
C I R C U L A R  

AIRCRAFT ACCIDENT DIGEST No. 26 

Approved by the Secretary General 
and published under his authority 

I N T E R N A T I O N A L  
C I V I L  A V I A T I O N - ,  
O R G A N l Z A T l O N  
MONTREAL CANADA 



Published in separate English, French and Spanish editions by the International Civil 
Aviation Organization. All correspondence, except orders and subscriptions, should be 
addressed to she Secretory General. 

Orders for this publicatian should be sent to one of the following addresses, together with the 
appropriate remittance (by bank draft ar post oKm money order) in U.S. daIlan or the 
cusrency of the country in which the order is placed. 

I nterna tional Civil Aviation Organization 
A ttentian: Distribution OMicer 
1000 Sherbrooke Street West, Suite 400 
Montreal, Quebec 
Canada H3A 2RZ 

Argehtina. El Ateneo, Pedro Garcia S. A.L.E. e I., Dpto, Compras - tmp0rQciunr 
Patagones 2463, 1282 Buems Aires. 

E m .  K A O  Representative, Middle East and Eastern African Ofice, 
16 Wassan Sabti, Zarnalek. Cairo. 

Fiance. Representant de I'OACI, Bureau Europe, 3 bis, villa Ernile-Bergerat, 
92522 Nauilly-sur-Seide, Cedex, 

India. Oxfmd Book and Stationmy Co., Scindia House, New Dethi 
or I 7  Park Street, Calcutta. 

Japan. Japan Civil Aviation Promotion Foundation, 15-12. 1-chome, Tonnomon, 
Minato-Ku, Tokyo. 

Mmico. Representante de la OACI, Oficiaa Norteamtrica y Carih, 
Apartado wtaI 5-37?, M6xico 5,  D.F. 

Peru. Represenunte de la OACI, Oficina Suclamkrica, Apartado 4127, Lima 100. 
Snegal. Representant de I'OACI, Bureau Afrique, Boite postale 2356, Dakar. 
Spain. Likeria de Aeronrjutica g Astronautics Sumaas, Desengaiio, 12-3'-3, Madrid 13. 
Swtded. C.E, Fri&es Kunrgl. Hovbokhsndel, Bax 16356, S- 103 27 Stmkholm. 
Thailand. ICAO Representative, Aaia and Pacific OfFice, P.O. Box 61 4, Bangkok. 
United Kingdom Civil Aviation Authority, Printing and Publiczrtions Services, 

Greville House, 37 Gratton Road, Cheltenham, Glos,, GC50 2BN. 

Do you receive 
the ICAO BULLETIN? . 

The lCAQ Sulretin cantains .a concis% account of the activi th of tha 
Organization as well a$ articles of interest to the aeronautical world. 

The Butlatin will also kmp you up to date on the latest ICAO publica- 
tions, their contmtsi. amendments, supplmem, c0rrigmde. and prices. 

Au&M in three wpmtb sdifiotls: -ah, f m h  aml Spanish. 
Annual lubscription: U.S. $1 5.00 (surface mail); U.S. $20.W (air mail), 



ICAO C i r c u l a r  173-AN1109 

FOREWORD 

Genera l  

1. The purpose of t h e  A i r c r a f t  Accident  D iges t  i s  t o  d i s s e m i n a t e  a c c i d e n t  r e p o r t  
i n fo rma t ion  t o  a l l  Con t r ac t i ng  S t a t e s .  P u b l i c a t i o n  of t h e  D iges t  began i n  1951. Over 
t h e  y e a r s  S t a t e s  have r e i t e r a t e d  t h e i r  i n t e r e s t  i n  t h e  Diges t  no t  on ly  a s  a  v a l u a b l e  
sou rce  of i n fo rma t ion  f o r  a c c i d e n t  p r e v e n t i o n ,  b u t  a l s o  a s  a  t r a i n i n g  a i d  f o r  i n v e s t i g a t o r s  
and e d u c a t i o n a l  m a t e r i a l  f o r  t e c h n i c a l  s c h o o l s .  

S e l e c t i o n  of Acc iden t s  

2. The D iges t  c o n t a i n s  a c c i d e n t  r e p o r t s  which have been s e l e c t e d  by t h e  S e c r e t a r i a t  
from those  s e n t  by S t a t e s .  Repor t s  were s e l e c t e d  on t h e  b a s i s  o f :  

a )  t h e i r  c o n t r i b u t i o n  t o  a c c i d e n t  p r e v e n t i o n ;  o r  

b )  t h e  s u c c e s s f u l  employment of u s e f u l  o r  e f f e c t i v e  i n v e s t i g a t i v e  t e chn iques ;  
o r  

c )  number of f a t a l i t i e s .  

It should  no t  be  s e e n  a s  be ing  s t a t i s t i c a l l y  r e p r e s e n t a t i v e  of t h e  world 
d i s t r i b u t i o n  of a c c i d e n t s .  

3 .  The F i n a l  Repor t s  a r e  u s u a l l y  pub l i shed  a s  r e c e i v e d .  However, l e n g t h y  r e p o r t s  
may be a b b r e v i a t e d  by o m i t t i n g  from t h e  "Fac tua l  Informat ion"  any i n fo rma t ion  which is  
a l s o  d e t a i l e d  i n  t h e  "Analysis" ,  o r  by d e l e t i n g  Appendices. 

S t a t e s '  Co-operat ion 

4 .  S t a t e s  a r e  encouraged t o  send t o  ICAO t h o s e  F i n a l  Repor t s  which meet 
t h e  c r i t e r i a  i n  Annex 13 ,  6.14. The r e p o r t s  must be submi t ted  i n  one of t h e  
working languages  o f  I C A O ,  and i n  t h e  format  p r e sen t ed  i n  t h e  Appendix t o  Annex 1 3 .  
Thus they  c o n t a i n  t h e  fo l l owing  p a r t s :  F a c t u a l  I n fo rma t ion ,  Ana lys i s ,  Conclus ions  
and S a f e t y  Recommendations. The a c c i d e n t  c a u s e ( s )  a r e  inc luded  i n  t h e  conc lu s ions .  
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DeHavilland DHC-6-200, N68DE, a c c i d e n t  a t  Rockland, Maine, 
United S t a t e s ,  on 30 May 1979. 

Report  No. NTSB-AAR-80-5 da t ed  12 May 1980, 
r e l e a s e d  by t h e  Na t iona l  T r a n s p o r t a t i o n  S a f e t y  Board, Uni ted  S t a t e s .  

SYNOPS IS 

About 2055 e.d.t., on May 30, 1979, Downeast Airlines, Inc., Flight 46 crashed into a 
heavily wooded area about 1.2 mi  south-southwest of the Knox County Regional Airport, 
Rockland, Maine. The crash occurred during a nonprecision instrument approach to runway 3 
in instrument meteorological conditions. Of the 16 passengers and 2 crewmembers aboard, 
only 1 passenger survived the accident. The aircraft was destroyed. 

The National Transportation Safety Board determines that the probable cause of the 
accident was the failure of the flightcrew to arrest the aircraft's descent at the minimum 
descent altitude for the nonprecision approach, without the runway environment in sight, for 
unknown reasons. 

Although the Safety Board was unable to determine conclusively the reason(s) for the 
flightcrew's deviation from standard instrument approach procedures, it is believed that 
inordinate management pressures, the first off icer's marginal instrument proficiency, the 
captain's inadequate supervision of the flight, inadequate crew training and procedures, and 
the captain's chronic fatigue were all factors in the accident. 

1. FACTUAL INFORMATION 

History of t h e  Fl ight  

On May 30, 1979, Downeast  Airlines, Inc., Fl ight  46$ a deHavilland 
DHC-6-200 (N68DE), was a scheduled fl ight f rom Logan Internat ional  Airport ,  
Boston, Massachuset ts ,  t o  Knox County Regional Airport ,  Rockland, Maine. T h e  
fl ight was scheduled t o  d e p a r t  Boston a t  1850; 11 however,  because  of adverse  
wea ther  encounte red  e n  rou te  by Fl ight  45, t h e  ea r l i e r  f l ight  f rom Rockland t o  
Boston, Flight 46's depar tu re  f rom Boston was delayed. Both fl ights w e r e  flown by 
t h e  s a m e  flightcrew. 

11 All t i m e s  herein  a r e  e a s t e r n  s tandard,  based on t h e  24-hour clock. - 
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About 1900, t h e  captain  of Flight 46 c o n t a c t e d  t h e  company's ce r t i f i ed  
weather  observer 21 a t  Rockland by telephone and obtained t h e  cur ren t  weather  a t  
t h e  Rockland airport .  The observer repor ted  t h e  weather  a t  t h a t  t i m e  t o  be: 
indefinite ceiling--700 f t ,  sky obscured; visibility--3 mi in fog. A t  1930, t h e  
captain  obtained a weather  briefing by telephone f rom t h e  National Weather 
Service  (NWS) in Boston on t h e  ac tua l  and fo recas t  weather  f o r  Maine; however,  
the re  was no terminal  forecast  for Rockland. 

During the  investigation of t h e  accident  and during t h e  public hearing, a 
company ramp agen t  in Boston s t a t e d  t h a t  t h e r e  w e r e  o t h e r  te lephone 
conversations between t h e  fl ightcrew of Flight 46 and company off ic ia ls  in 
Rockland before  t h e  fl ight depar ted  Boston. Reportedly,  these  discussions 
concerned the  possible cancel la t ion of t h e  f l ight  because of t h e  wea ther  a t  
Rockland, t h e  flightcrew's concerns  about  a t t e m p t i n g  t o  land a t  Rockland, and  
a i r c r a f t  vibrations allegedly caused by t h e  r ight  powerplant.  Company off ic ia ls  
denied knowledge of these  telephone conversations,  however. 

A t  1955, Flight 46 depar ted  Boston on a n  inst rument  f l ight  rules  (IFR) 
flight plan. T h e r e  were  16 passengers and  2 crewmembers  aboard. Af te r  t akeof f ,  
Logan Depar tu re  Cont ro l  vectored t h e  f l ight  t o  a heading of O1oO, advised t h e  
flight t h a t  t h e  Portland, Maine VORTAC was out of se rv ice ,  a n d  told  t h e  f l ight  t o  
expect  radar vectors  to  t h e  Kennebunk, Maine VORTAC. Subsequently,  t h e  fl ight 
was given a heading of 030'. A t  2006, Logan Depar tu re  Cont ro l  advised t h e  fl ight 
t o  c o n t a c t  Boston Air Route  Tra f f ic  Control  Cente r  (ARTCC). T h e  f l ight  complied 
with t h e  request.  

A t  2026:27, Boston ARTCC requested t h a t  Fl ight  46 c o n t a c t  Navy 
Brunswick Approach Control--the controlling faci l i ty  for  t h e  Rockland a rea .  T h e  
fl ight complied with this request ,  report ing i t s  a l t i tude  t o  Navy Brunswick a s  
7,000 f t .  3/ 

Between 2026:50 and 2033:40, Flight 46 reques ted  and received t h e  
following weather  information from Navy Brunswick: 

Brunswick 41 - 
- 800 f t  sca t t e red ,  1,500 f t  broken, 8,000 f t  

broken, 20,000 f t  broken; visibility--6 mi in 
fog. 

R ocklan d - indefinite ceiling, 300 f t ,  sky obscured; 
visibility--314 mi in fog; wind--light and  
variable; alt imeter--30.05 inHg; conditions 
deteriorating. 

21 C e r t a i n  company personnel were ce r t i f i ed  by t h e  Nat ional  Weather Service  t o  - 
make weather  observations. 
31 All al t i tudes  a r e  mean sea level  unless otherwise  indicated. - 
41 Navy Brunswick is loca ted  about  39 nmi w e s t s o u t h w e s t  of Rockland. - 
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Portland 51 - - indefinite ceiling, 200 f t ,  sky obscured; 
visibility--114 mi in fog; conditions 
deter iorat ing rapidly. 

Augusta 6/ - 800 f t  sca t te red ,  est imated 1,200 f t  overcast;  
visibili ty--10 mi. 

At  2034:58, Navy Brunswick cleared Flight 46 t o  descend t o  3,000 f t  a t  
t he  captain's discretion. A t  2038:16, t h e  flight reported leaving 7,000 ft. At 
2042:40, Flight 46 received further  clearance from Navy Brunswick t o  cruise a t  
3,000 f t  for  an approach into Knox County Regional Airport. At  t he  s ame  t ime,  
t he  flight was advised tha t  i t  was t o  report  when i t  wanted t o  cancel  i t s  IFR flight 
plan, t ha t  radar  service was te rmina ted  14 nmi southwest of t h e  Sprucehead 
nondirectional radiobeacon (NDB), and t h a t  t he  flight could switch i t s  radio 
frequency t o  t h e  Rockland Unicom. I/ 

At  2052:23, Navy Brunswick radar showed the  flight's position about 
1 nmi south of Sprucehead NDB at an  al t i tude of 1,500 ft .  This was t h e  last radar  
position recorded. A t  2054:25, Flight 46 told Navy Brunswick ". . . looks like we're 
probably going t o  have t o  miss t h e  approach here  at Rockland. We're going down 
but maybe you can  pull us out  a clearance for  Augusta." At 2054:38, Navy 
Brunswick replied t h a t  t h e  clearance was "on request." According t o  testimony a t  
the  public hearing, t he  flight made a radio transmission t o  t he  company facility at 
t he  airport  on t h e  Unicom frequency t o  repor t  "Sprucehead inbound." This is  t h e  
last reported radio contac t  with the  flight. 

About 2055, t he  a i rc raf t  crashed into a heavily wooded a rea  about 
1.2 mi south-southwest of t h e  approach end of runway 3. There was no fire. The 
accident occurred during the  hours of darkness at lat i tude 44' 02' 1" N and 
longitude 6g0 06' 30" W. The  elevation of t h e  accident  s i t e  was 25 f t .  

1.2 Iniuries t o  Persons 

Injuries 

Fa t a l  
Serious 
MinorINone 

1.3 Damage t o  Aircraf t  

The  a i rc raf t  was destroyed. 

1.4 Other  Damage 

None. 

Crew Passengers 0 thers  

51 Portland, Maine, is located about 57 nmi southwest of Rockland. - 
61 Augusta, Maine, is located about 31 nmi north-northwest of Rockland. - 
71 A nongovernment airlground radio communications faci l i ty  which may provide - 
airport advisory service at cer ta in  airports. 
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1.5 Personnel Infor mation 

The crewmembers were properly certificated and qualified for the 
flight. 

The captain had been a pilot for about 17 years. H e  had been w i t h  
Downeast for 4 years but had been the chief pilot for less than 1 year, H i s  peers 
regarded him as an excellent pilot who was extremely cautious and safetv 
conscious. 

Pitots who had flown wi th  the captain said it was his habit to fly the leg 
to Boston and on the leg back t o  allow the first officer to handle the controls whi le  
monitoring him closely. However, he insisted that the aircraft be flown in a 
certain manner. During the approach he required that the first officer hold 94 to  
100 kn, about 10 psi of torque, and se t  the flap to lo0 maximum (10' fleps was dso 
the "company maximum" in the aircraf tl. 

Other pilots ~ t a t e d  t b t  the captain enjoyed flying, but that he seemed 
uncomfortable and unsuited to  his role as chief pilot. H e  had no previous 
experience as a chief pilot or training officer with an airline the size of Downeast. 
These pilots also said that he was not an assertive person, that he felt he had a 
great deal of responsibility but no real authority, and that he was under pressure 
constantly from the airline president. Persons testified that the president was a 
difFieuIt man to'work for, and that the captain was in a particularly vulnerable 
position. H e  was criticized frequently and feared for his job. According to 
testimony, h e  had repeatedly told other pilots that he felt powerIess ta make any 
changes because of the attitude of the president. 

By the spring of 1979, most of the senior pilots had ~lready quit or had 
given notice of their intention t o  leave the airline. Thus, the captain had to 
recruit, select, train, and check out the many new pilots for the coming busy 
summer season, The weather had been extremely poor that spring, especially 
during the month of May, which complicated his training tasks because visual flight 
conditions were required to c o m p l e t e  them.  

Written statements of a close friend and two of his relatives with whom 
he lived revealed that in the weeks just before the accident the captain was 
suffering from loss of appetite, exhaust ion, preoccupation, and was complaining of 
chest pain and difficulty with breathing, all of which they associated with his job 
pressures and poor flying conditions. 

The first officer of Flight 46 was hired by Downeast as a first officer 
an the DHC-6 only 2 months before the  accident. Before his checkout in this 
aircraft, all of his  experience had been in single-piloted aircraft. He was also 
qualified as a captain on the PA-31 and other Downeast aircraft, When he was 
hired, he had a total of about 2,500 flight hrs, including 800 rnultiengine flight hrs, 
but he had had no previous scheduled 14 CFR 135 operational experience. Most of 
his fellow pilots considered him to be a capable pilot in general, but also said they 
believed that he was not "up tof"he demands imposed by the poor weather and the 
rigorous scheduled flying required in the Downeast operating environment, I t  was 
also reported that the first officer had a habit of performing tasks in flight without  
asking or telling the other pilot (e.g., moving switches) ,  and that he had l i t t le  
appreciation for the crew coordination concept. 
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T h r e e  d i f fe ren t  pilots sa id  t h a t  on t h r e e  d i f fe ren t  occasions they  
observed t h a t  t h e  f i rs t  o f f i ce r  had s ignif icant  problems while making ins t rument  
approaches.  These  problems involved e r ro rs  in judgment,  which they  believed 
i l lus t ra ted his lack of basic  ins t rument  proficiency and  skills. These  s i tua t ions  
resul ted in his "get t ing behind t h e  a i rcraf t ,"  "chasing t h e  needles," and/or  
developing excessive descent  ra tes .  O n e  such incident  occur red  5 days before  t h e  
crash on a round-trip t o  Boston in t h e  DHC-6 when another  pilot observed t h a t  t h e  
f i rs t  off icer  had allowed himself t o  "get behind" t h e  a i r c r a f t  during an  inst rument  
approach. There  is no  evidence t h a t  a n y  of t h e  pilots who observed t h e  f i r s t  
o f f i ce r  having diff icul t ies  informed e i the r  t h e  cap ta in  of Flight 46 o r  t h e  a i r l ine  
manager of t h e s e  problems. T h e  f i r s t  off icer  had made  a t o t a l  of f ive  a c t u a l  
ins t ruments  approaches  a t  night in to 'Knox  County Regional Airport  in t h e  DHC-6. 
Because of an  engine overhaul,  t h e  f i r s t  off icer  had not flown in t h e  DHC-6 for  
4 weeks, excep t  on t h e  round-trip t o  Boston 5 days before  t h e  accident .  

The  f i r s t  off icer  was required t o  wear  cor rec t ing  l enses  while flying. 
Other  company pilots s t a t e d  t h a t  i t  was normally his habit  t o  wear  eyeglasses  while 
flying and a company employee s t a t e d  t h a t  he  was wearing them in t h e  t e rmina l  at 
Boston on t h e  day  of t h e  accident .  However,  i t  could no t  b e  de te rmined  if h e  was, 
in f a c t ,  wear ing t h e m  a t  t h e  t i m e  of t h e  accident .  

1.6 Ai rc ra f t  Informat ion 

T h e  a i r c r a f t  was c e r t i f i c a t e d  and maintained in accordance  with  
Federa l  Aviation Adminis t ra t ion (FAA) requirements .  T h e  gross weight and  c e n t e r  
of gravi ty  were within prescribed l imi t s  for  t h e  approach and landing. There  was 
about  1,100 lbs of Jet A fuel  on board at t h e  t i m e  of t h e  accident .  

T h e  ai rcraf t ' s  r ecords  and t h e  public hear ing tes t imony revealed t h a t  
many of t h e  company pilots had been concerned  about  t h e  per formance  of N68DE's 
r ight  engine. T h e  complaints contended t h a t ,  even though they  were within l imits ,  
t h e  r ight  engine's fuel flow and oil t e m p e r a t u r e  were  higher, and t h e  oil  pressure 
and torque values were  lower,  than  those of t h e  l e f t  engine. T h e s e  problems 
continued even a f t e r  t h e  engine's r e c e n t  expensive overhaul. 

T h e  DHC-6 f l a p  se lec to r  lever  is mounted on t h e  overhead console and 
consists of an  airfoil-shaped control  lever  with an  integral  locking button. T h e  
lever moves in a s lot  wi th  position se t t ings  marked a t  10' in tervals  f r o m  0' t o  40'. 
The f laps  a r e  lowered hydraulically when t h e  con t ro l  lever  is moved in t h e  fo rward  
direction. The  locking but ton re ta ins  t h e  control  l ever  in any  s e l e c t e d  position; 
t h e r e  a r e  no detents .  T h e  hydraulic sys tem moves t h e  f laps  about  1' per  second; 
thus, t h e r e  is s o m e  t i m e  delay between select ion of t h e  desired f l ap  s e t t i n g  and t h e  
flaps reaching t h e  desired position. 

Test imony given in t h e  hearing, informal  discussion with  company 
c rewmembers  who had flown t h e  acc iden t  a i r c r a f t ,  and personal observations by 
Safe ty  Board invest igators  revealed t h a t  t h e  cockpi t  l ighting a t  night in this type  
of a i r c r a f t  was "very poor" in severa l  areas: (1) t h e  cockpi t  l ights  had t o  b e  kep t  
dim t o  preclude extensive window/windshield glare; (2 )  t h e  a r e a  around t h e  f lap 
control  lever  on t h e  overhead panel  was unlighted, requiring t h e  f laps  t o  b e  l o c a t e d  
and s e t  largely by feel;  ( 3 )  t h e  f l ap  position indicator loca ted  on t h e  
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windshield center post was so poorly illuminated that it was virtually impossible to 
see the s m a l l  pointer which indicates the flap setting; and (4) there was a mixture 
of red and white lights on the integrally illuminated engine (2-inch-diameter) 
gauges located on the instrument panel between the pilots. Thus, if the rheostats 
were adjusted so that the red-lighted engine gauges were readable, the white- 
lighted gauges were too bright; when dimmed to prevent glare from the white 
lights, the red-lighted units were difficult to read. 

This mixture of red and white lights resulted from improper 
maintenance of N68DE in that as light bulbs burned out they were replaced by 
bulbs of a different color. Company pilots reportedly had asked that the color be 
standardized, but this was not done, These pilots rigged a map light to shine on the 
engine gauges to help improve the readability. 

The aircraft was equipped with conventional 3-pointer altimeters a t  the 
captain and first officer's stations. Statements from former Downeast pilots 
suggested that two types of problems were encountered occasionally with these 
altimeters: (1) the "stickingt' of the displays during ascents or descents, and (2) 
significant differences of about 100 f t  between the two indicators. These problems 
apparently were discussed among various pilots, but no formal maintenance 
write-ups were recorded in the logs. The chief of maintenance stated that the 
altimeters had been tested satisfactorily during a previous inspection. 

The most detailed account of the altimeter sticking problem on N68DE 
was contained in a written statement by a former Downeast first officer who 
stated that on several occasions the first officer's altimeter had been erratic (i.e., 
it moved in jumps of 50 f t  t o  150 f t )  and was in error by as much as 350 ft .  He 
further noted that the captain of Flight 46 was aware of this problem and that he 
relied more on the captain's altimeter during "tight" instrument approaches. He 
stated that the chief of maintenance was also verbally informed of this problem. 

A former Downeast captain testified that there was about a 100-ft 
difference between the two altimeters. Two first officers said they remembered 
that the first officer's altimeter often indicated 100 f t  higher than the captain's 
altimeter. These altimeter problems could not be documented after the accident 
because of extensive damage to the indicators and the pitot static system. 

Meteorological Information 

A surface weather observation taken a t  Knox County Regional Airport 
before the accident by an NWS-certified company employee was: 

2030 - indefinite ceiling, 300 f t ,  sky obscured; visibility - 314 mi, fog; 
winds -- calm; altimeter setting - 30.04 inHg. 

The area forecast issued by the NWS Forecast Office in Boston a t  0840 
and valid from 0900, M a y  30 t o  0300, May 31 was, in part, as follows: 

Flight precautions over New England -- for scattered, embedded 
thunderstorms, possibly in lines/clusters with cumulonimbus tops to  
36,000 feet . . . for widespread ceilings and visibilities below 1,000 feet  
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and 3 miles, s t ra tus ,  fog, s c a t t e r e d  showers  with higher t e r ra in  
obscured. Conditions improving over  a l l  but. . . Maine .  . . by 1300. 
Maine . . . ceilings and visibilities general ly  below 1,000 f e e t  and 
3 miles, s t ra tus ,  fog, occasional  showers,  higher t e r r a i n  obscured. 
C h a n c e  embedded thundershowers with cumulonimbus tops  t o  30,000 
f e e t .  

Knox County  Regional  Airport  is l o c a t e d  on a peninsula where  sea f o g  is 
common much of t h e  year ,  especial ly  in t h e  spring. Seventy- two observat ions  
made by company wea ther  observers  during May 1979 showed t h a t  t h e  a i rpor t  was 
under ins t rument  f l ight  conditions 6 4  p e r c e n t  of t h e  t i m e  with  ceilings less than  
400 f t  46 percen t  of t h e  t i m e  and visibility less than  314 mi 22 percen t  of t h e  t ime. 
Rain, dr izzle ,  or ra in  showers  w e r e  repor ted  19 percen t  of t h e  t ime ,  while fog  was 
repor ted  60 percen t  of t h e  t ime. 

De te rmina t ion  of exis t ing visibility f o r  inclusion in t h e  loca l  wea ther  
observations is  made  using known ob jec t s  loca ted  around t h e  a i rpor t  as visibility 
markers.  However,  all of t h e  avai lable  markers  used t o  de te rmine  prevailing 
visibility during low visibility conditions a r e  loca ted  t o  t h e  nor th  o r  t o  t h e  wes t  of 
t h e  observer 's  position outs ide t h e  a i rpor t  passenger terminal.  All ins t rument  
approaches  to t h e  a i rpor t  a r e  m a d e  f rom t h e  sou th  where  t h e  visibility, in general ,  
is more res t r i c ted  because of t h e  f requen t  fo rmat ion  of s e a  f o g  over  t h e  coas ta l  
area .  

1.8 Aids t o  Navigation 

Fl ight  46 was  making a localizer-only approach t o  runway 3 a t  t h e  Knox 
County Regional  Airport .  T h e  minimum descen t  a l t i tude  for  this  approach i s  440 f t  
and minimum visibility is  314 mi if t h e  a i rpor t  a l t i m e t e r  s e t t i n g  is  being used fo r  
t h e  approach,  and  580 f t  and  314 mi, respect ively,  if t h e  Brunswick a l t i m e t e r  
s e t t i n g  is being used. Fl ight  46 had been given t h e  cur ren t  a i rpor t  a l t i m e t e r  
s e t t i n g  of 30.05 inHg. 

Runway 3 approach lights,  including sequence flashing s t r o b e  lights,  a r e  
a c t i v a t e d  by e i the r  t h e  f l ightcrew of t h e  a i r c r a f t  making t h e  approach or by t h e  
company s t a t i o n  agent.  Ei ther  c a n  turn on t h e  l ights  by keying a microphone f ive  
t i m e s  on t h e  Unicom f requency  123.8 mHz. T h e  sys tem was originally designed and  
authorized for  a i rborne ac t iva t ion  only; however,  t h e  company l a t e r  added t h e  
ground ac t iva t ion  fea tu re .  T h e  company s t a t i o n  a g e n t  on duty t h e  night of t h e  
accident  t e s t i f i ed  t h a t  he had heard a se r ies  of "six o r  seven" c l icks  on t h e  Unicom 
frequency on t w o  s e p a r a t e  occasions while Flight 46 was inbound t o  t h e  a i rpor t .  
He  said  he  clicked t h e  Unicom t ransmi t te r  f ive  t i m e s  himself. However,  a local  
res ident  whose home is  l o c a t e d  about  112 block f rom t h e  approach l ights  and  who 
had driven under and next  t o  t h e  approach l ights  about  2100 t h e  night of t h e  
accident  s t a t e d  t h a t  t h e  l ights  w e r e  not  operating. A funct ional  check  of t h e  
approach l ight ing sys tem a f t e r  t h e  acc iden t  showed i t  was operat ing normally. 

The  Sprucehead NDB is  l o c a t e d  3.5 nmi sou th  of t h e  a i rpor t  and is  t h e  
final approach fix for  a localizer-only approach or an  NDB approach t o  runway 3. 
The inbound heading is  032'. 
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The standard instrument lwalizer appro~ch to runway 3 starts a t  
1,700 ft before reaching the Sprucehead NDB. A descent is initiated before 
reaching the NDB to  cross the NDB at 1,400 ft. Timing is initiated when crossing 
the  NDB and descent is continued toward the airport on a heading of a 3 2 9  I f  t h e  
minimum descent altitude IMDA) is reached before visual contact wi th  t h e  runway 
environment is established, t h e  ai~craft's descent is to be stopped and t h e  MDA 
maintained. Bescent below MDA is not to be made until the runway environment  i s  
in view. If t h e  weather precludes the  sighting of the runway e n v i r o n m e n t  before 
the t iming  for the particular airspeed being flown expires, a missed approach is  to 
be started. 

1.9 Communications 

No communications difficulties were reported. 

1.10 Aerodrome Information 

Runway 3 a t  Knox County Regional Airport is hardsurfaced and is 
4,000 f t  long and 150 ft wide, The field elevation is 55 f t .  The runway is equipped 
with medium-intensi ty  runway lights, visual approach slope indicator lights on the  
left side, approach and strobe lights. The airport has another hard-surfaced 
runway, runway 13/31, which is 4,500 ft  long and 150 f t  wide; however, this runway 
has no instrument approach facilities. 

There is no control tower or flight service facility at the airport. 

The airport is located 3 mi south of Rockland, The terrain south of the 
airport is characterized by low, rolling, heavily wooded hills. The area, except for 
the West Penobscot Bay shoreline, is sparsely populated. 

1.1 1 Flight Recorders 

The aircraft was not, nor was it required to be, equipped w i t h  a cockpit 
voice recorder or a flight data recorder. 

1.12 Wreckage and Impact Information 

The aircraft first struck two trees about 80 f t  above t h e  ground with its 
left wing. These trees were located about 35 f t  inland from t h e  shoreline a t  a 
ground elevation of 10  f t  and abwt 340 f t  from the point where the wreckage came 
to rest. About 4 f t  farther along t h e  flightpath, t h e  aircraft's right wing struck a 
tree about 80 f t above the ground. The aircraft continued along a flightpath of 
about 010' striking several more trees, shedding numerous parts of its wing, 
ailerons, and flaps, and passing just above 30-f t-high telephone and electric lines 
located a b w  t 105 ft from the first trees. (See figure 1.) 
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Figure ~.-Wreckage distribution. 
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The aircraft continued along a general heading of 0lo0 striking several 
more trees, breaking same and uprooting others. Various wing and flap parts were 
torn from the aircraft. About 30 f t  before the main wreckage area, large 
components of the aircraft were found to t h e  left of the crash path including an 
8-ft  outboard section of the right wing and a 15- f t  section af the right aileron. 
The right engine and the aircraft nose struck the ground about 2 2  f t  and 17 f t ,  
respectively, from where the main wreckage came to rest. 

The aircraft fuselage came to rest on its left side about 340 f t  from t h e  
initial tree strikes in a near-vertical position supported by trees. (See figure 2.) 
The fuselage was oriented on a heading of about 19s0 with the empennage, still 
attached to the fuselage, canted in the direction of the airport. The crushed, 
twisted,  and fragmented cockpit area was found in a near upright position next to 
the forward section of the fuselage and oriented on a heading of about 09 5; 

Measurements made of the eircraft's path through t h e  trees  showed 
that fop the first 250 f t  after the initial tree strike its descent angle was between 
6' and 7'. Frarn that point until the aircraft's nose struck the ground the descent 
angle increased rapidly; the average angle was about 23'. The width of the 
wreckage path was about 75 ft.  

The forward 16-ft section of the fuselage was crushed, torn, and 
mangled aft, exposing a distorted circular view of the aircraft interior, The right 
side of the fuselage from fuselage station (FS) 225 forward was torn. The main 
landing gears were intact and attached to the fuselage. The nose gear was 
partially attached to the @~u.Shed and mangled fuselage nose section. The 
empennage assembly was attached to t h e  fuselage, but the vertical stabilizer and 
rudder were bent and lying on top of the right horizontal stabilizer. 

The outboard 10-ft see t ion  of t h e  left wing was separated from the 
inboard wing see tim. The inboard section of the left wing was separated from the 
fuselage and was located at the main wreckage site behind the right wing and right 
of the fuselage as viewed in the direction of flight. The left wing strut was still 
attached to the i n b w d  section of wing. The inboard section of wing cane to rest 
with the outboard end pointing toward the side of the fuselage. The left engine 
was attached to the wing with its cowling intact, The left engine propeller was 
intact and attached to the engine. 

The right wing was separated from the fuselage, but remained partially 
attached to the fuselage by the wing strut. The outboard 6 f t  of the wing tip and 
the right aileron assembly were separated from the inboard section of the  wing, 

The right engine was hanging from the right wing by flex lines, 
electrical conduits, and engine control cables. Half of the engine cowling was 
separated from the engine. The right-engine propeller was attached t o  the engine 
but the  propeller dome and one blade were separated from the propeller assembly. 

AU flight control surfaces were accounted for, and the in-flight 
integrity of all of the cables leading to these control surfaces was established, All 
fractures of these cables that were seen were typical of those caused by overloads. 



Figure 2.-Aerid view of accident aircraft. 
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The wing trailing edge flaps were found to be in the 20' extended 
position. The aileron trim was in the zero position; however, because of extensive 
damage, no valid trim setting for the rudder or elevators could be determined. 

No evidence of preexisting structural damage or flight control 
malfunction could be found, nor was there any evidence that a fire existed or that 
an explosion occurred before or after ground impact. 

Both engines received a partial teardown and were found to be capable 
of operation. The blades and associated equipment for both propeller assemblies 
showed no indications of preimpact failure or malfunction. Because of impact 
damage during the aircraft's deceleration through the trees, no valid estimate 
could be made of the blade positions before the initial tree strike. 

All switches in the cockpit that could be examined were determined to 
be in the correct position for the phase of flight being conducted. The captain's 
and the first officer's altimeters were set at 30.05 inHg and 30.06 inHg, 
respectively. The captain's and the first officer's airspeed indicators read 8 3  kn 
and 85 kn, respectively. 

Both VHF communications transmitters/receivers were set at  123.80 
mHz. Both navigational receivers were set at  110.70 mHz. The encoding 
transponder was set at  the correct code. Examinations of stretched filaments on 
several light bulbs showed there was electrical power available at  the time of the 
accident. 

1.13 Medical and Pathological Information 

Postmortem examinations and a review of medical records revealed no 
evidence of any medical problems that might have affected the flightcrew's 
performance. Toxicological analyses showed no acidic, neutral, or basic drugs, no 
alcohol, and insignificant amounts (less than 1 percent) of carbon monoxide in the 
blood taken from the flightcrew. Injuries to the first officer's left thumb indicated 
that he was probably flying the aircraft during the approach and at the time of the 
crash. There were no such injuries to the captain's thumbs. g/ 

The 17 persons who were killed in the crash died from impact trauma. 
Sixteen persons had obvious head injuries and 8 received crushing injuries to the 
chest area. The majority of the passengers received various internal injuries. The 
survivor suffered a deep scalp wound and fractures of the right wrist and lower 
right leg. 

1.14 Fire - 
There were no indications of preimpact or postimpact fire. 

81 Past accident investigations have shown that a fractured thumb is normally - 
caused when a pilot is gripping the control wheel at impact. 
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1.15 Survival Aspects 

The aircraft had a standard cockpit configuration. The passenger cabin 
contained 18 seats for passengers. Four single-seat uni ts  were located on the left 
side of the aisle and five double-seat units were located on the right side of the 
aisle. A single seat was mounted to the right cabin wall opposite the airstair door. 
Three single-seat units were mounted against the aft cabin bulkhead next to an 
emergency escape door in the right rear cabin. There were five emergency escape 
hatches, three were located in the cabin ceiling and the others were located on 
both sides of the forward cabin. Additionally, both crew boarding doors could be 
used for escape. (See figure 3.) 

The forward fuselage and flight deck were destroyed. Except for seat 
failures, there was relatively little damage to the cabin interior aft of the leading 
edge of the wings. The passenger cabin was 28 f t long; about 5 f t of the forward 
cabin was destroyed. 

Seats in the destroyed area (rows 1 and 2) exhibited massive impact 
damage on their forward sides and had separated in the aft direction. Seat damage 
in rows 3 through 5 generally showed separation failures of t h e  seat track tiedawn 
fittings in the forward direction. Three of the four double-unit seats (located on 
the right side of the aircraft) also exhibited counterclockw~e rotational damage, 
This damage is compatible with inboard lateral movement and the rotation of t h e  
seat pans after the primary impact fiad caused a separation of the anchor pins from 
the sidewaU tracks. The only sidefacing unit (6C) separated from its waU tiedown 
structure, The seats mounted on the aft bulkhead (row 7) were t he  d y  seats that 
did not fail. The bulkhead attachment fittings of these seats were undamaged. 
Large, fixed, metal ashtrays were attached to some of the swtbacks. 

The seats were certificated in accordance with 14 CFR 37 (TSO C-39) 
which requires 9.0 g static forward strength. The seat attachment strength 
requirements exceed this value by 33 percent. The estimated impact forces - 9/ i n  
this crash exceeded these 14 CFR 37 requirements. 

There were three seatbelt failures. The outboard metal belt-end 
attachment fitting of seat 2C fractured adjacent to its anchor bolt h d e ,  No reason 
for this  material failure could be found. The bolt had been attached to a seat 
which was located in an area of the forward fuselage which was destroyed. 

The stitching had separated compIetely in t he  webbing around the 
inboard belt attachment fitting on seat ?A. Each belt was certificated in 
accordance with 14 CFR 37 (TSO C-22) which requires a strength of 1,500 lbs. The 
seat was reportedly occupied by a 160-lb man. The estimated impact loads of 20 g 
(average) and 40 g (peak) would have resulted in fmces  of 3,200 lbs and 6,400 lbs, 
respectively, on this belt; these forces exceed the maximum required 3,000-lb loop 
s t r e e h  of the seatbelts under current regulations. 

9/ The impact forces in the intact portion of the aircraft cabin were calculated to - 
average 20 g for a 0.2-sec period with a peak deceleration value during that time 
period of 40 g. 
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The webbing, buckles, and attachment fittings of the seatbelt on seat 
7C were intact. The bolt and nut securing the inboard belt attachment fitting on 
this seat were missing and not recovered. The mounting hole in both the seat 
structure and fitting of the seatbelt showed no evidence of elongation or damage. 
The 200-lb occupant in seat 7C would have generated forces beyond the required 
strength of the belt. The lack of damage to the mounting hole suggests the 
possibility that the nut or bolt or both were either defective, improperly installed, 
or were not installed. No data to conclusively support any of these possibilities 
were found. 

The sole survivor of the accident was a healthy, 155-lb, 16-year-old 
male who was seated in seat 5C in the aft of the cabin. He stated that he awoke 
during the aircraft's descent into Rockland and saw the trees close to the aircraft. 
He grabbed the seat in front of him, ducked his head, and braced his knees against 
the seatback in front of him. When he regained consciousness, he found himself 
free of his seat and he crawled through the open airstair door. He crawled away 
from the aircraft and waited for help to arrive. His injuries probably resulted from 
striking or being struck by debris after the separation of his seat. 

About 2110, after Flight 46 did not land at Rockland, company 
personnel notified approach control at  Navy Brunswick. Navy Brunswick then 
alerted a U.S. Navy P-3 patrol aircraft which was airborne near Rockland at the 
time. About 2120, the P-3 began a search of the area but was hampered by the 
thick fog layer in the Rockland area. About 2125, the crew of the P-3 heard an 
emergency locator transmitter signal and, using onboard direction-f inding 
equipment, were able to narrow the signal's origin to an area south of Knox County 
Regional Airport. About 2150, this information was relayed to search vehicles on 
the ground. 

A surface rescue unit located part of the aircraft at 2203. Because of 
the inaccessibility of the accident site, the main wreckage was not located until 
about 2212. Shortly thereafter, units from the sheriff's department, a local 
ambulance service, and a fire department converged on the scene. Additional 
ambulances were requested. The sole survivor was located about 2216. At 2250, 
he was taken to a hospital 5 mi away. Physicians pronounced all victims dead at 
the scene. 

1.16 Tests and Research 

1.16.1 Aircraft Flight Test Results 

In response to a Safety Board request, the aircraft manufacturer 
provided measured flight test results for rates of descent in a 10'- and a 20'-flap 
configuration for a DHC-6-200. The other aircraft parameters which were used 
approximated those that would have been expected to af fect the accident aircraft: 
weight--11,000 lbs; temperature--50' F; barometric pressure--30.05 inHg; torque 
(power)-- 10 psi with both engines operating; speed--95 KCAS (about 100 KIAS 
corrected); and propeller speed--1,650 rpm. The rates of descent that could be 
expected under these conditions should have been about 480 fpm and 650 fpm for 
10'- and 20'-flap extensions, respectively. 
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1.16.2 Bleed-air Valve Test Results 

The Safety Board requested that Pratt & Whitney Aircraft of Canada, 
Ltd., test a bleedair valve which had been replaced an  the  right engine t h e  
morning of the accident and the two bleedair valves which were on the right 
engine at the t i m e  of the  accident. The valve that had been replaced showed 
rnalfunctims which codd have caused: ( 1 )  late or incomplete v d v e  closing, and (2) 
high engine temperatures or high gas generator pressures. The valves that were on 
t h e  engine at the time of the accident showed no malfunctions, 

1.16.3 In-flight Observations 

Safety Board investigators, on a night observation flight, observed that 
an experienced DHC-6-200 crew had difficulty in selecting flap settings 
accurately. For example, when 20' flaps were requested, errors up to 4' were 
made. This crew was observed to use a "trial and errort1 method. That is, they  
moved the lever to what they thought was approximately the correct position and 
waited for the hydradic system to position the  flaps. Then they moved their heads 
toward the  position indicator to facilitate reading it, or they used a flashlight and 
then repositioned t h e  selector lever to eliminate any setting error. 

1.17 Other Infmmatian 

1.1 7.1 Company Procedures 

The Downeast Airlines Operations Manual states: 

"Coordination on Approach 

"The following items for the approach must be positively designated by 
t h e  pilot: 

1. Which facility will be tuned to each receiver. 
2, Who is to tune the receiver. 
3. W h e n t h e r e c e i ~ e r s w i l l b e t u n e d i n . ' ~  

The copilot's responsibilities are outlined as follows: 

"General Responsibilities 

1. To assist the pilot in any way requested. 
2, Do his utmost to make the passengers feel comfortable and at  

ease at all times. 
3, Cleanliness of aircraft in general; such as windows, ash trays, 

etc., and t h e  exterior appearance.'' 

The following paragraphs in the manual deal with crew coordination: 

"Good team work between pilot and copilot is highly desirable. The 
pilot is responsible for the flight and, therefore, must have complete 
authority in the cockpit. However, the  pilot should take an interest i n  
assisting the copilot in furthering his knowledge and skill. 
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"Coordination In Use of Navigational Radio 

"Normally t h e  pilot a t  t h e  controls  does  a l l  t h e  manipulation of t h e  
a i r c r a f t  and engine controls  excep t  when h e  specifically reques t s  t h e  
copilot t o  perform a c e r t a i n  function. T h e  pilot should inform t h e  
copilot prior t o  t h e  f l ight  exac t ly  what  is expec ted  of him. T h e  pilot a t  
t h e  controls  de te rmines  which navigational fac i l i ty  will b e  tuned on 
e a c h  navigational receiver .  No retuning should b e  done without t h e  
knowledge of t h e  pilot; th is  does  not mean t h a t  t h e  copilot should not 
re tune  his rad io  fo r  navigational check  points, etc., but  t h a t  he  should 
b e  s u r e  t h e  pilot is a w a r e  and a g r e e  t o  such retuning." 

1.17.2 C r e w  Training 

According t o  fo rmer  Downeast pilots, minimal t ra ining was provided 
t h e  fl ightcrews. Test imony at t h e  public hear ing indicated t h a t  fl ight t ra ining t i m e  
was logged on "dead head" f l ights  when t h e r e  were no  passengers onboard even  
though no  t ra ining was adminis tered on t h e  flight. Also, t h e r e  was no  indication 
t h a t  c r e w  coordination procedures  were t aught  a t  a n y  time. O n e  of t h e  Downeast 
cap ta ins  said ,  

There  was no delineation of responsibili t ies or workload especially with  
t w o  cap ta ins  up front .  In addition, with t w o  cap ta ins  u p  f ron t ,  ne i the r  
one  knew who was  pilot-in-command in t h e  e v e n t  a t ime-cr i t i ca l  
decision had t o  b e  made. Nei ther  was any t ra ining given on t h e  ground 
or in  t h e  a i r  a s  t o  how a two-pilot c r e w  was supposed t o  function, nor 
w e r e  any  basic  guidelines wr i t t en  down and  given t o  t h e  pilots. T h e  
genera l  rule  was: t h e  copilot funct ioned a t  t h e  pleasure of t h e  
pilot-in-command bu t  i t  was eas ie r  t o  f ly  t h e  a i rplane yourself than  t o  
t r a i n  or brief someone  every  day. 

