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NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D.C. 20594 

AIRCRAFT ACCIDENT REPORT 

Adopted: July 10,1985 . 

WORLD AIRWAYS, INC., FLIGHT 30H 
McDONNELL DOUGLAS DC-10-30 CF. N113WA. 

BOSTON-LOGAN INTERNATIONAL AIRPORT 
BOSTON, MASSACHUSETTS 

JANUARY 23,1982 

SYNOPSIS 

On ~anuary  23, 1982, World Airways, Inc., Flight 30H, a McDonnell Douglas 
DC-10-MCF, was a regularly scheduled passenger flight from Oakland, California, t o  
Boston, Massachusetts, with an en route s t o p  a t  Newark, New Jersey. Following a 
nonprecision instrument approach to  runway 15R at Boston-Logan International Airport, 
the airplane touched down about 2,800 feet beyond the displaced threshold of the 
9,191-foot usable part of the runway. About 1936:40, the airplane veered t o  avoid the 
approach light pier a t  the departure end of the runway and slid into the shallow water of 
Boston Harbor. The nose section separated from the fuselage in the impact after the 
airplane dropped from the shore embankment. Of the 212 persons on board, 2 persons a re  
missing and presumed dead. The other persons onboard evacuated the airplane safely, 
some with injuries. 

The weather was 800-foot overcast, 2 l/2-miles visibility, with light rain and 
fog. The temperature was 38Owith the wind from 165O at 3 kns. The surface of runway 
15R was covered with hard-packed snow and glaze ice overlaid with rainwater. Runway 
braking was reported by a ground vehicle 2 hours before the accident as "fair t o  poor"; 
subsequently, several pilots had reported braking as "poor," and one pilot had reported 
braking as "poor t o  nil." 

The National Transportation Safety Board determines that the pffcbable cause 
of the accident was the minimal braking effectiveness on the ice-covered runway; the 
failure of the Boston-Logan International Airport management to  exercise maximum 
efforts to assess the condition of the runway t o  assure continued safety of landing 
operations; the failure of air traffic control to  transmit the most recent pilot reports of 
braking action to  the pilot of Flight 30H; and the captain's decision to  accept and 
maintain an excessive airspeed derived from the autothrottle speed control systemsduring 
the landing approach which caused the airplane t o  land about. 2,800 feet beyond the 
runway's displaced threshold. 

. . .-.- 
Contributing t o  the accident were the inadequacy of the present system of 

reports to  convey reliable braking effectiveness information and the absence of provisions 
in the Federal Aviation Regulations to  require: (1) airport management t o  measure the 
slipperiness of the runways using standardized procedures and t o  use standardized criteria 
in evaluating and reporting braking effectiveness and in making decisions to  close 
runways, (2) operators t o  provide flightcrews and .other personnel with information 
necessary to  correlate braking effectiveness on contaminated runways with airplane 
stopping distances, and (3) extended minimum runway lengths for landing on runways 
which adequately take into Consideration thereduction of braking effectiveness due t o  ice 
and snow. 



1. FACTUAL INFORMATION 

History of the Flight 

On January 23, 1982, World Airways, InC., Flight 30H, a McDonneU Douglas 
DC-10-30, was a regularly scheduled passenger flight from Oakland, California, t o  
Boston, Massachusetts, with an en route stop a t  Newark, New Jersey. 

During the en route flight t o  Newark, the captain of Flight 30H monitored the 
half-hourly weather broadcast of East Coast airports. Immediately before the landing at 
Newark International Airport, New Jersey, braking had been reported as "fair t o  poorn and 
taxiway braking as "nil." The DC-10-30 was landed on the 8,600-foot runway without 
incident. During his Newark layover, the captain checked the weather sequences and 
found that the weather was deteriorating at his previously selected flight plan alternate 
airports, Bradley and Newark. Accordingly, he refiled his flight release to change his 
alternate airports to  New York (Kennedy) and Philadelphia. He also added 10,000 pounds 
of fuel and computed his revised weight and balance calculations. Flight 30H departed 
Newark Airport for Boston-Logan International Airport a t  1848. I/ 

At 1859, while en route at an altitude of 17,000 feet, Fli ht 30H made initial 
radio contact with the Boston Air Route Traffic Control Center f ARTCC). At 1903, 
Flight 30H was transferred to  Boston approach control, where the controller vectored 
Flight 30H by radar from the Boston VOR 21 to  an outboard track parallel to  the runway 
15R VOR approach course and positionecthe airplane for a left turn onto the final 
approach. (See appendix D.) The approach controller had been requested by Logan Tower 
t o  space inbound traffic a t  7-mile intervals because of slippery runways and closed 
taxiways. The airport was to  be closed for plowing of the intersection at runway 15R and 
runways 4R and 4L after  Flight 30H landed. An approach controller asked the pilot of 
Flight 30H if he had received Automatic Terminal Information Services (ATIS) "X-Ray" 
and Field Condition Report 6. The pilot stated that he had received both reports. 31 

The captain noted as the airplane was descending to 6,000 feet m.s.1. that the 
ram air temperature was higher than the temperature which would require the use of 
anti-icing equipment, and he observed no ice accumulation on the airplane. 

The captain continued to  descend with the autothrottle/speed control (ATISC) 
system engaged to  control airspeed while using manual flight control without the 
autopilot. The captain used this technique frequently, a procedure suggested by the 
airplane manufacturer and accepted by World Airways. As the flight was cleared t o  
descend to  4,000 feet, the captain ordered the trailing edge flaps extended to  22' and 

11 All times herein are eastern standard time based on the 24-hour clock. - 
21 Very high omni-directional range. - 
3/ The essential portion of the ATIS information stated, "...Boston weather measured 
ceiling eight hundred overcast; visibility two and one half miles and light rain and fog.- 
Temperature three five, dewpoint two three, the wind is one eight zero a t  six... Braking 
action is fair t o  poor reported by a seven two seven on runway one five right. All field 
surfaces are covered with a thin layer of ice...." [The dewpoint was incorrect. Actual 
dewpoint was 3 3 O . I  Field Condition Report 6 stated, "...Runway one five right, three 
three left is open and plowed full length and width, surface sanded fifty three feet on 
either side of the centerline. Surfaces covered with up to  one quarter inch hard packed 
snow with drifts up to  one inch inside light lines a t  intersection of runway four right. The 
runway markings are obscured, the braking action is fair to  poor, reported by a seven two 
seven. Use caution, some runway and taxiway markings are obsc~red....~~ (See 
appendixes E and F.) 



selected a speed of 164 kns in the AT/SC system. This speed was obtained from 
appropriate flight manual data based upon the 22' flap configuration and the calculated 
airplane gross weight of 365,000 pounds t o  provide a 30-percent margin above the 
airplane's power off stall speed (1.3 Vso). However, the first officer saw that the AT/SC 
system would not accept the 164-kn command as indicated by the display of the word 
'ALPHAw on the flight mode annunciator. 4/ The first officer then increased the selected 
speed until the ALPHA display cleared. The selected speed was 174 kns and the airplane 
stabilized a t  176 kns. The captain remarked to  the other crewmembers that  this was 
10-kn higher than desired but he accepted the higher airspeed. I 

The captain selected 35' flaps when on final approach. The captain stated that  
this flap selection was based on his assessment of the winds along the final approach path 
and the flight profile for a non-precision approach. Again the selection of the desired 
speed, 150 kns (Vref +5), resulted in the ALPHA display on the flight mode annunciator. 
The selected speed was again increased t o  the minimum speed acceptable by the ATISC, 
158 kns. The airplane then stabilized a t  160 kns. 

At 1920, after an inquiry from the approach controller, Flight 30H reported 
that  the inertial wind at 4,000 feet was from 226' and at a speed of 65 kns. Two minutes 
earlier, another inertial-equipped airplane landing ahead of Flight 30H on runway 15R had 
reported t o  the controller wind a t  2,000 feet from 197' at 60 kns. Flight 30H did not 
encounter any significant turbulence. This wind report from the preceding airplane was 
relayed t o  the Flight 30H flightcrew by the approach controller, because Flight 30H was 
not on the controllervs frequency when the pilot's report was given. Flight 30H did not 
directly hear any wind reports or braking action reports from preceding airplanes while on 
the approach control or tower frequencies, nor was Flight 30H given any pilot braking 
reports by the controllers. 

At 1932, as Flight 30H was approaching 3,000 feet, the captain was 
maintaining a 14'right drift correction t o  hold the inbound VOR course. At this time, 
Flight 30H was cleared to  contact Logan Tower, and the first officer reported t o  the 
tower controller that Flight 30H was approaching the final approach fix. The tower 
controller cleared the flight to  land on runway 15R and informed the flight that the 
surface wind was 180' at 3 kns. After passing the final approach fix, the captain started 
the descent t o  780 feet, the minimum'descent altitude (MDA). One hundred feet above 
MDA, the first officer called "the ground in sight." The captain stated that near MDA, he 
sighted the airport lights off to  the left and continued the descent t o  about 500 feet, 
where he stopped the descent and leveled the airplane. According t o  the first officer, 
when the airplane reached the MDA he could see the city lights but the forward visibility 
was poor. The first officer estimated that about 2 miles from the approach end of 
runway 15R, forward visibility improved and he saw the approach lights and runway lights. 
The first officer called the lighted glidepath of the visual approach slope indicator (VASI) I 
as 'Ved-red,n indicating that the airplane had not intercepted the on-course descent path 
of the VASI. (See appendix H.) As the airplane was flown into the center of the VASI 
glidepath, the captain continued the descent t o  the runway. The captain believed that the 
airplane touched down on the runway between 1,000 feet and 1,500 feet from the 
displaced threshold. 

4/ The word ALPHA on the flight mode annunciator will appear when the speed selected 
on the ATISC is below the 1.3 Vso speed computed from configuration, attitude and 
acceleration data in the ATISC computer. Thiseis the minimum speed which will be 
commanded by the AT/%. 

Preceding page blank 



The airplane touched down a t  1935:57. Immediately upon touchdown, the 
captain realized that the runway was very slippery. He recognized the slipperiness by the 
gentle, sliding contact of the landing gear with the runway, and he was aware that the 
ground spoilers, which automatically deploy on main wheel spinup, 51 had not extended 
after the landing. However, as the nose wheel was lowered t o  the runway and the engines 
were put into the reverse thrust range, the ground spoilers deployed. Several seconds 
later, the captain applied full reverse thrust on all  engines and fully depressed the brake 
pedals, where he held them throughout the landing roll. At 1936:08, about 11 seconds 
after touchdown, the captain called out "no braking," which was followed 14 seconds later 
by his second "no-braking" callout. He did not experience directional control problems, 
although he had little steering control. About 9 seconds later, he remarked that the 
airplane was going t o  go off the end of the runway, and the first officer immediately 
notified the tower controller. When the captain realized that he could not stop the 
airplane on the runway, he steered i t  t o  the left t o  avoid the runway 33L approach light 
pier. Four seconds later, at 1936:40, Flight 30H went over the sea wall and into Boston 
Harbor. (See figure 1.) . . 

Because of the reduced visibility, traffic controllers in the Logan Tower lost 
sight of Flight 30H as it reached the end of runway 15R. After the first officer's last 
transmission, local and ground controllers radioed for confirmation of Flight 30Hts 
location. Upon receiving no response, the tower supervisor activated the emergency 
alarm to  the airport fire department, and the airport was closed t o  air traffic. The 
crashlfirelrescue facilities of the airport responded immediately. 

The airplane had stopped in shallow water at the edge of the harbor, 110 feet 
lef t  of the runway centerline and midway between the approach light pier and the large 
granite stone blocks which lined the top of an earthen embankment. The 30-foot gravel 
and mud slope dropped about 10 fee t  from the top of the embankment t o  the shoreline. 
Under the airplane, the muddy harbor bottom continued in a gradual 5' slope. As 
Flight 30H entered the water, the wing-mounted engines were flooded and stopped 
running; however, the centerline engine continued to run a t  full reverse thrust. At the 
time of the accident, the water was 4 feet  deep at the bottom of the 4R exit door 
evacuation slide and 2 feet deep between the right wingtip and the shore. The airplane 
was canted t o  the right of the shoreline, and the distance between the right wingtip and 
the shore was less than 4 feet. 

The accident occurred at 1936:40 during the hours of darkness a t  coordinates 
42' 21' 3"N latitude and 70' 59' 6"W longitude. 

1.2 Injuries to Persons 

Injuries Crew - Passengers 
Cockpit - Cabin 

Fatal 0 0 2 (Presumed) 0 
Serious 1 1 2 0 
Minor 0 5 19 
None 2 3 174 

2 71 
0 

Total 3 9 200 - 61 2 

51 Ground spoiler extension spoils lift, thereby increasing braking efficiency. If upon - 
touchdown, the spoiler handle does not move aft,  World procedures call for the flight 
engineer to call out "no spoiler," and on the pilot's command, the flight engineer will 
manually activate the spoiler handle. 
61 Includes three unticketed infants. 
71 Rescue personnel 



Figure 1.--Flight 30H as it rested in Boston Harbor. 



Damage to Aircraft 

The airplane was substantially damaged. 

Other Damage 

None. 

1.5 Personnel Information 

The flightcrew was qualified for the flight and had received the required 
training. All flightcrew members denied they were fatigued before the accident. 
Following the accident, the captain submitted t o  and passed a FAA first-class medical 
examination. (See appendix B.) 

1.6 Aircraft Information ' 

The airplane, a McDonnell Douglas DC-10-30CF, N113WA, was operated by 
World Airways, Inc. The airplane had been maintained in accordance with applicable 
regulations. At the time of the accident, the No. 1 system of the dual autothrottle 
system and the auxiliary power unit were inoperative; N113WA had had about 6,327 hours 
in service since new. 

The flightcrew estimated that  the airplane's gross weight was about 
365,000 pounds at the time of landing and used this weight t o  determine appropriate 
approach and landing speeds. The airplane was powered by three General Electric 
CF6-50C2 high-bypass-ratio turbofan engines. Except for a deferred item involving the 
No. 1 ATISC system, a review of the inspection records for the engines and the airplane's 
logbook for the 90 days preceding the accident did not reveal any significant deferred 
maintenance items. (See appendix C.) The AT/SC systems had been written up on three 
separate flights as follows: 

1. January 21, 1985, "No. I autothrottle drops off intermittently." 
2. January 22, 1985, "Alpha speed 20 knots low on both throttles." 
3. January 22, 1985, "No. I autothrottle drops off oc~asional ly .~  

The airplane's flight logbook showed that  corrective action in accordance with prescribed 
maintenance procedures was accomplished for the first two entries. With regard t o  the 
third entry, the writeup was placed in "carry overw status, and the No. 1 ATISC system 
was placarded "inoperative." 

1.7 Meteorological Information 

The 1900 hours National Weather Service (NWS) environmental analysis showed 
that  there was a large low pressure area north of Lake Huron which was influencing the 
weather over the eastern United States. At the surface, there were troughs extending 
south through Virginia and east through Massachusetts. The freezing level was near the 
surface in northern New England and sloped t o  8,000 feet over southwestern Pennsylvania. 
Surface conditions in the vicinity of Boston-Logan International Airport were 
characterized by southerly winds, overcast skies, and light rain and fog. Surface 
temperatures were slightly above freezing. The surface winds were light; however, above 
the surface, lower level wind speed increased rapidly. A' significant weather advisory 
(SIGMET), in effect for the area at the time of the accident, forecast frequent moderate 
or severe turbulence below 10,000 feet, especially within 3,000 feet above rough terrain. 
Low level wind shear was possible because of strong low level winds. 



The Boston-Logan terminal forecast, issued by the NWS Forecast Office, 
Boston, at 1640, valid from 1700, January 23, to  1700, January 24, was in part: 

Boston: Ceiling 400 feet obscured, visibility 1 mile, reduced by 
light snow, light ice pellets, and fog. Wind 120' 15 kns gusting t o  
25 kns, variable to  ceiling 500 feet overcast, visibility 2 miles in 
light freezing rain, light rain, and fog. 

The 1900 upper air sounding taken by the NWS a t  Chatham, Massachusetts, 
showed a surface temperature of 37' F. and an inversion from the surface to  2,700 feet  
where the temperature was 43' F. The freezing level was 8,400 feet. 

Based upon information from the radar log and radar overlays from the NWS 
radar a t  Chatham at 1830, Boston Logan was on the western edge of an area of 
7/10 coverage of light rain, light freezing rain, and snow. The tops of precipitation 
echoes were uniform at 15,000 feet. There was no evidence of convective activity. At 
1930, the precipitation area ,  which was reported as 7/10 coverage, light rain and snow, 
tops uniform at 15,000 feet, was t o  the east of Boston. 

Wind information reported by the NWS at 1900 for Atlantic City, New Jersey, 
and Portland, Maine: (These represent the nearest wind reports available from NWS.) 

Altitude Wind direction Wind speed 
(feet above sea level) (degrees true) (knots) 

Atlantic City Surface 
923 

Portland Surface 
989 

1,920 
2,851 
3,769 
4,647 
5,575 

350 
133 
142 
148 
163 
172 

msng 

37 
42 
52 
60 

msng 

There were two reports from pilots of other airplanes of winds over Boston 
near the time of the accident. At 1906, Northwest Flight 42, a DC-10-40, reported the 
wind a t  4,000 feet  as  220' 60 kns and a t  1,400 feet as  180' 20 kns. At 1918, Delta 
Flight 1025, a Lockheed L-1011, reported the wind at 2,000 feet a s  197', 60 kns. 

From 1900 to  2000, the wind gust recorder at Boston-Logan International 
Airport showed a maximum wind speed of 8 kns and a minimum of 2 kns. From 1930 t o  
1940, the maximum speed was 6 kns at 1940 and the minimum was 2 kns a t  1930 and 1935. 
The wind speed at 1936 was 3 kns. 

The surface weather observations before and after the time of the accident, 
taken by the NWS Forecast Office a t  Boston-Logan Airport were as follows: 



Time -- 1850: type -- surface aviation; ceiling -- measured 
800 feet overcast; visibility 2 112 miles; weather -- light rain and 
fog; barometer -- 1000.9 millibars; temperature -- 35'F; 
dewpoint -- 33'F; wind -- 120' 8 kns; altimeter -- 29.55 inches; 
remarks -- pressure falling rapidly. 

Time -- 1945: type -- special; ceiling -- measured 600 feet 
overcast; visibility -- 1 112 miles; w e a t h e r ~ l i g h t  rain and fog; 
wind -- 120' 4 kns; altimeter--29.49 inches. 

Time Ã 1951: type -- record special; ceiling -- measured 600 feet 
overcast; visibility -- 1 112 miles; weather -- light rain and fog; 
barometer -- 998.3 millibars; temperature -- 38' F; 
dewpoint -- 36'F.; wind -- 130' 4 kns; altimeter -- 29.48 inches; 
remarks -- (aircraft mishap) pressure falling rapidly. 

At Boston-Logan Airport on January 21, the maximum temperature was 20Â°F 
the minimum was ?OF; on January 22, the maximum temperature was 15OF., the minimum 
was 2' F; and on January 23, the maximum temperature was 38' F, the minimum was 6' F. 

The following are precipitation records for January 23 from Boston-Logan 
Airport considered pertinent t o  the accident: 

Precipitation Snow Total Snow 
Period - (water equivalent) Amount 

(inches) 

1850-0049 
Total 

Period Type of Precipitation 

0424-1615 light snow 
1040-continuous fog 
1536-1630 ice pellets 
1630-1725 light drizzle 
1720-2020 light rain 
2020-2304 light drizzle 

Pilot braking reports.--About 1 hour 46 minutes before the accident, the pilot 
of a Piedmont Airlines B-727 reported that the braking was "fair t o  poor." He was the 
first pilot to  land after the runway had been reopened a t  1736. At 1849, a Northwest 
B-747 pilot landed and reported braking a s  "fair to poor." Nine minutes later, however, a 
Delta DC-8 pilot reported braking as "poor t o  nil." In a written statement submitted 
after the accident, he said that he landed in the normal touchdown zone, applied full 
reverse thrust, and minimized brakes applications for controllability. He recalled that the 
last 1,000 feet of the runway was very slippery, and he found wheel braking ineffective. 
At 1903, a British Airways Lockheed L-1011 pilot reported t o  the tower that, because of 
runway slipperiness, he was having trouble aligning the airplane with the runway for 
takeoff. At  1915, a Republic Airlines B-727 landed and the pilot did not report braking 
conditions to  the tower. He later told investigators that he was given the Delta DC-8 
"poor t o  niln braking report, and he found that braking was worse than poor at the end of 



the rollout. Four minutes later, a Delta Lockheed L-1011 pilot, who had received the 
"poor to  niln braking report from his airline's local operations center, landed without 
making his own braking report. He found the runway slippery and stopping the airplane 
difficult. 

At 1921, an American B-727 pilot landed on runway 15R, but he did not report 
the braking conditions. He found upon landing that ". . .the runway was very slick." Four 
minutes later, a Northwest B-727 landed and the pilot reported the braking as "poor." 
This pilot recalled that he landed 1,000 feet to 1,500 feet from the displaced threshold, 
and he applied two-thirds of the maximum available brake pressure and full reverse engine 
thrust immediately upon touchdown. He applied full brake pressure when one-half of the 
runway remained. He said that he could not stop at  his intended turnoff point on 
runway 27. At 1928, a Northwest Airlines DC-10 landed and reported <the' braking"= 
"poor." This pilot stated later that after landing he activated reverse thrust on all three 
engines as quickly as possible and the engines spooled up evenly. When he applied wheel 
braking, he did not feel any deceleration. He stated that he would have normally started 
out of reverse thrust at  80 kns indicated airspeed (KIAS), but because of noticeably high 
rollout speed when 3,000 feet of runway remained, he left the three engines in the reverse 
thrust range. As the airplane slowed, the No. 3 engine compressor stalled and the engine 
temperatures exceeded limits. He recalled braking and steering difficulty as he turned 
the airplane onto the taxiway at the end of the runway. At 1933, an American Airlines 
B-727 pilot landed but did not report the runway conditions. He stated later that wheel 
braking was largely ineffective because the runway was extremely slippery. Reverse 
thrust was used to  stop the airplane as he proceeded on the taxiways to  the terminal area. 

During the hour before the accident, four pilots had executed missed 
approaches. At 1847, a Piedmont Airlines B-727-200 made a missed approach to runway 
15R when the airplane was not in position to  make a normal descent to  the runway. At 
that time, the ceiling was reported to be a measured 800 feet, with visibility a t  2 miles. 
At 1854, a Republic Airlines B-727-200 made a missed approach to  runway 15R when the 
airplane broke out of the overcast a t  a point from which the pilot could not complete the 
landing. At 1906, a Northwest Airlines DC-10 pilot found the ceiling ragged at MDA, with 
visible precipitation. He saw the runway at about 2 miles and made a missed approach. 
These three airplanes completed their second approach successfully. 

At 1909, the fourth airplane, an American B-727-100, which did not have the 
runway in sight a t  780 feet (MDA), was directed to  make a missed approach when a British 
Airways L-1011 had difficulty taking position for departure on-runway 15R. fiis second 
descent to MDA was similar to the  first. He did not have runway contact upon first 
reaching 780 feet; however, he subsequently sighted the runway and was able to complete 
his landing. 

Aids to Navigation 

A VOR distance measuring equipment (DME) instrument approach procedure 
serves runway 15R at the Boston-Logan International Airport. The procedure begins at an 
altitude of 4,000 feet, a distance of 15-mile DME from the VOR site, and an inbound 
heading of 147'. An altitude profile positions the landing airplane a t  1,400 feet when 
passing the 5-mile DME fix, where the pilot is authorized to descend to the MDA of 
780 feet. The required visibility for class-D type airplanes (such as the DC-10) is 
2 1 /2  miles. The missed approached point is over the runway 15R threshold, which is 
1.4-mile DME from the VOR site. The touchdown zone altitude is 18 feet m.s.1. 

At Boston-Logan, runway 15R has a 2-bar visual approach slope indicator 
(VASfi system installed adjacent to  the left side of the runway. On runway 15R, the 



glidepath intersect distance is 1,183.3 feet from the displaced threshold. The system 
consists of lights arranged to provide visual descent guidance information and safe 
obstruction clearance during the approach to  a runway. During darkness these lights can 
be visibile up to 20 miles or more. The light units are arranged so that the pilot using the 
VASI during an approach will see a combination of lights. When on the proper glidepath of 
a 2-bar VASI, the pilot will see the near bar as white and the far bar as red. From a 
position below the glidepath, the pilot will see both bars as red, and from a position above 
the glidepath the pilot will see both bars as white. From other glide slope positions, the 
pilot will see a combination of pink and red or white lights. 

The 2-bar VASI system can be used in establishing the desired initial approach 
flightpath, but must be disregarded by pilots of wide-bodied aircraft, such as the DC-10, 
in sufficient time to make corrections that will afford adequate threshold crossing height 
and normal touchdown points. The 2-bar VASI cannot be used by pilots of these airplanes 
to provide guidance all the way to touchdown because of the position of the landing gear 
relative to the pilot's sight reference. In the case of the DC-10, the landing gear are 
33 feet below and 94 feet behind the pilot's sight reference when the airplane is in the 
approach attitude. Consequently, i t  is recommended that DC-10 pilots disregard visual 
cues from 2-bar VASI installations at a minimum height of 200 feet above the runway 
threshold. 

A 3-bar VASI system is installed at some airports. With this system, the third 
bar, located farther down the runway, is used in combination with the middle bar by the 
pilot of widebodied airplanes to maintain a glidepath having adequate threshold crossing 
height (TCH) and runway touchdown safety margin. 

1.9 Communications 

There were no known communications problems. 

1.10 Aerodrome Information 

Facilities.--General Edward Lawrence Logan International Airport is located 
at an elevation of 20 feet m.s.1. The landing surfaces include four main runways, which 
are provided with several instrument landing facilities. Runway 15R is 10,081 feet long . 
and 150 feet wide. The usable length from the displaced threshold is 9,191 feet. The 
runway is grooved and is equipped with high intensity runway lights, centerline lights, 
touchdown zone lights, and a medium intensity approach light system. (See appendix D.) 
On July 13, 1981, the runway 15R instrument landing system (ILS) DME facility was taken 
out of service to  relocate the localize? and DME equipment on a centerline runway 
location. However, electronic problems were encountered at the new site and the 
restoration date could not be met. Therefore, the original offset location was 
reestablished to provide instrument approach capability to runway 15R during the winter. 
Restoration of full ILS/DME service was planned for February 4, 1982. The airport has 
available a mu-meter, but uses it only for runway maintenance evaluation. 

Snow removal.--By management directive of the Massachusetts Port 
Authority, the overall responsibility and conduct of snow removal operations at Logan 
International Airport, including sanding of active airplane areas, is assigned to  the 
Director of Aviation. The FAA-approved Massport Snow Plan also directs that the 
Manager of Public Safety, Operations Manager, Field Maintenance Manager, or Building 
Maintenance Manager be physically present on the airport during major snow removal 
operations when crews are working on either of the primary instrument runways or 
associated taxiways. The snow plan had been in effect for 2 days before the accident. At 
the time of the accident, these personnel were present at the airport, except for an 



Operations Manager. This position was vacant a t  the time of the accident; however, 
coverage of the duties of the position was assigned t o  the Operations Supervisor on duty. 
The responsibility of the Operations Manager is t o  insure that  weather forecasts are  
maintained, braking action vehicle checks of ground surfaces are  made, airfield condition 
reports (AIRAD'S) which outline actual airfield conditions are issued, snow removal plans 
are implemented as necessary, and snow removal and sanding operations are coordinated 
with the FAA for planning purposes. AIRAD information is incorporated into the FAA's 
ATIS and Field Condition Reports. Massachusetts Port Authority management had used 
chemicals on contaminated runways in the past, but found that the use of sand was the 
most effective means of providing acceptable airplane braking. Urea and glycol are  
normally used on runway surfaces since they are noncorrosive; however, they have the 
disadvantages of being slow acting and or losing effectiveness. Also, puddling and 
refreezing can occur. Accordingly, Boston-Logan airport management discontinued the 
use of urea. However, i t  is considering combinations of sand and chemicals. 

The Logan Snow Plan provides for a Snow Watch Committee, which is headed 
by the Manager of Public Safety and is comprised of airport personnel, an FAA 
representative, and airline representatives. During snow removal operations, a member of 
the Snow Committee, preferably an airline chief pilot, will accompany the Operations 
Supervisor during his inspection of the airfield. Inspections are  begun as soon as snow 
begins to  accumulate, surface ice occurs, or when pilot reports indicate poor braking. 
Committee members on duty are  directed to make continuous inspections of the field 
surfaces whenever there are  changes in snow, slush, or ice accumulations. TOe inspections 
are conducted by a 4-wheel-drive vehicle in order t o  obtain braking action, and a report of 
these inspections is published on the teleprinter. 

The snow plan was put into effect the day before the accident. On the day of 
the accident, runway 15R was opened a t  1405 after  the runway had been plowed full 
length and width and sanded 50 feet on each side of the centerline. Numerous scattered 
bare patches were reported; however, runway markings were obscured. Braking action, 
determined by a vehicle inspection, was fair. At 1440, runway 9/27 was reopened after  
plowing was completed. Braking action on this runway also was reported t o  be fair. At 
1630, runway 15R-33L was closed for snow removal, and 9 minutes later, an AIRAD was 
issued to  expect the closing of runway 4R-22L at 1730 for snow removal. At 1715, the 
tower issued a report via teleprinter that a B-737 and a DC-8 had reported braking action 
"nil" on runway 4R. At 1736, runway 4R-22L was closed for snow removal. 

Runway 15R was reopened at 1736 by the Operations Supervisor. Prior to 
opening the runway, the Operations Supervisor, accompanied by the airline pilot 
representative on the Snow Committee, had driven a 4-wheel-drive vehicle down runway 
15R to  evaluate the braking conditions. The braking was reported by the Duty Operations 
Supervisor t o  be "fair to  poorv following the test drive. At the time, all  the runway 
markings were obscured by snow and a light rain was falling. The Operations Supervisor 
stated that pilot reports of braking on the FAA ground control frequency are  monitored, 
and if the supervisor hears a pilot reporting "poor" braking, he will listen for the  type of 
airplane, the airline which is reporting, and the pilot's description of the runway condition 
so that he can form a subjective opinion of the validity of the report. If he receives more 
than one "poorn report, he reinspects the runway. On the day of the accident, he did not 
reinspect runway 15R after  it was reopened. He also stated that the exchange of 
information between the Operations Supervisor and the tower facilityconsisted of 
informal conversation on the ground control frequency and information exchanges sent via 
teleprinter from the tower to  the operations control center at the north terminal. He also 
stated that there was no formal system for ensuring that all braking action reports would 
be conveyed t o  the Operations Supervisor. He had made the decision to close runway 15R 
before Flight 30H had reported t o  Boston approach control. The decision to  close runway 



15R was not related to  the condition of the runway, but was related to  the need t o  plow 
through the intersection of runway 4R and runway 15R so that runway 4R could be opened 
as the primary runway. No further sanding was considered for runway 15R. The 
Operations Supervisor had coordinated the runway closure with the tower facilities chief 
by telephone. 

rescue is 
crewmen 

Crash/Fire/Rescue Capability.--Immediate response capability for water 
provided at Boston-Logan Airport by two crash-rescue boats operated by 

of the Loean Fire Deoartment. One of these boats, an 80-foot fire boat, is 
located on the south side of the airport and i t  is manned 24 hours a day. This vessel 
carries flotation gear and a secondary 13-foot craft. The other, a 22-foot crash rescue 
boat, is housed adjacent t o  runway 27. It is cradled on a wheeled dolly with an electric 
winch to launch the vessel down inclined rails. In most cases, this vessel would be used a s  
an auxiliary craft for the deployment of rafts and life preservers in shallow water 
operations. The FAA control tower is responsible for notifying the fire department of a 
water emergency. A direct line between the two is provided. 

The FAA control tower also notifies the United States Coast Guard Boston 
Search and Rescue (SAR) Operations Center, which has the capability to direct Coast 
Guard vessels and helicopters to  the waters adjacent to the airport to augment the 
immediate response capability of the airport. The Massachusetts Port Authority 
Emergency Plan estimates that Coast Guard surface vessels will arrive on the scene no 
later than 30 minutes after  notification. Navy helicopter support is planned t o  arrive 
within 15 minutes from South Weymouth Naval Air Station and Coast Guard helicopter 
support within 30 minutes from Cape Cod Coast Guard Station. As soon as Coast Guard 
Vessels arrive on scene, the Coast Guard assumes command of the accident area. 
Underwater search and rescue capability is provided by diving units from the Coast Guard, 
the Quincy Police Department, and the Massachusetts State Police. 

1.11 Flight Recorders 

The airplane was equipped with a Lockheed Air Services 209E digital flight 
data recorder (DFDR), serial No. 448. An examination of the DFDRrevealed that i t  had 
been submerged in water. The tape medium was removed and dried shortly after  arriving 
in the National Transportation Safety Board's laboratory in Washington, D.C. All data 
parameters relevant t o  the accident were examined and printed. Three plots of selected 
parameters were made, each 00:34:12 t o  00:36:30 Greenwich Mean Time (19:34:12 t o  
19:36:30 e.s.t). The plots end a t  the time of impact. 

The airplane was also equipped with a Fairchild A-100 cockpit voice recorder 
(CVR), serial No. 748. The CVR recorder had been submerged in water and the tape was 
W e t  upon arrival in the Safety Board's laboratory. The tape was removed from the reel, 
dried, respooled, and copied. A time coded channel was put on one copy for timing. The 
CVR transcript begins when Flight 30H descended to 6,000 feet. Extraneous radio 
transmissions were omitted. There were no discrepancies of the electrical or recording 
systems. (See appendix G.) 

Following the accident, the Safety Board's laboratory examined the flight 
recorders from the last three wide-bodied airplanes t o  land at Boston-Logan before Flight 
30H. However, the tapes from only two, Northwest Airlines Flight 43, a Boeing B-747, 
and Northwest Airlines Flight 42, a McDonnell Douglas DC-10, were read out 
successfully. The tape from Delta Flight 1025, a Lockheed L-1011, was read out, but the 
information of interest had been recorded over and was lost. 



1.12 Wreckage and Impact Information 

The airplane came to  rest immersed in water up t o  the wings at high t ide and 
in a slightly nosedown attitude. The nose section, which included the cockpit area and 
first row of main cabin passenger seats, separated from the fuselage along a fracture line 
from fuselage station (FS) 370 t o  475. The nose section remained attached t o  the main 
fuselage structure by control cables and electrical wire bundles. The pressure bulkhead at 
FS 275 had been crushed a f t  a t  the fuselage bottom centerline. The main cabin floor 
beams from FS 392 t o  FS 475 failed with a progressively downward displacement of each 
floor beam. The a f t  edge of this floor section was hanging down at a 45Oangle. The cabin 
seat tracks in this area had fractured into short sections. The fractures were clean and 
bright, with the fractured surfaces about 45Oto the local surface. There was no evidence 
of compression buckling or previous cracking. The first row of passenger seats, which 
consisted of a left side module of three seats, a center seat module of two seats, and a 
right module of three seats, had separated from the floor structure as the result of the 
seat track fragmentation. The three seat modules were installed in the immediate area of 
the nose-sectionlmain-fuselage se~arat ion.  The pressure bulkhead a t  the forward end of 
the nose wheel landing gear well had been crushed inward and aft. The shear web on the 
fore and af t  nose landing gear support beams contained a 2-foot vertical fracture at the 
nose gear drag link support fittings. The fuselage attach fittings for the nose gear drag 
braces were torn from the fore and a f t  nose gear support beams, and the gear had folded 
a f t  while pivoting about the strut  trunnion axis. 

The wing leading edge slats were in the fully extended position and the wing 
trailing edge flaps were extended t o  the 35O position. The wing structures showed no 
evidence of damage from ground contact. 

The main landing gear assemblies were not heavily damaged. All main shock 
struts were extended. Examination of the tires and the brake assemblies disclosed that all 
tires were inflated t o  the proper pressures, the tire treads were worn only slightly and 
there was no evidence, such as cutting, rubber reversion, or flat-spotting, t o  indicate 
sliding or locked wheels. All brake linings were above t h e  minimum allowable wear limit. 
The inspection and testing of the main wheel transducers, the four brake manifolds, and 
the main electronic antiskid control unit revealed salt water corrosion from prolonged 
immersion. The wheel spin transducers, which generate signal voltage for automatic 
spoiler deployment and antiskid modulation, were tested. All transducers operated 
normally except No. 6, which failed to  operate because .of corrosion and a broken wire. 
The Safety Board could not determine whether the wire was broken before or during the 
accident. The four antiskid manifolds were tested. One unit had an inoperative solenoid, 
which had been saturated with salt  water. The Safety Board concluded that  the cap of the 
solenoid unit had leaked after being immersed in water, rendering the solenoid 
inoperative. 

The main antiskid control unit could not be tested because the electrical 
components had been corroded extensively by salt water. The circuit cards for each of 
the 1 0  wheels were removed from the control unit, cleared of corrosion and individually 
tested. Only 1 of the 10 cards failed the tests; the failed card was found t o  have a bad 
transistor, which could have caused low brake pressure t o  its associated brake assembly. 

The accident aircraft's three engines remained attached t o  their respective 
pylons although the right rear link of the No. 3 engine rear mount was broken through the 
center of the link at the turbine rear frame attachment clevis. A furrow was found in the 
bed of the bay behind the No. 3 engine. The furrow was about 1 foot deep, 4 t o  5 feet  
wide, and 15 feet long. There was no visible evidence of a furrow behind the No. 1 engine. 



The No. 1 engine was about 80 percent submerged and the No. 3 engine was 
completely submerged during high tide. The No. 1 engine was completely exposed at low 
tide, while about 20 percent of the bottom of No. 3 engine, including the major portion of 
the accessory gearbox, was buried in the mud and sand. The Nos. 1 and 3 engines were 
removed from the airplane for on-site evaluation and documentation. Neither engine had 
substantial mechanical damage. 

