during taxi, and he 
placed an empty coffee cup on the flap handle as a reminder. The first officer stated 
that they hzS GG visual or directional control problems, but that the captain 
announced they would use USAir's contaminated runway procedures that included 
the use of 18 degrees flaps. He stated that the captain then announced that they 
would use a reduced VI speed of 110 knots. The fmt officer said that he used the 
windshield wipers "a couple of times" and that he used the ice (wing) inspection 
light to examine the right wing "maybe 10 times, but at least 3." The first officer 
stated that the inspection light was on only during the time he was looking at the 
wing. He. also stated that he looked at the wing, checkiig the upper stirface for 
contamination, and the black strip on the leadig edge for ice buildup. Further, he 
said that he did not see any contamination on the wing or on the black strip and 
therefore did not consider a third deicing. He said that he did not consider the 
snowfall heavy, and he did not recail any wind blowing the snow. The first officer 
stated that as they approached the number one spot for takeoff, they looked back at 
the wings several times. Near the time of the takeoff, he recalled saying, "Looks 
good to me, black strip is clear." 

Northwest Airlines flight 517, a B-757, was deiced and taxied out 
around 2100. It was queued on taxiway A directly behind flight 405. The captain 
stated that he had a good view of the top of the F-28 wing, and that there was just 
enough snow on the fuselage to "fuzzy" the USAir printing but that the wings 
appeared to be clear. He believed that the snow had "all but stopped" and was more 
concerned about the amount of vehicular traffic, such as sweepers and plows, than 
he was about the snowfall. 

Trump Shuttle flight 1541, a B-727, pushed back from its gate at 2125. 
The airplane had landed at 2045, and the second officer noted that they had "picked 
up a lot of snow quickly during my postlanding walkaround, but by the finish it 
seemed to be more rain." He stated that the snow was most!y sliding off all but the 
level surfaces and that it seemed to be sticking more to the side of the airplane that 
faced north. He estimated that by the time they had deiced, between 21 10 and 
21 15, they had 1/4 inch or less accumulation of loose wet snow. They were holding 
No. 1 at taxiway CC when flight 405 taxied by for takeoff. He estimated that the 
wing tip of flight 405 passed within 50 feet of their airplane's nose. His position 
was quite a bit higher than the F-28 wing. He said that the wing was well lit by the 
reflection of light from the runway and aircraft. Me described flight 405 as a "fairly 
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clean airplane." He said that he cosfcl not comment on clear ice, bEt that the wings 
and fuselage were clear of snow. After flight 405 was holding in takeoff position, 
he observed the illumination of the inspection light, which was reflected OR the 
wing, for about 1 minute. iie commented to ihe other crewmembers that the light 
was "blindiig him." He did not observe any spray during flight 405's takeoff roll, 
but he did see the fireball at 2135. He said that a landing flight was given a 
go-around at less than 300 feet inside the middle marker for runway 13. 

The CVR recording revealed that flight 405 was cleared into the 
takeoff and hold position on runway 13 at 213350. The airplane was cleared for 
takeoff at 213451. About 213456.6, the CVR recorded a sound similar to the 
release of the parking brake, and, shortly thereafter, it recorded an increase in 
engine noise. At 213m7.1 the captain and, shortly thereafter, the f i t  officer made 
a callout of 80 knots, and, at 213525.4, the first officer made a V, callout. At 
2135:26.2, the f i t  officer made a VR callout. (See figure 1). The specified takeoff 
speeds for the F-28 at the weight and configuration of flight 405 (66,000 Lmunds 
gross weight and an 18-degree flap setting) are 124 indicated air speed for Vl/vR 
and 129 indicated air speed for V,. 

The first officer described the takeoff as normal through the rotation. 
He stated that no problem was evident with vibration, rate of acceleration, ambient 
noise, and directional control and that the takeoff was initiated with a smooth 
gradual rotation to 15 degrees at the normal rate of 3-degrees per second. 

At 213528.4, approximately 2.2 seconds after the V, callout, the CVR 
recorded a sound similar to nose strut extension. Approximately 4.8 seconds after 
nose strut extension, the sound of stick shaker began and continued until the end of 
the CVR recording. At 2135:33.4, the f i t  stall warning beep was recorded, 
followed by five stall waning beeps starting 4.9 seconds later. At 213k40.78, the 
sound of initial impact was recorded, and the recording ended at 21 3k42.72. 

The f i t  officer recalled that the liftoff was normal but that he never 
called "positive rate." He was aware that the main landing gear came off the 
runway, but as they were "...about at ground effect a pronounced buffet developed 4 

airplyle is flying close to the ground. It resuits from a reduction in upwash. downwash, and wing tip wrtices 
4Ground effect is usually 3 beneficial influence on aircraft performance and occurs while an 

which provide a corresponding increase in lift and 3 decrease in induced drag. Reference: US Navy. 
Acrodymmirs for NQWI A%,iQ.inlors. Revised edition. Jan- 1%5. 
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in the airframe." Tne first officer stated that they began rolling to the left, "just !&e 
we lost lift.'' He s m s d  that as the captain Ievekd ?he wings, they headed toward the 
blackness over the water and that he joined &e captain on the controls. The firs 
o%cer said that they seemed to agree that the ahplane was not gokg to fly and that 
their control inputs were in unison He did nQt remember any aileron input, and 
there were no "heavy control inputs." They used rig& rudder to mmuver *e 
akptzdne Sack tcward the ground and avoid the water. They continued to try to hold 
the nose up to impact in a flat attitude. He said &hat there was at least one cycle of 
nose pitch oscillation accompanying the W e t .  Thc first officer stated that he did 
not touch the power levers. The last thing he remembered was an orange and white 
building that disappeared m&r ibe nose. He d l e d  a flash, a jolt, a rumbling 
along the ground, and then a sudden stop. 

The airplane came to rest partially inverted at the edge of Flushing Ssy, 
and parts of the fuselage and cockpit were submerged in water. After the airplane 
came to rest, passengers stated that several small residual fires broke OUI on the 
water and on the wreckage debris. Aid rescue and fue fighters ("UT) 
responded to the accident scene, extinguished the f i s ,  and began rescue efforts. 
The accident occurred at 2135:43, during the hours of darkness, at 40 degrees 
46 minutes and 23 seconds north latitude and 13 degrees 5 1 minutes arid 29 seconds 
west longitude. 

1.2 Injuries to Persons 

Jniuries Fliehtcrew Cabincrew Passewers Q&g 

Fatal 1 1 25 0 27 
Serious 0 1 8 0 9 
Minor 1 0 11 0 12 
Records Not 
Received - 0 P - 3 - 0 3 

Total 2 2 47 0 51 
- 

1.3 Damage to Airplane 

The airplane was destroyed during the impact sequence and subsequent 
fires. The estimated value of the airplane was $13.12 million. 



L 





All members of the crew departed the hotel mgefk:, arrkinp at k 
airport in Bristol at approximately loo0 on hlarch 22. They departed Bristd 2; 

1 I 0 9  and arrived in Charlotte at 1140. Using the first officer's car. the capxz  arrd 
first officer proceeded to a restaurant, where they ate lunch. and returned .3 the 
airpon at 1330. 

Tfie first offacer performed the preflight duties, ami. at !446. they 
departed with the captain flying the airplane. They arrived in Jacksonville, Florida, 
at 1550, and departed for LaGuardia at 1715, with the first officer flying the 
airplane. At 1949, they arrived at LaGuardia Airport after flying an ILS appmach 
because the pubfished weather reported visibility at the rwway's minimum range. 

1.6 Airptme Information 

USAir flight 405 was a Fokker 28 series 4000 (F-28) airplane 
manufactured in the Nether!ands. Its original type certificate was approved bv the 
Civil Aviation Authority of the Netherlands. The FAA accepted the cenification of 
the airpla?e under the Bilateml Airworthiness Agreement. 

n e  F-28 is 3 twoengine. medium-range airplane designed for 
transporting as mmy as 95 passengers and 479 cubic feet of cargo. The F-28 has 
moderately swept wings and no leading edge high lift devices. engines mounted on 
the sides of the rear fuselage, and a T-tail. The airplane is powered by two 
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Figure 2.--Cabin diagram and injury information. 

IS NOT TO SCALE 

INJURY DIAGRAM F-28-4000 



The weather observations and iorecast for bGuaciia on 
M a ~ h  22, 1392, up ro and after the time of the accidtn? were 2s foliows: 

2X.5 - Indefimiie ceiling 708 feer sky obscured. visibifity 31-4 wile 
fight snow and fog. tempermm 32 degrees F. dew point 3 1 degrees 
F. winds C60 degrees at I3  hots, altimeter setring 29.66 inshes of 
Hg, w w a y  04 visual range 6,000 feet plus. surface visibility 
7i8 mile. driftblg SRQW, wet snow. 

Tie temknai forecast fur the LaGuardia area valid beginning at lOMl 
d i e d  for: 



hfGmation Mike was as foo!lows: 

?Inis i s  LaGumiia Airport information Mike, zere one five zero 
&!u: indefinite ceiling, seven kindred. sky obscured. Visibility 
three quarters of a mile, light snow, fog. Temperature three one, 
dew point t h e  zero. Wind one zero zero at one two. altimeter two 
niner six seven. LLS Approach in use. Landing mway four, 
departing runway one three. Braking action advisories are in effect. 
LaGuardia tower TCA availabte on frequency one two six point 
zero five. NOTAM: ail taxiways have a L!L~  covering of wet snow 
up to one eighth of an Inch. Center!ine lights obscure& 
Runway 4/22 has a thin covering of wet snow. Runway has beeen 



B.7.4 Precipitation Amount 

chemcsl applied to Ihe runway surface to melt ice an& snow. 



sa 
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I 
i covering of we: snow. R/W k s  been sanded a d  treated with urea.” At 1930, the 

i [Secause the] Tower [was] m h g  a few departures.” The airport duty w a g e r  also 

i rep&& by m airplane that !m&d on runway 4. Runway 4/22 was closed, and the 

tog skowed that m w a y  13,’3H had ‘been plowed 20 feet on each side of tthe 
centerline and that snow m o v a l  cxws were ”...waitig for additional passes. 

s&kd t h t  work ccsntiued on mway  13/31 until 21 15 when “nil” braking was 

snow removal equipment w2s moved from runway 13/31 to work on runway 4/22. 
At etaat time, he reported to airport operations that conditions on runway 13/3 1 were 
identicat! to these described i? NOTAM 03~015, which stated: “ R W  4-22 plowed 
40 feet each side of CL [centerline]. Surface has thin layer of wet snow. IVW 
sanded.” 

! 
! 

( 

me FA4 Lead Airport Safety and Certification Specialist stated that 
while he was walking on nsnway 13/3 1, about 90 minutes after the accident, he 
sbserved that the center of the mway was covered with li4 inch to 1 inch of slush 
and that the snow was slightly deeper along the mway  edges. 

1.10.2 Type II Anti-icing Fluid Restrictions 

4x1 October 30, 1993, the airport manager issued to all tenants Airport 
Manager’s Bulletin No. 90-29, “Type II Glycol Aircraft Deicer,” that xstricied the 
use of T-pe KI anti-icing fluid “to ovemighflengthy ground type operations ....” and 
required that Type I9 fluid be removed from aircraft prior to departure from their 
gates. The bulletin further stated that the restrictions would ternah in effect until 
additional test information was received from the FAA regarding the effects of 
Type I1 anti-icing fluid on runway friction. 

On April 21. 1992, the Manager of Airport Techno!ogy, FAA 
Technical Center, Atlantic City, New Jersey, advised that the center had conducted 
tests using Type II anti-icing fluid on runway surfaces that were contaminated with 
varying degrees of rubber deposits. The preliminary conclusions indicated some 
degradation of runway friction. He added, however, that tests were continuing. On 
the same day, the supervisor of the airport’s aeronautica! services stated that 
although the use of Type II anti-icing fluid was permitted at John F. Kennedy 
International Airport (SFK), its use was beicg restricted at Laejuardia until 
additional guidance was received from the FAA because of the belief that the 
shoBer runways and the deck areas made runway friction a more critical factor for 
the safety of aircraft. In May, 1992, an airport staff engineer further advised that the 
airport did not use separate runways for landiqgs and takeoffs, which was the 
paramount reason for the Type Ii restriction. 

.A 
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The manager of aeronautical services at EX confirmed that a amber 
of international air carriers had been nusing Type EI anti-icing fluid at JFK for abwt 
2 years and that neither he nor the operations staff Pad noted my degradation in 
m w a y  friction. Also, an oKkia1 a: Logan International Aiqofl, Bos:orr, 
Massachusetts, reported no observations of runway degradation a€m the we of 
Type II anti-icing fluid at Logan. This airport has two  ways that are m5rc &mi 
10,W feet long. 

1.10.2.1 LaGuardia Airplane Deicing Qperations 

At the time of the accident, air carriers deiced Lheir own air$anes on 
apron areas around their teminab. 

1.16.3 Runway Safety Area 

FAA Advisory Circular (AC) 150/5300-I3. Table 3-1, recormends 
that any object within a safety area be fmgibie? The ILS localizer ground plane 
antenna and the pump house, which were east of runway 13/31. were oatside the 
500-foot runway safety area, which is 250 feet from either side of the Snway 
centerline. 

1.10.4 Air TrafPic Control (ATC) 

On the night of the accident, from 1 9 0 0  to 2 0 0 ,  tle Engineered 
Perfomce Standards (EPS]' allowed 58 aircraft per hour (29 arrivals and 29 
ciepamres) and were based on arrivais for runway 4 and dzpartures far runway 13. 
The EPS l i t  was imposed because of a ceiling of 0 to 200 feet and a runway 
visual range (RVR) of 500 to 2,400 feet. There were 36 asrivals and 22 departures 
scheduied according to the Official Airline Guide (OAG). There were actually 
24 m-ivals and 15 departures. 

From 2 W  to 2100, the EPS allowed for 53 aircraft per hour (29 
arrivals artd 29 departures). There were 25 anivals and 28 departures scheduled 
accordiag to the OAG. However, there were 15 arrivals and 29 departures. 

the risk of damage to aircraft inadvertently leaving the runway M miway. (Title 14. CFR I39.3). 
7A safety a w  is a designated a m  abutzing the edges of a runway or taxiway intended IO reduce 

*A mathematical!y derived runway capacity standard. EpSs are nlcul~ted for si: airpon on 30 

conditions. 
inciividud basis and r e f l e c t  that airport's aircraft mix. openting pncedures, runway hyout. and specific weather 
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From 2100 to 2200, the EPS category changed to arrivals and 
departures for runway $3,  because runway 4 was closed, reducing the arrivals and 
departures per hour to 50 aircnk Bere w r e  36 arrivals and 22 depaitures 
scheduled during this haus. From 2100 until the accident at 2135, there were 11 
a.rivals and 14 departures. An F-28, which was USAir flight 1900, was thc last 
airplane !G land on runway 13 prior to the takeoff of USAir flight 405. At 213431, 
the flightcrew of flight 1 4 0 0  reported to the local controller that their airplane was 
clear of the runway. Approximately 20 seconds later, f i g h t  405 was cleared for 
takeoff. 

On the day of the zccident, at approximately 1400, the FAA’s Central 
F!ow Control implemented a ground delay program at the ai.Tort for scheduled 
arr‘rvals. The rnamger of Central Flow Control stated that because the forecast 
weather did not materialize for the New York area until much later than forecast, the 
ground delay progrzm was posrponed aqd later reinstituted. The flow control 
process restricted aircraft inbound to LaGuardia by delaying ground departures at 
other airports. Additionai ground stops were institilted at adjacent air traffic control 
centers, an0 elongated in-trail spacing and airborne holding were used for 
LaGuardia-bound aircraft. 

1.10.5 Ground Deky Reporting 

Immediately prior to the accident, 15-minute ground delays were 
reported. Such delays are reported only in multiples of 15-minute increments at 
FAA ATC towers. A tower annotates the time tkdt a pibt calls for clearance to taxi 
from the gate for takeoff a d  also annotates the takeoff time. A “15-minute” delay 
is not reported at LaGuardia uti1 a “23-minute” difference exists between the twa 
times. This 23 minutes is the sum of the 15 minutes plus the average time that it 
takes for an aircraft to taxi from the gate to the departing runway. At LaGuardia, 
that average t;?xi time from Gate 1was determined to be 8 minutes. Therefore, no 
delay is reported until 23 minutes after the time an aircraft has called for clearmce 
to taxi for takeoff. From 23 minutes to 37 minutes past ihe initial call for taxi 
clearance, the flight is categorized as having a ”15-minute” delay. From 38 minutes 
to 53 minutes, a ”30-minute” delay is said to exist. The LaGuardia tower had 
logged flight 405‘s call for taxi clearance as 2106 and logged the departure time as 
2135. Although 29 minutes had elapsed from the call for raxi to the time of takeoff. 
the flight was within the reported “15-minute” ground delay category. 
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1.16.6 Gate Hold Rocedtires 

According to the tower's Operational Position Standards dated 
June 1, 1990, there are no "Gate Hold" procedures at LaGuardia Airport. However, 
+k tower's LRtler to Aimen No. 91-7, "LrrGuzrdii Airport Depmre  Delay 
Procedures," dated lune 15, i991, are applicable to all fixed-wing aircraft operating 
at LaGuardia Airport and are to be implemented whenever departure delays exceed 
or are expected to exceed 15 minutes. 

This local departure delay procedure states that clearance delivery wiil 
advise of known delays and/or "Expect Departure Clearance T i e s "  whm 
clearances are issued. Pilots may remain at the gate or go to a "delay absorbing 
m a "  that includes ramps, hardstands, *miways or gates. The letter advises that if 
the flightcrew elects to remabr at the gate, the departure sequence cannot be 
guaranteed. The flightcrew is responsible for advising the ground or local controller 
if the airplane will be taxiing on partial power or needing to restari an engine. 
Ground control frequency or the assigned air traffic control frequency must be 
monitored at all times. 

I The Assistant Air Traff~c Manager, LaGuardia =%irport tower, testified 
i that: 

At LaGuardia there are n3 gate hold procedures, because we CWO: 

give a sequence, a departure sequence, at the time of initial 
callup .... We cannot guarantee that sequence at LaGuardia because 
of the physical limitations of the ground space there...to give 
guaranteed departure times, you would have to drastically limit the 
amount of aircraft coming in and out of LaGuardia. 

At the public hearing, Air Traffic Bulletin No. 92-1, dated 
January 1992, was discussed. It. stated that under adverse icing conditions, the air 
traffic control team can help by ensuring that aircraft take off ir a reasonable amount 
of time by using effrcient traffic management procedures, and that aircraft should be 
sequenced from gates after they complete the deicing process to enhance the safety 
factor under extreme weather conditions. The Assistast Air Traffic Manager also 
testified that before ihe accident, the LaGuardia tower was unaware of this bulletin 
but that if the tower had been made aware of the bulletin, the procedures on the 
night of the accident would not have been any different. He stated that they would 
not have initiated gate hold procedures because such procedures do not exist at 
LaGuardia. 
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Most airports have gzte hold procedcres. Airporii such as 
Newark, White Plains, Philadelphia, Boston, and Providence were affected by 
precipitation on the night of the accident tU of them Sr& gate ho!d procedures 
except Providence. As of the adoption date of this report, the ProviQer:ce tower was 
in the process of formulating gate hold procedum. 

1.11 Fiight Recorders 

I.lP.1 Cockpit Voice Recorder 

The airplme was equipped with a Pairchild Model A- 100 CVIZ, Serial 
No. 53857. 'The recording consists of three charnels of good quality audio 
idormation. One c k m e l  contains the cockpit area microphox audio infomation. 
The other two chanels cmtair, infortmtion !?om the flightc~w's radio and &le 
~irplm's public address system. A foutih CVR channel contains no usable audio 
infomation. The recording begaq at 2104:42; shortly after the airplane was b!ocked 
oat of USAir's Gate 1, and continued unintempteci .until 2135:42.72, when eiectrical 
power was lost ddring the crash sequence. 

Tne CVR recording, which was examined on a spectrum analyzer, was 
used to detemhe the speed of the fan sections of the engines [X,] during the 
takeoff ~011. The frequency signatures of the engifies stabilized at approximzte!y 
101 percent N, &wing most of the takeoff roll Imtil about 5 seconds before the end 
of the recordiig. During the last 5 seconds, the engine signatures begm a slow 
decrease from about 101 picent N, to 97 percent Nl at the end of &e recording. 
During the takeoff roll, no deviations above or below the stabilized signarttres were 
noted. 

During the t&eoff roll from 213522.72 to 213k24.72, the area 
microphone channel recorded sounds that were identified as the airplane's nose 
wheel naming over the embedded centerline runway lights. The airplane's grolmd 
speed was calculated for this 2-second period by usLig the time md distance 
between runway lights. The ground speed increased from 98.6 knots (at the stan of 
the noise) to a maxinurn of 138 kilots at 2135:23.88. 