1.17.3 C o m ~ a n v  Chief Pilot R e s ~ o n s i b i l i t i e s  

T h e  cap ta in  of Fl ight  46 as t h e  company chief pilot had t h e s e  additional 
dut ies  according t o  t h e  Downeast  Airlines Operat ions  Manual: 

"CHIEF PILOT 

"It is t h e  responsibili ty of t h e  Chief Pilot to: 

1. C a r r y  ou t  t h e  regulations,  policies, and procedures  established 
by t h e  President ,  Downeast  Airlines, a n d  Federa l  Aviation Regulat ions  
[ 14 C F R  1351 . 

2. Provide a continuous ground and f l ight  t ra ining program for  
fl ight personnel t o  ass is t  t h e m  in performing the i r  dut ies  with 
maximum s a f e t y  and efficiency. 

3. Prepare  and dis t r ibute  t h e  Fl ight  Operat ions  Manual. 

4.  Schedule c rews  and a i r c r a f t  s o  a s  t o  provide maximum util ization. 
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5 .  Interpret and enforce applicable regulations and policies. 

6. Maintain a pilot personnel file. 

7.  Be responsible for the  up-to-date s ta tus  of each pilot and co-pilot 
in regard t o  t h e  6 month instrument proficiency check, medical 
examination, and recent  flight experience. 

8. Establish policies and procedures for the  operation of a i rc raf t  
used by the  company. 

9. Interviewing of applicants and hiring of pilot personnel. 

10. He will maintain records in the  company office as follows: 

(a) Those required by [ 14 CFRI 135.43. 
(b) Record of pilot training, including examination of knowledge 

of this  company operations manual. 

1 .  He will b e  responsible for recording all phases of flight and ground 
training for compliance with [ 14 CFR]  Par t  135. He will record 
all wri t ten and oral tests  for all [Downeast Airlines] 
crewmembers. These tes t s  will be  corrected t o  100% grade 
immediately a f t e r  the  test, all test ing will comply with [14  CFR]  
135.138 in i t s  entirety." 

1.17.4 Alleged Company Unsafe Pract ices  

At the  t ime  of the accident,  Downeast had been operating for 11 years 
under t he  direction of an  ownerlpresident. The airline had expanded and had 
become quite  profitable over these years. During this time, the  airline had 
suffered two other major accidents resulting in three  fatal i t ies  and two serious 
injuries. - 101 

During the  course of the  investigation and public hearing, 14 former 
Downeast pilots and several other  employees provided written s ta tements  andlor  
sworn testimony which were critical of the Downeast president's management 
practices and policies a s  they related t o  safety. 

A brief summary of these alleged pract ices  and policies includes t he  
following: 

(1) Establishing "company minimums" between 200 t o  350 f t ,  which is 
below the  legal FAA minimums for  the  Knox County Regional 
Airport. 

(2) Using unapproved instrument approaches. 

101 Piper PA-31, crashed during nonprecision approach, Augusta, Maine, August 14, - 
1971 (3 killed, 2 injured); Piper PA-32, overshot runway, Rockland, Maine, July 25, 
1977 (no injuries). 
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Avoiding the mandatory procedure turn (which was previously 
required for the NDB approach to Knox County Regional Airport). 

Ignoring takeoff and landing visibility minimums. 

Directing pilots to make repeated instrument approaches and to 
"get lower" during adverse weather conditions. 

Directing pilots to go to a particular alternate airport solely on 
the basis of ground transportation availability, regardless of the 
reported weather conditions a t  that airport. 

Pressuring pilots not to carry "extra" fuel, especially IFR reserve 
requirements. 

Pressuring pilots into flying over gross weight limits and 
repeatedly per mi tting ground personnel t o  overload aircraft and 
provide pilots with knowingly inaccurate baggage weights and 
counts. 

Failing to provide pilots with current training materials and 
company operating manuals. 

Discouraging the training officers or chief pilots from providing 
adequate flight training by suggesting that training is 
unnecessary. 

Permitting grossly exaggerated or inaccurate flight and ground 
training records t o  be presented t o  FAA inspectors. 

Offering to pay fines of pilots who received violations and 
suggesting that FAA enforcement actions were unlikely. 

Ridiculing pilots in front of others and suggesting that pilots who 
were unable to  land when others had landed were less skilled or 
were cowardly. 

Failing to report incidents as required by 14 CFR 135.57 and 
135.59. 

Using an aircraft with a history of propeller feathering problems 
in 14 CFR 135 passenger operations. 

Pressuring pilots into flying aircraft with known mechanical 
defects contrary to the 14 CFR 135 requirement (e.g., single-pilot 
IFR with inoperative autopilot), or contrary to good operating 
practices (e.g., defective attitude indicator or inoperative radios 
in marginal visual flight rules (VFR)). 
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(17) Threatening a pilot for cancelling a revenue flight because of a 
mechanical defect which had occurred away from Downeast 
maintenance facilities (e.g., landing gear problems at Boston) and 
generally insisting that aircraft, if "flyable," always be brought 
back to Rockland. 

(18) Firing a pilot for cancelling a revenue flight which in his judgment 
could not be conducted safely because of weather conditions. 

(19) Firing a pilot for deicing an aircraft without prior approval. 

(20) Providing only minimal training to mechanics on equipment with 
which they were unfamilar (e.g., DHC-6 aircraft). 

(21)  Permitting unsupervised weather observer trainees to make and 
transmit observations and the use of uncertified personnel to  
make weather observations. 

(22) Discouraging weat her observers from using balloons because of 
the expense. 

(23) Intimidating weather observers with regard to their observations. 

The president of the airline and a few other current employees denied 
that they had ever directly ordered pilots to violate 14 CFR 135. They also denied 
most of the allegations or offered explanations for them. 

The Safety Board's investigation determined that past and present 
company personnel perceived the company president as a particularly strong-willed 
individual who dominated the course of day-to-day operations of the company and 
who was the final authority in all matters. These same company personnel stated 
that employees who did not unquestioningly accept the president's decisions were 
often subjected to various types of coersion ranging from ridicule and verbal abuse 
to fines, seasonal layoffs, and, in some cases, dismissal. They stated that these 
factors, along with their observations of the president's explosive temperament, 
created an atmosphere of hostility, intimidation, and fear of loss of employment. 

1.17.5 Federal Aviation Administration Surveillance 

The FAA surveillance of Downeast was the responsibility of the 
Portland General Aviation District Office (GADO). Upon request, the Norwood, 
Massachusetts GADO would accomplish some of the ramp checks of Downeast 
operational procedures a t  Logan International Airport. 

The principal operations inspector assigned to the company was also 
responsible for the surveillance of 23 other 14 CFR 135 operators, 1 of which was 
260 nmi from Portland, a t  Frenchville, Maine. 
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From t h e  records  made avai lable  by t h e  FAA during t h e  investigation 
and public hearing, which covered  a 12-month period f rom J u n e  14, 1978, unt i l  t h e  
d a t e  of t h e  accident ,  i t  was de te rmined  t h a t  16 s e p a r a t e  operat ions  inspections had 
been conduc ted  by t h e  principal operat ions  inspector  f rom t h e  Port land GADO, and  
2 had been conducted by an  FAA acc iden t  prevent ion coordinator f rom t h e  
Norwood GADO. However,  a fu r ther  breakdown of t h e s e  18  inspections showed 
that :  

(1) Four teen  were  r a m p  inspections; 6 of these  were conducted in a 
2-day period in  J u n e  1978, 3 were  conducted on August 11, 1978, 2 w e r e  
conducted on January  16, 1979, and t h e  remaining 3 were  conducted 
randomly; 

(2) T w o  were labeled as a i r  taxi  survei l lance inspections conducted at 
t h e  company faci l i ty  in Rockland; and, 

(3) Only t w o  were in-flight en  r o u t e  checks  which were given t o  t w o  
cap ta ins  in a PA-31 on t h e  s a m e  round t r i p  be tween  Rockland and  
Boston. 

On a t  l eas t  one occasion in 1974, t h e  chief of t h e  FAA's Port land GADO 
was personally advised of t h e  quest ionable  operat ions  p rac t i ces  of t h e  company 
management .  However,  a n  FAA spokesperson s t a t e d  t h a t  t h e  FAA was never given 
documented evidence upon which i t  could ac t .  

1.18 New Invest igat ive Techniques  

None. 

2. ANALYSIS 

2.1 T h e  Accident  

T h e  f l ightcrew was properly c e r t i f i c a t e d  and qualified in accordance  
with company a n d  FAA requirements .  

T h e  a i r c r a f t  was c e r t i f i c a t e d  and maintained according t o  applicable 
regulations.  T h e r e  w a s  n o  evidence of p re impac t  failure,  malfunction, o r  
abnormali ty  of t h e  a i r f rame,  systems,  or t h e  l e f t  powerplant.  

T h e  repor ted  noise or vibrations f rom t h e  r ight  powerplant,  which m a y  
have concerned t h e  f l ightcrew before  leaving Boston, could not b e  substant ia ted.  
Inspection of t h e  engine at t h e  acc iden t  s i t e  and tes t ing  of t h e  bleed-air valve t h a t  
had been installed t h e  day of t h e  acc iden t  revealed no malfunction. However,  th is  
would not preclude t h e  f l ightcrew f rom feel ing s o m e  unfamiliar vibration f rom 
another  source  in the  a i r c r a f t  s t r u c t u r e  and a t t r ibu t ing  t h a t  vibration t o  a n  engine 
problem. Because of t h e  extensive damage  t o  t h e  a i r c r a f t ,  ano ther  source  of t h e  
vibration could not b e  determined.  
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Because of t h e  lack of substant ive d a t a  a s  t o  t h e  e x a c t  a l t i tudes ,  
headings, airspeeds,  and r a t e s  of descent ,  c e r t a i n  assumptions had t o  b e  made  in 
order to  recons t ruc t  t h e  sequence  of even ts  which occurred a f t e r  t h e  a i r c r a f t  
crossed Sprucehead NDB. 

Since t h e  last recorded a l t i tude  was 1,500 f t  just sou th  of t h e  NDB, i t  
would be reasonable t o  assume t h a t  t h e  a i r c r a f t  crossed t h e  NDB a t  o r  below t h e  
required 1,400-ft crossing alt i tude. A t  t h a t  t ime ,  if t h e  f l ightcrew used their  
company procedures t o  configure t h e  a i r c r a f t  fo r  t h e  approach and landing, t h e y  
would have set t h e  f l aps  to 10'. However,  t h e  f l aps  were  found to b e  in  t h e  20' 
position. For a normal  descent ,  with a f l ap  s e t t i n g  of 20°, a n  a i r c r a f t  weight of 
11,000 lbs, t h e  engine power s e t  a t  10 psi of torque, a propeller speed of 1,650 rpm, 
and an  airspeed of about  100 kn (about 169 fps), t h e  descent  r a t e  would have been 
about  650 fpm. This  descent  ra te ,  if held constant  f rom 1,400 f t  over  t h e  NDB, 
would have placed t h e  a i r c r a f t  about  480 f t  above  t h e  accident  site.  There fore ,  
th is  profile does not f i t  t h e  accident  case. In order for t h e  a i r c r a f t  t o  have 
impac ted  t h e  t r e e s  at 90  f t ,  and t o  have crossed t h e  NDB a t  1,400 f t ,  a change of 
a l t i tude  of 1,310 f t  i n  1.41 min--an average  r a t e  of descent  in excess  of 925 fpm 
a f t e r  t h e  NDB--would have been required. 

Another possibility as t o  t h e  sequence of even ts  would b e  passage over 
t h e  NDB a t  1,400 f t ,  a n  immedia te  descent  t o  t h e  MDA of 440 f t ,  and then,  a f t e r  a 
short  period of t ime,  a rapid descent  into  t h e  trees.  However,  t w o  f a c t o r s  m a k e  
this  possibility unlikely. Firs t ,  as already shown, if t h e  a i r c r a f t  descended at a 
650 fpm r a t e  f rom 1,400 f t  over t h e  NDB i t  would not have  reached  t h e  MDA unt i l  
a f t e r  t h e  acc iden t  site. Second, s ince  a cons tan t  descent  r a t e  of more  t h a n  
925 fpm would have been required t o  reach t h e  f i r s t  impac t  point f rom 1,400 f t  
over  t h e  NDB, any t i m e  t h a t  might have been spen t  in level  fl ight a t  t h e  MDA 
would have required descent  r a t e s  in  excess of 1,000 fpm, and possibly as high a s  
1,500 fprn, before  and a f t e r  t h e  level  flight a t  t h e  MDA. 

There  is  more  substant ia l ,  but not conclusive, evidence t h a t  Fl ight  46 
may  already have been in  a descent  with i t s  f laps  set at 20' well be fore  t h e  NDB 
and had passed over t h e  NDB at an a l t i tude  below 1,400 f t .  If t h e  20'-flap descent  
r a t e  of 650 fpm is applied and a s lope established f rom t h e  f i rs t  t r e e  s t r ike  a t  90 f t  
backward along t h e  a i rcraf t ' s  suspected fl ightpath,  t h e  s lope would i n t e r c e p t  a n  
a i r c r a f t  a l t i tude  of 1,500 f t  about  1 nmi south of t h e  NDB. The  las t  a i r c r a f t  
position recorded on Navy Brunswick radar  was a lso about  1 nmi sou th  of t h e  NDB 
a t  1,500 f t .  

The S a f e t y  Board is aware  t h a t  a number of sequences  of events ,  
including an intent ional  descent  below t h e  MDA, are possible in this  accident ;  
however, a n y  of t h e s e  sequences  would require t h a t  normal cockpi t  procedures  and 
disciplines b e  e i t h e r  ignored, overlooked, o r  bypassed. Firs t ,  t h e  s tandard  published 
approach procedure was not adhered to. Second, t h e  f laps  were e i ther  intentionally 
or accident ly  placed i n  t h e  20° position fo r  t h e  approach. Third, both pilots e i the r  
did not look at, looked a t  bu t  did not comprehend, or ignored their  a l t i m e t e r s  and 
ver t ical  speed  indicators.  Fourth ,  t h e  f l ightcrew allowed t h e  a i r c r a f t  t o  descend 
below t h e  MDA without visual c o n t a c t  with t h e  runway environment.  In t h e  c a s e  
of Flight 46, t h e  S a f e t y  Board believes t h a t  t h e  a l t i tude  a t  t h e  NDB was probably 
well below 1,400 f t  and t h e  a i r c r a f t  was  not leveled when t h e  MDA was reached. 
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Because of t he  reported weather conditions, t he  s ta tements  of persons on the  
ground, and the  distance the a i rc raf t  would have been from the  airport,  the  Safety 
Board does not believe the  airport environment could have been seen by the  
flightcrew upon reaching the  MDA. 

With regard t o  the  20'-flap position found in the  wreckage, no 
operational reason could be found for t h e  use of a f lap se t t ing  other  than 10'. 
Company pract ice was to  use 10' of flaps for  an approach and other company pilots 
s ta ted  t ha t  i t  was t h e  pract ice of t he  captain of Flight 46 t o  use 10' of flaps during 
an approach. An explanation for the  20'-flap se t t ing  could be  the  location of the  
f lap selector  lever in t he  cockpit of t h e  DHC-6 and the  problem noted during t h e  
observation flight with se t t ing  the  .lever correctly. The Safety Board believes t ha t  , 
t h e  difficulty in accurately positioning flaps can  be a t t r ibu ted  t o  several  factors: 
(1) the  lack of detents  a t  major settings, (2) t he  inherent delays in the  hydraulic 
system response, (3)  t h e  inadequate lighting of both t h e  flap position indicator and 
the  control lever,  and (4) t he  poor cockpit illumination. These fea tures  increase 
t he  probability of mispositioning the  flaps, especially a t  night or when a crew is 
dis tracted or busy. These factors  could significantly increase the  possibility of an 
inadvertant descent into t h e  terrain,  particularly when operating at night and under 
instrument meteorological conditions. 

I 

Because of earlier pilot-reported problems with the first  officer's 
a l t imeter  in t he  accident  a i rc raf t ,  t h e  Safety Board considered the  possibility t ha t  
the  first  officer could have descended during the  approach t o  the  prescribed 440 f t  
MDA, a s  indicated by his al t imeter ,  but t ha t  t h e  ac tua l  al t i tude of t he  a i rc raf t  
could have been less than tha t  value, thus placing i t  in closer proximity t o  ground 
obstacles. Although t h e  Board was unable t o  rule  out this possibility, i t s  likelihood 
appears remote  for several  reasons: The al t imeter  recent ly had been tested 
satisfactorily; there  were no maintenance write-ups recorded in t h e  a i rc raf t  logs; 
and there was no investigative evidence t o  indicate t ha t  an al t imeter  error 
occurred during t h e  approach. Finally, if such an  error  had existed during t h e  
approach, i t  would have had t o  be in excess of 300 f t  and i t  would have had t o  go  
undetected by both t h e  captain and t h e  f i rs t  officer. Therefore, t h e  Safe ty  Board 
concluded tha t  a l t imeter  error could not be considered causal in the  aircraft 's 
descent below t h e  prescribed MDA. 

2.2 The C a ~ t a i n ' s  Role 

According t o  former company pilots, a close friend, and relatives, t h e  
captain was not an  assert ive person and he f e l t  t ha t  he had been subjected t o  
constant pressure from the  company president. This pressure, along with other 
job-related problems such as training obligations required by a high pilot turnover 
r a t e  and an unusually extended period of poor weather conditions, reportedly 
manifested itself in loss of appet i te ,  exhaustion, preoccupation, chest  pains, and 
breathing difficulties. The Safe ty  Board believes tha t ,  lacking any other evidence 
of physical problems, these conditions were probably t he  result of job-related 
stress.  This level of s t ress  over an extended period of t ime could then result in 
depression and contribute t o  a chronic s t a t e  of fatigue. 
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The  captain  reportedly had 8 hrs s l eep  before  coming on duty and had 
been on duty from 1200 t o  2055 when t h e  accident  occurred. Although this  
included less than  3 hrs of f l ight  t ime,  t h e  day's work and anxiet ies  may well have  
increased t h e  chronic fa t igue  which friends said  he  had been exhibiting in t h e  
weeks before  the  accident .  T h e  S a f e t y  Board believes t h a t  this fa t igue  probably 
contr ibuted t o  a decrement  of flying skills and aler tness ,  and t h a t  i t  was a l ikely 
f a c t o r  in this accident.  

The  original s tudies  of Bar t l e t t ,  Bartley, Drew, and Davis 10/  c lear ly  
showed t h a t  a s  individuals become more  fa t igued they  become increasini ly  willing 
t o  accep t  lower s tandards  of accuracy  and performance. According t o  these  
studies,  fatigued pilots neg lec ted  t o  in tegra te  t h e  d a t a  f rom t h e  fl ight ins t ruments ,  
responding only t o  t h e  f l ight  ins t rument  t h a t  had their  a t t en t ion  a t  t h e  t ime. 
Fat igued pilots also overlooked ac t iva t ing  impor tan t  controls. In t h e s e  
exper imental  studies,  evidence a lso indicated t h a t  e r ro rs  increased a t  t h e  end of a 
flight. Per formance  de te r io ra ted  and re laxat ion occurred because t h e  fl ight was 
about  t o  end. 

During t h e  approach t o  Rockland, t h e  captain's pr imary task a s  t h e  
nonflying pilot would have been t o  look out  t h e  windshield and t o  visually sight t h e  
runway environment. H e  also had an important  secondary task of monitoring and 
cross-checking t h e  a l t i tude,  descent  r a t e ,  and airspeed, a s  well a s  t iming  t h e  
approach. Because of his possibly fa t igued s t a t e  of mind, he  may have focused his 
a t t en t ion  on his pr imary task of looking out  fo r  t h e  runway, only occasionally 
checking t h e  a i rcraf  tls performance,  and sat isf ied himself t h a t  t h e  f i r s t  off icer  was 
properly a t t end ing  t o  his t a sk  of flying t h e  a i r c r a f t  with r e f e r e n c e  t o  t h e  
instruments.  

2.3 The  F i r s t  Officer 's  Role  

The  f i r s t  off icer  apparent ly  was well r es ted  before  going on duty on t h e  
day of  t h e  accident  and had less t h a n  3 hrs  of fl ight t i m e  before  t h e  accident .  
Therefore ,  the re  is l i t t l e  reason t o  suspect  t h a t  a c u t e  fa t igue  in his case was a 
significant fac to r  in t h e  accident .  

At t h e  t i m e  of t h e  accident  t h e  f i r s t  off icer  had logged about  450 f l ight  
hrs of ac tua l  ins t rument  t i m e ,  and 700 f l ight  hrs of night t ime.  He  had only 46 hrs  
in t h e  DHC-6; normally, only about  half of these  hours would b e  expec ted  t o  have  
been flown a s  t h e  pilot flying t h e  a i rc ra f t .  Because he  had previously made only 
f ive  ins t rument  approaches  at night in to  t h e  Knox County Regional Airport  in t h e  
DHC-6, and because he had flown in t h e  DHC-6 only once  in t h e  4 weeks before  t h e  
accident ,  t h e  S a f e t y  Board concludes t h a t  his lack of r e c e n t  exper ience was 
significant,  considering t h e  l imi ted  t o t a l  t i m e  t h e  f i r s t  off icer  had in this  type  
a i rc ra f t .  

101 F.E. Bar le t t ,  "The Measurement  of Human Skill," Brit ish Medical Journal  - 
1:835-38 and 877-880, 1947; F.E. Barle t t ,  "Fat igue Following Highly Skilled Work," 
Proc. Royal Society,  5.13, 131 (864):247, 1943; S.H. Bart ley,  and E. Chute ,  
"Fat igue and Impairment in Man," N.Y. McGraw Hill Rock Co., Inc., 1947; G.C. 
Drew, "Mental Fatigue," Rept.  227, Gt.  Britain,  Air Ministry, Flying Personnel 
Research Commit tee ,  Dec. 1940; D.R. Davis, "Pilot Error,  Some Laboratory 
Experiments," Air Ministry Publications, 3139A London, HMSO, 1948. 
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T h e  evidence indicated t h a t  t h e  f i r s t  off icer  was re luc tan t  t o  m a k e  t h e  
fl ight t o  Boston on t h e  day  of t h e  accident .  H e  was a w a r e  of t h e  poor wea ther  
throughout t h e  a r e a ,  and i t  must b e  assumed t h a t  he had heard s o m e  of t h e  
extensive discussions among t h e  company pilots concerning t h e  engine problems 
with N68DE. Test imony a t  t h e  public hear ing indicated t h a t  he par t icular ly  did not 
want t o  make  t h e  r e t u r n  fl ight f rom Boston because of t h e  f o g  in  Rockland and  
because of t h e  alleged engine problem. However,  t h e  f i r s t  off icer  and t h e  cap ta in  
reportedly discussed t h e  m a t t e r  and t h e y  decided t o  m a k e  t h e  flight. This decision 
was possibly made  because of t h e  hostile a t t i t u d e  of t h e  company president t h a t  
could b e  expec ted  i f ,  t h e y  cancel led t h e  flight. 

Tne  evidence ind ica tes  t h a t  t h e  f i r s t  o f f i ce r  may  have  been anxious 
about  both fl ights,  but  especially about  t h e  r e t u r n  fl ight t o  Rockland because,  a s  
was t h e  captain's habit ,  th is  would b e  his l e g  t o  fly. Excessive anx ie ty  c a n  grea t ly  
a f f e c t  performance.  For  example,  McFarland 111 observed, "It i s  general ly  
understood t h a t  anx ie ty  may  i n t e r f e r e  with thought processes  and judgment 
necessary f o r  normal  voluntary con t ro l  over  t h e  coordinated and  a c c u r a t e l y  t i m e d  
movements  required in t h e  skilled operat ions  involved in flying a n  aircraft ." Thus, 
t h e  S a f e t y  Board bel ieves  t h a t  anx ie ty  con t r ibu ted  to the f i r s t  officer 's  problems in  
ins t rument  flying proficiency and skill. 

T h e  f i r s t  officer 's  task during t h e  approach t o  Rockland was  t o  f ly  t h e  
a i r c r a f t  solely with r e f e r e n c e  t o  t h e  ins t ruments .  However,  i t  i s  q u i t e  possible 
t h a t  he was also a t t e m p t i n g  t o  look ou t  fo r  s o m e  sign of t h e  runway environment.  
These  fac to rs ,  coupled with  marginal  ins t rument  prof ic iency a n d  l imi ted  t o t a l  a n d  
r e c e n t  time-in-type, m a y  have  allowed him t o  "get behind" t h e  a i r c r a f t  while 
overlooking a descen t  r a t e  higher t h a n  would b e  expec ted  f o r  l o0  of flaps. T h e  
possibility t h a t  his a l t i m e t e r  may  have  indicated 100 f t  higher than  t h e  captain's 
a l t i m e t e r  would have decreased  t h e  margin fo r  error.  

2.4 Management  P r a c t i c e s  

The  consistency and volume of t h e  t es t imony  given by f o r m e r  Downeast  
pilots and employees  indicates  t h a t  many Downeast  management  p rac t i ces  a n d  
verbal policies were c o n t r a r y  t o  14 C F R  135 and s a f e  opera t ing  procedures  and 
t h a t  they  may have had a d i rec t ,  or a t  least a s t rong  indirect ,  inf luence on t h e  
even ts  surrounding this  accident .  Fur thermore ,  much of t h e  t es t imony  indicated 
t h a t  t h e s e  unsafe  p rac t i ces  had occur red  f o r  many years  before  t h e  acc iden t  a n d  
had, in  f a c t ,  cont inued a f t e r  t h e  accident .  

Another  impor tan t  f a c t o r  re la ted  t o  this  acc iden t  was t h e  l a c k  of 
emphasis placed by management  on t ra ining in genera l  and on c r e w  coordination in  
particular.  Virtually all t h e  pilots who tes t i f i ed  or signed s t a t e m e n t s  agreed  t h a t  
training was minimal. I t  was Downeast's position t h a t  i t  employed only qual i f ied 
pilots and t h a t  they  were maintaining the i r  skills by flying t h e  line. While this  
might b e  t r u e  fo r  rout ine operat ions ,  i t  provided l i t t l e  o r  n o  opportuni ty  t o  exerc i se  
t h e  procedures  and develop t h e  skills needed t o  cope  with  emergencies .  For  

111 Ross A. McFarland, "Human F a c t o r s  in Air Transportation," McGraw Hill, 1953, - 
p. 339. 
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example, there was no indication tha t  t he  first officer had received training for ,  or 
pract ice in, missed approaches or even missed approach procedures in the  DHC-6 
aircraft.  

Perhaps the  most critical deficiency in pilot training was the lack of 
adequate procedures for cockpit management in the company's training program or 
procedures manual. The procedures manual stated: "Good team work between 
pilot and copilot is highly desirable." Basically, i t  l e f t  the  interaction between t h e  
flight crewmembers up to  the desires of the pilot-in-command. The company did 
not have a standard practice. This lack of an  established and practical cockpit 
management routine was a serious failing in the  operation of this airline. Because 
of i t ,  there could be no assurance tha t  the  nonflying pilot was providing the  backup 
which would de tec t  and correct  errors tha t  might be made by the  pilot at the  
controls. Under such operating conditions, much of t he  added safe ty  which is 
expected to be provided by a two-pilot crew is lost. 

The Safety Board concludes tha t  t he  evidence of record shows clearly a 
pat tern of unsafe pract ice fostered by management that ,  in conjunction with a lack 
of emphasis by management on training, are conducive t o  generating accident 
situations. Several factors  of particular significance were manifested by the  
reluctance of the  crew t o  cancel  the  flight, even though the  aircraft  reportedly had 
an engine problem and the  weather was poor. Also, the  crew knew of the  
president's propensity for hostility toward employees af te r  a major problem had 
occurred. The flightcrew of Flight 46 knew tha t  the recent  major overhaul of the  
aircraft 's engines was expensive, tha t  the  right engine reportedly still  was not 
running right, and tha t  i t  had required the further expense of a replacement bleed- 
air valve the  day before the  accident. Thus, t he  crewmembers would have been 
reluctant to subject themselves t o  criticism, especially since they would have been 
cancelling a revenue flight and grounding the  a i rc raf t  away from the  Downeast 
maintenance facility for a seemingly minor mechanical problem. This would have 
been against the  unwritten but well understood policies of t he  airline president 
which limited the authority of flightcrews and caused them to  operate the  a i rc raf t  
against their be t te r  judgment. 

2.5 Survival Aspects 

The deceleration forces in this accident can be readily calculated; t he  
impact speed was 85 kn or  142 fps and the  stopping distance (fuselage crushing 
distance) was 1 6  f t. The relatively uniform structural  characteristics of the  
airframe were well defined. These impact conditions would be expected t o  produce 
a triangular-shaped longitudinal deceleration pulse with a peak of 40 g for  0.2 sec. 

A widely accepted document - 12/ suggests t ha t  accidents with impact  
velocity changes of this magnitude are "marginally survivable." These findings 
were based on historical da ta  from both military and civilian accidents. This 
document also s t a t e s  t ha t  human tolerance limits--survival without 
life-threatening injuries--are about 45 g for  0.1 sec and about 25 g for  0.2 sec. 
These limits were established by research on healthy male volunteers using an 
elaborate harness system which included a dual shoulder harness with a chest belt 
and a lap belt with thigh straps. 

m . S .  Army Crash Survival Design Guide, TR 71-22, October 1971. - 
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O t h e r  d a t a  131 suggest  t h a t  t h e r e  can  be considerable var iance in 
i m p a c t  to le rance  when heal thy male  volunteers  a r e  compared t o  females ,  children, 
t h e  elderly,  t h e  infirm, t h e  obese, etc. Thus, i t  cannot  b e  assumed t h a t  t h e  
passengers,  even though t h e  cabin a r e a  remained re la t ively in tac t ,  would have  
survived even if t h e  s e a t s  had remained in place and a mil i tary- type res t ra in t  
system had been utilized. 

T h e  survival of t h e  one  passenger c a n  b e  a t t r i b u t e d  t o  severa l  fac to rs ,  
including: (1) his being loca ted  re la t ively f a r  back in t h e  undamaged par t  of t h e  
cabin which l imi ted  t h e  number  of dislodged passengers and amount  of debris  
s t r iking him f r o m  behind a f t e r  impact ;  (2) his good heal th  and re la t ive  l ight weight; 
and (3) t h e  f a c t  t h a t  he  assumed a b race  position before  impact .  T h e  c o m p a c t  
position of his body res t ing  against  t h e  s e a t  back in f ron t  of him l imi ted  t h e  d e g r e e  
of his flailing. 

Severa l  undesirable seat design f e a t u r e s  were  noted including: (1) t h e  
use of  s e a t  pan s idewal l  a t t a c h m e n t s ,  r a t h e r  than  conventional floor-mounted legs, 
which allowed t h e  seat pans t o  s e p a r a t e  and  r o t a t e  f ree ly  when t h e  sidewall  was 
displaced because of i m p a c t  forces; (2) t h e  use of closely spaced  s e a t s  with shor t ,  
nonpivoting sea tback  f r a m e s  of tubular  construct ion which had a minimal amount  
of irnpact-absorbing m a t e r i a l  and increased t h e  probabili ty of head and c h e s t  
injuries; and  (3) t h e  mounting of large, f ixed ash t rays  on t h e  sea tbacks  which could 
produce pene t ra t ing  head injuries. 

Because of t h e  widespread fa i lure  of t h e  res t ra in t  s y s t e m s  in this  
accident ,  i t  was not  possible t o  de te rmine  t h e  individual e f f e c t s  of e a c h  of t h e s e  
seat design f e a t u r e s  on t h e  sever i ty  of e a c h  trauma. However, in o t h e r  less s e v e r e  
acc iden ts  involving t h e  s a m e  charac te r i s t i cs ,  such seat f e a t u r e s  have  been shown 
t o  e x a c e r b a t e  t h e  resul t ing t rauma.  

2.6 Fl ight  Recorders  

T h e  investigation of this  acc iden t  was made  more  dif f icul t  by t h e  lack 
of def ini t ive  informat ion concerning t h e  a i rcraf t ' s  ac tua l  f l ightpath and t h e  
f l ightcre  w's ac t ions  and procedural  conduct.  Informat ion f rom a flight d a t a  
recorder  and a cockpi t  voice recorder  would have provided invaluable informat ion 
and  would have contr ibuted significantly t o  t h e  t o t a l  invest igat ive effor t .  T h e  
S a f e t y  Board believes, as we  have stated before,  141 t h a t  these  recorders  would 
provide a vi ta l  link be tween  acc iden t  investigation and improvements  in s a f e t y  in 
com muter la i r  t ax i  operat ions  involving complex multiengine a i rc ra f t .  

131 R.G. Snyder, Human Impac t  Tolerance, SAE Repor t  No. 700398, May 1970. - - 
141 NTSB-AAR-77-8, Jet Avia, Ltd., Palm Springs, California, 1-6-77; - 
NTSB-AAR-78-4, Johnson and Johnson, IN., Hot  Springs, Virginia, 9-26-76; 
NTSB-AAR-78-11, Southern Company Services,  Inc., McLean, Virginia, 4-28-77; 
NTSB-AAR-78-15, Columbia Pac i f i c  Airlines, Richland, Washington, 2-10-78; 
NTSB-AAR-79-15, Champion Home Builders Co., Sanford, North Carolina,  9-8-77; 
NTSB-AAR-80-1, Air New England, Inc., Hyannis, Massachusetts,  6-17-79. 
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For this reason, the Safety Board again makes the  following 
recommendations to  the Federal Aviation Administration: 

Develop, in cooperation with industry, flight recorder standards 
(FDRICVR) for complex a i rcraf t  which are predicated upon intended 
a i rcraf t  usage. (Class 11, Priority Action) (A-78-27) 

Draft  specifications and fund research and development for a low-cost 
FDR, CVR, and composite recorder which can be used on complex 
general aviation aircraft.  Establish guidelines for these recorders, such 
as maximum cost, compatible with the cost of the airplane on which 
they will be installed and with the  use for  which the  airplane is 
intended. (Class 11, Priority Action) (A-78-28) 

2.7 FAA Surveillance 

The Safety Board believes tha t  the FAA's surveillance of Downeast 
Airlines' operations practices should have detected,  and caused t o  be corrected,  t he  
deficiencies discovered during the Safety Board's investigation of this accident. 
The FAA also should have ac ted  when i t  was informed by a Downeast captain of 
the questionable company practices. The Safety Board realizes t ha t  the  same FAA 
operations inspector responsible for surveillance of this company was also 
responsible for about 23 other Part  135 operators in the New England area. The 
size, and more particularly, the  distant locations of these operators would have 
created a heavy workload and, therefore, made i t  difficult t o  accomplish these 
inspections adequately. Nevertheless, the  detection and correction of operations 
such as the one uncovered during this investigation a re  vital t o  safe  operations in 
the commuterlair taxi industry, particularly with the  advent of deregulation and 
the introduction of larger, more sophisticated a i rc raf t  into the industry. 

3. CONCLUSIONS 

1. The flightcrew was properly cert i f icated and qualified. 

2. The a i rcraf t  was properly cert i f icated and maintained according 
t o  approved procedures. 

3. The flightcrew advised the company of abnormal noises and 
vibrations in the  right engine before departing Boston. 

4. The last radar contact  with the flight was about 1 nmi south of 
the  final approach fix a t  an  altitude of about 1,500 f t. 

5. The a i rcraf t  descended below the  MDA of 440 f t  without the crew 
having visual contact  with the runway environment. 

6. The weather a t  KIIOX County Regional Airport a t  the t ime of the  
accident was reported a s  ceiling 300 f t ,  sky obscured, with 314 mi 
visibility in fog. 
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7. The flaps were found i n  the 20O-extended position. 

8. Both engines were capable of producing power. 

9. The first officer probably was flying the aircraft during the 
approach. 

10. The captain had the responsibility to monitor the aircraft's 
progress as well as to watch for the runway environment. 

11. The first officer reportedly was weak in instrument flying ability 
and crew coordination. 

12. The first officer had limited experience in the aircraft and 
limited experience with two-man cockpit operations. 

13. The aircraft's instrument lighting contained a mixture of red and 
white light bulbs which resulted in degraded instrument 
readability. 

14. The aircraft's flap handle design was conducive to mispositioning, 
particularly a t  night. 

15. There were company pressures to make every attempt to return 
the aircraft to  Rockland, even if it meant a descent to a lower 
altitude than approved minimums. 

16. The airline's training program was inadequate. 

17. There was a lack of company emphasis on cockpit crew 
management training. 

18. The captain probably suffered from job-related stress which 
resulted in chronic fatigue. 

19. There were no visibility markers available to the south of the 
airport to aid in visibility observations when the weather 
conditions were near minimums. Most instrument approaches are 
made from the south. 

20. F A A  surveillance of the airline's operations was inadequate. 

21. The F A A  should have acted when it was informed by a Downeast 
captain of questionable company practices. 

Probable Cause 

The National Transportation Safety Board determines that the probable 
cause of the accident was the failure of the flightcrew to arrest the aircraft's 
descent a t  the minimum descent altitude for the nonprecision approach, without 
the runway environment in sight, for unknown reasons. 
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Although the Safety Board was unable to determine conclusively the 
reason(s) for the flightcrew's deviation from standard instrument approach 
procedures, it is believed that inordinate management pressures, the first officer's 
marginal instrument proficiency, the captain's inadequate supervision of the flight, 
inadequate crew training and procedures, and the captain's chronic fatigue were all 
factors in the accident. 

4. SAFETY RECOMMENDATIONS 

During i ts  investigation of this accident, the National Transportation 
Safety Board, on March 26, 1980, recommended that  the Federal Aviation 
Administration: 

Insure that  lighted visibility markers are installed south of the 
Knox County Regional Airport, Rockland, Maine, within sight in 
clear visibility conditions of the normal weather observation 
position. One of the markers should be placed about 314 s ta tu te  
mile from the point of observation. (Class 11, Priority Action) 
(A-80-22) 

Establish guidelines on the location and number of visibility 
markers necessary a t  airports t o  assure representative surface 
visibility values for airport runways and the airport runway 
environment. (Class 11, Priority Action) (A-80-23) 

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

Publish a Maintenance Bulletin to alert Federal Aviation 
Administration maintenance inspectors to  the safety hazard 
associated with installation of mixed-color cockpit instrument 
lighting. The bulletin should require that  the practice of 
installing mixed-color lighting be discontinued and that, where 
this practice has been implemented in the past, the lighting be 
changed to a uniform configuration. (Class 11, Priority Action) (A- 
80-41) 

Require that 1 4  CFR 135 operators emphasize crew coordination 
during recurrent training, especially when pilots are  qualified for 
both single-pilot/autopilot and two-pilot operations. These 
requirements should be outlined in an operator's approved training 
curriculum. (Class II, Priority Action) (A-80-42) 

Upgrade flight operations manuals of 14 CFR 135 operators t o  
assure standardization by clearly delineating operational duties 
and responsibilities of all required cockpit crewmembers. (Class 
11, Priority Action) (A-80-43) 

ICAO Note: Appendices A ,  B and C to t h e  Report a r e  n o t  reproduced. 

I C A O  Ref: 143/79 
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No. 2 

Boeing 707-300C, D-ABUY a c c i d e n t  n e a r  S e r r a  Dos Macacos, 
B r a z i l ,  on 26 J u l y  1979. 

F i n a l  reDor t  r e l e a s e d  bv t h e  M i n i s t r v  of Av ia t i on .  B r a z i l .  

SYNOPSIS 

A t  about  2132 h  GMT on 26 J u l y  1979, Luf thansa  f l i g h t  527, a  scheduled  
cargo  f l i g h t  from Rio de  J a n e i r o  t o  Dakar,  c r a shed  i n t o  mountainous t e r r a i n  s h o r t l y  
a f t e r  t ake -o f f .  A t  t h e  t ime  of t h e  a c c i d e n t  t h e  crew was fo l l owing  r a d a r  v e c t o r i n g  
i n s t r u c t i o n s  j s sued  by ATC. The a c c i d e n t  occu r r ed  a t  n i g h t .  

A l l  t h r e e  crew members on board were k i l l e d  and t h e  a i r c r a f t  was de s t royed .  

1. FACTUAL INFORMATION 

1.1 H i s t o r y  of t h e  F l i g h t  

Luf thansa  F l i g h t  527 was a  scheduled  i n t e r n a t i o n a l  c a rgo  f l i g h t  from SSo Paulo 
t o  F r a n k f u r t ,  w i t h  s t o p s  a t  Rio d e  J a n e i r o  and Dakar. The crew, composed of t h r e e  pe r sons  
( c a p t a i n ,  f i r s t  o f f i c e r  and f l i g h t  e n g i n e e r ) ,  boarded i n  Rio de  J a n e i r o .  A f t e r  a  normal 
s t a r t ,  LH 527 i n i t i a t e d  t h e  t a x i  t o  Runway 27 a t  2105 h  11, r e c e i v i n g  from ground 
c o n t r o l  t h e  en- route  c l e a r a n c e  and cl imb procedure  No. 1 6 ;  a f t e r  changing t o  tower 
f requency  i t  r e c e i v e d  a d d i t i o n a l  i n s t r u c t i o n s  t o  make a  r i g h t  t u r n  a f t e r  t h e  t ake -o f f ,  
heading  t h e  Caxias  VOR, c l imb ing  t o  and ma in t a in ing  2  000 f t .  The a i r c r a f t  t ook  o f f  
a t  2127 h  and t h e  tower gave t h e  d e p a r t u r e  message conf i rming  t h e  p r eced ing  i n s t r u c t i o n s ,  
w i t h  no r e p l y  from t h e  a i r c r a f t  because  i t  swi tched  f requency  t o  120.3 and a t  2128 h  
e s t a b l i s h e d  c o n t a c t  w i t h  Rio approach c o n t r o l .  The fo l l owing  messages were t h e n  
exchanged: 

A i r c r a f t :  Galego, LH 527, good evening .  

Approach c o n t r o l :  5 2 7 ,  Rio,  go ahead,  LH. 

A i r c r a f t  : We a r e  p a s s i n g  15  hundred f e e t  inbound t o  Caxias .  

Approach c o n t r o l :  Turn r i g h t ,  heading  040, t u r n i n g  r i g h t ,  heading  040 and 
ma in t a in  2  thousand f e e t  u n t i l  f u r t h e r  a d v i c e ,  LH 527, 
and i n c r e a s e  your speed ,  i f  f e a s i b l e .  

These i n s t r u c t i o n s  were fo l lowed s o  t h a t  a t  2129 h  t h e  a i r c r a f t  was 2 . 5  NM 
north-west  of t h e  a i r p o r t  a t  2  000 f t ,  heading  040° and i n c r e a s i n g  i t s  speed p r o g r e s s i v e l y  
up t o  304 k t  (IAS). A t  2131 h  when t h e  a i r c r a f t  was a t  10.66 NM from t h e  a i r p o r t  and 
s t i l l  ma in t a in ing  t h e  a s s i g n e d  heading  and a l t i t u d e  (040' - 2 000 f t ) ,  Rio approach 
c o n t r o l  e s t a b l i s h e d  t h e  fo l l owing  c o n t a c t :  

1/ A l l  t imes  i n  t h i s  r e p o r t  a r e  GMT, u n l e s s  o the rwi se  i n d i c a t e d .  .- 



3  2 I C A O  C i r c u l a r  173-AN1109 

Approach c o n t r o l :  LH, t u r n  r i g h t  head ing  140 ,  j u s t  now, o v e r .  

Approach c o n t r o l :  LH 5 2 7 ,  t u r n  r i g h t  h e a d i n g  140 and c l imb w i t h o u t  
r e s t r i c t i o n s .  

A i r c r a f t  : Roger,  l e a v i n g  2  thousand ,  LH 527, t u r n i n g  r i g h t  h e a d i n g  1 4 0 .  

Approach c o n t r o l :  Cont inue  t o  t h e  r i g h t  u n t i l  160,  LH, and i n c r e a s e  your  r a t e  
of  c l imb 3  thousand  p e r  m i n u t e ,  o v e r .  

A f t e r  approach  c o n t r o l ' s  f i r s t  c a l l  (2131 h )  t h e  a i r c r a f t  i n i t i a t e d  a  normal  
change of head ing  w i t h o u t  acknowledgement; a f t e r  t h e  second c a l l ,  which was acknowledged, 
a  normal c l imb was i n i t i a t e d ;  t h e  t h i r d  c a l l  c o i n c i d e d  w i t h  t h e  sound of ground p r o x i m i t y  
warn ing  s i g n a l  (GPWS) i n  t h e  c o c k p i t ,  c a u s i n g  an  immediate r e a c t i o n  from t h e  crew,  t o o  
l a t e ,  however, t o  a v o i d  c o l l i s i o n  w i t h  t h e  ground. 