The No. 2 engine continued to run at full power with reversers extended for 
about 30 minutes after the airplane entered the water. The No. 2 engine was not removed 
from the airplane because of inaccessibility. Therefore, inspection of the No. 2 engine 
and nacelle area was limited. The inlet and cowling appeared to be undamaged and all 
latches were securely fastened. The fan rotor moved freely and visible internal parts of 
the engine were not damaged except for the effects of salt water corrosion. 
Significantly, the fan thrust reverser translating cowls and blocker doors of both 
wing-mounted engines were in the fully deployed position. 

The airplane was equipped with the required number and capacity of life rafts, 
life preservers and survival equipment for water survival. The seat cushions were a 
nonfloatable type. The normal DC-10 life raft capacity is 398 persons, with a overload 
capacity to accommodate 494 people. This provides for malfunctioning or inaccessibility 
of some rafts, such as was the case in this accident where the two forward rafts were lost 
when the nose section broke off and the rear rafts were unusable because of the high 
winds created by the centerline engine. 

1.13 Medical and Pathological Information 

One flight attendant was treated for hypothermia following immersion in the 
30Â° salt water of the harbor. Five flight attendants, 19 passengers, and 2 firemen were 
treated for minor injuries at hospitals and released. The captain was admitted to the 
hospital and treated for shock. One passenger was hospitalized for a possible anginal 
attack. One passenger suffered a depressed cervical fracture. Two male passengers, who 
reportedly occupied seats 1 B  and lC, have not been found and are presumed dead. 

1.14 Fire - 
There was no fire. 

1.15 Survival Aspects 

Emergency Plan Notification and Initial Response.--h accordance with the 
Massachusetts Port Authority Emergency Plan, the Logan Air Traffic Control Tower 
notified the Logan Fire Department at 1937 and the Coast Guard Operations Center at 
1940 that the DC-10 airplane was in the water off the end of runway 15R. The Logan 
Fire Department responded immediately dispatching emergency vehicles to the shoreline. 
The first firemen arrived at the site within 4 minutes after the crash alarm sounded. 
Vehicles were positioned on shore to provide illumination of the scene, and firemen 
discharged fire extinguishing agents into the No. 2 centerline engine intake in an 
unsuccessful attempt to stop the engine as the occupants began to evacuate the airplane. 
Since the accident site was accessible from the shore, the decision was made not to 
launch the two crash boats. 

Evacuation.--The cabin area, which were configured to seat 354 persons, was 
divided into three passenger zones. There were four floor-level exits on each side of the 
airplane: forward of zone A (exits 1 L and R), between zones A and B (exits 2 L and R), 
between zones B and C (exits 3 L and R), and the aft floor-level exits (4 L and R) between 



the last seat row and the af t  lavatory area. All exits were equipped with slidelraft 
combinat ions. 

When the airplane came to  a stop, the flightcrew, the forward cabin flight 
attendants, and the forward cabin passengers were immediately aware that  the airplane's 
nose section had separated from the fuselage. The forward passenger seat row, which was 
adjacent to  the fuselage break, and the flight attendant jump seats in the nose section had 
been thrown in the water. Passenger seat  row one, comprised of two triple seat  units and 
a double seat unit, had been occupied by three passengers. Two of these passengers are  
those presumed to  have drowned. The third passenger was able t o  climb back into the 
main cabin. 

Throughout the passenger cabin, the flight attendants directed the passengers 
t o  remain calm and to  stay seated until the situation was assessed. When electrical power 
was lost, the emergency lights illuminated. The flight attendants at exit doors could not 
see outside through the moisture-covered windows. The rear cabin flight attendants did 
not immediately realize that the airplane had stopped because the loud noise and high 
vibrations of the No. 2 engine camouflaged the impact. Even after  she became aware 
that the airplane had stopped, the senior flight attendant in the rear hesitated t o  order 
the evacuation because she knew that an engine was still running, and she was not aware 
of any structural damage, heavy smoke or flames, or other crewmembers' having started 
any evacuation. Additionally, she had not received orders t o  evacuate from the captain. 
The flight attendant in the forward cabin went a f t  t o  advise the senior attendant that the 
fuselage had broken and the passenger evacuation had begun. All emergency exits, except 
for the foremost exits which separated with the nose section, opened easily and the 
slidehafts inflated. When opened, exit L-4 was not usable because the airflow created by 
the reverse thrust of the centerline (No. 2) engine was blowing debris into the cabin and 
had blown the slidelraft against the fuselage. Evacuation was also hindered a t  exits R-4 
and L-2 when the wind twisted the slidelrafts. The majority of persons left the airplane 
through the R-3 exit, which was over the right wing. Except for the area immediately 
adjacent t o  the separation, the cabin furnishings remained generally in place. 

The captain stated that, as the airplane left  the hard surface adjacent t o  the 
runway, he felt a jarring bump and the cockpit was suddenly immersed in water. He 
stated that as sea water and debris flooded in the nose section, the three crewmembers 
released themselves from their seatbeltlshoulder harnesses and left the nose section 
through the open fuselage break. The first officer and the flight engineer swam around 
the left wing t o  the shore where they were helped up the embankment by firemen. Both 
men had trouble staying clear of debris near the airplane and heavy ice floes along the 
shore. The flight engineer estimated that  they were in the water for about 10 minutes 
before reaching the shore. As the first officer climbed the bank, he was shaking 
uncontrollably and he fell on the ice-covered ground several times before he was taken in 
a waiting vehicle. 

When the captain swam from the cockpit section, he saw two flight attendants 
and the two other cockpit crewmembers in the water with him. When he saw the gaping 
hole in the forward fuselage, he swam t o  the fuselage and climbed into the cabin. The 
two flight attendants and a passenger who were in the water also climbed up t o  the cabin 
with help from several other passengers. A t  that time, passengers were continuing t o  
evacuate the airplane through cabin doors and emergency exits. That majority of the 
passengers who departed through the R-3 overwing exit was able t o  proceed over the wing 
until they were about 10 feet from shore then wade through the 2- t o  3-foot deep water 
and up the snow and ice-covered bank. About 30 passengers departed the cabin through 
the R-4 exit into t h e  slide/raft. These persons had t o  wade about 15 t o  20 feet  through 
waist t o  chest deep water as they made their way t o  shore. Those few passengers who 



departed from the left  side of the cabin were either helped back into the cabin or swam to  
shore. The captain exited through the left overwing exit. After aiding several passengers 
who had fallen in the water, he also made his way t o  shore and was carried t o  an 
ambulance. 

The No. 2 engine had continued to  run throughout the evacuation, and in 
addition to the problems created as the reverse thrust twisted the rafts, the engine noise 
hampered verbal communications. At the request of a fireman, the flight engineer 
returned to the airplane over the right wing, reentered the fuselage through the overwing 
hatch, and proceeded to the forward cabin in an attempt to identify the No. 2 engine 
control cables. However, a t  that time, the engine began to  surge and i t  stopped running. 
The flight engineer then returned t o  shore. The engine had run for 30 t o  40 minutes after 
the airplane entered the water. 

By 1948, all passengers known to  have evacuated the airplane were on the 
shore and by 1954, those passengers started arriving at the firehouse. The rescue 
operation was terminated at 0100 on January 24, and officials believed that all persons 
aboard the accident airplane had been accounted for. Several days passed before World 
Airways, Inc., officials acknowledged that  two men were missing. A review of the World 
Airways, Inc., passenger service system revealed that  the original passenger manifest is 
derived from the reservations computers; however, since some booked passengers never 
actually board, the most accurate count is based on the flight coupons lifted when the 
passengers board the airplane. Down-line stations are advised of the numbers of 
passengers boarded, the number deplaning at the following station, and the number 
continuing through. The Boston airport office of World Airways had been advised that 
there were 196 passengers deplaning from World 30H in Boston. In this instance, the 
actual passenger count should have been 197 ticketed passengers because one passenger 
did not have his flight coupon lifted when he boarded. Further, a Massport employee 
injured a t  the accident scene was admitted to  the hospital, and he was inadvertently 
reported as a passenger. Therefore, rescue and airline personnel were satisfied that all  
persons on World 30H had been accounted for. 

At the Safety Board's request, about 25 percent of the passengers submitted 
written statements regarding the evacuation and rescue. The context of the passengers' 
comments varied from a calm and orderly evacuation t o  a slightly hysterical one. The 
differences appear t o  depend on where the passenger was located and h i sher  proximity t o  
a flight attendant who had the responsibility to  determine the safest course of action. 
Several passengers commented that  they had encountered difficulties in their use of the 
airplanes underseat life vests. A f e w  passengers commented that they had problems 
retrieving the vests from under their seats. Several commented that thev had difficultv 
opening the plastic packing of the vests. One flight attendant stated that  she had t o  use 
her teeth. Some of the passengers believed mistakenly that  the seat cushions were 
buoyant and threw cushions t o  those in the water. The cushions, however, were not 
designed t o  provide flotation. 

The most stressing element to the survivors was the cold water, 30Â°F and 
ambient air temperature, 35O F. Most of the passengers were only partially immersed for 
a short time period as they made their way from the wing or slide/raft t o  the shore. One 
flight attendant however who exited the left side of the airplane required hospitalization 
for hypothermia after having been in the water for about 10 minutes. All of the 
passengers were exposed to  the cold air temperature and the 4-kn wind after  reaching the 
shore. Several complained about the lack of timely and suitable transportation from the 
accident site to the fire station and terminal area and the lack of a warm, comfortable 
holding area to accommodate all survivors, especially those survivors who were not 
injured. About 20 passengers were driven in an open-stake truck to  the fire station 



25 minutes after  they reached the shore. Passengers stated that they had to stand for 
over an hour on a cold, cement floor of the open fire station until they were released. 
One survivor, a physician, commented on the delays incurred assigning priority t o  the 
injured passengers. While the majority of the survivors were complimentary of the rescue 
efforts, they also commented on the lack of effective organization within the rescue 
group. 

Response by Other Public Service Agencies.--Other public service agencies 
responding t o  the accident were Metropolitan District Police, Boston City Fire 
Department, Boston City Police Department, Boston Department of Health, local 
hospitals, 81 and the United States Coast Guard. 

After being notified at 1940 that a DC-10 airplane with about 190 persons on 
board was in the water off of the end of runway 15R, the Coast Guard Operations Center 
took immediate action to launch three cutters, four utility 'boats, one Coast Guard 
helicopter, and two Navy helicopters to the scene t o  augment rescue operations and 
secure the accident site. None arrived in time t o  assist in the evacuation of the airplane. 
The first Coast Guard vessel arrived on scene at 2020. The cutter PENDANT which was 
underway a t  1956 arrived on scene at 2110, at which time i t  was designated as on-scene 
commander. The Coast Guard helicopter was airborne at 2058 from Cape Cod Air Station 
and the Naval helicopters were airborne from South Weymouth a t  2103 and 2210, 
respectively. However, the three aircraft were forced t o  return t o  their bases because of 
Poor weather in the area. 

At 2058, the Coast Guard established a safety zone around the accident area. 
This order, issued by authority of 33 CFR 165, stated that  all vessels were to remain 
outside of a 2,000-yard radius of the accident site and could not enter or remain in the 
safety zone without the permission of the Captain of the Port. The message was 
broadcast every hour on maritime radio. 

At 2110, State police divers entered the water from the shore and examined 
the nose section and fuselage to determine if survivors remained in the airplane. Having 
boarded the Coast Guard patrol boat No. 44307 at 2110, Quincy police divers entered the 
water a t  2202. 

During the 4-hour period following the accident, while awaiting verification 
that  all persons on board the accident airplane had been accounted for, Coast Guard units 
treated the situation as if the possibility remained pat  persons were in the water. 
However, by 2250, all floating units had been released from the scene except the Coast 
Guard cutter PENDANT and a utility boat which remained t o  maintain the established 
safety zone. 

1.16 Tests and Research 

1.16.1 Correlation of Approach Profile, Touchdown, and Subsequent Events To The 
Airplane's Position 

Pertinent information and data from the airplane's DFDR and CVR were used 
along with DC 10-30 aerodynamic data supplied by the McDonnell Douglas Corporation t o  
describe the approach descent profile of Flight 30H and t o  correlate significant events 
during the approach, touchdown, and landing roll t o  the airplane's position at the time of 
each. 

8/ Hospitals included Boston City Hospital, New England Medical Center, Winthrop - 
Community Hospital, and Massachusetts General Hospital. 



The airplane's descent profile was derived by examining data from the en route 
ATC radar computer, the DFDR, the CVR, and weather records. The approach was 
examined from an altitude of 4,100 fee t  to  touchdown. The radar data, which were 
available until the airplane descended to  500 fee t  were compared with the flightpath 
derived from the airspeed and altitude data recorded on the DFDR and estimated winds. 
The wind data were varied to  achieve a match between the radar- and DFDR-derived 
profiles. The airplane's position in space as it descended below 500 feet  was then 
compared with the glidepath indication which would have been viewed on the VASI system 
using the specifications for the installation of the 2-bar system on runway 15. 

This examination of data showed that  the airplane descended t o  510 feet  and 
leveled until the VASI glidepath was intercepted. (See appendix I.) The airplane then 
descended maintaining an average 800-fpm descent path which would have provided the 
pilot with an "on glidepath'' indication to  a height above the ground of about 120  feet. 
The airplane then deviated from the VASI glidepath so that  the pilot would have observed 
a "slightly above glidepathn indication. 91 The airplane passed over the displaced 
threshold a t  a height of about 45 feet with-an indicated airspeed of 160 kns, 15 kns above 
the calculated reference speed (Vref) for a gross weight of 365,000 pounds. The landing 
flare began when the airplane was about 40 feet above the runway and both airspeed and 

r a t e  of descent were reduced. The pitch attitude was increased about 2Oduring the flare. 
T h e  data analysis showed that the airplane touched down with a ra te  of descent of about 
200 fpm and an indicated airspeed of 147 kns. About 6,690 feet of runway was available 
for stopping the airplane. 

The touchdown position on runway 15R was established using the airspeed and 
three axes acceleration data recorded on the airplane's DFDR and the reported wind at 
the time of touchdown. The perturbations of DFDR-measured parameters corresponding 
to the airplane's' touchdown and passage over the seawall were identified t o  establish the 
timing relationship of these events t o  each other and t o  the DFDR measurements. The 
groundspeed at touchdown and a double integration of the component of acceleration 
parallel to  the runway centerline yielded the distance which the airplane traveled between 
touchdown, other occurrences, and passage over the seawall. TTie known geographic 
position of the seawall provided the correlation between the events indicated by 
DFDR-parameters and the position of the airplane with respect t o  the runway. This 
analysis showed that the airplane touched down about 2,500 feet beyond the runway 
displaced threshold. 

The ground spoiler actuation system had been armed during the approach so 
that  the spoilers would extend automatically after  touchdown when the main landing gear 
wheels spun up t o  a speed equivalent to  about 60 kns. Based on crew statements and 
confirmed by DFDR data, the spoilers began t o  deploy about 2 seconds after  main gear 
touchdown and were fully extended about 2 seconds later. The DFDR indicated that the 
thrust reversers were fully deployed about 2 seconds af ter  nose gear touchdown. Since 
the reversers nominally take 2 seconds t o  deploy, it is assumed that  the captain initiated 
reverse thrust at nose gear touchdown and idle reverse thrust was achieved 2 seconds 
later. The reverse thrust level increased during the next 11 seconds t o  reach 90 percent 
N1, the maximum available reverse thrust. The positions of the airplane along the runway 
when the thrust reversers were actuated and deployed, and the subsequent levels of thrust 
which were attained, are shown in appendix H. 

The DFDR indicated that wheel braking began about 2 seconds af ter  the main 
gear touched down, when the airplane's groundspeed was about 135 kns. The brake system 

91 For larger airplanes, such as the DC-10, the pilot is directed t o  disregard 2-bar VASI 
guidance information below an altitude of 200 fee t  above the runway. 



pressure was steadily increased and reached the maximum recorded pressure of 
2,500 pounds per square inch after about 14 seconds. This pressure was maintained until 
about 2 seconds before the airplane went over the seawall and coincident with DFDR 
termination. 

The CVR indicated that the captain stated there was no effective braking 
twice after  the main gear touched down. First, about 13 seconds and 3,000 feet af ter  
main gear touchdown (3,700 feet from the departure end of the runway) a t  a groundspeed 
of 116 kns. By this time, the captain had applied about 95 percent of the World Airways 
normal limit reverse thrust level and about 32 percent of the peak DFDR value of brake 
pedal pressure. The captain's second "no braking.. ." comment was made about 
27 seconds and 5,300 feet after main gear touchdown (1,400 feet from the departure end 
of the runway) at a groundspeed of 79 kns. By this time, about 105 percent of the World 
Airways normal limit reverse thrust level and 100 percent of the peak DFDR value of 
brake.peda1 pressure had been applied. 

For about 3,600 feet  af ter  the main gear touched down, the airplane's ground 
track was essentially along the centerline of the runway with deviations of no more than 
about 6 feet, although the airplane fishtailed several times. However, 3,600 feet past the 
main gear touchdown point, the airplane started t o  gradually turn or drift  t o  the left side 
of the runway. The left turn or drift stopped about 5,000 feet from main gear touchdown, 
with the airplane about 35 feet  t o  the lef t  of the runway centerline. Then, about 
6,100 feet from main gear touchdown, or about 600 feet from the end of the runway, a 
gradual but definite left turn began. The airplane continued t o  turn left, departed the end 
of the runway at the left corner, and, then traversed the seawall, 200 feet  past the end of 
the  runway and 111 feet to  the left of the runway centerline. The airplane's groundspeed 
was about 47 kns when i t  reached the seawall and the elapsed time from touchdown t o  the 
crossing of the seawall was 43 seconds. 

1.16.2 Deceleration of Airplane D u r i ~  Landing Ron and Determination of Achieved 
Braking Coefficients 

The three axes acceleration data recorded on the airplane's DFDR were 
corrected for biases and resolved t o  provide the component aligned with the airplane's 
decelerative forces. The total  decelerative energy required was then determined using 
the estimated gross weight of the airplane. Dissipation of this total kinetic energy was 
then attributed to  the airplane's aerodynamic drag, the added drag produced by ground 
spoilers, reverse thrust, tire rolling resistance, and wheel brakes. DC-10-30 aerodynamic 
and performance data were used to  determine the contribution t o  deceleration of basic 
airplane and ground spoiler drag and reverse thrust based upon the airplane's airspeed, 
attitude, and thrust levels recorded on the DFDR. The remaining decelerative forces 
were then attributed to  rolling resistance and wheel brakes and were used as the basis for 
determining the braking effectiveness on runway 15R when Flight 30H landed. 

The airframe aerodynamic drag and the added aerodynamic drag produced by 
extension of the ground spoilers vary during the landing roll as a function of airspeed; drag 
decreases significantly as speed decreases. The effectiveness of the thrust reversers and 
thus the decelerative force produced by reverse thrust at a constant engine power setting 
is also reduced as the airplane slows. The rolling resistance of an unbraked tire is related 
to  the frictional characteristics of the tire and the runway surface and produces a 
decelerative force of little significance. Therefore, the primary force t o  decelerate an 
airplane during normal landings on dry runways is that produced by the wheel brakes. 

Contrary t o  the percentages of the decelerative energy normally developed 
from reverse thrust, drag, and wheel brakes, the calculated percentage which was 



generated by each of the contributing components during the landing roll of Flight 30H is 
shown for decreasing airspeeds in Table 1. The actual forces produced are shown in 
Table 2. 

Table 1.--Contribution of Drag, Reverse Thrust, and Wheel Brakes 
to Deceleration During Flight 30H Landing. 21 

Groundspeed (kns) 
140 130 120 110 100 90 80 70 60 50 

Gross Dece lera t ive 
Weight Force Component 

(Percent) 

365,000 Airframe Drag 44 41 41 30 25 20 17 17 12 10 
Spoiler Drag 38 34 27 25 22 17 15 14 10 8 
Reverse Thrust 17 21 29 34 33 28 26 26 20 18 
Brakes 1 4 13 11 20 35 42 43 58 64 

*I Source: McDonnell DouglasISafety Board Performance Group. - 
The torque applied t o  the airplane's wheel and tire assemblies through the 

brakes will retard the rotational speed of the wheels and cause the tires to  stretch and 
scrub slightly on the runway surface. This scrubbing action increases the frictional force 
between the tire and the runway surface. However, the magnitude of the frictional force 
which is developed depends upon the characteristics of the runway surface and the amount 
of scrubbing between the tire and the runway surface. Tests have shown that optimum 
braking force is achieved when the airplane's wheels are rotating at a speed about 8 t o  
10 percent slower than a free wheeling tire would rotate. If the braking torque applied t o  
the wheels exceeds the balancing frictional force which can be transmitted between the 
tires and the runway surface, the wheel rotation will slow excessively or the wheels will 
lock completely and the braking force will diminish greatly. The airplane antiskid system 
is designed t o  maintain a wheel braking torque which will produce the optimum amount of 
slip between the tire and runway surface t o  achieve the maximum braking force which can 
be generated for a given runway surface condition. 

The frictional force which can be developed on a runway surface is described 
in terms of the runway coefficient of friction. 101 For a braking airplane, the maximum 
retarding force that  can be transmitted between a runway surface and the airplane tires is 
the runway coefficient of friction times the airplane's total gross weight. After the 
airplane lands, however, the aerodynamic surfaces continue t o  produce some lift, which 
balances a percentage of the weight and thus reduces the braking force. The extension of 
ground spoilers, the application of reverse thrust, and subsequent deceleration of the 
airplane will reduce the lift and increase the effective weight of the airplane acting 
through the tire t o  the runway, thus increasing the braking force which can be generated. 
Furthermore, in addition t o  the runway surface characteristics, other factors such as 
antiskid system efficiency affect braking force; therefore, the total braking effectiveness 
of the airplane for any particular condition is expressed as a coefficient of braking. This 
is the proportion of the airplane's weight which is distributed on the braked wheels and 
can be converted t o  a longitudinal retarding force through the tire-to-runway surface 

101 The force required to  slide one surface along another is a function of the surface 
characteristics and the normal force pressing the surfaces together. The coefficient of 
friction relates the sliding force t o  the normal force as a percentage of the normal force. 



MODEL DC-10 I/ INFORMATION ON WORLD ACCIDENT 1/23/82 AT LOGAN - 

CONDITIONS USED: 

AIRPORT PRESSURE ALTITUDE = 360 FT 

TEMPERATURE = 3 7 9  

WEIGHT = 365,000 LBS CG = 18% 

WIND = 2 KTS HEADWIND ON RUMWAY FLAPS = 35O EXCEPT AS NOTED 

ITEM 1 AMD 2: 

DRAG (AIRFRAME 
WITHOUT SPOILERS 
LB ) 

GROUND SPOILER 
DRAG (LB) 

REVERSE THRUST (LB) 

BRAKING FORCE 
( INCLUDES ROLLING 
u') (LB) 

BRAKING COEFFICIEHT 
u ' 
TOTAL DECELERATION 

( FT/SEC~ 

TOTAL DECELERATION 
FORCE (LB) 

8278 5967 10490 18615 20984 17838 24531 

-0235 .0168 .0299 .0535 .0607 -0519 .0726 

5.399 4.779 . . 
4.615 4.749 4.399 3.606 3.721 

61243 54210 52354 53870 49905 41102 42214 

TABLE 2 

I/ Source Safety Board Performance Group. 



contact. The weight on the braked wheels depends upon both the amount of lift being 
developed and the weight distribution between the braked wheels and the unbraked nose 
wheels. Thus, if the braking coefficient remains constant throughout the landing roll, the 
braking force developed as the airplane slows would change as lift decreases and weight 
distribution changes. However, tests have shown that the braking coefficient does not 
remain constant, but changes as the airplane slows. On dry runway surfaces, the effective 
braking coefficients for DC-10-30 airplanes can range from 0.2 a t  high speed to  0.53 at 
low speed. 

The runway coefficient of friction and thus the braking coefficient which an 
airplane can develop af ter  landing are significantly reduced if the runway surface is 
covered with standing water, snow, ice, or any combination of such contaminants. Typical 
braking coefficients that are encountered by a DC-10-30 airplane at 100 kns on various 
runway surfaces are shown in Table 3 below. 

Table 3.--Runway Condition Versus Effective Braking Coefficient. 

Approximate 
Runway Condition Effective Braking Coefficient 

(at 100 kns) 

Dry Concrete 
Wet Concrete 
Ice 
Wet ice Less Than 

As shown in Table 3, the braking coefficient, and thus the decelerative force 
from the wheel brakes, developed by an airplane on an ice-covered runway can be less 
than 16 percent of that  which can be developed by the same airplane on a dry runway a t  
the same speed. While the braking coefficient normally increases as the airplane slows, 
the  increase is considerably less on a runway covered with ice. Tests have shown that 
braking coefficient can begin to  decrease as an airplane slows t o  speeds below 20 kns on 
slippery runways. Therefore, as speed decreases, the disparity between dry runway 
performance and contaminated runway performance can become even greater. As a 
measure of the relative magnitude of the low braking coefficients developed on ice, the 
rolling resistance o f  an airplane with unbraked tires on a dry runway equates t o  a braking 
coefficient of 0.015 t o  0.02. The wheel brake decelerative forces which were calculated 
for Flight 30H during its landing at Boston-Logan were used with aerodynamic analysis of 
lift and weight distribution to  determine braking coefficients for 10-kn intervals as the 
airplane's groundspeed decreased. The braking coefficients ranged from nearly zero at 
140 kns to 0.07 when the airplane's speed slowed below 60 kns. (See table 4.) 

Since the Safety Board was not able t o  determine the efficiency of the braking 
control provided by the airplane's antiskid system throughout the landing roll, i t  was not 
possible to relate the calculated braking coefficients t o  a runway surface coefficient of 
friction. 

1.16.3 Deceleration of Northwest Orient Flight 42, DC-10-40 

Northwest Flight 42 landed 8 minutes before Flight 30H, and its pilot reported 
the braking a s  He maintained reverse thrust throughout the landing roll and had 
difficulty turning off the runway at the end. The Safety Board obtained the DFDR from 
that airplane and examined the parameters recorded during the landing. The braking 
coefficients were calculated in the manner described above for the calculation of braking 
coefficients for Flight 30H. The braking coefficients attained by Flight 42 were similar 



WORLD AIRWAYS FLIGHT 30H 
MODEL DC-10-30 

CALCULATED STOPPING DISTAWCBS 

AIRPORT PRESSURE ALTITUDE = 360 FT W I N D  = 2 KTS HEADWIND ON RUNWAY 

1 TIME FROM TOUCHDOWN 

SPOILERS 
(SECS) 

2 ACTUATION 
4 DEPLOYED 

BRAKES 
(SECS) 

7 INITIATION 
19 FULL 

REVEHSERS 
(sEcS) 

2 UBLOCK 
4 DEPLOYED 

SPOILERS 
(SECS ) 

2 ACTUATION 
4 DEPLOYED 

- -  - -- 
17 SPOOL U P  

BRAKES 
(SES 

1.5 INITIATIOM 
3.5 FULL 

WEIGHT 
(m.5) 

365000 

REVERSERS 
(SECS) 

2 UNLOCK 
4 DEPLOYED 

6 
TIME FROM TOUCHDOWN 

FLAP 
(O) 

35 
50 

u l l  - u '  extrapolated from 55 kns t o  0 kn 1 inearly from 0.0802 t o  0.0200 and 
constant from 25 kns t o  0 kn a t  0.0200. 

u'2 - u '  extrapolated from 55 kns to  25 kns l inearly from 0.0802 t o  0.0200 and 
extrapolated from 25 kns t o  0 kn linearly from 0.0200 t o  0.0600 

u'3 - u '  constantfrom55 kns t o 0  knat0.0802 
u'4 - u '  assumes effective braking coefficient derived from analysis of Northwest 

Flight 42 as that  airplane decelerated a f te r  touchdown. 

8 SPOOL UP 

TABLE 4 

TOUCHDOWM 
GROUNDSPEED 

(mom ) 
147.5 
144.9 

WEIGHT 

365000 

DISTA3CE TO STOP (FT) 

u ' 1  u' 2 I u' 3 I u' 4 1 8392 8189 7364 755 
786U 7665 6862 I 7096 

LEGEND: u' '= notation for mu, braking coefficient 
u ' l ,  u'2 and u'3 assume effective braking coefficients derived f r o m  the analysis of Flight 30H DFDR 
data during landing un t i l  the airplane decelerates t o  55 kns 

FLAP 
( O )  

35 
50 
35 
50 

TOUCHDOVN 
GROUNDSPEED 

(KNOTS) 
135.6 
130.8 
147.5 

DISTANCE TO STOP (FT) 

u' 1 1 u' 2 
7 7182 

66U2 
8128 6"' 1 7847 

144.9 7660 a 7383 

u i3& .-. 
5794 
6973 I 

6535.. 

u' 4 
6682 
61 37 
7382 
6910 



t o  those attained by Flight 30H, ranging from 0.025 at 140 kns, 0.04 at 100 kns, 0.08 
between 70 kns and 45 kns, and decreasing to  0.05 as the airplane slowed below 40 kns. 

The Northwest DC-10-40 weighed about 340,000 pounds when i t  landed. The 
engines of Northwest DC-10-40 develop about 25 percent greater reverse thrust 
decelerative forces a t  the higher indicated airspeed than the engines of the World 
DC-10-30. However, at 80 KIAS the decelerative forces are equal, and thereafter, as the 
airspeed decreases, the engines of the World DC-10 develop greater reverse thrust 
decelerative forces. Thus, over the entire landing roll, the Northwest DC-10's engines 
would have developed about 5 percent more reverse thrust decelerative forces than the 
World DC-10-30 engines. 

1.16.4 Theoretical Landing and Stopping Distances Based Upon Calculated 
and Estimated Braking Coefficients 

The total distance required t o  land a DC-10-30 weighing 365,000 pounds and 
bring i t  to a full stop under described conditions of abnormally low braking coefficients 
was calculated .theoretically for two configurations and compared with the length of 
runway 15R at Boston-Logan International Airport. The calculations considered flap 
configurations of 35" and 50" and approach airspeeds consistent with the evident 
autothrottle performance on the accident airplane. The appropriate DC-10-30 
aerodynamic and performance data were used to  determine lift, drag, and reverse thrust 
as they related to  the decelerative forces developed during landing roll. Several 
conditions which would affect the deceleration of the airplane were examined. Both the 
DFDR-measured' time increments and the minimal reasonable time increments between 
touchdown and ground spoiler actuation, thrus t  reverser deployment, thrust buildup, and 
brake application were considered. The braking coefficients which were assumed were 
varied as the groundspeed changed during the landing roll. The braking coefficient 
groundspeed relationship determined from analysis of the accident airplane's DFDR 
parameters was used t o  a groundspeed of 55 kns. Three braking coefficient/groundspeed 
variations were considered below 55 kns. One calculation assumed a constant braking 
coefficient as the airplane decelerated from 55 kns to  a stop. The other calculated 
distances assumed decreasing variations in the values for braking coefficient as the 
airplane decelerated. These latter assumptions were based upon braking coefficient data 
obtained during actual test demonstrations of airplane operations on low friction 
coefficient runways which were conducted by the Aeronautical Research Institute of 
Sweden and the Scandinavian Airline System. I t /  The values for braking coefficient 
determined for the landing roll of Flight 42 were-also used to  calculate stopping distances 
for Flight 30H, adjusting for the additional weight of Flight 30H, the reverse thrust 
performance of Flight 30H's General Electric CF6-50C2 engines, and the various 
considerations for flap configurations, approach speeds, and post-touchdown control 
applications. The stopping distances calculated and the corresponding conditions and 

I 
assumptions used are shown in Table 4. 

The calculations showed that Flight 30H would have required between 
7,364 feet  and 8,392 feet  in which to stop, with the  actual configuration and application 
of controls as indicated by the DFDR, depending upon the assumptions for the variation of 
braking coefficient used a s  the airplane decelerated below 55 kns. The stopping distance 
using optimum deceleration techniques~50"  flaps with rapid ground spoiler, reverse 
thrust, and wheel brake application--would have been reduced to between 6,535 feet and 
7,660 feet. The required stopping distances calculated using the braking coefficient 
values obtained from the analysis of the Flight 42's DFDR were of similar magnitude, 
about 6,900 feet assuming a 50' flap configuration and optimum application of 

I I / c ~ n ~ f ~ ~ l a s  Corporation Report No. J7444. The DC-9-20 Mark IIIA Antiskid 
1973-1974 Winter Service Braking Tests, October 13, 1977. 



decelerative devices, and 7,550 feet assuming a 35' flap configuration and the application 
of decelerative devices as indicated on the Flight 30H's DFDR. 

The theoretical stopping distances calculations showed that with 35' flaps, a 
touchdown groundspeed of 135.5 kn and optimal control application times, the shortest 
and longest stopping distances were 6,308 feet and 7,464 feet, respectively. Increasing 
the touchdown groundspeed to  147.5 kn increased the shortest and longest stopping 
distances about 665 feet to  6,973 feet and 8,128 feet, respectively. 

1.17 Additional Information 

1.17.1 Certification Landing Distances and Approved Field Lengths 

Under the airplane type certification provisions of 14 CFR 25.125, 
manufacturers are required to  demonstrate the stopping distance capability of their 
airplanes. The dry runway landing distances are derived from the sum of the 
demonstrated air distance (air run) from the 50-foot height and the ground stopping 
distances, which are  determined without the use of reverse thrust. These values represent 
minimum landing distances for dry runway surfaces when the airplane is operated near its 
maximum performance capability and structural limits. The techniques used during the 
certification flights are not those techniques used in routine airline operations where 
environmental factors influence landing operations. 121 Further, under the provisions of 
14 CFR 121.195 (Transport Category Airplanes: Turbine Engine Powered: Landing 
Limitations; Destination Airports), an FAA-approved field length must provide a distance 
that will allow a full stop within 60 percent of the effective length of each approved 
runway from a point 50 feet above the intersection of the obstruction clearance path and 
the runway. 

Actual landing distances for wet runway stopping capability are not 
demonstrated during certification tests. Therefore, FAA-approved landing field lengths 
for wet runways are based on estimates obtained by increasing the dry runway landing 
field length by a factor of 15 percent. Since the air distance is not affected by runway 
conditions, the applied factor increases the wet. stopping distance about 22 percent for the 
DC-10-30. 

Landing distances determined during FAA certification of the DC-10-30 in 
accordance with 14 CFR 25.125 and 14 CFR 121.195 are also shown in Table 5. This table 
provides landing distance and field length data for the estimated 365,000-pound gross 
weight of Flight 30H with 35O trailing edge flaps and 50' trailing edge flaps. Data for the 
structural-limit gross weight of 421,000 pounds are provided for comparison. The 
FAA-approved landing field lengths for wet runways a t  the structural-limit gross weight 
of 421,000 pounds are 7,622 feet and 7,089 feet for 35Oand 50Â°trailin edge flap settings, 
respectively. 

FAA certification procedures also establish maximum landing gross weights 
limited solely by the performance capabilities of the airplane. The DC-10-30 
performance-limited landing gross weight for Boston-Logan runway 15R when dry is 
596,000 pounds and when wet is 522,700 pounds (World Airways Planning and Performance 
Manual). 

To meet the provisions of 14 CFR 121.195, air carriers prepare airport analysis 
charts t o  describe factors affecting takeoff and landing limitations. The runway landing 
charts list the actual runway length, effective runway length, maximum structural weight 
- 
121 Aircraft Accident Report-"McDonnell Dou las Corporation DC-9-80, N980DC, 
Towards Air Force base, California, May 2, 1980" (HTSB-AAR-82-2). 



FAA CERTIFICATION LAUDING DISTANCES A/ 

TABLE 5 

AIRPLANE 
GROSS 
WEIGHT LBS 

365,000 

421,000 
(Structural 

L i m i t  ) 

I I 

I/ Derived by Safety Board Accident Investigation Performance Group using McDonnell -Doug1 as 
Corporation data from the FAA-approved Flight Manual. 

TE FLAP 
SETTING 
DEGREES 

35 

50 

35 

50 

RUNWAY 
CONDITION 

DRY 

WET 

DRY 

WET 

DRY 

WET 

DRY 

WET 
I 

TOTAL-FEET 
ACTUAL 
DIST. 

3,523 

- 
3,280 

- 

3,977 

- 
3,698 

- 
I 

FAA APPROVED 
FIELD LENGTH 

5,872 

6,753 

5,467 

6,287 

6,628 

7,622 

6,164 

I 
7,089 

AIR RUN STOPPING 

ACTUAL 

1,131 

- 
1,049 

- 

1,211 

- 
1,132 

- 
I 

ACTUAL 

2 , 392 
- 

2,231 

- 

2,766 

- 
2,566 

- 

SEGMENT-FEET 
ACTUAL/0.6 

1,885 

1,885 

1,748 

1,748 

2,018 

2,018 

1,887 

1,887 I 

SBGMENT-FEET 
ACTUAL/0.6 

3,987 

4,868 

3,719 

4,539 

4,610 

5,604 

4,277 

5,202 
I 



limit, dry runway maximum weight limit, and wet runway maximum weight limit. Wind, 
inoperative antiskid, critical temperatures, and flap configuration are listed as factors 
affecting authorized gross landing weight, and when applicable, the maximum allowable 
gross weight must be adjusted for these factors. The charts do not include a basic 
certification stopping distance. The charts, which are weight-related and not 
distance-related, refer to  dry and wet runways. Part 14 CFR 121.195 does not require 
operational field length data relating t o  stopping distances on snow- or ice-covered 
runways where braking friction is less than those friction values normally associated with 
wet runways. Moreover, manufacturers are not required t o  provide such data t o  
operators. Therefore, a flightcrew does not have an easily accessible reference to  the 
landing distances required on contaminated runways, particularly t o  landing distances on 
extremely slippery surfaces. Currently, t he  certification standards and operating rules 
prescribed by the FAR do not provide methods by which flightcrews can assess the risks 
associated with flight operations on runways covered with various forms of snow, slush or 
ice, or when rain is freezing on the runway surfaces. However, the McDonnell Douglas 
Corporation's performance engineering manual contains charts which estimate stopping 
distances on wet and icy runways and the effects of varied threshold height and speed on 
stopping distances. The applicable data are not required to be and had not been 
transformed into meaningful information in the pilot's Operations Manual. 