Shoxtly after the first officeis call T e e  R," two sounds were heard on 
the area microphone channel of the CQR. k CYR recording of a normal takeoff 
was obtained from a similar USAir F-28 to compare with the accident recording. 
The sound at 2135:28.4 on the accident recording was similar to the sound of the 
nose strut extendhg during rotation on the test flight. 'The sound at 2135:?0.55 



Tlris mode1 EDR records pmsure altitude, air speed, heading, normal 
acseleratim, and microphone keying data. Each data parameter is sampled and 
recorded 1 time per second, except for pressure aItitude, which is sampled and 
recorded 2 kwes per second; and noma1 acceleration, which is sampled 10 times 
per sesond, wit& the peak value of each ln second recorded in the follcwhg 
x? second. 

In general, at low roli and pitch angles, napma1 acceleration is 
apprcsrkately qual to the acceleration in the vertical p!ane of flight (up or down). 
On the runway, the normal acceleration is about 1 G? For takeoff, the noma1 
acceleration increases above I G as the aiiplme !if& off. The normal acceleration 
increases to 1.15 to 1.2 G as the airplane transitions to climbing flight. Once the 
transition to flight is accomplished, the normal acceleration returns to a near 1 G 
value (about .96 G for a 15-degree pitch attitude). Usually, a rise in normal 
acceleration above 1 G shows the approximate point at which l ioff  occurs. 
Mcrwever, for fligllt 405, because of the noise present in the altitude data, the litoff 
poind is not clear. 

Rotation of tk.2 airplane during takeoff changes the airflow patterns 
acms the static air pressure ports, resulting in a high static presswe measurement 
rereerred to as the static position error. This error is transient and is associated with 
the angle of attack (AOA) in ground effect. Reco.rded FER air speed and altitude 

of the W s  gravity. 
9A nondimensiond measure of acceleration comparing the actual accelen!ioe IO Ihc xceterition 
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values are genera!Iy low during this h e ,  and liftoff OCCGPS near ?he %?@om of the 
"dip" routinely recorded for altibxk. However, because of the noise pp2sent in &e 
zktitude data from the accident flight, the liftoff point is not clear. The indicated air 
speed, mzgnetic headiig, and microphone keying information taken from the FIX 
were normal. 

m e  ground track of the airplane was determined using FDR data on 
indicated air speed, magnetic heading, and time. ??le altitudes that h e  airplane 
reached were assumed to be negligible in time aicuiations. Microphone .kyhg 
inSonnation was used to establish a time cornlation between the CVR and FDR 
recordings. Normal. acceleration data from Me FDR are shown in Figure 3. Altii& 
data, recorded in 30-foot increments, are shown in Figtm 4. The ground track and 
selected CVR sounds xe shown in Figure 1. 

1.112 Wreckage and Impact Infornation 

The main wreckage came to rest to the left side of runway 13, partially 
inverted at the edge of FhsYig Bay. Parts of the fuselage and cockpit were 
submerged in the water. (See figure 5). The initial ground contact scrape marks 
from the airpime wen approximately 4,250 feet from the threshold of runway 13 
and about 36 feet left of the runway centerlime and ranged from 5 feet to 65 feet 
long. AIuminwn particles and paint chips were found on these scrape rr;uks. About 
200 feet fat ter  along the runway, plexigiass lens cover pieces were found that 
matched the plexiglass from ths left wing tip. Therc were no other impact marks 
found on the runway that could be associated with the airplane. The elevation of the 
accident site WES 6.7 fcet mi. 

Two of the m e  outermost VAS1 boxes, which were about 65 feet 
from the edge of the runway and 5,316 feet hxn tk threshold, were destroyed. 
Black rubber transfer marks were found on the boxes. 

A pair of wheel ruts 8 inches wide, about 200 feet long, was on the wet 
ground 5,469 feet from the threshold and 106, feet to the left of tke runway's edge. 
Another pair of wheel ruts was nearly parallel to the first pair. 

The lateral distance between the first and second p2ir of wheel ruts was 
about 16 feet, oriented about 10 degrees left sf the runway's centerline. The F-28's 
main gear wheels are 16 1pZ feet apart. 
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Figwe 3.--Normal acceleration data. 
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ALTITUDE - FT 

Figure d--Altitlrde data. 
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An PLS localizer antenna structure, which was abodt 200 feet long, was 
suppoztcd by 18 metal beams, beginning 5,810 feet to 6,027 feet from the runway 
tRresho!d. Fourteen beams were in a row parallel to the runway and 290 feet from 
the .runway's left edge. The remaining four beams f o m d  a square at the end of the 
structure. The last fow beams, which we= 6inch "I" beams about 6,OI i feet h m  
the thheshold, were damaged. Pieces of leading edge skin were embedded in the "l" 
beans and sunomding structure. An examinaticn of the hole and rivet pattern on 

Ieading edge stmctt~re indicated that the pieces were from the left wing leading 
edge. The f i t  14 beams were dislodged from their concrete bases. Small pieces of 
left wing structure were found between the first and last localizer "I" beams. There 
was no indication of fire damage to these parts. 

A dike rwning parallel to and about 200 feet from the left edge of the 
runway was found scorched at a point 6,030 feet from the threshold. Fire damage 
and fuel on the ground were observed in this area. A water pump house 6,148 feet 
from the threshold was destroyed by the airplane impact and subsequent fire. A 
section of the aft cargo door and structure containing the door's lower hkrge was 
found in the pump house and exhibited fire damage. Many pieces of the left wing 
were famd around the pump house. The remaining wall behind the pump house 
was also damaged by the airplane's impact. Part of the wing center section was 
excavated from the pump house debris. Airplane structure found between the pump 
house mnd the main wreckage was damaged by fire. 

A 2-foot section of the le% wing tip was found 250 feet from the edge 
of the rmway and 5,865 feet from the threshold on the Flushing Bay side of the 
dike, near the water. 

The first right wing piece (the inboard flap) found along the wreckage 
path was 6,295 feet from the thmhold and about 165 feet left of the runway's edge. 
Most of the right wing remained with the main wreckage. A 12-foot section of the 
left wing showing fire and impact damage was 6,765 feet from the threshold and 
about 195 feet from thz runway's edge. Most of the remaining wreckage was found 
over the dike and in the water, about 6,820 feet from the threshold and about 
295 feet left of the runway's edge. 

The airplane was psrtially reconstructed, and all critical airplane 
structures were accounted for. 



1.121 Airframe Damage 

The fuselage separated primariry into four sections during the impact 
sequence. TIX first Section, from the no& to just aft of k e  fo& passenger 
window, came to rest upside down and partially submerged in Rushing Bay. The 
captain's windshield was intact but ~~~taind impact damage. The captain's aft 
window had no damage. The first officer's windshield had minor scratches. The 
first offtcers sliding window was closed and undamaged and the side window was 
scratched. There was no evidence of bird feathers or foreign objects on or near the 
cockpit windows. 

The left side and bottom of the forward section was crushed by impact 
forces. A hole was in the faselage skin to the left of 'Jle pilot's seat. The left main 
entnnce door was found in the closed position and had no external damage. The 
left side fuselage skin exhibited sooting. The right side of the forward fuselage 
section sustained minor damage near the roof, which exhibited compression 
wrinkles. The right side fuselage s k i n  exhibited sooting. The right side 
servicelemergency door was not found. 

A second section of the fuselage, from just aft of the fourth passenger 
window to the eleventh passenger window, was found floating in the water. The 
floor and corresponding bottom structure wiis tom and showed fm damage, and 
part of the floor structure was found attached to the first section. The roof and left 
side. structure showed compression buckling and contained soot. 

The third section of the fuselage, from the eleventh passenger window 
to approximately the aft bulkhead, was found submerged in the water. The left 
fuselage skin and the crown were destroyed by fire. A portion of the fuselage skin 
was intact on the right side. There was fire damage to the aft section. The left wing 
attachment structure to the fuselage, comprised of "2 '  section stringes, exhibited 
extensive upward and slightly aft tending. There was no indication of fire damage 
in this area. A short section of the right wing, about 3 feet long, remained attached 
to the fuselage. The fuselage around the right wing attachment was fire damaged, 
and the soot pattern indicated the direction of f i  from bottom to top. Both 
emergency exit doors on the right side were missing. The right aft cargo 
compartment was f i  damaged, and the right aft lower fuselage had impact damage 
with buckling and twisting of the skin. The crush was from outboard to inboard, e tearing the stringers and the skin attached to them. 
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j The fourth section of the fuselage, the empennage, was found at t!! 
! main wreckage site resting OF, the left horizontal Stabilizer. The tail cane was no% 
i k g & .  The vertical stabilizer and the rudder assembly remained attached to &e 
; 

I 
empennage. The left side of the vertical stabilizer and the rudder showed fire 

! damage. The Uppi skin and the frame supporting the vertical stabilizer skin were 
1 b m d .  The leading edge of the vertical stabilizer exhibited fi damage. The right 

side of the vertical stabilizer showed f i  damage near the root area and soot 
deposits on the remaining surface. The left horizontal stabilizer was bent upwads 
and exhibited impact damage along the leading edge. The top and bottom portions 
of the skin, nearthe front spar around the leading edge, were crushed and bent 
The leadmg edge of the left horizontal stabilizer, near t5e root, showed impact 
damage along the span. Sooting from forward to aft was observed on the upper and 
lower surfaces. The right horizontal stabilizer was nor damaged. Sooting was 
observed on the lower surface in a random direction and forward to aft on the upper 
surface. 

1.12.1.1 Wing Leading Edge Damage 

The entire leading edge of the left wing was damaged, and five impact 
strikes were evident. Three of these strike areas were 6 to 7 inches wide and 
penetrated the leading edge to the from spar. The front spar was bent aft at the 
location of the strike areas. Fire damage was observed from the leading edge to the 
trailing edge near the area of the strikes. The distance between the ostboard and the 
mid-strike areas along the wing span was 75 inches, and between the mid-strike and 
the inboard areas was 82 inches. The remaining two impact strikes were 2 inches 
wide and penetrated close to the front spar. No contamination or corrosion was 
found on the leading edge of the left wing, and no gap existed between the base of 
the stall fence and the leading edge of the wing. 

The leading edge of the right wing exhibited impact damage at around 
15 feet and 25 feet, respectively, from the fuselage centdine. Wood was found 
embedded in the skin in these areas. No evidence of corrosion on the leading edge 
was observed, and no gap existed between the base of the stall fence and the leading 
edge of the wing. 

1.12.1.2 Speedbrake Damage 

There are two speedbrakes on an F-28: one on each side of the ail of 
rhe airplane. The right speed brake exhibited impact and fire damage. The top skin 
of both the righ: and left speed brakes were burned. There were no skid marks or 
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scratches on tbe Worn of the speed brakes. Both right and left sped brakes 
exhibited impact damage that corresponded to the brakes in the closed position. 

“he Ianehg gear were h i a g e d  and were found in the do= and 
locked gosition. AH the flap -&s ded wi-s masks Wm the rollers that were 
in the middle of the roller a v e l  mge. The actuator s m w  threads were counted 
froan the carriage to the ends of the actuator jackscrews. Qn another F-28 the 
equivalent jackscrew extension measured 18 degrees of flap deflection. 

“he ekvator and rudder were found in the neutral position. The m e r  
trim jackscrew was in the mid-range. Pitch trim in the F-28 is controiied by an 
adjustable stabiiizer. The s t ab i l i i  position was found at 0 to -1 (zirplane nose up>. 
Both aileron actuator extensions corresponded with hi! miilig edge up dzflectim. 
However, the continuity of the airplane’s laterat control system had been lost during 
the c m i  sequence. 

Both cockpit high p ~ s s u r e  fuel valve levers were in the forward hits 
of travel beyond the detents. l k  fcel shutoff valves were in the “ O N  position and 
both crossfed valves were closed. All four boost pump switches were in the ”ON‘ 
position, and the three unburned pumps contained fuel. The cockpit fuel indicators 
showed 7,100 pounds in the Iefi fuel tanks and 7,600 pounds in the right fuei tanks. 

The dual hydraulic system quantity gauges in the cockpit showed zero. 
All selector switches at the af t  end of the console were in the forward “ O N  
psition, and hydraulic system selector switches to the right of the radar display 
were raised to the normal position. 

The engine pressure ratio gauges were found set at a thrust index value 
of 1.74 and 1.75, and the wing and tail anti-ice valves were found closed. The seals 
on the wing anti-ice system were examined, and no definitive indications of leakage 
of the engine bleed air were found. himpact engine, wing, and tail anti-ice switch 
positions could not be established because of the efiects of rescue and escape 
activities and the movement of the inverted cockpit containing water and debris that 
covered the overhead switch panels. 

Cockpit switches for the engine anti-ice va!ves were found in the 
“OFF’ position immediately afkr the cockpit was drained of water. An inspection 
of an engine anti-ice switch revealed that the switch position could be altered easily 
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by tfie appEicatic3n of slight pressare. Ihe switch sq.4e %lad been changed when the 
airplane was operated by piedmont .Airbes. After the accident, GSAi  isslled an 
Engineering Order to k+dl switches that would lock into each selected position. 

1.l2.3 EwDeDrunage 

l k  le& engine separated from the fuselage and came to rest off  the kfi 
side of &e runway. l%e right engine remained with the aft fuselage and was 
submerged in the water for several hours. 

The engines were exami;led on scene and were subseqliently 
disassembled for compkte examination at the manufacturer's rrpair facility in 
Canada, under the direction of B Safety Board invrstigator. Rotational-type damage 
was present in both engines. In the left engine, both the low pressure and high 
pn;ssure compressors had blades that were broken and bent opposite to the dimtion 
of rotation, and mlten metal impingement iz the fiigh pressure turbine was 
observed. In the right engine, the high pressure compressor had curled blade tips, 
nicked a d  tom blade and mne leading edges, and blades that were bent opposite to 
the direction of rotation. Tke fuel flow regulators and other accessories from both 
engines could not be tested because of major impact damage and water 
contamination. 

1.12.3.1 Inlet Anti-Ice Valves 

The engine anti-ice valves are operated by engine bleed air as directed 
by a solenoid-operated pilot valve. If electrical power is lost when the valves are 
open, the air is ported to the "ciose" side of the valve, and the vaive closes. If air 
pressxe is lost, the valve will retain the last commanded position. The valves do 
not move freely without power. 

The inle; anti-ice valves from both engines were examined at the Safety 
Board's Materials Laboratory ir, Washington, D.C. The two valses from the right 
engine contained a laqe amount of ash and other debris, and they were cleaned with 
a mild detergent solution. Tap water flowed th~~qgh  the valves from both the right 
and left engines in the noma1 aimow direction. The outer air she!f assembfy of 
each valve was removed to determine valve position. One valve from the: right 
engine was fully open. The other valve from the right engine was open 
approximately 0.25 inch. Both valves from the left engine were open approximately 
0.1 25 inch Full open position, engine a n r i - i c e  "t:?!," for this valve is 0.50 inch. 



Toxicological resting of wine and blood samples nP Tne deceased 
captain was completed by the Civil Aeromedical Institute, Oilahom City. 
Oklahom The samples rested negaiive for wboxyhenloglobin, cyani&, ethmoi 
and drugs. 

On &ember 5, i989, the Safety Board issued Safety 
Recommendations 1-89-4 through -12 asking the DOT to develop uniform 
regulations for &e comprehensive testing of employees in safety-sensitive 
transporntion positions for the presencx of alcohol and drugs poaaccident or 9 postincident. Tkese recommendations addressed such issues as the need for timely 
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No evidence of preimpact f i i  was found. Several surviving 
passengers repried fires in the forward left and aft portions of the airplane after the 

he SrpIme cane to rest. ARFF persowel stated that whcn they initially observed 
the main W G ~ L ~ P  site, the entire fuselage appeared to be on &re. 

j&&: ' 8  mpacs. . Many s d !  fms were reported, inc1l;ding some on the water, after 

1.15.1 Interior Damage and Occupant Injuries 

1.15.1.1 The Cockpit 

The cockpit instrument pmels were kn place and submerged in the 
water. ']The fioor on the left side of ihe cockpit and the captain's seat pedestai were 
displaced upward approximately 3 inches. The captain's rudder pedals were 
displaced upward so about 1 I inches from the lower edge of his insmment panel. 
The captain's sliding window (R2) could not be unlocked because of impact damage 
to the left side of the nose area 

1.15.1.2 The Passengers and Seats 

?he airplane was equipped with 28 doubic and triple occupancy xats, 
i4 on each side of the center aisle for a total of 68 passenger seats; 28 seats were on 
the left side of the cabin and 40 wePe on the right side. Nineteen of the 28 seats had 
separated from the cabin floor and were scattered throughout the wreckage, and 6 of 
&ern were fire damaged. The remaining nine seats were not recovered. Of these 19 
seats, 10 were from the right side of the cabin and 9 were from the left side. Only 
one first class seat unit at row lD, F remained partially attached to the floor 
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Wowing tihe water %cover)' of the -&-piane- Seats that were near the fI'OR% of the 
dirt wtained less &amage &an thmc irr the rear. 

Mor io izpact. passengers did mx assume the brace psition- When 
the airpkne came to =st, m y  of the passengers in the fornard portion ~f rhe &k 
were upside dewn, others, who were upbight. were submerged in w t e r  over 
& ~ k  heads. Some passengers tried to move fnwr, * k i r  seats while their seatbelts 
were si11 buckled, and other passengers had d i f f c u l ~  locatkg and releasing their 
seatbelt buckies because of diso~estation. Following the accident. passezges 
reported f i i  in the forward ie€t a d  aft portions of rhe airplane, includ&g many 
s n a i l  fms on the water. Passengers stated that they escaped through lxge holes in 
the cabii. ?he lead Bight attendant and k t  oEcer escaped &mu_& a hole in the 
cabin floor near the flight attendat's position. Seved passengers re-posted assisting 
others out of tihe cabin and into the knee-deep water. &%my of then walked in &e 
warer to the dike, climbed up the wall and over an ern!x&ment. md slid down a 
steep hil! to the runway. Others were assisted out of tile waxer by ground personnel. 
fitaiiy injxed passengers were between rows 4 and i I. near the ovemirrg exits. 
and at row 13. (§ee figure 2j. 

1.15.2 Passenger Safety Briefing Card 

The emination of the passenger safety briefing cads  found in the 
airplane showed two fyps of galley service doon (R-I). However. m ! y  one door is 
instailed on a particular F-28 model at any one time. The exmination also showed 
that the safety card did not show how to operate ei;her of the two types of palley 
service doors in the emergency mode if the nmnal openring mode fziled. In 
addition, the ovenving briefmg card depicts a plastic cover over the release &%Me 
and an opening in the cover to permit the coveis rernoval. Examination of m&\er 
F-28 rttvealed that ?he opening in the plastic cover is shie!ded by thin plastic that has 
to be broken before a person can place his or her fingers in?o the cover m remove it. 

11.153 ARFF Activities 

1.153.1 Notification 

The tower cab coordinaror on duty at the tittle ot the accident stated 
that he saw flames and a fireball emanating from the cr& site. He listened so &e 





The first divers to enter the water were officers from the NYPD Harbor 
Scuba Team. They estimated that they entered the water at 2220 and did not fmd 
any passengers alive in &e water or inside the airplane. 

At 2146. the first New York City EMS w i t .  which was an automobile 
with an EMS !ieuFenmt on boxd, arrived at the airport's Guard Post 3 siaging area. 
The unit was held fiere until it was escorted by some NYCFD fire trucks to the 
crash site ai 215!. The EMS lieutenant sta:ed tfrat rhe f i s t  EMS ambulance units. 
which included two advanced iife support ambulances. two basic life support 



The kutemnt estimated that 15 ambulances responded to &e accident 
site, all of which were used 10 t ~ n s p o r ~  the injured to hospitals, ana that 40 
addition21 ambulances were avaiiable at the staghg area hut we= not needed. 

A n u m b s  of flight tests, simulator studies, and resultazzt publications 
have addressed the significant effects on aexodynamic performance that may result 
from icing on an airplane's wing upper surface or leading edges during takeoff 
Wind mmel ami flight tests have shown &at minute mounts of ice or other 
contamination on the leading edges or upper surfaces can Muse a sig&ficant 
reduction in the stall BOA. The tests showed that such contaminttion can reduce 
wing lift as much as 30 percent and increase drag by as much as 40 percent. 
Further, unever! contamination across the leading edge can result in wing drop or 

i l  

Two-DimensionaJ Wing Section With and W'ilkout High Lift !&vices." FFA-AU-937. April 1971. Wi;;pfips 
'la. L. G. Ljungsrmm: "Wind Tunnel Inwstigxion of Simuleed H o w  Fro$; on a 

wyazine No. 14. Decerntx7 1989. 
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mii as the stdl Bevelops unevenly across the wing. Upper whg surface 
contamination reduces boundary layer control and induces sepal ion and disruption 
of airflow over the wing, thereby reducing 1%. 