The impact  o c c u r r e d  a t  n i g h t ,  a round  2132 h ,  on a  head ing  of 070' a t  2  045 f t  
o f  a l t i t u d e ,  a t  a  p o s i t i o n  22'35's and 4 3 O 1 3 ' ~ ,  i n  t h e  l o c a t i o n  c a l l e d  S e r r a  dos Macacos, 
13 .37  NM from t h e  a i r p o r t .  

The a i r c r a f t  s t r u c k  t h e  ground w i t h  t h e  u n d e r s i d e  o f  t h e  l e f t  wing and u n d e r s i d e  
o f  t h e  f u s e l a g e  a t  a s p e e d  of 296 k t  (IAS) on t h e  s o u t h  s l o p e  of t h e  mountain  i n  a  l e f t  
wing up and nose  up a t t i t u d e ,  i n d i c a t i n g  a c l i m b i n g  r i g h t  t u r n .  

1.2 I n j u r i e s  t o  p e r s o n s  

I n j u r i e s  

F a t a l  

Crew P a s s e n g e r s  O t h e r s  

Non-Fatal - - 

1 . 3  Damage t o  A i r c r a f t  

The a i r c r a f t  was d e s t r o y e d .  

Other  Damage 

The f r e i g h t  wzs t o t a l l y  d e s t r o y e d .  

1 . 5  P e r s o n n e l  I n f o r m a t i o n  

a )  The crew was q u a l i f i e d  t o  c a r r y  o u t  t h e  d u t i e s  e n t r u s t e d  t o  them and had 
v a l i d  a i rman  c e r t i f i c a t e s .  The c a p t a i n  of t h e  a i r c r a f t  was making h i s  t h i r d  f l i g h t  
th rough  Rio de J a n e i r o .  The c o - p i l o t  was making h i s  t e n t h  f l i g h t  t o  o r  from Rio de J a n e i r o .  

b )  A l l  a i r  t r a f f i c  c o n t r o l  p e r s o n n e l  on d u t y  i n  Rio approach  c o n t r o l  and 
Gale20 tower had t h e  b a s i c  t r a i n i n g  t h a t  q u a l i f i e d  them t o  c a r r y  o u t  t h e i r  d u t i e s .  
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1 . 6  A i r c r a f t  I n fo rma t ion  

a )  The a i r c r a f t  maintenance r e p o r t s  showed t h a t  i t  was p r o p e r l y  r e l e a s e d  f o r  
t h e  f l i g h t  and had been p r o p e r l y  ma in t a ined  i n  accordance  w i th  manufac tu re r ' s  i n s t r u c t i o n s .  

b) The l oad  man i f e s t  i n d i c a t e d  t h a t  t h e  ca rgo  was w i t h i n  t h e  normal l i m i t s  and 
t h a t  t h e r e  was no r e s t r i c t e d  ca rgo  on board.  

c )  The a i r c r a f t  was c a r r y i n g  47 000 kg of f u e l  ( J e t  A-1) by t h e  t ime  t h e  
t a x i  was i n i t i a t e d .  

1 .7  Me teo ro lug i ca l  I n fo rma t ion  . 

GL METAR at  t h e  a c c i d e n t  t ime  was t h e  fo l l owing :  

SPEC1 SBGL 2140 200113 9999 05HZ 2  SC015 6AC073 22/17 1019. 

Loca l  w i t n e s s e s  s t a t e d  t h a t  i t  was d r i z z l i n g  i n  t h e  a r e a  a t  t h e  t ime  of  t h e  
a c c i d e n t .  

1 . 8  Aids t o  Naviga t ion  

A f t e r  t h e  a c c i d e n t  a  s p e c i a l  f l i g h t  i n s p e c t i o n  was made, showing t h a t  t h e  
r a d a r  ASR-7 of  Rio approach c o n t r o l  was o p e r a t i n g  w i t h i n  i n t e r n a t i o n a l  parameters  
concern ing  range  and accu racy  l i m i t s ,  and showing a l s o  t h a t  t h e  Caxias  VOR was i n  
normal o p e r a t i o n  and maintenance c o n d i t i o n s .  

1 . 9  Communications 

According t o  t h e  c o c k p i t  v o i c e  r e c o r d e r  read-out  and t h e  a i r  t r a f f i c  c o n t r o l  
t a p e  r eco rd ing ,  i t  was v e r i f i e d  t h a t  a l l  t h e  communications made were normal and c l e a r .  

Aerodrome In fo rma t ion  

Not p e r t i n e n t  t o  t h e  a c c i d e n t .  

1.11 F l i g h t  Recorders  

Both t h e  f l i g h t  d a t a  r e c o r d e r  and t h e  c o c k p i t  v o i c e  r e c o r d e r  were recovered  
w i th  s u b s t a n t i a l  damage t o  t h e  e x t e r n a l  p r o t e c t i o n  due t o  impact ;  however, t h e  r e c o r d i n g  
medium of bo th  r e c o r d e r s  was undamaged. The i n fo rma t ion  ob t a ined  through t h e  r eadou t  
o f  t h e  t a p e s  was n e c e s s a r y  f o r  t h e  p r e c i s e  r e c o n s t r u c t i o n  of t h e  sequence of e v e n t s  
t h a t  cu lmina ted  i n  t h e  a i r c r a f t  c r a s h .  

1 . 1 2  Wreckage and Impact I n fo rma t ion  

The c r a s h  a r e a  was a  mountainous r e g i o n ,  covered by a  t r o p i c a l  f o r e s t .  The 
i m p a c t  p o i n t  was on a mounta ins ide  w i t h  a  h igh  s l o p e .  

A t  t h e  impact  p o i n t  t h e  a i r c r a f t  c u t  some t r e e s  w i th  i t s  l e f t  wing, g r a d u a l l y  
i n c r e a s i n g  t h e  c o n t a c t  s u r f a c e  and cu lmina t i ng  t o  d r ag  t h e  unde r s ide  of t h e  l e f t  wing and 
the unde r s ide  of t h e  f u s e l a g e  on t h e  ground. A t  t h a t  l o c a t i o n  p a r t  of t h e  l e f t  wjng, 
No. 1 engine  and t h e  t a i l  s e c t i o n  were found. 
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A f t e r  ground i m p a c t ,  t h e  a i r c r a f t  c o n t i n u e d  i n  a  b a l l i s t i c  t r a j e c t o r y ,  
d i s i n t e g r a t i n g  on t h e  b a s i c  c o u r s e  of 085' u n t i l  r e a c h i n g  a  d i s t a n c e  of 800 m ,  where 
s e v e r a l  a i r c r a f t  p a r t s  were  found ,  such  a s :  t h e  c o c k p i t ,  f u s e l a g e  l a t e r a l  p a r t s ,  
main l a n d i n g  g e a r s ,  n o s e  l a n d i n g  g e a r  and p a r t  o f  t h e  r i g h t  wing.  

Along t h a t  t r a c k ,  on t h e  same g e n e r a l  c o u r s e ,  s e v e r a l  a i r c r a f t  p a r t s  were  
found i n c l u d i n g  e n g i n e s  No. 2 ,  No. 3  and  No. 4 and s m a l l  s t r u c t u r e  f r a g m e n t s ,  ,as w e l l  
a s  t h e  f l i g h t  e n g i n e e r ' s  body f a s t e n e d  t o  h i s  s e a t .  

Medica l  and  P a t h o l o g i c a l  I n f o r m a t i o n  

The a u t o p s y  r e v e a l e d  t h a t  t h e  c rew members' d e a t h  was c a u s e d  b y  t h e  i n j u r i e s  
t h e y  s u s t a i n e d  due  t o  impac t  f o r c e s .  T h e r e  was no e v i d e n c e  o f  negati-,.e i n f l u e n c e s  
( d r u g s ,  a l c o h o l ,  e t c . )  t h a t  migh t  h a v e  c a u s e d  p h y s i c a l  o r  m e n t a l  i n c a p a c i t a t i o n  of 
t h e  c rew members. 

1 .14  F i r e  - 

The wreckage a r e a  showed e v i d e n c e  of f i r e  which b r o k e  o u t  a f t e r  t h e  i m p a c t .  

S u r v i v a l  A s p e c t s  

T h i s  was a  n o n - s u r v i v a b l e  a c c i d e n t .  It s h o u l d  be  n o t e d ,  however ,  t h a t  t h e  
f l i g h t  e n g i n e e r ' s  body was found f a s t e n e d  t o  h i s  seat w i t h o u t  any e x t e r n a l  e v i d e n c e  
of s e v e r e  i n j u r i e s .  

1.16 T e s t s  a n d  R e s e a r c h  

Due t o  t h e  n a t u r e  o f  t h e  a c c i d e n t  t h e r e  was no n e c e s s i t y  t o  make any  t e s t s  
r e g a r d i n g  t h e  a i r c r a f t  components.  On t h e  morning f o l l o w i n g  t h e  a c c i d e n t ,  a  f l i g h t  
t e s t  w a s  conduc ted  u s i n g  a HS 1 2 5  n a v a i d s  t e s t  a i r c r a f t  t h a t  f o l l o w e d  t h e  same 
i n s t r u c t i o n s  a s  were  g i v e n  t o  LH 527 ( h e a d i n g ,  a l t i t u d e  and t r a n s p o n d e r  c o d e ) ,  which 
showed t h a t  t h e  a i r c r a f t  had compl ied  w i t h  a l l  i n s t r u c t i o n s  g i v e n  by a i r  t r a f f i c  c o n t r o l .  

A d d i t i o n a l  I n f o r m a t  i o n  

The s t a t e m e n t s  o f  t h e  c o n t r o l l e r s  on d u t y  i n  a p p r o a c h  c o n t r o l  and Ga leao  tower  
and t h e  r e a d o u t s  o f  t h e  f l i g h t  d a t a  r e c o r d e r  and c o c k p i t  v o i c e  r e c c r d e r  b r o u g h t  o u t  t h e  
f o l l o w i n g  f a c t s  : 

a )  t h e  a l p h a n u m e r i c  s y s t e m  o f  a p p r o a c h  c o n t r o l  No. 1 r a d a r  s c o p e  w a s  
i n o p e r a t i v e ;  

b)  t h e r e  was a  g r o u p i n g  of APP c o n t r o l  p o s i t i o n s  d u r i n g  a  p e r i o d  of 
s i g n i f i c a n t  t r a f f i c .  The j o b  n o r m a l l y  done  w i t h  f o u r  r a d a r  s c o p e s  
was b e i n g  done w i t h  o n l y  t h r e e ;  

c )  t h e r e  was a  d e f i c i e n c y  i n  i n t e r n a l  c o - o r d i n a t i o n  i n  a p p r o a c h  c o n t r o l  
and between approach  c o n t r o l  and t h e  t o w e r ;  

d )  t h e  communicat ions  be tween  a p p r o a c h  c o n t r o l  and Rio  d e  J a n e i r o  tower  
were b e i n g  c a r r i e d  o u t  b y  t h e  d e p a r t u r e  a s s i s t a n t  c o n t r o l l e r ;  
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e )  use was made of non-standard phraseology;  

f )  t h e r e  was s imul taneous  v e c t o r i n g  of f i v e  a i r c r a f t  by t h e  d e p a r t u r e  
c o n t r o l l e r :  fou r  i n  t h e  sou th  s e c t o r  and one i n  t h e  n o r t h  s e c t o r  
of t h e  t e rmina l  c o n t r o l  a r e a  (LH 527);  

g) t h e r e  was a  p o t e n t i a l  t r a f f i c  c o n f l i c t  a t  2129 h  between a i r c r a f t s  
PT-DEL and PT-NDC, i n  t h e  v i c i n i t y  of I l h a  Raza (IH); 

h )  t h e r e  was t r a f f i c  (PP-VLY and RG-409) i n  t h e  Runway 27 take-off  
s e c t o r  when a i r  t r a f f i c  c o n t r o l  i s s u e d  t h e  take-off  c l e a r a n c e  t o  
LB 527, r e q u i r i n g  ATC t o  impose climb r e s t r i c t i o n s  on LH 527; 

i )  t h e r e  was a  s i g n i f i c a n t  de lay  ( fou r  minutes)  between t h e  t i m e  
t h a t  LH 527 was c l e a r e d  t o  No. 3 p o s i t i o n  and f o r  t ake -o f f ,  and 
t h e  t ime i t  a c t u a l l y  took o f f ;  

j )  t h e  v e c t o r i n g  i n s t r u c t i o n s  given t o  LH 527 were incomplete because 
they  n e i t h e r  s t a t e d  t h e  purpose in tended by t h e  c o n t r o l l e r  nor  
provided t h e  r equ i r ed  a l t e r n a t e  i n s t r u c t i o n  and c l e a r a n c e  l i m i t s ;  

k)  t h e  crew of LH 527 r ece ived  incomplete i n s t r u c t i o n s  wi thout  r e q u e s t i n g  
any e x p l a n a t i o n  from t h e  d e p a r t u r e  c o n t r o l l e r ;  

1 )  having been r eques t ed  t o  i n c r e a s e  speed,  i f  f e a s i b l e ,  LH 527 exceeded 
t h e  maximum speed (250 k t  IAS) e s t a b l i s h e d  f o r  t h e  Rio t e rmina l  
c o n t r o l  a r e a  when below 10  000 f t ;  

m) t h e  LH 527 crew had a v a i l a b l e  on board a  r a d a r  t e rmina l  c h a r t ,  i s s u e d  
by t h e  company, cen te red  on Caxias V O R ~ D M E ,  a l i g n e d  t o  t r u e  n o r t h ,  
and i n d i c a t i n g  minimum s a f e  a l t i t u d e s  i n  t h e  t e rmina l  a r e a ;  

n)  a t  t h e  time t h e r e  was n o t  a v a l i d ,  o f f i c i a l l y  publ i shed  c h a r t  f o r  r ada r  
c o n t r o l  v e c t o r i n g  showing t h e  r e l e v a n t  minimum s a f e  a l t i t u d e s  w i t h i n  
t h e  Rio de J a n e i r o  t e rmina l  c o n t r o l  a r e a ;  

o )  t h e r e  was n o t  a t  t h e  time an  approved IFR approach c h a r t  f o r  Runway 27; 

p) t h e  topograph ica l  c h a r a c t e r i s t i c s  of t h e  a r e a ,  i n  con junc t ion  wi th  t h e  
proximi ty  of Gale50 and Santos Dumont a i r p o r t s ,  impose r e s t r i c t i o n s  on 
a l l  IMC o p e r a t i o n s  i n  t h e  Rio a r e a .  

2. ANALYSIS 

There i s  no evidence  t h a t  t h e  a c c i d e n t  occurred due t o  f a i l u r e  of t h e  a i r c r a f t ,  
i t s  systems,  powerplants  o r  f l i g h t  c o n t r o l s .  The a i r c r a f t  had a  v a l i d  C e r t i f i c a t e  of 
Airwor th iness ,  i t  had r ece ived  t h e  maintenance p r e s c r i b e d  by t h e  manufac turer ,  and i t s  
d i s p a t c h  and load ing  were normal. 

The a i r c r a f t  crew and t h e  ATC c o n t r o l l e r  d i r e c t l y  involved  were q u a l i f i e d  t o  
c a r r y  o u t  t h e i r  d u t i e s .  
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The crew had p r e v i o u s l y  r e c e i v e d  t h e  wea ther  and f l i g h t  d a t a  n e c e s s a r y  f o r  
d e p a r t u r e .  A t  2105 h  t h e  a i r c r a f t  i n i t i a t e d  t h e  t a x i ,  d u r i n g  which i t  r e c e i v e d  t h e  
e n - r o u t e  c l e a r a n c e  and was a s s i g n e d  c l imb p r o c e d u r e  No. 1 6 ;  i n  t h a t  phase  t h e r e  were 
no doubts  about  t h e  c l e a r a n c e  g iven  by a i r  t r a f f i c  c o n t r o l .  

Upon r e a c h i n g  No. 2  p o s i t i o n ,  a l r e a d y  on tower  f r e q u e n c y  (2122 h ) ,  LH 527 
r e c e i v e d  i n s t r u c t i o n s  t o  ho ld  p o s i t i o n ;  meanwhile t h e  tower  c o - o r d i n a t o r  reques te - l  
approach  c o n t r o l  ( d e p a r t u r e )  t o  g i v e  t h e  p r o c e d u r e  t h a t  t h e  a i r c r a f t  shou ld  f o l l o w  
a f t e r  t a k e - o f f .  The p r o c e d u r e  g i v e n  by  approach  c o n t r o l  was: "Af te r  t a k e - o f f ,  head 
CAX VOR and m a i n t a i n  2  000 f e e t " .  I n  s p i t e  of  t h e  f a c t  t h a t  t h i s  p r o c e d u r e  was a l r e a d y  
p r e s c r i b e d  i n  t h e  b r i e f i n g  f o r  a l l  a i r c r a f t  outbound t o  t h e  NINE s e c t o r ,  i t  was 
conf i rmed  by t h e  d e p a r t u r e  c o n t r o l l e r  t o  avo id  c o n f l i c t  w i t h  two a i r c r a f t ,  one  o v e r  
Caxias  making t h e  approach  t o  SBRJ (PP-VLY) and a n o t h e r  i n  t h e  r i g h t  down-wind l e g  t o  
Runway 2  7 (RG-409) . 

I t  should  be n o t e d  t h e  r e l a t i v e  c r i t i c a l  p o s i t i o n s  i n  which S a n t o s  Dumont 
and Gale50 a i r p o r t s  a r e  l o c a t e d  w i t h  c o n f l i c t i n g  inbound and outbound f l i g h t  p a t t e r n s  
when GL Runway 27 a t  Galego is b e i n g  used  and t h e  t e r m i n a l  c o n t r o l  a r e a  is  s u b j e c t  t o  
i n s t r u m e n t  m e t e o r o l o g i c a l  c o n d i t i o n s .  

I n  c o n j u n c t  i o n  w i t h  t h i s  s i t u a t i o n  t h e  t e r r a i n  c o n d i t i o n s  i n  t h e  t e r m i n a l  
a r e a  d i c t a t e  t h a t  a l l  IFR a p p r o a c h e s  t o  SBRJ c r o s s  t h e  SBGL a r e a  a t  low a l t i t u d e s .  
T h i s  r e q u i r e s  t h a t  a l l  t a k e - o f f s  from Runways 27  and 32 make a  compulsory r i g h t  t u r n ,  
o v e r f l y i n g  t h e  n o r t h  s e c t o r  of t h e  a i r p o r t  where  t r a f f i c  f o r  l a n d i n g  on Runway 27 
normal ly  f l o w s .  

To h a n d l e  t h i s  whole s i t u a t i o n ,  approach  c o n t r o l  demands a  p r e c i s e  d e g r e e  
of c o - o r d i n a t i o n  and a l s o  imposes r e s t r i c t i o n s  on a i r c r a f t  t a k i n g  o f f  from Galego. 
Most of t h e  t i m e  t h e s e  a r e  a l t i t u d e  r e s t r i c t i o n s  which a r e  h i g h l y  i n c o n v e n i e n t  because  
soon t h e  a i r c r a f t  have t o  c l imb t o  a v o i d  t h e  t e r r a i n  which rises up n e a r  t h e  t e r m i n a l  
c o n t r o l  a r e a  c e n t r e .  

Such a  complex s i t u a t i o n  p u t s  a  heavy work-load on t h e  c o n t r o l l e r s  and 
p e n a l i z e s  b o t h  a i r p o r t s '  o p e r a t i o n s .  

The d e p a r t u r e  c l e a r a n c e  and t h e  i n i t i a l  c l imb i n s t r u c t i o n s  t o  LH 527 w e r e  
i s s u e d  i n  a n  improper  manner,  showing a poor command of t h e  E n g l i s h  l anguage  on t h e  p a r t  
of t h e  tower c o n t r o l l e r .  

The i n s t r u c t i o n  t o  make a  r i g h t  t u r n ,  head ing  Caxias  and m a i n t a i n i n g  2  000 f t ,  
was n o t  w e l l  u n d e r s t o o d  by t h e  p i l o t  who q u e s t i o n e d  t h e  tower  a s k i n g  i f  h e  should  head 
Caxias  and t h e n  make a  r i g h t  t u r n  t o  i n t e r c e p t  093O (head ing  of c l imb p r o c e d u r e  No. 1 6 ) .  
The tower confi rmed t o  LH 527 o n l y  t h a t  i t  should  head Caxias  m a i n t a i n i n g  2  000 f t  and 
t h e n  he  should  c a l l  d e p a r t u r e  c o n t r o l  (120.3)  t o  c o n t i n u e  t h e  c l i m b ,  t h u s  n o t  c l a r i f y i n g  
t h e  p i l o t ' s  doubt .  

The exchange of messages  between tower  and p i l o t  t o  e l i m i n a t e  d o u b t s  a b o u t  
t h e  i n i t i a l  c l imb procedure  o r i g i n a t e d  a  d e l a y  o f  f o u r  m i n u t e s ,  d u r i n g  which t h e r e  was 
a  change i n  t h e  t r a f f i c  s i t u a t i o n  t h a t  had imposed c l imb r e s t r i c t i o n s  on LH 527 when 
t h e  i n i t i a l  c l e a r a n c e  was i s s u e d ,  During t h i s  four-minute  p e r i o d  t h e  t r a f f i c  s i t u a t i o n  
changed i n  such a  way t h a t  t h e r e  was no more r e s t r i c t i o n  t o  t h e  a i r c r a f t ' s  i n i t i a l  c l imb 
and,  a t  t h e  a c t u a l  t ake-of f  t i m e ,  LH 527 i t s e l f  was t h e n  t r a f f i c  t o  RG-409, on f i n a l  
approach t o  l a n d  on Runway 27. 
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The d e p a r t u r e  c o n t r o l l e r  was n o t  adv i sed  t h a t  t h e  t r a f f i c  s i t u a t i o n  had changed; 
t h e r e f o r e ,  he  d i d  n o t  c a n c e l  t h e  r e s t r i c t i o n s  t o  LH 5 2 7 ' s  i n i t i a l  c l imb which were no 
l onge r  neces sa ry .  The l a c k  of co -o rd ina t i on  between t h e  tower and approach c o n t r o l  i s  
ev iden t .  Such co -o rd ina t i on  should  have been more p r e c i s e  owing t o  t h e  d i f f i c u l t y  of 
s e e i n g  t h e  r a d a r  pr imary  echo (RG-409 had t h e  t r ansponde r  s e t  a t  stand-by p o s i t i o n )  
c l o s e  t o  t h e  an tenna  w i t h  a  r a d a r  scope  range  s e t  t o  60 NM. 

The a i r c r a f t  took  o f f  a t  2127 h  and immediately changed t o  d e p a r t u r e  c o n t r o l  
f requency  (120 .3) ;  t h e  a i r c r a f t  c a l l e d  approach c o n t r o l  as soon a s  i t  was p o s s i b l e  t o  
do s o  s i n c e  t h e  f requency  was conges ted .  

A t  2128 h  Lti 527 e s t a b l i s h e d  c o n t a c t  w i t h  d e p a r t u r e  c o n t r o l ,  g i v i n g  i t s  p o s i t i o n  - 
heading Caxias  VOR c r o s s i n g  1 500 f t .  The c o n t r o l l e r  i n s t r u c t e d  t h e  a i r c r a f t  t o  t u r n  r i g h t  
t o  040°, ma in t a in ing  2  000 f t  u n t i l  f u r t h e r  a d v i c e  and r e q u e s t e d  a n  i n c r e a s e  i n  speed ,  i f  
f e a s i b l e .  

T e c h n i c a l l y ,  t h e  c l e a r a n c e  g iven  by t h e  c o n t r o l l e r  ( r e s t r i c t i n g  t h e  i n i t i a l  
c l imb t o  2  000 f t )  would make s e n s e  i f  h e  had t r a f f i c  from Caxias  t o  Rio d e  J a n e i r o .  
I n  t h e  same way, t h e  r e s t r i c t i o n  imposed upon t h e  t u r n  ( r e s t r i c t i n g  i t  u n t i l  040°) 
a l s o  would be  v a l i d  i f  he  had t r a f f i c  i n  t h e  r i g h t  down-wind l e g  t o  Runway 27. 

I n  t h i s  c a s e ,  such  a  s i t u a t i o n  had e x i s t e d  when LH 527 was c l e a r e d  t o  t a k e  
p o s i t i o n  and t a k e  o f f ,  and no  l onge r  e x i s t e d  when t h e  a i r c r a f t  a c t u a l l y  t ook  o f f ,  due t o  
t h e  d e l a y  i n  i n i t i a t i n g  t h e  take-of f  r o l l  a s  d i s c u s s e d  above. Th i s  new s i t u a t i o n ,  
however, was n o t  communicated t o  approach c o n t r o l  and t h e r e f o r e  t h e  a i r c r a f t  was 
u n n e c e s s a r i l y  d e v i a t e d  from t h e  normal c l imb procedure  No. 16. 

I t  should be po in t ed  o u t  t h a t  t h e  i n s t r u c t i o n s  o r i g i n a t e d  from d e p a r t u r e  
c o n t r o l  (heading  040° - 2  000 f t ) ,  when n e c e s s a r y  from t h e  o p e r a t i o n a l  s t a n d p o i n t ,  a r e  
p e r f e c t l y  c o r r e c t  and s a f e ,  p rovided  t h a t  a l l  r a d a r  v e c t o r i n g  r equ i r emen t s  be complied 
wi th .  

The i n s t r u c t i o n  t o  i n c r e a s e  speed i s s u e d  by t h e  c o n t r o l l e r  was g iven  w i th  t h e  
i n t e n t  t h a t  t h e  a i r c r a f t  should  i n c r e a s e  speed b u t  should  n o t  go beyond t h e  below 1 0  000 f t  
speed l i m i t a t i o n  i n  t h e  t e r m i n a l  c o n t r o l  a r e a  (250 k t  I A S ) .  A s  t h e  c o n t r o l l e r ' s  i n s t r u c t i o n  
f a i l e d  t o  c l a r i f y  t h i s  i n t e n t ,  t h e  f l i g h t  crew i n t e r p r e t e d  t h e  r e q u e s t  t o  i n d i c a t e  t h a t  
t h e  a i r c r a f t  was n o t  s u b j e c t  t o  any speed l i m i t a t i o n s .  

I n  t h e  c a s e  under  c o n s i d e r a t i o n  i t  should  be no t ed  t h a t  t h e r e  were d e f i c i e n c i e s  
i n  t h e  c l e a r a n c e  i s s u e d  t o  LH 527, such a s :  

a )  t h e  p i l o t  was n o t  informed of t h e  r ea son  f o r  r a d a r  v e c t o r i n g ;  

b) t h e  p i l o t  was n o t  informed of which procedure  he  should  f o l l o w  i n  c a s e  
of r a d a r  o r  communications f a i l u r e .  T h i s  was impor tan t  i f  we c o n s i d e r  
t h a t  t h e  v e c t o r  040' was l e a d i n g  t h e  a i r c r a f t  d i r e c t l y  i n t o  a  mountainous 
r e g i o n ,  a s  t h e  c o n t r o l l e r  was w e l l  aware; 

c )  t h e  p i l o t  was n o t  informed which speed l i m i t s  h e  should  comply w i th .  
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On t h e  o t h e r  hand,  t h e  f o l l o w i n g  should  b e  p o i n t e d  o u t :  

a )  Al though c l e a r a n c e s  o r  i n s t r u c t i o n s  i n  c a s e  of r a d a r  v e c t o r i n g  s h o u l d  
be g i v e n  i n  a s p e c i f i c  manner,  i n c l u d i n g  a  c l e a r a n c e  l i m i t  o r  a l t e r n a t e  
i n s t r u c t i o n s  t o  a l l o w  f o r  a p o s s i b l e  l o s s  of communications o r  r a d a r  
coverage ,  such i n s t r u c t i o n s  were n o t  i s s u e d  by t h e  c o n t r o l l e r ,  a s  
r e q u i r e d  by I C A O  r e g u l a t i o n s ;  n e v e r t h e l e s s  LH 527 d i d  n o t  o b j e c t  t o  
t h e s e  i n c o m p l e t e  i n s t r u c t i o n s ,  even w h i l e  b e i n g  m a i n t a i n e d  a t  a  low 
a l t i t u d e ,  head ing  i n t o  a mountainous a r e a  and d e v i a t i n g  from 
d e p a r t u r e  p r o c e d u r e  No. 16.  

b )  The a i r c r a f t ,  when r e q u e s t e d  t o  i n c r e a s e  s p e e d ,  d i d  s o  beyond t h e  
e s t a b l i s h e d  l i m i t s  i n s i d e  t h e  t e r m i n a l  c o n t r o l  a r e a  (250 k t  below 
1 0  000 f t )  by i n t e r p r e t i n g  t h e  i n s t r u c t i o n  t o  i n c r e a s e  s p e e d  a s  a n  
exemption from speed l i m i t a t i o n s .  

c )  The LH 5 2 7  crew had a v a i l a b l e  on board  a  c h a r t  i s s u e d  by t h e  o p e r a t o r  
w i t h  i n d i c a t i o n s  o f  minimum s a f e  a l t i t u d e s  by  s e c t o r s ,  f o r  r a d a r  
v e c t o r i n g  i n  Rio  t e r m i n a l  c o n t r o l  a r e a .  T h i s  c h a r t  i s  c e n t e r e d  on 
VORIDME Caxias  and a l i g n e d  t o  t r u e  n o r t h .  The c h a r t  g i v e s  a n  i d e a  
of t h e  p o s i t i o n  of t h e  c h a i n  o f  mounta ins ,  n o r t h  o f  t h e  a i r p o r t ;  
n e v e r t h e l e s s ,  t h e  b e h a v i o u r  o f  t h e  crew i n d i c a t e s  t h a t  t h e y  were 
n o t  c o n s c i o u s  o f  t h e  p r o x i m i t y  o f  danger .  C o n t r i b u t i n g  t o  t h i s  may 
be t h e  l i m i t e d  e x p e r i e n c e  i n  t h e  a r e a  o f  t h e  c a p t a i n ,  who a t  t h e  t i m e  
was r e s p o n s i b l e  f o r  m o n i t o r i n g  t h e  n a v i g a t i o n  ( i t  was o n l y  t h e  t h i r d  
t ime  t h a t  he  was f l y i n g  i n  t h e  r e g i o n ) .  

A t  2129 h  t h e  d e p a r t u r e  c o n t r o l l e r  t o l d  LH 527 t h a t  i t  was i n  r a d a r  c o n t a c t  
a t  2.5 NM north-west  o f  t h e  a i r p o r t  and r e p e a t e d  t h e  p r e c e d i n g  i n s t r u c t i o n  ( t u r n  r i g h t  
h e a d i n g  040°, m a i n t a i n i n g  2  000 f t u n t i l  f u r t h e r  a d v i c e ) ,  which was acknowledged by 
t h e  p i l o t .  From t h a t  moment, i n  which LH 527 t r a f f i c  needed maximum a t t e n t i o n  from 
t h e  c o n t r o l l e r ,  he  had h i s  a t t e n t i o n  d e v i a t e d  t o  t h e  s o u t h  s e c t o r  of t h e  r a d a r  s c o p e ,  
where he  was v e c t o r i n g  f o u r  o t h e r  a i r c r a f t ,  two of  them (PT-NDC and PT-DEL) i n  a  
p o t e n t i a l  t r a f f i c  c o n f l i c t  s i t u a t i o n  r e q u e s t i n g  h i s  immediate  a t t e n t i o n .  A f t e r  s o l v i n g  
t h e  t r a f f i c  c o n f l i c t  s i t u a t i o n ,  t h e  c o n t r o l l e r  made c o n t a c t  w i t h  two o t h e r  t r a f f i c s  i n  
t h e  s e c t o r  (RG-319 and SC-930) i s s u i n g  u n n e c e s s a r i l y  l o n g  and d e t a i l e d  i n s t r u c t i o n s .  
It should  b e  n o t e d  t h a t  t h e  s e r v i c e  b e i n g  made ( r a d a r  v e c t o r i n g )  r e q u i r e s  t h e  c o n t r o l l e r  
t o  t a k e  c h a r g e  o f  t h e  a i r c r a f t  n a v i g a t i o n  (ICAO Doc. 4444-RAC/501/11 - PANS/RAC, 
Chapter  1 0 ,  1 .7 .2 )  which r e q u i r e s  a l l  h i s  a t t e n t i o n .  F o r  t h a t  r e a s o n ,  i t  i s  n o t  
recommended t h a t  a  c o n t r o l l e r  perform r a d a r  v e c t o r i n g  o f  more t h a n  f o u r  a i r c r a f t  
s i m u l t a n e o u s l y .  

It should  b e  p o i n t e d  o u t  t h a t  r a d a r  v e c t o r i n g  demands a  heavy m e n t a l  e x e r c i s e  
from t h e  c o n t r o l l e r .  He h a s  t o  compute and i n t e g r a t e  r a p i d l y  s e v e r a l  p a r a m e t e r s  and 
i t e m s  of i n f o r m a t i o n ,  such a s :  pe r formances ,  s p e e d s ,  h e a d i n g s ,  a l t i t u d e s ,  o b s t a c l e s ,  
wea ther  c o n d i t i o n s ,  h e t e r o g e n e o u s  t r a f f i c ,  e t c .  

When t h e  d e p a r t u r e  c o n t r o l l e r  most needed h i s  a s s i s t a n t  t o  h e l p  m o n i t o r  t h e  
t r a f f i c ,  t h e  l a t t e r ,  a l t h o u g h  i n  h i s  p o s i t i o n ,  was d o i n g  t h e  work t h a t  s h o u l d  be done 
by t h e  f i n a l  approach  c o n t r o l  p o s i t  i o n  ( p o i n t - t o - p o i n t  communications w i t h  Rio  d e  J a n e i r o  
tower ,  in forming  t r a f f i c  (PP-VLY) making t h e  approach  t o  t h a t  a i r p o r t ) .  
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The l a c k  of a n  e f f e c t i v e  performance by t h e  a s s i s t a n t  d e p a r t u r e  c o n t r o l l e r  
w a s  due t o  t h e  fo l l owing  f a c t s :  

a )  t h e  t e l e p h o n i c  communications between approach c o n t r o l  and Rio de J a n e i r o  
tower,  which i s  t h e  r e s p o n s i b i l i t y  of t h e  a r r i v a l  a s s i s t a n t  c o n t r o l l e r ,  
was be ing  made by t h e  a s s i s t a n t  d e p a r t u r e  c o n t r o l l e r ;  

b) t h e  grouping  of s e c t o r s  should  n o t  have been o rde red ,  s i n c e  t h e  f a i l u r e  
of No. 1 r a d a r  s c o p e ' s  a lphanumeric  sys tem d i d  n o t  r ende r  i t  u n f i t  f o r  
o p e r a t i o n ,  p a r t i c u l a r l y  when t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  g r e a t  
amount of t r a f f i c  f l y i n g  i n  t h e  t e r m i n a l  c o n t r o l  a r e a  a t  t h a t  t ime;  

c )  t h e  c o - o r d i n a t i o n  of approach c o n t r o l  o p e r a t i o n s  was b e i n g  done by 
one c o - ~ r d i n a t o r  o n l y ,  when i t  should  have  been done by two of them 
( a r r i v a l  co -o rd ina to r  and d e p a r t u r e  c o - o r d i n a t o r ) .  

The d e f i c i e n t  s u p e r v i s i o n  a t  t h a t  moment al lowed a n  abnormally heavy workload 
t o  be p laced  on t h e  d e p a r t u r e  c o n t r o l l e r .  T h i s  f a c t  became e v i d e n t  from t h e  fo l l owing :  

a )  t h e  s imu l t aneous  v e c t o r i n g  of f i v e  a i r c r a f t ;  

b) t h e  grouping  of p o s i t i o n s  due t o  t h e  alphanumeric  system of No. 1 r a d a r  
scope  b e i n g  i n o p e r a t i v e ;  

c )  t h e  a s s i s t a n t  d e p a r t u r e  c o n t r o l l e r  per forming  t a s k s  o u t  of h i s  
e s t a b l i s h e d  a r e a  of r e s p o n s i b i l i t y ;  

d )  t h e  d e f i c i e n t  co -o rd ina t i on  between t h e  tower and approach c o n t r o l .  

A t  2130:25 h ,  LH 527 was c r o s s i n g  1 0  NM n o r t h  of t h e  aerodrome wh i l e  t h e  
d e p a r t u r e  c o n t r o l l e r  was v e c t o r i n g  a n o t h e r  t r a f f i c  i n  t h e  s o u t h  s e c t o r  of t h e  t e r m i n a l  
(lower p a r t  of s cope ) .  

Between t h e  t ime  when t h e  d e p a r t u r e  c o n t r o l l e r  e s t a b l i s h e d  r a d a r  c o n t a c t  w i th  
t h e  a i r c r a f t ,  a l r e a d y  on heading  040' a t  2  000 f e e t  and i n c r e a s i n g  i t s  speed ,  and t h e  
t ime he i s s u e d  t h e  i n s t r u c t i o n  f o r  t h e  a i r c r a f t  t o  change heading ,  1 min 56 s had e l a p s e d ,  
o f  which 1 min 41  s was w i thou t  any r a d i o  communication between d e p a r t u r e  c o n t r o l  and 
Lli 527. 

Upon l i s t e n i n g  t o  t h e  t r a n s c r i b e d  crew conve r sa t i on  from t h e  v o i c e  r e c o r d e r  
du r ing  t h a t  pe r iod  of t ime  ( 1  min 41 s )  we could  fo rmu la t e  t h e  fo l l owing  hypo thes i s :  

a )  A t  2128:47 h  t h e  c a p t a i n  s ays :  " I n c r e a s e  speed he  on ly  s a id" .  

Th i s  s t a t emen t  seemed t o  i n d i c a t e  t h a t  t h e r e  might have been doubts  
on t h e  p a r t  of t h e  crew a s  t o  how much they  should i n c r e a s e  i t s  speed.  
A t  t h i s  t ime  t h e  a i r c r a f t  was pa s s ing  through 242 k t .  

b )  A t  2128:55 h  one crew member s ays :  "280 ..." 
T h i s  number (unders tood  among u n i n t e l l i g i b l e  words) s u g g e s t s  under 
t h e  c i r cums tances  a  r e f e r e n c e  t o  speed ,  and may have been s a i d  by 
t h e  c o - p i l o t ,  p robably  a s k i n g  i f  t h a t  would be t h e  speed t o  m a i n t a i n ,  
s i n c e  t h e  a i r c r a f t  was c r o s s i n g  253 k t  IAS a t  t h e  moment. 
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c)  A t  2129:04 h  t h e  c a p t a i n  s a y s :  "... I am on two now ..." 
T h i s  p h r a s e  s u g g e s t s  a r e f e r e n c e  t o  t h e  communications equ ipment ,  
p o s s i b l y  t h e  No. 2  VHF, which was found set a t  d e p a r t u r e  c o n t r o l  
f r e q u e n c y  (120.3) .  

d )  A t  2129:29 h t h e  c a p t a i n  s a y s :  ". .. We a r e  under  r a d a r ,  t h a t  means 
t h e o r e t i c a l l y  n o t h i n g  c a n  happen t o  u s  . . ." 
T h i s  p h r a s e ,  a f t e r  one  m i n u t e  w i t h o u t  c o n t a c t  between LH 527 and 
d e p a r t u r e  c o n t r o l ,  seems t o  i n d i c a t e  t h a t  t h e  c a p t a i n  was n o t  
e n t i r e l y  s a t i s f i e d  w i t h  t h e  f l i g h t  p r o g r e s s ,  p r o b a b l y  d u e  t o  
t h e  t i m e  e l a p s e d  f l y i n g  on t h a t  c o u r s e  and a t  t h a t  a l t i t u d e ,  and 
he  was r e l y i n g  on t h e  r a d a r  c o n t r o l l e r  a s  f a r  a s  t e r r a i n  c l e a r a n c e  
was concerned.  

S u p p o r t i n g  t h i s  h y p o t h e s i s ,  t h e  f o l l o w i n g  p h r a s e s ,  pronounced by t h e  c a p t a i n ,  
s u g g e s t  a  c o n s u l t a t i o n  of t h e  c h a r t  of minimum s a f e  a l t i t u d e s  of t h e  Rio d e  J a n e i r o  
t e r m i n a l  a r e a .  

C a p t a i n :  "2 000 f t " .  

T h i s  a l t i t u d e  ( u t t e r e d  a f t e r  i n i n t e l l i g i b l e  words)  s u g g e s t s  t h a t  t h e  c a p t a i n  
was check ing  on t h e  c h a r t  t h e  minimum s a f e  a l t i t u d e  i n  t h e  a r e a  where t h e y  were f l y i n g .  

C a p t a i n :  " W e l l ,  Cax ias  is 20123 m i l e s  2  000 f t  and i s  r i s i n g  up t o  4  000". 

T h i s  p h r a s e  s u g g e s t s  t h a t  t h e  c a p t a i n  had v e r i f i e d  on t h e  c h a r t  t h a t  h e  cou ld  
f l y  a t  2  000 f t  c l o s e  t o  23 NM DME VOR Caxias ,  where t h e  minimum s a f e  a l t i t u d e  r o s e  t o  
4 000 f t .  

During t h i s  q u i c k  g l a n c e  a t  h i s  c h a r t ,  t h e  c a p t a i n  o b v i o u s l y  b e l i e v e d  t h a t  t h e  
c h a r t  was a l i g n e d  w i t h  magne t ic  n o r t h ,  t h e r e b y  assuming h i s  c o u r s e  t o  be 040 d e g r e e s  
magne t ic ,  f u r t h e r  r i g h t  ( o r  s o u t h )  t h a n  h e  a c t u a l l y  was. Not r e a l i z i n g  t h e  v a r i a t i o n  
of lgOW, he  p r o b a b l y  concluded t h a t  h e  was f u r t h e r  s o u t h ,  i n  a n  a r e a  i n  which t h e  
a l t i t u d e  of 2  000 f t  would b e  s a f e  f o r  some t i m e  l o n g e r .  

P o s s i b l y  t h e  r e s u l t  o f  s u c h  c o n s u l t a t i o n  had g i v e n  t h e  crew t h e  t r a n q u i l l i t y  
showed i n  t h e  subsequent  manoeuvre u n t i l  t h e  a c t i v a t i o n  of t h e  GPWS. 

A t  2130:34 h  t h e  d e p a r t u r e  c o n t r o l l e r  t u r n e d  h i s  a t t e n t i o n  once  more t o  LH 527, 
a t  t h e  moment c r o s s i n g  10.66 NM, and was s u r p r i s e d  by t h e  p o s i t i o n  of t h e  a i r c r a f t  beyond 
t h e  1 0  NM r a n g e ,  whereas  by  h i s  c a l c u l a t i o n  i t  s h o u l d  b e  b e f o r e  t h i s  p o i n t .  T h i s  had 
happened, owing t o  LH 527 hav ing  i n c r e a s e d  i t s  speed  beyond t h e  l i m i t  (250 k t  IAS) which 
was p r e s c r i b e d  i n  t h e  l e g i s l a t i o n  and which t h e  c o n t r o l l e r  had i n  mind. Another  c o n t r i b u -  
t i n g  f a c t o r  was t h e  wind which a t  t h a t  moment was blowing a l m o s t  a t  t h e  a i r c r a f t ' s  t a i l ,  
w i t h  a n  i n t e n s i t y  of 1 3  k t .  The c o n t r o l l e r  immedia te ly  i n s t r u c t e d  t h e  a i r c r a f t  t o  t u r n  
r i g h t  t o  a  h e a d i n g  of  140°, which was done by LH 527 e n t e r i n g  a  normal t u r n ,  a l t h o u g h  
w i t h o u t  acknowledging t h e  message. As h e  d i d  n o t  r e c e i v e  a n  answer ,  a f t e r  2 s t h e  
c o n t r o l l e r  r e p e a t e d  t h e  i n s t r u c t i o n  f o r  a  r i g h t  t u r n  and added t h a t  t h e  a i r c r a f t  shou ld  
c l imb w i t h o u t  r e s t r i c t i o n .  At t h i s  moment LH 527 acknowledged t h e  message and r e p o r t e d  
l e a v i n g  2  000 f t  t u r n i n g  t o  140°. Not ing t h e  c r i t i c a l  s i t u a t i o n  of t h e  a i r c r a f t ,  t h e  
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c o n t r o l l e r  i s s u e d  a n o t h e r  i n s t r u c t i o n  t o  LH 527, t e l l i n g  i t  t o  con t inue  t h e  r i g h t  t u r n  
u n t i l  160° and t o  i n c r e a s e  t h e  r a t e  of c l imb t o  3 000 f t  min. i n  an  a t t e m p t  t o  avoid 
o b s t a c l e s .  A t  t h a t  t ime t h e  GPWS sounded i n  t h e  c o c k p i t  and t h e  p i l o t  immediately made 
an ascending  manoeuvre of 3.2 G s ,  which however d i d  n o t  avo id  t h e  c o l l i s i o n  w i th  t h e  
t e r r a i n .  