1.17.2 World Airways, he., Landing Procedures 

The World Airways, Inc., DC-10 Training Guide prescribes that during the final 
approach the pilot will maintain the programmed airspeed and control the approach path 
so  as to  cross the runway threshold a t  50 feet while establishing a sink rate no greater 
than 800 fpm. Since the main gear on the DC-10-30 is located about 94 feet  behind and 
33 feet below the pilot's position in the flare attitude, the pilot must not attempt to  place 
the airplane on the forward end of the runway, but must touch down 1,000 feet  to  
1,500 feet beyond the runway threshold. The optimum threshold airspeed is reference 
speed plus 5 kns (Vref +5), with no variation. The pilot is directed not to  hold the airplane 
off the runway during the flare since deceleration on a dry runway is about three times 
greater than in the air. Therefore, the pilot is directed to  get the wheels on the runway 
even if the speed is slightly higher than desired. The Training Guide cautions the pilot 
that  flying over the end of the runway a t  100 feet altitude rather than at 50 feet could 
increase the total landing distance by about 900 feet on a 3'glidepath. A s  reverse thrust 
indicating lights illuminate, pilots are told t o  use reverse thrust on engines Nos. 1 and 3, 
reversing at idle thrust. However, if runway conditions require more than reverse idle on 
Nos. 1 and 3, thrust should be limited t o  80 percent- N 1  compressor speed. In an 
emergency, all  three engines may be reversed t o  maximum continuous thrust, as  required. 
Pilots are also directed to  utilize the full length of the runway on rollout and to  avoid any 
unnecessary wheel braking. 

In World Airways, Inc., Flight Operations Policy and Procedures Manual, pilots 
are advised that landing on icy runways will be made a t  the pilot's discretion; however, if 
the braking coefficient is reported as "nil," based on a vehicle decelerometer, E/ the 
flight will proceed to  the alternate landing field. Pilots are directed to  exercise good 
judgment when landing under hazardous conditions. They are  advised t o  consider wind 
direction and speed, runway length, reported braking coefficient, and prevailing weather 
conditions. For pilot guidance, the manual quotes the International Civil Aviation 
Organization (ICAO) runway surface standards as ood (dry surface) braking coefficient 
0.30; medium or fair (wet) braking coefficient 0 . k a n d  (icy) braking coefficient 
0.08. The ICAO standards do not include a braking coefficient for no (nil) braking. 

- l 3 /  Boston-Logan International Airport does not have a vehicle decelerometer. 



The World Airways DC-10 Flightcrew Operating Manual included the note that 
'final selection is normally 35'. Use 50' flaps on short or contaminated runways (wet or 
covered by snow, ice, or slush), or when, in the opinion of the captain, the landing distance 
will be adversely affected." A management letter, on the subject of fuel savings, dated 
December 1, 1981, addressed to all cockpit crewmembers stated: "Our established 
procedure of landing with 35Oversus 50' flaps adds 5 knots to  approach speed and 240 feet 
to  landing distance yet saves an average of 145 pounds of fuel per landing.'' 

1.17.3 DC-10 Autothrottle/Speed Control System 

The DC-10 airplane is equipped with a dual integrated ATISC system which 
incorporates two independent circuits and the associated modules to  provide total 
redundancy. Each of the two circuits may be engaged independently t o  automatically 
position the throttles t o  maintain either a selected airspeed or a specific thrust level 
schedule. Both circuits must be operable and engaged to  provide the required degree of 
redundancy when the airplane's autopilot/autothrottle systems are being used for fully 
automatic landing operations. 

The heart of the AT/% system is the AT/SC computers which accept signals 
from the central air data computer, the thrust rating computer, engine speed sensors, 
airplane attitude and acceleration sensors, control surface position sensors, and other 
significant parameter transducers. The AT/SC computer then provides the proper output 
signal t o  an electrical servo which positions the throttle. Thus, when operated in the 
speed-select mode, the electrical servo will move the throttles as required to  correct any 
error between the selected airspeed and the airplane's instantaneous airspeed a s  measured 
through the central air data computer. 

The AT/SC system also incorporates circuitry to  prevent the pilot from 
selecting a speed which would result in an unsafe stall margin. To determine and maintain 
a safe stall margin, the ATISC computer uses the measured airspeed, attitude, and 
acceleration data to  compute continually the airplane's flightpath angle, angle of attack, 
and the airplane weight which corresponds t o  the instantaneous airspeed and the computed 
angle of attack. The minimum airspeed acceptable t o  the ATISC system is also computed 
for the computed weight. If the pilot selects a lower speed, the ATISC flight mode 
annunciator will display ALPHA speeds and the throttles will be positioned t o  decelerate 
the airplane to  and then maintain the computed minimum airspeed. Since the ALPHA 
speed computation is continuous, the ALPHA speed mode will be displayed when the speed 
is selected regardless of the airplane's actual airspeed at the time. The AT/SC design 
criteria specify an acceptable tolerance of 27 kns for computed ALPHA speed when 
trailing edge flaps are  extended t o  3S00r 50Â° 

The AT/SC system will also limit the maximum throttle position so that 
neither engine limits nor airplane structural limit speeds for the given configuration will 
be exceeded. However, there is no corresponding display to  indicate that  the pilot has 
selected too high an airspeed. 

The AT/SC system includes logic t o  retard the throttles during landing. The 
RETARD mode will be automatically selected and displayed on the flight mode 
annunciator panel during a landing when the airplane descends through about 50 feet  as  
measured by the radio altimeter. The throttles will then retard at a programmed ra te  t o  
bleedoff speed as required for flare and landing. When t h e  main gear wheels spin up after  
touchdown, the throttles will retard rapidly from their existing position to the idle stop. 



The pilot may manually override the ATISC system at any time by moving the 
AT/SC levers on the instrument panel t o  OFF, depressing disengage buttons on the 
outboard side of the No. 1 or No. 3 throttles, or by positioning the throttles to  reverse 
thrust. 

The autothrottle system tolerances could not be checked after the accident 
because the AT/SC computers were damaged from salt water immersion. Tlie McDonnell 
Douglas Corporation issued literature regarding the usage of the AT/SC during normal 
operations. World Airways approved the contents and reissued the literature as a 
company bulletin. (See appendix N.) 

The company bulletin stated that if a single autothrottle is engaged, as was 
the case on Flight 30H, then the one ATISC computer supplies the airspeed annunciations 
t o  the captain's and first officer's Flight Mode Annunciators (FMA). The bulletin states 
that if ALPHA is annunciated, the speed control selector knob should be rotated to 
increase the airspeed until ALPHA clears and a speed is annunciated in the FMA's. The 
bulletin advises t o  then "Check the difference between the newly selected speed and the 
nominal ALPHA speed. If the difference is within the tolerances in figure 2 (+ 7 KIAS), i t  
is a usable system. If i t  is out of tolerance on the high side, actual aircraft gross weight 
may be greater than that  computed for dispatch." 

During the previous approach at Newark, the No. 2 AT/SC had annunciated 
ALPHA while the airplane was in the 22" flap configuration. While the flaps were still at 
22", ATC requested the flight t o  "slow down" for traffic spacing. The captain said he 
disconnected the AT/SC system and "throttled t h e  airplane back." He "made a manual 
landing with manual  throttle(^),?^ and he had no problems flying the airplane during the 
approach which was flown a t  the calculated approach speeds. 

Neither the first officer nor the captain could recall the speed differential 
required to  clear the ALPHA annunciation; however, the captain said he knew ALPHA was 
being annunciated at too high an airspeed. The flight engineer said that he did not discuss 
the problem with the captain while they were at Newark nor did he enter i t  in the airplane 
logbook. He said he intended t o  "write i t  up" after  returning t o  Newark from Boston and 
that  the system had displayed ALPHA "at least" 6 KIAS too high. 

According t o  the DC-10 minimum equipment list (MEL), the airplane could be 
dispatched with either or both AT/SC systems inoperative.. 

1.17.4 Antiskid System 

The antiskid system is a fully automatic, pressure modulating wheel braking 
system which is controlled by individual wheel speed transducers, an antiskid control box, 
and individual antiskid control valves for each main and center wheel brake. The antiskid 
function does not operate until the main wheels of the airplane spin. To function 
properly, the wheel speed and the airplane's groundspeed must be synchronized. For 
efficient antiskid operation on a wet landing field-length-limited runway, a firm 
touchdown should be made t o  ensure prompt wheel spinup. 

The brake pedal should not be relaxed or modulated during the landing roll. If 
the modulation sequence is interrupted by a release of pedal pressure, a new control level 
must be established, increasing landing distance. In another publication, fi/ McDonnell 
Douglas Corporation has noted that the coefficient of friction, which affects braking 

14/ Op. cit. McDonnell Douglas Corporation Report NO. J744, pg. 22. - 



effectiveness, varies with airplane velocity. As the airplane slows down, braking force 
normally will increase. At  high speeds where the coefficient of friction is lowest, 
skidding problems are  most likely to  occur. 

On October 13, 1977, the McDonnell Douglas Corporation published a study as 
part of a cooperative research program into airplane operation on runways having low 
coefficients of friction. The test program was conducted by the Aeronautical Research 
Institute of Sweden (FFA) and the Scandinavian Airline System (SAS). The purpose of the 
program was to  obtain airplane performance and braking system operational information 
on snow-, slush-, and ice-covered runways. The test program found that the best airplane 
stopping performance a t  a given measured frictional value was obtained for loose snow 
and icy runway conditions. The worst stopping performance was produced on compacted 
snow and ice and wet, rain-covered runways. ' h e  results indicated the critical 
importance of flying the correct threshold speeds t o  ensure safe stopping in extreme 
environmental conditions. When on the ground, proper braking technique is important to  
obtain braking performance consistent with optimum stopping distance. 

The tests disclosed that a firm brake application (within 0.4 seconds after 
touchdown t o  full brake pressure) produced the most efficient control. However, slow 
applications as long as pressure was constantly increasing were handled well. There 
appeared to  be no degradation in antiskid control when partial pedal depression was used. 
However, if pedal position is not held steady, which can easily happen in slippery 
conditions where rudder must be used for directional control, braking effectiveness is lost 
during antiskid readjustment to  a new reference pressure. The only technique to  be 
avoided is a rapid application followed by release and reapplication of brake pressure. 
However, during one landing in the SAS program on sanded ice, the pilot observed that 
poorer braking was evident during the last portion of the rollout. His comment was 
consistent with the recorded distance versus velocity plot which showed the braking 
effectiveness degrading at the slower speeds. This trend was checked on three other runs 
under similar conditions and found to  be the same. The study based on these tests 
concluded that the loss of braking effectiveness may have been caused by an increase in 
localized surface melting a s  the tires moved over the surface a t  a slower rate. It also 
concluded that sanding was not as effective on the portion of the runway used by the 
airplane during the end of the landing rollout. . 

1.17.5 Comeri* Effect of Tires 

The January 1977 DC-10 Flight Crew Newsletter published by McDonnell 
Douglas Corporation stated that during the landing roll the coefficient of friction is the 
most important parameter in stopping. The newsletter noted the pilot has a choice of how 
t o  use the available friction to  his best advantage when a very small amount of friction is 
available. If wind is not a factor and there are no lateral control problems and he is 
interested in longitudinal deceleration, the use of the full brake application is the best 
procedure. If the airplane is drifting on the runway and the pilot wishes t o  change his 
ground track, the best procedure is to reduce braking and use aerodynamic forces 
generated by rudder application and nose wheel steering to  corner the airplane. However, 
cornering the airplane requires friction. Therefore, on surfaces with low coefficients of 
friction, attempts to  brake the airplane will reduce cornering ability. Conversely, 
attempts t o  correct directional control problems will reduce braking effectiveness. The 
manufacturer also noted that the effective braking coefficient varies with airplane 
velocity. That is, as the airplane slows down, braking force normally will increase, which 
points out the fact that at high speeds where the effective braking coefficient is lowest, 
skidding problems are most likely t o  occur. 



1.17.6 Timely Information of Airport Conditions 

Airport traffic controllers in a terminal area are  required t o  issue airport 
condition advisories necessary for an airplane's safe operation in time for the information 
to be useful to  the pilot. 151 This requirement includes information concerning braking 
conditions as affected by ice, snow, slush, or water and factual information reported by 
the airport management concerning the condition of the runway. The controller is 
required to  furnish t o  all  airplanes the quality of braking action reports a s  received from 
pilots or the airport management. The quality of the braking action shall be described in 
terms "good," "fair," "poor," "nil," or a combination of these terms. The term "niln is used 
to  indicate bad or no braking action. The controller's report is t o  include the type of 
airplane or vehicle from which the report is received. Local and ground controllers are 
directed t o  exchange information as necessary for the safe and efficient use of airport 
runways and movement areas. 

From the time that runway 15R was opened to  landing traffic until the time 
that Flight 30H slid off the runway, 14 air carrier airplanes had landed. Only five 
flightcrews made voluntary braking action reports. Air traffic controllers, in the tower 
and ground control positions, moreover, had asked only one of the other nine flightcrews 
for braking action reports. The ground controllers had given two flightcrews the reports 
of braking conditions that they had received from other landing pilots. Three of the pilot 
braking action reports described stopping conditions which were more hazardous than 
those conditions described in t h e  ATIS X-Ray report and Field Condition Report 6. Both 
reports had been prepared by tower facility personnel. 

The following messages are  the complete record of communications on the 
airport interagency teleprinter circuit. Users of the airport teleprinter include airport 
management, the control tower, tenant airlines, FAA maintenance officer at the airport, 
and the National Weather Service office. The originator is shown in parenthesis following 
the message. 

1715. Attention all  users: Runway 4R. Braking action nil. B737 
and DC 8. (TOWER) 

(No time). Tower visibility 2 112 miles. (TOWER) 

1736. , Boston-Logan field condition report. Runway 15R-33L open. 
Plowed full length and width. Surface sanded 50 feet either side of 
centerline. Surface covered with up t o  114 inch of hard packed 
snow with drifts up to  1 inch inside the light lines. Part of 
intersection 4R runway markings obscured. Braking action fair by 
vehicle. (MASSPORT OPERATION) 

1740. Boston-Logan AIRAD. Runway 4R-22L closed for snow 
removal. (MASSPORT OPERATION) 

1745. Boston-Logan field condition report. Caution advised. 'bin 
layer of ice on all plowed surfaces. (MASSPORT OPERATION) 

(No time). Runway 15R. Breaking action fair t o  poor. DC 9. 
(TOWER) 

151 FAA Handbook: Air Traffic Control 7110.65C, Section 940(c) Chapter 5, dated - 
January 21,1982. 



1845. Boston-Logan AIRAD. Charlie taxiway open. Plowed full 
length and width. Surface mostly covered with 1/4 inch hard 
packed snow, also covered with skim coat of ice. (MASSPORT 
OPERATION) 

1858. Braking action poor t o  nil by DC 8 on runway 15R. (TOWER) 

1925. Boston-Logan AIRAD. AU plowed surfaces wet, mostly 
covered with a 1/4 inch layer of plowed snow and ice with wet 
scattered thin slush patches less than 1/4 inch. (MASSPORT 
OPERATION) 

1938. Boston-Logan AIRAD. Runway 15R-33L closed. Disabled 
aircraft. (MASSPORT OPERATION) 

1942. Boston-Logan AIRAD. Airport closed until further notice. 
(M ASSPORT OPERATION) 

2. ANALYSIS 

2.1 The Fliffhtcrew 

The flightcrew was properly certificated and qualified in accordance with 
existing regulations; there was no evidence that medical or physiological problems 
affected their performance. They had received the required rest period before beginning 
the flight and they stated that fatigue did not affect their performance. 

The Aircraft 

The airplane was properly certificated, equipped, and maintained in 
accordance with existing regulations and approved procedures. Two uncorrected system 
discrepancies were noted in the airplane's maintenance log. One, an inoperative auxiliary 
power unit was not significant t o  this accident; the other, an inoperative No. 1 AT/SC 
system was significant. TTie No. 2 AT/SC system was functioning, and the airplane was 
capable of being operated using that system for autothrottle control in all regimes of 
flight except the total automatic landing mode. However, with the No. 1 AT/SC system 
inoperative, there was no redundancy of equipment by which the flightcrew could have 
checked the speed control function of the No. 2 system during the landing approach a t  the 
Boston-Logan International Airport. 

2.3 The Accident 

The investigation revealed that the landing approach was conducted in weather 
characterized by a low ceiling, low visibility, and light rain and fog. Although the ground 
level ambient temperature was slightly above freezing a t  the time of Flight 30H1s landing, 
earlier subfreezing temperatures and precipitation had resulted in cold, wet ground 
surfaces, covered with hard-packed snow topped with a layer of glazed ice. 

Flightcrew accounts and the CVR conversations indicated that  the approach 
was flown using 35' trailing edge flaps a t  an airspeed controlled by the airplane's ATISC 
system which was 10 kns higher than the desirable approach airspeed. The airplane's 
DFDR parameters and the ATC radar data provided evidence that the airplane after 
intercepting the VASI glidepath achieved and maintained a stabilized descent and crossed 
the displaced threshold of runway 15R at a normal height. The data showed, however, 
that a s  airspeed dissipated the air run was extended and that af ter  the flare the airplane 



touched down about 2,800 feet  beyond the displaced threshold with about 6,390 feet  of 1 
runway remaining on which to  stop. The evidence showed that  all decelerative devices 
were used, but that the total decelerative force attained was sufficient only t o  slow the 
airplane t o  49 kns by the time it reached the end of the runway. The analysis of DFDR 
data and DC-10-30 performance parameters determined with certainty that the 
subnormal decelerative force was attributable to an extremely low effective braking 
coefficient between the airplane's tires and the runway surface. 

In analyzing factors significant t o  the accident, the Safety Board considered: 

o The condition of the runway 15R surface and the informational 
sources and judgments involved in the continuation of flight 
operations on that runway; 

o The informational sources and judgment of the Flight 30H 
flightcrew in deciding to land on runway 15R and the extent t o  
which flightcrew performance may have contributed to a longer 
stopping distance; and 

o The adequacy of Federal Aviation Standards pertaining t o  airport 
runway conditions, airplane landing distance certification, and air 
carrier operating rules which relate airplane t o  
airport runway capacity. 

Runway Condition and Flight Operations.--The Boston area had been exposed 
t o  subfreezing temperatures ranging from 2" F t o  20Â° throughout the 2 days before the 
accident. On January 23. the t e m ~ e r a t u r e  had risen from 6OF at midnight t o  38OF at the " .  
time of the accident. Light snow had fallen in the morning hours and had changed t o  light 
rain in the late afternoon. The runway surfaces, taxiways, and ramp areas were covered 
with hard-packed snow, and although the ambient temperature had risen above freezing, 
the continuing precipitation was freezing on contact with the surface t o  form a coating of 
glaze ice on top of the hard-packed snow. The conditions had been viewed a s  hazardous 
to  the safe movement of vehicular and aircraft traffic, and consequently, the 
Massachusetts Port Authority had implemented its snow plan the day before the accident. 

In accordance with the snow plan, runway 15R had been closed periodically 
during the day of the accident for plowing and sanding. After completing such an 
operation about 1700, the duty operations supervisor and an airline pilot representative of 
the Snow Committee had driven a 4-wheel-drive vehicle down the runway and had 
evaluated braking conditions to  be "fair t o  poor." At that time, according t o  the 
information provided to  update the ATIS report, the surface was covered with up t o  
1/4 inch of hard-packed snow t o  which sand had been applied 50 feet  on both sides of the 
centerline. The Operations Supervisor noted that  the runway markings at the crossing 
with runway 4 were obscured by snow and that  a light rain was falling. The runway was 
reopened for flight operations at 1 7 3 6 ~ 2  hours before the accident. Drizzle and light 
rain continued t o  fall throughout the 2-hour period as the 14 airplanes landed on runway 
15R before Flight 30H. 

The pilots1 role.--Only 5 of the 14 flightcrews voluntarily provided braking 
action reports to  the tower or ground controllers. The first flight to land af ter  the 
runway was reopened was a Piedmont B-727, and the crew reported braking as "fair t o  
poor." Nearly an hour later, a t  1849, the pilot of a landing 5 7 4 7  also reported the 
braking to  be "fair t o  poor." Thereafter, at 1858, the pilot of a landing DC-8 reported 
braking as "poor t o  nil;" a t  1903, the pilot of a departing L-1011 reported difficulties in 
achieving runway alignment because of the slippery conditions; at 1925, the pilot of a 



landing B-727 reported braking action as "poor;tt and 3 minutes later, the pilot of a landing 
DC-10 reported "poorn braking action. This last report was made only 8 minutes before 
Flight 30H landed. 

While the Safety Board acknowledges that the evaluation of braking action by 
a pilot is subjective and contingent upon such variables as pilot technique and airplane 
characteristics, pilot reports remain the primary source of useful information to both 
airport management as well as other pilots. Therefore, the Safety Board believes that 
pilots should report if they believe that  safety is in jeopardy when runway conditions have 
deteriorated as they had on January 23. However, nine pilots failed t o  make reports 
although several later stated that the runway was very slippery or that they had 
encountered difficulty stopping their airplanes. Eight of the 14 landing airplanes were 
able to  turn off the landing runway onto taxi runway 27, about 1,900 feet from the 
departure end of runway 15R. While this rollout distance may have far exceeded a normal 
acceptable landing distance for those particular airplanes, the fact  that these airplanes 
had landed and slowed to  turn o f f  the runway and the pilots did not report stopping 
difficulties,' could have misled controllers and airport management t o  underestimate the 
critical condition of the runway. The Board, therefore, believes that  had more pilots 
reported their assessment of braking action, these parties may have placed more 
significance on the severe degradation of runway condition and taken more positive 
action. Moreover, the Safety Board believes that, if additional and more descriptive pilot 
reports had been made, the landing might not have been attempted. 

The controllers' role.--When flightcrews which have landed airplanes and who 
are best able to  assess runway surface conditions file adverse reports, the tower 
controllers must undertake to  disseminate the reported braking conditions t o  those who 
need the information to  formulate safety decisions~particularly pilots of arriving 
airplanes and airport management. The Safety Board believes that tower controllers 
should take the initiative to request braking action reports if they are not volunteered 
when runway conditions are subject t o  deterioration during continuing precipitation. The 
controllers should assure that all braking action reports particularly those indicating 
"poorw or "nilu conditions are disseminated promptly. Furthermore, the Safety Board 
believes that controllers should recognize that braking action evaluations are subjective 
and that they would vary with the type of airplane flown. They should be particularly 
aware that  a heavy airplane that has less stopping margin on the runway than lighter 
airplanes which have landed previously may be subject to  a greater hazard. The pilots of 
these heavy airplanes should be provided all available information with suitable cautions if 
no information is available from comparable airplanes. 

In examining the circumstances preceding the landing of Flight 30H, the 
Safety Board noted that the tower controllers requested a braking action report from only 
one of the nine airplanes which did not volunteer reports during the 2-hour interval after  
the runway reopened. The Safety Board believes that the weather and runway conditions 
should have prompted the controllers t o  seek periodic runway surface information from 
pilots. Furthermore, there was only limited effort by the controllers t o  disseminate the 
limited pertinent information which was provided by flightcrews. The "poor t o  niln report 
from the DC-8 was distributed through the airport interagency teleprinter circuit 
(AIRAD), but only the next two landing flights were advised of the "poor t o  nilv braking 
conditions report. That the departing L-1011 pilot reported difficulty in achieving runway 
alignment just 5 minutes after  the DC-8 report should have further alerted the controllers 
to  the hazardous runway condition. Yet, they made no further effort t o  ascertain braking 
actions, t o  assure that  airport management was aware of the deteriorating condition, or 
even to continue the transmission of the braking action reports that  had been received to 
later arrivals. Two of three airplanes landing within 11 minutes before Flight 30H 
volunteered reports of "poorn braking action. The pilot of a DC-10 had reported 



encountering compressor stalls as he used reverse thrust to lower-than-normal speed and 
that  he still had difficulty stopping within the runway length. However, no action was 
taken by the controllers t o  pass these reports on to  airport management or t o  Flight 30H. 

The Safety Board views the failure of the controllers t o  transmit a braking 
action report to  several landing flights including Flight 30H as a deviation from the 
procedures prescribed in the Air Traffic Controllers Handbook (FAA Order 7110.85C) 
which require controllers to  furnish quality of braking action a s  received from pilots t o  all  
aircraft. While controllers may have considered the pilot's confirmation of receipt of the 
ATIS broadcast as constituting compliance with the braking action transmittal 
requirement, the ATIS X-RAY broadcast was last updated 2 hours before the accident and 
was based on previously reported "fair t o  poor" braking conditions. Even though revising 
the ATIS report is an optional action on the part of the terminal facility supervisor and he 
may have been reluctant t o  do so based on a single pilot report, later reports of worsening 
braking action should have prompted him to  amend the report t o  reflect current, actual 
conditions, or t o  direct the controllers to pass the later reports t o  flightcrews of arriving 
airplanes. Action t o  update the ATIS broadcast should have been taken no later than 1928 
after  successive reports of poor braking action, and especially after the second report 
provided by a DC-10 pilot who stated that  he had difficulty stopping. At  this point, 
however, the ATIS would probably could not have been amended in time to be helpful to  
Flight 30H. 

The failure to  issue an advisory t o  the flightcrew of Flight 30H that the 
reported braking action was poorer than that  contained in the then-current ATIS report 
resulted in a critical gap in the information upon which the flightcrew of Flight 30H had 
t o  base its decisions. While the manner in which the flightcrew of Flight 30H would have 
used this information had it been available is only conjecture, the Safety Board concludes 
that the controllers denied the Flight 30H crew essential information and that this 
contributed t o  the accident. Had Flight 30H been alerted that one flight had reported 
braking action "poor t o  nil" and that the two flights landing immediately ahead of them 
had both voluntarily reported "poorw braking action and that the DC-10 had difficulty 
stopping on the runway, t h e  flightcrew may have decided to  go t o  an alternate airport or 
t o  have employed more cautious landing procedures. 

Airport management's role.--Airport management should have the benefit of 
current information regarding runway conditions developed in airport communications 
between pilots and controllers, since management is ultimately responsible for assuring 
that the runway condition provides for safe flight operations. While both pilots and 
controllers should have been more active in providing essential information, the airport 
duty Operations Supervisor and key representatives of the airport snow committee were 
well aware that the weather conditions throughout the afternoon of January 23 were 
causing rapidly deteriorating runway braking action. The evidence shows that  the airport 
snow removal and sanding crews had been busy the entire afternoon. As plowing and 
sanding of one runway was completed, that runway was inspected and reopened for flight 
operations and another runway was closed, and the surface was plowed and sanded. 

The full length and width of runway 15R had been plowed and sanded earlier in 
the day and reopened for flight operations a t  1405. At that time, some bare patches were 
visible and braking action was reported t o  be fair. At 1440, runway 9/27 was reopened 
after  i t  had been plowed and braking action was reported a s  fair. At 1630, flight 
operations were continued using runway 4R/22L while runway 15R/33L was closed for 
plowing. A t  1715, a message sent t o  the airport operations office via teleprinter 
indicated that two flightcrews had reported braking action "nil" after landing on 
runway 4R. The Board believes tha t  these reports may have prompted the airport 
management t o  reopen runway 15R without further improvement even though the runway 



inspection disclosed only "fair t o  poor" braking action conditions. Runway 15R was 
opened to flight operations at 1736 and runway 4R was closed. The snow plows and 
sanding equipment were then moved to commence work at runway 4% It  was apparently 
the intention of airport management to continue this pace of activity to  avoid closing the 
airport entirely to flight operations. The plowing and sanding operation of runway 4R was 
nearly completed and that  runway was about t o  be reopened when the accident occurred. 
While Flight 30H was on approach, airport management had decided to close runway 15R 
when Flight 30H completed its landing and switch operations t o  runway 4R. 

Although the duty Operations Supervisor stated that  his normal policy is t o  
reinspect the operational runway after  he is made aware of successive reports of "poor" 
braking action, the evidence indicates that he took no such action to close or t o  reinspect 
the operational runways even after  the reported "niln or npoorn reports on January 23. 
Since they were transmitted via teleprinter, the Safety Board must assume that  he was 
aware of these reports. The Safety Board believes that while his stated policy was a 
prudent one, in actual practice there was a willingness on the part of the Operations 
Supervisor immediately before the accident t o  accept the risks associated with continued 
operations to  buy time t o  improve another runway in order t o  avoid closing the airport. 

The Safety Board did not determine that  there were any overt pressures placed 
on airport management by either airport tenants or air traffic control t o  keep the airport 
open. However, the consequences of closing an airport even for a short period -- the 
disruption to  schedules, the rerouting of arrival traffic, the inconvenience to  passengers, 
and other economic factors -- undoubtedly influence airport management decisions. The 
Safety Board, however, believes that the risk of an accident increases rapidly when heavy 
jet transport operations are involved and that abating this risk must override other 
considerations. The Board, therefore, concludes that the operational runway should have 
been closed and reinspected following the "poor t o  nilw braking action report even though 
i t  would have resulted in closing of Logan Airport t o  flight operations until a runway was 
deemed safe for landing. 

to summary, the Safety Board believes that assuring the safety of continued 
operations on runways during inclement weather depends upon coordination between 
pilots, controllers, and airport management. Pilot braking action reports must be 
regularly made; they must be passed through the controllers t o  the airport management so 
that intelligent decisions regarding runway inspection or cessation of operations can be 
made and implemented by airport management. Timely decisions must be made t o  close a 
runway, and the airport if necessary, to  eliminate unsafe operations. That airport 
management did not take such action on January 23 is a contributing cause of this 
accident. 

Flightcrew Judgment and Performance.--While pilots expect airport personnel 
t o  maintain runways t o  an acceptable condition, those experienced in winter inclement 
weather operations must realize the difficulties in maintaining conditions which provide 
pressure for acceptable airplane stopping performance. Consequently, pilots must expect 
some degradation of braking. Since the final decision to land rests solely with the pilot, 
he must consider the reported braking action along with the other factors pertinent t o  his 
particular operation -- landing performance of his airplane, runway length, prevailing 
wind, and effects of decelerative devices. The Safety Board explored all of these factors 
a s  they were known t o  the flightcrew of Flight 30H as they prepared for the landing a t  
Boston-Logan, and analyzed the role of each in the approach and landing. The Safety 
Board found no evidence that there were any overt pressures placed on them to continue 
the landing. 



Continuation of the approach.--The flightcrew was aware of the prevailing 
weather in the Boston area and knew that the operational runway was contaminated with 
snow and ice. They had operated their airplane in similar conditions during the landing 
and takeoff at Newark International Airport, and they had checked the weather sequences 
during the layover for Boston-Logan and alternate airports. In fact, the pilot had changed 
his alternate airports from Bradley Field and Newark t o  New York (Kennedy) and 
Philadelphia because of prevailing weather and had taken on additional fuel. 

Flightcrews rely on the appropriate airport analysis charts and other 
information contained in the Operations Manual t o  verify that the lengths of the 
operational runways a t  the destination airport are compatible with the stopping 
performance of the airplane at its estimated landing gross weight. The analysis charts in 
the World Airways Planning and Performance Manual provide the maximum gross weight 
a t  which the DC-10-30 can be landed on the various runways using either 35' flaps or 
50Â°flaps Wind factor is considered and gross weight data are provided for both dry and 
wet runway conditions. The maximum weight given is that  at which the airplane can land 
and stop within the criteria defined in 14 CFR 121.195. Neither the World Airways 
Planning and Performance Manual nor the World Airways DC-10 Operations Manual 
contains landing data in terms of actual stopping distance requirements for a given 
airplane weight and configuration on either dry or wet surfaces. Rather, a flightcrew 
must estimate the margin of safety on a slippery runway by comparing the airplane's 
estimated landing gross weight with the maximum gross weight allowed for the landing 
runway in the airport analysis chart. The World Airways Airport Analysis Chart for 
runway 15R at Boston-Logan shows that the DC-10-30 can be landed on that  runway when 
wet at a gross weight of 522,700 pounds with 35O flaps or a gross weight of 557,200 pounds 
with 50" flaps. 161 The Safety Board believes that  this flightcrew, having estimated the 
actual landing weight as 365,000 pounds, might have been misled by the apparent safety 
margin that the heavier allowable landing weights indicate. 

As the flight approached the Boston-Logan Airport, the flightcrew received 
ATIS information and Field Condition Report No. 6, which indicated that  braking action 
was "fair t o  poor" as reported by a 5 7 2 7  flight. The braking action condition was not 
amplified further by either the approach controller or the local controller as the flight 
continued on the approach, and the Safety Board believes that  this lack of amplification 
and the knowledge that  airplanes were landing regularly probably lessened the flightcrew's 
concern about the hazardous runway conditions. The Safety Board concludes that without 
benefit of information indicating degradation of braking action and with the minimal 
landing performance data provided t o  it, the flightcrew had no apparent cause t o  
discontinue the approach. However, the Board believes that the flightcrew did have 
sufficient knowledge of general airport conditions t o  prompt them t o  conduct the 
approach and landing in a precise manner t o  minimize the required stopping distance. 

Conduct of approach and landing.--Examination of the ATC radar data, the 
airplane's DFDR data, and the CVR indicated that  no special measures were discussed or 
taken by the Flight 30H flightcrew during the approach or the landing. The pilot 
conducted the approach and elected t o  land with 35'flaps. The selection was based on the 
pilot's assessment of a possible windshear encounter along the flightpath and the descent 
profile of the nonprecision approach, both of which in his opinion required the use of 35' 
flaps. The use of 50' flaps as recommended by World Airways procedures for landing on 
contaminated runways would have permitted a slower approach airspeed and would have 
produced more deceleration from aerodynamic drag, thus shortening the airplane's total 
landing distance. The incremental landing distance between the 35O flap configuration and 
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161 In these cases, the actual maximum gross weight allowable for landing is limited by 
structural limitations of the airplane at 421,000 pounds. 



the 50Â°fla configuration is relatively small -between 300 t o  500 feet for the DC-10-30 
under dry runway conditions. While this distance may be insignificant during routine 
operations, on a contaminated runway, this distance can increase and become more 
significant. 

The data analysis showed that ,  the approach profile had been stabilized and 
that the airplane had crossed the threshold at a proper height. The airspeed, however, 
was about 10 kns higher than the normal World Airways approach speed, and 15 kns higher 
than the optimum reference speed for the airplane's estimated gross weight. This speed 
increment was accepted by the flightcrew when i t  was determined t o  be the minimum 
airspeed which could be selected using the AT/SC system. Since only one AT/SC system 
was operable, the procedure used by the flightcrew to  clear the ALPHA annunciation a t  
the 22'flap and 35'flap configurations was in accordance with the World Airways 
bulletin. At Flight 30H1s estimated 365,000-pound weight, the 22' flap minimum 
maneuver speed and 35' flap Vref speeds were 164 KIAS and 145 KIAS, respectively. In 
order to clear the ALPHA annunciations, the 22'flap minimum maneuver speed had to be 
increased t o  174 KIAS, and this speed on the World Airways Normal Configuration Arrival 
Speeds Charts equates t o  an airplane weight of 415,000 pounds. The 35' flap Vref speed 
had to  be increased to  158 KIAS before ALPHA was cleared; 158 KIAS equates t o  an 
airplane weight of 440,000, or 19,000 pounds above the airplane's maximum allowable 
landing weight on runway 15R. The newly selected 174 KIAS and 158 KIAS exceeded the 
AT/SC system's allowable speed tolerances by 2 KIAS and 6 KIAS, respectively. Thus, 
either the system was out of tolerance and therefore unusable, or the airplane, unless the 
flightcrew could establish otherwise, weighed between 50,000 t o  75,000 pounds more than 
its dispatch weight and was too heavy to  be landed on runway 15R. Had there been a 
weight disparity of this magnitude during the takeoff 30 minutes earlier a t  Newark, i t  
should have been apparent t o  the flightcrew. 

In addition, the No. 2 AT/SC system had performed in a similar manner during 
the approach t o  Newark. The flight engineer said that the system had annunciated 
ALPHA "at leastw 6 KIAS above the nominal for the airplane's weight and configuration 
and that he had intended to  enter the discrepancy in the malfunction section of the 
airplane's flight lcgbook. In this instance, the captain had, albeit for an unrelated reason, 
disconnected the AT/SC system, disregarded the ALPHA annunciation, decelerated the 
airplane, and flown the remainder of the approach and landing manually a t  the 
programmed airspeeds based on the airplane's calculated landing weight. 

Given the magnitude of the apparent weight disparity evidenced by the speeds 
required to clear the ALPHA annunciation, and given the fact that the newly selected 
speeds, and, in particular, the 35' flap landing approach speed, exceeded the allowable 
speed tolerances for use of the AT/SC system, the Safety Board believes that  the captain, 
based solely on the performance of t he  No. 2 AT/SC system a t  Logan, had ample evidence 
t o  conclude that i t  was out of tolerance and should not be used t o  fly the approach. In 
addition, the captain also knew that the system had annunciated ALPHA at too high an 
indicated airspeed during the earlier approach and landing at Newark. Given these facts, 
and given the reported surface conditions at Lagan, the Safety Board concludes that the 
captain's reliance on the AT/SC system for airspeed control during the approach and 
landing was imprudent and improper. 

The Safety Board could not identify the reason why the No. 2 AT/SC system 
reference speed computation was high; however, this factor was most significant since the 
higher-than-normal speed extended the air run of the airplane between threshold crossing 
and touchdown and reduced the length of runway available for stopping. Two possibilities 
for the AT/SC disparity were considered; first, that  the airplane weighed more than I 
estimated by the flightcrew, or second, that  the airplane had accumulated an ice buildup 



on its aerodynamic surfaces which affected aerodynamic efficiency. There is no 
evidence, however, t o  support either possibility. In fact, these conditions may have 
caused the airplane to  touch down sooner, but at a higher speed than the analysis of the 
actual flightpath showed. Rather, the approach profile and landing analysis showed that  
the flightcrew began a normal flare maneuver and the ATISC retarded the throttles 
properly. There is no evidence that the captain increased the nose attitude excessively in 
a deliberate attempt t o  achieve a smooth touchdown; however, dissipation of the 
excessive airspeed and the increased aerodynamic efficiency of the airplane with 
resultant reduced drag as i t  approached the ground combined to  decrease the rate of 
descent and extend the flare distance. The airplane also touched down at a slightly 
higher-than-normal speed, which further affected i ts  landing roll deceleration profile. 