It was stated in a paper published by Douglas Aircraft Company ' 'Re 
Effect of Wing Ice Contamination OR Essential Iflight Characteristics" that, "As the 
mount of contamination increases, the airplane becomes increasingly unstable, 
eventmil stalling without stick shaker activation at speeds normally scheduled for 
16#eoff." Y 

At the FAA-sponsoxxl "htemational icing Conference o ~ i  Airplane 
Ground Beickg," held on May 28 a d  29, 1992, Wo.&ing Group I, Aircraft Design 
CQnsiderations. had m y  conclusions and recommendations on the subject of ice 
and frost contamination on wings. The following is a partial list of Group Ts 
CQRSISUS item: 

o Wing upper surface contamination of ice, snow or frost 
causes significant increases in stail speeds and reductions in 
rate-of-climb capabiiity. 

o Wing contamination decreases the stali AOA (angle of 
attack) resulting in loss of artificial stall waming for some 
aircraft. 

o At small wing contamination roughness, hard wings (no 
leading edge devices) show a larger percentage of lift losses 
than wings with leading edge devices and may operate with 
reduced stall speed margins. However, these differences are 
not significant enough to allow operation wit& wing 
contamination for any class of airplanes. 

Recommendations: 

o Sfrid attention needs to be focused on ensuring that critical 
aircraft surfaces are free of contadnation of ice, frost and 
snow. 

o Keep it clem. 

12Douglas Aircraft Company. paper Nc. 8501. Apr'! 29.1991. 
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0 Airframe manufacturers should contime to review effects of 
wing contamination for hard wings and to recommend 
appropriate performance adjustments. 

1.16.2 Aerodynamic Effects of Deicirmg/A?Y-icing Fluids 

Type I and Type II fluids are used to negate the effects of ice 
con 'da t ion  on airplane structures. Type I fluids are used for "deicing." 
Deicing fluid  moves i ce  from the surfaces of the airplane but does not prevent 
refreezing. T,pe !I fluids are used for "anti-icing" an airplane. Anti-icing fluid 
provides protection against refreezing for a period known as the effective hokiover 
time. Type H fluids have been used primarily in Europe for many years with a good 
safety record. The majority of the airplane operators in the United States rely upon 
Type I fluids for pmection. Type If fluids were not available at LaGuxdia Airport. 
The accident airplane was deiced with Type I fll;id approximately 35 minutes before 
the attempted {akeoff. 

13 

night tests have shown that both Type I and Type Il deicinghti-icing 
fluids do flow off the win s of a treated airplane in significant amounts during the 
initial takeoff ground run. However, the residua! fluid is sufficient to cause a 
temporary decrease in lift and an increase in drag during rotation and initial 
climbout. These effects are more significant at iower ambient temperatures. It is 
generaliy agreed that the aerodynamic effects of the newest generation of Type II 
fluids are minimal and impose no greater aerodynamic effects thm Type I fluids. 
However, these aerodynamic effects were deemed significant enough by Boehg to 
recommend performance adjustments on two early models of B-737 airplanes. For 
all other Boeing models, the manufacturer believes that there are sufficient 
performance margins available to offset the effects of the fluids. Fokker has studied 
the effects of deicindanti-icing fluids on the Fokker 100 airplane and coxciuded that 
"no performance corrections need be applied when the aircraft is correctly deiced 
and anti-iced prior to take-~ff."'~ Fokker personnel stated that this conciusion is 
also applicable to the F-28 airplane. 

5 4  

50 percent (with 45-50 percent water plus thickeners and inhibitors) andlor meets the AE.4 T m  I1 specification. 
'3Type I! nuid can be openlionally defined x fluid conraining a minimum giycol content of 

and wind tunnel evaluations of ai~xmf~ ground deicinghti-icing fluids, presented to KEA Deicing/Anli-ichg Task 
14L. J. Runym. T. A. Zierlen. E. G. Hill and I. K. M u W i :  Joint Boein@AEA/NASA fiight 

Force. 1:i July. 1988. Hamburg. West Gemany. 
lSAccording to the December 1989 issue of Fokkeis W i n g r i p  publication. 

A. 
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%'orking Grow I also -hi m y  conclusions on the subject o€ 
&icing/anti-i&g $%idss. %e following is a patial list of the groupk consensus 
items: 

o Mot all the flGd flows off the wing prior to liftoff. 

o The remaining fluid residual (roughness) generally results in 
measurable lift iosses and drag increases. 

0 The fluid effects vary with the flowoff characteristics of each 
fiuid, ambient temperatme, dilution, nodel configuration, and 
exposure to precipitation. 

o The aerodynamic effects of the fluids rapidly dissipate after 
liftoff. 

o In general, reduced -st procedures for takeoff (assumed 
temperaturn netfrod) are acceptable when deicing/mti-icing 
fluids are used - provided the runway is clear of snow or 
slush. However, the a i r fme  manufacturers may require 
thrust margins for specific aircraft models. 

0 Airfme manufacturers may make additional 
recommendations based on the fluid effects on specific 
aima€t models. 

1.16.3 Effect sf Wing Contamination on Takeoff Characteristics of the 
F-28 Mk40QO 

At the request of the Safety Board, a parametric study of the takeoff 
characteristics of the F-28 aircraft was conducted by Fokker's Aerodynamic and 
Aeroelasticity Department, using parameters specified by the Safety Board. TRe 
study consisted of 14 test cases that investigated the effects of pilot technique and 
ice contamination on &e wing's upxx  surface. The simuiation test results are 
summarized in appendix E. 

The complex analytical simulation of F-28 Mk4000 performance was 
based on nonlinear equations of motion. 'Ihe characteristics of the engines and 
landiig gear were also modeled. The aerodynamic model was based on wind tunnel 
measumrnents and included, where applicable, the effect of wing contamination on 
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lift, drag, and pitching moment. Post-stdl data were included to allow path 
shuiations in which the AOA exceeded the stall AOA in free flight and in ground 
effect. 

The resuits of the Fokker study quantified the effect of varying rotation 
speed, rotation rate, and the target pitch attitude for initial c l i ib with both a clean 
wing and a wing with ice contamination on the upper sirl.face. 

An addendum to &is study provided additional F-28 dynamic 
simulations in which flight control inputs were modified unti: an approximate match 
was made with the events and times derived from the accident airplane's CYR. 
There were no reasonable scenarios whemn the sounds coincident with takeoff 
rotation and the activation of stall waming devices could be replicated when the 
sinwulation was conducted with an airplane having a clean wing. When the 
aerodynamic performance was degraded by wing contamination, the simulation 
showed a reasonable approximation of the events as they were recorded on the 
CVR. 

1.16.4 View of Right Wing From First Officer's Seat 

On April 1, 1992, Safety Board investigators and other parties to the 
Lmestigation convened at Newark International Airport for the purpose of observing 
the F-28 wings at night from the first officer's seat before and after deicing. 

The sliding cockpit window was opened fuliy, ailowkg an 
unobstructed view of the right wing. When an investigator leaned bis head out of 
the window, the wing's leading edge rivets and sbour the outer 80 percern: of the 
wing's leading edge were visible. The black strip used by flightcrews 50 determine 
wing ice Contamination accumulated in flight was visible, and it apgeared fiat black 
in contrast to other reflections on the leading edge. The ice light, which is for in- 
flight detection of leading edge contamination, shone on the ground and reflected 
light upward onto the wing. This light made little or no difference with regard to 
helping investigators observe the upper wing surface. 

The fmt officefs sliding window was then closed. About 60 percent 
of the outer wing was visible when it was observed through both the sliding window 
and the window behind it. With the sliding window closed, it was dficult to see 
details or any parts of the wing, such as rivets. When attempts were made to 
observe the black strip, it could only be seen through the scratched window behind 
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the slidmg window, and it was diffculb KI see details of the wing. "he flat black 
strip was visible but distorted by the wkciow glass. 

"'he airplane was then deiced, and the sliding cockpit window was 
Dpened fully, allowing an unobstructed view of the right wing. When the 
investigator leaned his head out of the window, the wing's leading edge rivets and 
about the outer 80 percent of the wing's leading edge were visible, appearing wet 
and glossy. 

With the window closed following deicing, the team agreed that it 
would be difficult to distinguish between wetness and clear ice on the ieading edge. 
The group agreed that if the outboard 60 percent of the wing were covered with 
snow, the snow could be seen. 

1.17 Additional Information 

1.17.1 USAir Cold Weather Operations Guidance 

The Cold Weather Operations section of USAir's F-28 Pilot's 
Handbook included the following guidance, in part: 

GENERAL, 

During a normal tdkeoff, the angle-of-attack reaches approximately 
9 degrees at rotation. Thin layers of ice resulting from frost or 
freezing fog cause a certain sandpaper roughness of the wing and 
tail surfaces. This roughness may cause air-flow separation at 
angles-of-attack below 9 degrees resulting in control problems, 
wing drop or even a complete stall shortly after rotation. 

EXTERIOR SAFETY INSPECTION 

Although removal of surface snow, ice or frost is normally a 
maintenance function, the flight crew should be alert dcring 
preflight preparation to inspect areas where surface snow or frost 
could change or affect normal system operations. Supplemental 
preflight checks shodd include the following: SURFACE - 
CHECK FREE OF FROST, ICE ,4ND SNOW. 
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BEFORE TAKEOFF 

It is the cap?ain's respcnsibility to exercise caution prior to takeoff. 
If the elapsed time since deicing exceeds 20 minutes, careful 
examhation of the surfaces should be conducted to de t edqe  the 
extent of accmukitior! and to assure that the takeoff can be made 
safely and in complimce with existhg FARs. 

TAKEBFF 

The recommended rotation rate is approximately 3 degrees per 
second. At light gross weights and cold temperatures. this rate will 
result in an initial climb speed above V2 + 20. Initial climb speeds 
up to V2 + 20 will not significantly affect the climb prcfie. 

NOTE: Smocth rotation rates are essential in avoiding pasible 
pitchup and roll-off characteristics that may be encountered when 
aidoil contamination is likely. 

If pitchup and/or roll-off is encountered afte: liftoff. use aileron, 
rudder and elevators as required to rnairtain desired flightpath. 
Smooth, continuous flight control inputs should be used ti, avoid 
over-controlling. 

1.17.2 FAA Deicing Regulations 

For many years, the FAA has conducted research on aircraft icing 
characterization, protection concepts, and deicinglanti-icing fluids. The agency has 
disseminated advisory circulars, bulletins, memoranda, articles and notices re!ated 
to winter operations in an effort to ensure that this information is dispersed and 
integrated into the appropriate aviation systems. 

The following Federal Aviation Regulations (FARs) on pilot and 
operator responsibiiity for aircraft operation in icing conditions became effective in 
1950 FAR Part 91.3, Responsibility and Authority of the Pilot in Commmd; FAR 
Part 121.629, Operation in king Conditions; FAR Part 91.527, Operating in icing 
Conditions; and FAR Part 135.227, Icing Conditions: Operating Limitations. In 
1482, prornpte0 by the Air Florida accident investigation, the FAA published 
Advisory Circular (AC) 20-1 17, Hazards Following Ground Deicing and Ground 
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Operations in Conditions Conducive &o Aircraft Ichg. AC 20-1 17 emphasizes the 
"cIem aircraft concept," stressing that even minute amounts of frost, ice or snow on 
particular aircraft sup.i8ces can cause degradation of aircraft performance and 
char,ges in aircraft flight characteristics. Since the AC was originaliy published, as 
m y  as 10 ichg-related accidents, including USAir flight 405, have occurred. 
Prior to fa?uary 1, 1992, the FAA had not mandated any specific regulations on 
2 h k m e  icing detection, prevention and deicing. 

16 

me Safety Board has issued 39 sefety recommendatiom t h ~ i  address 
aizfrme ice accumu:ation, engine ice accumulation, ground icing and deicing, and 

of these safety recommendations were prompted by five airplane accidents that 
occurred during takeoff.I7 In these five accidents, the Safety Board found that the 
surface of the airplane's wings had accumlated some ice contamination, degrading 
the airplane's aerodynamic performance. These recommendations address topics 
that include ia€omiag operators about, the characteristics 0: deicinghnti-icing fluids; 
informing flightcrews absrxt the potential for ice formation after deicing; reviewing 
information that air carrier operators provide to Cightcrews on runway 
contamination and engine anti-ice during ground operations; requiring flightcrew 
inspecticns before takeoff if takeoff is delayed after deicing; emphasizing to air 
carrier mintenance departments the importance of wx+iF.taining ground support 
equipment; and requiring air carrier mining prognms to cover the effect of wing 
leading edge contamination o ~ i  aerodynamic perfo-mance. 

+ l o  detection of weather conducive to icing conditions. (See appendix F). Twenty 

FIIumerous Sdety Board recommendations have been made for the 
issuance of airworttiness directives (ADS) or air camer operations bulletins 
(ACOBs) that direct specific procedures for aircraft having characteristics that make 
them more susceptible to icing problems. Ln response to a Safety Board 
recommendation, the FAA issued AD 92-93-01, AD 92-03-02, md ACOB 03-92-1. 
These rules were directed solely at the flightcrews of DC-9-10 series aircraft and 

Street  Bridge. N w  WasbingIon National Aiqmrt. Washington. D.C.. J m u . ~  13.1982'' (NTSB/AARJY08) 

City Airport. Sioux City, Iowa, December 27.1968." (h'TSB/AAR-70/20) 

Newxk international Airport. Newark. New Jersey. Novembzr 27. 1978." 

Philadelphia Inlc~nationai Airport. Philadelphia. Pennsylvania. F C ~ I U W Y  5 ,  1985." 

Swpleton Intcrna:ional Airport. Denver. Colondo. November 15. 1987." (NTSBIAAR-88/09) 

DC-9-15, Cleveland-Hopkins Inrernational Airpon.Cleve!md.Ohio. Febebruxy 17. !991." (NTSB/AAR-91/09) 

16AircrJfl Accident Repon--"Air Florida. Inc.. Boeing 737-222. N62AF. Collision with I l l h  

17Aircnft Accident Report--"Oak Airlines, Inc.. McDonnei; Douglas DC-9-15. N974Z. Sioux 

NTSB Field lnvestigalion-'Tnns Wo:id Airlifies night 505. McDonnell Doughs DC-9-10, 

NTSB Field Investigation--"Airborne Express, night 12.5. McDonneil Douglas K-9 -15 .  

Aircnfl Accident Report--"Continental Airiiaes. Right 1713. McDonnell Douglas DC-9-14 

Aircnfl Accident Reporc--"Rym :nternaliond Airlines. Right 500. McDonnell Douglns 
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state thzt a visual check and a physical @m&-on) check of the leading edges and 
upper wbg surfaces must be rmde to verify that the wings are clear of 
conmination prior to takeoff. To date, no other airplane models have been singled 
out for spscial procedures by the FAA. However, the Safety Board had 
recommended that the need for stch precautions be reviewed for other transport 
aiq$anes that did not have leading edge devices. 

Based, in part, on the results of the FAA-conducted International 
Cmfepence on Amlane Ground Deicing, the FAA proposed on July 21, 1992, that 
each U.S airlhe must have an FAA-approved ground deicing plan in place for the 
winter s a w n  by November 1, 1992. The FAA is encouraging airhe, airport, and 
air tmffic control officiais to develop deicing plans jointly for specific snowbelt 
airports. The proposal applies solely to large civil jet aircraft operating under FAR 
Part 121. The proposal also requires that the airlines limit the length of lime that an 
airplane can be exposed to saow or freezing rain before it is inspected or deiced and 
that they &+in pilots and other personnel bo detect wing ice. The FAA is also 
encouraging the airlines to switch from the use of Type I deicing fluid to Type E. 

The FAA has changed operational procedures for controlling the flow 
sf aircraft on the ground to reduce the length of time aircraft must wait in line for 
takeoff after being deiced. The FAA has lais0 said that it will ask the Society of 
Automotive Engineers (SAE) to convert its ad hoc committee on ground deicing to a 
permanent committee. SAE charts show the amount of time that an airplane can be 
exposed to icing conditions after the applicatioc of Type I or Type II fluids before 
the fluid kcomes effective. (See appendix G).  In addition, the FAA has stated that 
it wilf make available Airport Improvement Program funds to help finance the 
construction of deicing pads on taxiways to further reduce the time between deicing 
and takeoff. 

On September 23,1992, the FAA published the "Deicing Interim Final 
Rule." The rule relates to such topics as Holdover Times; Type I and Type II 
Fluids; Pretakeoff Contamination Check; Inspections for Specific Airplane Types by 
Airworthiness Directive; the Takeoff Decision; Training; Airport/ATC Roies; Cost; 
Environmental Analysis; and Federalism Implications. 
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2. AWALYSPS 

Strange as it may seem, a very light coating of snow or ice, 
light enough to be hardly visible, will have a tremendous effect 
on redwing the p?tfommce of a moderr, airplane. Although 
this was known in Canada for many years, only in the last three 
years has this danger been recognized here. It occurs only 
when the ship is on the ground, and makes take-ofldangerous. 
To avoid this danger the airlines cover the wings with 
tarpaulins, or they m k e  certain that ail ice is off before the 
airplane is allowed to depart. 

Jerome Lederer, M.E.18 
April 20,1939 

The airplane was cemfied, equipped, and maintained in accordance 
with FAA regulations and company procedures. The weight and balance were e within the prescribed limits for the takeoff. 

- 
The captain and fmt officer were certified and qualified for thek 

Pespective positions in accordance with company standards and Federal regulations. 
The CVR evidence and the first officer’s statements indicate that the captain was 
csntrolliig the ai:plane and the first officer was performing the nonfiying pilot duties 
during the takeoff. 

n e t t  is no evidence that the flightcrew had adverse medical histories. 
”Ee toxicological specimens obtained from the captain during the autopsy were 
negative for aicohol and drugs. Tie first officer’s urine sampie was negazive for hie 
presence of the five drugs tested for under DOT regulations. However, tests for the 
presence of alcohol or drugs, other than the five tested for under DOT regulations, 
were not conducted because the first officer declined to submit blood samples for 
toxicological examination. 

CWmt Rof*lsorship of Ai Tmftic Regubtion and Ai Tmsportation at Norwich University. Mr. Lederer srancd 
’* Fmm “Safety in the Operation of Air TrYlsporration,” a lecture under the James Jackson 

his carcw in 1926 as an aaomuticd engineer for the U.S. Airmail Service. Among his considenble contributions 
(0 nvialion safety. he cvaluatbj risks for avi;uion insurance underwriters: served as Director of Safety. Civil 

and Space Admini-on. 
AuoMutics B o d  founded the Right Safely Foundation; and served as Director of Safety. National Aennautics 
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The Safety Board determined that the fire fighting and water rescue 
response were efficient under the circumstances and contributed to the survivability 
of many of the airplane occupants. 

There was no evidence that general life habits or recent events 
adversely affected the flightcrew performance. Analysis of fatigue factors indicated 
that while both the captain and first officer had put in a long day and that this was 3 
and ID days into a 4-day trip, they were both well-rested. Additionally, 
experimental studies'' indicate that crews perform tetter in terms of problem 
solving and general crew coordination at the end of a muitiple day trip than zt the 
beginning. 

Examination of the wreckage and maintenance records revealed no 
evidence of preimpact failure or malfunction of the airplane structure or systems. 

The CVR sound spectrum shdy, crew testimony, and postaccident 
examination of the engines indicate that both engines accelerated normally at the 
start of takeoff, and operated nonnally until initial impact. The one fully open 
engine anti-ice valve and the three partially open engine anti-ice valves indicate that 
the engine anti-ice had been properly selected "ON" for both engines for takeoff. 

At the time of the accident, LaGuardia Airport was in instrument 
meteorological conditions due to an indefinite ceiling, 700 feet vertical visibility, 
and 3/4-mile prevailing visibility in !ight snow and fog. A i t h ~ ~ g h  such conditions 
had been reported at LaGuardia since 2050, the Safety Board determined that the 
surface condition of runway 13/31 was acceptable €or safe operations since the 
coefficient of friction and the depth of the wet snow were within acceptable 
operating limits. Plowing and sanding of the runways had been appropriately 
conducted and were continuing as needed. In addition, NOTAM?' had been 
transmitted, or were curfenfly being transmitted, that accurateiy described runway 
surface conditions at the time of the accident. 

The PREP reporthg a "nil" bmkiig action on runway 4/22 resulted in 
the immediate and appropriate closure of that runway. This resulted in increased 
delays and a longer holdover time for flight 405 after it had been deiced at the gate. 
However, the Safety Board believes Lbat the closure of runway 4/22 was an 

~ ~~~ ~~~ ~~ 

19Foushee. H.C.. h u k r .  J.K.. Baetge. M.M. and Acomb. D.B.. 1986. Crew Facton: in Flight 

Technical Memorandum 88322, NASA-Ames Research Center, Moffat Field. California. 
Operations 111: 'Ihe OperaIional Significance of Exposure to Short-Haul Air Tmsport Openticns. NASA 

2q'lotice to A m e n .  
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operational necessity to ensure the sa€ety of operations on that mway.  This factor 
did contribute to the delays encountered by departing airplanes. 

The evidence gathered from the CVR and the FDR, as well as the 
statements of the fmt officer and passengers, revealed that after lioff, the airplane 
could not tm i t i on  to a positive c l i b  angle. This situation indicated that the 
aerodynamic lift-producing capability of the wings was degraded. There are 
nmerous possible reasons for a loss of aerodynamic efficiency, such as an improper 
wing cornfiguration, deployment of speedbrakes, and contamination or roughness of 
airfoil surfaces. 