The c o n t r o l l e r ' s  t o n e  of v o i c e  was on ly  s l i g h t l y  u p s e t  which i n  con junc t i on  
w i th  t h e  u se  of t h e  words " j u s t  now" i n s t e a d  of "immediately", f a i l e d  t o  g i v e  t h e  crew 
an  impress ion  of imminent danger .  On t h e  o t h e r  hand,  t h e  smooth and calm a c t u a t i o n  
of t h e  a i r c r a f t  c o n t r o l s  i n  per forming  t h e  i n i t i a l  manoeuvre showed t h a t  t h e  crew d i d  
n o t  have t h e  s l i g h t e s t  awareness  of t h e  o b s t a c l e ' s  p rox imi ty .  

It should  be no t ed  t h a t  when t h e  GPWS sounded, t h e  a i r c r a f t  was a l r e a d y  t oo  
c l o s e  t o  t h e  o b s t a c l e s  f o r  a n  e f f e c t i v e  e v a s i v e  manoeuvre because  t h e  t e r r a i n  r i s e s  up 
s h a r p l y  a t  t h e  a c c i d e n t  s i te .  

3. CONCLUSIONS 

3 .1  A f t e r  a n a l y s i s  of t h e  f a c t s  r evea l ed  i n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  Board 
concluded t h e  fo l l owing :  

1 )  The c a p t a i n  accep t ed  t h e  take-off  c l e a r a n c e ,  a l t h o u g h  h e  had n o t  
rec.eived complete  i n s t r u c t i o n s  f o r  t h e  e n t i r e  d e p a r t u r e  procedure  
t o  be  fo l lowed a f t e r  t ake -o f f .  

2) The approach c o n t r o l  co -o rd ina to r  d i d  n o t  a d v i s e  t h e  d e p a r t u r e  
c o n t r o l l e r  t h a t  t h e  a i r c r a f t  (RG-409) imposing r e s t r i c t i o n s  on 
t h e  normal p r o f i l e  of s t a n d a r d  cl imb procedure  (DEP 1 6 )  t o  LH 527 
was no  l onge r  t r a f f i c  f o r  i t  a t  t h e  t ime  t h a t  t h e  a i r c r a f t  a c t u a l l y  
took o f f .  

3)  The d e p a r t u r e  c o n t r o l l e r  i s s u e d  incomple te  i n s t r u c t i o n s  t o  LH 527 
n e i t h e r  g i v i n g  any e x p l a n a t i o n  of h i s  r e a s o n s  f o r  v e c t o r i n g  i t ,  
n o r  g i v i n g  a l t e r n a t e  p rocedu re s ,  no r  s t a t i n g  any l i m i t a t i o n s .  

4 )  The crew d i d  n o t  r e q u e s t  from d e p a r t u r e  c o n t r o l  any c l a r i f i c a t i o n s  
of t h e  i n s t r u c t i o n s  r ece ived .  

5 )  The c a p t a i n  of LH 527 probably  i n t e r p r e t e d  t h e  i n s t r u c t i o n  t o  i n c r e a s e  
speed ,  i f  f e a s i b l e ,  a s  an  exemption from any speed l i m i t a t i o n s  s o  t h a t  
t h e  a i r c r a f t  exceeded t h e  speed l i m i t  of 250 k t  IAS p r e s c r i b e d  below 
10  000 f t  w i t h i n  t h e  t e r m i n a l  c o n t r o l  a r e a  and f i n a l l y  reached  
approximate ly  304 k t  IAS. 

6 )  While LH 527 i n  t h e  n o r t h  s e c t o r  of t h e  r a d a r  scope  was f l y i n g  towards 
mountainous t e r r a i n  and i n c r e a s i n g  i t s  speed ,  t h e  c o n t r o l l e r  was busy 
v e c t o r i n g  a n  e x c e s s i v e  amount of a i r c r a f t  i n  t h e  sou th  s e c t o r .  

7) A t  t h e  same t ime t h a t  LH 527 was p r o g r e s s i n g  i n  t h e  n o r t h  s e c t o r ,  
t h e  a s s i s t a n t  d e p a r t u r e  c o n t r o l l e r  was do ing  t a s k s  t h a t  h e  was n o t  
expec ted  t o  do; t h e r e f o r e ,  n o t  a s s i s t i n g  t h e  d e p a r t u r e  c o n t r o l l e r  
i n  mon i to r ing  t h e  t r a f f i c .  

8) The s u p e r v i s o r  on du ty  f a i l e d  when h e  al lowed t h e  development of 
t h e  approach c o n t r o l  o p e r a t i o n  i n  such a  way a s  t o  p l a c e  an  u n d e s i r a b l y  
heavy work-load on t h e  d e p a r t u r e  c o n t r o l l e r .  
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9) On t h e  b a s i s  of a  h y p o t h e t i c a l  a s s u m p t i o n ,  t h e  b r i e f  c h e c k i n g  of 
t h e  Radar TMA C h a r t  ( p u b l i s h e d  by LH) performed by t h e  c a p t a i n  
t o  v e r i f y  t h e  a i r c r a f t ' s  p o s i t i o n  c o u l d  p o s s i b l y  have g i v e n  t h e  
crew a  f a l s e  i m p r e s s i o n  of s a f e t y ;  p r o b a b l y  because  t h e  c a p t a i n  
assumed t h a t  h i s  p o s i t i o n  was f u r t h e r  t o  t h e  r i g h t  t h a n  h i s  
a c t u a l  f l i g h t  p a t h  r e a l l y  was, n o t  r e a l i z i n g  t h e  l o c a l  v a r i a t i o n  
of lgOW. Thus h e  b e l i e v e d  t h a t  he was f l y i n g  i n  a n  a r e a  i n  
which h e  c o u l d  p roceed  s a f e l y  i n  t h a t  head ing  and a l t i t u d e  f o r  
some t ime l o n g e r .  The l i m i t e d  e x p e r i e n c e  o f  t h e  c a p t a i n  i n  t h e  
a r e a  ( i t  was h i s  t h i r d  f l i g h t  i n  t h e  r e g i o n )  may have c o n t r i b u t e d  
a l s o  t o  t h i s  f a l s e  i m p r e s s i o n  of s a f e t y .  

3 . 2  P r o b a b l e  Causes  

Based on t h e  above c o n c l u s i o n s ,  it i s  c l e a r  t h a t  t h e r e  was a  breakdown i n  
t h e  team-work of t h e  p e r s o n n e l  on d u t y  i n  R i o  approach c o n t r o l  a t  t h a t  t i m e .  

The d e p a r t u r e  c o n t r o l l e r ,  th rough  incomple te  i n s t r u c t i o n s ,  caused  LH 527 
t o  f l y  f o r  a p e r i o d  of t i m e  on a  head ing  and a t  an a l t i t u d e  t h a t  l e d  t h e  a i r c r a f t  t o  
c o l l i s i o n .  

The a s s i s t a n t  c o n t r o l l e r ,  t h e  c o - o r d i n a t o r  and t h e  s u p e r v i s o r  on d u t y  d i d  n o t  
s u p p o r t  t h e  d e p a r t u r e  c o n t r o l l e r  a s  t h e y  should  have  done. 

A c o n t r i b u t i n g  f a c t o r  was t h a t  t h e  crew a c c e p t e d  t h e  incomple te  ATC i n s t r u c t i o n s  
(no c l e a r a n c e  l i m i t  o r  a l t e r n a t e  p r o c e d u r e )  and f l e w  d u r i n g  1 min 4 1  s w i t h o u t  b i l a t e r a l  
communications and i n  a  combina t ion  of h e a d i n g ,  a l t i t u d e  and s p e e d ,  w i t h o u t  b e i n g  aware 
of t h e  p o t e n t i a l  danger  i n h e r e n t  i n  t h e s e  i n c o m p l e t e  i n s t r u c t i o n s .  

4 .  SAFETY RECOMMENDATIONS 

1) To modify t h e  system of o p e r a t i o n  from c i r c u l a r  a r e a s  t o  s e c t o r i a l  a r e a s  
( a l r e a d y  e x e c u t e d ) .  

2 )  To e l a b o r a t e  and t o  p u b l i s h  IFR p r o c e d u r e  t o  l a n d  on Runway 27 ( a l r e a d y  
e x e c u t e d ) .  

3) To e l a b o r a t e  and t o  p u b l i s h  a  Minimum S a f e  A l t i t u d e  C h a r t  f o r  r a d a r  
v e c t o r i n g  i n  t h e  Rio d e  J a n e i r o  t e r m i n a l  c o n t r o l  a r e a  ( a l r e a d y  e x e c u t e d ) .  

4 )  To u t i l i z e ,  normal ly ,  s u r v e i l l a n c e  r a d a r  s e r v i c e ,  p e r f o r m i n g  r a d a r  
v e c t o r i n g  o n l y  i n  c a s e  o f  o p e r a t i n g  n e c e s s i t y .  S p e c i f i c a l l y  f o r  IFR 
d e p a r t u r e ,  i t  is recommended t h a t  a l l  a i r c r a f t  shou ld  comply w i t h  t h e  
p r e s c r i b e d  c l imb p a t t e r n  w i t h  a d e q u a t e  v e r t i c a l  s e p a r a t i o n  from 
a r r i v i n g  t r a f f i c  u n t i l  t h e  a i r c r a f t  h a s  r e a c h e d  t h e  minimum s a f e  
a l t i t u d e  f o r  t h e  s e c t o r  under  c o n s i d e r a t i o n .  

5 )  To e n s u r e  t h a t  t h e  c o n t r o l l e r s  a s s i g n e d  t o  c o n t r o l  p o s i t i o n s  i n  Galeao 
tower and approach  c o n t r o l  have  a n  a d e q u a t e  knowledge of t h e  E n g l i s h  
language.  
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6 )  To p l a n  t h e  i n s t a l l a t i o n ,  i n  a l l  l o c a t i o n s  where t h e  c o n t r o l  
u t i l i z e s  r a d a r  equipment ,  of a  system of au toma t i c  r eco rd ing  
of t h e  r a d a r  p i c t u r e ,  which would g r e a t l y  f a c i l i t a t e  t h e  work 
of a c c i d e n t l i n c i d e n t  i n v e s t i g a t i o n ,  a s  w e l l  a s  pe r sonne l  t r a i n i n g .  
The compulsory n a t u r e  of such  equipment was a l r e a d y  d i s c u s s e d  a t  
t h e  I C A O  Accident  P r e v e n t i o n  and I n v e s t i g a t i o n  D i v i s i o n a l  Meeting 
(1979). 

7) The c o n t r o l l e r s  should always b e a r  i n  mind t h a t  a  d e l a y  on t h e  
ground i s ,  by a l l  means, p r e f e r a b l e  t o  t h e  ma in t a in ing  of t h e  
a i r c r a f t  a t  low a l t i t u d e  and w i t h  e x t e n s i o n  of f l i g h t  p a t h .  

8) The p i l o t  should  always c a r r y  o u t  h i s  own n a v i g a t i o n ,  checking  
a l l  t h e - i n s t r u c t i o n s  r e c e i v e d ,  b e a r i n g  i n  mind t h a t  r a d a r  s e r v i c e  
of any t ype  can  become i n o p e r a t i v e  a t  any t ime ,  and any doubt  
concern ing  t h e  i n s t r u c t i o n s  r e c e i v e d  should  be immediately 
c l a r i f i e d .  

9 )  A l l  a e r o n a u t i c a l  c h a r t s  t o  b e  used f o r  a i r  t r a f f i c  o p e r a t i o n s  i n  
t e r m i n a l  c o n t r o l  a r e a s  should  be a l i g n e d  w i th  magnet ic  n o r t h .  

I C A O  Note: Appendices A,  B ,  C ,  D t o  t h e  r e p o r t  a r e  n o t  reproduced.  

I C A O  Ref . :  197179. 
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No. 3 

Boeing 727-25, N8139, incident at  Atlanta lnt ernat ional  Airport , 
Georgia, Unfted States, on 22 August 1979. 
Repart No. NTSB-AAR-80-6 dated 28 May 1980 

released by the  Eational Transpartation S a f e t y  Board, United States. 

SYNOPSIS 

On August 22, 1919, Eastern Airlines, Ine., Flight 693, a Boeing 127-25, encountered a 
small but intense rainshower with associated wind shears on the final approach to t h e  William 
B. Hartsfield Atlanta International A irport, Atlanta, Georgia. The aircraft, with 7 1 
passengers and 6 crew members on board, came within 375 f t  of crashing before it exited the 
shower and a missed approach was completed. 

The National Transportation Safety Board determined that the probable cause of this 
incident was the unavailability to the Rightcrew of timely information concerning a rapidly 
changing weather environrnen t along the instrument landing system final approach course. 
The unavailability of this data resulted in an inadvertent encounter with a localized but heavy 
rainshower with associated wind shears which contained changes in the horizontal and 
vertical wind velocities which required the flightere w to use extreme recovery prwedures to 
avoid an accident, Contributing to this incident was the  lack of equipment for the airport 
terminal area that could have detected, monitored, and provided quantitative measurements  
of wind shear both sbove end outside the airporf s boundaries. 

FACTUAL MFORMATIOA 

History of the Plight 

About 1512, 1J on August 22, 1979, Eastern Airlines Inc., Flight 693,  a 
Boeing 7 27-25, encountekd a localized but heavy r ainshawer with associated wind 
shears on the f i n d  approach to landing on runway 27L a t  the William B. Hartsfield. 
Atlanta International Airport, Atlanta, Georgia. 

Flight 693, a regularly scheduled passenger flight, was en route to 
Atlanta from Indianapolis, Indiana, with 71 passengers and 6 crewmembers on 
board. According to the flightcrew, the en route portion of the trip was routine, 
and as the flight approached Atlanta, it was cleared to descend and vectored into 
position for an instrument landing system (ILS) approach to  runway 27L. The first 
officer was flying the aircraft. 

1/ ALI times herein are eastern daylight t ime ,  based on the 24-hour clock. - 
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According to  the flightcrew, they had received Automatic Terminal 
Information Service (ATIS) information MIKE which s ta ted  in part,  "Atlanta 
weather, three  thousand five hundred scattered, est imated ceiling one three  
thousand broken, t h ree  zero  thousand broken, visibility eight (miles), t empera ture  
eight-nine, wind two three zero  degrees a t  seven (knots), a l t imeter  three  zero  zero  
zero. ILS approaches runway 26. ILS approaches runway 27L. Simultaneous ILS 
approaches in progress. . . . Advise on initial contact  you have information MIKE." 
The flightcrew did not inform the  controller t ha t  they had received ATIS 
information MIKE. 

As Flight 693 approached the Atlanta area, the flightcrew said tha t  
they observed thunderstorms in the vicinity of the  airport both visually and on the  
a i rc raf t  weather radea, and they monitored the s torms during the  descent. 
According t o  the pilots, t he  s torms were "scat tered '  and were located t o  the  north 
and t o  the south of the  approach course to runway 27L. The captain said that  there  
was one cell south of the approach course and thee cells, aligned on a north-south 
axis, t o  the north of the approach course. The southernmost cell  of the three  
northern cells appeared to be located on the  approach course t o  runway 26, which 
is 5,500 f t  north of runway 27L. 

The captain said that he placed his radar set in the  contour mode t o  
examine the  cells while t he  flight was inbound t o  the  outer  marker (OM) of t h e  ILS 
approach to runway 27L. However, he could not recall what he saw in grea t  detail. 
He said that  he was not concerned with the three  "litt le cells" t o  the  north which 
resembled "three l i t t l e  bubbles....about t h e  s ize of eraser  heads"; he  was more 
concerned ebout t he  cell t o  the s o u t h  

Atlanta approach control continued to  vector Flight 693 toward the  ILS 
approach c o m e .  A t  1508:09, the  controIler cleared the  flight t o  cross Anval--an 
intersection located 3.5 nmi east of the OM and 8.5 nmi eas t  of the t h e  threshold 
of runway 27L--at 3,500 f t ,  2/ t o  maintain 170 kns indicated airspeed (KIAS) t o  t he  
OM, and to  contac t  t he  tower. A t  1510, Flight 693 reported over Anval. The local 
controller cleared t h e  flight t o  land on runway 27L and added, "the winds a re  calm 
and keep your speed up as long as feasible on final, sir. You'll break out  of t ha t  
rainshower in about  3 miles, and there is rain down the middle of runway 27 l e f t  
right now." Flight 693 acknowledged receipt of the transmission. The local 
controller said tha t  t h e  rainfall  was of moderate intensity. 

According to the  captain, he  monitored the communications between 
the local controller and t h e  two flights which were ahead of his a i rc raf t  on the  
approech-Delta Airline's Flight 1154, a Lockheed 1011, and Delta  Flight 452, a 
Boeing 727. At 1509:24, t he  local controller cleared Flight 452 t o  follow Flight 
1154 for  landing and informed the  flight tha t  there was a shower on the  "approach 
end of runway two seven left." A t  1509:54, Flight 1154 told t h e  local controller 
t ha t  i t  was "clearing" the runway "in tha.t shower that's (unintelligible) end of the  
runway now." 

Flight 693 intercepted the glide slope outside .of the  OM at 3,500 f t .  
The f irs t  officer said that  he used his fuel flow meters  t o  establish the  desired 
thrust settings for the descent, and accordingly, established a fuel flow of about 
3,500 t o  3,800 pounds per hour (pph) on each engine. Except for  minor adjustments  

2/ A l l  altitudes herein are  mean sea level unless otherwise spec i f ied  \ - 
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t o  keep the aircraft on the desired descent path, he said he maintained those thrust 
settings until the aircraft encountered the intense rainshower. According to the 
engine manufacturer 3,500 pph fuel now would produce 4,650 Ibs thrust at 2,000 f t 
and 4,580 lbs thrust at 1,000 f L  

The aircraft was placed in the landing configuration at the OM and the 
f i n d  lclnding checklist was completed before the heav rainshower and wind shear 
were encountered The landing flap setting was 30: and the mrnputed missed 
approach or go-around engine pressure ratio (EPR) setting was 1.93, The reference 
speed for the final approach was 120 KIAS; however, the first officer said that he 
attempted to hold 135 KIAS after passing the OM. H e  also said that he kept about 
a 2" to 3' noseup pitch attitude to stay on the ILS glide slope, and that after 
leaving the OM, the rate of descent was  about 500 t o  706 fpm. 

The nightcrew wid that the ground was in sight as the aircraft 
overflew the OM. The aircraft was flying in Iight rain, light turbulence, and 
experiencing na little bit of airspeed fluctuation." At 1,000 f t above ground level 
(a.g.1.1, the rain and turbulence increased. The crew said that the turbulence 
became "moderatet1 and remained at that level until the aircraft flew out of the 
precipitation. The rain became "heavy" and, according to the flight engineer, it 
was heavy enough to increstse the noise level within the eoekpit. Ground visibility 
was lost and was not regsined until after the aircraft flew out of t h e  area of 
precipitation. The flight engineer said that the aircraft reentered e cloud layer as 
the rain and turbulence increased; however, the pilots were unable to confirm this, 
because of the amount of rain on the windscreens. 

About 1,000 ft  kg.1. and simultaneous with the  increased levels of rain 
and turbulence, the indicated airspeed began to fluctuate. The first officer said it 
decreased from about 135 KEAS t o  about 120 KIAS, increased to about 140 KIAS, 
and then, e few seconds hter, decreased to between 108 and I10 KIAS. When the 
airspeed began to decrewe, the first officw noted that the rate of descent had 
increased to 1,000 fpm. A t  800 ft  &gal., he rotated the aircraft to a 10' noseup 
pitch attitude, advanced the thrust levers, and called for takeoff power. The 
captain then refined the thrust setting to the missed approach or takeoff power 
setting. 

According to the first officer, the pitch correction and added thrust had 
no effect. The descent rate increased to 1,500 fpm and then t o  2,000 fpm, The 
first officer then rotated the aircraft to a 15" noseup pitch ettitude and sdvanced 
the thrust levers to their forward stops to obtain whatever thrust that  was 
"evailable at that time." The captain again insured that the thrust levers were 
against their forward stops. 

At 500 to 600 ft ag.l., and at an airspeed of between 105 KIAS and 110 
KIAS the sta l l  warning system's stickshaker activated. Almost simultaneous with 
stickshaker activation, the ground proximity warning system (GPWS) activated; the 
below glidepa th light illurn inated; and the audio "pull-uptr and whooper warnings 
began. The captain said that the stickshaker and GPWS warnings continued to 
operate until the descent rate was arrested and recovery began. We estimated that 
the s ta l l  warning system operated for about 10 to 20 see. 

When the stickshaker activated, the first officer said that be reduced 
the aircraft's noseup pitch angle from 15" to about 12' noseup and tha t  the 
stickshaker- stopped shortly thereafter. However, the captain said that he believed 
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the first officer "overreacted" to the stickshaker when h e  lowered the nose. He 
told the first officer to pull the nose up when the pitch angle reached "about ten to  
twelve degrees." The first officer estimated that the stall warning operated about 
5 to 10 see. A t  this point, the flight engineer said that  the instantaneous vertical 
velocity indicator (IVSI) depicted a 2,100 to  2,200 fpm rate of descent. 

According ta the flightcrew, the aircraft f l ew out of the precipitation 
at 375 ft  a.g.1. in a right wingdown attitude and began to accelerate. The descent 
was arrested and a dimbout was begun, The landing gear md flaps were raised 
during the dimb, and t h e  aircraft accelerated to 200 KIAS. 

The flight engineer said that t h e  thrust levers were against their 
forward stops for about 30 to 35 sec. The N compressor rpms and exhaust gas 
temperatures (EGT) of all three engines h$d exceedsd their limits and were 
operating within the red bands on their respective gaga The highest readings 
were noted on the Na 3 engine. However, the engines operated satisfactorily 
during the  30- to 35-sec overboost period and for the remaining SO min of flight. 

At 1512:44, the local controller told the flight that the tower had 
received a l o w  altitude alert, check your d tjtude," and then asked if the crew had 
the airport i n  sight, At 1512:52, the captain answered, "...No sir, we kinda missed 
out here." A t  this time, the aircraft was climbing and was accelerating away f ~ o m  
the stdl regime. The captain then told the local controller "There's quite a bit of 
rain . . . a wind shear but there. I don't see how anybody could make an approach 
to the left one," (runway 27L). 

A t  the captein's request, approach control t k n  vectored Flight 693 to a 
clear area south of the airport to hold until the weather cleared A t  1542, landing 
traffic at the airport was switched to the east, en approach clearance to runway 
9R was offered and accepted, and the airmeft was tandea on runway 9R without 
further incident. 

The aircraft, a Boeing 727-25, N8139, was powered by three Pratt and 
Whitnsy JT8D-78 engines. The engines are rated at  14,000 lbs of takeoff thrust up 
to 84' F. Since dl three engines had been subjected to overtemperature and excess 
N rpm, they were removed from the aircraft and shipped to t h e  Eastern Airlinesf 
msintenance faeili ty  at Miami, Plor ida, where they ware disassembled and 
inspected. Two of the engines showed no evidence of heat distress. The 
examination of the No. 3 engine disclosed that the blades of all stages of the 
turbine and the inlet guide vanes were discolored, However, i t  was not possible to 
ascertain if the discoloration resulted from one instantaneous overtempera ture or 
from normal engine usage. 

The aireraft was equipped with a Bendix X-band weather radar. The 
equipment's gain control had a fixed gain position which, according to the 
company's flight manual, provides optimum viewing f a r  normal conditions; 
however, the  gain can be adjusted by rotating the gain control knob. The 
equipment did not have an antenna stabilization swi tch .  The captain said thet he 
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could not recall the tilt angle of the radar antenna, and that he believed that the 
gain control was in "fixed gain position." 

A flight data recorder (FDR) and cockpit voice recorder (CVR) were on 
board the aircraft and were operational. The FDR recording foil was removed and 
a 4-min readout was made. Since only the last 30 min of cockpit communications 
and conversations are retained on the  CVR tape, this tape was not read out. 

Meteorological Information 

At the time of the incident, numerous thunderstorms in the Atlanta 
area were producing heavy rainshowers and gusty surface winds. Except within the 
showers, where the ceiling was probably less than 1,000 f t  and the visibility was 
probably less than 3 mi, the prevailing ceiling was above 3,000 f t  and surface 
visibility was generally greater than 3 mi. The area and terminal forecasts also 
predicted thunderstorm activity over the southeastern United States and in the 
Atlanta area and. the flightcrew had been given these forecasts before they 
departed Indianapolis. 

The investigation showed that the thunderstorm activity began to  build 
in the airport area af ter  1400. By 1500, there were numerous thunderstorms, some 
of which produced heavy rainshowers and gusty winds; the 1445 and 1454 surface 
observations reported winds from 260' a t  16 kns and from 360' a t  4 kns, 
respectively, with a peak gust of 32 kns  during the period. 

The surface weather observations a t  Hartsfield are taken a t  the 
National Weather Service's (NWS) facility which is located about 1.5 nmi north of 
the airport. The first pertinent mention of thunderstorm activity in the airport 
area was a t  1454, a t  which time the following surface observation for the 
Hartsfield-A tlanta Airport was issued 

1454, record special, estimated ceiling 3,000 f t  
overcast, visibility--4 s ta tute  miles, thunderstorm, 
light rainshowers,- t e rnpera t~re - -79~  F, wind--360° a t  
04 k n s  gusting t o  32 kns, altimeter setting--30.01 
inHg, thunderstorm began 1450 overhead moving 
northeast, rain began 1433, lightning cloud t o  ground 
northwest. 

This observation was transmitted by telewriter to  the Atlanta approach 
control and tower. At 1500:04, ATIS information ALPHA containing this weather 
was issued; however the wind gust conditions were omitted inadvertently from the 
text. 

During the period between 1153 and 1454, the surface weather 
observations a t  the Atlanta airport showed that the temperature a t  the airport rose 
from 84O to 8g°F. At 1454, about 1 8  min before the incident, the temperature 
dropped to 78O F and remained there for the next 2 hrs. 

The N WSts WSR-57 S-band radar located a t  Athens, Georgia--57 nmi 
east of the airport--also displayed numerous radar echoes of varying intensity 
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levels in the Atlanta area. The intensity of radar weather echoes is expressed in 
the following six levels as set forth in the lrPilot/Controller Glossary" contained in 
Appendix 4, Air Traffic Control Handbook 7110.65A and the Airman's Information 
Manual (AIM): 

"Level 1 - (Weak) - and Level 2 (Moderate) - Light to moderate 
turbulence is possible with lightning 
Level 3 - (Strong) - Severe turbulence is possible, lightning 
Level 4 - (Very strong) - Severe turbulence is likely, lightning 
Level 5 - (Intense) - Severe turbulence, organized wind gusts, hail is 
likely 
Level 6 - (Extreme) - Severe turbulence, lightning, large hail, extensive 
wind gusts and turbulence" 

A properly functioning X-band aircraft weather radar has the capability 
to contour level 3 cells. 

At 1508, the weather radar photographs from the NWS's weather radar 
located a t  Athens showed that a level 2 cell was located about 7 nmi west of the 
aircraft; a level 4 cell was located about 9 nrni northwest of the aircraft; and 
another level 4 cell was located about 2.5 nrni northwest of the threshold of runway 
27L. These photographs also showed a comma-shaped echo over the ILS course to 
runway 27L. At 1508, this echo had a horizontal east-west dimension of about 3.75 
nrni; a t  1518, photographs showed that this dimension had decreased to about 1.4 
nmi. 

A further description of the weather situation was given by Eastern 
Flight 209. Flight 209, a DC-9, was making a parallel ILS approach to runway 26 
and was slightly behind Flight 693 on its approach to runway 27L. According to 
Flight 209's captain, there were three storm cells off his right wing (north), and 
"another big cell1' south of the approach course to 27L. When he went to contour 
mode on his radar all the cells contoured. However, he did not describe any cells 
directly west of his aircraft or Flight 693. 

The WSR-57 S-band weather radar at  Athens only measures energy 
reflected from the precipitation contained in weather targets. It does not have the 
design capability to measure the motion of the air within the cell. During test 
projects conducted from 1976 to 1978, Doppler type of weather radar has 
demonstrated the capability to detect, in real time, air motion and wind 
shear. 31 This type radar is being tested and evaluated a t  the FAA's Technical 
center, Atlantic City, New Jersey. 

The weather returns shown on the color weather radar displays in the 
-4tlanta ATC Center and Approach Control are relayed from the WSR-57 S-band 
radars at  Athens, Bristol, Tennessee, and Centreville, Alabama. These color 
displays were subject to the same limitations as the originating radar systems as 
regards detecting air motion within the storm cells. The color radar displays in the 
center and approach control had been scheduled to undergo evaluations; however, 
the tests had been delayed because of the "fuzzy" quality of the presentations. 

31 NOAA Technical Memorandum ERL NSSL-86, Final Report on the Joint - 
Doppler Operational Project (JDOP), >larch 1979. 
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During interviews of ATC personnel, several supervisors and a controller 
commented on the usefulness of these displays. The comments indicated that these 
displays were of little value for furnishing information to a pilot about the storm's 
intensity or its distance and direction from an aircraft. This shortcoming was 
attributed to the size of the display and the fact that it was a separate unit which 
was not intergrated into the ATC video display. The video displays used to control 
traffic in the approach control facility delineated precipitation areas by a solid line 
around the circumference of the area of precipitation; however, no relationship has 
been established between the six NWS radar echo intensity levels and the intensity 
level of the precipitation displayed within the demarcation line. 

At the time of the incident, a Low Level Wind Shear Alert System 
(LLWSAS) was in service a t  the Hartsfield-Atlanta Airport. The system uses six 
vector-vane type wind sensors which are  positioned on the airport. A centerfield 
wind sensor is positioned north of and a t  about the midpoint of runway 9R127L; the 
other five sensors are positioned circumferentially about the centerfield sensor and 
near the boundary of the airport. The data retrieved from the sensors are inserted 
into and processed by a computer where vector differencing, centerfield averages 
and gust calculations are made; processing time is 1 sec. If preset thresholds are 
exceeded -a 15-kn vector difference, a 9-kn gust factor - these data are  
transmitted to the displays in the tower cab. Vector difference alarms are 
indicated by two audible alarms and flashing digits on the displays. The local 
controller on duty in the tower a t  the time of the incident did not recall hearing or 
observing a system audio or visual alarm either before or after the incident 
occurred. While the system has the capability of detecting surface level wind 
shears within the boundary of the airport, it has little or no capability to detect a 
wind shear aloft or wind shears outside the airport's boundaries. 

Airasft  Performance 

The aircraft performance was calculated by integrating and comparing 
data from the FDR, the Automated Radar Terminal Service ARTS-111 printout, 
ATC transcripts, and the flightcrew's statements concerning the manner in which 
they flew the aircraft. Further verification of these data was sought by analyzing 
the FDR readouts from the aircraft preceding and the two aircraft following Flight 
693 on the appoach to runway 27L. 

Flight 693's FDX foil was undamaged and a readout of the 2 min before 
and the 2 min after the indicated low point of the altitude trace was made. (See 
appendix C.) The OM, which is 5 nmi from the threshold of runway 27L, was passed 
about 58 sec on the readout's time baseline; the lowest altitude--1,400 f t  (about 
375 f t  ag.1.)-occured a t  2 min 9 sec. 

Twenty seconds after the start  of the readout, the pilot began to 
descend from 3,500 ft. Between 20  sec and 98 see, the aircraft descended a t  an 
average rate of 923 fpm to 2,300 ft .  Between 98 sec and 113 see, the aircraft 
descended a t  an average 1,500 fpm to 1,925 ft, and between 113 sec and 129 see, i t  
descended a t  an average 1,969 fpm to 1,400 ft. Thereafter, the aircraft began to 
climb and achieved a rate of climb of about 2,064 fpm. 
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During the first 27 see of the readout, the airspeed was stabilized at 
162 KIAS. About 30 sec before crossing the OM, the airspeed began to increase, 
reaching 184 KIAS within 8 sec and then restabilizing about 162 KIAS as the OM 
was crossed. Between 70 sec and 100 sec, while the aircraft was descending at  923 
fpm to 2,300 ft, the airspeed decreased to 128 KIAS. Over the next 5 see, the 
airspeed increased to 144 KIAS and then decreased. The lowest airspeed--110 
KIAS--was recorded 9 sec before the lowest altitude was recorded. Beginning at 
120 sec, the airspeed began to increase and reached 209 KIAS at  170 sec. The most 
erratic movements and maximum variations of the airspeed trace occurred 
between 102  sec and 130 sec. These coincided with the maximum descent rates 
noted on the altitude trace and the largest excursions noted on the vertical 
acceleration trace. 

During the first 30 sec of the readout, the aircraft's heading was fairly 
stable on the ILS localizer course heading of 270'. Thereafter, it deviated either 
side of the lmalizer course; to 278' at  64 see; to 262' at  80 sec; and then back to 
270'at 90 see, where it stablized until 115 sec. Over the next 14 sec and during 
the latter part of the aircraft's descent, the heading increased to 290' and then 
returned to 270'. Flight 693's ground track, which was computed from ARTS-111 
bearing and range data, showed that it was aligned on the localizer centerline until 
it was within 2 nrni of the end of the runway. At 2 nmi, the aircraft began to drift 
to the right, and at 1 nrni from the runway end, it was 1,500 f t  to the right of the 
localizer centerline. 

The ARTS-111 printout also provided aireraf t groundspeed, altitude, and 
time. These data were plotted and correlated with the FDR data. The ARTS-111 
altitude and groundspeed data were compared with the FDR altitude and airspeed 
plots. The altitude plots were essentially the same. The FDR airspeed plot was 
corrected to true airspeed 4/ and compared with the groundspeed data. This 
comparison disclosed several large headwind fluctuations during the approach. The 
headwind plot disclosed the following: during the first 20 sec the headwind 
component was about 5 kns; at  38 sec it was 24  kns; a t  50 sec it was 3 kns; a t  60 
sec it was 10 kns and, except for momentary excursions, between 75 sec and 105 
sec it was between 11 to 14 kns. The headwind then decreased and reached zero at  
120 see. Between 120 sec and 135 sec, the headwind component again increased 
and reached its maximum value of 39 kns, and, thereafter, within 10 sec it 
decreased to a 4-kn tailwind. (See appendix A.) Correlation of the FDR and 
ARTS-111 data also showed that the lateral winds acting on the aircraft were 
negligible. 

Correlation of the groundspeed and altitude trace with the ILS 
glidepath showed that the aircraft began its initial descent about 340 f t  above the 
glidepath, and then began a descent correction to intercept it. At the OM, the 
aircraft was 200 ft above the glidepath, At about 4.25 nrni from the end of the 
runway, the glidepath was intercepted; however, the aircraft rose above the 
glidepath again and the descent continued to about 375 f t  a.g.1. About 3.4 nmi 
from the end of the runway, the aircraft intercepted' the glidepath, descended 
through it, and descend to about 375 ft a.g.1. About 2.3 nmi from the end of the 
runway, the aircraft began to climb out. (See appendix B.) 

41 True airspeed is indicated airspeed corrected for altitude and temperature. - 
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The vertical wind component after the first officer rotated the aircraft 
and applied takeoff thrust to begin the missed approach was calculated by 
subtracting the rate of climb capability of the aircraft from the known descent 
rates. Climb capability essentially depends on pitch angle, thrust application, 
airspeed, gross weight, density altitude, and aircraft configuration. Pitch angle, 
thrust application, and aircraft configuration were not available on any recorded 
data. Therefore, flightcrew statements were used for these inputs, and a computer 
program utilized to perform the calculations. 

A computer program based on the relationship between the forces 
acting on the aircraft was conducted by the NASA Ames Research Center. The 
program's objectives were to calculate the vertical wind component and to further 
evaluate the data obtained from the FDR, ARTS-111, and the flightcrew's 
statements. The FDR foil time of 117 sec was selected because of the high 
descent rate recorded at that time, and three computer runs were made for this 
point. The assumptions for the first two runs included takeoff thrust and 10' and 
15' noseup pitch angles based on the flightcrew's statements. These runs did not 
include radar data. The third run included radar data, the calculated maximum 
thrust, and a noseup pitch angle of 12.7'. The calculated vertical wind components 
for the three pitch angles were as follows: 10' noseup pitch -- 49 fps (29.0 kns); 
12.7' noseup pitch - 59 fps (34.9 kns); and 15'noseup pitch - 68 fps (40.3 kns). 

A no-wind condition performance program disclosed that a t  idle thrust, 
landing gear down, and flaps 30°, the aircraft could not have followed the same 
flightpath shown by the obtained data. Under a no-wind condition, the speed 
brakes would have had to have been deployed in order to duplicate the aircraft's 
actual approach profile. 

At the Safety Board's request, the Boeing Commercial Airplane 
Company conducted performance analyses of the incident. Their analyses were 
based on data derived from the FDR and the flightcrew's description of thrust 
settings and aircraft pitch angles used during the descent and missed approach. 
Calculations were made a t  several points along the FDR trace. 

The analyses substantiated the likelihood of downdraft and wind shear 
activity during the approach and go-around maneuver; however, the actual 
magnitudes of the horizontal and verticd wind components could not be 
determined from the available data. 

Comparison of the FDR data to the predicted performance capability of 
the aircraft indicated that at  28-sec FDR foil time the aircraft encountered either 
an increasing headwind or a decreasing tailwind; about 104-sec FDR foil time, the 
aircraft encountered a combined change in horizontal wind velocity and a 
downdraft that ranged in magnitude from 2,000 fpm to about 3,000 fpm; and 
between 1 2 0  sec to  128 sec the aircraft's erratic acceleration and deceleration 
were probably caused by a sudden headwind shear. However, by 130 sec, the 
aircraf t's performance was consistent with predicted capability. 

The analyses indicated that between 20 sec and 83 sec the aircraft 
maintained an approximate 3' glide slope descent and the thrust fluctuated 
between 3' glide slope thrust (about 12,839 lbs) and flight idle thrust (about 921 
lbs). Between 61  and 82 see, the aircraft decelerated a t  1 kn/sec and the sink rate 
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increased from about 900 fpm to about 1,400 fpm. These changes were within the 
aircraft's predicted performance capability and, therefore, were either the result 
of flightcrew action or a downdraft and wind shear encounter. 

In order to corroborate further the conditions on the ILS approach to 
runway 27L, the FDR's recordings of three other aircraft were read out. Delta 
Airlines Flight 452, a Boeing 727, was about 2 min ahead of Flight 693. Its FDR 
recording disclosed that the approach was flown at  160 KIAS and at a descent rate 
between 800 to 900 fpm. Except for a sharp increase of 18 KIAS for about 10 sec 
just outside the OM, the flight's descent path to landing was smooth with little 
variation. The 18-KIAS airspeed excursion took place about the same place where 
Flight 693 experienced a sharp 25-KIAS increase--shortly after intercepting the 
glidepath at 3,400 f t .  

Delta Airlines Flight 128, a Boeing 727, was about 1 min behind Flight 
693. It's FDR recording showed that between 3,200 and 2,900 f t  its rate of descent 
exceeded 1,300 fprn for 9 sec. The descent rate then was reduced and a 900 fprn 
descent rate was maintained to landing. About the same position where Flights 693 
and 452 experienced the airspeed increases, Plight 128 experienced a 10-KIAS 
increase which lasted 10 see. 

Delta Airlines Flight 1742, a McDonnell Douglas DC-9, was the second 
aircraft to follow Flight 693, and it wets about 3 min behind Flight 693. About the 
same position where the other three aircraft encountered airspeed increases, Flight 
I742 experienced a 20-KIAS increase which lasted about 25 see, and the aircraft's 
descent rate increased to about 1,300 fpm. At the point inside the OM where 
Flight 693 had experienced the greatest rate of descent, Flight 1742's descent 
increased to 1,600 fprn for  about 11 sec. After landing, Flight 1742's pilot 
informed the Atlanta tower, 'I,. . you got a nice shear there inside the marker." 

Air Traffic Control Procedures 

FAA Air Traffic Control Handbook 7110.65A (Handbook) contains the 
procedures which govern the handling of arriving air traffic, and the procedures to 
be followed by controllers for relaying pilot weather reports. 

Paragraphs 394 and 1010 d the Handbook contain the procedures 
governing the information a con troller should provide an arriving aircraft. 
Pursuant to paragraph 394, the controller should provide current approach 
information to an arriving aircraft on first radio contact or as soon as possible 
thereafter. However, "Approach information contained in the ATIS broadcast may 
be omitted if the pilot states the appropriate ATIS code.'' If the arriving pilot does 
not state that he has received the appropriate ATIS broadcast, the controller either 
can request the pilot to obtain the ATIS information or provide the following data: 
the approach clearance or type of approach to be expected; the runway, if 
different from that to which the instrument approach is to be made; surface wind; 
ceiling and visibility if the ceiling is reported to be below 1,000 f t  or below the 
highest circling minimum, whichever is higher, or the visibility is less than 3 mi; 
and the altimeter setting. 
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Paragraph 394b states that the controller should issue "any known 
changes classified as special weather observations as soon as possible"; however, 
these need not be issued after they are included in an ATIS broadcast and "the pilot 
states the appropriate code.ll 

Paragraph 1010 contains the landing information that should be 
provided to an aircraft. The paragraph essentially reiterates data contained in 
paragraph 394 and relieves the controller from the requirement to provide data 
contained in the ATIS broadcast if the pilot states that he has received the 
broadcast. 

Air traffic controllers are required to furnish numerous services, and 
the Handbook establishes an order of priority for these services. Paragraph 2 2  
requires that the controller "give first priority to separation of aircraft as required 
in this handbook and to the issuance of safety advisories. Give second priority t o  
other services that are required but do not involve separation of aircraft." Safety 
advisories are defined as those relating solely to the alerting of aircraft t o  
potential conflicts with the terrain, obstructions, or other aircraft. 

Paragraph 981 of the Handbook contains guidance for transmitting low 
level wind shear advisories; however, the procedures contained therein only apply 
to locations equipped with a Low Level Wind Shear Alert System, and methods to  
disseminate data derived from that system. 

During the period 15  min before and after the incident, the ATC 
transcripts disclosed that the tower controllers issued numerous advisories on the 
weather situation. 

A t  1454:12, Delta Flight 208 reported to the Atlanta tower that "there's 
a pretty good wind shear about three hundred f t  from left to right." At 1454:19, 
the tower controller relayed this pilot report to the next aircraft, stating in part, 
"a three hundred ft wind shear from left to right." At 1454:31, Eastern Flight 82 
advised the tower that it had encountered a wind shear a t  "about a hundred f t  there 
was a little one when we landed" At 1455:08, the tower controller passed these 
pilot reports to all aircraft on his frequency, "Okay all aircraft. . . wind shear 
report three hundred f t  from left to  right and a small one at a hundred f t ,  and a 
heavy rainshower off the approach end of the runway (27L).11 At 1456:38, the local 
controller issued the same advisory to Delta Flight 1120. Thereafter, there were 
no further pilot reports concerning wind shear. At 1500:21, the controller asked 
Delta Flight 1132, which had just landed, for a report on wind shear conditions. 
Flight 1132 reported that they had encountered "a little wavy. . . stuff there a t  a 
thousand f t  but down next to the ground didn't seem too bad" Thereafter the 
tower controllers ceased the wind shear advisory. 

A t  1513:00, Flight 693 reported a wind shear encounter to the Atlanta 
tower, stating, "There's quite a bit of rain. . . a wind shear out there. I don't see 
how anybody can make an approach to  the left one." At 1513:11, while the local 
controller was engaged in assisting Flight 693 during its missed approach 
procedure, the tower monitor controller, who has the capability of overriding the 
local controller on the radio, advised Delta Flight 128, the next aircraft on the 
approach, "caution wind shear about a mile and a half ahead" At 1517:08, 
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Delta Flight 1742 reported after landing that there was "a nice shear there inside 
the marker." During the time of these encounters none of the controllers recalled 
noting an alarm by the Low Level Wind Shear Alert System. 

Between 1455 and 1515, only two conversations relating to wind shear 
or wind shifts were recorded at  the local control position for traffic using runway 
26. At 1459:31, Eastern Flight 291 reported a "pretty good wind shift to the left at 
about two hundred ft." This pilot report was passed to the next aircraft. At 
1513:24, the monitor position asked the local control controller for runway 26 if he 
had "any wind shear on your runway?" The controller answered that he had 
received one pilot report concerning wind shear "and that was it." 

Wind Shear Training 

On January 23, 1979, the FAA issued Advisory Circular, AC 00-50A, 
entitled "Low Level Wind Shear." The Circular, which canceled an earlier circular 
on the same subject, included descriptions of the low level wind activity to be 
expected around thunderstorms, the outflow from a "downburst cell," and the 
effects the flow could have on an aircraft on an ILS approach, and recommended 
methods for reporting a wind shear encounter. 