The Safety Board also considered the possible effect of a low level wind shear 
on the final approach profile of the airplane. The analysis of the DFDR data correlated 
with other wind information and showed that the airplane encountered a decreasing 
headwind shear from about 20 kns a t  600 feet to  2 kns a t  the surface. Normally, such a 
shear would cause the airplane t o  lose airspeed and fall below the desirable descent path. 
If thrust is not added, an airplane encountering decreasing headwind may touch down short 
of the pilot's aiming point. However, if sufficient thrust is added t o  inertially accelerate 
the airplane - increase its groundspeed as the headwind decreases -- the airplane will 
maintain the desired airspeed and descent path. As Flight 30H descended below 600 feet, 
the ATISC added thrust, thus maintaining airspeed and increasing groundspeed. Thus, the 
Safety Board concludes that the wind change a s  Flight 30H descended had no direct effect 
on the airplane's flightpath or touchdown point. 

The Safety Board concurs that the acceptance of ATISC speed computation 
and use of tha t  system provides an increment of safety by assuring a stall margin if 
landing weight is micalculated o r  if the airplane's aerodynamic surfaces are  contaminated.) 
The Safety Board believes, however, that when a disparity of more than a few knots exists 
between the ATISC system acceptable speed and the calculated reference speed, the 
flightcrew must make itself aware of t h e  consequences of the higher approach speed. 

The Safety Board considered actions which the pilot might have taken to 
minimize the stopping distance. First, he should have disengaged the ATISC system when 
he approached the flare and modified the thrust retard schedule so a s  t o  cross the 
displaced threshold at Vprog speed (150' KIAS). Second, he could have selected an aiming 
point nearer to the displaced threshold. The Safety Board notes that the threshold of 
runway 15R is displaced about 890 feet beyond the actual end of- the  runway to  provide 
required obstruction clearance for normal glidepath descent. The 2-bar VASI system is 
installed t o  provide a runway intersect distance 1,183 feet beyond the displaced threshold 
or 2,073 feet beyond the actual end of the runway. The 2-bar VASI is designed and 
installed t o  provide vertical approach guidance which ensures safe obstruction clearance 
and touchdown runway margins t o  conventional airplanes. However, the cockpit of wide- 
bodied airplanes is so far above and so far ahead of the wheels that, in landing attitude, 
the adherence t o  the VASI glide slope until touchdown will place the airplane's wheels on 
the runway several hundred feet short of t h e  normal aim point. Consequently, pilots of 
DC-10 and L-1011 airplanes are  advised t o  disregard the 2-bar VASI at 200 feet above the 
runway elevation 171 and the captain of Plight 30H adhered t o  this procedure. The 
airplane rose slightly above the VASI glide slope as the pilot selected a safe aiming point. 
In retrospect, because of the displacement of the runway threshold, the Safety Board 
believes that the pilot of Flight 30H could have safely selected a shortened aiming point 
t o  compensate for the possible flare extension resulting from excess speed. In assessing 
the pilot's performance, however, the Board considered that the visibility was marginal 

171 B-747's are advised t o  disregard the 2-bar VASI at 300 feet above the runway. - 



and that this was the pilot's first landing on runway 15R at man.  Therefore, the pilot's 
adhering to normal safe and prescribed 2-bar VASI procedures cannot be criticized. On 
the other hand, when the use of the AT/SC system was going to result in higher speed 
which would lengthen the airplane's landing distance, the  pilot should have been more 
alert to the situation associated with the icy runway, to this case, the pilot should have 
anticipated the possibility of a longer-than-normal flare distance or slightly high 
touchdown speed and should have been concerned about the additional problems of 
stopping on a runway with less than optimum braking condition. 

The extended flare resulted in the touchdown about 2,800 feet beyond the( 
displaced threshold. While this was about 1,300 feet beyond the VASI glide slope intersect 
point, i t  was only 600 feet beyond the nominal distance allotted for the air run segment 
considered in the development of the airplane certification landing distances which are 
the basis for information provided in the operator's airport analysis charts. The Board 
notes that the actual certification stopping segment for a 365,000-pound DC-10 landing 
on a dry runway is given as 2,392 feet. This distance presumes t ha t  the airplane touched 
down at an airspeed about 12 kns less than the Flight 30H touchdown speed. The stopping 
distance would nominally be increased about 440 feet as a result of the excess 
speed. c/ That the flightmew believed that t h e  airplane touched down "about 1,500 feetw 
beyond the displaced threshold may be attributable to the night reduced visibility and the 
absence of good runway distance measuring references. Even had there been references, 
the crew would probably have believed tha t  the 6,690 feet runway remaining at the  point 
of touchdown was adequate for stopping the airplane since i t  was more than twice that 
which would be required to stop the airplane on a dry runway. 

There was no indication that the flightcrew considered aborting the landing a t  
touchdown, and the Board does not believe t ha t  the information and cues should have 
prompted such action. However, the Board believes that the conditions and good 
operational practices did indicate the need to apply all deceleration devices as rapidly as 
possible. TThis includes the deployment of ground spoilers, the application and use of 
maximum reverse thrust, and the initiation of t h e  maximum obtainable wheel braking. 
The evidence showed tha t  the automatic deployment of spoilers probably commenced as 
the  airplaney$ wheels spun up about 2 seconds after main gear touchdown and full  
extension occurred about 2 seconds later. The captain initiated deployment of the reverse 
thrusters a t  nose gear touchdown and the reversers were fully deployed 2 seconds later. 
The thrust level was then increased to the maximum available level during the next 
13 seconds. Wheel braking was initiated about 7 seconds after main gear touchdown, and 
the pilot steadily increased brake pressure reaching the maximum pressure about 
12 seconds after the initial application. 

To assess whether these actions were reasonable, ideal control application 
times were measured during tests by the McDonneIl Douglas Corporation. These tests 
indicated that full reverse thrust application may be accomplished within 8 seconds 
following main gear touchdown on a dry runway and maximum braking pressure can be 
achieved within 4 seconds of main gear touchdown. While the Safety Board recognizes 
that a line captain's performance on a slippery runway cannot be compared to t ha t  of a 
test pilot on a dry runway, it can be compared to  that of a similarly trained line captain 
performing under identical conditions. Flight 42, a DC-10-40, landed on runway 15R 7 
minutes earlier. Its DFDR data showed that its reversers were deployed within 4 seconds 
after main gear touchdown and that full allowable reverse thrust was applied within 
9 seconds after touchdown. TTie captain of Flight 30H did not achieve similar levels of 
reverse thrust until 14 to 17 seconds after main gear touchdown. Although the DFDR 

18/ The stopping distance increase can be nominally expressed as a function of the square 
of the speed. 



data indicated that  directional control may have been marginal, the captain did not assert 
that he experienced directional control problems, nor does the manner in which maximum 
reverse thrust was finally applied suggest any difficulties with directional control while he 
increased thrust. The evidence does not permit the Safety Board t o  conclude whether the 
late application of full reverse thrust was caused by directional control problems, but 
given the condition of the runway surface, and even given the importance under these 
conditions of uniformly applying high levels of reverse thrust a t  high indicated airspeeds, 
the Safety Board concludes that the resultant delay, regardless of the cause, was 
excessive. 

The analysis of Flight 30H1s stopping performance showed that  wheel braking 
did not begin until about 7 seconds after  main gear touchdown and that  heavy brake 
applications did not begin until about 15 seconds after main gear touchdown as the 
airplane was decelerating through 100 KIAS (see appendix H). Since Flight 42's DFDR did 
not record brake system performance, i t  is difficult to  compare Flight 42's performance 
as recollected by the captain with the recorded performance. However, the captain of 
Flight 42 stated that he had applied maximum braking coincident with engine reverser 
deployment, or about 4 t o  5 seconds after  main gear touchdown. Flight 30H did not 
achieve maximum brake pressure levels until 1 9  seconds after  main gear touchdown. The 
Safety Board examined the time taken by the captain of Flight 30H t o  initiate wheel 
braking and achieve full brake pressure. The procedure contained in the World Flight 
Crew Operating Manual specifies a smooth application of constant brake pressure t o  full 
pedal on short or slippery runways. The airplane's antiskid system is designed t o  provide 
optimum brake efficiency with constant full brake pressure. However, on a slippery 
runway, the actual brake torque required t o  cause the wheel t o  lock up and the tire t o  skid 
on the surface may be developed a t  lower-than-maximum brake pressures. The exact 
pressure which would have caused the antiskid to  function during Flight 30Hfs landing was 
not determined, and the Safety Board is not aware of any engineering or test data t o  
quantify the difference in obtainable brake efficiency with partial or full pressure under 
these conditions. Although the possible adverse effect of the pilot's delayed application 
of full pedal on airplane deceleration could not be determined, the Board believes that i t  
was minimal. 

In order t o  further examine the extent t o  which the flightcrews' performance 
may have contributed to this accident, the Safety Board analyzed the pertinent data to  
determine the effective braking coefficients obtained on runway 15R by both 
Northwest 42 and Flight 30H. The effective braking coefficients for both flights 
correlated closely, each showing that the maximum effective braking coefficient obtained 
was about .08, less than that  normally associated with smooth (unsanded) clear ice. 

The theoretical stopping distances for a 365,000-pound DC-10 were then 
calculated for the AT/SC-engaged touchdown speed with both 35' and 50' trailing edge 
flap configurations and for the landing certification touchdown speed with a 35' flap 
configuration. Since the actual braking coefficients were not determinable for Flight 30H 
a t  low speeds, assumptions were used for these values based upon trends evident in 
antiskid braking tests conducted using a DC-9 airplane in 1973-1974. The stopping 
distance calculations also considered both actual and ideal time for applications of 
reverse thrust and wheel brakes. The calculations showed that, for the actual touchdown 
speed, configuration, and control-application time, the pilot could have needed as much a s  
8,390 feet to  bring the airplane to  a full stop after touchdown. This indicates that event 
had the air distance been reduced t o  700 feet, the entire runway would have been needed 
t o  bring the airplane t o  a stop because of the lack of effective braking on the slippery 
surface. 



The theoretical stopping distances in Table 4 show that with 35' flaps, a 
minimum speed touchdown, ideally timed control applications, and using the most 
unfavorable braking coefficient (mu prime I), Flight 30H could have touched down 
1,500 feet beyond the displaced threshold of runway 15R and stopped on the runway. 
Under the same conditions and using the less favorable braking coefficient (mu primes 2, 
3, and 4), Flight 30H could have landed between 2,000 feet and 2,400 feet  beyond the 
displaced threshold, and stopped on the runway. With 50Â flaps, the higher speed 
touchdown, ideally timed control applications, and using mu prime 1, Flight 30H could 
have landed 1,500 feet beyond the displaced threshold and stopped on the runway. 
Applying the more favorable mu primes t o  these conditions decreases the resultant 
stopping distances. However, the Safety Board believes that because of the influence of 
factors such as wind and poor directional control on slippery surfaces, ideally timed 
control applications may not be consistently achievable. 

Given the landing conditions reported in Field Condition Report NO. 6 and 
ATIS X-RAY and the Note in the World Airways DC-10 Flight Crew Operating Manual 
concerning the use of 50Â°flap for landing, the Safety Board believes that, absent a proper 
use of the captain's discretionary authority, the situation required the captain t o  use 50 ' 
flaps for the landing. The captain said he elected to use 35O flaps because the instrument 
approach procedure contained three required level off altitudes (stepdowns) and because 
of the forecasted wind shear. The captain said that  with SO0 flaps the airplane would be 
more difficult t o  manage during the stepdown instrument approach procedure and i t  would 
be slower t o  respond t o  thrust increases should they be required by a wind shear 
encounter. Since the captain's assessment of the airplane's performance a t  the lesser flap 
setting was correct, the Safety Board, based on the data available t o  the captain, 
concludes that his flap selection for the approach and landing was a proper exercise of his 
discretionary authority. 

The Safety Board's analysis indicates that  while i t  was possible t o  stop the 
airplane on the runway, the runway surface had become so slippery that  unless the landing 
was made within or very close t o  the ideal parameters of touchdown distances and 
airspeeds, and unless the pilots duplicated or nearly duplicated ideal control application 
times during the landing roll, the possibility of stopping on the runway was, at best, 
difficult, and at the worst, marginal. While the Safety Board believes that  the manner in 
which the captain flew the approach and landing was causal t o  the accident, given the 
narrow operational tolerances required t o  land and stop on runway 15R, the Safety Board 
also finds the runway conditions and the factors which led to  a decision t o  land Flight 30H 
t o  have been causal. 

Normal Operational Practices and Federal Standards.--While this analysis has 
concluded that the actions and inactions of pilots, controllers, and airport management 
contributed t o  this accident, the Safety Board believes that measures t o  prevent similar 
future occurrences must be actively addressed in the broader context of the relationship 
t o  aviation industry practices and Federal regulatory standards. Although the Board 
acknowledges that landing overrun accidents on wet, ice, or snow-covered runways have 
been infrequent, i t  is beyond question that present practices and requirements are not 
adequate t o  assure safe flight operations, takeoffs and landings, on slippery runways. This 
subject was examined extensively during a 3-day public hearing convened by the Safety 
Board on May 3, 1982, on the effects of runway surfaces on airplane performance. 

The Federal Aviation Regulations and standard* attempt t o  assure the safety 
of commercial transport operations by levying requirements on airplane manufacturers to 
demonstrate the performance capability of an airplane and by establishing operational 
limitations during certification of the airplane. Other operational requirements are 
imposed on the operator of the airplane a s  used in normal service. To assure that an  



airplane can take off or land safely on a given runway, the manufacturer must 
demonstrate the runway distances required t o  take off, t o  accelerate the airplane t o  a 
decision speed and stop, and t o  land the airplane from a 50-foot height and bring i t  t o  a 
full stop. The stopping capability of the airplane may be demonstrated using those 
decelerative devices which are "safe and reliable." The manufacturers and the FAA have 
excluded the use of reverse thrust for stopping during the certification demonstrations 
because reverse thrust is contingent upon all of the engines operating properly. The 
certification test data are analyzed, and takeoff and landing distances are  determined for 
the airplane for i ts  entire range of operational weights. These data are then included in 
the FAA-approved airplane flight manual. All of the demonstration tests and the data 
provided are related t o  the airplane's performance on a dry, smooth, hard surface. There 
are no requirements either to  demonstrate takeoff, accelerate-stop, or landing 
performance or provide distance data for operations on wet or slippery runways. 

To provide a level of safety which would accommodate normal variations in 
operational circumstances and piloting techniques, the Federal standards require that 
operators ensure that  there is a runway of sufficient length at the destination airport t o  
permit the airplane to be landed and brought to  a full stop within 60 percent of the 
effective runway length. This assumes that the airplane can be landed and stopped within 
the certification landing distance contained in the approved airplane flight manual. 
Additionally, since no equivalent data are provided for wet or slippery runways, the 
required runway length a t  the destination airport is increased by another 15 percent if 
weather forecasts indicate that the runway will be wet or slippery a t  the time of the 
airplane's arrival. 

The Safety Board perceives several inadequacies in the present standards and 
practices. Most significant of these inadequacies is that all  requirements are  related t o  
demonstrated and published takeoff or landing performance data for a dry, smooth, hard 
runway surface; yet takeoff and landing operations during the winter months are 
frequently conducted on wet or ice- and snow-covered runways where effective braking 
coefficients may be less than 20 percent of those obtainable on dry surfaces. 

For landing on slippery runways, the FAA, manufacturers, and operators all 
contend that the total length of runway specified in the approved flight manual, about 
1.9 times the length which was derived on a dry surface without the use of reverse thrust, 
is a sufficient safety factor. The Safety Board regards this contended margin as arbitrary 
and ill-defined. No attempts are made during airplane certification t o  establish the 
airplane's attainable braking coefficient on surfaces with various types of contamination, 
nor is there a requirement t o  provide data regarding the effective braking coefficients 
which would be needed to  stop the airplane within the distance established by regulation 
for wet runways. Further, although tests are conducted during airplane certification t o  
demonstrate the functional characteristics of the antiskid brake systems under slippery 
conditions, no attempts are made t o  quantify the efficiency of these systems on slippery 
runway surfaces. 

The Safety Board believes this accident also exemplifies inadequacies in the 
existing regulatory standards. The FAA-approved landing distance on a wet runway for a 
365,000-pound DC-10 using 35Otrailing edge flaps is 6,753 feet. Thus, when allowing for a 
minimum air run segment of 1,131 feet, the airplane is expected t o  stop within the 
5,622 feet remaining. 191 

191 The minimum air run segment demonstrated during airplane certification involves - 
piloting techniques which are atypical t o  normal line operations. See NTSB-AAR-82-2. 
For related Safety Board recommendations and FAA responses, see Appendix L. 



However, in this accident, the stopping distance analysis for a DC-10-30. 
landing a t  the proper airspeed followed by ideally timed applications of the decelerative 
devices, showed that the airplane would need a minimum of 6,300 feet and possibly as 
much a s  7,460 feet in which t o  stop; the minimum distance was calculated by using the 
most optimistic braking coefficients that may have been attainable on runway 15R during 
Flight 30H's landing. Consequently, given optimal pilot and airplane performance, Flight 
30H's landing distance would have been at least 700 feet longer than the runway length 
specified by regulation for wet runway operations which, t o  repeat, was established on the 
basis that reverse thrust is not available. 

The Safety Board is equally concerned that airport management is provided 
with little guidance by the FAA regarding the allowable deterioration of the braking 
conditions on a runway before they must close the runway to  flight operations. Also, no 
specific requirements or recommended procedures have been published by FAA for airport 
operators to  measure and quantify braking action on a wet, or ice- or snow-covered 
runway. Although considerable'research efforts have been and are  being directed toward 
the development and acceptance of improved equipment and procedures to  accomplish 
these measurements, the Safety Board believes such improvements are essential t o  safe 
operation on contaminated runways and that progress must be accelerated. As matters 
currently stand, both pilots and airport operators rely heavily on the braking action 
reports provided by pilots after landing t o  determine the suitability of a runway for 
continued use. 

The Safety Board, while recognizing the need t o  rely on pilot reports under 
today's operating conditions, is concerned that the reports are  subject t o  too many 
variables. A pilot may base his report on his overall ability t o  slow the airplane on the 
landing runway rather than the actual braking attainable through tire t o  runway friction. 
If the airplane is light and the runway is considerably longer than that  normally required 
for landing, the pilot may perceive little or no problem in slowing the airplane t o  a safe 
turnoff speed. Actually, under these conditions, most of the decelerative force may be 
provided by aerodynamic drag and reverse thrust with little need for augmentation from 
wheel brakes. Consequently, he may report braking conditions as "fair" or "fair t o  poor" 
when the actual braking conditions are worse. The pilot of a heavy airplane landing on the 
same runway will have a lesser margin and will need considerably greater braking force 
from the wheel brakes; consequently, he could be misled about the actual braking 
conditions by reliance on these pilot reports. Finally, the Safety Board believes that the 
braking action terms themselves (good, fair, poor, or nil) lack objective definition and 
finds that guidance is not provided by any source to  pilots, ATC personnel, or airport 
managers as t o  a universal meaning of these terms. 

The Safety Board believes that  the potential for overrun accidents on slippery 
runways will continue until pilots are given sufficient information t o  correlate the 
existing runway condition with the stopping performance of their particular airplane. The 
pilots should be given a quantitative report of runway braking action conditions before 
dispatch, or before they begin their landing approach, which will enable them to  refer t o  
data in their airplane flight manual t o  determine whether they can land at their 
destination with a safe margin for the existing conditions. Further, given such 
quantitative reports, airplane weight limitations similar t o  those imposed for landing on 
dry and wet runways should be adopted. To accomplish this, airport operators must have 
equipment and standardized procedures for measuring runway surface friction 
coefficients -- there are several types of equipment available now for this purpose. 
However, there has not been universal acceptance b y  airport managers, airplane 
manufacturers, and airplane operators of the measurements obtainable from available 
equipment because the measurements cannot be accurately and reliably related t o  an 
airplane's stopping performance or otherwise provided t o  the pilots in a manner which 



would be of use to them. Testimony at  the Safety Board's public hearing by National 
Aeronautics and Space Administration (NASA) witnesses indicated promise that one or 
more types of ground equipment friction measuring devices can provide data which can be 
correlated to airplane performance. Further test and research programs by NASA and 
FAA are scheduled to continue toward achievement of this objective, and the Safety 
Board urges that these programs be given the emphasis needed to develop promptly 
reliable and economically acceptable equipment. Although while requirements for such 
equipment at  major airports appears economically reasonable, the Safety Board 
recognizes that smaller airports with limited operating budgets and personnel may have 
difficulty in acquiring, maintaining, and operating sophisticated equipment. Therefore, 
the Safety Board believes that the NASA and FAA programs should be broadened to 
determine whether existing systems on an airplane can be redesigned or modified to  
present quantitative indications of effective braking coefficients to flightcrews. For 
example, antiskid system modulating pressures or cycling frequencies might be used in 
conjunction with appropriate pilot braking techniques to calculate and display a 
quantitative braking coefficient. Also, the potential for using inertial navigation systems 
to measure deceleration and provide a quantitative deceleration coefficient should be 
explored. The availability of quantitive pilot reports would then allow airport operators 
to monitor deteriorating runway conditions more closely. 

The ability of pilots to use quantitative runway condition data would require 
that airplane manufacturers and operators must include in airplane flight manuals the 
stopping performance data on surfaces with various values of braking coefficient. The 
Safet Board is aware that althou h airplane manufacturers are not required for U.S. ^ certi [cation to demonstrate takeo f f and landing performance on runways other than dry 
hard surface runways, the manufacturers of some airplanes do demonstrate performance 
and provide data for wet runway performance to meet United Kingdom certification 
requirements. Furthermore, estimated stopping performance data are provided for low 
braking coefficients and for no brake conditions for some airplanes. For example, such 
data are provided for the DC-10, and some operators use these data to derive charts to  
show increased stopping distances required for various reported braking action conditions. 
The Safety Board's review of some major operators' manuals disclosed that the 
presentations of such data are not standardized and, in some cases, landing distances for 
similar airplane weights and runway conditions differed significantly. The World Airways 
DC-10 manuals did not include any such data for slippery runway landing performance. 
The Safety Board recognizes that actual demonstration of airplane stopping performance 
as a function of runway surface friction coefficient is not practical. However, the Board 
believes that it would be helpful to pilots if the FAA were to require manufacturers to 
extrapolate data from dry runway stopping performance to develop theoretical stopping 
performance data for lesser braking coefficients, and to provide these data in a 
standardized manner to the operators of all transport category airplanes. If possible, the 
presentation of these data should be in a form which allows correlation to runway friction 
coefficients obtainable from ground equipment friction measuring devices. In the interim, 
the data could be categorized in accordance with accepted braking action 
terminology -- good, fair, poor, and nil -- and in any event additional guidance should be 
provided regarding the meaning of these terms. 

The Safety Board also believes that FAA should place increased emphasis on 
pilot training with regard to runway condition assessment and reporting techniques to  
reduce as much as possible the subjectivity of these reports. To reduce the subjectivity of 
these reports, pilots could compare the published theoretical stopping distances with 
actual distances used as a measure of braking action conditions. Their ability to assess 
conditions on this basis would be significantly enhanced by the installation of runway 
distance markers which the Safety Board recommended in Safety Recommendation 
A-72-3 issued on January 3, 1972; a recommendation which we recently reiterated in our 



report of the Air Florida B-737 accident that occurred a t  Washington National Airport on 
January 13, 1982. 20/ The Safety Board believes that pilot assessmentsÂ¥o braking 
capabilities may b e m o r e  accurate if based upon wheel brake effectiveness after the 
effects of reverse thrust and aerodynamic drag are substantially reduced. Finally, since 
pilots of airplanes requiring less distance in which to  stop may not verify braking action 
during landing roll unless requested to  do so by air traffic controllers, the controllers 
should be required t o  solicit braking action reports from pilots well in advance of landing. 

In summary, the Safety Board concludes that the existing Federal Aviation 
regulatory standards and industry practices are  deficient; they do not provide adequate 
guidance to  airport management regarding the measurement of runway slipperiness; they 
do not provide flightcrews with adequate means t o  evaluate or correlate runway 
conditions with airplane stopping performance; and they do not provide runway length 
requirements consistent with reduced braking performance on slippery runways. Further, 
the Safety Board concludes that these deficiencies are directly related t o  the cause of 
this accident because Flight 30H was permitted by existing regulatory standards t o  use a 
runway on which the airplane probably was not capable of stopping. 

Survival Aspects 

The forces experienced by the passengers as the airplane came t o  rest in the 
water were not a factor in occupant survival except in the immediate area where the 
cockpit section nose separated from the fuselage. The two passengers who are presumed 
t o  have drowned were seated in the forward passenger seat row, and these seats separated 
when vertical loads caused the seat structures t o  fail. The entire cabin a f t  of the 
structural separation remained intact. There were no disabling passenger injuries and 
there were no significant obstructions presented by displaced cabin furnishings t o  impair 
an orderly evacuation of the cabin. Further, because there was no fire, the urgency of 
evacuation was diminished and there were no associated smoke inhalation or visibility 
problems. The cabin emergency lights provided adequate illumination for the passengers. 
The most significant hindrance t o  the evacuation was the continued operation of the No. 2 
engine at full reverse thrust. The engine noise caused confusion among flight attendants 
and passengers in the rear cabin which delayed the initiation of the evacuation and 
hindered effective communication between flight attendants and passengers. The air flow 
from the No. 2 engine presented further difficulties when it caused the deployed 
slidehafts to  twist. Exit L-4 was not usable when the slide blew against the fuselage; 
however, because the right side of the airplane was closer to  the shore, the blockage of 
the L-4 exit did not affect the evacuation. 

The flightcrew and passengers were able t o  evacuate the airplane and swim or 
wade to the shore with little help from crash-rescue personnel or other persons on shore. 
However, the immediate notification of the Logan Fire Department resulted in the quick 
response of crash-rescue emergency vehicles and personnel to the shoreline t o  provide 
illumination of the area and t o  assist the survivors in climbing the bank a t  the shoreline. 
After they reached the bank, however, the survivors were exposed t o  the near freezing 
temperatures, wind chill, and rain while awaiting transportation t o  a suitable shelter. 
After prolonged waiting, many survivors were taken in an open-stake truck t o  an open fire 
station where they remained in excess of an hour with minimum provisions for comfort. 
In this respect, the Safety Board believes that  the Logan disaster planning placed 
insufficient attention t o  the transportation and comfort of the survivors of an accident, 
particularly t o  meet the needs of 200 or more people. Consequently, the Board believes 

20/ Aircraft Accident Report--"Air Florida, Inc., Boeing 737-222, N62AF, Collision With - 
14th Street Bridge, Near Washington National Airport, Washington, D.C., January 13, 
1982" (NTSB-AAR-~~-~).  



that  emergency response and disaster planning at airports serving large transport 
airplanes should be reviewed t o  assure that they provide for suitable transportation and a 
sheltered assembly area for survivors. 

Since there was no fire and the airplane was close to  shore, the total 
capability of the Logan Airport Emergency crash-fire-rescue plan, personnel, and 
equipment was neither required nor tested. During the investigation of the previously 
cited Air Florida, Inc., B-737 crash a t  Washington National Airport, the Safety Board 
noted that there were no specific FAA regulations regarding the type of equipment t o  be 
maintained to  accomplish rescue from waters surrounding airports that  service air carrier 
airplanes. The FAA provided guidance in Advisory Circular 15015210-13 which goes 
beyond regulatory requirements and suggests that  the emergency plans, facilities, and 
equipment a t  airports include the capability for water rescue for all conditions which 
might be encountered. The Safety Board recognizes that the Logan Airport Fire 
Department is equipped beyond regulatory requirements t o  respond to  a water 
crash-rescue operation. However, the Safety Board's investigation of the Air Florida 
accident indicated that immediate response to  effect water rescue can be significantly 
hampered during winter weather conditions, particularly when ice floes inhibit small 
rescue boat operations. 

Therefore, t h e s a f e t y  Board believes that the circumstances of this accident 
were fortuitous because survival and rescue were not dependent upon the Logan Airport's 
water response capability. Had the airplane plunged into deeper water farther from the 
shore, the two crash boats operated by the Airport Fire Department would have been 
launched. However, i t  is not likely that the boats could have reached the scene in time to  
provide assistance for rapid evacuation of the airplane. Therefore, the immediate 
survival of the occupants would have depended on the equipment carried aboard the 
airplane, primarily the underseat life vests and cabin exit slidehafts. The Safety Board is 
therefore concerned that some passengers reported that they had encountered difficulties 
in removing the life vests from their stowed position and in opening the plastic packaging. 
The Safety Board has addressed this problem after the National Airlines, Inc., B-727 
accident near Pensacola, Florida, May 8, 1978, and again in the analysis of the Air Florida 
accident in Washington. The Safety Board understands that  the issuance of TSO-C-13d is 
imminent and understands that the TSO will include standards t o  improve ease of removal 
of life vests from plastic packages. The Safety Board notes that  some of the passengers 
believed that their seat cushions would serve as flotation aids. However, when they threw 
cushions into the water, the cushions absorbed water and sank. Following the B-727 
accident near Pensacola, the Safety Board recommended t o  the FAA that passenger 
carrying aircraft be equipped with approved flotation-type seat cushions, (Safety 
Recommendation A-79-36); the FAA has responded that i t  is assessing the feasibility of 
imposing this requirement. 

Had the airplane entered deeper water, the water temperature would have 
been a most significant factor in survivability. The slidehafts functioned properly and 
assuming that the problems presented by the continued operation of the No. 2 engine 
would not have existed in deeper water, i t  could be presumed that  most of the passengers 
would have been able t o  enter the rafts. However, any passenger who did not enter a raft 
would have had only limited time t o  function in the 30Â° water and would have been 
dependent upon rapid response of the airport's crash boats for survival. While U.S. Coast 
Guard and U.S. Navy units can be expected t o  respond t o  airport emergencies, they will 
not be dedicated t o  this function, having broader search and rescue responsibilities, and 
they generally will not be a t  close hand. It should be recognized in the airport emergency 
crash-fire-rescue plan that these type units cannot reach the waters immediately 
surrounding the airport in time t o  provide immediate assistance t o  persons immersed in 
frigid waters. Therefore, the Safety Board urges the FAA to consider these additional 



factors during its consideration of Safety Board Recommendation A-82-88 in which we 
asked the FAA to  evaluate the adequacy of water rescue plans, facilities, and equipment 
at certificated airports having approach and departure flightpaths over water. 

3. CONCLUSIONS 

3.1 !!&@fE 

Although the ambient temperature at the time of the accident was above 
freezing, ground surfaces were cold and covered with hard-packed snow. 
Continuing precipitation was freezing on contact to  form glaze ice on 
the snow. 

The airport snow plan was in effect and operational runways had been 
alternated during the afternoon while crews plowed and sanded closed 
runways t o  improve conditions. 

Runway 15R had been reopened 2 hours before the accident after  it had 
been plowed and sanded. Two members of the Snow Committee drove a 
4-wheel-drive vehicle down the runway and assessed braking action as 
"fair t o  poorw before i t  was reopened. 

Only 5 of 14 pilots landing on runway 15R during the 2-hour period 
before the accident volunteered braking action reports. One reported 
"poor to  niln conditions about 38 minutes before the accident, and the 
two who landed ahead of Flight 30H reported "poorv conditions. The 
last, pilot of a Northwest DC-10 who landed 8 minutes before Flight 
30H, reported t o  ground control that  he had experienced compressor 
stalls during low-speed reverse thrust application. The local controller 
was aware of the difficulty encountered by the NW DC-10, but did not 
pass on this information t o  Flight 30H. 

That nine of the pilots landing on runway 15R did not volunteer braking 
action assessments and that eight of the landing airplanes were able t o  
turn off of the runway with 1,900 feet remaining may have misled 
controllers and airport management into underestimating the critical 
conditions. 

Four pilots stated following the accident that they were unable to slow 
their airplanes t o  turn off of the runway at the intersection with 
runway 27, 1900 feet before the end. 

Tower controllers failed t o  take the initiative t o  request pilot braking 
action reports during the continuing precipitation which caused 
deterioration of runway conditions despite the known icy condition of the 
runway. 

The ATIS Field Condition Report had not been updated for 2 hours before 
the accident and indicated braking action "fair t o  poorw although a "poor 
t o  nilw and "poorn reports had been given by pilots. 

Neither approach nor local controllers passed on the latest reported 
conditions of braking action to  the pilots of several flights including 
Flight 30H. The failure t o  transmit this information may have 
influenced the pilot's decision t o  land. 



The ATC handbook requires local controllers to transmit braking 
conditions to  arriving flights when braking action reports have been 
received. 

Although airport management through the Operations Supervisor and 
Snow Committee should have been aware of a "poor to nilw braking 
action report since the tower had transmitted i t  via teleprinter, it did 
not take action t o  inspect runway 15R. 

Policy requires inspection af ter  poor reports. Airport management was 
aware of one "poorv report. Had airport management been aware of 
more than one "poorn report, they may have been prompted t o  inspect 
the runway. 

The flightcrew did not have the latest descriptive braking action reports 
and consequently had no cause t o  decide not t o  conduct the approach and 
landing . 
The pilot of Flight 30H used the No. 2 AT/SC system for airspeed control 
during the approach and landing. The No. 1 AT/SC system was 
inoperative thereby precluding speed comparison between the two 
systems. 

The AT/SC system is designed so as not to accept a minimum speed 
below that  which provides an established stall margin. The minimum 
speed acceptable t o  the No. 2 system was 8 kns above the World Airways 
approach speed for the airplane's weight - 13  kns above the reference 
speed which is the basis for establishing runway distance criteria. The 
reason the AT/SC system would not accept the low speed was not 
determined. 

The minimum 35' flap speed acceptable t o  the No. 2 AT/SC system 
exceeded the allowable speed tolerance for use of the No. 2 AT/SC 
system by 6 KIAS. 

The airplane hadachieved a stabilized descent along a normal profile and 
crossed the displaced threshold of runway 15R at a normal height, but at 
the higher-than-normal airspeed controlled by the AT/%. 

The pilot did not raise the airplane's nose excessively but the 
higher-than-normal speed produced a longer-than-normal flare distance. 
The airplane touched down about 2,800 feet beyond the displaced 
threshold, with no more than 6,380 fee t  remaining for stopping. 

All decelerative devices were used to slow the airplane although the 
application of maximum reverse thrust and full wheel brake pressure 
were less rapid than have been demonstrated under ideal conditions and 
by the captain of the DC-10 which landed 8 minutes earlier. 

Analyses of the deceleration of both Northwest Flight 42, a DC-10-40, 
and Flight 30H disclosed that  the effective braking coefficient was about 
0.08 or less along the runway length. This exceeds the 0.07 effective 
braking coefficient normally associated with a surface covered with 
smooth ice. 



Ineffective friction between Flight 30Hfs tires and the runway surface 
resulted in low decelerative forces which slowed the airplane to only 49 
kns by the time it departed the end of the runway. 

The runway surface was so slippery that stopping the airplane on the 
runway was difficult and may have been marginal, regardless of crew 
performance. 

The pilot's use of a 35' flap setting for the approach was not in 
accordance with World Airways Flight operations procedures for landing 
on short or contaminated runways but was appropriate in this case based 
on the wind condition and type of approach being conducted. 

The standards and operating rules of the FAA regulatory system do not 
provide for the quantitative measurement of runway friction, minimum 
runway braking action conditions, or means to correlate actual 
conditions with-an airplane's stopping performance. 

FAA rules do not require definitive stopping performance data for 
surfaces with low friction coefficients in approved flight manuals and air 
carrier operational manuals. Pilots are not able to correlate data with 
more accurately defined runway braking action reports. 

Present FAA standards and accepted operating practices do not preclude 
a pilot from landing an airplane on a runway which is too slippery to 
provide adequate friction to stop the airplane. 

Pilot braking action reports are subjective and depend upon too many 
variables to provide quantitative information for decisions regarding 
continued operations on slippery runways. Pilots, having landed, may 
report on conditions/events specific to their airplane and these may not 
be as applicable to another airplane operating with different parameters. 

The FAA should make mandatory the guidance provided in Advisory 
Circular 150/5210-13 which suggests that the emergency plans, 
facilities, and equipment at airports include capability for water rescue 
for all conditions that might be encountered. 

The crash/fire/rescue response was timely and effective; however, the 
disaster plan was not adequate to meet a situation involving numerous 
survivors. 

It was not known for several hours after the termination of the rescue 
operation that two passengers were missing. Passengers were not 
accurately accounted for because one passenger's ticket coupon had not 
been lifted when boarding and, although counted when deplaning, he had 
not been included in the total passenger count. Also, a fireman from the 
rescue group had been admitted to a hospital with passengers from the 
accident and he had been counted as a passenger. 



Probable Cause 

The National Transportation Safety Board determines that the probable cause 
of the accident was the minimal braking effectiveness on the ice-covered runway; the 
failure of the Boston-Logan International Airport management t o  exercise maximum 
efforts to  assess the condition of the runway t o  assure continued safety of landing 
operations; the failure of air traffic control t o  transmit the most recent pilot reports of 
braking action t o  the pilot of Flight 3013; and the captain's decision to  accept and 
maintain an excessive airspeed derived from the autothrottle speed control system during 
the landing approach which caused the airplane t o  land about 2,800 feet beyond the 
runway's displaced threshold. 

Contributing t o  the accident were the inadequacy of the present system of 
reports t o  convey reliable braking effectiveness information and the absence of provisions 
in the Federal Aviation Regulations t o  require: (1) airport management t o  measure the 
slipperiness of the runways using standardized procedures and t o  use standardized criteria 
in evaluating and reporting braking effectiveness and in making decisions to  close 
runways, (2) operators to  provide flightcrews and other personnel with information 
necessary to correlate braking effectiveness on contaminated runways with airplane 
stopping distances, and (3) extended minimum runway lengths for landing on runways 
which adequately take into consideration the reduction of braking effectiveness due t o  ice 
and snow. 