There was no evidence that wing leading edge paint roughness or 
erosionicorrosion existed thzt could have degraded the airplane's performance. The 
fire patterns and damage to the speedbrakes showed that the speedbrakes were 
stowed before and during the accident sequence; 

The conthity of the airplane's flight control systems was examined 
and revealed no failure prior to impact. The six flap actuator jackscrews confirmed 
that the flaps were set at 18 degrees, the proper configuration for takeoff from a 
contaminated mway. The wing and tail bleed air systems, including their seals, 
were intact, and the systems were found shut off. Therefore, the evidence indicates 
that there was no bleed air leakage that would have contributed to a loss of lift 
during the takeoff attempt. 

The evidence did not support improper wing configuration, airframe or 
system defects, or deployment of the. speedbrakes as reasons for the loss of 
2 e m d ~ m i c  efficiency. ConsequentEy, the analysis of this accident focused on the 
following: the weather affectkg the flight; USAir's deicing procedu;.cts; industry 
airframe deicing practices; air mfi?c control aspects affecting the flight; USAir's 
takmff azel preflight pmedilres; mC flightcrew q22!iiicatiz,ns and traiI?i!g. The 
dynamics of rhe airplane's impact with tke ground, postaccident survivability, and 
cmR/fire/rescue activities were aiso analyzed. 

me TeFePnriwal breast f ~ r  h&ardia tiirpoxt, prepamd by the National 
Weather Service (NWS), did not need to be updated at the time of the accident. 
The temperame reoorded at the airport was below freezing, and wet snow was 
falling sontinuousiy for several hours prior to she accideat. Therefore, flight 405 
was exposed to conditions that were conducive to airframe icing. 

, 
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2.3 Flight Performance of USAir Flight 405 

Aircraft headings and indicated air speeds obtained from the FDR were 
used to develop a time history of the airplane's ground track from the beginning of 
takeoff to the impact. Further, the acceleration during the TAeoff, as derived from 
the air speed data, was compared with the expected acceleration, as calculated by 
the manufacturer. The comparison of accelerations showed that the takeoff ground 
roll of flight 405 was normal. While ice contamination increases the drag produced 
by the wing, this effect is not significant below the air speeds and high AOA 
associated with liftoff and initial climb. During flight 405's takeoff ground roll, wing 
AOA was near zero, and the air speed was relatively low. The ground roll 
performance exhibited by the airplane was normal as would be expected with or 
without ice contamination on the wings. 

The Safety Boards evaluation of simulation data provided by Fokker 
for the conditions of the accident takeoff showed that the airplane without wing 
contamination would lift off about 2 seconds after the start of rotation, assuming an 
average 3-degrees-per-second rotation rate. During the 2 seconds, the airplane 
would accelerate about 7 knots. Thus, with the start of the rotation at a pitch 
attitude of - 1  degree and a proper speed of 124 knots, the airplane would lift off as it 
reached 13 1 knots when the pitch attitude was about 5 degrees. The simulation data 
showed that the BOA would reach a peak of about 9 degrees as the airplane 
transitioned to the initial climb. With a stall AOA of 12 degrees in ground effect, 
the airplane, without wing consamination, would have at least a 3 degree-AOA stall 
margin during the transition to climb. This margin would increase as the airplane 
accelerated and established a climb. 

Two distinctive sounds were recorded on the CVR shortly after the VR 
call. The correlation with FDR data showed that the first sound occurrcd as the 
airplane passed 122 knots, and the second occurred 2.2 seconds later. A 
comparison of these sounds with sounds recorded during a normal takeoff of other 
F-28 airplanes disclosed that the first sound was similar to the extension of a nose 
wheel strut and the second sound was similar to the magnetic clicks in the lift 
dumper indicator on the instrument panel that occur coincident with the extension 
of the main landing gear struts. The Safety Board used the timing of these events 
to analyze the speed at which the captain of flight 405 started to rotate the airplane 
and the rate of rotation to the takeoff pitch attitude. 
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.The simulation conduc&c by Fokker showed that during a nomai 
rotation the'nose strut extension occurs a b u t  0.7 second after the captain initiates 
rotation tiumgh the control column. Thus, the Safety Board coxluded that the 
capsir, initiated a takeoff astation when the airplane mched about 119 .hots, 
a h t  5 h~ts lower &an &c proper rotation speed. The timing between the nose 
gear st& extension rand the main gear strut extension indicated that the retation 
rate was a b u t  2.5 degrees per second, a rate that was in accordance with USAir 
procedures. The Safety Board's analysis showed that, with the rotation at a 5 knot 
slower speed, 119 knots, compared with 124 hots, the a+qlane would lift off at 
a b t  128 ho t s  with an AOA of about 5.5 degrees. Under these conditions, the 
AQA probably exceeded 9 degrees as the airplane transitioned to a normal climb. 
A c c d i i g  to Fokker wind m e 1  data, a wilg upper surface roughness caused by 
particles of only 1-2 m diameter (0.4-0.8 inch), at a density of about one particle 
per quare centimeter, can cause liZt losses on the F-28 wing of about 22 and 
X? percent, in ground effect arnd free air, respectively. When the aerodynamic 
chaczeristics of the wing were degraded duriiig the simulations to a level 
consistent with the performance attained during previously conducted 
contaminated wing tests, the stall AOA in ground effect was reduced from 
12 degrees to 9 degrees. Thus, it is probable that, during the transition to climb 
immediately after liftoff, the airplane reached an AOA beyond the stall AOA with 
significant loss of both lift and lateral control effectiveness. The abrupt roll that 
occurred during a e  Weoff of flight 405 is consistent with this analysis. The 
qiication of events in the Fokker F-28 simulator cor&nned that, with a 
contaminated wing, AOAs as high as 12 degrees, well into the stall regime, were 
reached even when the pilot initiated rotation at the proper speed to a target pitch 
attitude of 15 degrees at a rate of 3 degrees per second. 

The following is from a Fokker document2' on the effect of wing ice 
sontamination on the F-28 wing: 

With frost roughness present on the wing upper surface the 
characteristic of siow siali progression towards tk wirrg tip is lost 
aqd uncontrollable roil may develop at angle of incidence (atrack) 
as low as 10 degrees ... The drag of the clean wing is such that the 
aircraft is capable of cl iblng away at the required climb angle at 
v 2  with one engine inoperative. h the case sf a contaminated wing 
the drag may, however, be doubled due to a wing stall which occurs 
at an angle of incidence (attack) only slighely greater than that for 

Freezing Rain Deposits on Wings." dated December 16. 1969. 
21Fokker Report L-28-222 "Note on he Aircraft C~actetistics as Affected by Frost. Ice or 
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stick shaker operation. Consequently, acceleration is lost even with 
all engines operaring at T.O. power. 

Most wings are designed so that the inboard sections wiIi stall before 
the outboard sections. This design ensures that roll control can be maintained 
ei-vugh use of the ailerons OR the outboard -wing sections. However, the variable 
distribution of ice particles and shorder chord length on the outboard sections of the 
wing mually create an inr?g%ii:ar st&! distribution acmss the wing. A premature stall 
of the outboard sections usually occurs fmt, with a resultant loss of lated control. 
A significant nose-up pitching moment would also be expected in swept wing 
aircraft when the outboard wing sections stall. However, the sweep angle of the 
F-28 wing is sniy 16 degrees, and wind tunnel tests conducted by Fokker indicate 
*&at a nose-down pitching moment can occur following a contaminated wing stali. 

In any event, it was appzrent from the evidence that after liftoff, the 
airplane could not tmsieion to a positive climb angle during the 1 I seconds that it 
was airborne before striiiing the dike. The maximum air speed recorded by the FDR 
during the 1 1  second flight was 134 kncts, stick shaker activated at this time, and air 
speed then decreased and varied between 130 a d  128 knots for the remainder of 
the flight. According to the Fokker skulation data, at this speed, the airplane 
should have been able to sus& a load factor of 1.5 G at the. stick shaker thshold 
AOA which would still have provided about a 3-degree AOA stali margin. The 
single "beep" of the aural stall warning immediately after stick shaker activation 
indicates that the airplane momentarily attained an even higher AOA, between 12.5 
and 15 degrees. However, the signal was not continuous, and for 5 seconds the 
airplane was apparently at an AOA less than that at which lift, with a clean wing. 
normally begins to decay md drag increases rapidly. That the airplane was unable 
to attain this normal flight performance is considered by the Safety Board to be 
conclusive evidence that the normal aerodynamic lift capability characteristic of the 
wing was significantly degraded by an accumulation of frozen contaminant. 

2.4 Deicing Fluid Holdover Time and Ice Accumulation 

The Safety Board found that the airplane had been properly cleared of 
ice and snow during the two deicing procedures at the gate. However. 
approximately 35 minutes elapsed between &e second time that the airpime was 
deiced and the initiation of takeoff during which the airplane was exposed to 
continuing precipitation in below freezing temperatures. 
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AR objeztive d e t e e - i o n  of fne an?mnt of ice that could have f o m d  
on the wings and empennage swfaces of the airpiai after it was &iced w-ui?s 
anaiysis of numerous variables and assmpions. First, ai2 esrimation must be made 
of the length of time that the deicing fluid was effective. Aitiiou@ extensive 
research has been performed in ground deicing technology, the calculation of &e 
effective holdover time of the deicing fluid is complicated by more than 30 var;-zbfes 
that may influence the effectiveness of the deicing solution. Some of the more 
important variables after application include the Muence of precipitation, deicing 
fluid thickness, strength, and temperature, aircraft skin and ambient temperature, 
wind (actual wind or apparent wind due lo taxiing), residual moisture on ahframe 
surfaces, and the conditions of the ramp, taxiways, and ~;mways." In addition, ir 
has been shown that i c e  wilill not necesSar-Py fom at a uniform level across the wing, 
since ice accretion on a wing may start earlier at certain locations than st others. 
Moreover, after the effective holdover time has been exceeded, the amomf of 
precipitation accumulation on the airplane must be determined for the remaining 
time interval before takeoff. 

Although the weather observatory at LaGuardia is about 3f3 of a mile 
from t ie gate area, the assumption was made that the rate of snowfall at the airplane 
location was consistent with that near the observatory. Other factors. such ss 
aircraft skin temperature, shap  and sfape of the airplane surface, wind direction, 
and speed may also affect the accumuiaiion of snow or ice 00 the airplane. 

The average am0w.t of tin= calcuiated to deicefanti-ice an airplane 
was investigated. Based on past accident investigations. 12 minutes \vas the 
average time necessary to deicekmi-ice a large airplane using two deice/anti-ice 
trucks. It could take longer if there is a considerable accumulation of ice, the 
airplane is large, such as a Boe.img 747,m.d if only one truck is used. FQr smaller 
airplanes, deicing could take less than 12 minutes using two trucks. 

Aircraft exposure t ime must be calculated from the time thdt deicing 
begins rather than when it is completed. The FAA NPRM in the Federal Register of 
July 23, 1992. states that "Hoidover time begins when aircraft ground deicin&nri- 
icing commences and expires when the deicinglanti-icing fluid applied to the aircraft 
wings ... loses its effectiveness." 



MeteomtogiCaI vahiables involved in the calculaiion include the 
precipitation rate and ambient air tempehataue. 'Ke p ~ c i p i r a t i ~ ~  rare of 0.09 inch 
water equivalent per hour was calculated fbrn the weather observatory snowfall 
data. In addition, the lawest temperatclre of 29 degrees F, recorded by the Port 
Aubrity hermistor, was used for the calculations. 

The foliowing table shows holdover times calculated using the formula 
given in AC 2D-117 and the 0.5 correction factor for a range of Type I fluid 
thickness values ushg the precipitation hate and temperatwe values cited in ihe 
preceding paragraph. The thickness of the Type I fluid appiied to the accident 
airplane is unhown. 

0.020 
0.025 
0.030 
0.035 
0.040 
0.045 
Q.050 
0.055 
0.060 
0.065 
0.070 
0.075 
0.080 

Holdover Time- 
(Minutes) 

4.55 
5.69 
0.83 
7.96 
9.10 
10.24 
11.37 
i2.5 1 
13.65 
14.79 
15.92 
1 * * - . 0 6  
18.20 

NOTE: According to the FAA, a typical thickness for Type I h i d  is 
0.05 m. 
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Temperatuxes greater than 23 degrees F woufd have increased the 
effective time of the deicing fluid. ConverseIy. a greater rate of precipitation 
accumulation wo&d have had the effect of reduchg the holdover time of flight 4G5. 

%e Safety Board believes that given the numerous variables and 
complexity of the problem, the specific amount of ice that accurr,uIated on the 
aerodynamic surfaces of the airplane during the taxi p,hase is indetefininabk. 
However, the Safety Board also believes that some contamination occrtmd in the 
35 minutes following the second deicing and that this accumulation ted to the 
controi difficulty shortly after rotation. 

The Sdety Board views the evidence as conclusive that the primary 
factor in this accidera: was the reduced performance of the wing due to ice 
contamination. Therefore, the Safety Board evaluated the extent to which the 
decisions of, and procedures used by. the flightcrew could have contrhted to the 
accident. 

After arriving 2t the USAir gate following the landing at LaGuxdia, e both the captain and the firs: officer departed the airplane for short pexiods, and both 
of them were aware that the weather conditions were conducive to &e accumulation 
of frozen precipitation on the wings. Upon returning to the airplane, neither of them 
performed a wakaround inspection or took any special actions to check the 
condition of the wing leading edge and upper surface. =Ic3vever, the airplane was 
subsequently deiced md the wing condition was purportedly checked by ground 
personnel which obviated the need for the crew to depari the airplane a second time 
for an external inspeeion. That the captain requested a second deicing after about a 
20-minute delay indicated his concern alsoti: the continuing exposure tc 
precipitafion; the request was prudent and in accordance with USAir guidance. 
Foilswing the second deicing, the flightcrew was most likely satisfied that the 
airplane was free of adhering contamination. 

The flightcrew was not aware of the exact delay t h a t  they would 
encounter before takeoff and their decision to leave the gate was reasonabie. After 
taxiing, when i t  became evident that they would be delayed for a proionged period, 
cmversations between the crew showed that they were aware of and probably 
concerned about the risk of -eaccumulating frozen contarninatior~ on the wing. Their 
awareness of this risk should have been heightened by the need to M S ~  the 
windshield wipers intermittently in combination with the freezing outside air 
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tempratm. When it k m e  apparent that *& delay wouid exceed 20 rnim~tes, 
USAi. gt;ibce prescribes a carefu! examkation of the aLr1ane's surfaces. Tk 
Sirst officer stated after the accident, and passengers conXkmed, that be had hmed 
on the whg inspection ligk to view the wing on several occasions. However, the 
wJy related cmmen? recordcd on the CVR was nearly 30 minutes after departing 
tite gate and about 5 minutes before takeoff when the first officer said " b o H k s  prem 
good to me from w-hat I can see." The obsemation was made through the closed 
cockpit wi&oev. The Safety Board 'believes tha even wizz the wLrg inspection 
fight, the observation of a wing fkom a 30- to @foot distance, tirough a window 
rhzt was probably wet from precipitation, does no* pwnstitute a carefu! exam;mtion. 

me US& guidance and information that was disseminated to 
flightcrews should have been suffkient to alert the flightcrew to the fisk of 
attempting a takeoff while uncertain of the wing condition. The Safety board 
recognizes the dilemma of flightcrews under these circumstances: for examp!e, to 
mum to the gate only to be confronted with fmher delay or fligiit cancellation, ar 
to proceed with takeoff and accept &e risk involved. Thus, the Safety Board 
strongiy supports the actions taken since this axident to provide more specific 
criteria for wing deichg and inspection to reduce flightcrew decision making 
responsibilities. Nonetheless, even before these actions, the Safety Board believes 
that the flightcrew of rlight 405 should have taken more positive steps to assure a 
contaminaxion-free wing, such as entering fne cabin to look at the wing from a closer 
range. Although the Safety Board acknowledges that the dctec'iion of minimal 
amounts of contamination, suffkient to cause Eerodynamic penfcmance problems, 
is difficuit and may not be possible without a tactile inspection, an observation from 
the cabin would have improved the chance of seeing some conLamination and might 
have prompted the flightcrew to return to the gate. The Safecy Board believes that 
the flightcrew's failure to take such precautions and the decision to anemp &e 
takeoff while unscre of wing cleanliness led to this accidenr and is a cause of it. 
Further, the Safety Board believes that the lack of definitive criteria pmvided to 
flightcrews by the FAA and the airline industry" at the time of this accident 
regarding the effective holdover time of Type I fluid and bie difficuiry of detecting 
minimal amounts of contamination is elso causal. 

Having made the decision to proceed with rakeoff. the ilighhtcrew 
should have made cextai that their takeoff procedures afforded the maximum safety 
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As a result af the early rotation, the airpime lifted off prematilrcly and 
a an AOA about 0.5 degrees higher than it would have otherwise. During a 
n o m i  takeoff with an uncontaminated wing, the 0.5 degree increase in AOA 
would have been insignificant. However, with the performance of the wing 
degraded by contamination, this incxment in AOA iay have been the difference 
b e t w e a r  a successful transition to climb and an inmediate stall resulting in the 
accident. 'Ihus, while beginniig the takeoff rotation early is not appropriate for 
norsai operation, it is significantly inappropriate and hazardous when there is a 
posibi&y of wing contamination. 

' B e  S&eq B o d s  analysis showed th2t during a tzkkeofi with rotation 
kitiated at iZ4 knots, the airpime could achkve a -wak AOA of &bout 9 degrees, 
the AOA at which stall could occur in the presence of contamination. Thus, my 
existhg AOA ssail mgii would have beer! minimal at best. However, with the 
early rotation. it is evident that an AOA beyond the stall AOA was reached almost 
immediately after liftoff. 

Ai&mu.gh the Safety Board cannot determine thai- a successfd takeoff 
could have 'ken accomplished with proper ta!eoff rotation procedures, the Board 
concludes &at the early initiation of takeoff ratation eliminated that possibility and 
&us contributed to the zceident. 

The f i n e  officer stated h i  following the stick shaker and con id  
problems, both he and the captain knew that the airplane was not going to fly and 
that the focus of their efforts was to stay over land and remaill tipright. Other thar. 
initially appiying mdder, there were no corrcctive actions taken by the flightcrew. 
T ~ e y   US^ the yoke to "hold on" to the airpime. The Safety Board cannot determine 
whether any actions could have been taken by the flightc~w that would have 
hestilted in a different type of impact and possibly reduced the severiry of the 
accident. Based WI evidence obtained from EDW data, the Safety Board concludes 
that seconds afeer liftoff, the airplane was in a stail regime from which secovery w2s 
not possible. 

2.6 USAik Procedurw/Guidance 

At the time of this accident, USAir was using Type I glycol-based fluid 
for deicing airplanes. As with m y  othe: domestic air carriers. USAir had not 
equipped m y  of its facilities to dispense the Type I1 fluids to provide extended anti- 
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Mose pilots opemfing at LaGuardia during the time of the accidene 
stated that r i ~ y  were checking other airplanes around their airpfmes for snowfie 
acclmulztion md were basing the decision to ake  off on the successful takeoffs of 
pxcediisg airplanes expsed to the same weather. Yet, pilots have no means of 
knowig such critical details as the wivaifdescent profile, ,gound t he .  gate 
exposwe, &icing &we, deicing fluid mix, and temperature of these airplanes. L? 
short, !he time histay of other airplanes may be entirely different. and thus such 
comparisons are noF valid. Moreover, the distances and lighting c~ndit ion~ make it 
v i r t ~ t l y  irpossibk to detect the minute a.i.iour&s of coon+ax:ination that can 
adverseiy affect safe flight= The Safety Board believes that the fli!&crew of flight 
405, as well as ilightcews of other airlines operatirrg at the same time, did not have 
suficient ~ P I E C & ~ O R  for the comequences @at mhute amoun~ of ice have on 
aircraft performance, notwithstanding the compmy training and liteEhtre on the 
subject. 

While the reference to a 9-degree AOA reached during takeoff in the 
GENERAL section of the USAir F-28 Pilot's Handbook is accurate. the haqdbook 
fails to adequateiy stress its significmce. The various forms of rnmufacrurer 
literratere, published skce the manufacture of the F-28,26 identify liftoff at 8-degrees 
AOA, stick shaker at 12 degrees, and stall at 15-degrees AOA. Aerodynamic data 
from Fokker studies show that sandpaper-like contamination on ihe wing disnpts 
the normal stall progression toward the w .ng tip, and an uncontrollable wing roll 
may develop as low as 10-degrees AOA. =he loss of control can occur before stick 
shaker activation, and the pilot wou!d not be aware that a stall is approaching until 
!atera1 control is lost. 