According to the Advisory Circular, there is a strong downdraft in the 
center of the thunderstorm cell and there is often heavy rain in the vertical flow of 
air. As the vertical flow nears the ground, it turns 90° and becomes a strong 
horizontal wind, flowing outward radially from the center. An aircraft traversing 
this type of activity on an ILS approach would fly through a heedwind, a downdraft, 
and a tailwind. The effects of these wind components would be as follows: as the 
airc~aft  enters the headwind component, its airspeed and lift increase and it 
balloons above the glidepath; as the aircraft leaves the headwind and enters the 
downdraft its airspeed and lift decrease and the aircraft begins to sink. The 
downward flow of the air further complicates the situation since it decreases the 
aircraft's angle of attack and increases the sink rate. As the aircraft leaves the 
downdraft, it encounters an increasing tailwind, which further decreases its 
airspeed and lift and increases the sink rate. According to the Circular, the 
"moment of truth" for this situation occurs as the aircraft encounters the headwind 
and rises above the glidepath. If, at that point, the pilot "does not fully appreciate 
the situation" and attempts to regain the glide slope by reducing thrust and pushing 
the nose over, the aircraft will enter the downdraft and subsequent tailwind areas 
with a reduced angle of attack and in a thrust-deficient configuration. Depending 
upon the wind velocities of the downburst activity, the failure of a flightcrew to 
institute a missed approach at  the "moment of truth" or shortly thereafter could 
produce an accident. 

Both the Circular and the AIM urge that pilots report wind shear 
encounters to ATC. Both publications recommend that the report contain the loss 
or gain of airspeed and the altitudes at which it was encountered. The AIM 
contains the following example. "Tulsa Tower, American 72 1 encountered wind 
shear on final, gained 25 kns between 600 and 400 f t  followed by loss of 40 kns 
between 400 ft and surface." The Circular contains a similar example. 
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The Advisory Circular also includes operational procedures designed to 
help a pilot caught in a low level wind shear. The Circular notes that in this 
situation a pilot may pull the noseup and trade speed for altitude; i.e., trade kinetic 
energy for otential energy. However, if a t  or below V or V - minimum 
takeoff sa f ety speed - the trade should be attemdffd on$ in extreme 
circumstances. The Circular states, "Wind shear simulations have shown, however, 
that in many cases trading airspeed for altitude (down to stickshaker activatior 
speed) prevented an accident, whereas maintaining V resulted in ground impact" 
Similar data were contained in a performance published by the Boeing 
Commercial Airplane Company. The study contained an analysis of the 
performance available between Vr and stickshaker speed, and noted, in part, that 
if inadvertently caught in a severeFai1 wind shear and, or, intense downdraft: 

"Simultaneously with commanding go-around power, pitch 
the aircraft up to  the go-around attitude or higher to check 
the rate of descent. Do not worry too much about loss of 
airspeed until approaching stick shaker speeds. . . . " 51 

The procedures contained in the Circular and the Boeing study are reflected in the 
wind shear training programs conducted by the carriers in simulators. The 
simulator training procedures recommend that go-around or takeoff thrust be 
applied when the shear is encountered, and that the aircraft be rotated to the go- 
around attitude or higher if necessary. If the stickshaker activates the pilot should 
reduce his pitch attitude until it ceases and then retain that attitude. 

These procedures are reflected in a "note" contained in the Eastern 
Airlines' Missed Approach Procedure. After requiring in part that the pilot 
simultaneously apply takeoff thrust and back pressure on the yoke to stop the 
descent, raise the flaps to 25O, raise the landing gear after obtaining a positive 
climb rate, and maintain V2 to V2 + 1 0  KIAS, the procedure contains the following 
note: 

"Under adverse conditions, such as a high rate of descent 
near the ground, the body angle required to  establish 
maximum lift may exceed 15'. In extreme conditions, even 
the Flight Director V-bars WILL NOT program sufficient 
body angle to stop descent and establish a climb attitude. 
'STOP DESCENT' REQUIRES THE AIRCRAFT TO BE 
ROTATED UNTIL A RATE OF CLIMB IS ESTABLISHED. 
MAXIMUM LIFT WILL OCCUR BETWEEN 10  TO 15 KNOTS 
BELOW V AT 1.15 TO 1.2 V (stall speed). THIS WILL 
A P P R O A C ? ~ ~ ~  STICK SHAKER ZCTIVATION WHICH WILL 
PROVIDE A WARNING OF OVER-ROTATION AND SPEED 
REDUCTION AT APPROXIMATELY 1.1 Vs." 

During the last few years, all air carriers have programed their flight 
simulators with wind shear models based upon those discovered during the U.S. and 
foreign accident investigations. Flightcrews are required to fly the simulator 
through these wind shear models in order to  recognize the shear and its effect on 
the aircraft, and to familiarize themselves with the flight procedures which have 
been established to eounteract the effects of wind shear. Both the captain and 

51 Boeing Airliner Magazine, pg. 19, January 1977. - 
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first officer stated that they had received this training. The first officer said he 
had never flown the simulator through one of these wind shear models. He had 
received training in the first officer's seat and had been trained to perform the 
tasks required to assist the captain during the maneuver. 

Both pilots stated that the shear encountered on the approach was more 
violent than any they had experienced during their simulator training; however, 
both pilots praised the training they had received. The captain stated that the 
wind shear training "saved us" and that if they had not applied that training, "we 
would not have been able to stay in the air long enough to fly out of it." The first 
officer said that "the simulator was quite accurate in what you would encounter 
and what the airplane might do." He then added, "I think the simulator gives you a 
little more courage than you might have had to try the maneuver." 

ANALYSIS 

The examination of the evidence disclosed that Flight 693, while on the 
ILS approach, encountered a localized but heavy rainshower with associated wind 
shears which included changes of velocities in both the horizontal and vertical wind 
components and that the weather conditions which existed near the airport at the 
t i m e  of the incident contained the potential to produce the wind shear activity 
which the flight encountered. The investigation also revealed deficiencies in the 
ATC procedures employed during the time of the incident, however, these 
deficiencies did not produce or contribute to the incident. 

The intense rainshower and associated wind shear activity during Flight 
693's descent was confirmed by the aircraft performance analyses, the wind 
analyses, and the computer analyses performed at  NASA. The correlation of these 
analyses identified the types of wind motion, the approximate velocities, and the 
time the aircraft encountered them. At 28 sec FDR foil time, the aircraft 
transitioned from a small decreasing tailwind into an increasing headwind. The 
headwind component increased about 20 kns within 7 see. About 104 see, the 
aircraft again encountered an increasing headwind; however, this horizontal shear 
was accompanied by a downward vertical velocity of about 2,000 to 3,000 fpm. 
This calculated downdraft velocity correlated closely with the vertical values 
derived from the NASA computer run made at a 10' noseup pitch attitude, and the 
run made at  a 12.7~noseup pitch attitude. 

According to the first officer and the captain, as the aircraft descended 
beIow the glictepath and the rate of sink increased, the first officer raised the nose 
of the aircraft, advanced the thrust levers, and called for takeoff or missed- 
approach thrust. When this failed to arrest the descent rate, the thrust levers were 
placed full forward to obtain all available thrust, and the aircraft was rotated to a 
15' noseup attitude. At this point, the stickshaker activated and the first officer 
lowered the nose, and attempted to accelerate the aircraft from the stickshaker 
regime. He believed the stickshaker stopped when the pitch attitude was reduced 
to about 12' noseup. Despite the 12' noseup pitch attitude and the thrust 
overboost, the aircraft continued to lose airspeed and to descend. Performance 
calculations indicated that the combination of the airspeed loss and the downdraft 
exceeded the climb capability of the aircraft. 
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While the FDR readout confirmed the fligh tcrew's recoUec tion of 
altitudes and airspeeds during the weather encounter, i t  did not confirm the 
manner in which the first officer maneuvered the aircraft through it. Because of 
its design limitations, t he  FDR could not provide data which showed (1) the thrust 
settings used to ma~n ta in  the aircraft's descent rate before it encountered the wind 
shear, (2) the exact time the thrust levers were advanced to apply takeoff thrust, 
or (3) when totd available thrust was applied The recorder could not provide the 
precise time the  aircraft was rotated to lo0, IS', and 12' noseup ettitudes, or 
whether these precise pitch attitudes, in fact, were attained. The results of the 
computer no-wind performance program provided positive evidence of the 
existence of a wind shear inside the OM, and this was corroborated by the 
performance of the aircraft which preceded and followed Flight 693 on the final 
approach. However, the computations which provided the velocities of the 
horizontal and vertical winds within the shower were based on the assumption that 
Flight 693 was flown to the precise values o f  thrust and noseup pitch attitudes 
described by the flightcrew. Therefore, if the aircraft wss not flown at those 
parameters it did not perform to  i ts  predicted climb capability for those 
conf&urations, its performance was derogated, and, consequently, the winds 
affecting i t  may h v e  been less than those computed. 

Bet ween the OM and the onset of the weather enmounter, ~ b m t  104 see 
FDR foil time, Flight 693 decelerated at a b u t  1 kn/sec and its rate of descent 
varied between 1,400 and 900 fpm. The performance study showed that these 
values were within the performance cap~bility of the aircraft, and that the 
required thrust settings to produce this descent ranged from 3* glide slope thrust to 
flight idle thrust. During this time period, the evidence dso showed that the 
aircraft had descended from 200 f t  above the ILS glidepath and had intercepted it  
and that the first officer was trying to  slow to 135 KIAS. While the descent and 
deceleration could be attributed to the effect of a decreasing tail, wind, it also 
could reflect an attempt by the first officer to intercept and maintain the 
glidepath and to decelerate to his desired target airspeed of 135 KIAS. The weight 
of the evidence indicated that the thrust settings were below those recalled by the 
first officer, and the wind shear and downdraft may have been encountered at 
thrust settings which were below 3' glidepath thrust and may have approached 
flight idle thrust. 

The first officer said that his initial response to the effects of the wind 
shear was to rotate the aircraft to a 10" noseup pitch attitude and apply takeoff 
thrust. The aircraft would have achieved the 10° noseup pitch attitude almost 
immediately; however, the engine's response would have been subject to  the 
inherent delays of the engine's acceleration schedule. While the engines were 
acceleratjng to the point where they could deliver the rquested thrust, the 
increased mgle of at  tack without addjti~nal thrust would have also increased the 
aircraft's rate of deceleration and decreased its energy level. If the aircraft 
entered the rainshower at lower energy levels than those assumed in the 
peformance studies, then the wind velocities computed in that study may have been 
less than those stated earlier in this report and the aircraft may have possessed t h e  
climb capability to overcome the effects of the downdraft and wind shear. 
Although the precise values of the wind velocity changes eodd not b@ determined 
conclusively, the downdraft and wind shear did cause the aircraft to descend below 
the &sired flightpath and required the flightcrew to use extreme night techniques 
to recover from the effects. 
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The evidence suggests that either the present flight instruments need to 
be modified or that additional instruments may be required to enable a pilot to f ly  
a t  or just above the stickshaker activation speed. Since stall must be avoided, the 
pilot must take positive action to stop the aircraft's deceleration when the 
stickshaker activates. Without a precise target angle at which to aim, the 
correction angle must be estimated, and thus the pitch angle must be decreased 
until the stickshaker stops. If the pilot fails to reduce the pitch angle sufficiently, 
the aircraft may stall. Conversely if the desired angle is overshot valuable climb 
performance may be lost. In an actual encounter of this type, the pilot's reaction 
to the stimulus provided by the stickshaker could be abrupt and a considerable 
amount of overshoot could result. There was persuasive evidence indicating that 
this type of overshoot occurred momentarily during this incident. Between 120 and 
129 sec FDR foil time, the FDR altitude trace showed that the aircraft descended 
300 f t  while its airspeed increased 26 KIAS. While part of this airspeed increase 
was attributable to the abrupt increase in the headwind component, part of the 
acceleration and the descent also may have been attributable to the fact that the 
nose was lowered in response to the stickshaker. Although neither pilot could 
recall seeing any pitch attitudes below 10' noseup, the captain stated that the first 
officer did ''overreact" to the point where he requested him to raise the nose of the 
aircraft. Therefore, the Safety Board believes that the pitch angle was reduced 
momentarily to values that were not only lower than those noted by the flightcrew 
but may have approached 0' pitch. In addition, a t  the time of the correction the 
aircraft was, due to the wind shear activity, turning to the right and the resultant 
bank angle would have further reduced the angle of attack, and the aircraft's climb 
capability. Therefore, for the small amount of time the aircraft's nose was 
dropping and until the nose was raised and the 12' to 15' noseup pitch attitude was 
restored, climb performance was sacrificed. In this case, because of the aircraft's 
altitude above the ground, the loss of climb performance did not result in an 
accident. 

The performance data disclosed that two factors combined to prevent 
the wind shear encounter from creating an accident. The first was the variation of 
the downdraft pattern from the classic configuration normally present in this type 
of phenomenon. Between the OM and the establishment of the missed approach 
climb, the winds which influenced the aircraft were, sequentially, as follows: 
headwind, a combination headwind downdraft, downdraft, and headwind. Instead of 
encountering the downwind portion of the outflow pattern after the downdraft was 
traversed, Flight 693 encountered a substantial headwind. This, in effect,  
immediately increased the aircraft's climb capability, and therefore, increased its 
ability to attain a positive vertical speed and execute the missed approach. 

The second factor which enabled the flight to traverse the wind shear 
was the fact that, except for the momentary overcorrection in response to the stall 
warning, the first officer attempted to maneuver his aircraft in accordance with 
the procedures that he had seen demonstrated during wind shear training in the 
flight simulator. When he recognized the onset of this particular shear, he did not 
try to reestablish the landing approach; takeoff thrust was applied, the aircraft was 
rotated to a pitch angle which activated the stickshaker, then the nose was lowered 
until the stickshaker stopped, and the aircraft's nose was raised again. Finally, the 
pilots applied the total thrust available even though it meant exceeding engine 
limitations. Although the performance calculations indicated that recovery did not 
take place until the head wind component was entered, the flightcrew's tactics 
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delayed the aircraft's descent and helped keep it airborne until the downburst area 
had been traversed. Had the first officer lowered the aircraft's nose and 
attempted to retain Vr'f  speed, the aircraft either would have crashed or the 
recovery would have bee% made at a lower altitude. 

Since wind shear activity of varying intensities was located on the 
approach course to runway 27L for several minutes before and after Flight 693's 
encounter, the weather conditions in the vicinity of the airport were examined to  
determine the cause of this type of activity. 

A t  1508, when Flight 693 was about 12 nmi east of the end of runway 
27L, there were three cells located within 15 nmi of the airport: a level 2 cell was 
located about 7 nmi west of the aircraft, a level 4 cell was situated 9 nmi to the 
northwest of the aircraft; and a level 4 cell w a s  located in the vicinity of the 
airport. There also was an east-west comma shaped echo over the runway 27L ILS 
course. 

The statements of Flight 693's pilots corroborated the ground weather 
radar photographs. According to the crew, there was a storm cell to the south of 
and three cells just north of the approach course, and the captain stated that the 
northern three cells ''looked like they were touching each other." Except for the 
level 2 cell to the west of the aircraft, the pattern described by the pilots was 
similar to that of the radar photo analysis; the differences could be attributed 
either to the characteristics and capabilities of the radar sets involved, the 
differences in distance and location of the radar antennas from the observed cells, 
the manner in which the captain of Flight 693 adjusted his weather radar controls, 
or a combination of any of these factors. The weather situation also was 
corroborated by the captain of Eastern Flight 209; his aircraft was making a 
parallel ILS approach to runway 26 and was slightly behind Flight 693 on its 
approach to runway 27L. According to Flight 209's captain, his weather radar 
portrayed thunderstorm cell echoes in about the same location as those described 
by the captain of Flight 693. 

A s  Flight 693 approached the OM, the level 2 cell to the west of its 
position probably decreased in area. Although analysis of the Athens radar 
photographs indicated that the echo from this cell was of level 2 intensity at  1508 
and had decreased to level 1 intensity a t  1518, the cell probably intensified shortly 
before the incident and then decreased to level 2 again shortly after the incident. 
This conclusion-is based on the flightcrew's repopt that they encountered an area of 
heavy rain almost simultaneous with the aircraft's entry into the wind shear. 
During the intensification of this cell, a contour should have been portrayed on the 
aircraft's weather radarscope if it was functioning properly. The captain said that 
he did not attempt to contour the cells after they were inbound from the OM. 
However, even if the radar had been in the contour mode after the flight departed 
the OM, the crew probably would not have had time to detect and avoid the cell 
because of its small area and rapid evolution. 

The Athens radar photographs of the airport area also indicated that 
Flight 693 probably encountered the comma-shaped echo a t  the time of the wind 
shear event. A comma-shaped weather echo can indicate severe weather 
containing strong vertical velocities and the performance data showed that Flight 
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693 was exposed t o  strong downdrafts, Since downdrafts are located most often 
within the rain shaft of a cell, the fact that the aircraft encountered the downdraft 
and heavy rain at the same time and the fact the aircraft simultaneously exited the 
heavy rain and wind shear offer further c w f i r r n a t i ~  that a downdraft was 
associated with the echo. Recent studies of such downdrafts, downbursts, and 
microbursts have shown that, as the vertical winds embedded in these 
meteorological events approach t h e  ground, they become horizontal in direction 
and in their early stages these horizontal wtflows tend to be symmetrical in shape. 

Interpolation of the Athens radar pictures for the t ime  of the incident 
showed that the comma-shaped echo had a horizontd east-west dimension of about 
2 nmi and was moving east at about 20 kns. Plight 693% flightpath begm to balloon 
above the glidepath about 4.25 miles from the end of the runway and the dimb 
from the flight's lowest altitude began 2.4 nmi from the end of the runway. 
Therefore, the wind shear encounter was encompassed within a horizontal 
east-west djstance of about 1.85 nmi; a distance which closely approximates the 
east- west horizontal dimension of the comma-shaped echo. 

Flight 693 encountered the rainshower about 3.5 nrni from the end of 
runway 2TL. A t  this time, Delta 128 was outside the OM for runway 27L; Eastern 
Flight 209 was about 1 mi north on a parallel approach to runway 26; and other 
aircraft were operating south of the airport before turning on final approach to 
runway 272. A Law Level Wind Shear Alert System wind sensor was located 1/4 mi  
east of runway 27R. The fact that the system did not alarm and that Flights 128 
and 209 and those south of the airpwt did not report any significant shears 
indicated that the meteorolagical event encountered by Flight 693 was probably 
contained within the area defined by the traffic south of the airport, the positions 
of Flights 209, 128, and the system sensor. The horizontal distance from the wind 
sensor to Flight 128 was 5 nrni and from Flight 209 to the traffic south of the 
airport was 6 nmi. Therefore, the area encompassing the event was about 5 nrni by 
6 nmi. Since the evidence suggests that the  low level wind fieid associated with 
significant convective activity tends toward symmetry, the meteorologicr i event 
encountered by Plight 693 would have had a horizontal dimension of 1 t o  2 nmi. A t  
the t ime  of the incident, Delta Flight 128 was about 1 nmi behind Flight 693 and 
did not encounter any significant wind shear during its landing epproach. This 
could indicate that the lifespan of the meteorological event was only minutes. 

About 2.4 nmi from the end of runway 27L and after the downdraft was 
traversed, Flight 693 encountered an increasing headwind, At this time, a cell was 
in the vicinity of the airport and about 4 nmi nosthwest d the aircraft. Air flow 
from the ceU could have praduced the headwind, Between 1430 and 1500, the 
temperature dropped almost 1 0 O F  and probably produced an inversion at the 
airport which extended from the surface to about 400 f t ag.1. An inversion of this 
nature might have prevented the strong winds associated with the storm c@U west 
of the aircraft from reaching the surface, and this couid explain the absence of 
strong horizontal wind speeds in the area and the lack of a Low Level Wind Shear 
Alert System Alarm at the time of Flight 693's encounter. 

Therefore, the meteorological event which Flight 693 encountered was 
contained within a small geagaphicd area, had a short lifewan, and was not 
detected by the weather sensing and recording equipment. The only evidence 
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of its existence were the reports forwarded to air t raff ic  control by the pilots who 
had encountered wind shear activity on their approaches. The localized and short- 
lived wind shear mcurred outside the airpart boundaries and, therefore, no wind 
sensors were ioceted adjacent to its point of peak severity. Had a wind sensor been 
located along the f i n d  approach course and had the downdraft affected the surface 
wind sufficiently to  activate the alarm system, the Low Level Wind Shear Alert 
System might have provided some warning of this wind shear. The probability that 
this warning might be given indicates that some consideretion should be given to 
placing wind sensors outside the airport boundary and dong the f i n d  approach 
courses to an airport% primary runway. 

Even with sensors mounted along the f ind approach course and 
integrated into the Low Level Wind Shear Alert System, the system would still be 
limited to the deteation of tbse eberratims that rnsnifest themselves close 
enough to the surface to affect the sensors, such as a gust front. Thus, any wind 
shear that does not mcur in close proximity to the surface wil l  not produce any 
alarm, Therefore, other equipment such as the microwave Doppler weather radar 
which would scan both the airport and its surrounding area and the air space above 
the airport must be developed and installed to solve the wind disturbance detection 
problem, 

Sinee the only widence of the existence of the wind shear was the pilot 
reports to the air traffic controllers, the burden of either preventing or lessening 
the encounter was placed upon the air traffic control system. Except for 
communications which involved the handling and preparation of ATlS data, the 
ATC procedures sere in accordance with those contained in the Handbook. The 
@pilot reports of the wind shear encounters were relayed to other traffic expedi- 
tioudy. 

Two ATJS broadcasts were pertinent to this incident--MIKE and 
ALPHA. Information MIKE was broadcast at 1430 and was in effect when Flight 
693 established radio contact with approach control. At 1453314, Flight 693 
cuntected approach control and stated that they were descending to 14,000 ft. 
Although the flightcrew stated in their interview that they had received 
information MIKE, they did not, as directed by the A T E  broadcast, advise the 
cmtroUer that they had received the message. The controller did not question 
them regarding the omission, nor did he provide them with the data listed in 
paragraph 394, During the ensuing transmisslans, the controller informed the fhght 
of the landing runway and the type of approach that was to be flown. Since the 
existing ceiling and visibility were above the requirements of paragraph 394at41, 
the only data the approach conttoller was charged to  provide and failed to provide 
were the surface wind conditions and altimeter setting. Neither of these items 
would have assisted the flightcrew to  either avoid the wind shear encounter or to 
change the manner in which they handed their aircraft during the encounter, since 
the surface winds existing at the airport at the time of the transmission were not 
indicative of the strength of the conditions later encountered on the approach 
course. Therefore, these deviations from prescribed communications pracedures by 
the flightcrew and the con troller were not considered contributory to  this incident. 

A t  1500:04, ATIS information ALPHA was brortdcst. ALPHA reflected 
the 1454 ''record special"' surface weather obsrv~tion, the contents of which were 
transmitted by teJew~ite~ to the Atlanta toww and approach control faeJity. The 
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weather contained in ALPHA differed from that in M I K E  particularly since it 
contained the first reference to thunderstorm activity at the airport. At the time 
of its initial transmission, Flight 693 and several other air carrier aircraft were on 
either approach or local control radio frequencies and would not have received or 
known of ALPHA unless they were monitoring the ATIS frequency on their backup 
radio or overheard other arriving flightcrews report to the controller with 
information ALPHA. 

Examination of the ATC transcripts at and after 1500 disclosed that 
neither the tower nor approach control advised the aircraft on their frequency, as 
required by paragraph 394b of the ATC Handbook, of the contents of the special 
weather observation. Neither facility made a "blind" transmission to alert aircraft 
on their frequency that a new ATIS information was now current. Although many 
facilities have adopted this method to alert aircraft of new ATIS data, the 
procedure is not required by the handbook. However, the Safety Board could not 
establish that either of these omissions contributed to the incident. The evidence 
indicates that the pilots of Flight 693 and other pilots in the airport area were 
aware that thunderstorm and rainshower activity existed in close proximity to the 
airport. 

Any evaluation of the services provided by controller personnel and the 
timeliness of the preferred services must be measured against the order of 
priorities placed upon the controller. Paragraph 22 of the ATC Handbook requires 
that the controller "give first priority to separation of aircraft as required in this 
handbook and to the issuance of safety advisories. Give second priority to other 
services that are required but do not involve separation of aircraft." The ATC 
Handbook, paragraph 33 defines safety advisories as those relating solely to 
alerting aircraft to potential conflicts with terrain, obstructions, or other aircraft. 

During the 10- to 15-minute periods before and after the issuance of 
the 1454 "record special" weather observation, the ATC transcripts of the Atlanta 
facilities disclosed numerous instances which indicated controller involvement with 
traffic separation. The transcripts disclosed that holding, vectoring, and airspeed 
management procedures were being used to separate the arriving flights. At the 
time the special weather observation and information ALPHA were issued, the 
Atlanta ATC facilities were engaged in handling a high volume of traffic and that 
the weather in the airport area added to the traffic control problems. 

The ATC transcripts disclosed that, despite the traffic load, the tower 
controllers issued numerous advisories on the weather situation and the location 
and intensity of shower activity. Flight 693 was advised that there was shower 
activity on the runway, and between the OM and the runway, and that they would 
"break out of that rainshower in about 3 miles." The transcripts showed that this 
type of advisory was transmitted to several Delta flights, a Braniff flight, and an 
Eastern flight. 

The tower controllers issued timely advisories of wind shear encounters 
to the aircraft that followed behind the reporting aircraft. The advisories 
contained the quantitative data regarding the shear as it was reported to them. 
Advisory Circular AC 00-50-A, Low Level Wind Shear, recommends that pilots 
report any wind shear encounter to ATC and that this report "should be in specific 
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terms and include the loss/gajn of airspeed due to  the shear and the a l t i t u d e ( ~ )  s t  
w h i c h  it was encountered." Except for Flight 693's report, the pilot reports dl 
indicated the altitude of the encounter, some Iocated the encounter geographically, 
and one indicated tha t  it was a horizontal shear. However, none provided any 
descriptions of the energy ar strength of the shear or the effect of the shear on 
their aircraft. Flight 693's report merely stated that the aircraft encountered a 
wind shear and that  the captain did not see how any aircraft could complete an 
approach to runway 27L. 

The Safety Board, in conclusion, could not find any evidence that the 
flightcrew had failed to comply with any directives, guidelines, or'regulations. The 
decision to execute the approach was a matter of judgment based upon the pilot's 
assessment of the existing weather situation. The captain indicated that he  was 
a ware of contourproducing cells in the area; however, none of these were evident 
directly along his intended approach course, Showers were being reported both by 
the local controller and by the pilots of preceding flights traversing the find.1LS 
approach course. The captain knew these aircraft were landing at the airport 
without reported difficulties, The rainshower which contained the strong 
downdraft that was later encountered may have been visible to the flightcrew as 
their aircraft ap2roached it. However, because of the limited for ward visibility 
conditions, the Safety Board believes the flightr?ew could not be expected to  
assess the intend ty of this shower or the need f o ~  course deviation. Under these 
circumstances, the  Safety Board could not conclude that the captain's decision t o  
land was unreasonable. 

The evidence appeared to indicate that the major criterion upon which 
the flightcrews at Atlanta based their decisions to approach and land in the 
presence of the thunderstorm activity was the fact that there were no contour- 
producing cells above the approach courses. The Safety Boerd is cornpeIIed to note 
that this criterion may still expose an aircraft to hazardous weather conditions. 
Even a level 1 or level 2 cell may have the potential to generate  conditions which 
could endanger an aircraft flying beneath it on a landing approach, especially if  the 
cell is in its generation stage. The Safety Board believes that any echeproducing 
storm cell located astride the landing approach course should be avoided regardless 
of whether or not it can be contoured by the aircraft's radar. 

CONCLUSIONS 

1. Flight 693 encountered a localized but heavy rainshower with 
associated wind shear during i t s  approach to the Atlanta airport. 
The shower contained changes of horizontal and vertical wind 
veIoci ties. 

2. The meteorological event was conteined within a small 
geographical area and had a lifespan of minutes. 

3. The Low Level Wind Shear Alert System's wind sensors were 
positioned on the airport. There were no wind sensors located 
outside the airport's boundaries. 
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4. The Low Level Wind Shear Alert System's wind sensors on the 
airport did not detect the wind shear condition. The remote 
weather radar displays at Atlanta and the WSR-57 radar at 
Athens did not have the capability to measure the motion of the 
air within the cells. Therefore, the wind shear condition was not 
detected until Flight 693 traversed the area. 

5. The pilot reports concerning wind shear encounters at the airport 
did not contain any descriptions of airspeed and altitude losses. 

6. There were several deviations from standard ATC 
communications practices and procedures by the controller and 
the pilots before the incident: however, these deviations did not 

- produce or contribute to the incident. 

7. The wind shear contained changes in the horizontal and vertical 
wind velocities which caused the aircraft to descend below the 
desired landing approach path. 

8. The flightcrew was unable to assess the intensity of the 
rainshower and its associated wind shear before they entered it. 

9. The flightcrew maneuvered the aircraft in accordance with the 
procedures contained in the company's wind shear training 
program. 

10. The wind shear training program conducted by the company, in 
accordance with the FAA training requirements, contributed to 
the ability of the flightcrew to maneuver their aircraft through 
the shear area successfully. 

Probable Cause 

The National Transportation Safety Board determined that the probable 
cause of this incident was the unavailability to the flightcrew of timely 
information concerning a rapidly changing weather environment along the 
instrument landing system final approach course. The unavailability of this data 
resulted in an inadvertent encounter with a localized but heavy rainshower with 
associated wind shears which contained changes in the horizontal and vertical wind 
velocities which required the flightcrew to use extreme recovery procedures to 
avoid an accident. Contributing to this incident was the lack of equipment for the 
airport terminal area that could have detected, monitored, and provided 
quantitative measurements of wind shear both above and outside the airport's 
boundaries. 

S A F m  RECOMMENDATIONS 

Since November 1974, the Safety Board has initiated 2 2  
recommendations concerning wind shear and associated areas. These 
recommendations were originated during the Safety Board's investigations of wind 
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shear related accidents and special studies on the subject. They addressed areas 
concerning weather reporting, pilot reporting, storm classification, wind shear 
detection equipment, inflight procedures, and flightcrew training. A s  a result of 
F A A  and industry response to  the problem identified in these investigations and the 
Board's recommendations, progress has been made toward minimizing the hazards 
contained in wind shears. 

A classification system which identifies the intensity of thunderstorm 
radar echoes was developed. This system was  disseminated to the aviation 
community in the AIM, and to the air traffic controllers in their manual and is in 
use. 

AC00-SOA established recommended prwedures for flightcrews to use 
in reporting an encounter with a wind shear to controllers. The Circular contains 
flight procedures to cope with the effects of a l o w  level wind shear in the event 
one of these phenomena is entered inadvertently. It also addresses the problem of 
educating night personnel to the characteristics of various types of wind shear and 
the aerodynamic effects these characteristics produce on their aircraft's 
performance. 

As a result of the efforts of the FAA and industry air carrier 
flightcrews receive training in these areas, and, in particular, they are required to 
fly through various wind shear models in their required simulator training 
prwams. 

A Low Level Wind Shear Alert System was ckvelqped and placed in 
operation at several major airports. The system represented a step forward; 
however, as shown by the circumstances of this incident, the system contains 
several shortcomings. An area of prime concern remains the inability of the 
ground detection systems to detect a wind shear above and in the vicinity of an 
airport and then to Furnish up to date quantitative measurements of the motion of 
air within that wind shear, 

Another area of concern is the lack of an airborne system or systems 
which can (1) provide a warning to a pilot of the existence of wind shear, and (2) 
provide eccurate flight guidance to a pilot for the required corrective maneuvers in 
the event his aircraft has penetrated a wind shear. 

On May 3, 1979, the FAA issued ANPRM No. 79-11, Docket No. 19110, 
which addressed the wind shear problem. The Notice discussed the problem, the 
FAA's research and development programs bearing on it, and requested corn ments 
and recommendations that would assist the F A A  '"in determining what, if any 
regulatory proposals should be developedn 

The FAA programs took a twofold approach to the wind shear problem. 
One approach explored the feasibility of placing detection equipment on the ground 
and transmitting the data to the pilot; the other tried to determine whether 
quiprnent could be installed in the aircraft that would provide the pilot with wind 
shear information in "real t imen  The Hotice summarized the results of, and the 
present status of their programs and then requested comments that would assist 
them to answer four specific questions. On July 23, 1979, the Safety Board replied 
to the ANPRM, and commented to the four questions as follows: 
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"The Safety Board has watched with great interest the work of the FAA 
Wind Shear Program since its inception, and commends all those individuals of both 
industry and government for their efforts in the development of ground and 
airborne systems. We anticipate that, whatever systems are chosen, the hazards of 
low-level wind shear encounters will be minimized. Therefore, the Safety Board 
strongly supports the proposed rule and offers the following comments on the 
questions: 

1. Is there a valid need to amend Part 121 and require wind shear detection 
equipment? 

The Board believes that there is a need for this requirement. We base this 
conclusion on the findings of our investigations of several accidents involving wind 
shear. In these accidents, we found that the lack of recognition, surprise, the 
absence of recommended piloting techniques, and the combined effects of degraded 
aircraft performance were d l  contributing factors. These findings prompted the 
Safety Board to issue several safety recommendations. Recommendation A-76-42 
recommended that research be expedited to develop equipment and procedures 
which would permit a pilot to transition from instrument to visual references 
without degradation of vertical guidance during the final segment of an instrument 
approach. Recommendation A-76-43 recommended expediting the research to  
develop an airSorne detection device which will alert a pilot to the need for rapid 
corrective measures as an airplane encounters a wind shear condition. We believe 
that the airborne equipment developed thus far, with refinements, fulfills the 
intent of our recommendation and should be standard equipment on all air carrier 
type aircraft. 

2. Which of the various systems is best suited to Part 1 2 1  operations, would be 
cost effective, and would provide a flightcrew with adequate and timely 
information to avoid wind shear hazards? 

The Board believes that the Modified Flight Director would be the least 
expensive because a flight director is already installed and with the modif ications 
would be used in all flight environments as well as in wind shear encounters. 
However, the Board is impressed with the AirspeedIGroundspeed Comparison and 
Acceleration Margin Systems and would like to see these systems incorporated into 
one integrated package along with the Modified Flight Director. We believe that 
the AirspeedIGroundspeed and Acceleration Margin Systems should be used as "raw 
data instruments." For example, the flight director receives most of the pilot's 
attention during an approach, but the prudent pilot never ignores the "raw data" 
instruments such as the altimeter, glideslope indicator, or localizer. He uses these 
instruments as another source of information with which to make operational 
decisions. The "raw data" instruments also provide the redundancy that is 
necessary for safe flight. 

3.  Have all practical solutions to the wind shear problem been explored, or are 
there other simpler and less costly solutions available? 

The Hoard believes that the forecasting and detection of low-level wind shear 
development should be given equal consideration with the development testing and 
operational use of the Acoustic Doppler Wind Measuring System (A-74-82), we 
concede to your findings that the system is expensive and is inoperable in heavy 
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precipitation, and we encourage you to continue working for the further 
developrnent of a pulsed doppler laser technique. 

4. How reliable would the various systems be in providing wind shear 
information and what operating and maintenance costs would each of them be 
likely to impose on aircraft operators? 

In general, all the systems are only as good as the actual winds fed into them. 
Winds, in conditions conducive to wind shear, are almost constantly changing in 
speed and direction and may bear little relationship to the'- wind input of the 
cockpit ground speed indices. The Board, therefore, believes that a means must be 
developed that quickly updates the threshold winds and transmits the updated winds 
to the airborne equipment. 

Specifically, the Modified Flight Director does not directly provide wind 
shear information, but it does provide the flightcrew with speed control and 
attitude guidance when wind shear is encountered. The guesswork is taken out of 
corrective procedures and technique. 

The Airspeed/Groundspeed Comparison and the Acceleration Margin Systems 
alert the flightcrew of wind shear and provide them with the magnitude (if the 
threshold wind has not changed) of that shear, as well as providing the airplane's 
acceleration potential under the circumstances. As stated in a previous answer, 
the Board would like to see an integrated system which consolidates these three 
systems, provides the flightcrew with prior knowledge of the wind shear, and 
provides them with flight guidance to penetrate it. 

In summary, the Board believes that a system that may be acceptable to the 
airlines should be able to predict unacceptable low-altitude wind shear values and 
warn the pilot to abandon the approach. The unacceptable values could then be 
restrictive much the same as visibility currently restricts the initiation and 
continuation of an approach. In order to accomplish this in "real time," constant 
updating of low-level winds must be transmitted to the airborne equipment. 
However, regardless of the absence of these refinements, the Safety Board is 
satisfied that the equipment developed so far will be of inestimable value in wind 
shear encounters and should be required under Part 121." 

ICAO Ref: 
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No. 4 

Boeing 707-304C, AP-AWZ, accident near Jeddah, Saudi Arabia 
on 26 November 1979. Report released by 

~ 

the Presidency of Civil Aviation, Kingdom of Saudi Arabia. 

SYNOPSIS 

On November 26, 1979 Pakistan International Airlines scheduled Flight PK-740, a 
Boeing 707, was on a climb-out 15 minutes after departing Jeddah, Saudi Arabia en route 
to Karachi, Pakistan when a fire broke out in the aft cabin area. The fire was intense 
and spread rapidly throughout the cabin, causing panic among the passengers and eventual 
incapacitation of the flight crew. The aircraft crashed and exploded upon impact on a 
level rocky area 87 miles north-west of Jeddah at 0204 local time. The aircraft was 
destroyed and all 156 persons aboard were killed. 

The Accident Investigation Board determined that the probable cause of this 
accident was the in-flight cabin fire. The origin of the fire was not determined. 

1. FACTUAL INFORMATION 

1.1 History of the Flight 

Pakistan International Airlines Flight 740, a scheduled passenger flight from 
Jeddah, Saudi Arabia to Karachi, Pakistan, departed Jeddah November 26, 1979 at 0129 h 
local time. The aircraft was a Boeing 707-300, registered AP-AWZ, carrying 145 passengers 
and a crew of 11. The only cargo reported was a sealed casket containing human remains. 

After a routine IFR departure the flight climbed on its assigned course, B57, 
toward flight level (FL) 370 as cleared by air traffic control (ATC). 

At 0147 h a female cabin attendant reported a fire near the aft cabin passenger 
entrance door. The captain dispatched the flight engineer to evaluate the situation but 
he was unable to reach the fire area due to its intensity and/or passenger congestion in 
the aisle. 

At 0151 h the flight crew reported the fire to ATC and requested clearance to 
return to Jeddah. The ATC clearance was granted and descent was initiated from FL, 300. 

At 0157 h the captain transmitted: "Jeddah, Pakistan 740, can you tell us what 
height we can descend to safely?" and the ATC controller replied: "Cleared to descend 
to 4 000 feet." After acknowledging, "Roger 4 000," the captain directed the first 
officer to check the en-route chart to verify the safety height. The first officer did 
so and stated, "It's about 11 000 feet ." 

At 0201 h the flight crew initiated an emergency descent and the first officer 
transmitted: "We're making an emergency descent, request radar assistance for landing." 
The controller replied in part, "Radar contact cleared to descend to 4 000 feet ... your 
position is 83 miles from Jeddah." 

At 0203 h the captain transmitted "Mayday" and no further verbal transmissions 
were received from the aircraft. Approximately 20 seconds later the controller observed 
PK-740 on the radar screen 65 miles from ~eddih at FL 190. Radar contact was lost 
shortly thereafter. 
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At 0204:15 h the aircraft crashed in a level rocky area, specifically 2Z003'N 
040028'E at an elevation of 3 000 ft. The aircraft was totally destroyed in the impact, 
explosion and ensuing fire. There were no survivors. 

The crash was observed by the crew of a BAC 1-11, HZ-AMB from an estimated 
distance of 30 miles. They reported a large orange explosion about one mile in length 
and that the massive burn lasted about two minutes followed by many small fires which 
burned for varying lengths of time. Some smouldering still occurred as the initial 
investigators arrived approximately 5 hours later. 

1.2 Injuries to Persons 

Injuries - Crew Passengers 

Fatal 11 145 

Others 

0 

1.3 Damage to Aircraft 

The aircraft was destroyed. 

Other Damage 

The crash occurred in a remote area containing no man-made structures or 
livestock. There was therefore no other damage. 

1.5 Personnel Information 

All eleven crew members were properly certificated for the flight. 

The captain was employed by Pakistan International Airlines on December 9, 1968. 
He held an Airline Transport license. He had a total of 476 hours in the Boeing 707/720 
aircraft. Of these hours, 305 were as a first officer and the remainder as pilot-in-command 
His initial check as captain was January 10, 1979 and his last check was August 14, 1979. 
He received a Boeing 7071720 route check on September 26, 1979 and a refresher course on 
November 13 and 14, 1979. His last emergency training was November 14, 1979. His last 
medical examina~ion was November 18, 1979. Total flight experience: 4 693 hours. 

The first officer was employed by Pakistan International Airlines on August 28, 
1977 and had a Commercial Pilot certificate. He received his initial Boeing 707 training 
on June 8, 1979 and checked out July 8, 1979. His total flight time on the Boeing 707 was 
242 hours and he had an over-all flight time total of 1 379 hours. His last route check 
was July 5, 1979 and his last refresher course was November 18 and 19, 1979. His last 
emergency training was November 19, 1979. His last medical examination was June 17, 1979. 

1.6 Aircraft Information 

The aircraft was certificated, equipped, and maintained in accordance with the 
requirements of the Director General of Civil Aviation of the Government of Pakistan. 
The gross mass and centre of gravity were within prescribed limits for both take-off and 
landing at the time of the accident; about 5 200 pounds of Jet A-1 fuel were on board. 

Aircraft type 
Serial number 
Registration 
Name and address of owner 

Boeing 707-304C 
20275 
AP-AWZ 
Pakistan International Airways, 
Karachi, Pakistan 
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A i r c r a f t  t o t a l  t ime 
A i r c r a f t  t ime s i n c e  l a s t  

major check 
A i r c r a f t  t i m e  s i n c e  l a s t  

overhaul  
Powerplant type  

P o s i t i o n  S e r i a l  no. 

No. 1 644869B 
No. 2  643778D 
No. 3  645558B 
No. 4 667865B 

Meteoro logica l  Informat ion  

30 710 hours 

368 hours  (FBC-22) 

14 125 hours  
JT3D-3B 

T o t a l  t ime Overhaul t ime 

33 853 10 498 
37 433 15 854 
35 388 3  477 
31  460 11 443 

Meteoro logica l  in format ion  prepared  by t h e  Saudi  Arabian D i r e c t o r a t e  of 
Meteorology i n d i c a t e d  a  l a r g e  high p r e s s u r e  system cover ing  t h e  r o u t e  of f l i g h t ,  w i t h  
l i g h t  winds g e n e r a l l y  from t h e  w e s t ,  a  c l e a r  sky and no r e s t r i c t i o n s  t o  v i s i b i l i t y .  

Aids t o  Navigat ion 

The Jeddah VOR and DME were t h e  only  n a v i g a t i o n a l  a i d s  known t o  have been 
u t i l i z e d  by t h e  f l i g h t  crew. Radar v e c t o r i n g  was reques ted  a t  0201 h ;  however, r a d i o  
communication was l o s t  and t h e  c r a s h  occurred  b e f o r e  t h e  c o n t r o l l e r  had an  oppor tun i ty  
t o  provide  t h i s  a s s i s t a n c e .  The Tai f  VOR w a s  i n  s e r v i c e  and i n  range b u t  n o t  u t i l i z e d .  

1 .9  Comunica t  i ons  

No d i f f i c u l t i e s  wi th  e i t h e r  t h e  c l a r i t y  o r  s t r e n g t h  of a i r c r a f t  t r a n s m i t t e r 1  
r e c e i v e r s  o r  ground f a c i l i t i e s  were r e p o r t e d .  However, conges t ion  on t h e  a s s igned  c e n t r e  
frequency 132.1 r e s u l t e d  i n  some i n t e r f e r e n c e  wi th  t h e  communications between t h e  f l i g h t  
crew and t h e  ATC c o n t r o l l e r  dur ing  t h e  emergency. No s e p a r a t e  emergency frequency w a s  
ass igned .  

The f i r s t  r e p o r t  o f  f i r e  on board t h e  a i r c r a f t  was given t o  t h e  c a p t a i n  by a  
female f l i g h t  a t t e n d a n t  p h y s i c a l l y  p r e s e n t  i n  t h e  c o c k p i t .  The a i r c r a f t  in te rcom was 
n o t  u t i l i z e d .  

1.10 Aerodrome Informat  i on  

The t a x i  ou t  and depa r tu re  from Jeddah was r o u t i n e  and no d i f f i c u l t i e s  were 
r epo r t ed .  

A f t e r  i s s u i n g  t h e  c l ea rance  f o r  r e t u r n  t o  Jeddah t h e  ATC c o n t r o l l e r  a l e r t e d  
emergency equipment 011 t h e  ground a t  Jeddah. This  equipment bas  s t a n d i n g  by ready t o  
a s s i s t ,  had PK-740 made i t  back t o  t h e  f i e l d .  