4 RECOMMENDATIONS 

See Appendix M. 

REVISED REPORT ADOPTED 
BY THE NATIONAL TRANSPORTATION SAFETY BOARD* 

/s/ JIM BURNETT 
Chairman 

/s/ G. H. PATRICK BURSLEY 
Member 

PATRICIA A. GOLDMAN, Vice Chairman, dissented. (See comments in 
attachment 1 t o  appendix 0.) 

July 10,1985 

*This report was revised based on the Safety Board's reply t o  a Petition for 
Reconsideration of probable cause and findings. (See appendix 0.) The original report 
was adopted on December 15, 1982, by the following members of the National 
Transportation Safety Board: Jim Burnett, Chairman; Patricia A. Goldman, Vice 
Chairman; and Francis 3. McAdams, G. H. Patrick Bursley, and Donald D. Engen, 
Members. Vice Chairman Goldman filed a concurring and dissenting statement t o  the 
original report. Members Bursley and Engen filed concurring statements t o  the original 
report. 
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5. APPENDIXES 

APPENDIX A 

INVESTIGATION AND HEARING 

1. Investigation 

The Safety Board was notified of the accident about 2030 on January 23, 1982. 
Air safety investigators in the areas of Operations/Air Traffic ControlfiVitnesses, 
Structures, Systems, Powerplants, Weather and Human Factors were dispatched 
immediately from the Washington, D.C. headquarters office. Later, Cockpit Voice 
Recorder, Flight Data Recorder, and Performance Specialists were assigned. 

Representatives for the Federal Aviation Administration, World Airways, Inc., 
McDonnell Douglas Corporation, General Electric, Massport, United States Coast Guard, 
Massachusetts Aeronautical Commission, International Association of Teamsters, and the 
Air Line Pilots Association participated in the investigation. 

Public Hearing 

There was no public hearing and no depositions were taken. 



APPENDIX B 

PERSONNEL INFORMATION 

Pilot - 
Captain Peter J. Langley, 58, holds Air Transport Pilot Certificate 

No. 1677657 with airplane multiengine land, and single engine land ratings. He holds type 
ratings in the Boeing B-727 and the MeDonnell Douglas DC-8 and DC-10. His first class 
medical certificate was issued November 19,1981, with the limitations that he must wear 
corrective lenses while exercising . the privileges of his certificate. He completed a 
proficiency check on July 25, 1981, a company line check on January 25, 1981, and an en 
route check on January 8, 1982. He had about 18,091 flying hours of which about 
1,969 hours were in the DC-10 airplane. 

Copilot 

First officer (F/O) Donald C. Hertzfeldt, 38, holds Airline Transport 
Certificate No. 2023812 with airplane multiengine land rating. He holds commercial 
privileges in airplane single engine land and glider aero tow. He also holds Flight Engineer 
Certificate No. 2236568 with turbojet privileges. His First Class medical certificate was 
issued on February 26, 1981. He had about 8,600 total flying hours. 

Flight Engineer 

Flight Engineer (F/E) William L. Rogers, 56, holds Flight Engineer Certificate 
No. 1391633 with turbojet privileges. His first class medical certificate was issued on 
October 31, 1981. His last proficiency check and line check were completed on 
February 19, 1981. He had about 20,000 total flying hours. 

Flight Attendants 

Position ' Name 

Lisa Jorgensen 
Lynne Paris 
Debi Groves 
Joan McCaul Sayeg 
Susan Hayes 
Annabella Pidlaoan 
Bobbi Sue Griffey* 
Marcel F. deLannoy 
Brian J. Linke 

Hire Date 
Date of Last 
Recurrent Training 

*Ms. Griffey qualified as senior Flight Attendant 07-28-70 



APPENDIX C 

AIRCRAFT INFORMATION 

The airplane was a McDonnell Douglas DC-10-30CF, United States Registry 
N113WA, serial number 47821. It had been purchased new by World Airways Inc. and i t  
had about 6,327 hours in service. 

The airplane was powered by three General Electric CF6 - 50C2 high bypass 
ratio turbofan engines. The Nos. 1 and 3 engines had not been changed during the 
operational history of the airplane. The No. 2 engine 'had been removed from World 
Airways Inc. N106WA on January 9, 1981 for time-stagger purposes and installed in the  
No. 2 position of N113WA on March 29, 1981. The three engine fan reversers were the 
original installations. The engine performance trend monitoring data for the three 
engines did not show any trend deviation from normal operating patterns. 

Engine Position 1 2 3 

Serial Number 517-643 517-421 517-645 
Time Since New 6,327 8,791 6,327 
Time Since New (Hours) 6,327 8,791 6,327 
Cycles Since Inspection 1,619 2,384 1,619 
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- 60 - Appendix G 

TRANSCRIPT OF PERTINENT COMMUNICATIONS FROM COCKPIT VOICE 
RECORDER, FAIRCHILD A-100 REMOVED FROM THE WORLD AIRWAYS, INC. 
DC-10 INVOLVED I N  THE ACCIDENT AT LOGAN INTERNATIONAL AIRPORT, 

BOSTON* MASSACHUSETTSs ON JANUARY 23, 1982 

LEGEND 

CAM 

RDO 

- 1 

-2 

-3 

-? 

LCN 

APP 

* 

# 

% 

( 1  
( (  11 
--- 
Note: - 

Cockpit area microphone voice o r  sound 

Radio transmission from accident a i rc ra f t  

Voice iden t i f i ed  as Captain 

Voice ident i f ied  as F i r s t  Officer 

Voice ident i f ied  as F l i gh t  Engineer 

Voice unident i f ied 

Tower (Local Control ) 

Approach Control 

Un in te l l ig ib le  word 

Nonperti nent word 

Break i n  continuity 

Questionable tex t  

Edi t o r i a l  insert ion 

Pause 

~ i m e s  expressed i n  eastern standard time. 



TIME & 
SOURCE - 

INTRA-COCKP I T  

CONTENT 

CAM- 1 Okay, we1 1 there are the a1 ti tudes, the 
MSA i s  two thousand, tha t ' s  f i f t e e n  DUE 
and, ah, I'll give these t o  you and you 
can read them out, I ' v e  go t  them j o t t e d  
down here 

CAM-2 Okay 

CAM- 1 And. ah, the MDA i s  seven eighty, seven 
e ighty  and the touchdown zone i s  eighteen 
f e e t  

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE 

1910:32 
APP 

1910:37 
ROO-2 

1910:40 
APP 

1910:43 
ROO-2 

1910:44 
APP 

CONTENT 

World t h i r t y  heavy, descend t o  s i x  
thousand, do you have X-ray and f i e l d  
condi t i o n  s ix? 

We have X-ray s i r  and descending t o  
s i x  thousand World t h i r t y  heavy 

Okay, do you have f i e l d  condi t ion s i x  
also? 

Af f i rmat ive 

Okay 

1911:15 
APP World t h i r t y ,  f l y  heading zero two zero 

vectors t o  the one f i v e  r i g h t  f i n a l  

1911:19 
ROO-2 World t h i r t y  heavy, heading zero two 

zero 



TIME ti 
SOURCE - CONTENT 

1911:27 
CAM- 1 

CAM-1 

CAM-3 

CAM-2 

CAM- 1 

CAM-3 

CAM- 1 

CAM-3 

CAM- 1 

CAM-1 

CAM- 3 

CAM- 1 

CAM- 2 

Out o f  eleven 

Okay l e t ' s  s t a r t  slowing her down 

Okay you go t  i t  

Thank you 

We can review the, ah 

L ights  * 
A l l  r i g h t  

Want the seatbe l t  s ign on Pete 

Yeah 

I n  range check 

A1 ti tudes 

Two n ine s i x  one 

Ah, the ATIS i s  two nine f i v e  f i v e  

A1 R-GROUND COMMUNICATIONS 

TIME & 
SOURCE CONTENT 

1911:21 
APP Roger, continue your descent to main- 

t a i n  fou r  thousand 

RDO-2 World t h i r t y  heavy. descending t o  
fou r  thousand 



TIME & 
SOURCE 

INTRA-COCKPIT 

CONTENT 

AIR-GROUND COMMUNICATIONS 

CONTENT 

CAM- 1 Five f i v e  
191 2: 43 
APP World th i r ty ,  turn l e f t  t o  three s ix  

zero, reduce to two ten 

1912:46 
RDO-2 World t h i r t y  heavy heading three s ix  

zero reducing to  two hundred and ten 
knots 

CAM- 2 

CAM-3 

CAM-1 

CAM-2 

CAM- 3 

CAM- 1 

CAM-2 

CAM-? 

CAM-3 

CAM-? 

1914:13 
CAM 

I ' ve  got the speed bugs set * 
Landing data and bugs . 

Checked 

Checked 

A1 timeters 

Checked 

Checked 

* 

* two point seven 

* i n  range i s  completed 
one twelve seven on both sides 
slats extend 

((Sound o f  a1 t i tude aler t ) )  
1914:22 
APP World th i r ty ,  stop your descent a t  

s i x  thousand, over 



INTRA-COCKPIT 

CONTENT 

CAM-? (* f laps) 

CAM-1 He i s  going to take us through 
t h a t  center 1 i n e  there 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE 

1914:25 
ROO-2 

1914:27 
APP 

1914:34 
RDO-2 

1915:32 
APP 

CONTENT 

World t h i r t y  heavy stop a t  s i x  thousand 

Roger, t u rn  r i g h t  zero four  zero World 
t h i r t y ,  y o u ' l l  be vectored across the 
f i n a l  f o r  a turn  i n  from the northeast 
s ide 

World t h i r t y  heavy turn ing zero four 
zero 

% I 
<Ã  ̂
Â¥p 

I 

World t h i r t y ,  there's a Delta ten eleven 
on the f i n a l  a t  two thousand w i t h  the 
wind there a t  one n inety  seven a t  s i x t y  

CAM-2 Ah yes he i s  

191 5: 34 
CAN ((Sound o f  a1 ti tude a l e r t ) )  

1915:38 
RDO-2 World t h i r t y  heavy thank you 

1915:57 
APP World t h i r t y ,  descend and maintain 

f i v e  thousand 



TIME 6 
SOURCE - 

1916:02 
ow 
cm-1 

Ctt(-2 

CAM-3 

1916:29 
CAN 

CAH-1 

CAN-3 

CAM-1 

CONTENT - 
AIR-GROUND COMMUNICATIONS 

TIME 6 
SOURCE - CONTENT - 

1915:59 
RDO-? World thirty heavy, down to f i ve  

thousand 

((Sound of alt i tude alert)) 

Okay, Row we doing on the ic ing 
(states) 

A l l  right, on ten 

Just ten 

((Sound o f  a l t i tude alert)) 

You talked to company 

Yeah gate s i x  

Gate s i x  
1916:59 
APP World t h i r t y  heavy, when you aet to. 

correction, reduc i to  one seven zero 
knots World t h i r t y  

1917:04 
RDO-2 World t h i r t y  reducing to one hundred 

and seventy knots, we're level a t  f i ve  

1917:07 
APP Thank you 



INTRA-COCKPIT 

TIME & 
SOURCE CONTENT 

- 6 -  

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE CONTENT 

191 7: 30 
CAM-1 Flaps twenty-two 

1917:35 
APP World t h i r t y ,  descend and maintain 

four thousand 

CAM-? * * 
CAM-1 Jus t  crossing over the approach 

l i g h t s  

CAM- 1 * * two and a h a l f  miles, I ' v e  got  
alpha speed 

CAM- 1 You go t  alpha speed 

CAM-2 Yes I do 

CAM-? * * 
CAM-1 Why should t ha t  be? 

CAM- 1 (Maybe we've go t  the wrong bug speeds) 

CAM- 2 Well t ha t  could be * one s i x t y  four  * 

1917:37 
RDO-2 World t h i r t y  heavy ou t  o f  f i v e  f o r  

four  

I 

m 
a\ 

1918:53 t 

APP World t h i r t y ,  tu rn  r i g h t  zero s i x  zero 

1918:55 
ROO-2 World t h i r t y  heavy turning zero s i x  

zero 

CAM-? ((Muff led conversation r e l a t i v e  t o  
rechecking the numbers)) 



TIME 6 
SOURCE - 

INTRA-COCKPIT 

CAM-? * * * 

CONTENT 

AIR-GROUND COMMUNICATIONS 

TIME 6 
SOURCE - CONTENT 

1919:53 
APP 

1919:57 
ROO-2 

1920:05 
APP 

1920:07 
ROO-2 

1920:09 
APP 

1920:12 
ROO-2 

World t h i r t y  turn l e f t  three three, 
make i t  three two zero 

World t h i r t y  heavy turning l e f t  three 
two zero 

World th i r ty ,  you INS equipped, s i r  

World t h i r t y  aff i rmative 
I 

2 
What's the wind there now? I 

~ t ' s ,  ah, two twenty s i x  a t  s i x t y  
f i v e  

1920:14 
APP Thank you 

CAM-2 Seems l i k e  a l o t  o f  grinding around 
f o r  not much t r a f f i c  

CAM- 1 Uh huh 

CAM-1 They always seem to  do this, yeah * 
I ' ve  never landed on t h i s  runway 

CAM- 2 I landed here once 

CAM-2 I t ' s t e n k n o t s o f f  



TIME & 
SOURCE - 

INTRA-COCKPIT 

CONTENT 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE CONTENT 

CAM-1 Well, I ' v e  got  s i x  o f f ,  yeah 
one seven s i x  

CAM- 1 Well we're out, way past the f i f t e e n  
m i l e  po in t  

CAM-2 Yeah 

1922: 29 
CAM-1 We're r i g h t  over (Boston) 

1922:50 
APP World t h i r t y  heavy, tu rn  l e f t  two four  

zero 
I 

CAM- 1 * * * 

1922: 54 w 
CD 

RDO-2 World t h i r t y  heavy, heading two four , 
zero 

1926:12 
CAM-1 Gonna take us through the other 

s ide 

CAM-2 Boy i t  sure looks l i k e  t ha t  

CAM- 1 * * * 
CAM-? * l e f t  

C m - }  Right 



INTRA-COCKPIT 

TIME 6 
SOURCE CONTENT 

CAM-1 Heading select 

CAM-1 

CAM-2 

CAM- 1 

CAM- 1 

CAM-1 

CAM-2 

CPM-1 

cAJ4-1 

CAM- 1 

Okay, f i f t een  degrees of bank 

Do you want me t o  arm the VOR again? 

Yeah, I don't know why i t  dropped o f f  

Yeah, yeah 

I had it on there 

I think when I pulled heading select 
I may have scrubbed i t  o r  maybe when 
you, I guess heading hold 

Heading hold wiped i t  out 

Yeah that's r i gh t  

When we s t a r t  down, put i n  about seven 
hundred feet  a minute, okay? 

Okay 

TIME t, 
SOURCE 

1927:04 
APP 

1927:ll 
RDO-2 

CONTENT 

World t h i r t y  heavy, turn l e f t  heading 
one eight zero, intercept the VOR f inal  
approach course, proceed inbound a t  four 
thousand feet  one hundred and seventy 
knots 

World t h i r t y  heavy, heading one eight 
zero, proceed inbound a t  one hundred 
and seventy knots four thousand 



I NTRA-COCKPIT 

TIME Ã 
SOURCE - CONTENT 

CAM-2 Four thousand a t  f i f t e e n  and three 
a t  ten po in t  f i v e  

CAM- 1 Yeah 

CAM-2 Sixteen degrees o f  d r i f t  

CAM- 1 

CAM-2 

CAM- 1 

CAM- 1 

CAM-1 

CAM-? 

Don't th ink  we're making much 
headway on the VOR 

Yeah, do you want t o  take a be t te r  
cu t  a t  i t 

Ah no. i t ' s  coming i n  now 

Yeah 

(If I do. i t  w i l l  swing l e f t )  

(Can't do i t  tha t  way) 

Heading bug * 

TIME & 
SOURCE CONTENT 

1928: 25 
APP World t h i r t y  heavy, two zero miles from 

the VOR, cleared f o r  the VOR OME approach 
runway f i f t e e n  r igh t ,  maintain a speed o f  
one hundred and seventy knots u n t i l  the 
f i v e  OME 

1928: 35 1 

ROO-2 World f i f t e e n  o r  t h i r t y  heavy cleared 2 
f o r  the VOR DME f i f t e e n  r i g h t  and w i l l  i 
maintain a hundred and seventy knots 
u n t i l  f i v e  DME 



TIME & 
SOURCE - 

CAM- 1 

1930: 22 
CAM- 1 

CAM- 1 

1930: 42 
CAM 

CAM- 1 

CAM- 1 

INTRA-COCKPIT 

CONTENT 

My o l d  f l i g h t  d i rec to r  i s  no t  taking 
much account f o r  wind 

Okay we're s t a r t i ng  down four  thousand 
f o r  three thousand 

My v e r t i c a l  speed i s  set  

((Sound o f  a1 ti tude a l e r t ) )  

Two mi les t o  three thousand 

A l i t t l e  less on the sink next, 
we l l  maybe t ha t  looks about r i g h t  
f o r  now 

1932: 07 
CAM- 1 Okay. ten mi les (two) oo ln t  f i v e  

d o 6  t o  twenty t h r e e  hundred 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE CONTENT 

1931 :30 
APP At tent ion a11 a i r c r a f t  t h i s  frequency, 

monitor the appropriate VOR broadcast 
f o r  sigmet november sancs, i t ' s  for ,  ah 
f requent ly moderately occasional severe 
turbulence below ten thousand f e e t  
spec i f i ca l l y  w i t h i n  t h i r t y  AGL across 
rough t e r ra i n  w i t h  updrafts, low leve l  
wind shears possible due t o  stagnant 
low leve l  winds, monitor t h e  appropriate 
VOR broadcast f o r  sigmet november sancs 

CAM-2 Fourteen degrees o f  d r i f t  



TIME & 
SOURCE 

1932: 30 
CAM-1 

CAM-2 

CAM-2 

CAM- 1 

CAM-1 

1932: 54 
CPn-1 

INTRA-COCKPIT 

CONTENT 

Radio alt imeter's alive, okay put 
the gear down a t  two thousand feet 

Okay 

Twenty three a t  eight DUE 

Okay 

F l i gh t  director 

Okay f i v e  DUE fourteen hundred feet 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE CONTENT 

1932:58 
APP World thirty heavy, contact the toner 

one nineteen point  one and good night  

1933:03 
ROO-2 World fourteen heavy, good night 

CAK-2 Okay, that's the f i n a l  approach 
f i x  fourteen hundred, f i v e  DHE 

CAK-1 A1 ti tude checks no flags 

CAH-2 Ho f lags 

CAN-2 No. no a t  f i v e  ME i s  f i n a l  a roach 
f i x  ((sound o f  a l t i tude alert)) that 
should be a t  fourteen hundred 

1933:16 
CAM- 1 Gear down 

1933: 20 
ROO-2 Tower World fourteen, ah, thirty heavy 

approaching the outer marker, ah, the 
f inal  approach f i x ,  over 



INTRA-COCKPIT 

TIME 6 
SOURCE CONTENT 

1933: 55 
CAM- 1 

CAM-3 

CAM-1 

CAM-2 

CAM-3 

CAM-? 

We're cleared t o  land, f l i g h t  
attendants take your seats please 

Final approach f i x  a l t i tude checks 
no flags 

A1 ti tude checks ,. no flags 

Five DUE fourteen hundred 

Flaps t h i r t y  five, before landing 
checklist 

Before landing, f l i g h t  instruments 

Checked give me * vert ica l  speed 

Checked 

F l i gh t  guidance panel 

Ah-h-h 

AIR-GROUND COMMUNICATIONS 

SOURCE - 
lq33:7fi 

CONTENT 
. - - - - - - 
LCN World t h i r t y  heavy, Boston tower good 

evening sir ,  you're cleared to  land --- 
runway one f i v e  r iaht .  the wind i s  one 
e i g h t  zero a t  three 

1933: 33 
RDO-2 World t h i r t y  heavy's cleared t o  land 

one f i v e  r i gh t  



TIME & 
SOURCE - 
1934:12 
CAM 

1934:13 
CAM-3 

CAM-2 

CAM-1 

CAM- 3 

CAM-2 

CAM- 3 

CAM-2 

CAM-3 

1934: 21 
CAM- 2 

CAM-3 

1934:25 
CAM- 2 

1934: 31 
CAM- 3 

1934: 32 
CAM-2 

1934: 38 
CAM-2 

CONTENT 

((Sound o f  a1 ti tude a l e r t ) )  

F l i g h t  guidance panel 

Checked 

Checked 

Gear l i g h t s  

Down and green 

Annunciator panel 

Checked 

Spoilers ((sound o f  c l i c k ) )  

Armed 

Flaps and s l a t s  

T h i r t y  f ive,  t h i r t y  f ive ,  land l i g h t  

Before landing i s  complete 

(* * seventy) one hundred f ee t  to, 
t o  minimums, ground i s  i n  s i gh t  

You're a t  your MDA 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE - CONTENT 



INTRA-COCKPIT 

TIME & 
SOURCE CONTENT 

1934: 40 
CAM-1 Okay 

CAM-? * * 
1934:48 
CAM-2 Runway's i n  s i gh t  s l i g h t l y  l e f t  

CAM- 1 * * 
CAM- 2 L i t t l e  b i t  low below the VASI 

CAM-? * * 

CAM 

1935:13 
CAM-2 

1935:23 
CAM-2 

1935: 30 
CAM-2 

1935: 35 
CAM-2 

1935: 40 
CAM-2 

1935:45 
CAM-2 

((Sound o f  four  c l i c ks ) )  

Five hundred f ee t  

Four hundred 

Three hundred 

Two hundred 

One hundred 

F i f t y  

AIR-GROUND COMMUNICATIONS 

CONTENT 



TIME ti 
SOURCE - CONTENT 

1935:46 
CAM-2 

1935:48 
CAM-2 

1935: 50 
CAM- 2 

1935: 52 
CAM-2 

1935: 57 
CAM 

1936:04 
CAM-2 

1936:08 
CAM- 1 

1936: 11 
CAM-2 

1936:17 
CAM-2 

1936: 22 
CAM-1 

1936: 24 
CAM- 2 

1936: 27 
CAM-3 

1936: 31 
CAM- 1 

Forty 

Thirty 

Twenty 

Ten 

((Sound o f  touchdown)) 

One hundred twenty knots 

No braking 

One hundred knots 

Eighty knots 

No braking, oh # 

Sixty knots 

Oh # 

We're going o f f  the end 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE CONTENT 



INTRA-COCKPIT 

TIME t 
SOURCE - CONTENT' 

AIR-GROUND COMMUNICATIONS 

TIME & 
SOURCE CONTENT 

1936:32 
ROO-2 World's going o f f  the end 

1936:36 
LCN World's t h i r t y  heavy, ah o f f  the end, 

s i r ,  or are you able to  r i g h t  turn 

1936: 39 ((Sound o f  impact)) 



LEGEND 

CAPT - CAPTAIN 
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E - FLIGHT ENGINEER 
MAX - MAXIMUM 
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World 30 Runway 15R Logon International Airport 
Stoppihg Performance 
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EfYktfve Braking CoeiYklents 
Runway 15R Logan 

CONDITIONS USED 
PRESSURE ALTITUDE: 360 FT 
TEMPERATURE: 37O 
HEADWIND: 2 KT 
FLAPS: 3 5 O  
CENTER OF GRAVITY: 18% MAC 
GROSS WEIGHT: o 365,000 LB 0 

( 

L 
0 

L 0 0 
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- 84 - Appendix L 

NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, DOC. 

ISSUED: March 5, 1982 

Honorable J. Lynn Helms 
Administrator 
Federal Aviat ion Administration 
Washington, 0. C. 20591 A-82-24 and -25 

About 0634 Pac i f i c  day l ight  time, May 2, 1980, a McDonnell Douglas 
Corporation DC-9-80, N980DC, was damaged substanti a1 l y  during a 1 andi ng 
on runway 22 a t  Edwards A i r  Force Base, Cal i fornia.  The accident occurred 
during a landing i n  which the f l ightcrew was using procedures established 
f o r  the o f f i c i a l  c e r t i f i c a t i o n  t e s t  t o  determine the hor izontal  distance 
required t o  land and br ing the airplane t o  a f u l l  stop as required by 14 
CFR 25.125. 

The a i rp lane touched down about 2,298 f e e t  beyond the runway 
threshold. The descent r a t e  a t  touchdown exceeded the s t ruc tu ra l  l i m i t s  
o f  the airplane; the empennage separated and f e l l  to the runway. The 
airplane came t o  r e s t  about 5,634 fee t  beyond the landing threshold. 
Seven crewmembers were on board; one crewmember, a f l i g h t  t e s t  engineer, 
suffered a broken ankle when the airplane touched down. 

The National Transportation Safety Board determined tha t  the probable 
cause o f  t h i s  accident was the p i l o t ' s  f a i l u r e  t o  s t a b i l i z e  the approach 
as prescribed by the manufacturer's f l i g h t  t e s t  procedures. Contributing 
t o  the cause o f  the accident was the lack of a requirement i n  the f l i g h t  
t e s t  procedures f o r  other f l i g h t  crewmembers t o  monitor and c a l l  ou t  the 
c r i t i c a l  f l i g h t  parameters. Also cont r ibut ing t o  t h i s  accident were the 
f l i g h t  t e s t  procedures prescribed by the manufacturer f o r  demonstrating 
the a i r c r a f t ' s  landing performance which involved ve r t i ca l  descent rates 
approaching the design load l i m i t s  of the a i r c ra f t .  

Basical ly, the c e r t i f i c a t i o n  requirements i n  14 CFR 25, and more 
p a r t i c u l a r l y  sections 25.101 and 25.125, r e l a t e  t o  the determination o f  
hor izonta l  landing distances which are then used i n  conjunction w i th  the 
appropriate operational requirements o f  14 CFR 121 .I95 t o  determine the 
maximum weight a t  which the airplane can be landed during a i r  c a r r i e r  
operations f o r  a given runway length. Sections 25.101 and 25.125 
spec i f i ca l l y  s ta te  t ha t  the procedures established f o r  the c e r t i f i c a t i o n  
tes ts  must be ab le  t o  be consistent ly executed i n  service by crews o f  



average skill; t ha t  the methods used must be safe  and reliable;  t ha t  the 
1 anding must be made without excessive vertical  acceleration; and tha t  
the landing may not require exceptional piloting skill o r  alertness. 
The Safety Board believes that  these requirements, as  s ta ted,  may be too 
subjective. A1 1 of the airframe manufacturers have established procedures 
i n  the context of these regulations which involve a minimum a i r  distance 
from a point 50 f e e t  above the runway threshold and a touchdown speed 
below Vref t o  produce a minimum rol lout  distance. 

I t  is understandable tha t  the manufacturers will attempt t o  demonstrate 
the shortest  landing distance possible and t h u s  maximize the operational 
specifications of t h e i r  a i rcraf t .  However, the Safety Board notes t h a t  
the procedures specified and used f o r  these cer t i f ica t ion  t e s t s  d i f fe r  
from those used during normal l i ne  operations. For example, the procedures 
established fo r  demonstration of the DC-9-80 landing distances specified 
tha t  thrust be reduced to id le  a t  50 f e e t  above ground level and tha t  
the  r a t e  of descent be reduced t o  no more than 10 f ee t  per second (600 
fmp) o r  no less  than 8 fee t  per second (480 fpm) a t  touchdown. Thus, 
the procedure not only allows b u t  requires tha t  the airplane be landed 
i n  such a manner tha t  limit or  near limit structural loads (as specified 
i n  14 CFR 25.473) a re  imposed. The procedures also require skill and 
precise actions by the t e s t  pi lots  a s  evidenced by the admitted need t o  
practice before undertaking of f ic ia l  tes t s .  

The cer t i f icat ion t e s t s  f o r  demonstrating airplane structural 
limits (such a s  14 CFR 25.473) a re  conducted separate from the landing 
distance t e s t s  of 14 CFR 25.125 since these t e s t s  have ent i rely different 
objectives. There a re  considerable risks involved i n  taking an airplane 
t o  i ts  structural 1 imi ts dur ing  the landing distance demonstration. 
Furthermore, i t  is not necessary t o  do so when the t e s t  objective is t o  
determine operational landing distances. 

The Safety Board further notes tha t  another accident occurred on 
May 14, 1959, when similar procedures were being used t o  demonstrate the 
minimum landing distance of the DC-8 airplane during i t s  cer t i f icat ion 
tes t s .  In tha t  instance, the airplane also touched down a t  an excessive 
descent r a t e  which resulted i n  structural f a i lu re  of the fuselage and 
separation of the No. 1 engine. 

These two accidents indicate that ,  under current regulations, 
procedures a re  being used during 'cer t i f icat ion which are  not consistent 
w i t h  l i ne  operations so that  the distances determined dur ing  cer t i f ica t ion  
a re  not actually achievable by a l i ne  p i lo t  using accepted operational 
procedures. Accordingly, the Safety Board be1 ieves tha t  t h i s  aspect of 
the cer t i f ica t ion  process should be revised. Section 25.125 should be 
more specif ic  i n  terms of approach path deviations, thrust reduction 
schedules, and maximum allowable vertical  acceleration a t  touchdown. 
For example, landings equivalent t o  those resulting from ILS approaches 
o r  equivalent t o  the performance at ta inable  from an autoland system 
could be established. 



The Safety Board recognizes t h a t  changes i n  the 1 andi ng d istance 
demonstration procedures dur ing c e r t i f i c a t i o n  could r e s u l t  i n  pena l iz ing  
the  operat ional  spec i f i ca t ions  o f  the  a i rp lane  as they are  present ly  
determined using the e x i s t i n g  minimum land ing d istance procedures. For 
ac tua l  l i n e  operat ions on dry  runways, a sa fe ty  margin i s  c u r r e n t l y  
provided by the  operat ional  l i m i t a t i o n  o f  14 CFR 121.195 which requires 
t h a t  the  minimum e f f e c t i v e  runway length  be the  a i rp lane 's  land ing 
d istance as determined dur ing c e r t i f i c a t i o n  d i v ided  by 0.6 ( o r  m u l t i p l i e d  
by 1.667). The Safety Board's accident  i n v e s t i g a t i o n  experience has n o t  
i nd ica ted  t o  date t h a t  the ac tua l  runway lengths used i n  l i n e  operat ions 
f o r  d ry  runways do n o t  a f f o r d  a proper l e v e l  o f  safety. Therefore, t h e  
Safety Board recognizes t h a t  a change i n  the  a i r c r a f t  c e r t i f i c a t i o n  
c r i t e r i a  spec i f i ed  i n  14 CFR 25.101 and 25.125 w i l l  necessi tate a 
corresponding review o f  the  operat ional  l i m i t a t i o n s  i n  14 CFR 121.195 so 
t h a t  operat ional  spec i f i ca t ions  are n o t  u n j u s t i f i a b l y  penalized. O f  
course, we a r e  no t  suggesting t h a t  cu r ren t  runway length  requirements be 
compromised t o  the detr iment o f  present l e v e l s  o f  safety. 

Accordingly, the National Transportat ion Safety Board recommends 
t h a t  t h e  Federal Av ia t i on  Administ rat ion:  

Revise t h e  procedures which are  c u r r e n t l y  being used t o  demonstrate 
minimum landing distances f o r  compliance w i t h  14 CFR 25.125 f o r  
c e r t i f i c a t i o n  o f  t ranspor t  category a i rp lanes to:  (a) provide a 
h igher margin o f  sa fe ty  dur ing  c e r t i f i c a t i o n  and (b) e s t a b l i s h  
land ing distances which a r e  more representat ive o f  those encountered 
when an a i rp lane i s  operated dur ing a i r  c a r r i e r  service. (Class 
11, P r i o r i t y  Act ion)  (A-82-24) 

Upon adoption o f  rev ised procedures f o r  demonstrating operat ional  
landing distances f o r  compliance w i t h  14 CFR 25.125, review the 
operat ional  runway leng th  l i m i t a t i o n s  i n  14 CFR 121.195 which are  
app l ied  t o  c e r t i f i c a t i o n  landing distances so t h a t  they do n o t  
u n j u s t i f i a b l y  pena l ize  the operat ional  spec i f i ca t ions  o f  a i rp lanes.  
(Class 11, P r i o r i t y  Act ion)  (A-82-25) 

BURNETT, Act ing  Chairman, and McAOAMS, GOLDMAN, and BURSLEY, Members, 
concurred i n  these recommendations. 

w: J im Burnet t  
Act ing Chairman 



Otfice of the Administrator BOO Independence Ave . S W 
Washington. D C 20591 

The Honorable Jim Burnett 
Chairman, National Transportation 

Safety Board 
800 Independence Avenue, 9V. 
Washington, D.C. 20594 

Dear Mr. Chairman: 

This I e  In response to STSB Safety Recou~nendationa A-82-24 and -45 
issued ly the Board on March 5 ,  1982. These recommendations resulted from 
the Board's investigation of an accident involving a McDonnell Douglas 
DC-9-80, HWDC, at Edwards Air Force Base, California, on May 2, 1980. 
The accident occurred during a landing in which the flightcrew waa using 
procedures established for the,pfficial certification test to determine 
the horizontal distance required to land and bring the airplane to a full 
~ t p p  as required by 14 CTR 25 .I 25. The airplane touched down about 2,298 
feet "beyond the noway threshold. The descent rate at touchdown exceeded 
the structural limits of the airplane; the empennw separated ani f e l l  to 
the ruiway. The airplane came to rest about 5,654 feet beyond the l and ing  
threshold. 

A&-24. Revise the procedures which are currently being used to 
demonstrate minimum landing distances for compliance with 14 CTR 25.125 
f o r  certification of transport category airplanes to: (a) provide a 
higher margin of safety during certification& (b) establish landing 
distances which are more representative of those encountered when an 
airplane is operated during air carrier service. 

FAA Comment. The Federal Aviation Administration's (FAA) Transport 
Airplane Directorate has been reviewing all policiee related with the air 
phase of landing distances. An FAA proposal to revise the method by which 
the air phase of the landing distance is determined is "being prepared, and 
~hould be circulated for cotnment Boon, The essential pointa of this are: 

(a) The air phase of the landing distance would be detennind "by 
calculation or demonstration with rational constraints on -the 
approach path and rate of descerrt at touchdown. A t  the present time 
the  precise value f o r  these parameters has not been established. 
However, the demonstration proposed will result in a rational 
approach and landing vhich would result In a higher -gin of d e f y  
during the air phase of landing distance certification testing. 



Cb) Since both the calculation and demonstration method will be 
teased on an approach to landing more In l i n e  w i t h  that encountered 
during airline operation, a modeat increase in the landlw air 
distance nay result. 

Af-62-25. Upon adoption of revised procedures for demonstrating 
operational landing distances for compliance with 14 CTR 25.125, review 
the operational runway length llmltationa In 14 C'IR 121 .I95 which are 
applied to certification landing distancee ao that they do not 
unjustifiably penalize the operational specifications of a i r p l ~ -  

FAA Comment. There Is general agreement within. the FAA that the landing 
distance f ie ld  lengths addressed In 14 CTB 121 .I95 are acce~table. The 
FAA proposal to revise the method br which the air phase o f t h e  landing 
distance is determined, as discussed In our response to Safety Beconmen- 
dation A-82-24, should not result in substantial changes In f ield lengths. 
Only the method of determining the air distance, frm 50 feet above the 
landing surface to the point of touchdown, would be affected. The 
resulting changes In 14 CTB 1212195 field lengths should be minimal. 

We will  keep the Board informed of significant progress In this area. 

Sincerely, 

-* 
J. Lynn Helms 
Administrator 



Dur Mr. W1Ã‘ 

%hank you for yaur letter of HBy 19. 1982. In r-ponae to the 
National Traneportation Safety Board'* Safety Rece~aeadmtionc A-82-24 
and A-82-25 vhlcL were iscued en ?far& 5. 1932. as a r u u l t  of Infor- 
aation obtained durlag the Invtetlsatioo of an accUent Iwol* a 
McSonnell Dou$lÃ BO-9-80, at Edwards Air Force Base, Califoniia. on 
KBy 2, 1980. 

Tour rwlsw of all po l l e iu  relatlng t o  the alr phame of 
laadlag dlÃ§taaees and your proposal to revise thÃ aethod by 
which the air phase of the landing distance Ss dcterolitfd. 
f u l f i l l  the latent of the reconncdatlon. Therefore. A-82-24 
has been elascifled as "Open-Acceptable Action" pending 
e m l e t l o n  of your review and the lnpleoentation of revisions 
t o  the procedure* which are currently be* iced to  d m -  
mtrate laad- dimtaneu. 

Tour review of operat1anal runway length llmitatlona Ã 

mpeclfi&l la 14 CFIt 121.195 which are applied t o  certification 
landing dictaaeeÃ t o  ascertain that  they do not unjustifiably 
penalize the operational speclf lcations of airplanes, fulfi l l* 
the latent of tho reconaendatlon. E w e v u ,  A-82-25 will be 
elasclfied in an "Opcn-Acceptalile Action" status pending the 
caplet ion of your review r e l a t w  t o  the air phase of laadlag 
dlÃ§tance laid the adoption of revited proeeduru for  dewnÃ§tratl 
operational landing d f s t a o e ~ .  