A note in the Pilot's Handbook implies that a smooth rotation would 
prevent pitchup and rolloff when contamination is present. and that smooth 

2%r fit-production F-28 new on 21 1%. 
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wntinucus aileron, rudder, and elevator inputs would correct &e problem. E? f ~ t .  if 
there i5 contamination, a 3-degxes-per-semnd rotafioa sate cx. place &e airplane 
into a stail R g h  at liftoff. The contamhaticm-hdued sparwise airflow negates 
the aileron eEetiveness, and mdder input aggravates the stall. A!ttrough the 
elevator is skill effective, the pilot has no altitade to trade for air specd. The only 
remedy for the pilot is to avoid over-rotation mci to arrest the pitch aithde before a 
wkg stall occurs and control is lost. 

Tie Fokker, Empire Airlines, a d  Piedmont Aiddines rr.anuaais. from 
which the IJSAir manual evolved, described an initial roation zttiade of 
10degrees. The intention is that smooth rotation to 10 degrees will establish a 
proper liftoff attitude, and, as the airplme accelerates thwugh Vz, the pilot m y  
con?inue &e rotation ~p to a maximrun of 15 degrees. 

Under noma1 operating conditions (excluding high-density altitude? 
and engine probierns) V, is reached before liftoff, and the roration can be, for aii 
practical purposes, a continuous rrmewer to 12-15 degzees. The Safery Board 
believes &at USAir's elimination cf the reference bo m attitude of IO degrees 
creates the practice tqj i i e  pilots of rotating directly to 15 degrees uii%%cut 
crosscheckhg air speed. A total reliance on a smooth 3-degrees per-second-rozation 
rate is induced, and there is iittie emphsi; placed on the air speed achieved. until 
the roration rnazeuver is complete. At this point in the takeoff, the manuai suggests 
that V2+20 will be exceeded (under light weights and cdd temperatures), and that 
the exess speed will not affect the climb profile. 

2.4 Simulation of Optimal Takeoff Procedures 

The data obtained from the simulated takeoff maneuvers conducted at 
Fokker were examined to dekm'ine if changes in F-28 operating procedures could 
yield a successful takeoff with ice adhering to the wings. The results of the 
maneuvers are shown in appendix E. 

Assuming the normal USAir procedure, with ice adhering to the wings. 
if the rotation speed is increased by 10 knots, the peak AOA decreases 
approximately 3 degrees, from 12 degrees to 9 degrees. However. there may be 
problems with routinely increasing rotation speed because of runway knpth 
requirements. If a relatively slow roration rate of %degrees per second is used, tie 
peak AOA decreases from 12 degrees to 8 degrees. However, the pilot cannot be 
expected to control rotation me this precisely, so that a change in the recommended 
rotation rate alone may not be adequate. 



?he simulation data, wit% i c e  z&ring to the wings, show that when 
targst pi:& attitude is decreased from 15 degrees to 10 degrees, the .peak k 8 A  
&creases approxhately 5 degrees, k m  12 degre@s to 7 degrees. “herefore, a 
lower pitch attitude is $&e most effective way to limit wing AOA d w i g  the takecff 
maneuver--mcre effective than a slower rotation rzte, or increasing rotation speed. 
%@her, pitch attitude is easily targeted on the attitude indicator m d  is a primary 
means of c~ntrol used by ?he pilot to achieve the desired perfomxmce from the 
akp!ane. Ethe target a t t h i e  is SO degrees, the rotation rate is less signiEcm:. 

The engine-out procedures for the F-28 recommend that a 
10-degree pitch attitiude be targeted for a cxhbout at V2 to satisfy the airwor&ess 
requirements on takeoff performance. Therefore, with both engines operating. it 
seem likely that the F-28 can satisfy climb requirements with an Liiriat Earget piich 
attitude beiow if  Segrees. Further rotation to i5 degrees of pitch would occur after 
the aa lane  has successfully climbed out of ground effect. Such a change in 
operating procearlres would give the F-28 an increased safety mzgin before wing 
stall during the takeoff maneuver. Right dynmics calculations by Fokker show t i i t  
?hiis alternate takeoff method (using a 10-degree rather tharr a 15degree target pitch 
attitude) was also successful for simulated Elm takeoffs with ice contamination on 
the wings. The Safety Board Sr7lieves that the FAA shouid quire Fo*&er to study 
the effect of establishing a lower target pitch attitude on takeoff for the F-28 and 
F-100 aiqhnes, and change its recommended operating procedures if necessary. 

The primary concern should be how to s t ructu~ the takesf‘ 1 maneuver 
to prevent p!io!s from stalling the ai~plane, especially when the airplane has just 
Eft& 3% m d  is sti!! Li gwt?d effect. Ktkm& a s b w  roi&ion rdie, or overspeed 
procedure will also reduce wing AOA, simulation data for the F-28 show that 
lowering pitch attitude provides a sufficient reduction in BOA during the takeoff 
maneuver without imposing associated runway length or takeoff weight performmce 
penalties. 

2.8 Actions to Reduce Contaminated Wing Takeoff Hazard 

2.8.1 FAAJIndustry Conference 

The crash of USAir flight 405 further prompted an industry-wide 
interest in the problems of operating aircraft in adverse weather conditions, such as a freezing precipitation. The FAA initiated an intense effon to improve the safety of 
winter flight operations. To better understand ground deicinsanti-icing issues and 
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to develop and implement feasible and effective safety improvements, the F>U 
sponsored tine International Confesence on Airplane Ground &icing on May 28 and 
29, 1992, in Reston, Virginia." More than 800 participants discussed &\e problems 
posed by aircraft icing and examined possible solutions. The comierence produced 
wggestiom for corrective actions that were taken before the 1992/1993 winter 
season and also offered possible Ioag-term improvements to existing systems. The 
focus of the conference was on carrier-operated, turbine-powered airplazes with 
more than 30 passenger seats. 

From recommerdarions made by the working groups at the conference, 
on July 23, 1992, the FAA published a Nctice of Proposed Rulemabg (NPRM) 
that would establish requirements for Part 121 CertScate holders to develop an 
FAA-approved gr03md deicing/anti-ickg program and to comply with that program 
any time such cond&ionns as frost, ice, or mow could adhere to the aircrafa's wings, 
contrri surfaces, propiiers, engine kdets, a d  other c&icai surfaces. E z. &- 
carrier does not want to have an icing p rogm,  they are given the option of 
performing a mandatory exterior icing chezk at teast 5 minutes prior to takeoff for 
all flights, whether or not the airplanes were deicedanti-iced prior to takeoff, when 
weather conditions are such that frost, ice, or WOW could adhere to an airplane's 
criticai surfaces. Qr. September 29, 1992, an hterim Final Rule was published and 
became effective on November 1,1992.. 

In addition to the air carrier deicing programs required by rulemaking, 
the FAA is addressing the corollary isslles relating to airport and air traffic control. 
Specifically, the actions being taken concern the reduction of the time that an 
airplane will be exposed to freezing conditions after having been deiced and the 
LICalalI\rc I"' -e"rl. 11'13 I.I""I.ca Y . - - I L L  =. U L  I * A  - .---.,- -.-, .._ .--- 
the implementation of offgate deicing facilities closer to the departure runways. 
-I----- C- *-L -KC "I.:- & . . , ,- . I ~ , ~ ~  a -.&,,-+;an in A T ,  ' rlPlgvr 2nd where nmp:jpal 

r--------- 

2.8.2 Reducing ATC Delays 

It is axiomatic that the same weather conditions that prescribe the need 
to expedite an airplane's clearance for takeoff following a deicing operatian are 
often the conditions most likely to lead to reduced airport capzcity and thus 
increased ATC delays. The FAA has acknowledged the need to address this 

\'/ashington, DC 20591. in a document entitled "Report of the FAA International Conference on Airplane Ground 
M A  summvy of the conference was published by the FAA Flight Standards Service. 

Deicing.' 



pmblem by reviewing ATC and airpo& pmedures, such as gate hold and Row 
control. 

According to testimony, a departure delay is not initially reported by 
ATC until there is an actual delay of 15 minutes. The 15-minute dday does not 
i .~~lu& the addition of a "best case" (average) taxi tkne--which is inherent within the 
A X  system. For LaGuardia's runway 13, the best case taxi time, fr0;n a gate to the 
takeoff end of the runway, is 8 minutes. Therefore, flighFcrews preparing for 
departure on m w a y  '13 can experience a ground time delay for as long as 
23 minutes without an awareness that they will be delayed for takeoff. If they 
encounter further delays, ATC will report delays in 15-minute increments. 

Becluse delays are reported in 15-minute increinents, a departure delay 
is listed as a "5minute delay" even after 37 minutes has elapsed. Not until 
38 minutes has eiapseci between the t i m  an airpiane taxis and &e time that it takes 
off will a 30-minute delay be reported by ATC. 

E delays were reported based on lesser time intervals, flightcrews arrd 
airline dispatchers would benefit because a trend toward increasing delays would be 
more easily identifiable m d  would provide a more realistic basis for flightcrews to 
make assessments. Further, if dispatchers and fightcrews were able to anticipate 
the time to taxi from the ramp to the runway, they would understand that a 5-minute 
reported delay would mean approximately 13 minutes of elapsed time between the 
time the airplane requests taxi clearance and the time that the pilot expects to begin 
takeoff. 

!! shauld a!sc be RXagF&e:! L!&t LI a SFaWS:Gm, t!e zver,ge (best 
case) taxi times are often inappropriate. Flight 405 took about 20 minutes to taxi 
from the gate to the area of the departure runway before it entered a line of 
departing aircraft. The total time from completion of its deicing until takeoff was 
about 35 minutes, rather than the 15 miriutes reported by ATC, primarily because of 
traffic congestion. To account for decreased taxiing speeds in snow, decreased 
visibility, and the need to communicate position to ground control, additional time 
should be added to the average taxi time that would subsequently be added to the 
reported departure delays. However, to reduce these times and guarantee a 
Peasonably timely taxi time to initiation of the takeoff, gate hold procedures wotild 
have to be instituted so that actual taxi time is not prolonged because of other traffic. 
The Safety Board believes that gate holds should be initiated 3s soon as deicing 
operations begin, not after celays have exceeded 15 minutes, as in the current ATC 
definition of gate hold. 



The Safety Board believes th3t the FAA should review its procedures 
for reporting taxi delays during conditions conducive to airframe icing at all airports 
and that it should report such delays in smaller increments to provide more realistic 
and useful reports. This procedure should be implemented at all airports that cannot 
provide departure m w z y  deicing to allow immediate takeoff after completion of 
deicing. 

2-83 Deicing and Anti-icing Fluids 

The Use of Type I and Type D Fluids.--There are a number of views on 
&e potential uses of Type I and II fluids. The use of Type I fluid raises concern 
becaxe its holdover time is shorter than the holdover time for Type II fluid under 
ceatain cocditions. Both fluids are under scrutiny for their environmental impacts, 
--a :r :- ---- ;c 7..-.. n a..;..l ..+.:-:& .. al.- -.-. ~.__' ^.-.-Kk:ps+ .4 g&-+;.-.- m1u 1L 1s LLLIcX;IIaUI u 1ypG u ~IUIU UIUIUJIIZJ UlG 2rUiway L.-Ll:bzLl', "I lllbLl"ll 

the fluid rolls off the airplane during the 'deoff roll. AZ.w9 the use of either type 
fluid may result in a temporary degradation in the airplane's aerodynamic 
performance, a reduced stall margin, and an increase in drag. 

The FAA reported in its Deicing rule dated September 2,1992: 

With respect to the potential environmental effects of both type 
fluids, as the Environmental Assessment discusses, because of their 
low volatilities, low ecotoxicities, low toxicity to humans, and 
biodegradability, no impacts are expected over those already 
experienced for deicindanti-icing operations carried out under the 
current regnlations. 

The Safety Board supports the FAA and its statement made in the 
Deicing Interim Final Rule: 

Each specific certificate holder determines the type of fluids used in 
its operations. As sated in the NPRM and in this preamble, each 
type fluid has its benefits and intended usage. All the information 
preswtly available to the FAA indicates that there is no availability 
problem associated with Type ui Fluids and that their use continues 
to grow in Europe and Canada. 

. 

However, the Safety Board believes that no wide-body aircraft can be 
deiced with Type I fluid at a gate, taxi, and take off, before the recommended 



SAEIISO holdover time has expired when weather conditions are as foilows: 
fzeezin fog below 32 degrees F, steady snow. freezing rain, or rain on cold- 
soaked wings. Also, the Safety Board believes that Type II fluids may not provide 
adequate protection agahst the reformation of frozen Contaminants when an airp!ane 
is anti-iced at a g a e  and the weatkr condition is freezing rain or when a mixture of 
less than 100  percent fluid concentration is used when rain is xcriiaing OG a cold- 
waked wing. 

!8 

... #-A- . .. 

It should be noted, that in freezing precipitation, large aircraft c w c t  
be fully deiced before the fmt areas treated with a Type I fluid beg& accmmlating 
ice again. 

Runwav Hazards of Tvoe II Fluid.-'fhe Safety Board did not s w e y  
any other airports to determine if others would prohibit the use of Type II deicing i- 

fluids as did iaGuardia at the dme of this accident. However, it is likeiy that me 
question has not arisen a% many of the airports, including those in the snow belt, 
because the use of Type II fluid in the United States has h e n  a rtlatively recent 
practice and is still not a common one. It is the decision of each air camer (the 
airport tenant) whether to upgrade Lke equipment to dispense the Type II fluid. it is 
an expensive program, and several carriers are not using Type KI fluid and have not 
requested its use from the airport managers. K LaGuardia's policy had been 
different, USAir might not have used Type II fluid, especially because LTSAir was 
not using Type II fluid elsewhere in its sywm at tJ\e tine of the accident. 

Conseqttently, the Safety Board finds t k t  the restrictions placed on the 
use of Type H deicing fluid ab LaGuardia as a result of Airport Manager's Bulletin 

Authority's concern over the potential for Type Ii Buid to diminish the runway 
coefficient of friction is valid, especially at LaGuardia, where the comparatively 
shorter runways, over-water decks, and the mixed traffic, sucn as landings and 
takeoffs on the same runway, make runway friction especially critical. 

PG-29 p!Z@ 33 pk< bx the cacsa! fgct~t,=:s *,is acci&~t. lqe~rc;e:, &\e pcz 

enough for its ternpemture lo drop to or n w  the ambient temperature. A cold-wked wing i s  a wing containing 
28"Cold SoaLig" is ir term used IO indicae that an object has been in a C O ! ~  ternperatm long 

fuel that has usually been cooled while the airplane is flying at a high altitude. Upon landing, the wing smcture 
warms fasm than the fuel in the wing. When an airplane has landsd with cold-soaked fuel in the w.ng tanks, and 
the fuel in the contacts the skin of the wing. moisture from the air could deposil on the surf3ce in the form of 
h 0 S l .  
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The Safety Board urges the FAA to continue its research into the 
effects of deicing fluid m o f f  on runway friction and publish appropriate guidelines 
for airport opexators. 

O€fgate &icin~/Anti-icing.~~--Deicing airplanes at a shared facility 
n e x  the departure runway would reduce the elapsed time between deicinghnti-icing 
and t&wf? roll, thus reducing the risk of accumulating additional icehow 
contamication on the critical airpIme surfaces. Therefore, the Safety Board believes 
that. tl.: FAA should encourage selected airports to provide space and/or faciiities 
for sifgate &icing as close to departure points as practicabte and safe. 

The Safety Board acknowledges that each airport is geographically, 
topographically, and operationally unique. Because the matter c.f responsibility and 
accowtabiiity for conducting airplane deicing at &e m w a y  ends can be complex, 
airport in i'ne United States are ofien a&nir,isiered and organized ciiffeentiy; and 
such efforts require cooperation betwen-n competing airlines, the airport managers, 
and the FA4 ATC facilities. Nevertheless, the Sa€ety Board believes that at each 
airport the FAA identifies as likely to experience icing conditions regularly and with 
sufficient volumes of traffic, a deicing working group shodd be established, and 
rraintained, md should meet regularly, especially before and during snow and ice 
seasms. Tnese working groups should, a: a minimum, include representatives from 
teenmt air carriers, fixed-base operators, FAA air traffic and airport safety and 
certification speciaiists, m.d airport management. 

The Safety Board believes that the FAA should require ihat each 
certificate holder, operating under Title 14 CFR Part 139, whose airport is 
&te-ke& !iie!y :G experiecce icing c~ndit i~cs reg~~!ar!y, esgb!ish ~d r~bmit to 
the FAA for approval a deicing plar. ?hat includes, at a minimum, the membership of 
the airport deicing working group; the location(s), equipment, and procedures to be 
used for gate deicing and offgate deicing; description(s) of gate-hold parameters and 
procedures; and delineation of responsibilities for the deicing of airplanes at the gat< 
or offgate, as applicable. 

29F0r the purpose of this report. offgate deicinghnti-icing is defined as :he el. .rmtnvion . oi 

airplane s d x e s  by fixed or mobile equipment at an airport locntion away from the termin31/gate arens and x 
ice/snow contamination on airpime fuselage. airfoil and engine surfaces, using Type 1 or Typt: 11 fluids. applied 10 

close to thc depmure runway as is safely practicable. in order to reduce the elapsed time between commencement 
of deicinghnti-icing and rakeoff rol l .  

.. J at: 



a close inswction of the wing lsading edge and upper surface immediately before 
takeoff. Fidepiri Aviation Regulations that the w&g be clean; however, the 
investigation af past accidents h2s disclosed the. difficulty involved with flightcrews 
d e t e m w g  whether wings are clean. The kdustay acknowledges that it is nearly 
impossible to determine by observation whether a wing is wet or has a thin fih of 
ice. While a very thin film of ice or fmst will degrade the aerodynamic performancx 
of any airplane, the Safety Board bzlieves that the aemdpamic characteristics, as 
well as the accicient record, indicate a need for special attention to be given to 
transport jet airplares that do not nave leading edge devices for l i t  enhancement 
dufing takeoff. 

The following is a general description of the effect of leading edge high 
lift devices, such as slats:3o 

An important (or predominant) iimitation of lift to be obtained in 
wings, is flow separation from the leading edge. Means of 
preventing or postponing such separation are, the use of 
leadingedge slots or slats, camber or the deflection of nose flaps, 
and boundary-layer control (blowing or by suction). 

These devices are used to increase the maximurn l i  and/or to 
prevent stalling from the wing tips, thus preselving lateral (aileron) 
control. Ah1 types of leading-edge lift-increasing devices function 
by kcreasing the angle of attack where stall takes place. They thus 
control separation, while lift (circulation) is basicaliy controlled by 
the position of the trailing edge (by angle of attack, with or without 
a flap). 

Like the F-28, the DC-9-10-series airplane has a fmed leading edge 
wing. Douglas Aircraft Company has found that the fixed !eading edge wing is 
more susceptible to lift degradation due to ice, frost, or snow than a similar wing 

3%rorn Fluid Dynamir Le. by Dr. Sighard F. Hoerner and Henry V. Borst. 1975. Library of 
Conpresc Catalog Card Number75-17441. 
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with extended leading edge slats. The fdlowing description of this fjndiig is from 
an article published by Douglas Aircraft Company:31 

These [wing roughness] effects are particularly important for early 
transport aircraPt.having no leading edge devices. Extension of the 
lleadiag edge devices of more advanced aircraft will generally 
recover most of the stall speed degradation resufting from the low 
levels of roughness cited here. 

Although the low levels of roughness cited by Douglas are generally 
less than the roughness level expected to cause an accident, possible aerodynamic 
degradation is especially critical during takeoff since the AOA margin from stall is 
less + J l a n  at any other regular phase of flight. 

Fokker relates a different conclusion on the aerodynamic effects of 
icing on slatted and nonslatted wirgs. Citing a wind tunnel investigation3* 
conducted by the Aeronautical Research Institute of Sweden (FFA), Fokker states:33 

Test results from this investigation have been use.$ here to compare 
the effects of leading edge and/or trailing edge flap deflection on the 
aerodynamics of a contaminated wing section .... The test results 
clearly demonstrated that between slatted and non-slatted wing 
configcrations, there is no difference in aerodynamic degradation 
due to hoar frost rouglmess. 

There is obviously a disagreement within the industry over Lh.e 
percelltage degradation of lift due to upper wing surface contamination between 
slafted and nonslatted wings. However, there are no state-of-the-art wind tunnel 
results available to resolve this question. The Safety Board believes that the FAA, 
in conjunction with the National Aeronautics and Space Administration (NASA), 
should establish a wind tunnel and/or flight test program to study the aerodynamic 
degradation of both nonslztted and slatted airplane wings containing upper surface 
contamination. 

published by Dou tas A i i c d l  Company. 

Two-Dimensional Wing Section With and Without High Lift Devices." FFA-.4U-901, April. 1972. 