The Tai f  A i r p o r t  i s  s i t u a t e d  approximately 35 NM south  of t h e  c r a s h  s i t e  and 
has  adequate runways, f a c i l i t i e s  and equipment f o r  B-707 r o u t i n e  o r  emergency o p e r a t i o n s .  
The p o i n t  a t  which PK-740 began i t s  t u r n  i n  o rde r  t o  r e t u r n  t o  Jeddah i s  93 NM from Tai f  
and 123 NM from Jeddah. No c o n s i d e r a t i o n  was given by e i t h e r  t h e  f l i g h t  crew o r  t h e  
ATC c o n t r o l l e r  t o  t h e  use of  t h i s  a i r p o r t  f o r  an emergency l and ing  i n  l i e u  of Jeddah.  
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Flight Recorders 

AP-AWZ was equipped with a Sunstrand model V-557 cockpit voice recorder (CFR), 
serial no. 2799. The plane was also equipped with  a UDC flight data recorder ( F D R ) ,  
part no.  101035-1, serial na. 2465. The two recorders were located in the aft section 
of the fuselage.  

Only a portion of the foil and one spool o f  the FDR w a s  recovered. The CVR was 
recovered intact and, although severely damaged from the impact, the quality of the tape 
was good and revealed much valuable information relative to the investigation, 

The recorders were analysed at  the United Kingdom Accident Investigation Labo- 
ratories in Earnborough, England. The FDR yielded no information significant t o  t h e  
investigation since tracings on the only portion of the foil recovered referred ta the 
aircraft 's  previous flight. 

The area mike track provided particularly useful information concerning the 
initial fire report and subsequent crew actions prior t o  its failure at 0201:30 h,  approxi- 
mately 14 minutes later. In addition to the voices of the crew, it contained various 
sounds of cockpit activity and aircraft systems. A distinct explosion in the background 
was recorded moments prior t o  the CVR's failure. 

1.12 Wreckage and Impact Information 

The aircraft crashed while on a heading of approximately 150° magnetic. The 
debris was scattered over an area extending 3 800 f t  to the farthest point, covering a 
width of approximately 1 100 f t .  

Upon contact  w i t h  the ground, fuel spillage ignited, causing a fire extending 
1 500 ft in the direction of f l i g h t ,  by about 1 0 3 0  f r  at the  widest po in t .  

In order to assist in the investigation, an arbitrary reference centre l i n e  
was established, with one prominent rock aa Station Zem. From that point, two stations 
were marked up-path at 20 m intervals. Stations down-path from Station Zero were marked 
in  30 m intervals (measured) through Station 13, and in 50 n intervals  through Station 21. 

The left wing made first contact with the ground, as evidenced by bits of red 
wing t i p  navigation l i g h t  lens and yellow plastic static discharge wick found nearby. 
This contact was 23 m before Station -2, and 9 m to the left of the reference l i n e .  

The Yo. 1 engine struck the ground 13 m after initial impact, and 2 m left 
of the reference line, 

A t  a distance of 30 m from impact, and 3 m right of the reference line, the 
N o .  2 engine impacted, Approximately an the reference line 50 m from impact, the 
earth was covered d e e p l y  and contained wing structural parts from the outboard break 
area at wing station 733. First indication of ffre occurred here.  

iZ significant and widening t r e n c ? ~  from f irst  wing t i p  impact t o  the heavily 
covered area, plus the  wing  structure parts, indicated that the left wing maintained 
heavy contact with the ground. Scattered wing skin, l e a d i n g  and t r a i l i n g  edge structure, 
and wing leading flap components near this area indicated that the le f t  wing break 
occurred immediate1 y .  



7 6 ICAO C i r c u l a r  173-'\i\j! l l J 3  
-- - . -- 

A d d i t i o n a l  deep gouges i n  t h e  ground,  beg inn1  51 111 f r o ~ , ~  lmpact  and 6 m r i g h t  
of t h e  r e f e r e n c e  l i n e ,  c o n t a i n e d  i n d i c a t i o n s  o f  continuilt ls  f i r e  ( f u e l  s p i l  l n q e )  . !ding 
s t r u c t u r a l  p a r t s  from t h e  main l a n d i n g  g e a r  t r u n n i o n  a r e a  were f o ~ , x d  h e r e .  

h ' ide-spreading impact marks b e g i n n i n g  a t  about  S t a t i o n  Zero ( 6 3  m from i m p a c t )  
showed i n d i c a t i o n s  of f i r s t  s i g n i f i c a n t  f u s e l a g e  c o n t a c t  w i t h  t h e  ground. Deepest  gouging 
was about  9 m t o  t h e  r i g h t  of t h e  r e f e r e n c e  l i n e ,  b u t  i t  was n o t  de te rmined  which f u s e l a g e  
s e c t i o n  made t h e  impact i n d i c a t i o n s .  

From t h i s  p o i n t ,  t h e  break-up was r a p i d  and comple te .  Most b o d i e s  were fouad 
i n  t h e  a r e a  t o  t h e  l e f t  o f  t h e  r e f e r e n c e  l i n e  c e n t e r i n g  about  500 m from t h e  impact  
p o i n t .  

The baggage was l a r g e l y  l o c a t e d  i n  t h e  a r e a  t o  t h e  r i g h t  of t h e  r e f e r e n c e  l i n e  
and about  250 m from t h e  f i r s t  impact  p o i n t .  Among t h e  baggage,  s e v e r a l  s m a l l  p o r t a b l e  
g a s o l i n e  o r  k e r o s e n e  s t o v e s  were n o t e d .  

The l o c a t i o n  and c o n d i t i o n  of c e r t a i n  key i t e m s  w i l l  b e  d e s c r i b e d  t o  show t h e  
b a s i c  wreckage d i s t r i b u t i o n  p a t t e r n  and t h e  comple te  and t o t a l  d i s i n t e g r a t i o n  of t h e  
a i r p l a n e .  

A p o r t i o n  of t h e  l e f t  s i d e  s t r u c t u r e  from a i r c r a f t  s t a t i o n  970 t o  1080,  between 
t h e  c a b i n  f l o o r  and s t r i n g e r  S-5L, was found 328 m from i n i t i a l  impact  and 30 m t o  t h e  
l e f t .  Roughly corre .sponding t o  t h i s  s e c t i o n  was a  p i e c e  o f  t h e  r i g h t  hand s i d e  s k i n  and 
s t r u c t u r e ,  found 553 m from impac t ,  and 35 m t o  t h e  r i g h t .  T h i s  s t r u c t u r e  was from 
a i r c r a f t  s t a t i o n s  960 t o  about  1250. 

A p o r t i o n  o f  t h e  f l i g h t  e n g i n e e r ' s  p a n e l  was l o c a t e d  a t  a  d i s t a n c e  578 m from 
t h e  p o i n t  o f  impac t .  

The v e r t i c a l  f i n ,  minus most o f  t h e  r u d d e r  and t i p ,  was found a t  a  d i s t a n c e  o f  
493 m from impac t .  

Major p a r t s  of a l l  f o u r  e n g i n e s  were l o c a t e d ,  and a l t h o u g h  t h e  e n g i n e s  were 
d e s t r o y e d ,  t h e  components were i d e n t i f i e d  by r e f e r e n c i n g  a p p r o p r i a t e  s e r i a l  numbers. 

The No. 3 e n g i n e  low-pressure  compressor  was found 650 m from impac t .  The No. 1 
e n g i n e  f i r s t  s t a g e  f a n  hub was l o c a t e d  333 m from impact  and 1 0  m t o  t h e  r i g h t .  A l l  
b l a d e s  were m i s s i n g .  

The No. 2  e n g i n e  h i g h - p r e s s u r e  assembly was 851  m from impac t .  

The No. 4 e n g i n e  C/C o u t e r  c a s e  and d i f f u s e r  c a s e  were found 883 m from i m p a c t ,  
and 1 0  m t o  t h e  r i g h t .  

One f l a p  j a c k  screw was l o c a t e d  and t h e  b a l l  n u t  was i n  t h e  f u l l  up p o s i t i o n  
( p o s i t i o n  on a i r c r a f t  unknown). 

The h o r i z o n t a l  s t a b i l i z e r  t r i m  s c r e w  (segment)  was found.  The t o p  end was 
a t t a c h e d  t o  t h e  b a l l  n u t  and a fragment  o f  t h e  s t a b i l i z e r .  S i x t e e n  t h r e a d s ,  e q u a l  t o  
52 i n c h e s ,  e x i s t e d  between s t o p s  on t h e  b a l l  n u t  and sc rew t o p .  T h i s  r e p r e s e n t s  0 .6  u n i t s  
o f  a i r p l a n e  nose  down t r i m .  



1.13  Medical and Pathological Information 

Post-mortem and toxicological examinations were not conducted on either passengers 
or crew. T h i s  was due in p a r t  to the fact that mutilation of the bodies was so complete 
that positive identification of the remains could have been accomplished only in perhaps 
5 or 6 cases, Only 50 to 60 corpses were recognizable as such and of these there were 
none wi th  even 3 limbs a t t a c h e d .  

None a£ t h e  f l i ght  or cabin crew remains were identif ied.  Examination af the 
crew's medical history dfsclosed no evidence of pre-existing medical problems which could 
have affected their judgement or performance. 

1.14 Fire - 
The f i r s t  indf cation of an on-board fire was noted on the  CVR tape when at 

approximately 2247:03 Zulu, a cabin attendant reported that a very big fire had started 
by the 'Voor." The captain dispatched the f l i g h t  engineer w i t h  a fire extinguisher t o  
have a look at it. Upon his return he reported that the f i r e  h a d  started near the passenger 
door and the a ir  hostess advised i t  started i n  the t o i l e t  simultaneously. There was quite 
a noticeable odaur reported connected with it, Tfie captain then again requested the 
f l i g h t  engineer to go and stop the fire. The f l t g h t  engineer advised t h a t  the fire was 
at the a f t  door and that he could not go back. 

A decision w a s  made to return to Jeddah, and at 2251:11 Zulu, the crew radioed: 
"Jeddah Pakistan 740 at 290 position 123 DME. We would like to return back t o  Jeddah due 
to smoke in the aircraft - fire - electrical supposedly." Then at 2253:05 Zulu PIA 
reported leaving FL 300 to  call when established on the inbound radial, again reporting 
smoke i n  the cabin and cockpit. 

A t  about 2300 Zulu the f irst  officer advised, "We are getting flames inside the 
back, you want to get down faster." 

At this point, the CVR tape contained many voices stating "Fire, fire, it is  
totally on fire." "Fire has caught on, are you going to  land here?" And 'I It is  impoe- 
sible to mve, go back, back, back." 

Emergency equipment and personnel from Taif, the nearest airport to the crash 
site (about 35 air miles over primitive roads), were dispatched to t h e  scene, They 
arrived a t  approximately 0630 Zulu. There w e r e  no survivors, and the f i r e  had burned 
itself out by the time they arrived. 

The crash was observed from an aircraft in the area, from about 30 t o  35 miles 
away. 

The observers reported that the  f l a s h  was a large  orange explosion, about ane 
mile in length. This fire-ball lasted about two minutes then began burning brightly over 
a very large area, estimated by the observing crew as nearly t w o  miles long* Thereafter, 
the fire continued for some t i m e  in isolated areas. 

The Investigating team found that  the  d e b r i s  ex tended  a distance of 3 820 fr 
ta the farthest point from initial ground contact. The ground fire extended 1 500 f t  in 
the direct ion of f l i g h t  with a maximum width of 1 030 ft. 
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The impact and r e s u l t i n g  ground f i r e  and t o t a l  d e s t r u c t i o n  of t h e  a i r c r a f t  made 
r e t r i e v a l  of meaningful  i n fo rma t ion  ex t remely  d i f f i c u l t .  However, a  d e t a i l e d  s e a r c h  of 
t h e  e n t i r e  a r e a  by t h e  team d i s c l o s e d  s e v e r a l  i t ems  t h a t  showed ev idence  of i n - f l i g h t  f i r e .  
These w i l l  be  de sc r ibed  i n  t h e  fo l l owing  paragraphs .  

A  s e c t i o n  of  f u s e l a g e  was found c o n t a i n i n g  l e f t  s i d e  s t r u c t u r e  from s t a t i o n  970 
t o  1080, and between cab in  f l o o r  and s t r i n g e r  S-5L, i n c l u d i n g  t h e  l e f t  emergency h a t c h .  
The a r e a  under t h e  f l o o r  a t  s t a t i o n  990 had exper ienced  i n t e n s e  f i r e ,  showing ev idence  
of ho t  f r a c t u r e .  The h a t c h  and i n t e r i o r  s i d e w a l l  showed ev idence  of f i r e  and s o o t i n g .  
I n  a d d i t i o n ,  c a rgo  anchor s t r a p s  i n  t h i s  a r e a  showed ev idence  of i n - f l i g h t  f i r e .  

At a  d i s t a n c e  of 810 f t  from t h i s  s e c t i o n ,  a  p i e c e  of t h e  r i g h t  s i d e  s k i n  and 
s t r u c t u r e  was found. Th i s  conta ined  f u s e l a g e  and s t r u c t u r e  from s t a t i o n  960 t o  about  
s t a t i o n  1250, between S-5L a t  t h e  t o p ,  down t o  about  S-20R a t  about  s t a t i o n  1060. T h i s  
s e c t i o n  inc luded  t h e  r ight-hand s t a t i o n  990 emergency e scape  h a t c h ,  s k i n  f a c t o r y  edge 
a t  s t a t i o n  960, t h e  manufacturing b reak  a t  forward end,  and t h e  upper co rne r  of t h e  
cu t -ou t  f o r  t h e  forward a f t  door  of  t h e  a f t  baggage compartment. These i tems'showed no 
ev idence  of  i n - f l i g h t  f i r e ;  however , t h e  fo l l owing  t h r e e  f l o o r  beams connected t o  t h i s  
p i e c e  of wreckage i n d i c a t e d  h o t  f r a c t u r e s  approximate ly  6  f t  t o  t h e  l e f t .  

1. S t a t i o n  1040 f l o o r  beam showed ev idence  of f i r e  p r i o r  t o  impact ,  and was 
broken (ho t  f r a c t u r e )  a t  approximate ly  t h e  l e f t  b u t t  l i n e  (LBL) 30. 

2.  S t a t i o n  1020 f l o o r  beam showed pre-impact f i r e  ev idence  and was broken 
(ho t  f r a c t u r e )  a t  about  LBL 23.  

3 .  A t h i r d  f l o o r  beam segment proved t o  be  from s t a t i o n  1000. It a l s o  s u f f e r e d  
pre-impact f i r e  and e x h i b i t e d  h o t  f r a c t ~ r e  a t  LBL 19 .  

A l l  t h r e e  beams a t  s t a t i o n s  1000, 1020 and 1040 showed h igh  h e a t  a t  t h e  l e f t  
f r a c t u r e  a r e a s  w i th  b o t h  h e a t  and s o o t  ev idence  d imin i sh ing  toward t h e  r i g h t .  The extreme 
r i g h t  ends  of s t a t i o n s  1020 and 1040 beams appeared normal ,  wi thout  s o o t .  

S e c t i o n s  of t h e  a i r c r a f t  s t r u c t u r e  from t h e  above a r e a  were ana lysed  by t h e  
Fo rens i c  Labora tory .  

There was a l s o  ev idence  o f  i n t e n s e  f i r e  through t h e  c r e a s e  beam a t  s t a t i o n  R1033, 
t h e  nex t  bay t o  t h e  escape  ha t ch  opening .  

There was ev idence  of  i n - f l i g h t  ove rhea t  and some f i r e  i n  lower 41, i n  a r e a s  
which a r e  used f o r  equipment coo l ing .  The coo l ing  duc t  elbow had burned a r e a s ,  a s  d i d  t h e  
i n s i d e  of t h e  c o c k p i t  cond i t i oned  a i r  duc t .  The e l e c t r i c a l  equipment coo l ing  duc t  from 
t h i s  a r e a  was ana ly sed  b y  t h e  Fo rens i c  Labo ra to ry  a s  w e l l .  

1.15 Su rv iva l  Aspects  

Th i s  a c c i d e n t  was no t  s u r v i v a b l e ,  owing t o  t h e  h igh  speed a t  impact and r e s u l t i n g  
explos ion .  
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1.16 Tests and Research 

The following items were transported to the Forensic Explosives Laboratory of 
the Royal Arsenal at Woolwich, England for analysis and testing: 

A blackened and damaged aluminum door from an on-board container. 

A small quantity of debris collected from the crown skin. 

Floor beam with vertical intercostal member. 

Floor beam, station 1000. 

Floor beam, station 1040. 

Part of No. 19, forward end. 

Section of seat track adjustment to left-hand wall, station 1000. 

Seat track on left-hand side, station 980. 

Section of door trim, lower aft, station 990 hatch. 

Piece of return air grille at floor level. 

Piece of metal 5" x 7" with dark radial markings. 

Air vent from aft toilet. 

Air vent from aft toilet. 

Section of toilet drain? 

1.17 Additional Information 

Handling of Cargo: The PIA load manifest indicated that Flight 740 arrived In 
Jeddah with fifteen passengers and baggage. No other cargo or hazardous material was 
shown on the manifest. Three passengers with baggage deplaned in Jeddah. 

The flight departed Jeddah with one hundred and forty-five passengers and 
baggage. The only cargo reflected on the manifest was one diplomatic pouch (2 kg) and 
one coffin containing human remains (110 kg). No hazardous material was reported. 

2. ANALYSIS 

2.1 General Remarks 

Unfortunately, the high speed of the aircraft at impact, the resulting explosion 
of the Boeing 707 with nearly full fuel, and the extremely abrasive terrain resulted in 
such extreme destruction that investigation into the cause of this tragic accident has 
been exceedingly difficult. 
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The most u s e f u l  evidence a v a i l a b l e  t o  t h e  Board undoubtably was con t a ined  i n  
t h e  cockp i t  v o i c e  r eco rde r  (CVR).  It was from t h i s  t a p e  t h a t  i t  was determined beyond 
any doubt t h a t  t h e r e  was a  f i r e  i n  t h e  r e a r  c ab in  a r e a ,  and t h a t  i t  spread  r a p i d l y ,  
becoming e x t e n s i v e ,  caus ing  panic  among t h e  pa s senge r s  and f i n a l l y  i n c a p a c i t a t i n g  t h e  
crew. 

No ev idence  has  been found t o  i n d i c a t e  any i r r e g u l a r i t y  o r  unusua l  occu r r ence  
du r ing  t h e  p r e - f l i g h t  r o u t i n e ,  l oad ing  of  t h e  a i r c r a f t ,  t a x i  o r  d e p a r t u r e  p o r t i o n s  of  
t h e  f l i g h t .  

A s  is u s u a l l y  t h e  c a s e  i n  an  i n v e s t i g a t i o n  of t h i s  magnitude, c e r t a i n  human 
e r r o r s  and performance d e f i c i e n c i e s  have been noted .  I n  f a i r n e s s  t o  t hose  i nvo lved ,  
however, i t  should be kep t  i n  mind t h a t  t h e  f i r e  on board t h i s  a i r c r a f t  was s o  i n t e n s e  
and extended i t s e l f  s o  r a p i d l y  t h a t  had t h e s e  d e f i c i e n c i e s  no t  e x i s t e d  t h e  outcome would 
in a l l  p r o b a b i l i t y  have been t h e  same. 

2 .1 .1  F l i g h t  Crew Act ions  

The f i r s t  i n d i c a t i o n  of t r o u b l e  on board was t h e  female c a b i n  a t t e n d a n t ' s  remark 
a t  0147 h  (18 minutes  a f t e r  take-off  and 17 minutes  b e f o r e  t h e  c r a s h )  t h a t  t h e r e  was "a 
l a r g e  f i r e  and a  l o t  o f  smoke i n  t h e  r e a r  of t h e  cab in ."  No ev idence  was found t o  e x p l a i n  
why t h i s  r e p o r t  was given i n  t h e  cockp i t  r a t h e r  than by u s i n g  t h e  in te rcom system. The 
intercom system was f u n c t i o n a l  a s  f a r  as can  be determined.  One p o s s i b i l i t y  is  t h a t  t h e  
cab in  a t t e n d a n t ( s )  n e a r e s t  t h e  f i r e  a r e a  were preoccupied w i th  t h e  f i r e  and t h a t  t h e  r e p o r t  
was g iven  t o  t h e  c a p t a i n  by an a t t e n d a n t  i n  t h e  f i r s t  c l a s s  s e c t i o n  who saw t h e  f i r e  from 
h e r  s t a t i o n  forward,  o r  who had r ece ived  v e r b a l  n o t i c e  from ano the r  a t t e n d a n t  i n  t h e  r e a r  
o r  c e n t r e  s e c t i o n .  I t  seems u n l i k e l y  t h a t  a n  a t t e n d a n t  i n  t h e  r e a r  of t h e  a i r c r a f t  would 
l e ave  t h e  f i r e  a r e a  and make h e r  may t h e  e n t i r e  l e n g t h  of t h e  c a b i n  t o  r e p o r t  t h e  f i r e  
d i r e c t l y  i n  t h e  c o c k p i t .  In any c a s e ,  v a l u a b l e  t ime was l o s t  b e f o r e  t h e  c a p t a i n  was 
n o t i f i e d .  

A s  soon a s  t h e  c a p t a i n  w a s  n o t i f i e d  he  d i spa t ched  t h e  f l i g h t  eng inee r  t o  e v a l u a t e  
t h e  s i t u a t i o n .  Th i s  w a s  p rudent ;  however, t h e  CVR i n d i c a t e d  no f u r t h e r  a c t i o n ,  o r  
cont ingency p l ann ing ,  p r i o r  t o  t h e  f l i g h t  e n g i n e e r ' s  r e t u r n .  Presumably t h e  cl imb toward 
t h e i r  a s s igned  a l t i t u d e  w a s  cont inued  u n t i l  0151 h  ( f o u r  minutes  a f t e r  t h e  f i r e  r e p o r t ) ,  
a t  which time t h e  r eques t  was made f o r  ATC c l e a r a n c e  back t o  Jeddah. The a c t u a l  d e s c e n t  
was i n i t i a t e d  approximately 2 minutes  l a t e r  (0153 h ) .  Presumably t h e  t u r n  was i n i t i a t e d  
a t  approximately 0152 h .  

Ev iden t ly  t h e  f l i g h t  e n g i n e e r  d i d  n o t  r each  t h e  r e a r  o f  t h e  a i r c r a f t  and t h e  
a c t u a l  f i r e  *rea, s i n c e  when he r e p o r t e d  t h e  f i r e  a s  be ing  nea r  t h e  a f t  passenger  door  t h e  
cab in  a t t e n d a n t  c o r r e c t e d  him by s a y i n g  t h e  f i r e  was "away from t h e  door  behind t h e  f i r e  
e x t i n g u i s h e r . "  H e  confirmed the  presence  of heavy smoke, f i r e  and bad odour.  The 
presence of a  s t r o n g  "smell" connected w i th  t h e  f i r e  was mentioned a g a i n  l a t e r  by a c a b i n  
a t t e n d a n t .  It is recognized t h a t  t h i s  odour could be a  s i g n i f i c a n t  c l u e  t o  t h e  o r i g i n  
of t h e  f i r e ;  however, no e x p l a n a t i o n  h a s  been found. 

A l i t t l e  l a t e r  t h e  c a p t a i n  asked i f  t h e  f i r e  had d i ed  down, and was t o l d  t h a t  
i n  s p i t e  of e f f o r t s  be ing  made, it w a s  n o t  s t opp ing .  When asked t o  go back aga in  t h e  
f l i g h t  eng inee r  s t a t e d  i t  was "not  p o s s i b l e  t o  go back - t o o  much f i r e . "  Presumably 
passenger  conges t ion  i n  t h e  a i s l e  was a l s o  a  f a c t o r  by  t h i s  t ime.  S h o r t l y  t h e r e a f t e r  
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passenger  v o i c e s  were recorded  by t h e  a r e a  mike on t h e  CVR i n d i c a t i n g  crowding toward 
t h e  c o c k p i t .  

It must be  concluded t h a t  t h e  f i r e  was of such i n t e n s i t y  and sp read ing  s o  
r a p i d l y  t h a t  c o n t r o l  o r  containment  was imposs ib l e  by f l i g h t  crew a c t i o n .  

During t h e  de scen t  phase ,  a f t e r  be ing  e r roneous ly  c l e a r e d  by ATC t o  4 000 f e e t ,  
t h e  c a p t a i n  w i s e l y  d i r e c t e d  t h e  f i r s t  o f f i c e r  t o  de te rmine  t h e  minimum s a f e  a l t i t u d e  
from t h e  a e r o n a u t i c a l  c h a r t .  S ince  t h e  f i r s t  o f f i c e r  found t h i s  t o  be 11 000 f e e t ,  t h e  
c a p t a i n  probably  neve r  i n t ended  t o  descend below t h a t  a l t i t u d e  u n t i l  c l o s e r  t o  Jeddah.  
This  l e a d s  t o  t h e  conc lu s ion  t h a t  t h e  a i r c r a f t  was o u t  of c o n t r o l  d u r i n g  a t  l e a s t  t h e  
l a s t  8 000 f e e t  o f  t h e  de scen t .  

Although t h e  f i r s t  o f f i c e r ,  a t  one p o i n t ,  asked  t h e  f l i g h t  e n g i n e e r  about  a  
c h e c k - l i s t ,  no i n d i c a t i o n  of r e f e r r a l  t o  c h e c k - l i s t s  f o r  f i r e ,  smoke evacua t i on  o r  
emergency descen t  was recorded  on t h e  CVR. S ince  t h e  c a p t a i n ' s  f i r s t  t r a n s m i s s i o n  t o  ATC 
concern ing  t h e  emergency i n d i c a t e d  t h e  p r o b a b i l i t y  of an  e l e c t r i c a l  f i r e ,  t h e  use  of t h e  
" E l e c t r i c a l  Smoke o r  F i r e "  emergency c h e c k - l i s t  was c l e a r l y  i n d i c a t e d .  

S ince  t h e  f l i g h t  d a t a  r e c o r d e r  (FDR) was de s t royed  i n  t h e  c r a s h ,  no i n fo rma t ion  
was d i r e c t l y  a v a i l a b l e  concern ing  s p e c i f i c  r a t e s  of de scen t  accomplished.  However, compu- 
t a t i o n  of average  r a t e  of  de scen t  based on t h e  c o n t r o l l e r ' s  r a d a r  o b s e r v a t i o n s  i n d i c a t e  
descent  from FL 300 t o  FL 190 i n  10:45 minutes ,  o r  on ly  1 028 f t l m i n .  T h i s ,  p l u s  t h e  f i r s t  
o f f i c e r ' s  r e p e a t e d  sugges t i on :  "You want t o  g e t  down f a s t e r , "  i n d i c a t e s  t h e  c a p t a i n  d i d  
n o t  execu t e  a  p rope r  emergency descen t  p rocedure .  

During t h e  emergency t h e  c a p t a i n  seemed t o  be preoccupied  w i t h  t h e  c a b i n  p r e s s u r -  
i z a t i o n  and r e p e a t e d l y  o rde red  t h e  f l i g h t  e n g i n e e r  t o  d e p r e s s u r i z e  and descend t h e  c a b i n  
a t  t h e  same t ime.  Th i s  is a  c o n t r a d i c t o r y  command and would t end  t o  con fuse ;  however, 
t h e  f l i g h t  e n g i n e e r  a p p a r e n t l y  unders tood  t h e  c a p t a i n ' s  i n t e n t i o n  and picked up h i s  usage 
of t e rminology .  I n  h i s  c o n v e r s a t i o n  w i t h  t h e  c a p t a i n  he  s t a t e s  t h a t  he  i s  d e p r e s s u r i z i n g  
t h e  c a b i n  and "b r ing ing  i t  down". P r e v i o u s l y  h e  r e p o r t e d  d i f f i c u l t y  "dep re s su r i z ing"  i n  
an a t t emp t  t o  b r i n g  t h e  c a b i n  "down". S ince  t h e  t h r u s t  l e v e r s  had been r e t a r d e d  p r e v i o u s l y  
(confirmed by t h e  warning horn  recorded  on t h e  CVR), i n c r e a s i n g  t h e  c a b i n  p r e s s u r e  would 
have been d i f f i c u l t ,  i f  indeed  t h i s  was h i s  i n t e n t i o n .  

The Board was unable  t o  de te rmine  t h e  e x a c t  n a t u r e  of  t h e  p r e s s u r i z a t i o n  problem, 
o r  indeed i f  a  ma l func t i on  even occu r r ed .  

J u s t  a f t e r  t h e  turn-back t h e  f i r s t  o f f i c e r  asked  i f  h e  should  manually drop t h e  
passenger  oxygen masks. No r e p l y  from t h e  c a p t a i n  was r eco rded ;  however, someone i n  t h e  
cockp i t  s t a t e d  s h o r t l y  t h e r e a f t e r  t h a t  t h e  masks had n o t  dropped. L a t e r  t h e  c a p t a i n  
r eques t ed  con f i rma t ion  t h a t  t h e  pa s senge r  oxygen masks had n o t  dropped. No answer t o  
t h i s  was recorded  on t h e  CVR and t h e  o n - s i t e  i n v e s t i g a t i o n  d i d  n o t  d i s c l o s e  t h e  s t a t u s  of 
t he  passenger  oxygen system p r i o r  t o  t h e  c r a s h .  The c o c k p i t  crew d i d  don t h e i r  masks, 
p robably  f o r  r e l i e f  from smoke i n h a l a t i o n .  It was n o t  determined whether  o r  n o t  t h e  crew 
u t i l i z e d  t h e  100 p e r  c e n t  oxygen p o s i t i o n  a s  c a l l e d  f o r  i n  t h e  emergency c h e c k - l i s t .  

I f  t h e  passenger  masks were deployed ,  pu re  oxygen could  have been r e l e a s e d  i n t o  
t h e  c a b i n  atmosphere c o n t r i b u t i n g  s i g n i f i c a n t l y  t o  bo th  t h e  i n t e n s i t y  and e x t e n s i o n  of 
t he  f i r e  a r e a .  
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There was no i n d i c a t i o n  t h a t  a  d i v e r s i o n  t o  Ta i f  A i rpo r t  was cons idered  i n  l i e u  
of r e t u r n i n g  t o  Jeddah. Th i s  would have been a  l o g i c a l  cou r se  of a c t i o n  c o n s i d e r i n g  t h e  
a i r c r a f t  was a f i r e .  

Cons ide ra t i on  of a l l  t h e  ev idence  i n d i c a t e s  v a l u a b l e  t ime was l o s t  p r i o r  t o  t h e  
emergency descen t  and d u r i n g  t h e  d e s c e n t .  It a l s o  appea r s  a  more t ime ly  n o t i f i c a t i o n  t o  
t h e  c a p t a i n  by use  of intercom would have been a p p r o p r i a t e .  

2.1.2 A i r  T r a f f i c  Cont ro l  

ATC hand l ing  was r o u t i n e  i n  a l l  r e s p e c t s  d u r i n g  t a x i  and d e p a r t u r e .  When t h e  
p i l o t  n o t i f i e d  ATC of t h e  f i r e  on board ,  t h e  c o n t r o l l e r  was prompt i n  d e l i v e r i n g  a  
c l e a r a n c e  f o r  de scen t  and r e t u r n  t o  Jeddah. P r i o r i t y  c o n s i d e r a t i o n  was g iven  t o  PK-740 
du r ing  t h e  emergency. However, no d i s c r e t e  emergency f requency  was a s s igned  and t h e  
c o n t r o l l e r  cont inued  t o  work o t h e r  a i r c r a f t  on t h e  same f requency .  The c o n t r o l l e r  a l s o  
asked t h e  f l i g h t  crew i f  they  wished f i r e  equipment s t a n d i n g  by, and a f t e r  t h e y  r e p l i e d  
"A£ £ i rmat ive" ,  made t h e  a p p r o p r i a t e  n o t i f i c a t i o n .  

Phraseology was i n a p p r o p r i a t e  and t h e  a l t i t u d e  c l e a r a n c e  was i n  e r r o r  d u r i n g  t h e  
c o n t r o l l e r ' s  c l e a r a n c e  d e l i v e r i e s  f o r  r e t u r n  t o  Jeddah. I n i t i a l l y  t h e  c o n t r o l l e r  s t a t e d  
"Do whatever  you l i k e ,  sir" wi thou t  assignment  of an  a l t i t u d e  f o r  t h e  de scen t .  L a t e r ,  
when t h e  crew r eques t ed ,  "Could you t e l l  u s  what h e i g h t  we can descend t o  s a f e l y ? "  t h e  
c o n t r o l l e r  r e p l i e d ,  "Cleared t o  descend t o  4 000 f e e t . "  The c o n t r o l l e r  r epea t ed  t h i s  
c l e a r a n c e  t o  4  000 f t  f o u r  minutes  l a t e r .  

The minimum en-route  a l t i t u d e  (MEA) f o r  t h e  r o u t e  segment flown is  FL 130. The 
minimum IFR o b s t r u c t i o n  c l ea r ance  a l t i t u d e  (MOCA) f o r  t h e  r o u t e  segment flown i s  7 900 f t .  
The minimum o f f - r o u t e  a l t i t u d e  f o r  t h e  s e c t o r  where t h e  c r a s h  occur red  ( a s  pub l i shed  on 
t h e  Jeppesen En-Route Char t )  is 8 400 f t .  The maximum e l e v a t i o n  i n  t h e  s e c t o r  where t h e  
c r a s h  occur red  ( a s  publ i shed  on t h e  T a c t i c a l  P i l o t a g e  Chart  TPC J-6AG) i s  5 800 f t .  

The c r a s h  i n  f a c t  occur red  a t  3  300 f t  w i th  t e r r a i n  i n  exces s  of 4  000 f t  
d i r e c t l y  ahead i n  t h e  f i n a l  d i r e c t i o n  of f l i g h t .  

This  e r roneous  c l ea r ance ,  however, i s  n o t  cons ide red  t o  have been a  c o n t r i b u t i n g  
f a c t o r  i n  t h e  c r a s h  s i n c e ,  a s  p r e v i o u s l y  s t a t e d ,  t h e  c a p t a i n  recognized  t h e  a l t i t u d e  
assignment  as f a u l t y  and r eques t ed  v e r i f i c a t i o n  of a  minimum s a f e  a l t i t u d e  by t h e  f i r s t  
o f f i c e r .  S ince  t h e  f i r s t  o f f i c e r  s t a t e d :  "11 000 f e e t , "  i t  i s  u n l i k e l y  t h e  crew in t ended  
t o  descend below t h i s  a l t i t u d e .  

The cockp i t  crew r eques t ed  no f u r t h e r  a s s i s t a n c e  from ATC and t h e  c o n t r o l l e r  
sugges ted  no a l t e r n a t e  cou r se  of a c t i o n  such  a s  a d i v e r s i o n  t o  Ta i f  A i r p o r t ,  which was 
c l o s e r  than  Jeddah. 

2 .1.3 Cause of t h e  In -F l igh t  F i r e  

A g r e a t  d e a l  of t ime and e f f o r t  was expended i n  an  a t t emp t  t o  g l ean  from t h e  
a v a i l a b l e  ev idence  an  exp l ana t i on  of t h e  cause  of t h i s  f i r e  and i t s  r a p i d  and e x t e n s i v e  
propaga t ion .  Th i s  e f f o r t  was unsucces s fu l .  

One p o s s i b i l i t y ,  and perhaps  t h e  most p robab l e ,  i s  t h a t  of h i g h l y  flammable 
subs t ances ,  s p e c i f i c a l l y  g a s o l i n e  o r  kerosene ,  be ing  c a r r i e d  aboard t h e  a i r c r a f t  a s  
passenger  baggage. A l l  bu t  a  few of t h e  pa s senge r s  aboard t h i s  f l i g h t  were Haj p i l g r i m s  
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returning home to Pakistan after their visit to the Muslim shrine in Mecca. Many of these 
persons carry with them small gasoline and kerosene stoves which they use for cooking food 
and making tea. A number of these stoves were found in the wreckage. These stoves are 
pressurized with a hand pump. If one or more of these stoves were filled with fuel and 
pressurized, the pressure differential would increase as the aircraft climbed toward its 
assigned flight level. A poorly sealed gasket could allow the leakage of the fuel into 
the cabin and/or cargo areas, needing only a simple spark or cigarette ember for ignition. 
If a sufficient amount of this fuel were spilled a rapid extension of the fire would 
occur, especially if free oxygen was being discharged into the cabin atmosphere. 

A second possibility as a fire source given serious consideration was that of 
an electrical malfunction. The pilot's.first report to ATC specified, "Electrical fire 
supposedly," and the flight engineer's report to the captain after returning from the 
aft cabin included, "I-saw wires by the cabin door." Whether these wires were part of the 
aircraft structure or some item carried in the aft cabin area has not been determined. 
Other statements recorded on the CVR refer to an odour associated with the fire, possibly 
indicating electrical components involved. It is difficult, however, to explain the 
rapid extension of the fire that is known to have occurred, especially when considering 
the electrical circuit protection devices that are design features of the Boeing 707. 

Finally, in light of recent social and political unrest in the Middle East 
area and terrorist activities, it was necessary to consider the possibility of sabotage 
as the cause of this fire. In studying the evidence the investigators were especially 
alert for any indications of arson. In this respect a team from the Forensic Explosives 
Laboratory at the Royal Arsenal in Woolwich, England was invited for an on-site exaini- 
nation of the wreckage in addition to their laboratory analysis of pieces delivered to 
them. 

Although it must be considered as inconclusive, no evidence was found indicating 
any act of sabotage connected with this accident. Furthermore, no high-order explosive 
was detonated on board the aircraft, as evidenced by the aircraft's remaining intact 
until the crash. If a terrorist act had caused this fire, it would have had to involve 
the use of an incendiary device. This is not characteristic of such acts in the past. 
Also of significance is the fact that no announcement has been made by a terrorist group 
indicating their responsibility for this action. There was no evidence of use of an 
incendiary device. 

3. CONCLUSIONS 

3.1 Findings 

1. The aircraft was certificated and maintained according to approved procedures. 

2. All crew members were certificated and qualified for the flight. 

3. An in-flight fire occurred in the aft cabin area which spread rapidly 
throughout the aircraft. 

4. The cabin crew allowed more time than was necessary to elapse before the 
captain was notified. 

5. The captain did not fully appreciate the severity of his emergency and 
allowed more time than necessary before taking positive action to get the 
aircraft back on the ground. 
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6 .  Emergency procedures Ear f i r e ,  smoke evacuation and emergency descent were 
no t  c lose ly  followed as prescribed in t h e  company check-lists. 

7 .  Terminology u t i l i z e d  by the  crew concerning the operation of the  aircraft's 
pressurization system was inappropriate and confusing. 

8. An inappropriate ATC clearance was issued for descent to an unsafe altitude. 

9 .  No discrete emergency comunication frequency was u t i l i z e d .  

10. No failure of the aircraft powerplan~s or control  systems occurred prior 
t o  the crash. 

Probable Cause 

The Board determines that rhe probable cause of this accident was an in-flight 
f i r e  i n  the cabin area which, through its intensity and rapid extension,  resulted i n  panic 
among the passengers and smoke in t h e  cockpit, eventually incapacitating the flight crew. 

The cause of the cabin fire was not determined. 

4 .  SAFETY RECOMKENDATIONS 

As a result of this accident the Board recommends rhat:  

I. Pakistan Airlines review i t s  training procedures to  ensure : 

a) that cabin attendants are impressed with the importance of r e p o r t i n g  
t o  the  captain any unusual occurrence, especially a fire,  immediately 
and by the most expeditious means available, normally the intercom 
system; 

b) that  cockpit crews are impressed with the importance of  Implementing 
emergency procedures withouc hesitation when indicated by the nature 
of  the  emergency, especially Eire, and that company emergency check- l i s t  
procedures be followed e x p l i c i t l y ;  

2. the Government of  Saudi Arabia Air Traffic Control System rev2ew its t r a in ing  
procedures t o  ensure: 

a) that controllers are aware of minimum safe altitudes in all sectors: 

b )  that discrete comunication frequencies are assigned without  hesitation 
i n  emergency s i tuat ions .  

ICAO Note: Appendices A ,  B, C, D, E t o  the report are not reproduced, 

ICAO Ref. : 355 / 7 9  
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No. 5 

McDonnell Douglas DC-9-32, CF-TLU, accident  near Boston, 
Massachusetts, United S t a t e s  on 19 September 1979. 

Report No. NTSB-AAR-80-13 dated 30 January 1981 
re leased b y  the  National  Transpor ta t ion Safe ty  Board, United S t a t e s .  

SYNOPSIS 

At 1 2 1 2  e.d.t., on September 1.7, 1979, Air Canada Flight 680, a scheduled passenger 
flight to Yarmouth, Nova Scotia, Canada, departed Logan International Airport, Boston, 
Massachusetts. .About 14 min after takeoff, at  an altitude of about 25,000 ft m.s.l., the 
tailcone along with the aft cabin pressure access door and a portion of the aft cabin pressure 
bulkhead separated from the aircraft causing rapid decompression of the passenger and 
flightcrew compartments. The aircraft was landed safely a t  Logan International Airport 
about 38 min after takeoff. Of the 45 persons aboard, one flight attendant received minor 
injuries during the decompression. The aircraft's oxygen system and its elevator control and 
engine control systems were damaged. 

The National Transportation Safety Board determines that the probable cause of the 
accident was a fatigue fracture of the aft cabin pressure bulkhead which resulted in a rapid 
decompression of the aircraft's cabin area. This fracture initiated from a crack below the aft 
bulkhead access door which was discernible on the X-rays taken during the aircraft's last 
maintenance inspection but was not detected by the inspectors. 

1. FACTUAL INFORMATION 

1.1 History of the Plight 

O n  September  1 7 ,  1979, Air Canada  Flight 680, a McDonnell Douglas 
DC-9-32 (CF-TLU), opera ted  as a scheduled passenger f l ight  f rom Boston, 
Massachusetts,  t o  Yarmouth, Nova Scotia,  Canada. Fl ight  680 depar ted  Logan 
Internat ional  Airport  a t  Boston a t  1212, 11 with 45 persons, including 5 
crewmembers ,  aboard. T h e  f l ight  was cleared-to Yarmouth in accordance  with a n  
inst rument  f l ight  rules  (IFR) f l ight  plan and was issued climb-out instructions.  T h e  
assigned e n  rou te  fl ight l eve l  (FL) 21 was  250. T h e  fl ight was uneventful  during t h e  
takeoff  and most  of t h e  climb. ~ l l r e q u i r e d  checkl is t  i t e m s  w e r e  accomplished. 

11 All t i m e s  herein a r e  e a s t e r n  daylight,  based on t h e  24-hour clock. - 
21 Alt i tude and te r ra in  e levat ion r e f e r r e d  t o  in this  r e p o r t  a r e  above mean s e a  
revel, and al l  f l ight levels (EL) a r e  above  t h e  s tandard da tum plane. 
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About 1226, shortly before Flight 680 leveled off at  FL 250, a rapid 
decompression occurred. At 1226:08, the flight reported, "Boston Center, Air 
Canada 680 is doing a rapid emergency descent. Clearance back to Boston, we're 
out of twenty-three thousand, descending." The Boston Air Traffic Control Center 
cleared the flight to "turn right and proceed direct to Boston. Descend and 
maintain one four thousand. Boston altimeter three zero two four." The flight was 
then asked, "Are you going to need assistance?" 

At 1226:34, the flight advised Boston Center that it had experienced an 
explosive decompression, that it was out of 20,000 f t ,  and that it was requesting 
9,000 f t  for level off. The flight was cleared to continue descent and maintain 
10,000 ft. 

At 1228:24, the flight responded, "Roger, we are just leveling now and 
the back end of our tail is blown completely off. If you could have some 
emergency crews standing by." The flight was then cleared to descend to  9,000 ft. 
At 1229, the flight cancelled the request for emergency crews and requested the 
closest runway for landing. 

At 1231, the flight again requested the emergency equipment and 
Boston Center advised "they've got the equipment out and runway three three left." 
The flight acknowledged the clearance for landing on runway 33L. 

At 1234:55, Boston center cleared the flight for descent to 4,000 ft. 

At 1237:58, the flight was cleared to Boston, "altitudes at  your 
discretion." At 1239:38, Logan Arrival Radar asked the flight if there were any 
control problems. The flight responded, "negative." A visual approach was flown 
and a landing was made on runway 33L, a t  1250, without further incident. 

During a postflight interview, the captain of Flight 680 reported that 
just before level-off at  FL 250, an extremely loud bang was heard with complete 
loss of cabin pressurization. The first officer was flying the aircraft. "Rapid 
depressurization" was called and the first officer placed the aircraft on autopilot. 
The flightcrew donned their oxygen masks to make communication checks. The 
captain stated that he assumed control of the aircraft, started an emergency 
descent, and observed that the cockpit door was missing and that there was blue 
sky visible through the aft of the aircraft. He also observed that the passengers' 
oxygen masks had deployed, so he slowed the rate of descent. The purser advised 
that everybody was all right except for a flight attendant who had "a bump on her 
head." After level-off a t  9,000 ft ,  the first officer went into the cabin to check on 
the passengers and crew. He reported that everyone was all right. 

The captain stated that the right throttle would not advance beyond 
1.25 exhaust pressure ratio (EPR); however, at  that power setting all engine 
parameters were normal and the hydraulic system was normal. The first officer 
added that the right pneumatic crossfeed valve lever had opened and could not be 
closed. 