US Deportment 
of Tmnsportom 

Offce of thÃ AflminitIt8tot BOO IfKfftWndenee Avo.. S.W. 
WtShinQlon. D.C. 20591 

Federal Aviation 
Administration 

The Honorable J i m  Burnett 
Chairman, National Transportation 

Safety Board 
800 Independence Avenue, SW. 
Washington, D.C. 20594 

Dear M r .  Chairman: 

This is  i n  fu r the r  response t o  NTSB Safety Recommendations A-82-24 and A-82-25 
issued by the  Board on March 5, 1982, and supplements our l e t t e r  of May 19, 
1982. This a l s o  responds t o  your l e t t e r  dated September 30, 1982, i n  vhich you 
advised the  Federal Aviation Administration (FAA) tha t  these recommendations 
were being maintained i n  an "Open~Acceptable Action" s t a tus .  These 
recommendations resul ted  from t h e  Board's inves t igat ion of an accident involving 
a ~ c ~ o n n e l l  Douglas DC-9-80, N980DC, a t  Edwards A i r  Force Base, California,  on 
May 2 ,  1980. The accident occurred during a landing i n  which the  f l igh tc rev  was 
using procedures es tabl ished fo r  the o f f i c i a l  c e r t i f i c a t i o n  test t o  determine 
the hor izonta l  d is tance  required t o  land and bring the a i rp lane  t o  a f u l l  s top  
a s  required by 14 CFR 25.125. The a i rp lane  touched down about 2,298 f e e t  beyond 
the  runway threshold.  The descent r a t e  a t  touchdown exceeded the s t r u c t u r a l  
l i m i t s  of the  airplane;  t h e  empennage separated and f e l l  t o  the runway. The 
a i rp lane  came t o  r e s t  about 5,634 f e e t  beyond the landing threshold. 

A-82-24. Revise the  procedures which a re  current ly  being used t o  demonstrate 
minimum landing dis tances  fo r  compliance with 14 CFR 25.125 for  c e r t i f i c a t i o n  o f  
t ranspor t  category a i rp lanes  to: (a) provide a higher margin of sa fe ty  during 
c e r t i f i c a t i o n  and (b)  e s t a b l i s h  landing dis tances  which a re  more representa t ive  
of those encountered when an a i rp lane  i m  operated during a i r  c a r r i e r  service. 

A-82-25. Upon adoption of  revised procedures fo r  demonstrating operat ional  
landing dis tances  fo r  compliance with 14 CFR 25.125, review the operat ional  
runway length l imi ta t ions  i n  14 CFR 121.195 which a re  applied t o  c e r t i f i c a t i o n  
landing dis tances  ao tha t  they do not un jus t i f i ab ly  penalize the operat ional  
specifications of airplanes.  

FA4 Conment. Aa noted i n  our l e t t e r  of May 19, 1982, t h e  FAA's Transport 
Airplane C e r t i f i c a t i o n  Directora te  has been reviewing the c e r t i f i c a t i o n  p o l i c i e s  
r e la ted  t o  t h e  air phase of landing dis tance  determination. A proposed change 
t o  t h e  Engineering F l i g h t  T e n  Guide For Transport Category Airplanes, FAA 
Order 8110.8 has been c i rcula ted  within the  FAA for  review and coordination. 



When this  internal FAA coordination i s  completed, the-proposed change w i l l  be 
released for review and comment by various industry organizations prior to 
isauance in i t s  f inal form. 

We w i l l  keep the Board informed of significant progress in th is  area. 

Sincerely, 

4- 
J .  Lynn Helms 
Administrator 
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NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D.C 

ISSUED: DEC 2 3 1982 

Honorable J. Lynn Helms 
Administrator 
Federal Aviation Administration 
Washington, D.C. 20591 

\ A-82-152 through -169 

On January 23, 1982, World Airways, Inc., Flight 30% a McDonnell Douglas 
DC-10-30, was a regularly scheduled passenger flight from Oakland, California, to 
Boston, Massachusetts, I1 with an en route stop at Newark, New Jersey. Following a 
nonprecision instrument approach to runway 15R at Boston-Logan International Airport, 
the airplane touched down about 2,500 feet beyond the displaced threshold of the runway, 
leaving 6,691 feet remaining on which to stop. About 1936:40, the airplane veered to 
avoid the approach light pier at the departure end of the runway and slid into the shallow 
water of Boston Harbor. The nose section separated from the forward fuselage after the 
airplane dropped onto the shore embankment. Of the 212 persons on board, 2 are missing 
and presumed dead The others evacuated the airplane safely, but with some injuries. 
The reported weather was a measured 800-foot overcast, 2 112-mile visibility, light rain 
and fog, temperature 35', and wind 165' at 3 kns. The wet runway was covered with 
hard-packed snow and a coating of rain and/or glazed ice. 

The National Transportation Safety Board's investigation of the accident showed 
that when the flight departed Newark, the flightcrew was aware of the poor weather 
conditions that would be encountered at Boston. As the flight approached the Boston 
area, the flightcrew was advised by the Automatic Terminal Information Service (ATIS) 
report that braking action was "fair to poor." They received no further braking action 
advisories from air traffic control (ATC). In preparing for the approach, the pilot chose 
to use the autothrottle speed control (ATPC) system for airspeed control, a normal World 
Airways, hc,  procedure. When he attempted to insert the flight manual reference speed 
into the ATDC controller, he noted that the minimum speed acceptable to the system, 
which is programmed to provide a 30-percent airspeed margin above stall, was about 
10 kns higher than that calculated by the flightcrew. He was using the airplane's NO. 2 
ATDC and because the No. 1 system was inoperable, the flightcrew had no means of 
crosschecking the AT/SC computers. Nevertheless, the pilot accepted the higher 
approach speed (as permitted by the flight manual) and continued to use the AT/SC for 
the approach and landing. He configured the airplane with 35" trailing edge flaps, made a 

I/ For more detailed information see: Aircraft Accident Report: World Airways lnc., - 
Plight SOH, N113WA McDonnell Douglas DC-10-30, Boston-Logan International Airport, 
Boston, Massachusetts, January 23,1982. (NTSB-AAR-82-15.) 

3483-B 



descent below the ceiling on the nonprecision approach, leveled, intercepted the 2-bar 
visual approach slope indicate? (VAS9 glide slope, and stabilized the descent. About 
120 feet above the runway, the pilot took the airplane above the VASI glidepath as he 
adjusted for a safe touchdown aiming point as prescribed in wide-bodied. airplane 
procedures. The airplane crossed the displaced threshold a t  a normal height; however, the 
landing flare was extended as the airspeed dissipated, leading t o  the extended touchdown 
point. The pilot used all of the airplane's decelerative devices, but he was not able t o  stop 
the airplane on the runway. About 43 seconds after touchdown, while still moving about 
49 kns, the airplane was veered left t o  avoid collision with the approach light pier at the 
departure end of the runway and slid into the harbor. The nose section separated from the 
forward fuselage af ter  the airplane went over a seawall and dropped onto the shore 
embankment. 

The Boston area had had subfreezing temperatures for 2 days before the accident. 
On January 23, the temperature had risen from 6OF at midnight to 35OF at the time of 
the accident. Light snow had fallen in the morning hours and had changed t o  light rain in 
the late afternoon. Because of these conditions the Massachusetts Port Authority's snow 
plan had been implemented. In accordance with this plan, runway 15R had been closed 
periodically during the day for plowing and sanding. The runway had been reopened for 
flight operations a t  1736, 2 hours before the accident. At that time, an inspection by 
vehicle prompted the airport snow committee t o  assess the runway braking action as "fair 
t o  poor." The drizzle and light rain continued to  fall and 14 airplanes landed on runway 
15R during the 2 hours before Flight 30H landed. Only 5 of the 14 flightcrews volunteered 
braking action reports to  the tower or ground controllers, and 1 crew provided a report 
upon request. One pilot, who had landed a DC-8 38 minutes before Flight 30H landed, had 
reported braking as "poor t o  n i l n  Two other pilots, who landed 8 and 11 minutes before 
Flight 30H, respectively, including the pilot of a DC-10-40 airplane, reported braking 
action as "poor." Several of the landing flights were unable to  slow as necessary to  turn 
off of the runway at an intersection 7,300 feet  from the displaced threshold. The 
DC-10-40 airplane encountered compressor stalls on one engine a s  continued reverse 
thrust was applied as the airplane proceeded. 

The Safety Board's analysis of the digital flight data recorder (DFDR) of the 
DC-10-40 flight on which the pilot reported "poorn braking action and the analysis of the 
DFDR from Flight 30H indicated that the effective braking coefficient along runway 15R 
was about 0.08 or less for both flights. Braking coefficients of this magnitude are 
typically representative of wet, icy surfaces. An analysis of the theoretical stopping 
performance of Flight 30H, a DC-10-30 loaded t o  365,000 pounds, indicated that the 
airplane would possibly have needed as much a s  7,460 feet remaining after touchdown on 
which t o  stop with the effective braking coefficient achievable even if the airplane had 
been landed a t  the normal touchdown speed and with rapid deployment of ground spoilers 
and maximum use of reverse thrust. For comparison, the FAA-approved landing distance 
on a wet runway for the airplane is 6,753 feet, including the air segment from threshold to  
touchdown. If one allows for a minimum air run segment of 1,131 feet, as established 
during the airplane's certification, the FAA criterion allows a distance of 5,622 feet for 
stopping. 

The Safety Board concluded that  the World Airways accident exemplifies a problem 
which has been of continuing concern to  it: under existing criteria heavy airplanes are  
permitted t o  land on runways known t o  be slippery and on which the braKSrig coefficient 
may be so low that the airplane cannot be stopped, and as to which pilots may not be  
provided adequate guidance for making a knowledgable decision t o  land. 



As a result of this accident and others involving operations on contaminated 
runways, the Safety Board convened a public hearing in Washington, D.C., May 3 to 
5,1982, to examine further the problem of runway surface conditions and their effects On 
airplane takeoff and landing performance. All segments of the aviation industry 
participated in the hearing. 

The information developed during the hearing reinforced the Safety Board's belief 
that the many positive actions taken during the past 10 to I S  years by airport operators, 
airplane manufacturers, airlines, and Government research and regulatory agencies to 
-enhance the safety of airplane takeoff and landing operations during periods of inclement 
weather have not been sufficient. The installation of precision approach aids, grooving of 
runways, improvements in airplane brake systems, improvements in tire design, more 
effective engine thrust reversers, automatic deployment of ground spoilers, and better 
pilot training programs have undoubtedly contributed to the prevention of many accidents. 
This nothwithstanding, the Safety Board views the World Airways DC-10 accident a t  
Boston-Logan International Airport on January 23,1982, as evidence that the potential for 
serious and catastrophic runway overrun accidents will remain as long as takeoffs and 
landings must be made on slippery runways which provide, at best, minimum safety 
margins beyond the airplane's stopping performance. 

The ideal solution to preventing accidents is to assure that runway surfaces are kept 
in a condition which provides for braking coefficients of friction compatible with 
airplanes' demonstrated performance and, when this  is not possible, to prohibit flight 
operations to or from that runway. Unfortunately, this solution may not be completely 
feasible, particularly during winter storm conditions. Therefore, acceptable alternatives 
must be sought. The Safety Board views the alternatives as consisting of the following: 

Require that runway surfaces be maintained in the best possible 
condition through effective certification and inspection requirements, 
and require programs which will result in timely removal of, 
contaminants 

Refine communications between pilots, ATC, and airport management to 
keep all parties informed promptly when runway surface conditions 
change, particularly when braking performance is degraded. 

Develop a means of quantifying pilot assessments and ground vehicle 
measurements of runway surface conditions in terms that will allow 
pilots to relate the reported conditions to their airplane's performance. 

Provide pilots with sufficient information about their airplane's 
performance to enable them to make better decisions regarding takeoff 
and landing operations upon receipt of reports of contaminated runway 
conditions and; 

Establish the extreme limits, based on runway surface condition and 
airplane performance, at which increased runway length safety margins 
are needed or at which flight operations should be suspended by airport 
management 

The foregoing alternatives are a continuum in which the roles of the.?Uot, ATC, and 
airport management closely relate. Although airport management is responsible for 
maintaining the runways, it depends upon pilots and ATC to provide timely information on 
rapidly changing conditions during winter weather. The Board believes that more 



guidance to airport management, more accurate and timely runway condition reports, and 
the development of economical, reliable runway friction measuring devices would assist 
airport management in carrying out its responsibilities. 

The Safety Board believes that airport management should be required to address 
the criteria for contaminant removal from runways in specific terms in the airport 
operations manual. The Board believes that rigid, uniform specifications should not be 
imposed by regulation Rather, 14 CFR 139 should require that each airport operations 
manual specifically include the limits of snow, slush, or ice above which inspection andlor 
Gmoval are required before operations at that airport can be continued. 

The Board recognizes the subjectivity of current pilot braking action reports; 
however, in the absence of a better means of assessing runway surface condition, the 
Board believes that airport management should respond affirmatively to such reports. 
The judgment by a pilot that braking action is "poorn or "nil" is sufficient reason for 
airport management to take positive action to determine whether actual runway 
conditions are unsafe, particularly for heavier airplanes. Therefore, the Safety Board 
believes that 14 CFR 139 should require airport management to close, inspect, and 
improve as needed operational runways after receipt of "poorn or "nil" braking reports 
from pilots. 

Amendment of 14 CFR 139, as recommended above, with a view to attaining 
improvements which should result in better runway conditions during inclement weather 
wi l l  not be fully effective if the FAA does not undertake positive measures to promote a 
program of measuring dry runway friction coefficients and monitoring to assure that dry 
runways are not degraded by contaminants, primarily rubber deposits. In this regard, the 
Safety Board issued two safety recommendations on November 18, 1976. These 
recommendations were directed to requiring airport operators to adhere to the guideline 
material contained in Advisory Circular 150/5320-12. In its latest response to these 
recommendations, dated December 9, 1982, the FAA stated that it planned no further 
action because: "Under the circumstances, we conclude that the imposition of the 
regulatory requirement recommended by NTSB would be neither appropriate nor 
justified." The FAA's contention was based on the premise that the accuracy and 
repeatability of the reported friction values are highly dependent on the calibration of the 
equipment, the training and qualifications of personnel, and strict adherence to 
recommended operating procedures. 

The Safety Board believes that testimony at its public hearing by National 
Aeronautics and Space Administration (NASA) personnel and those airport managers who 
use friction measuring devices on a regular basis, as well as representatives from Canada 
and Sweden tends to refute the FAA's contention that such devices cannot be used to 
produce reliable readings. The means expressed by the FAA are valid, but they can be 
overcome. As a matter of fact, the FAA's own national program to measure runway 
slipperiness and its followup series of more closely controlled runway friction 
measurements clearly demonstrated that reliable and repeatable readings can be 
achieved. Therefore, the Safety Board believes that friction data can be developed and 
applied to formulate a universal standard so that objective evaluations of the braking 
quality of a runway surface can be made. In view of this fact, it is appropriate that the 
FAA measure runway friction at all full-certificate airports during the annual inspection 
of the airport. The friction measurements could be made either by the-fAA with FAA 
equipment or by airport personnel using airport equipment under the supervision of the 
FAA. Such a program would lead to the upgrading of the overall quality of runway 
friction measurement at certificated air carrier airports. Moreover, a continuing program 
of measurements would promote standardization of methodology and provide the needed 



experience to enhance the reliability of equipment and qualifications of airport personnel 
to  operate and calibrate the equipment 

The Safety Board recognizes that further research is needed to establish the value 
of devices to measure runway friction for operational purposes when the runway is 
covered with contaminants and to establish a correlation of measured values with airplane 
stopping performance. However, the Safety Board believes that the development of 
reliable equipment to determine runway condition In quantitative terms for advisory 
purposes is a realistic objective. Further, the Safety Board believes that runway friction 
data thus determined could be related to airplane weight and performance. As a 
consequence, the Safety Board urges NASA and the FAA to continue research in the 
measurement of runway friction coefficients for correlation to airplane stopping 
performance so that stopping distances on contaminated runways can be predicted with 
substantial accuracy. 

Since pilot braking action reports likely will continue to be a primary source of 
runway condition information at large airports, pending the development and general 
acceptance of runway friction measuring equipment for operational purposes, and at 
smaller airports well into the future, action is needed to improve the quality of these 
reports and to reduce their subjectivity. The Board believes that many pilot braking 
reports probably are based on the pilot's perception of his total ability to slow the airplane 
on the landing runway rather than the actual braking attained through tire-to-runway 
friction. If the airplane is light and the runway is considerably longer than that normally 
required for landing, the pilot may perceive little or no problem in slowing the airplane to 
a safe turnoff speed. Actually, under these conditions, most of the decelerative force 
may be provided by aerodynamic drag and reverse thrust with little augmentation by 
wheel brakes. Consequently, the pilot may report braking condition as "fairn or "fair to 
poor" when the actual braking conditions are worse. The pilot of a heavier airplane 
landing on the same runway will have a lesser margin and will need considerably greater 
braking force from the wheel brakes; consequently, he could be misled about the actual 
braking conditions by reliance on these pilot reports. 

The Safety Board believes that immediate action should be taken by the FAA to 
convene an industry-government group to develop standardized terminology and criteria 
for pilot braking reports, with the view that more guidance should be incorporated into 
certificated air carrier and commuter air carrier flight manuals and pilot training 
programs concerning the quality and accuracy of braking reports. 

Additionally, the Safety Board believes that the NASA and FAA programs should be 
broadened to determine whether existing systems on an airplane can be redesigned or 
modified to present quantitative indications of effective braking coefficients to 
flightcrews. For example, antiskid system modulating pressures or cycling frequencies 
might be used in conjunction with prescribed pilot braking techniques to calculate and 
display a quantitative braking coefficient. Also, the potential for using inertial navigation 
systems to measure deceleration and to provide a quantitative braking coefficient for 
those airplanes so configured should be explored. Such quantitive pilot reports would 
allow airport management to monitor deteriorating runway conditions more closely. 

The FAA should also address the problems of communicating essential runway 
surface information to pilots. The existing two principal methods of relaying information 
to pilots are ATIS and individual controller reports. The Board has found t%t, for various 
reasons, these methods sometime are not effective, particularly in heavy workload 
situations. The investigations of the World Airway's accident at Boston-Logan 
International Airport and the Air Florida Booing 737 accident at Washington National 



Airport on January 13, 1982,2/ revealed two examples where the ATIS reports did not 
reflect the most current runway conditions during changing weather conditions. ATIS can 
effectively provide general information about airport conditions; however, when airport 
conditions change rapidly, controllers cannot update the ATIS rapidly enough to provide 
the most current information Moreover, under these circumstances, the controller may 
not have time to volunteer the most recent information and the pilot may rely on 
outdated ATIS information rather than ask for more current information. As a result, the 
whole system may fail to provide essential information to pilots during critical phases of 
flight - 

At the Safety Board's public hearing, one witness stated that the transmission of 
runway condition reports would be more effective 

. . . if, during periods of runway contamination, when braking action reports 
are 'poor or nil,' or conditions are changing rapidly, the FAA would state on 
the ATIS that 'braking action advisories are in effect,' and then issue the latest 
braking action reports at the time that final landing clearance is given; we 
believe this would do two things: 

(1) The pilot would realize there are braking action problems and 
that he should obtain a braking action report before landing; 

(2) It would require the FAA to issue the most up-to-date 
braking action reports when landing clearance is given, and t o  
keep to a minimum the chances that a pilot will receive an 
outdated braking action report." 

The Safety Board agrees that such a notice on the ATIS would alert pilots to runway 
contamination problems and would establish a specific consciousness in pilots and 
controllers of the runway conditions. Moreover, i t  could result in additional and more 
descriptive braking reports from pilots. Most importantly, however, i t  would assure that 
pilots would have the latest runway information in sufficient time to plan the landing or 
the takeoff. Although longer radio transmissions between pilots and controllers would be 
required, the Board believes that the need for critical runway information to more 
positively assure safety during takeoff and landing on contaminated runways warrants the 
increased controller and flightcrew workloads. 

For runway condition information to be totally effective, flightcrews must have 
more data regarding the stopping performance of their airplanes. The Safety Board is 
aware that, although airplane manufacturers are not required to demonstrate landing 
performance on runways other than dry, hard-surface runways for U.S. certification, the 
manufacturers of some airplanes have demonstrated performance and have provided data 
for wet runway performance to  meet United Kingdom certification requirements. 
Furthermore, some manufacturers provide operators estimated stopping performance data 
for low braking coefficients and for no-brake conditions. For example, such data are 
provided for the DC-10, and some operators use these data to derive tables or graphs of 
increased stopping distances required for various reported braking action conditions for 
use by flightcrews. The Safety Board's review of some major operators' manuals disclosed 
that the presentations of such data are not standardized and, in some cases, the landing 
distances for similar airplane weights and runway conditions deriypd by various 

2/ For more information see: Aircraft Accident Report: Air Florida, Inc., Boeing - 
737-222, N62F, Collision with 14th Street Bridge, Near Washington National Airport, 
Washington, D.C., January 13,1982. (NTSB-AAR-82-8.) 



operators differed significantly. The Safety Board recognizes that actual demonstration 
of airplane stopping performance as a function of runway surface friction coefficient is 
not practical. However, we believe that manufacturers can extrapolate data from dry 
runway stopping per for mance to produce theoretical stopping performance for the lesser 
braking coefficients representative of typical wet and icy runway surface conditions. We 
believe that such data is needed by flightcrews and should be required. Further, the FAA 
should assure that the analytical assumptions used in the derivation of such data reflect 
consideration for antiskid brake system efficiency or any other landing 'gear or brake 
characteristics which can affect stopping performance on slippery surfaces. To 
accomplish this, the FAA should require manufacturers to demonstrate antiskid brake 
system performance by actual flight test - or laboratory si mulatiom 

The Safety Board believes that the inclusion of analytically derived stopping 
performance data in present airplane performance manuals is less helpful than it could be 
because the data are not available to flightcrews for quick reference when needed for 
takeoff and landing decisions. The FAA should, therefore, require that the data be 
presented to flightcrews in a form which allows correlation to runway friction 
coefficients obtainable from ground measuring devices. In the interim, the data should be 
categorized in accordance with accepted braking action terminology - good, fair, poor, 
and nil - and in any event additional guidance should be provided regarding the meaning 
of these terms. 

Furthermore, the Safety Board believes that it is feasible to use analytically derived 
airplane stopping performance data to establish airplane weight limitations for operations 
on slippery runways for which friction measurements are available. The Safety Board is 
not convinced of the airplane manufacturers' and airlines' view that such requirements 
would impose severe economic penalties since only those scheduled flights which operate 
from slippery runways at or near maximum allowable gross weight limits would be 
affected. 

The Safety Board believes that to enhance the safety margin during takeoff on 
contaminated runways flightcrews should be provided data for the lowest V speed which 
would produce the existing accelerate-go safety margin (35 feet end of runway crossing 
height) during "unbalanced fieldn takeoffs. The Safety Board, however, does not view an 
allowable reduced end of runway crossing height with a further reduced Vl speed as an 
alternative to an increased runway length safety margin under slippery conditions. The 
Board is concerned that the reduced margin would present a hazard during a continued 
takeoff following an engine power loss at  or just after V because takeoff positioning 
variations or subnormal takeoff acceleration due to slow &rust application, contaminant 
retardation drag, or tire failure could not be predicted adequately. 

The accelerate-stop performance and thus the field length and decision speed 
computations are based upon the demonstrated and theoretical acceleration of the 
airplane using normal takeoff power. If, for any reason, the airplane acceleration is less 
than that used for the computation, the runway distance used to achieve V will be 
increased and the length of runway available for stopping w i l l  be decreased. Thus, with 
subnormal acceleration, such as during the takeoff of Air Florida Flight 90, there is no 
assurance that from Vl the airplane can stop on the remaining runway even if the runway 
surface is clean and dry. Consequently, a takeoff may have to be rejected at an airspeed 
much lower than Vl - when airplane ~cceleration is subnormal -- to ,-e adequate 
stopping distance, and the pilot must be able to recognize the subnordil acceleration 
rates early in a takeoff rolL There was extensive testimony at the public hearing about 
the development and use of takeoff performance monitoring systems. The doubts and 
concerns about the technical feasibility and complexity of a takeoff performance 



monitoring system are well founded. But the Safety Board is not convinced that they are 
insurmountable with today's technology and with industry's engineering and development 
capability. Instead, the Board believes that a concerted effort by various elements of the 
aviation community could overcome the technical hurdles involved and would lead to the 
implementation of a takeoff performance monitoring system that could make a significant 
contribution to flight safety. The Board believes that a joint government-industry task 
force should be formed under the leadership of the FAA at an early date t o  establish a 
program and guidelines for the development of a takeoff performance monitoring system. 
Moreover, this effort should be coordinated with other development and evaluation efforts 
pertaining to heads-up displays, flight guidance and control systems, and other related 
avionics systems in order t o  take advantage of advances in these areas and t o  assure 
integration of all takeoff performance monitor functions. 

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

Amend 14 CFR 139.31 and 14 CFR 139.33 to require that airports 
certificated under 14 CFR 139 and located in areas subject to snow or  
freezing precipitation have an adequate snow removal plan, which 
includes criteria for closing, inspecting, and clearing contaminated 
runways following receipt of "poor" or "nil" braking action reports and t o  
define the maximum snow or slush depth permissible for continued flight 
operations. (Class II, Priority Action) (A-82-152) 

Use a mechanical friction measuring device t o  measure the dry runway 
coefficient of friction during annual certification inspections at full 
certificate airports and require that a Notice to Airmen (NOTAM) be 
issued when the coefficient of friction falls below the minimum value 
reflected in Advisory Circular 150/5320-12, Chapter 2. (Class ID, 
Longer-Term Action) (A-82 -153) 

Require that full certificate airports have a plan for periodic inspection 
of dry runway surface condition which includes friction measuring 
operations by airport personnel or by contracted services and which 
addresses the training and qualification of operators, calibration and 
maintenance of the equipment, and procedures for the use of the friction 
measuring equipment. (Class III, Longer-Term Action) (A-82-154) 

Convene an industry-government group to develop standardized criteria 
for pilot braking action assessments and guidance for pilot braking action 
reports for incorporation into pilot training programs and operations 
manuals. (Class II, Priority Action) (A-82-155) 

Amend air traffic control procedures to require that controllers make 
frequent requests for pilot braking action reports which include an  
assessment of braking action along the length of the runway whenever 
weather conditions are  conducive t o  deteriorating braking conditions and 
that the requests be made well before the pilot lands. (Class U, Priority 
Action) (A-82-156) 

Amend air traffic control procedures to require that  controllers 
disseminate "poor" and "nil" braking action reports promptly t o  airport 
management and t o  all departing and arriving flights until airport 
management reports that  the braking action is "good". (Class II, Priority 
Action) (A-82-15?] 



Stress in initial and recurrent air traffic controller training programs, the 
i m  ortance of transmitting all known contaminated runway condition 
in/wmathm to departing and arriving flights, that a "fair" or "poorw braking 
report from a pilot may indicate conditions which are hazardous for a heavier 
airplane, and that departing and arriving pilots should be informed when no 
recent landing by a comparable airplane has been made. (Class U, Priority 
Action) (A-82-158) 

Amend air traffic control procedures to require that Automatic Terminal 
Information Service broadcasts: (1) be updated promptly after receipt of 
reports of braking conditions worse than those reported in the current 
broadcast, and (2) when conditions are conducive to deteriorating braking 
action, include a statement that braking action advisories are in effect. 
(Class U, Priority Action) (A-82-159) 

At  such time as air traffic control procedures are amended to require 
Automatic Terminal Information Service (ATIS) broadcasts to be modified, 
amend the Airman's Information Manual to alert pilots that when advised on 
ATIS that braking action advisories are in effect they should be prepared for 
deteriorating braking conditions, that they should request current runway 
condition information If not volunteered by controllers, and that they should 
be prepared to provide a descriptive runway condition report to controllers 
after landing. (Class U, Priority Action) (A-82-160) 

Require that air carrier principal operations inspectors review the operating 
procedures and advisory information provided to flightcrews for landing on 
slippery runways to verify that the procedures and'information are consistent 
with providing minimum airplane stopping distance. (Class U, Priority Action) 
(A-82-161) 

Require that airplane manufacturers and air carriers provide advisory 
information and recommended procedures for flightcrew use during a landing 
approach with the autothrottle speed control system engaged when there is a 
disparity between the minimum speed the autothrottle speed control system 
will accept and the night manual reference speed. (Class U, Priority Action) 
(A-82-162) 

Amend 14 CFR 25.107, 25.111, and 25.113 to require that manufacturers of 
transport category airplanes provide sufficient data for operators to determine 
the lowest decision speed (Vl) for airplane takeoff weight, ambient conditions, 
and departure runway length which will comply with existing takeoff criteria 
in the event of an engine power loss at or after reaching Vl. (Class UI, 
Longer-Term Action) (A-82-163) 

Amend 14 CFR 121.189 and 14 CFR 135.379 to require that operators of 
turbine engine-powered, large transport category airplanes provide flightcrews 
with data from which the lowest V speed complying with specified takeoff 
criteria can be determined (Class id, Longer-Term Action) (A-82-164) 

Amend 14 CFR 25.109 and 14 CFR 25.125 to require that manufacturers of 
transport category airplanes provide data extrapolated from demonstrated dry 
runway performance regarding the stopping performance of the airplane on 
mrfaces having low friction coefficients representative of wet and icy 
runways and assure that such data give proper consideration to pilot reaction 
times and brake antiskid control system performance. (Class in, Longer-Term 
Action) (A-82-165) 



Amend 14 CFR 25.735 to require that manufacturers of transport 
category airplanes determine and demonstrate the efficiency of brake 
control systems on surfaces with low friction coefficients representative 
of wet and icy runways by using simulation techniques incorporating 
dynamometer tests and actual brake system components, or by actual 
flight test. (Class II, Longer-Term Action) (A-82-166) 

Amend 14 CFR 121.135 to require that air carriers and other commercial 
operators of lawe transport category airplanes include in fliehtcrew - - 
operations manuals takeoff acceleration retardation data in accordance 
with iruidance provided in Advisory Circular 91-6A and stoo~in~r - -  " 

data on surfaces having low friction coefficients, beginning 
immediately when such data are available from airplane manufacturers. 
(Class 11, Priority Action) (A-82-167) 

In coordination with the National Aeronautics and Space Administration, 
expand the current research program to evaluate runway friction 
measuring devices which correlate friction measurements with airplane 
stopping performance to examine the use of airplane systems such as 
antiskid brake and inertial navigation systems to calculate and display in 
the cockpit measurements of actual effective braking coefficients 
attained. (Class III, Longer-Term Action) (A-82-168) 

Convene an industry-government group which includes the National 
Aeronautics and Space Administration to define a program for the 
development of a reliable takeoff acceleration monitoring system. 
(Class 11, Priority Action) (A-82-169) 

On January 3, 1972, the Safety Board issued Safety Recommendation A-72-3 which 
was reiterated following the Air Florida, Inc., Flight 90 accident. The Safety Board 
recommended that the Federal Aviation Administration: "Require the installation of 
runway distance markers at all airports where air carrier aircraft are authorized to 
operate." The objective of the recommendation, which has not been implemented, was to 
provide flightcrews with a means to measure takeoff acceleration performance. The 
recommendation was reiterated after the Air Florida accident because the accident might 
have been prevented had the Air Florida flightcrew used some means to better assess the 
substantially subnormal takeoff acceleration. Although the runway marker system is not 
intended as a substitute for the installation of a takeoff performance monitoring system 
in the cockpit, the Safety Board believes that, pending development and installation of the 
latter system, the runway marker system would provide flightcrews with an interim means 
for assessing takeoff performance. Further, the Safety Board believes that the runway 
marker system would provide valuable information to flightcrews of landing airplanes 
because it would provide quick recognition of the touchdown point with respect to the 
length of runway remaining, enabling the flightcrews to modulate stopping performance as 
necessary. Further, this system would provide a means for flightcrews to compare actual 
stopping performance on contaminated runways with the published performance for dry 
runways; this comparison could be used as a more objective basis for identification of the 
braking conditions on contaminated runways. 



Given the existing lack of any means to measure takeoff performance or to  predict 
stopping performance on contaminated runways, the Safety Board again urges the Federal 
Aviation Administration to implement Safety Recommendation A-72-3. 

BURNETT, Chairman, GOLDMAN, Vice Chairman, McADAMS, BUBSLEY, and 
ENGEN, Members, concurred in these recommendations. 

By: Jim Burnett 
Chairman 
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:KNOW "YOUR DC-10 

TO: ALL DC-10 OPERATORS 
LETTER NO. 64 
DATE 5 November 1979 

FROM: G. R. Jansen, Director, Flight Operations 
DOUGLAS AIRCRAFT COMPANY 

SUBJECT: DC-10 AUTOTHROTTLE/SPEED COMMAND ALPHA SPEED 
FUNCTIONS 

The purpose of this Know Your DC-10 Letter is to present information 
on the speed mode of the autothrottle speed control system (AT/SC) so 
that flight crews will better understand the significance of alpha speed 
annunciations and to suggest procedures to follow when unexplained 
alpha speed annunciations are encountered. 

The alpha speed floor of the AT/SC is provided to prevent flying below 
operational minimum maneuver speeds in the event that a speed less 
than the nominal value is selected on the AT/SC control panel with 
autothrottle(s) engaged. Alpha speed is based on angle-of-attack a s  
computed by the speed control computer. Figure 1 tabulates alpha 
speed for various configurations in terms of margin above stall. The 
first column is the alpha speed margin in relation to V stall minimum 
(Vg min. ). All takeoff and landing performance is based on V s  min. 
and therefore the computed alpha speeds are based on this relationship. 
The second column is the alpha speed margin in relation to V stall 1G 
(VSIG) which is significant when in cruise or in a holding pattern at 
high altitudes. More about this later, but now let's examine some chronic 
misunderstandings. 

Pilots have complained that they observed alpha speed annunciated on 
one flight mode annunciator (FMA) while speed was annunciated on the 
other. This is explained by the fact that there a re  two separate speed 
control computers. Inputs to each of the computers may vary slightly 
within acceptable tolerance limits and, therefore, there may be small 
differences in alpha speed from one computer to the other. 

Pilots have also complained when they have selected a speed near, but 
above, the minimum maneuver speed for the configuration, that alpha 
speed would frequently annunciate on one or both FMA's. The cause of 
th i s  may be due to the tolerances in the alpha speed floor (reference 
Figure 2), or the pilot may have inadvertently made a speed selection 
below the actual minimum maneuver speed based upon an incorrect 
aircraft gross weight. 'How is the pilot then to know why alpha speed 
is annunciated? 

M C O O N N ~ U  OOUOLAS g, 
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To establish a procedure for the pilot to follow, the annunciation of 
the AT/SC mode must be understood. If a si  Ie autothrottle is engaged, r2- both FMA's will' display the same annuncia on. If both - autothrottles 
are engaged, each FMA will display the mode annunciation for its 
respective AT/sC. Procedures for the pilot to follow are presented in 
the three cases described below, 

First, before making any definitive checks of the AT/SC in each of the 
cases which follow, ascertain that aircraft indicated airspeed is within 
10 knots of the nominal alpha speed for the gross weight and configuration. 
Aircraft airspeed has a significant effect on the computation of the nominal 
alpha speed and its relation to the tolerance band in Figure 2. As an 
example, during production test, the airplane is stabilized at 1.4 Vg with 
5OC/~AND and the tolerance band is  A 6 knots. If the airspeed is 20 or 30 
knots higher than 1.4 Vs when the speed select knob is rotated toward a 
lower speed until alpha speed appears, this speed could be outside the 
tolerance band of plus 6 knots. 

CASE 1 

A single autothrottle is engaged and alpha speed is annunciated in both FMA's: 

1. Disengage autothrottle and engage the other AT/SC. If speed 
i s  annunciated, use this system (see Note 1). 

2. If alpha speed is still annunciated, follow steps in Case 3. 

CASE 2 

Both AT/SC are  engaged and one FMA annunciates alpha speed while 
theother FMA annunciates speed: 

1. Disengage the AT/SC annunciating alpha speed - use the other 
AT/sC (See Note 1). 

Both AT/SC are engaged and both sides annunciate alpha speed: 
7 

1. Use the speed select knob to increase the selected speed until 
speed is annunciated in one of the FMA's. Disengage the AT/SC 
still showing alpha speed. 

2, Check the difference between the newly selected speed and the 
nominal alpha speed. If this difference is within the tolerances 
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in Figure 2, it is a usable system. If it is out of tolerance 
on the high side, actual aircraft weight may be greater than 
computed for dispatch. If time permits, a similar individual 
check of the other AT/SC may be made. 

NOTE 1: The disengaged AT/sC may be operating within tolerance. 
If desired, steps outlined in Case 3 may be used to determine 
if it is within tolerance. 

The alpha speed floor margins shown in Figure 1 a r e  accurate up to 
15,000 feet but for practical purposes, a re  valid up to 21.000 feet 
where typically the system is checked during the production acceptance 
flight tests. At this altitude the indicated alpha speeds may be as 
much as two knots higher than they would be at  sea level due to compress- 
ibility effects. This difference is considered acceptable in view of other 
tolerances in the AT/SC, and for the basic purpose of the alpha speed floor 
which i s  to command a safe speed if the pilot makes an er ror  in his speed 
selection. 

As altitude is increased above 21,000 feet in long range cruise or high 
altitude holding, the pilot is more concerned with low speed buffet 
protection and maneuvering speed margins as related to the 1G stall 
since pertinent data in the Flight Crew Operating Manual is based on 
the 1G stall. As altitude increases, the actual 1G stall speed also 
increases due to compressibility effects. The alpha speed computations 
are optimized for approach configurations (low speed low altitude 
conditions) to provide greatest accuracy in these flight regimes. 
Therefore, as altitude increases, the alpha speed floor stall margins 
versus the 1G stall a r e  gradually reduced from the values given in 
Figure 1 for a clean airplane to those values shown in Figure 3. As 
an example, at 35,000 feet a 450,000 pound airplane will annunciate 
alpha speed a t  a Mach number of 0.71 which is well below the minimum 
cruise Mach number of 0.80 which provides a maneuvering margin of 
1.27 VSIG. For this flight condition the alpha speed floor provides 
a margin to the stall of 1.13 VSIG, These speeds and speed margins 
a r e  nominal values and if the low side of the tolerance band is experienced 
much of the margin provided by 1.13 VSIG 1s removed. 