31From DC Flight Approach, "Wing Surface Roughness - Cxise and Effect." January, 1979. 

ki3.L.G. Ljungstrom. '*Wind Tunnel Investigation of Simulated Hoax Frost on a 

33Winprips. page 6. December. 1489. 
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Nonetheless, the critical factor in ice contamination is how close the 
takeoff maneuver gets the wing to its stall AOA. In this case, the k e d  leading edge 
wing appmntly has less margin of safety than the slatted wing, even if it is assumed 
,that the percentage lift loss due to ice contamhation is the same for both wings. 
During the nakeoEf maneuver, it takes longer to rotate the slatted airplane to a stall 
attitude so that the slatted airplane has time to climb and accelerate. Because 
@lanes with leading edge slats normally stall at a higher AOA, t!!e risk of an AOA 
ovemhwt into the stall region is lower tRarn it is for a fixed lezding edge airplane. 
l k  combination of more altitude, higher speed, and enhanced roil control increases 
the likelihmd of a successful takeoff when the upper surface of a slatted wing is 
contaminated with a minimal mount of ice. Further, airworthiness requirements are 
based on a safe climb speed (V,) that is at least 20-percent above the stalling speed. 
Because the slatted wing creates W over a broader range of AOA, a 20-percent 
margin Lrl speed provides a slightly larger AOA margin before wing stall, typically a 
1.5- to 2.0-degree greater margin between the AOA at V2 and the stall AOA. 

Although further study of aerod,ymmic stail margins and climb 
requirements is needed, decreasing the peak BOA during the takeoff man- puver 
would provide an enhanced level of safety for nonslatted airplanes taking off in icing 
conditions. There are far fewer nonslatted airplanes operating under 14 CFR 
Part 121, but they have experienced almost all of the takeoff accidents attributed to 
wing upper surface ice contamination. Because of the critical nature of the takeoff 
maneuver in icing conditions, the Safety Board believes that the FAA, in 
conjunction with NASA, should establish a joint govemmenthanufacturer task 
force to study methods to improve the AOA safely margin during the takeoff 
transition to initial climb. 

m ,ne " I  =- * h s  a co*=-, &UUt \̂e e&&s Gf &;s&g pi:o& &L&$ 
nonslatted airplanes are more sensitive to wing ice contamination. It is believed that 
if nonslatted wings are singled out, pilots will feel that a minute amount of ice is 
acceptable on slatted wing airplanes. The Safety Board agrees that operations with 
wing commination should not be allowed or encouraged for any class of airplane. 
However, the icing accident record is worse for nonslatted airplanes, and 
differences in aerodynamic stall margks during the takeoff maneuver could explain 
the disparity in the accident record. Therefore, until research is completed, the 
Wety Board supports the requirement for a tactile or extemai close visual 
inspection of the wings of nonslatted airplanes immediately before takeoff when 
anti-icing kddover time has been exceeded. 
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The Port Authority Assistan? Director of Aviation testified that the 
pump house, which was destroyed in the accident, was to be replaced by a newer 
mdergpssund p m p  house, which was not technically feasible at the time of the 
constmction of Me original pump housee(s), The Safety Board is pleased that the 
Port Authod-y took this initiative to further improve the safety of the environment 
around runway 13/31. The Safety Board urges the Port Authority to continue this 
initiative and replace the two other pump houses, which adjacent to 
runway 13/31, with buried instal4ations. 

Replacement of the FAA ILS localizer ground plane antenna has 
already been accomplished; however, the Safety Board found that &e antema is of 
a shilab nmfrmgible desip. as the original. The FAA General Engineer, Office of 
Airport Safety and Standards, testified that ‘because of t!e unique location and 
design of the antenna, it was not kchnicaIly feasible to make it frangible. The 
Safety Board urges the FAA to conduct research en the frangibility of the antema 
and to replace the current ILS localizer p u n d  plane a1tem.z wkh one that can 
function properly and is a iess hazardous obstruction. 

txvnd labrrdly !o D distance of at lal: - 150 m (appmxima:eEy 41 I feet) where IP? cod: number is 3 or 4.” 
M F m  3.3.3. *A strip including a precision approach rdn;vay shaX wherever pncticable. 
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2,PO Airport Rescue and Ere Fighting Effectiveness 

n e  Safety Board concludes that the difficulties the ATC controiler 
expsrimced with the emergency conference line did not delay or hinder the 
e.mergency respnse because ARFF pmnnei heard the controlier's first 
&mw&sion. However, &e Safety Board believes that a potential for a breakdown 
in mmunicatims exists until the deficiencies in the system are corrected. The Port 
Authoriey shoulci expdite the. Pephmnent of the emergency telephone system. 

21&2 MedtslaH Reponso 

The Safety Board believes that factors contributing to the delay in 
tmnsrrogting &e eight passengers &?d one cabin crewmember who sustained serious 
mjw5es kciudeti the fobwing: poor weather/road conditions; confusion in locating 
and treating a number of victim who had been imported by airline p e r s 0 ~ 4  to 
u$xims fcxations asound the airlporp; and t!ae EMS failure to maintain continums and 
close communication with the Incident Commander at the command post during 
triage operations. 

The Safety Board undesstmds that during mass casualty incidents, the 
on-site treatment of victims by EMS personnel places f i t  prioniry on medically 
stahking the injured prior to transporting them. However, seriously injured 
passengers were still aniving at area hospitals at 0015. Following the accident, 
sufficient resources were available to h v e  stabilized and transported the injured 
more expeditiously. The Safety Board encourages the New York Ci.ty Health and 
Xespittk S q x x i t k x i  aid thc Eiiiirg~ey iviediicai Service to review, in depth- ma 
in concert with other New York City emergency response agencies, their response 
to the crash of USAir flight 405. The Safety Board believes that these services 
should contiiue to seek ways to improve coordiiation and to reduce the time 
required to transport injured persons to hospitals from LaGuardia Airport. 

The Safety Board also noted that victims who were removed from the 
water during the initial stages of the emergency response, and who lacked visible 
vital signs, such as pulse, and respiration, were categorized as deceased and that no 
attempts were made to resuscitate them. The Safety Board does not dispute this 
judgment because a basic principle of triage is to treat victims having the most 
life-threatening injuries first with available medical resources and to utilize limited 
medical personnel in a manner that will provide maximum effectiveness. However, 

,:'A'..:. 
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the Sa€ety Board is also aware that in recent years a naimber of victims sf cold water 
m r  drowning have been suwssfuliy resuscitated. They survived after periods of 
tinnc: mder water, including sea water, as long as one hour or more. h view of these 
facts, the Safety Board believes that all emergency response organizations should 
review their emergency plans to include mntingencies for applying mdiopuL.mmary 
resuscitation (CPR) techniques as soon as a sufficient number of trained persoml 
arrive to perform CPR, even during mass casualtybiage incidents, regardless of 
whether vital signs are present, especially if cold-water immersionhear dnwning is 
invotved and where traumatic injaries do not indicate death. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

In the 35 minutes between the second deicing and takeoff, 
during precipitation and freezing rernperatum, the airpime 
accumulated ice on its iiftin: surfaces. 

?he delay and taxi time of 35 minutes exceeded the Type I 
deicing fluids published safe holdover time. which for the 
existing conditions was calculated to be about I 1 niwdtes. 

The captain did not use a USAir-appraved V, speed. 



18. At nighr, flightcrews c m o t  visually detect miriute amounts of 
ice on the p a ~ t  of &e wbg &at is visible from the cockpit 
windows. This pan of the wing is 30 KI 40 feet frcnl the 
cockpit. Fiightckews also may not be able to detect such 
contamhattion from the cabin windo*as. 

..A: 
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21. 

22. 

23. 

24. 

25. 

26. 

No specific injury pa&m could be idenaed in the catrln to 
explain why some passengers survived the accident and o?hers 
did not. 

Passengers who sustained minor injuries md injuries th- at Wee 
not life threatening most likely drow-ed as a result of confusion, 
&ofienniintioii or eniiapment or r cwi-i5ma&m of 3Sse ftrcas. 

At the time of the accident, procedures for opening emergency 
door exits were inaccurately and iracompietely displayed on 
USAifs F-28 passenger safety briefiig cards, but they did not 
contribute to the fatalities in the accident. 

?3e locations of the dike, p m p  house, znd ILS localizer gr0ur.d 
plane antenna were within current FAA guidelines; however, the 
locations did not meet iCAO Annex 14 criteria. 

The difficulties that the air ttaffic mntroller experienced with &e 
emergency telephone system did not hinder or delay the ARFF 
pesponse. 





R q u k  that flight crewmembers and appropriate ground prso.mI 
responsible for the bpec;ion of trmsprt-category airplanes for 
wing contam-m~on receive specific pxiodic ~ i n i r g  that will 
illustrate what contamination looks Iike and feels like on a wing and 
the amount of contamir,ation that is detectable under different light 
conditions. (Class XI, Priority Action) (A-93-21) 

Study hte effects on performance of swept-wing turbojet airplanes 
when specific amounts of air speed are added to the computed 
rotation speed (deiayed rotation) during takeoffs whsn wing 
con*GiiZZilnioii is psilik. ( C h  Z, ? ~ ~ j r i Q  Action) (A-93-22] 

Require Fokker to determine how takeoff perfommce and stall 
margin would be. affected by using a Iower initial target pitch 
at&ude on F-28 and F-Io0 airplanes in !!!e event that undetected 
upper wing ice contamination is present. and change hie noma1 
operating procedures if takeoff performance requirements can be 
met white the stall margin is improved. (Class H, Priority Action) 
(A-93-23) 



Require airlines to establish a way to kfom fightcrews of tbe type 
of fluid and mixtlnre us&, thr: ~ ~ m n t  moiswe accumuiatim rate, 
and the available holdover time. (Class II, Priority Action) 
(A-93-26) 

ntonwgKy mearch the effects of Type 11 fluids on m w a y  surface 
friction coefficients to ensue that its use does degrade airplane 
fraction and braking beyond safe limits, and pub!& guidelines for 
*k use o€ Type H fluids by airpon operators. (Class ZI, Priority 
Action) (A-93-27) 

Study the feasibility of building a fmgibie U S  antenna array for 
haGuardia Airport. (Class 11, Priority Action) (A-93-29) 

Review Fokker 28-4000 passenger safety briefing cards to ensure 
that they clearly and accurately depict the operation of the two 
types of forward cabkt doors in both their normal and emergency 
modes and that they describe clearly and accurately how to remove 
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the overwing emergency exit h n d k  cover. (Class I1[, priority 
Action) (A-93-30) 

-e0 the Port Authority of New Yo& and New Jersey: 

Expedite the replacement of the emergency telephone syskm 
ktween the air traffic control tower and ARFF units at EaGuardia 

(Class Ti, Priority A.~tim) (A-93.,31) 

Modify or replace aB pump houes adjacent to m w a y  13/31 so that 
they are not obstructions to airplanes. (Class XI, Priority Action) 
(A-93-32) 

--to the Department of T I X I S ~ O I ~ ~ O R ,  in moperation with the Feded 
Eanergency Management Agency, the National Fire ProtectIos Association, and the 
American Association of Airport Execctives: 

Retmi-mend a review of emergency p h s  to include conringencies 
c . -  +-t-.:-- -2' -..L..-..n-, -. ..:+ GA.. Qm\ t 

soon as a sufficient number of trained personnel arrive at a mass 
casualty/triage incident. Emphasis should be placed on attemptkg 
CPR regardless of whether vital signs are present, especially when 
colci water immersion/near drowning is involved and where 
traumatic injuries may not indicate death. (Class E, Priority Action) 

PM appymL; G3uiOpuullvaloly ~ r u d S - ~ b r w u  A X\I S C  YU~UIY BS 

(A-93-33) 

--:G the Nev: Ycrk City Hea!t! m d  Eospi+&s Cc.pntim: 

Review and evaluate, in concert with other New York City 
emergency response agencies, the emergency medical response to 
ahe crash of USAir flight 405 in order to improve agency 
coordination efforts and to reduce transportation times Of injured 
p e ~ ~ ~ n s  from LaGuardia Airport to area hospitals. (Class IJ, 
Priority Action) (A-93-33) 





5. APPEXDIXE§ 

?he Natimal Transpmtion Safety Board was notified of the accibeni 
m u n d  2150 on March 22. 1992. An investigation team was dispatched frorn 
Washir.gton, D.C., e& t ! e  next morning and arrived at EGA s ~ Q I - ~ I ~  ti7eredter. 
Investigative groups were formed on the scene for cperations. human ;x&mance, 
air traffic control, metearoiogy, structuresfmaintenance records. systems. 
powerplant, and survivai factors. Grcups were !aw formed $at &-&me 
perfonname and readout. of the CVR and FDR in Washingtan. D.C. Safety Board 
Membzr John h u b e r  accompanied the investigative team. 

Parties to &c investigation included USAir hc.. Fokker AirsEft. tk 
Air ! i ~ e  Pilots Associadon, International Associarim of Mjlschinjsrs. Assoriation of 
Right Attendants, Nationai Air Traffic ConrroUeas AssociSion, PGR Authority of 
New York and New Jersey, and the Federal Aviation Administratiax 

A public hevir-g on this accident was held izz Flushing:, New Yo*. 
from June 22 though June 25, 1992. Member Job, Lauber was the presiding 
officzr of that hearing. 
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APPENDIX B 

PERSONNEL PNFOR.MATION 

The captain, age 44, held an Mine trmspcrt pilot (ATP) certificate 
with type ratings in *&e F-28, DC-9, EMB-110, DHC-7 and B-71,7. He also earned 
an airplane multiengine land rating with commercial privileges for &e 3C-6,  and an 
airplane skgleengine land rating. He held a fight engineer certificate with a rating 
for turbojet-powered aitcxaft and also an expired flight instructor certificate issued 
on July 2, l%l. At the time of the accidezt, coinpmy records indicate $hat he had 
accumulated approximately 9,820 total flying hours, of which 2,200 hours we= in 
the F-28. A rotai of 1,W hours of F-28 time was as captain. He was issued 2 fmt- 
class medical certificate with no hitations on November 19, 1991. He comp!eted 
his last proficiency check on January 9,1992. He received his last r ecmnt  miiing 
on December 17, 1991, and completed an annual 9-how home study course on 
winterization, passing the winterization closed book examination on November 25, 
1991. 

The captain was hired as an F-28 f i t  officer by Piedmont Airlines on 
May 20, 1985, and served in that capacity until he was reassign& as a B-737-209 
first officer on September 15, 1986. He upgraded io the F-28 and received his 
initial type rating on January 7, 1989. Xe subsequently bid captah on the 
B-737-200 and received a type rating 02 February 13, 1990. During a cutback in 
flight operations, he was reassigned as a captzin on the F-28. He received a 
qualification training in the F-28 on January 20 and 21, 1991, and completed t!!e 
proficiency check on January 22.1991. 

The First Officer 

m e  first officer, age 30, was hired by Piedmont Airlines on 
July 19, 1989. He held an ATP certificate with ratings for airpiane multiengine land 
and co.merciak p5vileges for airplane single-engine land. At the time of the 
accident, company records indicate that he Rad accumulated approximately 4.507 
total f l yhg hours, of which 29 hours were in the F-28. He held a flight engineer 
certificate with ratings for turbojet-powered aircraft and an expired instructor 
certificate issued on August 16, 1987. He also held an FAA license for non-Federal 
c0~1tro1 towers with a rating for Beaver County Airport that was issued on 



The Fat officer was b&ci as a €3-727 second officer and served in that 
capacity mtil he was furioughed on AugW 1, 199i. He was recalled on 
November 21, 199i, as a B-727 second officer. Hi3 last pmficiency check as a 
m ~ n d  officer was accomplished on r)ecemler 5 ,  1991. His last rec-irrrent training 
was received on Novemt-tr 26, 1991, while he wzs still a second officer. He was 
reassigned as an F-28 first officer on February 1, 1992, and completed &at hi t id  
training with a proficiency check on February 22, 1992. He received the F-28 
airplane p t i o n  of his proficiency cneck on kbruary 23, 1992. His last h e  check 
was accomplished d e i g  his kGtial operating experience GOE) OR 
E~bruary 29,1992. He completed the anniaai winterization home study course and 
passe6 the examination on November 21,1991. 
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! 
; USAir flight 405 was a Fokker 28 series 4000 (F-28-4fk30) airpiane 
1 manufzcturcd in the Netherlands. Its original type certificate was approved by the 
i 
! Civil Aviation Authority of the Netherlands. The FAA accepted the certification of 

i 
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i 

1 

i 

i 

AIRPLkWE LNFORMATION 

I 

&e airplane under the Bilateral Airworthiness Agreement. 

The F-28400  is a twoagine medium-range airplane designed for 
transporting as many as 85 passengers and 479 cubic feet of cargo. The F-284ooo 
has moderately swept wings md no ieading edge bigh lift devices, engines mmnted 
on the sides of the rear fuselage, md a T-tail. The airplane is powered by two 
Roils-Royce RB !83-2 S p y  Mk 555-151" turbofans and each is de.signed to provide 
9,900 pomds of tzkeoff thrust. The engines are not fitted with thrust reversers. 

The airplane, registered in the United States as N485US, Serial 
No. 11235, was delivered to Piedmont Airlines on August 19, 1986, and was 
acquired by USP-ir in t le  merger of the airlines on August 5, 1989. Ar the time of 
the accitient, the airplane had accrued 12,462 hours and 16,280 cycles. 

The left engine, Serial No. 9252, was installed on the ai-piane on 
December 9, 1990. At the time of the accident, the engine had operated a total of 
24,491 hours, and 2,882 hours since the iast shop visit. 

n e  right engine, Serial No. 9763, was installed on the airplane on 
April 18, 1991. At the time of the accident the engine had cperated a total of 
13,204 hours, and 2,014 hours since the last shop visit. 

The airplane's center of gravity at takeoff was calcuiated to have been 
21 .O percent of mean aerodynamic chord. The airplane's gross weight for this flight 
was calculated at 66,295 pounds. Both values were within limits for the flight. 

The imaintenance records of N485US were examined at the USAir 
maintenance facility in Pittsburgh. Fennsylvania. The records indicated that the 
airplane had been inspected and maintained in accordance with the General 
Maintenance Program as defined in USAir's Operations Specifications and in 
accordance with it? FAA-approved Aircraft and Powerplmt ReIiabiIity Programs. 





Xadio trz7szissior;. fro3 acciee-t aircraft 

Cockpit Area Micro?>o?o?.e sousr2 or soLxce 

Aircraft Pu31ic Peadress sound o r  soxzcs 

Voice identified z s  Catair?. 

Voice identified as First Officer 

Voice uzlceztified 

LaguarCia L0cz.l Cor.troller (tcxer) 

LaCuardia Gromd Controller 

LzGuardia Grounci Seqdence Coztroller 

'JzCaowr, source 

Unintelligible wor2 

Nongsrtinent word 

Zxplstive deleted 

Sreak in cor l t inu i ty  

Questionable text 

Editorial insertion 

Pause 

. .  

A11  times are exTressed i.". easterr. s t x d z r s  time. 
Only radio transmissions involving ?:?e accident 
aircraft were transcribed. 



INTBA-CCCKRIT COIMUNICATION 

T I W  L 
SOURCE 
_I_ 

CONTENr - 
2104:42 

a ta r t  o f  recordinq .  

2104:46 
n t a e t  of t r a n s c r i p t .  

2105;06 
CAH-1 t h e r e  he  goes. 

AIR-GROUND CONUUNICATION 

CONTENT 

2105:01 
CAW-2 okay. 

2105:31 
Roo-2 and qround USAir f o u r  oh Sive's ready 

t o  t a x i .  

2106:18 
GND-1 U S A l b  fou': oh f i v e  t u r n  l e f t  on t h e  

i nne r  and ah ho ld  aho r t  of echo. 

2106:22 
RDO-2 l o f t  i n n e r  hold  s h o r t  echo U s A i r  f o u r  

oh five. 

2106:24 
00 
\o 

GND-1 U S A l r  four  oh f ive  l e f t  t u r n  on t h e  
innor  hold sho r t  of  eci-o. ground on one 
two One p o i n t  e i q h t  lltive. 

2106:25 
CAM-2 

2106:28 
CAW-1 

l e f t  l nno r  ho ld  a h o r t  of echo. 

okay. 



T I S  L 
SOUHCE 
I_ 

INTRA-COCIWIT C O I W J N I C A E  
7- 

CONTENT - 
AIR-GROUND COMHUNICATION 

TXKe c 
SOURCE CONTENT - 

210F.:29 
RF ,-2 groundon twenty o n e e i g h t y  f iveUSAir  

four oh f i v e .  

2106:34 
C > W 2  l e f t  on t h e  inner ho ld  s h o r t  of echo. 

ground twenty one **. 
2106:48 
cN4-2 l e f t  on t h e  i n n e r  t o  hold  s h o r t  of 

echo. 

21.06:52 
CAM-1 yoah t h a t ' s  where evorybody slse i s  

he re .  

2106:53 
cN4-2 yeah. 

2101:12 
( ( f l i g h t  swi tched t o  g ram32  frequencyll  

210'1:21 
CAR-? ( ( sound  of person s t r e t c h i n g ) )  

CAM-1 
2101;38 

2101:40 
PA-1 folks we are i n  l ine  for takeaff  and I 

I ' m  o f f .  

ahead of us BO ah  i t ' s  not goln' t o  be 
see about t a  about seven s i r p l n n e ~  ahead 

&bout ano the r  e i g h t  or nine  minutes 
b e f o r e  i t ' s  our t u r n  t u  go. so thank You 
for *. 