The aircraft was purposely kept high during the approach for landing 
and the flaps and landing gear were used to reduce airspeed and altitude. The 
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captain s ta ted  tha t  this was done because of the  limited use of the  right engine. 
He also s t a t ed  tha t  the  landing was normal; however, the l e f t  engine could not be 
reversed a f t e r  touchdown. 

Injuries Crew Passengers Others  Total - 
Fa ta l  0 0 0 0 
Serious 0 0 0 0 
MinorINone - 5 - 40 - 0 - 4 5 
' rotal  5 . 40 o 4 5 

1.3 Damage to Aircraft 

The a i rcraf t  was damaged substantially. 

1.4 Other Damage 

None. 

1.5 Personnel Information 

The five crewmembers were trained and cert i f icated in accordance 
with current  regulations. 

1.6 Aircraft Information 

CF-TLU was cert i f icated and maintained in accordance with current 
regulations. 

The takeoff gross weight of the aircraft  was 78,309 lbs with a center  of 
gravity of 20.2 percent mean aerodynamic chord. The maximum allowable gross 
weight of the a i rc raf t  was 108,000 lbs and the maximum allowable landing weight 
was 87,000 lbs. 

The aircraft  had flown about 28,425 flight-hours and had completed 
26,816 landings as of September 17, 1979. The C-check (C-10) of the  maintenance 
progressive inspection program was performed on May 5, 1979. The a f t  bulkhead 
(flight s tat ion (FS) 996) was x-rayed during this inspection. About 1,006 flight- 
hours had been recorded since the C-10 inspection was performed. The a i rcraf t  
to ta l  t ime a t  the  inspection was 27,420 flight-hours and the  to ta l  landings recorded 
a t  25,879. 

Under normal flight conditions, the aircraft 's pressurization system 
maintains a maximum differential of 7.46 psi between the  inside and the outside of 
the cabin. 

1.7 Meteorological Information 

The surface weather observations for Logan International Airport taken 
by National Weather Service personnel just before Flight 680 departed from and 
just a f t e r  i t  landed a t  the  airport were: 
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1154: - sky clear; visibility--15 mi; temperature--73'F; 
dewpoint--55'F; wind--240°at 10 kn; altimeter setting--30.24 inHg. 

1254: s ty  clear; visibility--15 mi; temperature--75' F; 
=point--56 F; wind--220°at 10 kn; altimeter setting--30.22 inHg. 

1.8 Aids to Navigation 

Not applicable. 

Communications 

There were no reported communications difficulties. 

1.10 Aerdome Information 

Runway 33L at Logan International Airport is hard-surfaced and is 
10,081 ft long and 150 f t  wide. The elevation of the runway's touchdown zone is 
16 ft. 

1.11 Flight Recorders 

CF-TLU was equipped with a Leigh Instruments Co., model VDR-2, 
digital flight data recorder (DFDR), serial No. 104. It is a 7-track serial binary 
DFDR with 1/2-in, continuous-loop recording tape (insideloutside loop). It is a 
non-ARINC 573 recorder with an 8-bit word plus one parity bit, and an 11-bit 
synchronization code. The signal is recorded using Harvard biphase code. A total 
of 33 112 hr of data are recorded. 

The readout of the recording tape was accomplished under Safety Board 
supervision at the Playback Centre, Flight Research Laboratory, Canadian 
Aeronautical Establishment, Ottawa, Canada. There was no evidence of recorder 
malfunction or of recording abnormalities before the aft pressure bulkhead failed 
and disconnected the recorder. The DFDR showed that at  the time of 
decompression, the cabin differential pressure was 7.2 psi. 

CF-TLU was also equipped with a Fairchild model A100 cockpit voice 
recorder (CVR), serial No. 4034. The recorder was removed from the aircraft and 
the entire tape transcribed; however, since the aircraft flew for about 24 minutes 
after the rapid decompression and the CVR was running during the ground taxi time 
until power was turned off, very little information was revealed about activities 
immediately before, during, or immediately after the occurrence. - 31 

1.12 Wreckage and Impact Information 

The rear portion of the fuselage was damaged structurally. The 
fuselage tailcone, the aft cabin pressure bulkhead access door, the drink cart, and 
the lavatory water supply tank were missing. 

' T h e c a p a b i l i t y  of the CVR to store recorded information is limited to the last - 
30-min period before power is removed from the device. 
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1.12.1 Fuselage Examination 

The a f t  bulkhead, vertical stabilizer front spar, center  spar, and rear  
spar support bulkhead were not damaged. Most light frames were intact.  One 
f rame a t  FS 1076 was damaged. Connections to the flight da t a  recorder were 
found severed. On the le f t  side, there  was foreign object damage (FOD) t o  the tai l  
stub skin. The tailcone f rame was intact.  

An oxygen line was broken in the  a f t  flight attendant 's supply line. This 
line is routed along the a f t  pressure bulkhead. The crew oxygen supply cylinder 
gauge in the cockpit read zero  psi when examined immediately a f t e r  landing. 

The inspection of the  fuselage from the  pressure bulkhead, FS 996, 
forward to  the nose of the  a i rc raf t  revealed tha t  the  window belt  panels on both 
the  l e f t  side and right side were f r ee  of any structural  deformation. The door t o  
the cockpit was damaged substantially. The internal sidewalls of the  fuselage were 
displaced. The most notable sidewall displacement was at the overwing area. 

The floor immediately forward of the  a f t  pressure bulkhead was 5O t o  
lo0 low at the a f t  end. No other  cabin floor damage was noted. 

1.12.2 Flight and JZnghw Control  Examination 

The following flight controls were serviceable and operable: both 
elevators, the  rudder control and hydraulic system, the l e f t  elevator trim control, 
and the rudder hydraulic shutoff system. The following flight controls were 
inoperable: the  right elevator trim control, the  rudder trim control, and the  
horizontal stabilizer indicating control system. The three  systems were inoperable 
because a cable pulley support bracket  located'on the  right a f t  side of the  pressure 
bulkhead was torn off. The cables were loose in the  tai l  section; however, no  
cables were broken. 

The le f t  engine reverser system was not operable on landing. 
Examination of the system revealed tha t  the le f t  thrust reverser control  valve 
linkage was jammed against the  displaced pressure bulkhead, thus restricting 
movement of the  mechanism to  the full reverse position. 

The right throt t le  was restr icted to  1.25 EPR when the  captain applied 
power while leveling off a t  9,000 ft.  This condition could not be duplicated on the  
ground. The right throt t le  and reverser worked normally on landing. The right 
reverser control cable, No. 52, on the drum located on the  forward face  of t he  
pressure bulkhead, was found off one side of the pulley. 

The right pneumatic crossfeed shutoff valve jammed in the  open 
position. The crossfeed operating pushrod a f t  of the pressure bulkhead was found 
broken off a t  the lower lever. The actuating drum crank through the pressure 
bulkhead was jammed in the  open position due t o  bulkhead separation. 

1.13 Medical and Patholoeical Information 

The only known injury was to a flight at tendant  who was picking up 
trays in the back of the aircraft  near row 18 when the rapid decompression 
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occurred. Her leg was caught in row 17 and she fell to the floor letting the trays 
go. She was unconscious for about 15 seconds and sustained minor leg, head, and 
hand injuries. 

There was no fire. 

1.15 Survival Aspects 

This was a survivable accident. 

1.16 Tests and Research 

1.16.1 Metallurgical Examination 

The af t  cabin pressure bulkhead, PIN 5910163, was examined in Boston 
after the aircraft landed. (See figure 1.) Parts of the bulkhead were excised for 
more detailed metallurgical exam ination a t  the Safety Board's Metallurgical 
Laboratory in Washington, D.C. 

Above the access door, a 0.03-in-long fatigue crack was found in the 
area of a rivet hole. The density of the fatigue striations in this area indicated the 
crack contained about 3,000 cycles. Other fractures found above the access door 
appeared typical of those produced by an overstress condition. Below the access 
door, a large crack was found in the P/N 5910163-9 jamb that originated in areas 
of mechanical damage in a lockbolt fastener hole. The examination determined 
that the crack had been caused by fatigue and that the mechanical damage existed 
before the accident. The P/N 5910163-182 web below the access door contained 
evidence of fatigue cracking originating at the upper rivet hole used in attaching 
the web to the jamb. The metallurgists determined that the majority of the crack 
extension down the web was probably caused by fatigue andlor intermittent tearing 
to a position approximately 10 in below the top of the web. Remaining fractures 
below this point appeared typical of fresh overload separations. Hardness and 
microstructural examination of the bulkhead jamb and web pieces were normal for 
the material specified for these members (alclad 2014-T6 sheet). Thickness 
measurements of the sheet material complied with that specified on the 
engineering drawing. 

X-ray radiographs from the C-10 inspection of the bulkhead on May 5, 
1979, clearly showed crack indications from the lockbolt fastener hole in the jamb 
below the door, indicating that a substantial crack was present at  this location at 
the time of the inspection. Nothing on the C-10 inspection record indicated that 
inspectors detected the crack when the X-rays were examined. 

1.16.2 Test of the Oxygen System 

The oxygen line that leads to the aft flight attendant's station was 
repaired and the oxygen system examined. The system operated normally and no 
other defects were noted. 
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Flgure 1.--Overall view look~ng af t  on af t  pressure bulkhead as first viewed in 
Boston. Ar rows  "UI' outline the aft access door f rame that is visibEe in this 
photograph. Mating areas at the top of the door jamb are denoted by arrows "T" 
and mat lng  areas a t  the bottom of the door jamb we indicated by arrows '73". 
Unmarked arrows show principal fracture directions. 

(Photograph courtesy of the Canadi~tn Ministry of Transport.) 
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1.17 Other Information 

1.17.1 Immediate Action of Air Canada 

During the  onscene investigation in Boston, Air Canada informed the  
investigating team tha t  i t  had ordered an  immediate examination of its f leet  of 43 
DC-9-32 aircraft  t o  determine if others  had similar cracks. One aircraft  locatea 
in Regina, Saskatchewan, Canada, was found t o  have cracks in the  same area  and 
was immediately withdrawn from service. The aircraft  was ferried, unpressurized, 
to the airline's principal maintenance base in Dorval, Quebec, Canada. After t he  
onscene investigation, Air Canada informed the  Safety Board that  another 
DC-9-32 aircraft had been found with cracks in the  same area. It was also 
immediately withdrawn from service and repaired before its next revenue flight. 

1.17.2 Emergency Telegraphic Airworthiness Directive (AD) No. T79 WE1 3 

On September 18, 1979, as a result of the  investigation, the  Federal 
Aviation Administration (FAA) issued an emergency telegraphic AD No. T79WE13 
which was effect ive upon receipt  and applicable t o  all operators of t he  
McDonnell-Douglas model DC-9 a i rcraf t  certificated in all categories which had 
made more than 15,000 landings, were not equipped with an  a f t  ventral stairway, 
and had not been modified by an earlier DC-9 service bulletin. This emergency AD 
required each operator to: 

(A) Within 10 landings a f t e r  receipt of this telegram, 
perform a visual inspection for  cracks in the a f t  pressure 
bulkhead emergency exit  door jamb and bulkhead skin in 
accordance with McDonnell Douglas DC-9 service bulletin 
53-127 dated May 25, 1976. The a rea  t o  be inspected shall 
be expanded t o  include the  ent ire  perimeter of the door 
opening and bulkhead assembly within twelve inches of the 
opening. 
Note: Preliminary examination of the suspect a rea  prior t o  - 
cleaning may reveal tar stains commonly associated with 
pressurization leaks. Following such preliminary 
examination, a thorough cleaning should be performed 
before proceeding with the prescribed visual inspection. 

(B) If cracks a r e  found during the inspection which a r e  
limited to  the emergency exit  door jamb, repair before 
further flight as shown for condition 2, figure 2, in 
McDonnell-Douglas service bulletin 53-127 dated May 25, 
1976. 

(C) If cracks a re  found during the inspection which extend 
through the emergency exit door jamb and into the  pressure 
bulkhead skin, repair before further flight a s  shown by 
condition 3, figure 3 in McDonnell Douglas service bulletin 
53-127 dated May 25, 1976. 

(Dl If cracks a re  found during the inspection for which no 
repair is prescribed in McDonnell Douglas service bulletin 
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53-127 da ted  May 25, 1976, repair before further flight in 
accordance with FAA-approved data. 

(E) Within 24 hours a f t e r  t he  inspection, report the  resul ts  
of the inspection t o  the  Chief, Aircraft Engineering 
Division, FAA Western Region. 

(F) Special flight permits  may be issued in accordance with 
FAR [14  CFRI 21.197 and 21.199 t o  operate  t he  airplane 
unpressurized t o  a base where the  inspection or crack repair 
can  be performed. 

1.17.3 Emergency Telegraphic Airworthiness Directive No. 'I79WE15 

On September 28, 1979, t he  FAA issued emergency telegraphic AD No. 
T79WE15 which was e f fec t ive  upon receipt  and superseded AD No. T79WE13. This 
emergency AD required each  operator: 

To de tec t  fat igue cracks and prevent failure of the a f t  pressure 
bulkhead, accomplish t he  following: 

(a)  For a i rc raf t  not previously modified or repaired in 
accordance with McDonnell Douglas DC-9 Service Bulletin 
53-127 da ted  May 25, 1976, accomplish the following: 

(1) Within 10 landings a f t e r  receipt  of this telegram, 
unless already accomplished in accordance with 
telegraphic AD T79WE13, conduct an initial visual 
inspection per  S tep  1, Figure 1, of McDonnell Douglas 
DC-9 Alert  Service Bulletin A53-127, Revision 1, 
da ted  September 26, 1979. The visual inspection shall  
encompass the  en t i re  periphery of the emergency exi t  
doorjamb structure. 

(2) Within 100 landings a f t e r  receipt  of this 
telegram, conduct both visual and X-ray inspections 
per Steps 3 through 10, Figure 1, of McDonnell 
Douglas DC-9 Alert Service Bulletin A53-127, 
Revision 1, da ted  September 26, 1979. The visual 
portion of the  inspection shall encompass t h e  en t i r e  
periphery of the  doorjamb structure. 

(3) Within 2,000 landings from the inspection 
required by paragraph (a)(2) and thereafter  a t  intervals 
not t o  exceed 2,000 landings, conduct X-ray 
inspections per Steps 8 through 10 and visual 
inspections per S t ep  1, Figure 1, of McDonnell Douglas 
DC-9 Alert  Service Bulletin in A53-127, Revision 1, 
da ted  September 26, 1979. The visual inspection shall  
encompass the  en t i re  periphery of the  emergency ex i t  
doorjamb structure. 
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(b) For aircraft  previously modified or repaired per 
McDonnell Douglas DC-9 Service Bulletin 53-1 27 dated May 
25, 197 6, accomplish the following: 

(I)  Within 2,000 landings a f t e r  receipt of this 
telegram and thereafter  a t  intervals not t o  exceed 
2,000 landings, conduct an X-ray inspection of the 
jamb structure per Steps 8 through through 10, Figure 
1, of McDonnell Douglas DC9 Alert Service Bulletin 
A53-127, Revision 1, dated September 26, 1979, and a 
visual inspection of the entire periphery of the 
emergency exit  doorjamb structure. 

(c) If cracks a re  found during any of the inspections 
required by this AD, repair before further flight in 
accordance with the following: 

(1) For cracks which a re  limited t o  the emergency 
exit doorjamb, repair as  shown for  Condition 2, Figure 
2 of McDonnell Douglas DC-9 Alert Service Bulletin 
A53-127, Revision 1, dated September 26, 1979. 

(2) For cracks which extend through the emergency 
exit doorjamb and into the pressure bulkhead web, 
repair as  shown for Condition 3, Figure 3 of McDonnell 
Douglas DC-9 Alert Service Bulletin A53-127, 
Revision 1, dated September 26, 1979. 

(3) For cracks for which no repair is prescribed in 
McDonnell Douglas DC-9 Alert Service Bulletin 
A53-127, Revision 1, dated September 26, 1979, repair 
in accordance with FAA-approved data. 

(d) Within 24 hours a f te r  inspections per paragraph (a) and 
paragraph (b), report  t he  results of the  inspections t o  Chief ,  
Aircraft Engineering Division, FAA Western Region. 
Include in the reporting information the modification/repair 
s tatus of the bulkhead. 

(el Special flight permits  may be issued in accordance 
with FAR El4 CFRI 21.197 and 21.199 t o  operate the  
airplanes unpressurized to a base where the inspections or 
crack repair can be performed. 

(f)  For the purposes of complying with this AD, subject t o  
acceptance by the assigned FAA maintenance inspector, t he  
number of landings may be determined by dividing each 
airplane's hours time-in-service by the operator's f lee t  
average t ime from takeoff t o  landing for the DC-9 airplane. 
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1.17.4 Airworthiness Directive 79-WE-30-AD; Amendment 39-3618 

On December 24, 1979, the  FAA issued a final AD which required the  
operators: 

To de tec t  fatigue cracks and prevent failure of the  a f t  pressure 
bulkhead, accomplish the  following: 

(a) For aircraft  not previously modified or repaired in 
accordance with McDonnell Douglas DC-9 Service Bulletin 
53-127 dated May 25,.1976, accomplish the  following: 

- (1) Within 10 landings a f t e r  the effect ive da te  of 
this AD, unless already accomplished in accordance 
with telegraphic AD T79WE13 dated September 18, 
1979 or telegraphic AD T79WE15 dated September 28, 
1979, conduct an  initial visual inspection per S tep  1, 
Figure 1, of McDonnell Douglas DC-9 Alert Service 
Bulletin A53-127, Revision 1, dated  September 26, 
1979. The visual inspection shall encompass the  ent i re  
periphery of the emergency exit  doorjamb structure. 

(2) Within 100 landings a f t e r  the  effect ive date of 
this  AD, unless already accomplished in accordance 
with telegraphic AD T79WE15 dated September 28, 
1979, conduct both visual and X-ray inspections per 
Steps 3 through 10, Figure 1, of McDonnell Douglas 
DC-9 Alert Service Bulletin A53-127, Revision 1, 
da ted  September 26, 1979. The visual portion of the 
inspection shall encompass the ent ire  periphery of t he  
doorjamb structure. 

(3) Within 250 landings of the inspection required by 
paragraph (a)(2) of this AD and thereafter  at intervals 
not t o  exceed 250 landings, conduct a visual inspection 
per Step 1, Figure 1, of McDonnell Douglas DC-9 
Alert Service Bulletin A53-127, Revision 1, da ted  
September 26, 1979. The visual inspection shall 
encompass the ent ire  periphery of the emergency exit  
doorjamb structure. 

(4) Within 1,000 landings from the inspection 
required by paragraph (a)(2) and thereafter  at intervals 
not t o  exceed 1,000 landings, conduct X-ray 
inspections per Steps 8 through 10 and a visual 
inspection per Step 1, Figure 1, of McDonnell Douglas 
DC-9 Alert Service Bulletin A53-127, Revision 1, 
da ted  September 26, 1979. The visual inspection shall 
encompass the  ent ire  periphery of the emergency exi t  
doorjamb structure. 
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(b) For a i rc raf t  previously modified or repaired per 
McDonnell Douglas DC-9 Service Bulletin 53-1 27 dated May 
25, 1976, accomplish the following: 

(1) Within 100 landings a f t e r  the effective date of 
this AD, unless already accomplished subsequent t o  
September 25, 1979, conduct X-ray inspections per 
Steps 8 through 10, Figure 1, of McDonnell Douglas 
DC-9 Alert Service Bulletin A53-127, Revision 1, 
dated September 26, 1979, and a visual inspection of 
the ent ire  periphery of the emergency exit doorjamb 
structure. 

(c) If cracks are found during any of the inspections 
required by this AD, repair before further flight in 
accordance with the  following: 

(1) For cracks which a r e  limited to  the emergency 
exit doorjamb, repair as shown for  Condition 2, Figure 
2, of McDonnell Douglas DC-9 Alert Service Bulletin 
A53-127, Revision 1, dated September 26, 1979. 

(2) For cracks which extend through the emergency 
exit doorjamb and into the pressure bulkhead web, 
repair as  shown for Condition 3, Figure 3, of 
McDonnell Douglas DC-9 Alert Service Bulletin 
A53-127, Revision 1, dated September 26, 1979. 

(3) For cracks for which no repair is prescribed in 
McDonnell Douglas DC-9 Alert Service Bulletin A53- 
127, Revision 1, dated September 26, 1979, repair in 
accordance with FA A-approved data. 

(dl Within 24 hours a f t e r  the initial inspections per 
paragraph (a)(2) and paragraph (b)(l), report the results of 
the  initial inspections by Telex t o  the Chief, Aircraft 
Engineering Division, FAA Western Region. Include in the  
reporting information the data and condition of modification 
or  repair per DC-9 Service Bulletin 53-127 or  A53-127, 
McDonnell Douglas fuselage number, factory serial number, 
and registration number. 

(e) Alternative inspections, modifications or other actions 
which provide a n  equivalent level of safety may be used 
when approved by the  Chief, Aircraft Engineering Division, 
FAA Western Region. 

(f) Special flight permits may be issued in accordance 
with FAR [14  CFR] 21.197 and 21.195 t o  operate t h e  
airplanes unpressurized t o  a base where the inspections or 
crack repair can be performed. 
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(g) For the purposes of complying with this AD, subject to 
acceptance by the assigned FAA maintenance inspector, the number of 
landings may be determined by dividing each airplane's hours time in  
service by the operator's fleet average time from takeoff to landing for 
the DC-9 airplane. 

On July 17, 1980, AD 79-WE-30-AD was further amended by 
Amendment 39-3741 as follows: ". . . change paragraph (e) to read in pertinent part 
as follows: 

'(4 Within the next 500 landings after April 14, 1980. . . .' " 
1.17.15 Reqdts of Fleetwide Inspection 

As  a result of inspections made after receipt of emergency AD 
No. T79WE13 on September 18, 1979, 7 air carriers with DC-9 aircraft that were 
within the requirements of the AD reported that out of 119 aircraft inspected, 
cracks were found in 33. Several of these aircraft were found to have more than 
one crack. All of the aircraft were removed immediately from service, repaired, 
and placed back in service. 

1.18 Useful or Effective Investigation Techniques 

No new or unusual investigation techniques were used during this 
investigation. 

2. ANALYSIS 

2.1 General 

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

Meteorological conditions did not affect the flight. Although the flight 
was being conducted on an IFR flight plan, visual flight conditions were maintained 
from takeoff until landing. 

The aircraft was certificated and equipped according to applicable 
regulations. The gross weight and center of gravity were within prescribed limits. 

The aircraft was maintained according to applicable regulations, except 
for the work which was accomplished during the aircraft's last maintenance 
check--the C-10 inspection on May 5, 1979. The aft pressure bulkhead was 
X-rayed during the C-10 inspection; however, no cracks were detected in these 
X-rays and the aircraft was released for revenue service. 

The Aft Pressure Bulkhead 

Fracture of the aft pressure bulkhead initiated from a large preexisting 
crack below the access door area. Primary crack initiation was by low-load, 
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high-cycle fatigue originating at a mechanical gouge in the lockbolt fastener hole 
t ha t  most likely occurred during assembly of the bulkhead. Cyclic  loading of the 
bulkhead was produced by cabin pressure fluctuations, each of which correlated t o  
one complete cycle per flight. The density of fatigue striations in the access 
doorjamb and the magnitude of the  fatigue crack extension suggests tha t  t he  
fatigue crack began upon initial pressurization of the aircraft.  The aircraft  had 
26,816 landings recorded a t  the  time of the  accident,  and i t  is possible that  each of 
the  service cycles (equated t o  landings) produced a striation or incremental crack 
extension. The loads producing fatigue crack extension in the doorjamb would have 
been distributed t o  the door web when the jamb cracks extended to  the location 
corresponding t o  the  top of the  web. Low-load, high-cycle fatigue cracking in the  
web most likely was occurring simultaneously with tha t  in the jamb a s  the crack 
extended downward below the  web interface. The web most probably to re  
downward incrementally t o  about  1 0  in from the lower rivet hole used t o  a t t ach  the  
web t o  the jamb. From this point, the  failure appeared t o  progress catastrophically 
without further stoppage. 

The fatigue crack found in the jamb above the access door was 
extremely small and i s  not considered significant. Striation densities in this a r ea  
indicated the crack contained about 3,000 cycles which is much less than the 
26,816 landing cycles of the aircraft.  Fatigue cracking in this area, however, may 
have influenced the location of breakage in the bulkhead above the access door 
area. 

2.3 Inspection and Quality Control 

During this investigation, the Safety Board became concerned tha t  the  
crack in the bulkhead had gone undetected for more than 4 months. Radiographic 
inspection of the bulkhead on CF-TLU was accomplished on May 5, 1979, during a 
normal maintenance inspection. Examination of the X-ray plates taken during this 
inspection showed a fatigue crack which was clearly discernible and easily 
identifiable. Company inspection and quality control procedures allowed this 
discrepancy t o  go  undetected. The Safety Board was not able t o  determine if 
earlier radiographic inspections of the bulkhead had shown any cracks. 

Of equal concern t o  the Safety Board was the f ac t  that ,  despite 
established inspection and quality control procedures, 33 other DC-9 a i r c ra f t  
belonging to 7 other air carriers were found to  have similar cracks of varying 
lengths in the  same  a rea  of the a f t  pressure bulkhead. Left undetected, and 
depending on t ime and circumstances, these cracks could have resulted in 
catastrophic accidents, the causes of which would have been extremely difficult t o  
determine. 

The Safety Board believes that  the actions taken by Air Canada 
immediately a f t e r  this accident as  well as those taken by the FAA t o  insure more 
thorough and timely inspection and quality control practices throughout the 
af fec ted  DC-9 f lee t  were timely and effective. The Board concludes tha t  t he  
increased inspection cri ter ia  set forth in the FAA directives, coupled with FAA 
surveillance activity, should eliminate this type of fatigue failure. 
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3. CONCLUSIONS 

3.1 Findings 

1. The a i rcraf t  was cert i f icated and equipped in accordance with approved 
procedures. 

2. All crewmembers were cert i f icated and qualified for flight. 

3. The flight was on an IFR flight plan and visual meteorological 
conditions existed throughout the ent ire  flight. 

4. Separation of the  a f t  bulkhead below the access door s temmed from a 
large fatigue crack in the doorjamb which originated in a reas  of 
preexisting mechanical damage in a lockbolt fastener hole. 

5 .  Postaccident review of X-rays of the a f t  pressure bulkhead taken on 
May 5, 1979, disclosed a crack which was not detected. 

6. The maximum cabin pressure differential under normal operations with 
an uncracked a f t  pressure bulkhead was 7.46 psi. At the t ime of t he  
failure of the a f t  pressure bulkhead, the cabin pressure differential was 
7.2 psi. 

7. The DFDR functioned normally during the flight until the a f t  pressure 
bulkhead failed. 

8. The DFDR shows tha t  the flight was a t  25,000 f t  when the DFDR 
stopped functioning nor mally. 

9. The pilot could not advance the right throt t le  past 1.25 EPR when the 
flight leveled off a t  9,000 f t .  This condition could not be duplicated on 
the  ground. 

10. The le f t  engine reverser system could not be placed into reverse a f t e r  
landing. 

11. The right elevator trim control, the rudder trim control, and the 
horizontal stabilizer indicating control system were not operational 
because the cable pulley support bracket at tached t o  the upper right 
side of the  a f t  pressure bulkhead was torn off and the cables were 
loose. 

3.2 Probable Cause 

The National Transportation Safety Board determines tha t  the probable cause 
of the accident was a fatigue f rac ture  of the a f t  cabin pressure bulkhead which 
resulted in a rapid decompression of the aircraft 's cabin area. This fracture 
initiated from a crack below the a f t  bulkhead access door which was discernible on 
the X-rays taken during the aircraft 's last maintenance inspection but was not 
detected by the  inspectors. 
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4. RECOMMENDATIONS 

As a result  of this acc iden t  investigation and timely informat ion developed 
and forwarded by t h e  Safe ty  Board's metallurgist ,  t h e  FAA issued emergency  
telegraphic AD No. T79WE13 for inspection of a l l  o t h e r  DC-9 aircraf t .  

The Safe ty  Board considered t h e  immedia te  act ion t aken  by t h e  FAA, t h e  
manufacturer ,  and t h e  a i r l ines  involved t o  b e  sat isfactory and no  recommendat ions  
were issued. 

ICAO Note: Appendices A, 8, C to t h e  Report are not reproduced. 

ICAO Ref: 092/79 
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McDonnell Douglas DC-10-10, N903WA, a c c i d e n t  a t  
L icenc iado  Beni to  ~ u s r e z  I n t e r n a t i o n a l  A i r p o r t , _ l l e x i c o  C i t y ,  

Mexico on 31 October  1979. Report Reference 002.311-213 
r e l e a s e d  by t h e  D i r e c t o r  Genera l  of C i v i l  Av ia t i on ,  Uni ted  Mexican S t a t e s .  -- 

SYNOPSIS 

A t  0542 h  on 31 October  1979, Western A i r l i n e s  F l i g h t  2605, a  DC-10 a i r c r a f t ,  
c r a shed  wh i l e  l a n d i n g  on Runway 23 L e f t  a t  L icenc iado  Beni to  ~ u z r e z  I n t e r n a t i o n a l  A i r p o r t ,  
Mexico C i ty .  T h i s  runway was c l o s e d  f o r  r e p a i r s  a t  t h e  t ime.  Seventy-two persons  on 
board t h e  a i r c r a f t  and one pe r son  on t h e  ground were k i l l e d  i n  t h e  a c c i d e n t .  The 
a i r c r a f t  was de s t royed .  

FACTUAL INFORMATION 

H i s t o r y  of t h e  F l i g h t  

1.1.1 F l i g h t  No. 2605, a  McDonnell Douglas DC-10-10, r e g i s t r a t i o n  N-903WA, owned by 
Western A i r l i n e s  Inc . ,  had t aken  o f f  from Los Angeles  I n t e r n a t i o n a l  A i r p o r t ,  C a l i f o r n i a ,  
f o r  Mexico C i t y ,  D.F. a t  0140 h  l o c a l  t ime  on 31  October  1979. The Mexico c e n t r e  had 
c l e a r e d  t h e  crew t o  approach Mexico C i t y  v i a  Tepexpan, subsequen t ly  i n s t r u c t i n g  t h e  
a i r c r a f t  crew t o  change f requency  t o  t h e  c o n t r o l  tower.  The tower o p e r a t o r  informed 
t h e  crew t h a t  t h e  runway i n  u s e  was 23 Right  and provided  t h e  crew wi th  i n fo rma t ion  on 
t h e  weather  c o n d i t i o n s  p r e v a i l i n g  a t  Mexico C i t y  I n t e r n a t i o n a l  A i r p o r t ,  and l a n d i n g  d a t a .  
When t h e  a i r c r a f t  was on f i n a l  approach ,  t h e  c o n t r o l  tower o p e r a t o r  r e p e a t e d  t h a t  t h e  
runway i n  use  was 23  Right  and drew t h e  a t t e n t i o n  of t h e  p i l o t  t o  t h e  f a c t  t h a t  h e  was 
l e f t  o f  t h e  f l i g h t  p a t h  h e  should  be  fo l l owing  t o  l and  on t h e  runway i n  use .  The p i l o t  
acknowledged t h e  i n f o r m a t i o n  and t h e  f a c t  t h a t  he was s l i g h t l y  t o  t h e  l e f t .  The 
t r a n s c r i p t i o n  of t h e  magnet ic  t a p e  which c o n t a i n s  t h e  communications between t h e  
c o n t r o l  tower o p e r a t o r  and t h e  crew of a i r c r a f t  N-903WA r e v e a l s  t h a t  et  one p o i n t  
t h e  c o n t r o l  tower o p e r a t o r  asked  t h e  p i l o t  whether  he  could s e e  t h e  approach l i g h t s  
on h i s  l e f t ,  t o  which t h e  p i l o t  r e p l i e d  "negat ive".  

1 . 1 .2  The d a t a  o b t a i n e d  from t h e  a i r c r a f t ' s  f l i g h t  r e c o r d e r  shows t h a t  t h e  crew was 
making a n  i n s t rumen t  approach.  The i n s t rumen t  l a n d i n g  procedure  a u t h o r i z e d  i n  t h e  
a e r o n a u t i c a l  i n f o r m a t i o n  p u b l i c a t i o n  (AIP) f o r  Runway 23 L e f t  w i t h  t r a n s i t i o n  t o  
23 Right  s p e c i f i e s  t h a t  i f  t h e  p i l o t  does  n o t  have t h e  runway i n  s i g h t  a t  600 f t  
d u r i n g  a n  i n s t rumen t  l a n d i n g  approach ,  h e  must b reak  o f f  t h e  approach and c l imb t o  
8 500 f t .  I n  t h i s  c a s e  t h e  crew cont inued  w i t h  t h e  l and ing  procedure ,  i g n o r i n g  t h e  
requi rement  t o  c a l l  o u t  t h e  a l t i t u d e  v a l u e s  and t h e  d e c i s i o n  minimum, and descended 
u n t i l  t h e  l a n d i n g  g e a r  touched down o f f - c e n t r e  of Runway 23 L e f t ,  which was c l o s e d  t o  
a l l  o p e r a t i o n s .  On t h e  t r a n s c r i p t i o n  of t h e  c o c k p i t  v o i c e  r e c o r d e r  t h e  pilot-in-command 
i s  heard  t o  have s a i d  t h a t  h e  was on t h e  f l i g h t  pa th  t o  Runway 23 L e f t ,  j u s t  b e f o r e  t h e  
l e f t  l and ing  gea r  whee ls  touched down on t h e  g r a s s  t o  t h e  l e f t  of Runway 23 L e f t  and 
t h e  r i g h t  l a n d i n g  g e a r  whee ls  on t h e  runway shou lde r .  The a i r c r a f t  d i d  n o t  e n t e r  t h e  
runway u n t i l  i t  had t r a v e l l e d  some 100 m. According t o  t h e  f l i g h t  r e c o r d e r  d a t a  and 
t h e  wheel t r a c e s  a t  t h e  s i t e  of t h e  a c c i d e n t ,  t h e  crew r e - app l i ed  power f o r  t h e  go-around 
procedure  and l i f t e d  t h e  a i r c r a f t  nose  by 100-210. Now a i r b o r n e ,  t h e  a i r c r a f t ' s  r i g h t  
l a n d i n g  gea r  c o l l i d e d  w i t h  a  t r u c k  l o c a t e d  on t h e  l e f t  shou lde r  of t h e  runway which was 
c l o s e d  f o r  r e p a i r s .  The impact  l e f t  a d i s t i n c t  mark i n  t h e  l e f t -hand  s i d e  of ?he 
v e h i c l e ' s  bonnet  co r r e spond ing  e x a c t l y  t o  t h e  shape  and s i z e  of t h e  a i r c r a f t ' s  wheel.  
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1 . 1 . 3  The c o l l i s i o n  w i t h  t h e  t r u c k ,  which was l o a d e d  w i t h  10 t o n n e s  of e a r t h ,  removed 
t h e  r i g h t  l a n d i n g  gear  l e g  w i t h  p a r t  o r  s e c t i o n s  of t h e  main g e a r  beam t o  which i t  i s  
a t t a c h e d ,  b u r s t i n g  t h r e e  of t h e  f o u r  t ires.  The two f r o n t  t i r e s  came o f f  t h e  w h e e l s ,  
whose hubs d i s i n t e g r a t e d ,  s c a t t e r i n g  p i e c e s  away from t h e  a i r c r a f t .  The h o r i z o n t a l  s h a f t  
which c a r r i e s  t h e  two f r o n t  whee l s  and t h e  a s s o c i a t e d  b r a k e  u n i t s  a l s o  b r o k e  o f f  and were 
p r o j e c t e d  forward over  a  d i s t a n c e  of o v e r  400 m. A f t e r  b r e a k i n g  o f f ,  t h e  r i g h t  l a n d i n g  
g e a r  l e g  s t r u c k  t h e  r i g h t  t a i l p l a n e  and e l e v a t o r ,  s e v e r i n g  t h e  two a lmos t  c o m p l e t e l y .  
T h i s  caused t h e  l a n d i n g  g e a r  l e g  comple te  w i t h  t h e  two r e a r  t i r e s ,  whee l s  and b r a k e  u n i t s  
t o  b e  thrown about  70 m beyond t h e  p o i n t  of c o l l i s i o n  w i t h  t h e  t r u c k .  The l e f t  s i d e  
p a n e l  o f  t h e  t r u c k ' s  dumper body, t h e  o n l y  p a r t  t o  b r e a k  o f f ,  was thrown t o  t h e  l e f t  of 
t h e  runway; t h i s  p a n e l  b o r e  t r a c e s  o f  t i res  a b o u t  halfway a l o n g  i t s  t o p  edge.  The i n n e r  
r igh t -hand  s e c t i o n  o f  t h e  wing f l a p s  a l s o  s t r u c k  t h e  dumper body, which removed t h e  
comple te  s e c t i o n ;  t h i s  was found t o  t h e  r i g h t  of t h e  a i r c r a f t ' s  f l i g h t  p a t h  some 40 m  
beyond t h e  f i n a l  l o c a t i o n  of t h e  dumper body. The u n d e r s i d e  of t h e  f l a p  was f u l l  of 
e a r t h  and t h e  f r a c t u r e s  i n  t h e  s t r u c t u r e  c o n t a i n e d  e a r t h  from t h e  t r u c k .  The r i g h t - h a n d  
s i d e  p a n e l  of t h e  dumper body a l s o  b o r e  e v i d e n c e  of h a v i n g  been s t r u c k  by a  m e t a l  o b j e c t .  
The t r u c k  broke up c o m p l e t e l y  and p a r t s  of i t  were s c a t t e r e d  o v e r  a  c o n s i d e r a b l e  d i s t a n c e  
on and o f f  t h e  runway, t h e  a r e a  covered  b e i n g  some 400 m l o n g  by 100 m  wide.  

1.. 1 . 4  Three seconds  b e f o r e  t h e  c o l l i s i o n  w i t h  t h e  t r u c k  t h e  e n g i n e  t h r o t t l e s  were 
opened. The c o l l i s i o n  o c c u r r e d  under  t h e s e  c o n d i t i o n s  and i n  s p i t e  of t h e  v i o l e n c e  o f  
t h e  impact  t h e  a i r c r a f t  remained a i r b o r n e  and f l e w  o n ,  a l t h o u g h  l i f t  was p r e c a r i o u s  due 
t o  t h e  l o s s  o n  t h e  r i g h t  s i d e  of t h e  t a i l p l a n e  comple te  w i t h  e l e v a t o r  and t h e  i n n e r  
s e c t i o n  of t h e  wing f l a p .  The a i r c r a f t  was banked t o  t h e  r i g h t  and t h i s  i n c l i n a t i o n  
i n c r e a s e d  s o  much t h a t  when t h e  a i r c r a f t  was a p p r o x i m a t e l y  1 500 m from t h e  t h r e s h o l d  
of Runway 23  L e f t ,  t h e  o u t e r  s e c t i o n  o f  t h e  r i g h t  wing f l a p  s t r u c k  t h e  c a b  of  a n  e x c a v a t o r  
which was parked p a r a l l e l  t o  t h e  r igh t -hand  edge of Runway 2 3  L e f t .  The impact  c o m p l e t e l y  
d e s t r o y e d  t h e  cab and p a r t s  o f  t h e  t r a i l i n g  edge of t h e  wing f l a p  were found embedded i n  
t h e  t w i s t e d  framework of t h e  e x c a v a t o r .  The a i r c r a f t  c o n t i n u e d ,  v e e r i n g  t o  t h e  r i g h t  and 
i n c r e a s i n g  i ts  bank a n g l e  towards  t h a t  s i d e  u n t i l  t h e  r i g h t  wing t i p  was s c r a p i n g  
Taxiway "A", l e a v i n g  a deep s c o r e  i n  t h e  pavement,  damaging a  t e l e p h o n e  manhole and 
d e s t r o y i n g  some taxiway edge l i g h t s .  A s e v e r e d  s e c t i o n  of t h e  r i g h t  wing was found 
d e e p l y  embedded i n  t h e  ground a t  t h i s  p o i n t  and t h e  f i r s t  s i g n s  of t h e  f i r e  which burned 
t h e  nearby  g r a s s  were a l s o  i n  t h i s  a r e a .  

1 .1 .5  The d i s t a n c e  from t h e  marks l e f t  by t h e  l a n d i n g  g e a r  i n  t h e  g r a s s  and on t h e  
runway s h o u l d e r  167 m from t h e  t h r e s h o l d  of Runway 23 L e f t ,  t o  t h e  s c o r e  made i n  Taxiway "A" 
by t h e  r i g h t  wing t i p ,  i s  a p p r o x i m a t e l y  2 500 m, and o v e r  t h i s  e n t i r e  d i s t a n c e  t h e  a i r c r a f t  
l e f t  no mark o r  t r a c e  on t h e  ground,  e x c e p t  a  few m e t r e s  beyond t h e  e x c a v a t o r .  From t h i s  
p o i n t  a  s c o r e  of c o n s t a n t  d e p t h  and w i d t h  had been  made i n  t h e  g r a s s  over  a  d i s t a n c e  of 
about  70 m,  p o s s i b l y  by someth ing  suspended u n d e r n e a t h  t h e  a i r c r a f t .  Small  f r a g m e n t s  of 
g l a s s  f i b r e ,  t h e  m a t e r i a l  used f o r  t h e  t r a i l i n g  e d g e s  o f  t h e  a i r c r a f t ' s  c o n t r o l  s u r f a c e s ,  
were found a l o n g  t h i s  s c o r e .  The e v i d e n c e  above p r o v e s  t h a t  t h e  a i r c r a f t  had remained 
a i r b o r n e  from t h e  t i m e  i t  c o l l i d e d  w i t h  t h e  t r u c k  u n t i l  r e a c h i n g  Taxiway "A", a s  conf i rmed  
by t h e  f l i g h t  r e c o r d e r  d a t a .  A f t e r  t h e  t r a c e s  l e f t  by t h e  r i g h t  wing t i p  on Taxiway "A", 
s c o r e s  of v a r y i n g  d e p t h s  were made i n  Taxiway "Ptt by t h e  a i l e r o n  and t h e  o u t e r  s e c t i o n  
of  t h e  r i g h t  f l a p .  A few m e t r e s  f u r t h e r  on t h e  r i g h t  wing c o l l i d e d  w i t h  t h e  c o r n e r  of 
t h e  PCV r e p a i r  hangar ,  knocking down a p i l l a r ,  a  c r o s s  t i e  and p a r t  of t h e  roof  c o r n e r .  
Var ious  a i r c r a f t  components were found i n s i d e  t h e  h a n g a r ,  e . g .  t h e  f l a p  g u i d e s  and h i n g e s ,  
s e c t i o n s  of t h e  l e a d i n g  edge  o f  t h e  r i g h t  a i l e r o n ,  e t c . ,  b e s i d e s  t h e  f u e l  which was 
s p i l l e d  from t h e  f r a c t u r e d  wing o n t o  a  PCV under  r e p a i r  and on parked c a r s  and v a n s .  
The c o l l i s i o n  of t h e  r i g h t  wing w i t h  t h e  PCV r e p a i r  hangar  h a r d l y  i n t e r r u p t e d  t h e  a i r c r a f t  
a l o n g  i t s  f l i g h t  p a t h  and i t  ' i n a l l y  c r a s h e d  a g a i n s t  t h e  f r o n t  of a  b u i l d i n g ,  which was 
demolished by t h e  impact .  T h i s  was t h e  main i m p a c t ,  d u r i n g  w h i i h  t h e  t a i l  f i n  comple te  
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with  rudder  and eng ine  No. 2, t h e  t a i l  u n i t  and t h e  l e f t  t a i l p l a n e  wi th  i t s  e l e v a t o r  
broke o f f ,  t o g e t h e r  w i th  what remained of t h e  r i g h t  t a i l p l a n e  and e l e v a t o r  removed 
e a r l i e r  by t h e  r i g h t  l a n d i n g  gea r  l e g .  The l e f t  wing was a l s o  s eve red  a t  i t s  a t tachment  
t o  t h e  c e n t r e  s e c t i o n  and was thrown more t han  200 m ,  t u r n i n g  over  i n  t h e  p roces s  and 
f a l l i n g  on a  house o u t s i d e  t h e  a i r p o r t ;  p a r t  of t h i s  house w a s  burned o u t .  Engines No. 1 
and 3 broke away from t h e  wings and were des t royed  by t h e  impact and f i r e .  

1 .1.6 Twenty minutes  b e f o r e  t h e  a c c i d e n t  t o  a i r c r a f t  N-903WA, a  B-727 a i r c r a f t  of 
t h e  Mexicana A i r l i n e  which was performing F l i g h t  No. 111 from Los Angeles ,  C a l i f o r n i a ,  
landed i n  accordance  w i t h  t h e  same procedure  which t h e  Western a i r c r a f t  was i n s t r u c t e d  
t o  fo l low,  namely approach v i a  Tepexcan-Metro Eco-23 Right ,  u s i n g  t h e  VOR a s  guidance 
du r ing  t h e  f i n a l  approach.  A l l  t h e  r a d i o  a i d s  and l i g h t i n g  systems f o r  Runway 23 Right  
were o p e r a t i n g  normally.  