Jansen 
Director 
Flight Operations 



FIGURE 1. a SPEED MARGINS ABOVE STALL FOR 
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National Transportation Safety Board 
Washington, D.C. 20594 

Massachusetts Port Authority 
99 High Street 
Boston, Massachusetts 
Petition for Reconsideration of Probable Cause 
World Airways Inc., Flight 30H, McDonneU Douglas DC-10-30CF, N113WA 
Boston-Logan International Airport, Boston, Massachusetts 
January 23, 1982 
Report No. NTSB-AAR-82-15 

RESPONSE TO PETITION FOR RECONSIDERATION 

Based on its review of the Petition for Reconsideration, the  National Transportation 
Safety Board has granted the Petition in part. 

In accordance with the Safety Board's rules (49 CFR Part 8451, the Safety Board has, 
entertained a Petition for Reconsideration of its analysis, findings, and probable cause in 
the Aircraft Accident Report: World Airways, Inc, Flight 30H. McDonnell Douglas 
DC-10-30CF, N113WA, Boston-Logan International Airport, Boston, Massachusetts, 
January 23, 1982 (NTSB-AAR-82-15). 

On December 15, 1982, the Safety Board issued its report on its investigation of the 
accident. Flight 30H was on a regularly scheduled passenger flight from Oakland, 
California, to  Boston, with an en route stop a t  Newark, New Jersey. Following a 
nonprecision instrument approach t o  runway 15R a t  Boston-Logan International Airport 
(Logan), the airplane touched down about 2,800 feet beyond the displaced threshold of the 
9,191-foot usable part of the runway. The airplane did not stop on the runway and veered 
t o  avoid the approach light pier a t  the departure end of the runway and slid into the 
shallow water of Boston Harbor. The nose section separated from the fuselage in the  
impact after the airplane dropped from the shore embankment. Of the 212 persons on 
board, 2 persons are missing and presumed dead. The other persons onboard evacuated the 
airplane safely, some with injuries. 

The weather was 800-foot overcast, 2 l/2-miles visibility, with light rain and fog. 
The temperature was 38' with the wind from 165' a t  3 knots. The surface of runway 15R 
was covered with hard-packed snow, and glaze ice overlaid with rainwater. At 1736, 
2 hours before the accident, runway braking was reported by a ground vehicle as "fair to 
poor"; subsequently, several pilots had reported braking as "poor," and one pilot had 
reported braking as "poor t o  nilw in the hour before the accident. 

As a result of its investigation, the Safety Board determined that 

. . . the probable cause of this accident was the pilot landed the airplane 
without sufficient information as to  runway conditions on a slippery, 
ice-covered runway, the condition of which exceeded the airplane's stopping 



capability. The lack of adequate information with respect to the runway was 
due t o  the fact that (1) the FAA [Federal Aviation Administration] 
regulations did not provide guidance to  airport management regarding the 
measurement of runway slipperiness under adverse conditions; (2) the FAA 
regulations did not provide the flightcrew and other personnel with the means 
to correlate contaminated surfaces with airplane stopping distances; (3) the 
FAA regulations did not extend authorized minimum runway lengths to reflect 
reduced braking effectiveness on icy runways; (4) the Boston-Logan 
International Airport management failed to  exercise maximum efforts to  
assess and improve the conditions of the ice-covered runways t o  assure 
continued safety of heavy jet airplane operations; and (5) tower controllers 
failed to transmit available braking information to  the pilot of Flight 30H. 

Contributing t o  the accident was the failure of pilot reports on braking 
to convey the severity of the hazard to following pilots. 

The pilot's decision to retain autothrottle speed control throughout the 
flare and the consequent extended touchdown point on the runway contributed 
to  the severity of the accident. 

The Petition presented two principal assertions for the Safety Board's review: first, 
that  Flight 30H landed about 3,600 feet instead of 2,500 feet beyond the displaced 
threshold of runway 15R: and second, that  the probable cause of the accident was "pilot 
error, not the condition of runway 15R." 

With regard to  the first issue, the  evidence supporting the contention that the 
airplane's main landing gear touched down 3,600 feet beyond runway 15R's displaced 
threshold instead of about 2,500 feet a s  stated in the Safety Board's accident report is 
contained in the postaccident statements and the subsequent affidavits of three 
Massachusetts Port Authority (Massport) employees who saw Flight 30H land. The three 
affidavits were provided by Massport with its Petition. The Petition also states that the 
calculated 2,500-foot touchdown point is not accurate because the effective braking 
coefficients (mu primes) for the initial portions of the landing roll which were derived 
from the calculated 2,500-foot touchdown point included negative mu primes and, 
therefore, were not reasonable. The Petition states, "In view of the  Board's highly 
theoretical touchdown point analysis; and the margin for error inherent in that 
analysis. . ." the landing estimates contained in the witnesses' affidavits were more 
accurate. 

The three witnesses were standing on the airport, seated in a vehicle parked on the 
airport, or driving a vehicle near runway 15R, respectively, when Flight 30H landed, and 
according t o  all three, the airplane's main gear was on the runway before the airplane 
passed the witness' position. It was dark, a light rain was falling, the airplane's landing 
lights were on, and until the airplane was nearly abeam of the witnesses' positions, its 
landing lights would have been shining toward them through the  rain. Under these 
circumstances, i t  would have been extremely difficult, if not impossible, t o  fix the precise 
point of main gear touchdown on t h e  runway. The main gear wheels could have been 
rolling on the runway before the witnesses could have observed the actual touchdown. 

With regard t o  the nose gear position, under the conditions that existed a t  the time 
of landing, the airplane's landing lights would have created a glow effect which would 
have made i t  difficult t o  note the precise positioning'of the pear. Although two witnesses 
stated that the nose (rear still was in the air when the airplane passed through the 



intersection of runways 4L and 15R, the third witness, while noting that the airplane was 
in a noseup attitude a t  the intersection, stated that he wasn't able to see if the nose gear 
was on the ground "because the engines blocked my view." 

The negative values of mu prime contained in the touchdown and stopping distance 
calculations resulted from the assumptions and extrapolations used in the engineering 
calculations to  determine these data. The factual report of the Safety Board's 
performance group chairman and t h e  Douglas Aircraft Company letter of December 7, 
1982, describe in detail how Flight 30Hts touchdown point, landing roll, and resultant mu 
primes were determined. The group chairman's report and t h e  Douglas Company's let ter  
describe the assumptions and extrapolations used in these calculations and the reasons 
they were used. The Safety Board believes that the assumptions and extrapolations used 
in the calculations to  determine touchdown point, landing roll, and effective mu primes 
were reasonable and based on sound engineering principles. It believes further that the  
probable margin of error contained in the calculation of the touchdown point is within plus 
or minus 300 feet. 

With regard to  the first issue because of the plus or minus 300-foot tolerance, Flight 
30H1s main and nose landing gears could have touched down as much as 2,800 feet and 
3,400 feet, respectively, beyond the displaced threshold of runwav 15R. Given this 
possibility and given the conditions under which the witnesses viewed the landing of Flight 
30H. the differences between t h e  two estimates do not appear to  be beyond reason. 
However, the Safety Board believes that the engineering calculations provide a more 
accurate assessment of Flight 30H1s landing point than the visual estimates made during a 
dark and rainy night. Therefore, the Safety Board concludes that Flight 30H's main 
landing gear touched down about 2,800 feet beyond the displaced threshold of runway 15R, 
not about 3,600 feet, as contended in the Petition. 

The second issue raised in the Petition contends that the probable cause of the 
accident was "pilot error, not the condition of runway 15R." In support of this, the 
petition presented the following arguments: (1) the contamination of t h e  runway did not 
degrade braking action sufficiently t o  preclude the airplane's stopping on the runway; (2) 
the captain did not evaluate correctly the landing conditions a t  Logan, and his incorrect 
evaluation was the result of imprudent assumptions; (3) t h e  captain's decision to  use the  
autothrottle speed control system (ATISC) during the approach and landing was imprudent 
and improper; (4) the captain's decision not to  use 50' flaps for t h e  landing was imprudent 
and improper; and (5) the captain did not use the airplane's speed retardation devices in a 
timely and efficient manner. 

Most of the evidence cited in the Petition in support of this issue was included in the 
Safety Board's accident report and was evaluated by the Board in the analysis, findings, 
and conclusions in the report. However, the Petition also contains new evidence relating 
t o  the airplane's No. 2 ATISC system. The new evidence appears in depositions given by 
the World Airways flightcrew after the Safety Board's accident report was released. The 
depositions were given during a civil lawsuit discovery, and excerpts were presented in the  
Massport Petition. The original evidence had shown that the No. 1 ATISC system was 
placarded "inoperative" and that the No. 2 AT/SC system had displayed ALPHA I /  a t  too 
high an indicated airspeed during the approach t o  Logan. The new evidence revealed that  

I/ ALPHA will be displayed in t h e  flight mode annunciator when the speed selected on - 
the AT/SC is below the 1.3 Vso speed computed from configuration, attitude, and 
acceleration data in the AT/SC computer. This is the minimum speed which will be 
commanded by the AT/SC. 



during the preceding approach t o  Newark, with the flaps a t  22'. the No. 2 ATISC system 
also displayed ALPHA in the flight mode annunciators a t  too high an indicated airspeed, 
and that the captain testified that he knew that  ALPHA was being displayed a t  too high 
an indicated airspeed. 

The excerpts from the depositions also contained new evidence relating t o  the 
captain's assessment of the landing conditions at Logan. As a result of this new evidence 
and other data contained in the Petition, the Safety Board reexamined the facts and 
circumstances relating to  the landing at Logan. The reexamination included the evidence 
which was considered originally, the new evidence in the Petition, and evidence contained 
in World Airways' response to  the Petition. 

The first argument relating t o  the second issue is that the contamination of runway 
15R did not degrade braking action sufficiently t o  preclude the airplane's stopping on the  
runway. The Petition cites the premise stated on page 41 of the accident report: 

As a result of the analysis which indicates that the runway surface was 
so slippery that once the landing was made stopping the airplane on the 
runway may have been impossible regardless of crew performance, the  
Safety Board places the major causal emphasis on the runway condition 
and those factors which led t o  Flight 30H's being landed on that runwav. 

The Petition states that the Safety Board's premise is based on the Safety Board's 
acceptance as satisfactory the  performance of Flight 30Hts flightcrew during the  
approach, landing, and landing roll which produced a touchdown about 2,500 feet beyond 
t h e  displaced threshold and subsequent overshoot. The Petition also states that, contrary 
t o  the Safety Board's conclusion, the stopping data developed by the Board established 
that had Plight 30H landed a t  or near the desired touchdown point described in the 
company's DC-10 Flight Crew Operating Manual, i t  could have been stopped safely on 
runway 15R. To support this argument, the Petition contains various projected stopping 
distances for touchdown points of both 1,000 feet and 1,500 feet, based on the application 
of the calculated stopping distances contained in Table 4 in the accident report. 

The calculated stopping distances in Table 4 a re  based on two operational conditions 
and four mu primes. The first operational condition reflects the manner in which the 
captain actually used the airplane's retardation devices (i.e., spoilers, reverse thrust, and 
wheel brakes) during the accident landing. The second reflects the optimal application of 
the airplane's retardation devices and is based on McDonnell Douglas certification test 
flight data. The four mu primes were applied t o  these operational conditions t o  calculate 
Fligtit 30Hts stopping distances. Mu primes 1, 2, and 3 were derived from the actual 
stopping performance of Flight 30H. In addition, the values for braking coefficient 
determined for the landing roll of Northwest Airlines Flight 42, a DC-10-40, which had 
landed on runway 15R about 8 minutes earlier, adjusted for the additional weight of Flight 
30H, the reverse thrust performance of Flight 30H's General Electric CF6-50C2 engines, 
and the various considerations pertinent to  flap configuration and posttouchdown control 
applications, were used to  calculate stopping distances for Flight 30H (mu prime 4). 

The World Airways DC-10 Flight Crew Operating: Manual states that the pilot's aim 
point for landing is 1,500 t o  1,800 feet  beyond the landing threshold and the touchdown 
target is 1,000 feet beyond the landing threshold. Based on a 1,000-foot touchdown on 
runway 15R a t  Logan, 8,191 feet of runway plus an additional 200 feet of overrun t o  the 
sea wall would have been available to  stop the airplane. Based on this touchdown point, 
the Petition concludes, "In every instance on Table Four, save one, the calculated stopping 



distance is less than 8,190 feet, permitting a safe stop on the runway. In the one worst 
case exception (based upon actual flightcrew performance on Flight 30 and the most 
pessimistic theoretical braking coefficient [mu prime 11 ), the stopping distance of 8,392 
fee t  would have permitted Flight 30 t o  stop safely a t  or before the sea wall. . . .'I 
Although the Safety Board concurs in this conclusion, it believes also that i t  would be 
unrealistic to  assume that every f l io tcrew would land precisely at the 1,000-foot 
touchdown point. A touchdown 500 feet beyond the  1,000-foot target point would not be 
an abnormally long overshoot, and a 1,000-foot overshoot might occur; therefore, the 
consequences rising out of these longer landings must be considered. 

A 1,500-foot touchdown.--A 1,500-foot touchdown on runway 15R would leave 
7,691 feet of runway plus 200 feet of overrun in which t o  stop the airplane. The Table 4 
data showed that when an airplane was landed and control applications were made as they 
were during the accident sequence, there were three cases in which the airplane went off 
the runway. In two cases, which involved a 35' flap landing and mu primes 1 and 2, 
respectively, the airplane would have stopped on the overrun. In the third case, which 
involved a 50' flap landing and mu prime 1, the airplane would have stopped on the 
overrun. 

If the airplane's brakes and reverse thrust had been applied in the optimum manner, 
the  Table 4 data showed that in two cases, t h e  airplane would have left the runway. Both 
cases involved a 35' flaplanding a t  the higher touchdown speed. In the first case, using 
mu prime 1 data, the airplane would have struck the sea wall; in the second case, using mu 
prime 2 data, the airplane would have stopped on the overrun. In every other case in 
which the brakes and reverse thrust applications were made within optimal time 
parameters, 'the airplane, without regard t o  landing flap configuration and touchdown 
speeds, would have stopped on the runway. 

A 2,000-foot touchdown.--A 2,000-foot touchdown on runway 15R would leave 
7,191 feet of runway plus 200 feet of overrun in which t o  stop the  airplane. Using Table 4 
data for 50' flaps, if the airplane was landed as i t  was on the night of the accident i t  
would have struck the sea wall when applying mu prime 1 and 2 values. When mu prime 3 
and 4 values were applied, the airplane would have stopped on the runway. Under the 
same circumstances, but using 35' flaps for lending, the airplane, in three cases, would 
have struck the sea wall (mu primes 1, 2, and 4); in one case (mu prime 31, i t  would have 
stopped on the overrun. 

Examination of t h e  35' and 50' flap landing distances when the airplane's brakes and 
reverse thrust applications were made within optimal time parameters (16 cases) showed 
that, except for 6 cases, the airplane would have stopped on the runway. Five of these six 
overrun cases involved the high-speed touchdowns: the sixth case involved a 35' flap 
landing, low-speed touchdown, and mu prime 1 values. 

With-?ward to the 50' flap landings, in every ease where the airplane was landed at 
the lower or proper speed for the 365,000-pound landing weight, the airplane could been 
stopped on the runway. At the higher landing speed, using the  mu prime 1 data, the 
airplane would have struck the sea wall; using the mu prime 2 data, i t  would have stopped 
on the overrun. 

With regard to  the 35' flap landings at the lower touchdown speed, except for the 
stop based on the mu prime 1 data, the airplane could have been stopped on the runway. 
When the mu prime 1 data are used, the airplane would have struck the sea wall. At the 
higher touchdown speed, when mu primes 1 and 2 data were applied. the  airplane would 



have struck the sea wall; the airplane would have stopped on the overrun applvine mu 
prime 4 data; however, when t h e  mu prime 3 data are applied, the airplane could have 
been stopped on the runway. 

Examination of the Table 4 data also showed that when the stopping distances 
derived from Flight 42's landing performance (mu prime 4) were applied to  the 1,000-foot 
and 1,500-foot touchdown distances, regardless of flap configuration, touchdown speed, o r  
t h e  timing of brake and reverse thrust applications, the airplane could have been stopped 
on the runway. The Flight 42 data also indicate that a t  the lower touchdown speed and 
with optimal applications of brakes and reverse thrust, the airplane without regard t o  flap 
setting, could have landed 2,000 feet  beyond the displaced threshold and been stopped on 
the runway. Under these conditions, Table 4 data indicate that, with 35" flaps, the  
airplane could have landed 2,500 feet  beyond the displaced threshold and could have been 
stopped on the overrun about 1 foot beyond the end of the runway. 

The Petition also contended that the data in Table 4 do not describe the actual 
condition of the runway surface, and that  they describe only the effective mu primes 
achieved bv Flights 30H and 42 during their landing rolls. While the Safety Board agrees 
this is the case, the data contained in Table 4 are based on the onlv information available. 
Even had a surface vehicle equipped with friction-measuring equipment been available and 
used to  measure the friction on the runway immediately after  the accident, the resultant 
data only would have been a measure of the braking force achieved by that vehicle. Given 
the fact that there are no accepted standards t o  translate the friction measurements 
obtained with a surface vehicle t o  those obtained by airplane wheel brake systems, the 
results obtained by such measurements would be equally as subjective as the data 
contained in Table 4. 

Since the Safety Board's examination of the data contained in Table 4 indicated that 
in most of the cases involving the 1,000-foot and 1,500-foot touchdowns and in several of 
the cases involving the 2,000-foot touchdowns, Flight 30H could have been stopped before 
i t  struck the seawall, the final determination as t o  whether a stop was possible must hinge 
on whether, based on t h e  facts and circumstances, the approach and landing should have 
been flown differently. The analysis leading t o  this determination has t o  consider whether 
i t  would have been reasonable and prudent for the captain to have used 50" flaps for the 
approach and landing and whether it would have been reasonable and prudent for the 
captain, regardless of whether he used 35" or 50" flaps for the approach and landing, to  
have managed his airspeed and glidepath to insure that the landing could be made within 
1,000 t o  1,500 feet beyond the displaced threshold, that the airplane would touch down a t  
or, perhaps, slightly below t h e  programmed Vref speed, and thereafter to  have managed 
the airplane's controls so as t o  minimize the airplane's ground run. The remaining four of 
the five arguments contained in the Petition in support of the second issue address the  
question of whether the actions taken by the captain were reasonable and prudent. 

The second argument relating t o  the  second issue states that the captain had 
sufficient information about the airport's surface conditions t o  alert him t o  the necessity 
t o  fly the approach and landing in a manner that would minimize the required stopping 
distance. Flight 30H had been provided with Field Condition Report (FCR) No. 6 and 
Automatic Terminal Information Service (ATIS) message X-RAY. FCR No. 6 was issued 
a t  1736, and ATIS X-RAY was issued a t  1850 after the flight had left Newark. FCR No. 6 
stated, in part, that runway 15R was open, that i t  had been plowed for its full length and 
width, that its surfaces had been sanded 50 feet either side of the centerline, that  its 
surfaces were covered with up t o  1/4 inch of "hard packed snow," that the runway 
markings were obscured, and that "braking action is fair to  poor reported by a seven 
twenty-seven." 



ATIS X-RAY stated, in part, that runway 15R was the landing runway, that pilots 
were to obtain FCR No. 6, and that braking action "is fair to  poor as reported by a seven 
twenty-seven on runway one five right. All field surfaces are covered with a thin layer of 
ice." 

During the civil lawsuit deposition, the captain testified that before he left Newark, 
he knew runway 15R had been sanded, that it was raining a t  Logan, that the temperature 
was 35' F and above freezing, and that he expected there would be slush instead of ice on 
the runway; therefore, he thought the braking "would be pretty good." Thus, despite the 
fact  that both FCR No. 6 and the ATIS X-RAY were still in effect, the captain came to  
the conclusion that they were not accurate and that the conditions at Logan were better 
than described. 

Fourteen air carrier flights had received virtually the same information and had 
landed safely on runway 15R before t h e  accident. Based on this information, all of these 
captains had taken precautions to  insure that they touched down either a t  or near the 
visual approach slope indicator (VASI) intercept point or within the confines of the 
runway's touchdown zone lights (TDZL). 21 One captain had briefed his crew t o  prepare 
for a missed approach if he did not land within the "zonen; the captain of the Boeing 727 
that landed before Flight 30H landed stated that he  had decided that he would "accept the 
landing only if he  could touch down within the confines of the touchdown zone lights"; the 
captain of Flight 42 stated that in addition to insuring that he flew the calculated 
threshold speed, he also flew t h e  2-bar VASI glide slope to touchdown, even though this 
was not a recommended procedure for his airplane. Almost every captain applied both 
high levels of reverse thrust and wheel braking immediately after touchdown; none of the 
14 captains said that he had assumed that the braking conditions on the runway would be 
better than reported in FCR No. 6 and ATIS X-RAY. 

Given the contents of FCR No. 6 and ATIS X-RAY, given the fact that neither 
report mentioned slush, and given the fact that ATIS X-RAY, which was issued af ter  
Flight 30H left Newark, contained an additional warning that, "All field surfaces are 
covered with a thin layer of ice," the Safety Board concurs in the Petitioner's argument 
that  the captain had been provided sufficient information concerning landing conditions a t  
Logan to alert him to  the need t o  conduct the approach and landing in a manner which 
would minimize the required stopping distance. 

Nevertheless, the Safety Board continues to  believe that the air traffic controllers 
were remiss in not providing an updated braking action report af ter  they had been told by 
two preceding flights that the braking action was poor. Had this report been provided, i t  
might have altered the captain's preconceived estimate that t h e  braking action "would be 
pretty good." However, the Safety Board cannot speculate as t o  whether the receipt of a 
"poor brakingw action report would have altered the manner in which the captain flew the  
approach and landing. 

With regard to  the third argument relating to the second issue, Flight 30H left 
Oakland with t h e  No. 1 AT/% system placarded inoperative. Since the Minimum 
Equipment List (MEL) authorizes the dispatch of the airplane with both AT/SC systems 
inoperative, the Safety Board believes that the issues raised in the petition concerning the 

T T w o  rows of transverse light bars disposed symmetrically about the runway centerline - 
in the runway touchdown zone. The system starts 100 feet from the landing threshold and 
extends to 3,000 feet from the threshold or to the midpoint of t h e  runway, whichever is 
the lesser. 



dispatch of the airplane with unperformed maintenance on the ATISC systems a re  not 
germane t o  the issues under consideration herein. The only relevant issue was whether 
the  No. 2 AT/SC system was used properly and whether the decision t o  use i t  for airspeed 
control during the approach and landing was prudent. 

During the approach t o  Logan, the flightcrew was not able t o  get the No. 2 AT/SC 
system t o  accept the programmed approach airspeeds, which were based on the  CalC~lated 
gross weight of the airplane. At 22' flaps, the programmed 164 KIAS had t o  be increased 
t o  174 KIAS t o  clear the ALPHA display from the flight mode annunciators. According t o  
the accident report, "The captain remarked to  the other crewmembers that this was 10-kn 
higher than desired. (The captain accepted the higher speed in accordance with a World 
Airways bulletin which was prepared by McDonnell Douglas [McDonnell Douglas, "Know 
Your DC-10" letter, November 5, 19791 advising pilots t o  accept ATISC speeds in lieu of 
flight manual speed if a disparity arises)." At the 35* landing flap configuration, t h e  
programmed approach speed of 150 KIAS (Vref + 5 KIAS) had t o  be increased to  158 KIAS 
to  clear the ALPHA display from the flight mode annunicator. The airplane later  
stabilized a t  160 KIAS, and the captain accepted that speed for the approach and landing. 
Since Vref is nominally 1.3 Vso, 3/ and since Flight 30H1s Vref was 145 KIAS, the  resultant 
error in the AT/SC a t  35'flaps was +13 KIAS. 

On November 5, 1979, McDonnell Douglas sent a "Know Your DC-10" letter to all 
DC-10 operators entitled, "DC-10 AutothrottleISpeed Command ALPHA Speed 
Functions." World Airways approved the content and reissued the letter as a company 
bulletin to  its DC-10 flightcrews. T h e  bulletin described the  ATISC ALPHA speed 
functions and contained the only guidelines available to  World Airways flightcrews for 
validating and coping with an ALPHA speed display. The Safety Board has reexamined 
this bulletin. 

The bulletin describes the stall speed protection incorporated in the system and the 
speed tolerance below 15,000 feet  for each flap and slat configuration. It states that  a t  
35' flaps, the ALPHA speed margin is 1.3 Vso, that  the "maximum acceptable (airspeed) 
deviation from nominal" is plus or minus 7 KIAS and that this tolerance is applicable 
throughout the DC-10-30's entire weight range. The bulletin states that an ALPHA 
annunciation "may be due to the tolerance in the ALPHA speed floor, or the pilot may 
have inadvertently made a speed selection below the actual minimum maneuver speed 
based upon an incorrect aircraft gross weight." 

The bulletin describes actions which may be taken by flightcrews in the event of an 
ALPHA display. Since only one ATISC system computer was operative on Flight 30H, 
ALPHA was displayed in both the captain's and first officer's flight mode annunciators, 
and the actions taken by the crew to  clear t h e  ALPHA display were in accordance with 
the  bulletinls procedures. After the ALPHA display was cleared, the bulletin directed the 
flightcrew to, "Check the difference between the newly selected and the nominal ALPHA 
speed. If this difference is within the tolerance in Figure 2 (plus or minus 7 KIAS), i t  is a 
usable system. If i t  is out of tolerance on the high side, actual aircraft gross weight may 
be greater than that computed for dispatch." 

The Safety Board reexamination of the bulletin disclosed that i t  did not, as stated in 
the accident report, advise the pilot "to accept ATISC speeds in lieu of flight manual 
speed if a disparity arises." It  did, however, advise the pilot that the system is usable only 
if the difference between the newly selected speed and ALPHA speed is within allowable 
---- 
31 The stalling speed or the minimum steady flight speed in the  landing configuration. 



tolerances. It also advised the pilot that the computed airplane weight may be incorrect. 
In this case, the newly selected 22' flap minimum maneuver speed of 174 KIAS which was 
required to clear the ALPHA annunciation exceeded the 22' flap ALPHA speed tolerance 
of 8 KIAS by 2 KIAS and equated to a 415,000-pound landing weight. The newly selected 
158 KIAS which was required to clear the 35' flap ALPHA annunciation speed equated to a 
new landing weight of about 440,000 pounds, a weight which not only exceeded the 
computed landing weight by almost 75,000 pounds, but exceeded the maximum allowable 
landing weight of the airplane on runway 15R by almost 19,000 pounds. There was no 
evidence that the crew of Flight 30H ever considered this fact. Given the magnitude of 
the weight disparities, the captain should have known, or at least suspected, that the 
AT/SC system had malfunctioned. This, coupled with the fact that the 13 KIAS airspeed 
difference between the newly selected 158 KIAS and the  computed Vref of 145 KIAS 
exceeded the allowable tolerance for use of the system by 6 KIAS, should have made the 
captain realize that the No. 2 AT/SC system was not a usable system and should not have 
been used for the approach and landing. 

The new evidence cited in the Petition showed that the captain and the  flightcrew 
knew that the No* 2 AT/% had annunciated ALPHA at  too high an indicated airspeed 
during the approach at Newark. During the approach to Newark, air traffic control 
(ATC) requested the captain to slow the airplane for traffic spacing-. The captain then 
disconnected the  AT/SC and disregarded the higher indicated ALPHA speed; he flew the 
approach and landing at the lower airspeeds based on the airplane's calculated landing 
gross weight, and had landed without difficulty. The flight engineer, in his deposition, had 
testified that he knew the system had displayed ALPHA "at leastw 6 KIAS above the 
nominal ALPHA for the airplane's p s s  weight and 2Z0 flap configuration and that he had 
intended to enter this discrepancy in the airplane logbook after returning to  Newark from 
Boston. Therefore, when the No. 2 AT/% system annunciated ALPHA at higher than 
nominal ALPHA speeds at Logan as i t  had at Newark, the similarity between the two 
events should have alerted the captain that the same discrepancy was occurring and that 
normal speed control should be used at Logan to fly t h e  calculated airspeeds. 

A World Airways memorandum, dated March 7,1979, which is still effective, warned 
the flightcrews of the  danger of "Automatic Corn~lacency.~~ The memorandum states that 
the computers aboard the airplanes have many advantages but they do "not relieve the 
man of his responsibilities." The memorandum warns the pilots, in part, that when using 
an automatic system, '!EWt change your piloting priorities; be aware of the system 
limitations; be highly suspicious, cheek what the system! is doing; don't hesitate to 
reject the aid of an inferior system; and don't accept a system performance that you 
yourself under the circumstances could do safer or better." Considering the contents  of 
this memorandum in conjunction with the facts and circumstances relating to the No. 2 
AT/SC, the captain, in accepting its use for the approach to Logan, ignored many of the 
cautions in the memorandum. The Safety Board concludes also that since the captain 
knew that the No. 2 AT/SC had shown itself to be unreliable during the approach t o  
Newark and that the No. 2 ATBC was operating outside of its acceptable tolerance 
parameters, the captain's reliance on the system for airspeed control during the approach 
and landing was both improper and imprudent. 

The fourth argument relating to the second issue contends that the captain's 
decision to use 35" flaps instead of 50' flaps for the landing was imprudent and improper. 
In its response to the Petition, World Airways stated that, based on the forecast of 
possible severe low level wind shear and the winds that were reported in the Boston area, 
a wind shear encounter was quite possible, and therefore, the use of 35' flaps was a proper 
exercise of the captain's discretionary authority. World Airways also stated that since the 



increase in landing roll with 35' flaps was 300 to 500 feet "based on reported runway 
conditions," the use of the lesser flap setting "could not be deemed an essential issue of 
safety." 

The normal procedures section of the World Airways DC-10 Flight Crew Operating 
Manual contained the following Note: 41 

Final flap selection is normally 35'. Use 50' flaps on short or 
contaminated runways (wet or covered by snow, ice, or slush) or when-- 
in the opinion of the Capta in~landing distance will be adversely 
affected. 

Additional guidance concerning landing flap selection also was provided t o  the 
flightcrews in a World Airways memorandum, dated October 15, 1982, entitled "Winter 
Operations--1982-83." The captain stated that he had reviewed this memorandum while 
en route t o  Newark from Oakland. The memorandum stated: 

During approach "when adverse conditions such as short, wet, or icy 
runways exist either with or without a tailwind component use flaps 50 
for landings. The four or five knot lower reference speed and increased 
flap setting can considerably reduce stopping distance a t  typical landing 
gross weights. 

Given the landing conditions described in FCR No. 6 and ATIS X-RAY and given the 
contents of the note in the Flight Crew Operating Manual and the guidelines contained in 
the "Winter Operations" memorandum, the Safety Board believes that, absent a proper use 
of the captain's discretionary authority, the situation required that the captain use 50' 
flaps for the landing. 

In his postaccident deposition, the captain testified that he had elected t o  use 35" 
flaps because of the "step-down type of [instrument] approach and the wind shear [ tha t  
was] forecasted." The captain testified that i t  would be easier to control the airplane 
during the 'level-offsu required by the approach procedure and t o  "control the airplane in 
the event of [a]  wind shear [encounter] without using 50' flaps." He testified also that  
he did not believe that the 3S0 flap setting would create any stopping problems because he 
had just landed successfully at Newark with 35' flaps and the reported conditions a t  
Newark had been "almost identical to  what was being reported at Boston.. ." and "the 
runway available after  glide slope intersect a t  Boston was longer than I had just . . . used 
at Newark." 

The captain's deposition testimony indicated that  he was concerned about wind 
shear, but other than his decision not to  use 50' flaps on the approach, there is no 
corroborative evidence to  indicate his concern with wind shear. Although the captain had 
been alerted t o  t h e  possible existence of low level wind shear, the 22' flap minimum 
maneuver and the 35' flap Vprog speeds which the flightcrew had computed and then tried 
to  insert into the No. 2 AT/SC system did not include any speed additive t o  protect the 
airplane against a wind shear encounter. On the other hand, the captain testified that  

41 According to FAA Flight Standards personnel, the accepted definition for a Note is as 
follows: Notes identify operational procedures and techniques which are considered 
essential t o  emphasize. 



with 50' flaps the airplane would be more difficult to  manage during flevel-offsn required 
by the instrument approach procedure and i t  would be more vulnerable t o  a wind shear 
encounter. Since the airplane with 35' flaps would respond more quickly and more 
effectively to  changes in engine thrust, particularly in its ability to accelerate, the 
captain's assessment of the benefits of the lesser flap setting during the approach and 
landing was correct. In addition, the use of 3S0 flaps would have enhanced the airplane's 
performance in the event a missed approach was required, and this possibility, considering 
t h e  proximity of the reported ceiling to  the instrument approach minimum descent 
altitude (MDA), could not have been ignored. Therefore, the Safety Board, based on the 
data available to  t h e  captain, concludes that his flap selection for the approach and 
landing was a proper exercise of his discretionary authority. 

The fifth argument relating t o  the second issue states that, upon landing, the 
captain did not use the airplane's speed retardation devices in a timely and efficient 
manner. During its original analysis, the Safety Board compared the times used by the 
captain of Flight 30H after touchdown t o  initiate wheel braking and reverse thrust and the 
time required to  achieve the maximum amounts of brake pressure and reverse thrust with 
the ideal control application times and input values achieved during airplane certification 
testings. The times achieved by the captain for each action were much slower than those 
achieved during testing. However, the Safety Board concluded that i t  would be 
unrealistic to  expect the captain to  achieve the same results on an icy runway as those 
achieved by a test pilot during tests conducted on a dry runway. Although the captain did 
not s ta te  that he  had either encountered or anticipated heading control difficulties, the 
Safety Board noted that the ditrital flight data recorder (DFDR) heading data "indicate 
that directional control was marginal and that the pilot probably anticipated problems 
during the application of reverse thrust." The Board stated that prudent practice under 
such conditions requires that the pilot assure symmetrical reverser deployment, 
symmetrical engine spoolup, and maintenance of directional control as  thrust is added and 
brakes are  used. Therefore, the Board concluded that the elapsed time for application of 
reverse thrust by the pilot was not excessive. With regard to  the brake application, the 
Safety Board stated that, "Although the possible adverse effect of t h e  pilot's delayed 
application of full pedal on airplane deceleration could not be determined, the Board 
believes that i t  was minimal." 

Although the Safety Board recognized that a line captain's performance could not be 
compared to  that of a test pilot, i t  also recognized that the captain's control applications 
were delayed and that these delays contributed to  the severity of the accident. The 
Safety Board now believes that additional insight into this area can be gained by 
comparing the captain's performance at Logan to his performance during the preceding 
landing a t  Newark and to  t h e  performance of the captain of Flight 42. 

During his deposition, the captain testified that because he landed safely at Newark 
with 35Oflaps, because the runway at Newark was shorter than runway 15R a t  Logan, and 
because he believed that the runway conditions at Logan were equal to, or better than, 
those a t  Newark, he used 35Oflaps at Logan; therefore, t h e  Safety Board compared some 
of the aspects of the landing a t  Newark t o  that a t  Logan. 

According t o  the data contained in World Airways' response to the Petition, Flight 
30H executed an ILS approach to  runway 22L at Newark. According to  the first officer, 
the reported braking action at Newark was "fair t o  poor" and the Newark FCR stated, in 
part, that a "thin layer of ice covered with one quarter inch of slush" was on the landing 
runway. The usable runway beyond the elide slope intercept point was 7,400 feet and the 
data supplied by World Airways showed that Flight 30H had landed about 200 feet beyond 



the intercept point with about 7,200 feet of runway remaining. The landinp weight was 
323,000 pounds, Vprog was 141 KIAS (Vref 136 KIAS + 5 KIAS), and the airplane touched 
down a t  about 135 KIAS. 

Comparison of the brake control and reverse thrust applications on the two landings 
shows similarities. Brakes were applied 4 seconds after touchdown on both landings, and 
between 4 to  8 seconds after  touchdown, t h e  brake pressures increased a t  a simultaneous 
rate t o  about 10 percent of maximum pressure. Thereafter, the brake pressures at 
Newark remained constant a t  10 percent of maximum pressure, while the brake pressures 
a t  Logan continued to  increase. Reverse thrust application on the two landings also was 
similar. The thrust reversers were deployed by 4 seconds after touchdown on both 
landings. The reverse thrust then increased t o  about 42 t o  44 percent and remained at 
these values until about 9 seconds after touchdown. Thereafter, a t  Logan, reverse thrust 
was increased, and about 17 seconds after touchdown i t  reached about 96 percent; a t  
Newark, i t  remained essentially a t  48 t o  52 percent until the thrust reversers were 
stowed. 

Except for the difference in landing weights and the fact that the approach at Logan 
was flown a t  an excessive indicated airspeed causing the airplane t o  land much longer 
than a t  Newark, both landings were essentially identical, particularly with regard t o  the 
initial applications of wheel brakes and reverse thrust. The comparison seems t o  show 
that the delay in reverse thrust and wheel brake applications a t  Logan were not the result 
of runway alignment difficulties, but rather reflected the captain's customary manner of 
applying these controls followed by his belated recognition that the landing situation 
differed radically from the earlier one in Newark. 

Flight 42, which had arrived in the Logan area before Flight 30H, had t o  execute a 
missed approach on its first instrument approach. The captain stated that they were "still 
in the clouds a t  (the) MDA," and did not sight the runway environment until i t  was too late 
to descend and land; therefore, a t  1906:19, he executed a missed approach procedure. 
Flight 42 was reinserted into t he  landing sequence for a second approach. The second 
approach was successful, and Flight 42 landed about 8 minutes before Flight 30H. The 
airplane weighed about 340.00'0 pounds on landing and the captain used 35O flaps on the 
approach. The airplane was equipped with Pratt and Whitney engines which develop about 
25 percent greater reverse thrust decelerative forces a t  t h e  higher indicated airspeed 
than Flight 30H's General Electric engines. However, a t  80 KIAS, the decelerative forces 
are equal, and thereafter, as  the airspeed decreases, Fligrht 30H1s engines develop greater 
reverse thrust decelerative forces. Thus, over the entire landing roll, Flight 42's engines 
would have developed about 5 percent more reverse thrust decelerative forces than the 
engines on Flight 30H. 