TIHE L 
SOURCE 

210R:04 
CAM-2 

-- 

2108:14 
cm-2 

2108:17 
CAM-1 

21on::e 
CAM-2 

2108:24 
CAM-1 

2108:ZJ 
CAM-) 

2108:30 
CM-1 

2108:35 
C M- 2  

z:on:3n 
CAM-1 

INTRA-COCKPIT COHHUNICATXQN 

CONTEL(T 

you seen that oar wash they have at 
Denver. they like mount it to Lhe hard 
standa. 

that's the ideal way of doin' it man. 

YUP. 

they Oupht'h have somethin' llko that - this is New Yofk you know. this is 
they ouqht'n have that out there. 

YUP . 
on the tab. just cruise on out and tuke 
zip tip zip man just you know. put it 

Off, 

Chat's Kenlly the only 8- sure fire 
aafe way to do it. 

yeah. 

havs it be an airport function they 

through. 
just charge each airline 88 they come 

AIR-CROWD C O W U N I ~  

- CONTENT 



2109:59 
cw-2 

2110103 
CAW-1 

2110;04 
CAW-2 

2110:07 
cw-1 

2110:09 
CAM-2 

* man uo pull UP behilld thia eiqhty 
he might keep our wings ulsar for us. 

well. 

2110:12 
cm-1 

2110:47 
CAW-1 

2110:49 
C A W 2  

2110:52 
CAH-1 

2110:53 
CAM-2 

2111:16 
CAM-2 

((sound of laugh)) 

it can causo us to re-freeze too. 

yeah i t ' s  true. 

I don't want to 90t very close to hlm. 

oh man this is qotta be **. 

how'd you like to be stoppin' a I ten 
eleven out there tonight. man I'd, 

how*d you like to bo what?. 

try to atop  an I ten eleven out there 
tonight, heavy. 

I just want to aheck in with t.him guy. 

- AIRGROUND COIMUNICATION 

CONTKNT 



. .  . 

INTW-COCKPIT CO~UNICATION 

TIKE L 
SOU8CE CONTENT - - 

AIR-OROUNO COt4UONICATION 

- CONTEN? 

2111:1a 
RDO-2 

ohsokin< with ya wdre ah  behind 
ground USAir f o u r  oh f i v e  ah j u s t  

company on t h e  inne r .  

2111:29 
cw-2 

2111:35 
CAM-2 

2112:10 
CAM-2 

2112:13 
CM-1 

2112:14 
CAM-2 

2112:16 
CAM-1 

2112:20  
CAM-2 

2112:31 
CAM-2 

2112:42 
CAM-I 

2111:22 
GNO-2 USAir four  oh f ive ,  thank you sir. onoe 

you have ~ C C Q I S  cont inue  on t h e  o u t e r  
hold  nhort  of runway four a t  d e l t a .  

what? 

ho ld  s h o r t  of t h e  outer *. 

he s a i d  somethin' about d e l t a  t o  us7 

yeah I don ' t  know what he's te l l in '  ua.  

delta i s  dawn there, 

yeah.  

does he want us  ti) I don ' t  I'm j u s t  
asaumin' t h i n  he  don' t  Want u8 t o  go 
around and croas down a t  d e l t a  does 
he? o r  any th ing  g e t  ahead of anybody. 

I ' d  a sk  him t o  repeat  i t .  what t h e  h e l l  
h u r t  h i s  f e e l i n g s  * I don't know. 

Hell We'll ClRKifY i t  with ' i m .  

2112:44 
RW-1 

2112:49 
GNO-2 

2112:56 
ROO-1 

2113:Ol 
GND-2 

and ground ah U S A i r  f o u r  oh f i v e .  I 

i n s t r u o t i o n s  one more time. 
j u s t  want t o  c l a r i f y  our t a x i  

USAir fou r  oh f i v e  you ah  a r e  you 
r i g h t  over he re  o f f  of g a t e  seven? 
r i g h t  o f f  my ah - behind oompany 
NO-eighty? 

ahyeahwe'rebelr1ndthe~-eighty and 
u e ' r e o n a h  t h e i n n e r  ho ld ing  s h o r t  of 
echo. 

t h a t ' s  f i n e  si? j u s t  do t h a t  for now. 



2113:06 
CUI4 

man. I I d i d n ' t  understand uhat h e  said. 
it  ours d i d n ' t  sound l i k e  t h b t  that I 

2113:33 
GNO-2 UsAir four oh f i v e  t a x i  across runway 

tour at who follow your  conpany 
KO-eighty on alpha.  

2113:38 
-2 four Oh Ilv. wilco. 

2114:56 
CAH-7 

2115:45 
can-2 

2115:48 
CAM-1 

2115:54 
CAM-2 

2116:05 
CAM-1 

2116:22 
cN4-2 

2116:23 
CAM-1 

2116:30 
CAH-2 

2116:35 
CAH-1 

2116:36 
CAM-2 
2117:03 
cud-1 

+ man it's *. 

do you want to  90 to  f l a p r  elevan?. 

X'n t end ln '  to 90 to t h e  e ighteen.  set 
it  up for e igh teen  one twenty nine. 

a l r i g h t .  

we'll reduce t h a t  Ves one down t o  
about a hundred and ten  knots or 80.  

okay 

man I j u a t  ah s h o r t  runway gain' t h a t  
f a s t ,  whew. 

d i d  you read t h a t  a r t i c l e  t h a t  Robert 

one? 
8 wro te  in F l i g h t  Craw View about Vee 

yeah I t h i n k  I have. 

It 's an e x o e l l e n t  a r t l c l e  t o  have. 

leavin' LaGuardia t man t h a t ' s  a 
Aonday morning l! l ight.  t h s t ' l l .  probably 
ha jammed. 



2111 : 14 
CAW-2 

2111:1e 
CM-1 

C M - 1  
2111:28 

2117:30 
cm-2 

2111:42 
CAW-1 

CM-2 
2111:44 

2111;15 
CAW-1 

2111:16 
CM-2 

2111:51 
CM-1 

2111:52 
CAhl-2 

2111:59 
CAM-1 

! 
2118100 
CM-2 

2llH:Ol 
~ 

i 
I CAN-1 

211O:ll 
CM- 2 

2118:12 
CAW-1 

I 
I 
I 

a\ybe t h e y ' l l  onnor l  t h e  Greenrboro 
and jurt send  urn t o  Chaklot ta .  

t h e y  r i g h t  yeah might have to.  

I t h i n k  if t h a t  - people  go up t o  
Gr4enaboro -. 

io t h e r e  any way i f  if we nhortened 
our overn igh t  j u o t  wrnt out t h e r e  and 
Clew t h e  f l i g h t .  ah eoilld we do t h a t  
l e q a l l y ?  

YOU mean l e a v e  A t  depar tu re  time7 

yeah. 

WaiVO. 

i n  o t h o r  wor&3 make iL l i k e  a COD OK 
somethin' .  

l o t  -, 

would st-- YI) would. 
i n  other worda YO would be on duty we 

day long.  I man I don' t  t h i n k  t hey ' l l  
I t h l n k  we would a t i l l  be on duty a l l  

let  u8 be on duty  like t h a t .  

yeah 

quarter :Koa a h  ten ton t h l a  b f t  t h i s  
t h e y ' l l  pay u s  one for  *ne and three 

rnornlnq u n t i l  t o m o r r w .  you know ah 
would be dine with  ma I mean I .  

yeah bu t  we c n n ' t  a t a y  on duty.  

we're not allownd t o  be  on duty more 
I don ' t  I d o n ' t  I don't know how long. 

t h a n  we o m  q o  up t o  a i x t c m  hour6 Inax, 



2118:19 
C M - 2  

2116:20 
CM-I 

211e:22 
CAM-1 

2118:.?6 
CMI-1 

2118:28 
CAU-2 

21'18:29 
ClW 

2118:30 
CM-2 

2118:34 
C A M 4  

2110:45 
CW-1 

yeah 40 what. 

we can we can call them and EBB -. 
yeah well I wil l .  

I 604n we're yunna' have to cauae I'm 

xequlatlonw. 
just not that fluent with the 

yeah I ' m  not either, 

( (sound of windshield wlpera ) )  

qlvb Us tho rnlnlmurn rose. 
I thlnk that they're gunna' hsvo to 

I ma4n ioe psraonally X wlll get up and 
f l y  the damn thing. but you know I ' l l  go 
I ' l l  go you know. 

yeah. 

may am well l o t  in4 but I mean that's 
just I ' l l  walve anythln' t o  get hone the 
l a a t  day you know. 

well we'd have to have olght hours of 
reat  ah. 



2119:93 
C M - 2  

C M - 2  
2120:44 

C M - 1  
1120 .45  

2120:51 
C M- 2  

2120.55  
can-2 

2 1 2 1 : 3 3  
CAM-2 

l N t P . h - C Q C K Y I ~ U N I C A T I O N  

COHF$HI 

I Can t r y  to  make heads o r  t a i l s  out 
of thla  t h i n g .  

during t h e  twenty four hours prior t o  

the I s n ' t  t a t  t h e  usy I t  uorka? 
lotion of tho fllyht r ight?  

or t e l l s  out of t h i s  s t u f f .  
i could t r y  I could t r y  to  mke heads 

d previous r u l e .  

what i t  amounts t o  i s  that prior to  
ten o'cluak. ton t e n  tomorrow. we've 
qotta '  h a w  e l q h t  hour:, of rest .  

l ~ ~ r e ~ v e r  under no c lrcunl tancos  that a 

c l y h t  consacutlvu hour r o t  wlthln a 
f l i y h t  EIOY momher f e c e l v e  leas than 

twenty four hour period. 

60 betvnon ton ton today - 

t h l s  niocnin'. 

- and t e n  ten toniorro~,  WB have t o  get 
e*.yht h w x i  of  reat .  so thoy'rs  qunna' 
I quoss -. 
Itk;o Y O have t v  be 

80 them a l n ' t  thero  a l n ' t  no way. 

I mean you cnulcl ank them If thoy 
oould p u t  lhru I l k 0  ab.  I don't t h l n k  
that  they  rould do J COD thlng llke 
t h a t .  ju,st send UY to I just dOll't thllhk 
O l U Y  Odn. 

no. 

AIR-GROUND COMHIINICAFION 

TXHP. c 
SOURCE CONTENT - 



TIHE 6 
5OVRCE 

CAM-2 
2122:40 

I_ 

2122:sz  
(:AM-l 

2122:53 
CAM-2 

2122:58 
CAM4 

2123:04 
CAM-2 

2123:08 
CAM-2 

2123:09 
CW&1 

%123!11 
CAM-1 

2123:ll 
C A M 4  

2121:13 
CAM-2 

CN4-1 
21?3:21  

2123:24  
C A M - %  

2123:49  
CAM"? 

7 1 2 3 : 5 6  
CAM-1 

INTAA-COCKPIT COBXUWICATION 

CONYENT 

oh man I'v0 eh I've a control tower 
OPerator's certlflcate I do non-fsderal 
cuntrol tower that was fun I did that 
In college a llttle bit. 

huh. 

I t  was a college program, 

haven'e usad It slnca I took nv 
cbockrlde or my check what eve; the 
h e l l  they c a l l  lt. 

look at all that stuff. 

what Is that? ran rand 

sand I guess 

urea sand 

put that I out thcra. 

( (Round of lauqh)) 

avlatlon. 

avistlon Is my llfo 

i I S O U l I d  Of yawn11 

y m h  they dro e l t h o r  qunna' have ta' 
delay thu f l l g h t  or a h  rcl leve ut.. 

W 
00 



I .  

TIHP* C 
BOURCE - 
2124:04 
CAM-2 

2121:Ob 
CAM-1 

2124:15 
CAM-1 

2124:lO 
CAM-1 

2124:26 
C A W 2  

2121:27 
CAM-1 

2124:32 
CAM-2 

2125:OZ 
CAM-2 

2125:09 
CAM 

2 1 2 5 : 4 2  

CMI-? 
2125:59 

2126:09  
CAM"? 

2126:15 
CAM-2 

2126:lO 
CAM-2 

2121:21  
CRM-1 

IWTU4-COCXPIT COXWNICATION 
II- 

CONTENT 

wall .  

hare's the deal I'm gunna offer 'ern. if 
It's alright with ya'll. 

you got a schedule? 

EBB when the flrat fllqht out of 
Laguardla t o  Charlotte is? 

Laguardla to charlotte? 

non-atop yeah Mndey morning. is that 
a new schedule? 

yeah. 

=ouw C ~ I c r I r l  

TXHB C 
SOURCE CONTENT 
_I 

2124:34 
GND-2 USAir four oh five continue v ia  alpha 

left turn on papa behind company 
towar'. eighteen seven number five. 

% 

2120:39  
RDO-2 alpha papa bshlnd company good day 

thank you. 

progress hero. 
alpha to papa makln' makln' pro 

((sound of windshield wiper I )  

((flight switched to tower frequency)) 

uhh. 

oh B i t 's  under Now York 

alright. 

seven oh five. 
the flrst non-stop to Charlotte is 

what's the naxt one than7 



T M E  a 
SOVRCg ..- 

CN4-2 
2126:22 

2126:24 
"-1 

2126:27 
CN4-2 

2 1 2 6 : 2 1  
CN4-1 

2126:32 
CNI-2 
2126:34 
E M - 1  

2126:36  
C M- 2  

2176:39 
cN4-1 

2126:39  
CAM-? 

2126:39  
CAN-1 

2126:W 
CN4 

21il:23 
CAM 

212' / :33 
CAN-I 

CAM+ 
2129:30 

Bight twenty five. 

alrlght let me see. leaves et eight 
twenty five? 

and then nine flfty. 

nine fifty. when would that one get into Charlotte? 

elsven I'orty n i x .  

# they all. 

that'a ua alti't It? 

no 

us11 we go to. 

we yo to yreensboro and wc get In at 
eleven fifty thrnu. so It aln't gunna 
yet U Y  home any e d r l l n r .  

I(sound of windehleld wlpera start)) 

((sound of wlndshlald wlpeas stop11 

yeah we're just gunna have to delay 
tho flight that'a all there Is to It 
unless  they got o~rnabojy else thsro. 

can nee. 
looks pretty good to me from what I 

AIR-GROUND COIWUNICATIQN 

COIWKNT 

2129:34 
CAM-1 yeah 



E!!Ks 
TI= L 

2129:37 
CAU-2 

2129:49 
CAM-1 

2129:51 
CAW2 

2131:ZO 
CM- 2 

2131:Zl 
CM-1 

2131:25 
CM-1  

2131:28 
CAM-2 

2131:34 
CAM-1 

2131:36 
C M- 2  

2131:39 
CAM-2 

2131:41 
CAM-1 

2131:43 
CAM-2 

2131:45 
CAB-2 

2131:46 
CM-1 

2131:56 
CM-1 

2131:57 
CMI 

2131:58 
CAM-1 

2132:Ol 
CAM-? 

it p r e t t y  much stopaed t h e  prec lp .  

correot? 
t h e  a f t e r  s t a r t  Is done l a  t h a t  

y e s  befohe takeof f  to 90. 

YOU want a Vee one ca l l  a t  one ten? 

yesh. 

pot on4 landin '  h e r e  on one three. 

yeah t h e m  aandln'  t h a t  other one 
t h e r e .  

It 's r e a l l y  alnbzln9 t h a t  they 
c o o r d l n a t e  a l l  t h l a  s t u f f .  

no e. 

cause  t h e y  g o t  t o  t a l k  to approach and 
evnn c a n t e r  X yuosa now. 

yeah. 

j u s t  t o  nand i h e  runway, 

I t  a l l  j u a t  backs up. 

yeah. 

f l a p s  e igh teen .  

moved1 I 
f (sound elrnllar t o  f l a p  handle befng 

b e f o r e  t akeof f  ohecha. 

APU? 



TXMa G 
SOURCE 

CAM-1 
2132:OZ 

CAM-? 
2152:01 

CAM-1 
2132:05 

CM-2 
2132:12 

2132:13  
CAM-1 

2132 : 14 
CAU-2 

- 

CAM-I 
2132:16 

2132:17 
CM-2 

%132:19  
CN4-1 

2132:20 
CM-2 

2132:24 
CRM-2 

21.?2:91 
ChM-I 

2132:34 
cm-2 

2132:40 
CFM-1 

2132:46 
CAM-2 

XN'PRII-COCKP'XT CWUNICA?ION 

I_ 
CONTENT 

it's on. 

yaw d6mperT 

in. 

Lift dumpers? 

armed and ready. 

ready right. collector tank 
Indicators? 

black. 

black tight. flight oontrola? 

checked. 

topa checked. takeafi  data thrust 
indiostors? 

sixty six thouaand flaps e l e v e n  one 

checked bugs set? 
ten m e  twenty nine one thirty four. 

ah flaps eighteen please. 

one ten one twenty tour one twenty 
nine. I'm eatry f laps aighteen. 

alrlght yeah one t6n one twenty four 
one twenty nine - checked bugs set. 
Jhocked bugs s o t .  flaps? 

- AIH-(FROVND COV~NICATTON 

21m c 
SOURCE CONTENT - 



... 

TXWe b 

2 1 3 2 : 0 9  
cw-1 

2 1 3 2 : S l  
CAM"? 

2132:59  
CAM-1 

2133:OO 
CW-2 

2133:Ol 
CWM-1 

2133:03  
CAM-2 

2133:06  
CAM-1 

2133:13 
CAM-2 

INFPA-COCKPIT CMMUNICATION 

eighteen aelected and indicated. 

eightom seleoted and indioated. stab 
and trims? point nine up. zero zero. 

poinL nine  up? 

yeah. 

zero zero. 

okay and takeoff briafing? 

hal f  LaQuacdia DME l e f t  to zero four 
right t o  zero seven f ive  two and a 

zero. 

right five thousand to the l i n e .  

.AIR-GROUND COHMIJNICATION 

.- CONTENr 

2133:SO 
TWR U S A i I  four oh fiVQ taxi into ponition 

and hold one three. 

2 1 3 3 : 5 2 . 8  ( ( u n t i l ) )  2 1 3 3 : 5 4 . 7  
RDO-2 position and h o l d  one throe U S A i r  four 

oh f ive .  



sm!z ?Ita 6 

2133;56 
PA-2 

2134:OZ 
CAN-2 

2134:lO 
CUI-2 

2134:39 
CAM 

2134:56.6 
CAN 

2134:58.7 
CAN 

2135100.5 
CAH-1 

CAN-1 
213$:02.3 

2135:07.6 
CAN-2 

2135:12.3 
CAN-2 

213S:ll.l 
CUI-1 

2155:11.1 
CAM-2 

2135$22.12 
Ciul 

21?3:25.4 
CUI-2 

dock we're n w  number oms for departuro 
ladies and gentlman from the flipht 

and we would like our flight attandonta 
t 0  pluaae be seated thank you. 

and flight dlrestor's on batore takeoff 
flight attendants notiflad tranaponder 

check'a completed. 

okay ignition's on flaps eightson a 
little discrepancy in OUE ho8dlnq of 
about ah I guess that's tills grld.up 
hare. 

until end of recordinq)) 
((*ound of wipers atart and continue 

((sound similar to parking brake boing 
releeaed)) 

((sound of increasing engine noiao)) 

power's atabllixed. 

detent set takeoff thrunt. 

takeoff thrust's Met temps okay. 

power's, look. good. 

mighty knota. 

eighty knots. 

((untlll) 2135~24.72 
((sound atmiler to nine thumps ) )  

vee one. 

2134:51 
TUP. USAir four oh Live runway 0ne three 

cleared Cor takeoff. I 
2134:54.5 ((until)) 2131:56.4 x 
RBO-2 cleared for takeoff USAir four oh five. 



T I M  6 
HE% 
2 1 3 9 : 2 6 . 2  
CMI-2 

CAM 
2135:28.40 

2135;2?.4 
CAM 

2135:30 .17  
CAM 

2135:30.56 
CAM 

2135:30.67 
CAM 

2 1 3 5 : 3 3 . 2  
CAM 

2135:33.4 
CAM 

2135:34  
CAM-? 

2135:35.2  
CAM-1 

2 1 3 5 : 3 8 . 3  
CAM 

2 1 3 5 : 3 9 . 1  
CAM-? 

2135:10.10 
CAM 

2 1 3 5 : 4 1 . 4  
CAM 

2 1 3 5 ~ 4 1 . 5 8  
CAM 

2 1 3 5 : 4 2 . 0 5  
CAM 

2 1 3 5 ! 4 2 . 1 2  

vee R. 

( (  nound airnllar to now strut oxtens1on)l 

((sound of windshield Wiper) ) 

( (round of snap) 1 

( (  sound similar to magnetic indicators click)) 

( (  sound sil?lilar to mdgnetlc indicators click)) 

continues u n t i l  end of recordingl) 
((sound of stick shaker star ts  and 

((sound of stall warning beep)) 

*. 

God. 

((sound of f ive  * t a l l  warning boeps)) 

I como on. 

((sound of first impact)) 

( (sound of stall warning beep)) 

I ieound of Becond Impact)) 

i (sound of t h i r d  impact)) 

2 1 3 5 : 4 1 . 1 1  
rd0-7 

seconds) ) 
((sound of microphone key for 0 .05  

2 1 3 5 : 4 2 . 2 5  
w0-7 

seconds)) 
((sound of microphone key for 0.34 

End of recordlns 



Change 
Change 

Change 
Change 
Change 

Change 
Change 

Change 
Change 
Change 

Change 
Change 
Change 
Charqe 
Change 

CkX-2 t o  CM-1 at: 2116:30. 
Page 12 

Cm-2  to e&%-1 at 2116:36. 

Page 13 
CAM-I. to CAM-2 at 211T:03. 
CAX-2 to cm-P at 2117310. 
CAM-: to CAH-2 at 2117:2%. 
CAM-2 to C m - 1  at 211?:30. 
cm-1 to em-2 at 2%17:42. 
C M - 2  to aS-1 at 2117 :Q4. 
CAM-1 to cm-2 at 2157:45. 
m . - 2  to c w - 1  at 2117:40. 

CAM-1 to CAM-2 at 2117 Sf. 
CAM-$ t o  @AM-2 at 2117:55. 

CA5f-l to CAN-2 at 2118:12. 
CAE-2 to CAH-1 at 211B:ll. 

Page 14 

and so a t  2118:19. 
CAY-2 to CAM-1 and add pause ( - 1  between words yeah 

Change CkY-1 to a M - 2  a t  2118:20. 

Chaage CAY-1 to CPX-1 at 2118:22. 
Change @A'&-1 to W - 2  at 2118:26. 

Page 15 

Change CA.4-2 to CAM-1 at 2118:28. 
Add words ' I know that" to the beginning of CAM-2 statement 

at 2.1.13:30. 

Page 16 
Change CAM-f to ckt-2 at 2120:42. 
Change CAM-2 to CAM-1 at 2120:44. 
Change CAE4-1 to CAM-2 at 2'920:45. 

Change CAM-2 to CAM-1 at 2120:55. 
Page 17 



Delete end of phrase fro= "what ever ---' till the 2nd of 

Add phrase 'CAM-2 what ever the hell they c31? it: between 

Change CAM-1 to em-2 at 2123:21. 
Change CAM-2 to CAM-1 at 2123:24. 

Page 18 

CAV-2 statement at 2122:58. 

statements 2122:5E and statement 2123:44. 

Change CAM-? to CAM-2 and delete 'it's *&?der New York.' 

Add 'CAK-1 it's under New York.' between statement at 

Page 20 

at 2126:09. 

2126:09 and statawerat at 2126:15. 

'Page 22 
Change CAM-2 to CAM-1 at 2131:3$. 

Page 24 
Change CAM-2 to CAM-1 at 2932:24. 

Change CAM-2 to CAM-1 at 2132:34. 
Change CAM-1 to CAM-2 at 2132:32. 

Change CAM-1 to CAM-2 and delete 'checked bugs set' from end 

Add 'CAV-1 checked bugs set: between statanent at 2132:40 
cf statement at 2132:40. 

and statement at 2132:46. 

Page 26 
Change CAM-2 to cUf-1 and. delete remainder of statement 

after -- flaps eighteen.' at 2134:lO. 
Add 'CAM-2 &little discrepancy in our heading of abcut ah I 

guess that's this grid up here.' between statement at 
2134:lO and 'CAM ((sound of wipers --. at 2134:39. 

Change word a temps' to checks" in statement at 2135:07.6. 
Change CAM-2 to CAM-1 at 2135:12.3. 

Page 21 

Page 2 8  
Change Can-1 to CAM-2 at 2135:35.2. 

James R. Cash 
Electronics Engineer 
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ConRgmtlon Flop. = 1P 
cg = 2 1 ? & n n r  
v, = l o b  v, = 11oid, 

FUn TO Thrvsl 

V. = 124- v, = 12sb 

m w  = ISZSO~S 
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... a saki near the upper limits of ground effect, with subsequent lass 
of control as a result of the aerodymmic and weight penalties of 
airfoil icing. n e  Ftigkrew faiied to kave the airfoil ice removed 
prior to &e arrempted nzkeoff from Simx City ... 

The Safety Board also conduded in i t s  report on that accident that: 

The captain failed $3 recognize the a e n d q d c  penai?ies of ;?idoil 
icing. fie did m t  personally check, or q u i r e  his fmt officer to 
personally check, tie ice accufnulation o ~ t  the aircraft, aithough be 
was advised of its presence. 

There were no safety recommendations issued related to the icing 
problem as a m u i t  of Lle Ozark Airlines accident. However, as a result of tnis md 
orher srmcturiii icing accidens and incjdenrs, includhg a Trans World Airlines 
DC-9-IO incident at Newark, New Jersey. on November 27, 1978. the Safety Board 
undertook a special study on aircraft icing avoidance and protection. The repon on 
this study was adopted on September 9, 198i. ard contained, among others. the 
following conclusions: 

While icing is an infquent causal factor in aircraft accidents, it is a 
particularly hazardous one. 

Many pilots are either insufficiently trained or. in spite sf training, 
they demonstrate a lack of respect for potentially hazzrdous 
conditions. 



91 I-18-v 



Establish standardized procedures for she cecificarion of aircraft 
which will approximate as clo.se!y as possible the nagnni?udes of 
!iquid water content, drop size Bistribiaiion. and femrperature found 
in actual conditicns, and be feasible for manufacturers to conduct 
wihin a reasonable [en@% &time and at a reasonable cost. 

A-81-1 18 

Reevaluate and clariFy 14 CFR 91.20S(c) and 135.227(c) to insure 
that the regulations are ccrnpatible with the definition of severe 
icing established by the federat Cocrdinator for Meteorologicai 
Services and supporting research as published in the Aiman's 
Infomation Manual. 

These safety recommendations were purslled &y the Safety Board for a 
nun;be~ of years. On March 12. 19S7. the Safety Board acted io ciassify Safety 
RecommmMon A-81-1 17 as "Ctosed--Acceptable Action." wi th  the suIsment: 

Tne Safety Board fmds that the FA.4.s actions of issuing advisory 
Circulars 29-2 m d  23.1419-1 and reorganizing the aircraft 
certification efforts comply w i t h  rhe intenr of this recornmmdati~n. 
Safety Recommendation -4-81-1 17 has been classified as 
"Closed--Acceptable Action." 

On April 11. 1990, the Board acted to chssify Safety Recommendation 
A-8 1-1 I5  as "Closed--Unacceptable Action," with the words: 

Considerable important research bas been conducted and the resu!ts 
have been published in research and academic papers. as we!l as 
discussed with pilots ai FAA safety seminars. However. because 
the FAA has not related this information to individual aircraft. pilots 
have net benefited completely from this information. Because this 
infomation has not been effectively used. Safety Recommend:ttion 
A-81-1 15 has been ciassified as "Cios;td--(i'nacce~[~ble Action." 
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Safety Recommendation A-81-1 i6 was classified as "Open-- 
Umcseptable Response," on the s a ~ e  date with the statement: 

nie Safety Board recognizes that a vast m-wunt of research and 
gathering of iniformation has been accompiished and that the FAA 
intends to determine the appropriate course of action in the future. 
However, the content of this safety recommendation has not been 
addressed. The FAA has not shown the Safety Board that it has 
reviewed the Part 25 icing criteria or addressed the certification 
envelope. For these reasons, Szfety Reccmrnendation A-81-1 16 
remains ciassified as "Open--Unacceptable Response." 

Safety Recommendation A-81-1 18 was classified as "Open-- 
Acceptable Response," also on Ape1 1 1, 1990, with the statement: 

The FAA responded by stating that the specifics of h i s  sxfety 
recommendation will be addressed once results of the study of 
aviation icing requirements described by the "National Plan to 
lmprove Aircraft Icing Foreczsts" are issued md once m Lmp-oved 
icing severity index is developed and evaiuated. Tnis is expected in 
1991. Although the Safety Board is disappointed that the FAA has 
not impiemented this safety recommendation after 8 years, it will be 
maintained as "Open--Acceptable Response," pending further 
response. 

Since the Board's report on aircrait icing. there have been four more 
structural icing accidents investigated by the Board. An Airborne Express, DC-9-15 
crashed on takeoff in light freezing rain with ice and snow pellets on February 5,  
1985, at Phi!adelphia, Pennsylvania; a Continental Airlines DC-9-14 cmhed  on 
takeoff in moderate snow and fog on November 15, 1987, at Denver, Colorado; a 
Ryan International Airlines DC-9-15 crashed while taking off from Cleveland 
Hopkins International Airport on February 17, 1991, in icing conditions; and the 
USAir Fokker 28-4000 crashed at LaGuardia Airport in Flushing, New York, on 
March 22, 1992. There were no safety recommendations issued as a result of the 
Airborne Express accident investigation. However. the ~eport on the Continental 
accident contained nine safety recommendations addressed to ttte FAA, :wo cf 
which specifically addressed icing problems associated with the DC-9-10 series of 
airplanes. These safety recommendations are: 

A: 



A-58-134 

Until such time that guidelines for detecting upper wing surface 
icing can be incorporated into the airplans flight manual, issue an 
Air Carrier Operations Bulletin directing all Principal Operations 
hspectors to require that all McDonnell DC-9-10 series operators 
anti-ice airplanes with maxinmn effective strength glycol solution 
when icing conditions exist. 

A-88-1 36 

Require all DC-9-10 series operators to establish detailed 
Procedures for detecting upper wing ice before takeoff. 

The FAA responded to these safety recommendations Lrl a January 30, 
1989 letter. In response to Safety Recommendation A-88-134. the FAA stated: 

On January 1, 1988. the FAA issued Action Notice 6300.34, 
"Aircraft Deicing Procedures" to bring the contents of Advisory 
Circular (AC) 20-1 17, "Hazards Following Ground Deicing and 
Operations in Conditions Conducive to Aircraft Icing." to the 
attention of operations and maintenance inspectors ... The FAA also 
issued Air Carrier Operations Bulletin No. 7-8 1-1, "Aircraft Deiciqg 
and Anti-icing Procedures." requesting that each Principal 
Operations Inspector become familiar with AC 20-1 17 and provide 
a copy of AC 20-1 17 to each of their certificate kolders. 

In response to Safety Recommendation A-88- 136. the FAA stated: 

The FA.4 does not agree with this recommendation and does not 
plan to require that DC-9-10 operators establish special ice 
inspection procedures for the DC-9-10 aircraft. The FAA does not 
believe that there is anything unique about the DC-9-10 series 
aircraft (including the absence of slats) that would warrant special 
ice detez:ion procedures. k is a we!!-known faci that rrry ice. snow, 
or frost adhering to wings, propellers, or control surfaces can cause 
a degradation of aircraft performance and aircraft flight 
characteristics, the magnitude of which may be signiticant and 
unpredictable. It appears that, in the case of this accident, the 
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flightcrew did not follow procedures in the flight operations manual 
with respect to thz visual inspection of the aircraft .... 

The Safety Board did not reply to the FAA regarding its response to 
these safety recornendations as there w'as an effort underway to npdate the Board's 
position regardiig the effects of stpuctural icing on transport category aircraft. 
Wife  that effort was being carried out, the Ryan Air accident occiured. 

The Boaras report on the Ryan Air accident contained six safety 
recommendations related to airframe icing (A-91-123 through -128). Also: in the 
Boards report on Ryan Air, Safety Recommendation A-88-136 was classified as 
"Closed--Unacceptable Action/Superseded," by Safety Recommendations A-$1-123 
through -125. The issue date for Safety Recommendations A-91-!23 through -128 
was December 11, 1991. 

In an August 31, 1992, letter to the FAA, the Safety Board classified 
Safety Recommendation A-88-136 as "Closed--No I.mger Applicable." This action 
was taken as a result of the issdance of Airworthiness Directive 92-03-01, which the 
Board found negated the need for Safety Recommendation A-88-1 34. 

The FAA responded to these safety recommendations on February 27, 
1992. The following statements were made for the pertinent recommendations: 

A-91-123 

Require the inclusion in the DC-9 series 10 Approved Airplane 
Flight Manual of a caution about the susceptibility of the airplane to 
flight control problems with minute and marginally detectable 
amounts of ice on the leading edge and upper surface of the wing. 

FAA Comment. The Federal Aviation Administration (FAA) issued 
Airworthiness Directive (AD) 92-03-01 (Docket No. 92-NM-01- 
AD) on January 3, 1992, applicable bo McDonnell Douglas DC-9- 
10 series airplanes. The AD requires &e inclusion of a cautionary 
note in the Airplane Flight Manual wt:ich specifies that wings 
without leading edge devices are per?ic ?I,rly susceptib!e to loss of 
lift due PO wing icing. Minute amounts c i  ice or other contamination 
on the leading edges or wing upper surfaces can cause a significant 
reduction ir; tkz stall angle-of-attack. The cautionary note also 
specifies that the increased stall speed can be well above the stall 
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warning (stick shaker) activation speed. 7% AD became effective 
on January 17,1992. 

A-91-13 

Require in air carrier operations manuals and appropriate ;iirp!ane 
f ight  manuals that flightcrews of DC-9 series 10 airplanes perfom 
a visual ;tsd tactile inspection of the wing leadkg edge and uppa 
surface using necessary equipment prior to departure whenever 
temperatures be l~w .S0C and visible moisture exist or whenever the 
airplane recently encountered icing conditions. 

FAA Comment. 011 January 3, 1992, the FAA issued AD 92-03-01 
(Docket No. 92-NM-OI-AD) applicable to McDonnell Dodglas 
DC-9-10 series airplanes. This AD requires a revision to the 
Airplane Right Manual Limitations Section which specifies that 
takeoff may not be initiated unless tk flightcrew verifies that visuai 
and physical checks of the leading edge and upper wing surfaces 
have been accomplished when the oittside air temperature is below 
6'C and the difference between the dew point temperature and 
outside air temperature is less than 3OC or visible moisture is 
present. This AD became effective on January 17, 1992. 

A-91-125 

Require Principal Operations Inspectors to review certificate 
holders operating DC-9 series 10 airplanes to determine the 
adequacy of flightcrew training programs related to airframe icing 
conditions. 

FAA Comment. The FAA agrees with the intent of this safety 
recommendation and plans to issue an air carrier operations bulletin 
(ACOB) directing principal operations inspectors (POIs) to review 
flightcrew training programs of certificate holders that operate 
DC-9-10 series airplanes. This ACOB will direct POI'S to ensure 
thzt spe?ecif;.c atfemion is directed tsward th,e adequacy of tskisg 
objectives, methods, media, and evaluation techniques which 
involve instruction related to airfmne icing conditions. 



Evaluate the need for actions as described in Safety 
Remmendations 8-91-123 thrmgh A-91-125 for other transpoxlit 
category turbojet airplanes that do not k ~ v z  leading edge devices 
and are pficulariy susceptibfe to fight control probiems arising 
from small mounts of frost, ice or snow OR the wiigs. 

FAA Comznent. The FAA conducted a survey of Baaing, Douslas, 
and Lockheed &,planes not having !cading edge devices, other &an 
the  DC-9-iO series airpiane, and found that &lese a i r p i e s  are not 
considered particularly susceptibie to flight control probiems arising 
from smalf amounts of frost, i c e ,  or snow on the wings. %e FAA is 
continuing its eEort to identify other transport category turbjex 
airplanes which do not have leading edge deice or anti-ice devices. 

A-91-127 

Evaluate a procedure to use the max&.um rotation speed during 
takeoff that wili retain the presentiy required end of ntnway and 
climb gradient safety margins when operating on runways that 
exceed the minimum takeoff runway length required require 
operators to provide maximum rotation speed idormarion to 
DC-9-series 10 flightcrews for use in winter operations. 

FAA CoiaunenF. The F,?A has studied various propads to increase 
the rotation speed during takeoff. These proposals were further 
evaluated and rejected as aperationally unsatisfactory. Tire FAA 
believes that the actions required by AD 92-03-01 mentioned in 
X S ~ Q ~ S ~  to Safety Recommendations A-41-1 23 and - 124 are 
intended t~ prevent ice contamination which could result in the 
degradation of wing lift and stall at lower than nomtal angles-of- 
attack during takeoff. 

A-91-128 

Requk air carrier operators, when acquiring a new model aircraft, 
to fonnally request from the manufacturer all pertinent infomation 
p~viously disserninacyd regarding the operation of the particular 
aircraft type. 
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. 

FAA Gmme~& The FAA will issie an ACOB directing that PO& 
q u e s t  &a? opmtors who add a new type aircraft to their flee: 
acquire ail avaiiable infomation fkom the manufacturer which is 
pertinent to &e opemtion of the aircraft before introdwing the 
aimall into wmue service. 

Based on these responses, the Safety Board classified the 
rectsmmendations as follows: 

A-91-123: Closed-Acceptable Ac.5on 
A-91-124: @losed--Accepaable Action 
A-91-125: Open--Acceptable Alternate Response 
A-91-126: Open--Unacceptable Response 
A-91-127: Open--Unacceptable Response 
A-91-128: Open--Acceptable Alternate Response 

The reasoning for each action was as fcllows as transmitted to the FAA 
in the Board's June 25,1992, letter: 

A-91-122 

The Sdety Board is pleajed to note that on Jaf.1ua.y 3, 1992, &e 
FAA issued Airworthiness Directive (AD; 92-03-01 (Docket 
No. 92-NM-01 -AD) fulfilling the intent of Safety Recomendation 
A-91-123, which is now classified as "Closed--Acceptabk Action." 

A-91 - 124 

The Safety Board notes that AD 92-03-01 requires a revision to the 
airplane flight manual specifying that a visual and hands-on check 
must be accomplished before takeoff, The AD fulfills the intent of 
this safety recommendation, which is now classified as 
"Closed--Acceptable Action." 

A-91-125 

The Safety Board notes that the FAA agrees with the intent of this 
safety recommendation and intends to issue an Air Car.ier 
Operations Bulletin (ACOB) on this subject. Accordingly, Safety 



Recommendation A-91-125 is classified as "Open--Acceptable 
Alternate Response." 

A-91-126 

From your response, we assume that you intended to refer to 
airplanes that do not have ieading edge devices. In that case, we 
would like to know the basis upor? which the Douglas DC-8 was 
evaluated since some of the manufacturer's OWR literature cites that 
airplane's susceptibility to control problems with minimal wing 
contamination. 

On March 22, 1992, a Fokker F-28 crashed during takeoff at 
CaGuardia Airport in weather conditions conducive to the 
accumulation of snow or ice on the airplane. While the 
investigation is not complete, the Safety Board is examining the 
possibility of degraded aerodynamic performance resulting from 
wing contamination. Because the Safety Board believes that the 
FAA should take more positive action to ensure that the operators 
of airplanes, other than the DC-9 series 10, adequately address the 
problems of winter operations in flight mamals and training 
progrms, Safety Recommendation A-91-!26 is classified as 
"Open-Unacceptable Response." 

A-91-127 

The Safety Board continues to believe that procedural changes that 
car, provide great.er safety margins between takeoff speed and 
aerodynamic stall speed can be implemented without compromising 
other takeoff safety considerations on those infrequent occasions 
when snow or ice contamhation are possible. 

We understand that the use of higher rotation speeds must be 
predicated upon available runway length ar,d proper engine 
performance as the airplane reaches currently specified rotation 
speeds. However, the Board believes that pilots can be trained to 
revert to normal takeoff procedures in the eveni of an engine faifure. 
Furthermore, the Board believes that the modification of procedures 
in those instances when wing contamination is possible is analogous 
to the procedures contained in the Windshear Training Aid 



. 

. 
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Based on this response, on July 17, 1992, the Board classified both 
SaFi-ty Recommendations A-91 - 125 and A-9 1 - 128 2s "Ciosed--Accepabie 
Alternate Action." The reasoning for these classifications was as follows: 

A-91-125 

The Safety Board notes that the FAA issued Air Carrier Operations 
Bulletin (ACOB) 3-92-1, Airframe Icing Training for Aircrews 
opeating DC-9-10 Series Airplanes, DC-9-SO Series Airplaqes, m d  
Model MD-88 Airplmes. This bulletin directs f90b to ensure than 
their respective operators are aware of airframe icing problems and 
fiat tne flightmew mining p r o g m s  and operations manuals 
contain guidance and procedures for conducting visual and physica! 
(hands on) inspections of rhese aircraft .when icing conditions exist. 
Based on the above information, Safety Recomqendation A-91 - 125 
is classified as "Closed--Acceptable Alternate Action." 

A-91-128 

The Safety Board notes that the FAA issued ACOB 8-92-1. 
Requesting Previously Disseminated Enformation Regarding the 
Operation of a New Model Aircraft. Based on the above 
information, the Safety Board classifies Safety Recommendation 
A-91-128 as "Closed--Accep&bie Akernate Action." 

Safety Recolamendations A-91-1 26 and -1 24 continue to De held as 
"Bpen--Unacceptable Response." The Safety Board is awaiting further respoils& to 
Lese safety recommendations. 