Flight 42's programmed approach speed (Vref + 5 KIAS) was 145 KIAS. The DFDR 
showed that Flight 42 crossed runway 15R1s displaced threshold a t  142 KIAS, about 3 KIAS 
below the programmed approach speed. The flight touched down about 1,100 feet beyond 
t h e  displaced threshold. Its groundspeed at touchdown was 140 Kt@ (ground speed 
expressed in knots), and according to the captain, the spoilers deployed "normally." The 
reversers were unlocked 2 seconds after touchdown a t  138 Ktgs and were deployed 
3 seconds later a t  129 Kt@ and about 2,200 feet beyond the displaced threshold. The 
captain said that he applied full reverse thrust (70 percent) after the reversers deployed 
and full wheel braking after the spoilers had deployed. (Flight 42's DFDR was not 
programmed to  record brake pressures.) Maximum reverse thrust was attained about 
9 seconds after touchdown a t  114 Ktgs and about 3,050 feet beyond the displaced 
threshold. The reversers were stowed about 7,150 feet beyond the displaced threshold (at 



the intersection of runways 27 and 15R) a t  25 Ktw, and during the next 1,750 feet of the 
runway, the captain slowed the airplane to  taxi speed. The captain made a 120Â°righ turn 
onto the taxiway a t  13.7 Ktgs. (Runway 15R ends about 300 feet  beyond the taxiway 
turnoff.) 

Thus, there were major differences between the landings of Flight 30H and Flight 42 
in the airspeeds carried across the displaced threshold, the touchdown points, and the way 
in which each captain applied reverse thrust and wheel braking. Flight 30H crossed the 
displaced threshold 10 KIAS above its programmed approach speed, whereas Flight 42 was 
within 2 KIAS of its programmed airspeed. As a result of the excess airspeed, Flight 30H 
landed a t  least 1,500 feet beyond Flight 42's touchdown point. Moreover, the captain of 
Flight 42 applied wheel braking and reverse thrust much quicker than Flight 30H's captain. 
The captain of Flight 42 applied maximum reverse thrust coincident with reverser 
deployment. Maximum reverse thrust was attained about 8 seconds after touchdown and 
about 3,050 feet beyond the displaced threshold at 114 Ktgs (touchdown speed minus 26 
Ktgs). The captain of Flight 30H began to  increase reverse thrust about 5 seconds after 
the reversers had deployed and attained maximum reverse thrust 17 seconds after  
touchdown a t  about 6,200 feet beyond the displaced threshold and a t  103 Ktcs (touchdown 
speed minus 46 Kt-). The comparison showed that Flight 42's captain had applied 
maximum reverse thrust almost 9 seconds faster than the captain of Flight 30H. 

According t o  Flight 42's captain, he applied maximum wheel braking' a f ter  the  
spoilers deployed on main gear touchdown. Given the mechanical characteristics of the 
spoiler deployment system, the Safety Board must assume that the captain began to apply 
wheel braking about 2 seconds after main (fear touchdown or coincident with retarding the 
throttles to  unlock the thrust reversers. Based on DFDR data, Flight 30HTs captain began 
brake application 6.5 seconds after  main gear touchdown, or about 4 seconds slower than 
the captain of Flight 42. Although the captain of Flight 42 said that he applied "maximum 
braking," there was no DFDR data to record brake pressure, and the Safety Board cannot 
determine what percentage of maximum braking he achieved nor can it compare i t  with 
the braking pressures achieved by the captain of Flight 30H. Nevertheless, t h e  evidence 
showed that Flight 42 had attained maximum braking and reverse thrust 9 seconds after 
touchdown, at 114 Ktgs, and about 3,050 feet beyond the displaced threshold. Flight 30H 
did not achieve this condition until 17 seconds after touchdown, a t  92 K t ~ s ,  and 6,000 feet  
beyond the displaced threshold. At that moment, Flight 30H was entering the intersection 
of runways 27 and 15R and was within 2,290 feet and 2,490 feet  from t h e  end of the 
runway and the sea wall, respectively. 

Table 4 in the accident report depicted the optimal control applications during 
landing based on time from touchdown. The data showed that spoiler actuation and 
deployment require 2 and 4 seconds, respectively; brake initiation and full brake pressure 
should be attained within 1.5 and 3.5 seconds, respectively; and thrust reverser unlocking, 
deployment, and engine spoolup should occur within 2 seconds, 4 seconds, and 8 seconds, 
respectively, after touchdown. 

The captain of Flight 42 was not a test pilot performing on a dry runway under test 
conditions. The examination of Flight 42's landing showed that the spoilers actuated and 
deployed within the optimal times. Wheel brakes were applied within 1 second of optimal; 
however, because of lack of recorder data, the maximum brake pressure applied and the 
time required to attain that pressure could not be determined. Based on the captain's 
statement, he probably was within 1 second of optimal in applying what he intended t o  be 
maximum brake pedal force. Thrust reverser performance also was within 1 second of 
optimal. The captains of both flights were line captains and were trained in accordance 



with the same FAA training requirements and regulations: therefore, the Safety Board 
believes that the captain of Flight 30H should have been capable of either duplicating the 
performance of the captain of Flight 42 or, a t  the very least, should have come closer t o  
duplicating it than he did. The evidence indicates that, based on the same information, 
the captain of Flight 42 was fully alert to  the hazards involved in the forthcoming landing, 
prepared himself to  fly his airplane in a manner which would minimize the landing 
distance, and then proceeded t o  do so. The captain of Flight 30H was not similarly alert 
and therefore did not perform in a like manner. 

As t o  the second issue, the Petition contends that "pilot error, not the condition of 
runway 15R" was the cause of the accident. With regard t o  pilot performance, t h e  Safety 
Board concludes that the captain had been provided sufficient information concerning the 
landing conditions a t  Logan t o  alert himself t o  the need to  conduct the approach in a 
manner which would minimize the required stopping distance; that the captain's reliance 
on an ATISC system which had shown itself t o  be unreliable during the preceding approach 
and on the accident approach for airspeed control during the approach and t o  touchdown 
was imprudent and improper; and that the captain did not use the airplane's thrust 
reversing and wheel braking systems in a timely and efficient manner. While there is 
little doubt that the use of 50Â°flap would have decreased the landing distance, the Safety 
Board, as  explained earlier, concludes that the captain's selection of 35' flaps for the 
approach and landing was a proper exercise of his discretionary authority. Therefore, t o  
determine the effect of the captain's decision, only the 35' flap stopping distances need 
be considered. 

Based on its reexamination of the flightcrew performance, the Safety Board believes 
that had the  ATISC system been turned off and the approach flown a t  the proper 
indicated airspeed, t h e  captain should have been capable of landing within 1,200 to  2,000 
feet of the displaced threshold. The Safety Board believes also that had the captain 
properly appraised the landing conditions a t  Logan, his performance after the airplane 
landed either would have approached that of the captain of Flight 42 or, in any event, 
would have exceeded his actual performance on the night of the accident. The fact that 
his performance was less effective can only be attributed t o  his inaccurate appraisal of 
the landing conditions a t  Logan, his failure t o  disconnect an unreliable ATISC system, and 
his failure to  a t  least try to  apply full braking and reverse thrust expeditiously. The 
Safety Board believes .that a qualified airline captain should be expected t o  fly and land 
his airplane at t h e  proper programmed airspeeds, and that the evaluation by the captain of 
Flight 30H of the runway conditions that existed a t  Logan should have led the captain t o  
fly the airplane t o  touchdown a t  the programmed airspeeds and to  a landing at or near the  
tareeted touchdown points contained in World Airways' DC-10 Flight Crew Operating 
Manual. 

The 35' flap stopping distances contained in the optimal control application section 
of Table 4 showed that had the airplane been flown at the proper programmed airspeed for 
i ts  landing weight and had it touched down at the VASI glide slope intersect point, i t  could 
have been stopped within the confines of runway 15R a t  any of the mu prime values. 
Assuming the same approach airspeed parameters, and a touchdown point 1,500 feet 
beyond the displaced threshold, the airplane still could have been stopped within the  
confines of the runway a t  any of the mu prime values. 

Assuming the same approach configuration, the same airspeed, optimal control 
applications, and a touchdown point 2,000 feet beyond the runway's displaced threshold, in 
the mu prime 1 case the airplane would have struck the seawall; however, in the cases 
involving mu primes 2, 3, and 4, the airplane could have been stopped within the confines 
of the runway. 



Finally, had the captain of Flight 30H flown his airplane a t  the proper speeds, 
touched down 2,500 feet beyond the displaced threshold, and applied wheel brakes and 
reverse thrust in the same manner as the captain of Flight 42. the performance data 
indicated that he might have been able to  stop the airplane on the overrun just beyond the 
end of the runway. 

After reanalyzin~ the data, the Safety Board believes that the analysis of the 
performance data contained in the Petition refutes the Board's statement on page 41 of 
its accident report, that "the runwav surface was so slippery that once the landing was 
made stopping t h e  airplane on t h e  runway may have been impossible regardless of crew 
performance. . . . " The data indicate that the contamination of the runway surface might 
have made stopping difficult, and possibly even marginal by the time Flight 30H landed, 
but the facts do not support a conclusion that i t  was impossible. Fourteen airplanes, 
including three wide-bodied heavy turbojet airplanes, landed on and stopped safely within 
the confines of runwav 15R that n i ~ h t .  Several, but not all, of the pilots expressed 
concern over the braking' conditions. The majority of the landing pilots were able t o  
perform the 120' right turn off runwav 15R t o  runway 27. This intersection is almost 
2.000 feet before the end of runwav 15R. and those pilots who were not able to make that 
turnoff appeared t o  have been able to  decelerate their airplanes to  taxi speed either a t  or 
shortly after passing t h e  intersection. The major difference between those airplanes and 
Flight 30H that night was the approach speed over the runway threshold and the point on 
the runwav a t  which the airplane touched down. Both of these factors are subject to  the 
control of the landing pilot. 

In conclusion, the Safety Board has limited its discussion to  t h e  facts and arguments 
that i t  believed were relevant to  the two principal issues contained in the Petition. 
However, the Petition presented other examples of allegedly faulty or poor operational, 
training', and maintenance procedures and argued that these examples were either causal 
or contributory to the accident. The Safety Board also has examined the evidence 
presented in the Petition in support t o  these arguments. We have found that there was no 
additional new evidence presented in the Petition to support the Petitioner's contention 
that these other examples were eitherfaulty or poor or that they were in any way causal 
t o  the accident. 

The Safety Board's original analysis of this case included an evaluation of virtually 
all of the same evidence discussed herein with the exception of the new evidence relating 
t o  the captain's evaluation of the weather and surface conditions a t  Logan, his disregard 
or lack of knowledge of t h e  limitations in t h e  World Airways bulletin concerning the use 
of the AT/SC system, and the flightcrew's awareness of the fact that t h e  No. 2 ATISC 
system had indicated too high speeds during the previous approach a t  Newark. As a result 
of the new evidence and a reexamination of the entire case, the Safety Board has revised 
its report of the accident. 

With regard t o  the probable cause, the Safety Board now has concluded that the 
pilot's decision to  continue to  use the unreliable ATISC system throughout the landing 
approach, flare, and subsequent touchdown was a causal factor of the accident. However, 
the Safety Board continues to believe that i t  correctly identified other causal factors in 
the original determination of probable cause. 

ACCORDINGLY, 

(a)  The Petitioner's Petition for Reconsideration of probable cause and findings of 
the airplane accident report on World Airways, Inc., McDonnell Douglas DC-10-30CF. 



N113WA. Boston-Logan International Airport. Boston. Massachusetts, January 23, 1982, is 
hereby granted in part. 

<b) The Safetv Board's original report is revised and a corrected report .bs been 
issued to the public which modifies the factual and analysis portions. the conclusions, and 
the probable cause. 

(c) The probable cause is revised as follows: 

The National Transportation Safety Board determines that the probable 
cause of the accident was. the minimal braking effectiveness on the ice- 
covered runwav; the failure of the Boston-Loran International Airport 
management to exercise maximum efforts to  assess the condition of the 
runwav to assure continued safety of landing operations: the failure of air 
traffic control to transmit the most recent pilot reports of brakinp action to 
the pilot of Flight 30H; and the captain's decision to accept and maintain an 
excessive airspeed derived from the autothrottle speed control system during' 
the landing approach which caused the airplane to land about 2,800 feet 
bevond the runway's displaced threshold. 

Contributing to the accident were the inadequacy of the present system 
of reports to convey reliable braking' effectiveness information and the 
absence of provisions in the Federal Aviation Regulations to reouire: (1) 
airport manaerement to measure the slioperiness of runwavs usine standardized 
procedures and to use standardized criteria in evaluating and reportinp brakine 
effectiveness and in making' decisions to close runways, (2) operators to  
provide flightcrews and other personnel with information necessary to 
correlate braking' effectiveness on contaminated runways with airplane 
stopping distances, and (3) extended minimum runwav lengths for landing on 
runwavs which adequately take into consideration the reduction of braking 
effectiveness due to ice and snow. 

The Safety Board commends the Petitioner for the thorough preparation of the 
petition, and for its interest in aviation safety. 

JIM BURNETT, Chairman, and G. H. PATRICK BURSLEY, Member, concurred in 
the disposition of this Petition for Reconsideration. PATRICIA A. GOLDMAN, Vice 
Chairman, dissented. 

Attachments 



ATTACHMENT 1 

PATRICIA A. GOLDMAN, Vice Chairman, dissenting. I do not believe 
that the petition for reconsideration should have been granted to 
Massport, nor do I believe that, the petition having been 
granted, the probable cause should be altered. 

The following addresses each point o f  the Massport petition 
and my evaluation as to the "new evidence" presented and the 
relevancy of the petition to the Board's original findings and 
analysis. 

Part One 

Improper Flightcrew Training, Poor Pilot Skills and 
Improper Aircraft Maintenance were Causal Factors Contributory to 
the Accident. 

( 1 )  The WOA Flight Training Program was Deficient. 

All of the referenced material except the deposition 
testimony by the Captain and First Officer regarding the 
allowable deviation of autothrottle acceptance speeds was 
available 'for staff/Board review in 1982. The testimony taken 
subsequent to the accident indicates that the flightcrew was not 
totally aware of the precise values of speed tolerances shown in 
the  now Your DC-10" letter. However, both the Captain and 
First Officer generally accepted that 10 knots would be a maximum 
deviation for autothrottle performance. In accordance with the 
"Know Your DC-10'' letter, any deviation of that magnitude should 
prompt the flightcrew to question the airplane's weight or the 
presented numbers obtained f r o m  the flight manual. Crew 
conversation from the cockpit voice recording indicated that the 
flightcrew did' in fact question the number. 

In any event, I do not regard this new evidence of 
sufficient significance to conclude that the training program was 
inconsistent with Industry practices. 

( 2 )  The Pilots' Flying Skills were Inadequate. 

The flightcrew training records which are cited in the 
petition were available for Board review In 1982 and thus are not 
new evidence. Furthermore, the excerpts of the training records 
are taken seriously out of context. The Captain's testimony 
regarding his knowledge of the target touchdown point and the 
precise wording of the company's procedures relating to 
monitoring of the autothrottle system might be interpreted as new 



evidence. However, the touchdown point was adequately discussed 
in the 1982 report and the monitoring of thrust during 
autothrottle operation is not relevant to the analysis since the 
autothrottle system did in fact modulate thrust so that the 
airplane maintained the airspeed which was selected. 

( 3 )  The Autothrottle Units on the Accident Aircraft were 
not Maintained in Accordance with Company Procedures. 

The autothrottle system is not a required system by 
regulation except under certain circumstances for the conduct of 
Category I1 and I11 approaches. Therefore, a conclusion based 
upon the inoperative status of the fl system (or even both 
systems) would n o t  be justified. However, the Captain's 
acceptance of the remaining autothrottle system can be questioned 
and is questioned in Part Two of the petition and In the Board's 
1982 report. There is no new evidence presented in this section 
relevant to the original analysis. 

( A )  Flight Pl.anning and Flightcrew Communication and 
Coordination were Inadequate. 

There is no new evidence provided in this section to prompt 
a reanalysis of the flightcrew's performance. The crew's 
decision-making and coordination were analyzed in the 1982 
report. 

Part Two 

The Captain Unjustifiably Failed to Follow FAA-Approved 
WOA DC-10 Operating Procedures During the Approach to and Landing 
at Logan. 

The significance of the Douglas observation on the causal 
effect of excessive speed, delayed or insufficient application of 
brakes, and delayed reverse thrust on runway overrun accidents is 
not, and has not been, disputed in the 1982 report. 

(1) The Captain Improperly Rejected the ATIS. 

The information which was available to the flightcrew 
regarding runway braking condition was discussed in the 1982 
report. The Board contended that the transmission and relay of 
braking action reports from other pilots would have provided the 
Captain of W030B with more substantive information regarding the 
actual condition of the runway. Further, the ATIS report had not 
been updated to current conditions. The petition provides no 
information to contest this. 



( 2 )  The Captain Imprudently Concluded that the Stopping 
Distance at Logan Would be Shorter than at Newark. 

Reference to new evidence in this section is not clear. I 
do not agree that the Captain "should have known that the 
stopping distance would be at least 1800 feet longer at Logan 
than at Newark." In fact, there is no way that the Captain could 
have analyzed this difference based upon the information which 
was available to him (and is routinely available to other pilots) 
for flight planning. The only information available in the 
operating manual would indicate the=aximum weight at which the 
plane could be landed on a wet or dry runway at Logan. The 
Board's analysis shows that the certification ground stopping 
segment for a 365,000-pound DC-10 on a dry runway is given as 
2392 feet with an increase of about 440 feet as a result' of 
excess speed. Actual differences on a contaminated runway with a 
low braking coefficient would be far greater, but it Is 
unreasonable to presume that the Captain would be aware of 
precise magnitudes of increased landing distance - particularly 
when the runway condition is not known. 

(3) The Captain's Decision to Land Using 35 Degree Flaps 
was Improper and Unjustified. 

There is no new evidence presented in this section which 
would prompt another analysis of the flightcrew's decision to use 
3S0' flaps instead of SO0 flaps. I believe that this issue is 
analyzed adequately on pages 40 and 41 of the 1982 report. 

The petition presents two elements in this discussion to 
conclude that, contrary to a Board conclusion in the accident 
report, the Captain's decision to accept the AT/SC system 
computation and his use of that system for airspeed control were 
improper. 

The first element is the contention that the testimony of 
the flightcrew taken in depositions for civil litigation presents 
new evidence which shows that the Captain was aware that the # 2  
AT/SC system was performing out-of-acceptable-tolerance before he 
accepted it for use as he began the approach to Logan. 

This contention is based on the fact that both the Captain 
and FlrÃ§ Officer stated that the #2  AT/SC system had displayed 
ALPHA in the speed select window when the desired reference speed 



for the 22O flap configuration was dialed Into the system as 
the flight was approaching Newark. Neither the Captain nor the 
First Officer testified that they attempted to rationalize this 
situation or resolve the magnitude of the apparent difference 
between the AT/sC acceptance speed and the desired reference 
speed to determine whether this difference was excessive or 
indicative of a system malfunction. Instead of attempting to 
resolve the apparent difference i n  ATISC speed and the reference 
speed, the AT/SC was disengaged so that the Captain could slow 
the airplane to maintain an approach interval on the airplane 
ahead. The Captain stated that he did not consider it to be 
unusual to see ALPHA in the AT/SC window as it happens "fairly 
frequently." 

In fact, the "Know Your DC-10" letter was developed to 
cover such occurrences. That the Captain and First Officer did 
not attach significance to the functioning of the ATISC system 
during the approach to Newark is evident by their conversation 
regarding AT/SC performance on the subsequent approach to Logan. 
The Captain and First Officer engaged in a dialogue regarding the 
presentation of ALPHA in the ATISC window and the need to recheck 
the "numbers." I do not believe that the Captain and First 
Officer had recognized the ATISC problem before beginning the 
approach to Logan to the extent that that prior knowledge should 
have dissuaded them from attempting to use the system during the 
approach to Logan. 

The second element is the contention that the Board 
misrepresented the contents of the World Airways bulletin 
concerning the ATISC alpha speed functions which was prepared by 
McDonnell Douglas as "Know Your DC-10" letter number 64. 

After discerning that there was a problem during the 
approach to Logan, the crew's acceptance of an airspeed more than 
10 knots faster than the desired reference speed because it was 
the minimum which could be programmed into the AT/SC was subject 
to analysis.   he petition makes the point that the deviation 
encountered b y  the crew exceeded the 7 knots maximum acceptable 
speed tolerance shown I n  the "Know Your DC-10" letter, Figure 2, 
and that, in accordance with that letter, the system did not 
therefore fall within the definition of a usable system. The 
Â¥ Know Your DC-10" letter is somewhat ambiguous, however, 
regarding recommended actions when the AT/SC acceptance speed 
.differs from the reference speed obtained from the flight manual 
by an amount greater than the maximum amount of acceptable speed 
tolerance. Although it implies that the system Is not a usable 
system, it goes on to state that the reason that the syatem i s  
out-of-tolerance on the high side may be due to an error i n  the 
actual aircraft weight, without a further recommendation to the 
Captain. 



The 1982 report's analysis states that "when a disparity of 
more than a few knots exists between the ATISC system acceptable 
speed and the calculated reference speed, the flightcrew must 
make itself aware of the consequence of the high approach speed" 
(page 38) and, further, that "the Safety Board believes that the 
captain should have reverted to manual throttle control to 
dissipate speed during the flare to touchdown closer to the 
displaced threshold" (page 41). I continue to believe that these 
statements and the probable cause, which cites the Captain's 
decision to retain autothrottle speed control as contributing to 
the severity of the accident, are appropriate. The 1982 report 
does not minimize the flightcrew's responsibility to conduct a 
flight in a manner to obtain the best possible performance 
regardless of runway condition. 

( 5 )  The Captain Illegally Flew below MDA. 

I do not believe that there was new evidence obtained 
during the flightcrew depositions to support a conclusion that 
the Captain could not see the approach lights slightly to hie 
left when he descended below MDA. The contention in the petition 
is based upon the post-accident interviews of the First Officer 
and Flight Engineer and, as observed in 1982, these statements 
show only what the First Officer and Flight Engineer could see. 
It is quite possible that the proximity of approach lights to the 
left of the airplane would not have been observable except to the 
Captain. 

(6) The Captain Failed to 'Establish a Visual Aim point on 
the Runway. 

There is no new evidence presented in this section which 
makes a compelling point that the Captain selected an improper 
aim point or that he established an inappropriate approach path 
during the final descent to the flare. The analysis in the 1982 
report showed that the aircraft passed the displaced threshold st 
about the proper threshold crossing height. As indicated in the 
report, the extended touchdown is attributed to airspeed, rather 
than an abnormally high approach. Further, the difficulty of 
establishing visual cues related to an aim point during a night 
approach to a snow-contminated runway must be recognized. 

(7) The Captain Improperly Held the Aircraft off the 
Runway, Preventing a Firm Touchdown. 

The main factor in the extended touchdown was the excessive 
airspeed, as discussed i n  the previous point, and, likewise, 
adequately discussed in the report. 



(8) The Captain did not Know Where he was on the Runway 
and Should Have Executed a Go-Around. 

There is no new evidence provided in this section to prompt 
a reanalysis of the Captain's considerations for a n  aborted 
landing. The analysis in the 1982 report appropriately states 
that none of the known cues would have prompted such action. The 
petition also contends in this section that the Captain should 
have been able to estimate the airplane's stopping distance on a 
snow or ice-covered runway. The inability of pilots to know the 
stopping distance required for their aircraft on contaminated 
runways is a major issue discussed by the Board in the report. 
The conclusion made in the 1982 report that regulatory standards 
and industry practices "do not provide runway length requirements 
consistent with reduced braking performance on slippery runways" 
is still true. 

(9) The Flightcrew Failed to Activate Ground Spoilers 
Immediately upon Touchdown. 

(10) T h e  Captain's Reversing Technique was Improper. 

( 1 1 )  The Captain Failed to Apply the Brakes Properly. 

This Captain's actions to decelerate the airplane following 
touchdown were analyzed on pages 39 and 4 0  of the report. All of 
the material referenced in support of these contentions in the 
petition was available for Board review in 1982. The Board has 
not been provided with, nor are we aware of, engineering or test 
data to quantify the effective brake degradation resulting from 
the application of less than full brake pressure on an icy runway 
surf ace. 

Part Three 

The Probable Cause of the World Flight 30H Accident was 
Pilot Error, Not the Condition of Runway 15R. 

In this section of the petition the acumptions in the 1982 
report to derive the theoretical stopping distances are discussed 
and questioned. The major premice of the 1982 report was that 
the theoretical stopping diÃ§tance derived using the most 
pessimistic assumptions for runway braking coefficients Â¥bowe 
that a DC-10 weighing 365,000 pounds may not have been able to be 
atopped on the runway if landed 1500-1800 feet beyond the 
displaced threshold with 3S0 flaps at the proper speed and with 
ideal timing for activation of decelerative devices. While the 
braking coefficients involved in the calculation to aupport that 



premise were p e s s i m i s t i c ,  they were not considered t o  be 
unreasonable. Conversely, t h e  distances derived using more 
optimistic assumptions for runway braking coefficients i n d i c a t e  
t h a t  a D C - I 0  weighing 3 6 5 , 0 0 0  pounds could have been etopped I f  
l a n d e d  with either 50Â flaps or 3 5 O  f l a p s  and i f  couchdown 
occurred b e f o r e  2000  feet beyond t h e  displaced threshold a t  the 
proper speed a n d  with I d e a l  timing for activation of  the 
d e c e l e r a t i v e  devices. 

The petition contends that  t h e  braking  coefficients u s e d  in 
t h e  pessimistic analysis were not valid since they were based 
upon braking  coefficients a c t u a l l y  'achieved by M 0 3 0 H  and t h a t  
they t h e r e f o r e  were affected by t h e  a t o p p i n g  techniques used by 
t h e  Captain of the flight. This contention h a s  eome merit, 
although the 1982  report attempted t o  minimize the e f f e c t  of 
stopping techniques by extracting the aerodynamic drag and 
reverse t h r u s t  contribution6 t o  deceleration from t h e  t o t a l  
d e c e l e r a t i o n  f o r c e  during the calculations. As previously 
mentioned, the effect of p a r t i a l  brake pressure application h a s  
not been quantified. T h e r e  are many variables involved w h i c h  
c o u l d  have a f f e c t e d  the ability of t h e  airplane t o  s t o p  under  
different touchdown conditions. All of the derived d i s t a n c e s ,  
including chose b a s e d  upon t h e  braking coefficients achieved by 
t h e  NU42 flight, leave little margin f o r  l e s s  than ideal 
performance. It should be noted that some of the p i l o t s  of 
airplanes t h a t  had landed before  W030H s t a t e d  I n  post-accident 
interviews t h a t  the braking achievable on runway 15R d e t e r i o r a t e d  
on t h e  last 2000 f e e t  of t h e  runway. 

The reason f o r  providing margins  f o r  error in t h e  s a f e t y  
f i e l d  I s  t h e  recognition that perfect  performance cannot always 
be ach ieved  by can or machine. la t h e  came of t h e  conditions on 
t h e  n i g h t  of January 2 3 ,  1982.  t h e  margins  were alim. In f a c t ,  
the problem of perforaance on contaminated runways is t h a t  the 
margins are cot absolutely known. 

Part Four 

Flight 30H Touched Down Approxlaately 3600 Feet beyond t h e  
D i s p l a c e d  Threshold. 

The petition contends t h a t  three w l t n e s s e ~  p l a c e d  the 
airplane's point of touchdown nearer t o  3600 feet beyond the  
displaced t h r e e h o l d  compared t o  the 2500 f ee t  identified in the 
1982 report .  The a t a t e m e n f  of t h e Ã §  mitntsaes were c o n s i d e r e d  
in 1982 as were Ã§tacement by other witnesses who placed t h e  
touchdown p o i n t  c loser  t o  t h e  intersection of runway 4L, or a t  
about  2500 feet  beyond the d i s p l a c e d  t h r e s h o l d .  The report  used 
a theoretical ana lys t i t  of t h e  three-axis  accelerometer d a t a  
recorded on t h e  airplane's DFDR a@ a means of correlating t h e  



touchdown p o i n t  on  t h e  runway w i t h  t h e  s e a w a l l .  I t  would  be  
d i f f i c u l t  f o r  w i t n e s s e s  t o  p l a c e  t h e  e x a c t  touchdown p o s i t i o n  
when v i e w i n g -  t h e  a i r p l a n e  f rom a n  a n g l e  a t  n i g h t .  T h e r e f o r e ,  I 
do  n o t  a c c e p t  t h i s  a s  c o n v i n c i n g  e v i d e n c e  t h a t  t h e  a i r p l a n e  w a s  
i n  f a c t  3600 f e e t  beyond t h e  d i s p l a c e d  t h r e s h o l d  when i t  t o u c h e d  
down. 



ATTACHMENT 2 

Member B u r s l e y ' s  a d d i t i o n a l  v i e w s :  

The B o a r d ' s  o r i g i n a l  d e t e r m i n a t i o n  o f  p r o b a b l e  c a u s e  c e n t e r e d  on 
t h e  runway e n v i r o n m e n t  a n d  t h e  c i r c u m s t a n c e s  w h i c h  l e d  t o  t h e  
p i l o t  b e i n g  i n s u f f i c i e n t l y  i n f o r m e d  a s  t o  runway c o n d i t i o n s .  The 
r o l e  of  t h e  f l i g h t c r e w  w a s v i e w e d  a s  c o n t r i b u t o r y  t o  t h e  s e v e r i t y  
o f  t h e  a c c i d e n t .  I n  v o t i n g  t o  amend t h e  p r o b a b l e  c a u s e  I h a v e  
n o t  c h a n g e d  my v iew t h a t  t h e  c a u s e  of t h e  a c c i d e n t  e a s e n t i a l l y  
c e n t e r s  on t h e  runway e n v i r o n m e n t .  The i m p o r t  of  t h e  new 
e v i d e n c e  h a s  b e e n  t o  p o i n t  t o  a  p r o b a b i l i t y  t h a t  t a u t e r  
management of  t h e  a p p r o a c h  a n d  l a n d i n g  migh t  h a v e  k e p t  t h e  
a i r p l a n e  on t h e  runway o r  t h e  o v e r r u n  a r e a .  However, t h e  p r i m a r y  
s a f e t y  message  t o  be g l e a n e d  f r o m  t h i s  a c c i d e n t  s t i l l  i s  t h a t  
more must be done t o  i m p r o v e  t h e  m a r g i n  of  s a f e t y  when runways 
a r e  c o n t a m i n a t e d ,  p a r t i c u l a r l y  by i c e  and snow. T h i s  i n v o l v e s  
h i g h e r  a l e r t n e s s  on t h e  p a r t  of a i r p o r t  management a n d  
f l i g h t c r e w s  t o  t h e  h a z a r d s  a s s o c i a t e d  w i t h  c o n t a m i n a t e d  runways ,  
a n  improved  r e g u l a t o r y  r e g i m e ,  a n d  a  more a g g r e s s i v e  r e p o r t i n g  o f  
runway c o n d i t i o n s  by p i l o t s  a n d  c o n t r o l l e r s .  

The r e s p o n s e  t o  t h e  p e t i t i o n  d o e s  n o t  a d d r e s s  s p e c i f i c a l l y  e a c h  
a s s e r t i o n  i n  t h e  p e t i t i o n .  I a g r e e  w i t h  t h e  d i s s e n t i n g  Member 
t h a t  t h i s  i s  a p p r o p r i a t e .  W h i l e  s h e  h a s  s e t  o u t  a n  e x p l a n a t i o n  
o f  h e r  p o s i t i o n  a s  t o  e a c h  a s s e r t i o n ,  I f i n d  i t  u n n e c e s s a r y  t o  
e l a b o r a t e  on t h e  d i s c u s s i o n  i n  t h e  B o a r d ' s  r e s p o n s e  t o  t h e  
p e t i t i o n :  

P a r t  One 

I m p r o p e r  F l i g h t c r e w  T r a i n i n g ,  P o o r  P i l o t  S k i l l s  and  I m p r o p e r  
A i r c r a f t  M a i n t e n a n c e  w e r e  C a u s a l  F a c t o r s  C o n t r i b u t o r y  t o  t h e  
A c c i d e n t .  

(1)  The WOA F I L g h t  T r a i n i n g  Program was  D e f i c i e n t .  

The e v i d e n c e  d o e s  n o t  e s t a b l i s h  any  s p e c i f i c  d e f i c i e n c i e s  
i n  t h e  program.  

( 2 )  The P i l o t s '  F l y i n g  S k i l l s  were I n a d e q u a t e .  

The e x c e r p t s  f r o m  t h e  t r a i n i n g  r e c o r d s  a r e  g r o s s l y  o u t  o f  
c o n t e x t  a n d  do  n o t  s u p p o r t  t h e  a s s e r t i o n .  



( 3 )  The A u t o t h r o t t l e  U n i t s  on t h e  A c c i d e n t  A i r c r a f t  were  
n o t  M a i n t a i n e d  i n  A c c o r d a n c e  w i t h  Company P r o c e d u r e s .  

The e v i d e n c e  d o e s  n o t  s u p p o r t  t h i s  a s s e r t i o n .  

( 4 )  F l i g h t  P l a n n i n g  and  F l i g h t c r e w  Communicat ion and  
C o o r d i n a t i o n  w e r e  I n a d e q u a t e .  

The e v i d e n c e  d o e s  n o t  s u p p o r t  t h i s  a s s e r t i o n .  

P a r t  2 

The C a p t a i n  U n j u s t i f i a b l y  F a i l e d  t o  F o l l o w  FAA-Approved WOA 
DC-10 O p e r a t i n g  P r o c e d u r e s  D u r i n g  t h e  Approach t o  and  L a n d i n g  a t  
Logan. 

( 1 )  The C a p t a i n  I m p r o p e r l y  R e j e c t e d  t h e  ATIS. 

I c o n c u r  i n  t h i s  a s s e r t i o n ;  however ,  more a g g r e s s i v e  
r e p o r t i n g  of runway c o n d i t i o n s  m i g h t  h a v e  a l t e r e d  t h i s  a p p r a i s a l .  

( 2 )  The C a p t a i n  I m p r u d e n t l y  Conc luded  t h a t  t h e  S t o p p i n g  
D i s t a n c e  a t  Logan Would be S h o r t e r  ' t h a n  a t  Newark. 

I c o n c u r  i n  t h i s  a s s e r t i o n .  

( 3 )  The C a p t a i n ' s  D e c i s i o n  t o  Land U s i n g  35 Degree  F l a p s  
was I m p r o p e r  and U n j u s t i f i e d .  

T h e r e  i s  no  new e v i d e n c e  p o i n t i n g  t o  a  d i f f e r e n t  c o n c l u s i o n  
t h a n  t h a t  r e a c h e d  i n  t h e  o r i g i n a l  r e p o r t .  

(4) The C a p t a i n  I m p r o p e r l y  R e l i n q u i s h e d  A i r s p e e d  C o n t r o l  
t o  a  M a l f u n c t i o n i n g  A u t o t h r o t t l e  Speed C o n t r o l  S y s t e m  t o  Maximize  
. .  ..- . -~ .. 
h i s  "Ease of F l y i n g  t h e  A i r p l a n e . "  

I c o n c u r  i n  t h e  t h r u s t  of  t h i s  a s s e r t i o n .  

( 5 )  The C a p t a i n  I l l e g a l l y  F lew below MDA. 

I f i n d  n o  s u p p o r t  f o r  t h i s  a s s e r t i o n .  

( 6 )  The C a p t a i n  F a i l e d  t o  E s t a b l i s h  a  V i s u a l  A i m  P o i n t  on  
t h e  Runway. 

I do  n o t  c o n c u r  i n  t h i s  a s e e r t i o n .  



( 7 )  The C a p t a i n  I m p r o p e r l y  He ld  t h e  A i r c r a f t  o f f  t h e  
Runway, P r e v e n t i n g  a  F i r m  Touchdown. 

I do  n o t  c o n c u r  i n  t h i s  a s s e r t i o n .  

( 8 )  The C a p t a i n  d i d  n o t  Know Where h e  was on t h e  Runway 
a n d  S h o u l d  Have E x e c u t e d  a  Go-Around. 

T h e r e  i s  no  new e v i d e n c e  t o  s u p p o r t  t h i s  a s s e r t i o n .  

( 9 )  The F l i g h t c r e w  F a i l e d  t o  A c t i v a t e  Ground S p o i l e r s  
I m m e d i a t e l y  upon Touchdown. 

I c o n c u r  i n  t h i s  a s s e r t i o n .  

(10) The C a p t a i n ' s  R e v e r s i n g  T e c h n i q u e  was Improper .  

I c o n c u r  t h e r e  was undue  d e l a y  i n  i n i t i a l l y  d e p l o y i n g  t h e  
r e v e r s e  t h r u s t e r s  and i n  a p p l y i n g  i n c r e a s e d  power.  

(11)  The C a p t a i n  F a i l e d  t o  Apply t h e  B r a k e s  P r o p e r l y .  

I c o n c u r  t o  t h e  e x t e n t  t h a t  t h e r e  was undue  d e l a y  i n  
a p p l y i n g  t h e  b r a k e s .  

P a r t  T h r e e  

The P r o b a b l e  Cause  o f  t h e  World F l i g h t  30H A c c i d e n t  was 
P i l o t  E r r o r ,  Not t h e  C o n d i t i o n  of  Runway 15R. 

My v i e w s  a r e  r e f l e c t e d  i n  t h e  r e s p o n s e  t o  t h e  p e t i t i o n  a n d  
i n  t h e  i n t r o d u c t o r y  p a r a g r a p h  t o  t h e s e  v iews .  

P a r t  F o u r  

F l i g h t  30H Touched Down A p p r o x i m a t e l y  3600 F e e t  beyond t h e  
D i s p l a c e d  T h r e s h o l d .  

My v i e w s  a r e  r e f l e c t e d  i n  t h e  r e s p o n s e  t o  t h e  p e t i t i o n .  

A/-&) G. H. P a t r i c k  B u r s l e y  
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