1 .2 I n j u r i e s  t o  Pe r sons  

1 . 2 . 1  I n j u r i e s  Crew Passengers  O the r s  - 
F a t a l  11 6 1 1 

S e r i o u s  0 13 0 

Minor 2  0 0  

None 0 2 0 

Note: The person  wi th  f a t a l  i n j u r i e s  i n  t h e  column headed "Others" is t h e  - 
d r i v e r  of t h e  t r u c k  w i t h  which t h e  a i r c r a f t  c o l l i d e d .  

1 .3  Damage t o  A i r c r a f t  

1 .3 .1  The a i r c r a f t  w a s  comple te ly  des t royed  by t h e  s e r i e s  of c o l l i s i o n s  and subsequent  
f i r e .  

1 .4 Other Damage 

1 .4 .1  During t h e  a c c i d e n t  t h e  t r u c k  be longing  t o  t h e  f i r m  which was c a r r y i n g  o u t  
l e v e l l i n g  work on t h e  runway was comple te ly  des t royed .  The o p e r a t i n g  cab of an exca- 
v a t o r  belonging t o  t h e  same f i r m  w a s  a l s o  des t royed .  The underground d u c t s  and manholes 
f o r  t h e  te lephone  l i n e s  and some taxiway edge l i g h t s  were damaged. The hangar  w a s  a l s o  
damaged and a  TCV was p a r t l y  burned. S e v e r a l  v e h i c l e s  be longing  t o  t h e  a i r p o r t  adminis- 
t r a t i o n  were damaged o r  des t royed .  An a i r p o r t  b u i l d i n g  was demolished and a l l  t h e  
a i r c r a f t  s e r v i c i n g  and c a t e r i n g  equipment, o f f i c e  f u r n i t u r e ,  a i r c r a f t  l o a d i n g  g e a r ,  
e t c . ,  be longing  t o  E a s t e r n  A i r l i n e s  and Pan American were des t royed .  A l a r g e  p a r t  of 
t h e  n o r t h e r n  pe r ime te r  f e n c e  was a l s o  des t royed .  Outs ide  t h e  a i r p o r t  a  house was damaged 
and te lephone  l i n e s  and p o l e s  i n  t h e  a r e a  were des t royed .  

Personnel  Informat ion  

1 .5 .1  The pilot-in-command was i n  pos ses s ion  of A i r l i n e  T ranspor t  P i l o t  (ATP) 
Licence No. 403816 and had flown a t o t a l  of 31 500 hours ,  of which 2  248:38 were i n  
t h e  a i r c r a f t  type  i n  ques t ion .  He he ld  a  R e s t r i c t e d  Radio Opera tor  Licence No. 11E2771 
and r a t i n g s  f o r  i n s t rumen t  f l y i n g ,  mult i -engined a i r c r a f t  (AMEL), commercial a i r c r a f t  
B-7071720, L-188, DC-3, DC-6, DC-7 and DC-10, i n  a d d i t i o n  t o  a  c e r t i f i c a t e  t o  a c t  a s  
f l i g h t  eng inee r  i s s u e d  on 27 February  1971. A s  pilot-in-command he had made 28 l and ings  
a t  Mexico C i ty  I n t e r n a t i o n a l  A i r p o r t ,  11 dur ing  September and 4 du r ing  October 1979. 
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1 . 5 . 2  The f i r s t  o f f i c e r  w a s  i n  p o s s e s s i o n  of A i r l i n e  T r a n s p o r t  P i l o t  (ATP) 
Licence No. 1757979. H i s  t o t a l  f l y i n g  h o u r s  were n o t  a v a i l a b l e ,  a l t h o u g h  i t  was 
e s t a b l i s h e d  t h a t  h e  had f lown 354:03 h o u r s  i n  t h e  a i r c r a f t  t y p e  i n  q u e s t i o n .  He h e l d  
a  R e s t r i c t e d  Radio Opera to r  L icence  No. 24F5795 i s s u e d  on 20 September 1972. He a l s o  
h e l d  r a t i n g s  f o r  i n s t r u m e n t  f l y i n g ,  s i n g l e - e n g i n e d  and mul t i -eng ined  a i r c r a f t  and 
F l i g h t  Engineer  L icence  No. 1839526 i s s u e d  on 24 A p r i l  1968. He had r e c e i v e d  t h e  
p r e s c r i b e d  t r a i n i n g  f o r  h i s  DC-10 r a t i n g  and t h e  s c h e d u l e d  p e r i o d i c  t r a i n i n g  d u r i n g  
h i s  p e r i o d s  o f  d u t y .  A s  f i r s t  o f f i c e r  ( c o - p i l o t )  h e  had made 15 l a n d i n g s  a t  Mexico C i t y  
I n t e r n a t i o n a l  A i r p o r t ,  11 d u r i n g  August and 4  d u r i n g  October  1979. 

1 .5 .3  The second o f f i c e r  was i n  p o s s e s s i o n  of Commercial P i l o t  L i c e n c e  No. 1679607. 
He had f lown a  t o t a l  o f  4 000 h o u r s ,  o f  which 1 390:09 were i n  t h e  a i r c r a f t  t y p e  i n  
q u e s t i o n .  He h e l d  r a t i n g s  f o r  i n s t r u m e n t  f l y i n g ,  h e l i c o p t e r s ,  s i n g l e - e n g i n e d  and 
mul t i -eng ined  a i r c r a f t  and a s  f l y i n g  i n s t r u c t o r .  He had r e c e i v e d  t h e  p r e s c r i b e d  
t r a i n i n g  f o r  h i s  DC-10 r a t i n g  and t h e  scheduled  p e r i o d i c  t r a i n i n g  d u r i n g  h i s  p e r i o d s  
of du ty .  A s  second  o f f i c e r  h e  had made 6 l a n d i n g s  a t  Mexico C i t y  I n t e r n a t i o n a l  A i r p o r t  
d u r i n g  October  1979. 

1 . 6  A i r c r a f t  I n f o r m a t i o n  

1 . 6 . 1  Airframe:  McDonnell Douglas ,  DC-10-10, s e r i a l  No. 46929, t o t a l  f l y i n g  h o u r s  
24 614:09 and a  t o t a l  of 7 345 l a n d i n g s .  F l y i n g  h o u r s  s i n c e  t h e  l a s t  "A" o v e r h a u l :  
93:96 hours ;  s i n c e  t h e  last  phase  "B" o v e r h a u l :  9  396 h o u r s  and s i n c e  t h e  l a s t  major  
s t r u c t u r a l  i n s p e c t i o n :  5  950:09 hours .  Number o f  l a n d i n g s  s i n c e  t h e  l a s t  major  
s t r u c t u r a l  i n s p e c t i o n :  1 937. 

Phase  "A" o v e r h a u l :  T h i s  s e r v i c i n g  i s  c a r r i e d  o u t  e v e r y  300 a i r c r a f t  f l y i n g  
h o u r s  maximum and i s  i n c l u d e d  i n  e v e r y  p h a s e  "B" o v e r h a u l  and major  s t r u c t u r a l  i n s p e c t i o n .  

Phase  "B" o v e r h a u l :  T h i s  s e r v i c i n g  i s  c a r r i e d  o u t  e v e r y  1 000 f l y i n g  h o u r s .  

Major s t r u c t u r a l  i n s p e c t i o n  (MSI): T h i s  i n s p e c t i o n  i s  c a r r i e d  o u t  e v e r y  
22 000 f l y i n g  h o u r s .  

1 .6 .2  Engines:  Genera l  E l e c t r i c  model No. CF-6-6D. Engine No. 1: s e r i a l  No. 451-382; 
e n g i n e  No. 2: s e r i a l  No. 451-385; and e n g i n e  No. 3: s e r i a l  No. 451-487. 

Engines  No. 1 No. 2  No. 3  

T o t a l  runn ing  h o u r s  1 7  821: 36 1 7  345:23 1 0  2 7 9 : l l  

T o t a l  number o f  c y c l e s  5  427 5 033 2  940 

Running h o u r s  s i n c e  
i n s t a l l a t i o n  

Number of c y c l e s  s i n c e  
i n s t a l l a t i o n  

Hours s i n c e  boroscope 
i n s p e c t i o n  o f  e n g i n e  
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Number of c y c l e s  s i n c e  
horoscope i n s p e c t i o n  

Hours s i n c e  boroscope 
i n s p e c t  i o n  of t u r b i n e  

Hours s i n c e  boroscope 
i n s p e c t i o n  of components 
N 1 ,  N2, t op  and bot tom 
of t u r b i n e  and eng ine  hub 

Note: A l l  e lements  and sys tems  were i n s p e c t e d  and s e r v i c e d  a t  t h e  t i m e s  - 
p r e s c r i b e d  i n  t h e  A i r l i n e  Maintenance Manual. 

1 .7  Me teo ro log i ca l  I n fo rma t ion  

1 . 7 . 1  The me teo ro log i ca l  c o n d i t i o n s  between 0400 and 0800 h on 31 October  1979 were 
based on t h e  o b s e r v a t i o n s  made a t  Mexico C i t y  I n t e r n a t i o n a l  A i r p o r t ,  as fo l l ows :  

Rout ine  r e p o r t  f o r  0400 h: P a r t l y  c loudy ,  v i s i b i l i t y  reduced t o  6 NM by m i s t  
and haze ,  ambient t empera tu re  9.8OC, dew-point 8.0°C, ba rome t r i c  p r e s s u r e  1 022.0 mb. 

Note: Sky 1 /10  occluded by m i s t  and haze ,  f o g  t o  t h e  NW. 

S p e c i a l  r e p o r t  No. 1 a t  0500 h: P a r t l y  c loudy ,  v i s i b i l i t y  reduced t o  3 NM by 
haze ,  m i s t  and fog ,  ambient t empera tu re  90C, dew-point 6.5OC, wind 060°/7 k t ,  ba rome t r i c  
p r e s s u r e  1 022.4 mb. 

Note: Sky 2/10 occ luded  by  haze ,  m i s t  and fog ,  v i s i b i l i t y  t o  t h e  NE 2 NM because  
of fog.  

S p e c i a l  r e p o r t  No. 3  a t  0600 h: I n d e f i n i t e ,  z e r o ,  occ luded ,  v i s i b i l i t y  reduced 
t o  z e r o  NM by fog ,  p r e s s u r e  reduced t o  mean s e a  l e v e l ,  1 011.8 rnb, ambient  t empera ture  ~ O C ,  

wind 070°/6 k t ,  ba rome t r i c  p r e s s u r e  1 022.7 mb. 

Note: Sky 10/10 occluded by fog  and haze .  Crashed a i r c r a f t  Runway 23 Right .  - 

E x t r a  0630 h: I n d e f i n i t e ,  z e r o ,  occ luded ,  v i s i b i l i t y  reduced t o  z e r o  NM by fog ,  
ambient t empera tu re  7.50C, dew-point 6.a°C, wind calm, ba rome t r i c  p r e s s u r e  1 023.0 mb. 

Note: Sky 10/10  occ luded  by  fog .  

E x t r a  0630 h: I n d e f i n i t e ,  z e r o ,  occ luded ,  v i s i b i l i t y  reduced t o  z e r o  NM by f o g ,  
ambient t empera tu re  80C, dew-point 7.8OC, wind calm, b a r o m e t r i c  p r e s s u r e  1 023.7 mb. 

Note: Sky 10/10 occ luded  by fog.  - 

S p e c i a l  r e p o r t  No. 4 a t  0700 h: P a r t l y  c loudy ,  v i s i b i l i t y  reduced t o  115 NM 
by fog ,  haze and mist, ambient t empera tu re  9.50C, dew-point 7.2OC, wind calm, ba rome t r i c  
p r e s s u r e  1 023.7 mb. 

Note: Sky 6 / 1 0  occ!uded by f o g ,  m i s t  and haze .  - 



1 . 7 . 2  2 n t h e s i s  o f  t h e  M e t e o r o l o g i c a l  I n f o r m a t i o n  

I n f o r m a t i o n  g a t h e r e d  and  a n a l y s e d  by t h e  w e a t h e r  g roup  r e v e a l e d  t h a t  t h e  f o g  
which was a f f e c t i n g  t h e  n o r t h e r n  p a r t  of t h e  a i r p o r t  b e f o r e  t h e  o b s e r v a t i o n  of 0600 h  
was t h e  l e a d i n g  edge  of a  f a i r l y  t h i n  l a y e r .  The t h i c k n e s s  o f  t h e  f o g  v a r i e d  from p l a c e  
t o  p l a c e  s o  t h a t ,  a t  any o n e  t i m e ,  s i m u l t a n e o u s  o b s e r v a t i o n s  made from d i f f e r e n t  p o i n t s  
produced d i f f e r e n t  v a l u e s  o f  v e r t i c a l  and  h o r i z o n t a l  v i s i b i l i t y .  

I n  a d d i t i o n ,  t h e  movement o f  t h e  f o g  bank and i t s  f l u i d i t y  produced w i d e r  
v a r i a t i o n s  i n  v i s i b i l i t y  t h a n  t h o s e  r e s u l t i n g  from t h e  above-mentioned c h a n g e s  i n  
t h i c k n e s s .  

Aids  t o  N a v i g a t i o n  

1 . 8 . 1  Dur ing  t h e  f l i g h t ,  t h e  crew o f  a i r c r a f t  N-903WA made u s e  o f  t h e  Q u e r e t a r o ,  
Otumba a n d  Mexico VORs. To c h e c k  t h e  e f f i c i e n c y  and s e r v i c e a b i l i t y  o f  t h e  r a d i o  a i d s ,  
t h e y  were  t e s t e d  immedia te ly  a f t e r  t h e  a c c i d e n t  and  found t o  b e  o p e r a t i n g  n o r m a l l y .  
The l o c a l i z e r  and g l i d e  p a t h  of Runway 2 3  L e f t  were  a l s o  checked and t h e y  t o o  were  
found t o  b e  o p e r a t i n g  normal ly .  The f i l e  on t h i s  a c c i d e n t  c o n t a i n s  t h e  r e p o r t  s h e e t - s  
f o r  t h e  ground t e s t s  of a l l  t h e s e  f a c i l i t i e s .  

1 . 8 . 2  It  was e s t a b l i s h e d  t h a t  t h e  h i g h - i n t e n s i t y  runway l i g h t s ,  t h e  a p p r o a c h  l i g h t s  
and t h e  VASIS o f  t h e  runway c l o s e d  t o  t r a f f i c  ( 2 3  L e f t )  were  i n o p e r a t i v e ,  t h e  f i r s t  
b e c a u s e  t h e y  were  d i s c o n n e c t e d  and t h e  lamps had been removed, t h e  l a s t  two b e c a u s e  
t h e  s y s t e m s  were d i s c o n n e c t e d ;  a l l  t h e  l i g h t s  f o r  t h e  runway i n  u s e  ( 2 3  R i g h t )  were 
o p e r a t i n g .  

Communications 

1 . 9 . 1  The c rew of a i r c r a f t  N-903WA, F l i g h t  No. 2605, was i n  c o n t a c t  w i t h  t h e  
M a z a t l s n  c e n t r e  and a f t e r w a r d s  w i t h  t h e  Mexico c e n t r e  and t h e  c o n t r o l  tower  of 
Mexico C i t y  I n t e r n a t i o n a l  A i r p o r t .  

Aerodrome I n f o r m a t i o n  

1 . 1 0 . 1  L i c e n c i a d o  B e n i t o  J u s r e z  I n t e r n a t i o n a l  A i r p o r t  o f  Mexico C i t y ,  D.F . , h a s  t h r e e  
paved runways,  t h e  l o n g e s t  (05 R i g h t 1 2 3  L e f t )  b e i n g  t h e  one which was c l o s e d  t o  a l l  
o p e r a t i o n s  from 19 Oc tober  1979.  Runway 05 L e f t 1 2 3  R i g h t  was i n  u s e  a t  t h e  t i m e  and 
i s  equ ipped  w i t h  a l l  t h e  f a c i l i t i e s  and l i g h t i n g  s y s t e m s  needed f o r  t h e  o p e r a t i o n  o f  
a l l  t y p e s  of a i r c r a f t ,  i r r e s p e c t i v e  o f  mass .  T h i s  runway i s  3 420 m l o n g  by 40 m wide 
and makes u s e  o f  t h e  i n s t r u m e n t  a p p r o a c h  p r o c e d u r e s  b a s e d  on t h e  NDB, VOR/DME and I L S  
of Runway 23 L e f t  w i t h  change-over  t o  2 3  R i g h t .  The a i r p o r t  a l s o  h a s  p r i ~ ~ ~ a r y / s e c o r l d a r y  
t e r m i n a l  r a d a r  s e r v i c e s  w i t h  a l p h a n u m e r i c  d i s p l a y .  

1.11 D i g i t a l  F l i g h t  Da ta  and Cockp i t  Voice  R e c o r d e r s  -- 

1.11.1 A i r c r a f t  N-902WA was equ ipped  w i t h  a  S u n s t r a n d  f l i g h t  d a t a  r e c o r d e r ,  model 563  A!, 

s e r i a l  No. 2567, which was i n s t a l l e d  on 6 August 1579;  on t h e  d a t e  o f  t h e  a c c i d e n t  i t  had 
t o t a l l e d  759:&9 o p e r a t i n g  h o u r s .  The c o c k p i t  v o i c e  r e c o r d e r  was a  F a i r c h i l d  model A-100, 
s e r i a l  No. 728, which was i n s t a l l e d  : n  t h e  a i r c r a f t  on 16 J a n u a r y  1975 and or1 t h e  d a t e  o f  
t h e  a c c i d e n t  had t o t a l l e d  2  660:16 o p e r a t i n g  h o u r s .  The two u n i t s  s u s t a i n e d  some damage 
d u r i n g  t h e  a c c i d e n t ,  bu t  t h e  t a p e s  were  i n  good c o n d i t i o n  and p r o v i d e d  t h e  r e q u i r e d  
i n f o r m a t i o n .  
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1 . 1 1 . 2  The parameters  con t a ined  i n  t h e  datii  f l i g h t  r eco rde r  were i n t e r p r e t e d  by a  
computer and subsequen t ly  p l o t t e d  f o r  a n a l y s i s .  Th i s  a n a l y s i s  concen t r a t ed  on i n t e r p r e t i n g  
t h e  l a s t  f o u r  minutes  of t h e  a i r c r a f t ' s  f l i g h t ,  i . e .  when i t  was i n  t h e  f i n a l  approach t o  
M P X ~ C O  C i t y  I n t e r n a t i o n a l  A i r p o r t .  The approach f l i g h t  pa th  of a i r c r a f t  N-903WA, from 
about  t h e  p o i n t  a t  which i t  i n t e r c e p t e d  t h e  e x t e n s i o n  of t h e  c e n t r e  l i n e  of Runway 23 R igh t ,  
agreed  w i t h  t h e  i n f o r m a t i o n  provided  by t h e  cockp i t  v o i c e  r e c o r d e r .  The two r e c o r d e r s  
r evea l ed  t h a t  t h e  a i r c r a f t ' s  crew had r e c e i v e d  and acknowledged t h e  approach and l a n d i n g  
d a t a  f o r  Runway 23 R igh t ;  t h i s  i n fo rma t ion  i s  inc luded  i n  t h e  r e l e v a n t  f i l e .  The diagram 
o f  t h e  approach and l a n d i n g  f l i g h t  pa th  shows t h a t  t h e  crew of F l i g h t  2605 made c o r r e c t i o n s  
when t h e  c o n t r o l l e r  drew a t t e n t i o n  t o  t h e  f a c t  t hey  were l e f t  of t h e  f l i g h t  p a t h ,  which 
t h e  c o - p i l o t  acknowledged w i t h  "a l i t t l e " .  Yet 51 seconds  a f t e r w a r d s  t h e  f l i g h t  pa th  
was changed t o  t h e  l e f t  and now l e d  d i r e c t l y  t o  t h e  t h r e s h o l d  of Runway 23 L e f t .  It was 
a l s o  e s t a b l i s h e d  t h a t  d u r i n g  t h e  l a s t  moments of t h e  f i n a l  approach and when t h e  a i r c r a f t  
had a l r e a d y  touched down, t h e  crew r e a l i z e d  t h a t  t hey  were on t h e  approach  t o  Runway 23 
L e f t ,  which had been c l o s e d  f o r  a l l  o p e r a t i o n s  s i n c e  19  October  1979. 

1 .12  Wreckage and Impact I n fo rma t ion  

1 .12 .1  The wreckage of  t h e  a i r c r a f t  was s c a t t e r e d ,  a s  exp l a ined  i n  s e c t i o n  1.1. 

1 .13  Medical and P a t h o l o g i c a l  I n fo rma t ion  

1 .13 .1  ICAO Note: I n fo rma t ion  n o t  r e p o r t e d .  

1.14 F i r e  - 

1.14 .1  The f i r e  which des t royed  most of t h e  a i r c r a f t  a t  t h e  p o i n t  of t h e  main impact 
s t a r t e d  when t h e  r i g h t  wing t i p  s c r aped  a l o n g  Taxiway "A" and f r a c t u r e d  t h e  s t r u c t u r e ,  
c a u s i n g  f u e l  t o  s p i l l .  F u r t h e r  on,  when t h e  r i g h t  wing s t r u c k  t h e  c o r n e r  of t h e  PCV 
r e p a i r  hangar ,  t h e  s p i l l e d  f u e l  a l s o  caught  f i r e  and sp read  t o  t h e  e n t i r e  a i r c r a f t  when 
t h e  main impact  occu r r ed  a g a i n s t  t h e  b u i l d i n g .  The main impact  was on ly  100 m from t h e  
f i r e  s t a t i o n  of Mexico C i t y  I n t e r n a t i o n a l  A i r p o r t  and t h e  b r i g a d e  immediately went t o  
f i g h t  t h e  f i r e ,  soon a f t e r w a r d s  j o i n e d  by t h e  f i remen of t h e  c e n t r a l  s t a t i o n  of Mexico C i t y .  

1 .15 S u r v i v a l  Aspec ts  

1 .15 .1  The crew and pas senge r s  r e c e i v e d  immediate a s s i s t a n c e  from t h e  r e s c u e  and 
f i r e  f i g h t i n g  s e r v i c e  on d u t y  a t  t h e  a i r p o r t  a t  a l l  t imes  and from s e v e r a l  u n i t s  of 
t h e  Red Cross  which o p e r a t e  i n  Mexico C i t y .  The i n j u r e d  were q u i c k l y  t r a n s p o r t e d  t o  
emergency h o s p i t a l s  f o r  medica l  a t t e n t i o n  and immediately a f t e r w a r d s  work was s t a r t e d  
on r ecove r ing  t h e  b o d i e s  of t h e  v i c t i m s .  

1 .16 T e s t s  and Research 

1 . 1 6 . 1  The s t a t e  of t h e  cockp i t  made i t  imposs ib l e  t o  t r u s t  any of t h e  r e a d i n g s  of 
t h e  few i n s t r u m e n t s  which were n o t  comple te ly  de s t royed  by t h e  impact  and f i r e ,  o r  t h e  
s e t t i n g s  of t h e  c o n t r o l s  i n  t h e  sw i t chboa rds  and p e d e s t a l s .  A l l  t h e  o t h e r  a i r c r a f t  
systems were comple te ly  de s t royed  s o  t h a t  t h e i r  o p e r a t i o n  could  n o t  be checked i n  any 
way. Neve r the l e s s ,  t h e  a c c i d e n t  was obv ious ly  n o t  caused by a  f a i l u r e  of t h e  eng ines  
o r  any of t h e  a i r c r a f t ' s  systems.  
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2. ANALYSIS 

2 .1  A i r c r a f t  N-903WA w a s  performing F l i g h t  No. 2605 from Los Angeles,  C a l i f o r n i a ,  
United S t a t e s ,  t o  Mexico C i t y ,  D.F. 

2 .2  On 19 October 1979 NOTAM No. 2841 was i s s u e d ,  in forming  a l l  a i r l i n e s ,  bo th  
domest ic  and f o r e i g n ,  o p e r a t i n g  i n t o  o r  o u t  of Mexico C i ty  I n t e r n a t i o n a l  A i r p o r t ,  t h a t  
w i th  e f f e c t  from t h a t  d a t e ,  Runway 05 ~ i g h t / 2 3  L e f t  was c l o s e d  t o  a l l  o p e r a t i o n s  because  
of r e s u r f  a c i n g  work. 

2 .3 The f l i g h t  from Los Angeles t o  t h e  f i n a l  approach t o  Mexico C i ty  I n t e r n a t i o n a l  
A i rpo r t  was normal. 

2.4 When c l o s e  t o  Mexico C i t y ,  t h e  Mexico c e n t r e  c l e a r e d  a i r c r a f t  N-903WA f o r  an  
approach t o  Licenc iado  Beni to  J u s r e z  I n t e r n a t i o n a l  A i r p o r t  v i a  Tepexpan and i n  due 
cou r se  t h e  crew were g iven  i n s t r u c t i o n s  t o  change over  t o  tower c o n t r o l .  

2.5 The crew r ece ived  l a n d i n g  i n s t r u c t i o n s  from t h e  o p e r a t o r  on duty  i n  t h e  c o n t r o l  
tower, who a s s igned  Runway 23 Right  f o r  t h e  landing .  

2 .6  When t h e  tower o p e r a t o r  r e a l i z e d  t h a t  t h e  a i r c r a f t  was t o  t h e  l e f t  of i t s  
approach t o  Runway 23 Right  h e  drew t h e  a t t e n t i o n  of t h e  p i l o t  t o  t h i s  f a c t .  

2.7 As shown by t h e  f l i g h t  r e c o r d e r  t r a c e ,  t h e  a i r c r a f t  s t ayed  on t h e  c o r r e c t  
f l i g h t  p a t h  t o  Runway 23 Right  f o r  most of t h e  t ime between t h e  o u t e r  marker "Metro Eco" 
and Mexico C i t y  I n t e r n a t i o n a l  A i r p o r t ,  and only  d e v i a t e d  t o  t h e  runway c lo sed  t o  
t r a f f i c  (23 L e f t )  when a t  a h e i g h t  of 600 f t  above t h e  ground du r ing  i t s  f i n a l  approach.  

2 .8  During i t s  f i n a l  approach t h e  a i r c r a f t  f l ew  i n t o  a  bank of fog  s o  t h a t  i t  could  
no l onge r  be s een  b y  t h e  c o n t r o l  tower.  

2.9 The a i r c r a f t  touched down on t h e  le f t -hand  s i d e  of t h e  t h r e s h o l d  of t h e  runway 
c lo sed  t o  t r a f f i c  (23 L e f t )  t r a v e l l i n g  some 100 m o f f - c e n t r e  a long  t h e  runway. 

2.10 A f t e r  cover ing  224 m and a g a i n  a i r b o r n e ,  t h e  a i r c r a f t ' s  r i g h t  l and ing  gea r  
c o l l i d e d  w i th  a  t r u c k  loaded w i th  e a r t h  which a t  t h e  time was on t h e  shou lde r  of t h e  
runway c lo sed  t o  t r a f f i c .  

3. CONCLUSIONS 

3 . 1  The a i r c r a f t ' s  crew was i n  pos se s s ion  of l i c e n c e s  i s s u e d  by t h e  a v i a t i o n  
a u t h o r i t i e s  o f  t h e  United S t a t e s  and,  accord ing  t o  t h e  r e c o r d s  provided by t h e  a i r l i n e ,  
had r ece ived  t h e  a p p r o p r i a t e  t r a i n i n g  t o  f l y  t h e  a i r c r a f t  i n  q u e s t i o n .  

3.2 Western A i r l i n e s ,  owner of  t h e  a i r c r a f t ,  had brought  t o  t h e  a t t e n t i o n  of a l l  
crews f l y i n g  on s e r v i c e s  t o  Mexico, NOTAM No. 2841 i s s u e d  on 19  October 1979, i . e .  t h a t  
Runway 05 ~ i g h t / 2 3  L e f t  would be c lo sed  f o r  a l l  o p e r a t i o n s  f o r  r e s u r f a c i n g  work from 
t h e  d a t e  of t h e  NOTAM. 

3.3 During t h e  Los Angeles-Mexico f l i g h t  t h e  a i r c r a f t ' s  crew had n o t  r e p o r t e d  any 
d i f f i c u l t i e s  t o  any c o n t r o l  c e n t r e  w i t h i n  t h e  n a t i o n a l  t e r r i t o r y  of Mexico. 
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3.4 When t h e  a i r c r a f t ' s  crew c o n t a c t e d  t h e  c o n t r o l  tower of Mexico C i t y  I n t e r n a t i o n a l  
A i r p o r t ,  i t  was g iven  t h e  r e l e v a n t  i n s t r u c t i o n s  f o r  l and ing  and was c l e a r e d  t o  Runway 23 
Right .  T h i s  was acknowledged by t h e  crew. 

3.5 The c o n t r o l  tower reminded t h e  crew of a i r c r a f t  N-903WA t h a t  t h e  runway a l l o c a t e d  
f o r  t h e  l a n d i n g  was 23 Right .  

3 .6  During t h e  f i n a l  approach t o  t h e  runway a s s igned  and having  reached  a  h e i g h t  
of 800 f t  above t h e  ground,  t h e  a i r c r a f t  f l e w  i n t o  a fog  bank which concea led  i t  from 
t h e  c o n t r o l  tower o p e r a t o r .  

3.7 The a i r c r a f t ' s  crew d i d  n o t  comply w i th  t h e  p r o c e d u r a l  minima f o r  t h e  approach 
f o r  which i t  had been c l e a r e d ,  i n  t h a t  t h e  crew descended below t h e  minima wi thou t  
r e p o r t i n g  t h e  runway i n  s i g h t  o r  i n i t i a t i n g  a  go-around procedure .  

3.8 The crew neve r  r e p o r t e d  t o  t h e  c o n t r o l  tower o p e r a t o r  t h a t  t h e  runway was i n  
s i g h t  and no l a n d i n g  c l e a r a n c e  was t h e r e f o r e  g iven .  

3.9 The d a t a  ob t a ined  from t h e  c o c k p i t  v o i c e  r e c o r d e r  r evea l ed  t h a t  t h e  crew d i d  
no t  comply w i t h  t h e  o p e r a t i o n a l  p rocedu re s  l a i d  down i n  t h e  r e l e v a n t  manuals ,  i n  p a r t i c u l a r  
t h e  requi rement  t o  c a l l  o u t  t h e  a l t i m e t e r  r ead ings  d u r i n g  t h e  f i n a l  approach phase.  

3.10 Before  c o l l i d i n g  w i t h  t h e  t r u c k ,  t h e  a i r c r a f t ' s  crew a p p l i e d  maximum eng ine  
power ( acco rd ing  t o  t h e  f l i g h t  d a t a  r e c o r d e r )  and t h e  e n g i n e s  responded normally.  Although 
a i r b o r n e ,  t h e  a i r c r a f t  was i n  an  u n c o n t r o l l e d  bank t o  t h e  r i g h t ,  s o  t h a t  e v e n t u a l l y  t h e  
r i g h t  wing s c r aped  a l o n g  Taxiway "A". The a i r c r a f t  t h e n  c o l l i d e d  w i t h  a n  a i r p o r t  b u i l d i n g ,  
where i t  caught  f i r e  and was comple te ly  de s t royed .  

3 .11 P robab l e  cause:  Non-compliance w i t h  t h e  m e t e o r o l o g i c a l  minima f o r  t h e  approach 
procedure ,  a s  c l e a r e d ;  f a i l u r e  t o  comply w i t h  t h e  a i r c r a f t ' s  o p e r a t i n g  procedures  du r ing  
t h e  approach phase ,  and l a n d i n g  on a  runway c l o s e d  t o  t r a f f i c .  

ICAO Note: The t r a n s c r i p t i o n  of communications o r i g i n a l l y  con t a ined  i n  1 .9 .1  was n o t  
reproduced.  

ICAO Ref.:  329179. 
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N o .  7 

M c D o n n e l l Z K - Z K - ,  accident a t  Mount Erebus, 
Ross Island, Antarctica on 28 November 1979. 

Report No. 79-139 dated 30 May 1980 
re1 eased bv t h e  Office of Air A c c i d e n t s  Investieation. New Zealand.  

SYNOPSIS 

The a i rc ra f t  c o l l i d e d  with the  Ice-covered slopes of the northern side of 
Ross Island while it w a s  inbound and 14 miles easr of i t s  flight-planned track f o r  its 
next turning p o i n t ,  Williams F i e l d ,  McMurdo. The aircraft was f l y i n g  toward a uniform 
snow-rovered ice  s lope  which was beneath an 8/8 cloud cover .  ZK-NZP was operating as 
a man-scheduled, domestic air t r anspor t  f l i g h t  from Auckland to Christchurch v i a  various 
southern islands and t h e  most souther ly  t u r n i n g  p o i n t ,  Williams Field. There were 
20 crew and 237 passengers on board none of whom survived t h e  a c c i d e n t .  

1.1 History of the flight 

1.11 Xn preparation for Flight TE 901 two of the pi lo t s  attended a 

r a t e  qualification briefing, This briefing consisted of an audio visual 

presentation, a review a£ a printed brief ing sheet and a subsequent 45 

minute flight in a DC 10 flight simulator for each p i l o t  t o  familiarise 

him with the grid navigation procedures applicable t o  the portion of the  

f l i g h t  south of 60' south latitude and the visual meteorolagical conditions 

(VMC) letdown procedure at Mchrdo.* This briefing was completed 19 days 

prior to  the scheduled departure date. The briefing gave detai ls  of the 

instrument f l ight  rules [IFR) route t o  McMurdo which passed almost directly 

over Mt Erebus, a 12450 ft high active volcano, some 20 nm prior to the 

most southerly turning point, Williams Field. It also stated that the 
minimum instrument meteorological conditions (IMC] altitude was 16000 ft 

and the minimum altitude after passing overhead McMurdo was 6000 ft 

providing conditions were better t h a n  certain specif ied minima well in 

excess of the standard VMC in New Zealand. On the day of the flight the 

crew particicipated in a noma1 pre-flight dispatch planning. 

Thes imulato~  instmctorimpersonatedthtWilliams Field 

GCA operator and vectored t h e  aircraft into position for 

this simulated letdown 
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1.1,2 A t  1917 hours (2)  on 27 November 1979 Air New Zealand Flight TE 

901, a DC 10-30 [ZK-NZP) departed from Auckland Airport on a non-scheduled 

domestic scenic flight which was planned to proceed via South Island New 

Zealand, Auckland Islands, Baleny Island, and Cape Hallett to McMurdo, 

Antarctica then returning v i a  Cape Hallett and Campbell Island to 

Christchurch its f i r s t  intended landing point. The f l ight  was dispatched 

on an IFR computer stored flight plan route. The flight deck crew consisted 

of the captain, two first officers and two flight engineers. Beside the 

f i f t e e n  cabin crew there was an o f f i c i a l  f l i g h t  commentator on the f l ight 

who was experienced i n  Antarctic exploration. 

1 . 1 . 3  'Che passenger load was reduced by 21 from the normal passenger 

seating capacity as a deliberate pol i cy  to  facil i tate movement about the 

cabin t o  allow passengers t o  view the Antarctic scenery. 

1 . 4  In a discussion with the McMrdo meteorological office at 0018 

hours (2) the aircraft crew was advised that Ross Island was under a low 

overcast with a bass of 2000 ft and with some light snow and a v is ibi l i ty  

of  40 miles and clear areas approximately 75 t o  100 m northwest of 

McMurdo. A t  approximately 0043 hours (2) Scott Base advised the aircraft  

that the dry valley area was clear and that area would be a better prospect 

for sightseeing than Ross Island. In response to the message that the 

area over the Wright and Taylor Valleys was clear the captain asked the 

commentator if he could guide them over that way. The commentator said 

that would be no trouble and asked if the captain wished t o  head for that 

area at the time. The captain replied he "would prefer here first". 

1 . 1 . 5  The US Navy Air Traffic Control Centre (ATCC) "Mac CentreM* 

suggested that the aircraft crew take advantage of the surveillance radar 

t o  let  down t o  1500 f e e t  during the aircraft's approach t o  McMurdo and 

t h e  crew indicated their acceptance of this  offer. In the event however 

the a ircraf t  was not located by the radar equipment prior t o  i n i t i a t i n g  

i t s  descent (or at  any other time). The aircraft crew also experienced 

difficulty in their attempts to make contact on the very high frequency 

(VHF) radio telephone (R/T) and the distance measuring equipment (DME) 

d i d  not lock onto the McMurdo Tactical  A i r  Navigation System (TACAN) for 

any useful period. The aircraft was relying primarily on high frequency 

(HF) R/T during t he  latter part of its flight for communication with the 

ATCC . 

* The commonly used abbreviation for the official c a l l  sign 

of "McMurdu Cent re" 
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1 .1 .6  The a r e a  which was approved by t h e  opera tor  f o r  irMC descen t s  

below 16000 f e e t  was obscured by cloud while  ZK-NZP was approaching t h e  

a rea ,  and t h e  crew e l e c t e d  t o  descend i n  a c l e a r  a r e a  t o  t h e  nor th*  of  

Ross I s l and  i n  two descending o r b i t s  t h e  f i r s t  t o  t h e  r i g h t  and t h e  

second t o  t h e  l e f t .  Although they  reques ted  and were granted a c l ea rance  

from "Mac Centre" t o  descend from 10000 t o  2000 f e e t  VMC, on a heading of 

180 g r i d  (013") and proceed "v isua l ly"  t o  McMurdo, t h e  a i r c r a f t  only  

descended t o  8600 f e e t  before  it completed a 180' l e f t  t u r n  t o  357OG 

(190°T) during which it descended t o  5700 f e e t .  The a i r c r a f t ' s  descent  

was then  continued t o  1500 f e e t  on t h e  f l i g h t  planned t r a c k  back toward 

Ross I s l and .  

1.1.7 Shor t ly  a f t e r  t h e  complet ion o f  t h e  f i n a l  descent  t h e  a i r c r a f t  

c o l l i d e d  wi th  Ross I s land .  The a i r c r a f t ' s  ground proximity warning 

system (GPWS) opera ted  c o r r e c t l y  p r i o r  t o  impact and t h e  crew responded 

t o  t h i s  equipment ls warning by t h e  engineer  c a l l i n g  of f  two he igh t s  above 

ground l e v e l ,  500 and 400 f e e t ,  and t h e  cap ta in  c a l l i n g  f o r  "go round 

power". The a i r c r a f t ' s  3 engines  were a t  a h igh  power s e t t i n g  and t h e  

a i r c r a f t  had r o t a t e d  upwards i n  p i t c h  immediately p r i o r  t o  impact.  

1.1.8 The a i r c r a f t  c o l l i d e d  with an i c e  s lope  on Ross I s l and  and 

immediately s t a r t e d  t o  breakup. A f i r e  was i n i t i a t e d  on impact and a 

p e r s i s t a n t  f i r e  raged i n  t h e  fuse l age  cabin  a r e a  a f t e r  t h a t  s e c t i o n  came 

t o  rest. 

1.1.9 The acc iden t  occurred  i n  day l igh t  a t  0050 hours (Z)  a t  a 

p o s i t i o n  o f  77°25'30" S 167O27l30" E and a t  an  e l e v a t i o n  of  1467 f e e t  

AMSL . 
1.1.10 The cockpi t  vo ice  r eco rde r  (CVR) and d i g i t a l  f l i g h t  d a t a  r eco rde r  

(DFDR) e s t a b l i s h e d  t h a t  t h e  a i r c r a f t  was ope ra t ing  s a t i s f a c t o r i l y  and t h e  

crew were not  i n c a p a c i t a t e d  p r i o r  t o  t h e  acc iden t .  

1 . 2  I n j u r i e s  t o  persons 

1 .2 .1  I n j u r i e s  Crew Passengers 

Fat a1 20 237 

Ser ious  0 0 

Minor/None 0 0 

Other 

0 

0 

0 

* A l l  r e f e rences  t o  d i r e c t i o n  a r e  r e l a t e d  t o  t r u e  no r th  

un le s s  otherwise s p e c i f i e d .  
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1 .3  Damage t o  a i r c r a f t  

1.3.1 The a i r c r a f t  was destroyed by t h e  impact fo rces  and t h e  post  

impact f i r e .  

1.4 Other damage 

1.4. The a i r c r a f t  wreckage which was s c a t t e r e d  over t h e  i c e  s lope 

c o n s t i t u t e d  a temporary a r e a  o f  ecological  p o l l u t i o n  which was expected 

t o  be e s s e n t i a l l y  n e u t r a l i s e d  by t h e  progress ive  b u r i a l  of t h e  debr i s  i n  

i c e  and snow. 

1.5 Personnel information 

1.5.1 P i l o t  i n  command he ld  A i r l i n e  Transport 

P i l o t  Licence No. 251 which was re-issued on 24 May 1979 t o  be v a l i d  

u n t i l  30 Apri l  1980. H i s  type  r a t i n g  on t h e  DC 10 a i r c r a f t  was issued 

26 August 1973. He he ld  a cur ren t  instrument r a t i n g  and had he ld  a f l i g h t  

nav iga to r ' s  l icence,  but t h i s  lapsed on 17 May 1971 (due t o  lack 

o f  oppor tuni ty  f o r  f l y i n g  t ime a s  a navigator  i n  t h e  preceding 12 month 

per iod) .  He had a t o t a l  f l y i n g  t ime of 11151 hours and 2872 hours on 

DC 10 a i r c r a f t  with a t o t a l  o f  140.35 hours i n  t h e  l a s t  90 days a l l  on 

t h e  DC 10 a i r c r a f t .  He had l a s t  been ros te red  f o r  duty on 22 November 1979 

and last f lew on 23 November 1979. He was well  r e s t e d  and had no recent 

i l l n e s s  o r  known s i g n i f i c a n t  worries p r i o r  t o  t h e  f l i g h t .  

1.5.2 The f i r s t  o f f i c e r  who was i n  t h e  r i g h t  hand s e a t  f o r  t h e  approach 

and descent t o  t h e  accident s i t e  held  

A i r l i n e  Transport P i l o t  Licence No. 649 re-issued on 18 October 1979 and 

v a l i d  u n t i l  31 January 1980. H i s  type r a t i n g  on t h e  DC 10 a i r c r a f t  was 

issued on 17 October 1977. He had a t o t a l  f l y i n g  time of 7934 hours and 

1361 hours on DC 10 a i r c r a f t  with a t o t a l  of 127 hours i n  t h e  l a s t  90 days 

a l l  on DC 10 a i r c r a f t .  He was l a s t  ros te red  f o r  duty on 20 November 1979. 

1.5.3 The f l i g h t  engineers changed s h i f t  during t h e  f i n a l  descent.  

1.5.4 The f l i g h t  engineer on t h e  panel a t  t h e  time of t h e  acc2-dent 

had a t o t a l  f l y i n g  time of 10886 hours and 

3000 hours on DC 10 a i r c r a f t  with a t o t a l  of 113 hours i n  t h e  l a s t  90 days 

a l l  on DC 10 a i r c r a f t .  He had a v a l i d  type r a t i n g  on DC 10 a i r c r a f t  issued 

on 11 February If"3 and q u a l i f i e d  a s  a f l i g h t  engineer on 4 December 1957. 

He was l a s t  r o s t e r ~ ~ d  f o r  duty on 26 November 1979 and had completed a 

previous A n t a ~ c t l c  f l i g h t .  
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1.5.5 The f l i g h t  engineer who rel inquished t h e  panel during the  

descent (but remained on t h e  f l i g h t  deck) 

had a total flying time of 6468 hours and 1700 hours on DC X O  a i r c r a f t  

with a t o t a l  of 69 hours i n  t h e  l a s t  90 days a l l  on DC TO a i r c r a f t .  He 

had a v a l i d  type r a t i n g  on DC 10 aircraft  issued on 9 February 1976 and 

qua l i f i ed  a s  a f l i g h t  engineer on 10 Ju ly  1967 He was last ros tered f o r  

duty on 11 November 1979. 

1.5.6 The other first officer was not on t he  

f l i g h t  deck f o r  any of t h e  period during t h e  descent from the cru i s ing  

f l i g h t  l eve l  to  t h e  accident s i t e .  

1.5.7 The cabin  crew were a l l  duly qua l i f i ed  and c e r t i f i c a t e d .  

1.6 Aircraft information 

1.6.1 ZK-NZP was a McDonnell-Douglas DC 10-30 a i r c r a f t .  S e r i a l  No. 

46910 with a const ruct ion da te  of November 1974. It was imported i n t o  

New Zealand on 1 4  December 1974 for se rv ice  with Air New Zealand Limited 

and a l loca ted  the r e g i s t r a t  ion l e t t e r s  ZK-NZP, The C e r t i f i c a t e  of 

Registration (WT 1307) was issued to A i r  Mew Zealand L i m i t e d  on 12 

December 1974. The C e r t i f i c a t e  of Airworthiness issued on 30 December 

1974 was subsequently re-issued on 8 May 1975 and was ''non-terminating 

unless  cancelled o r  suspended provided t h a t  t h e  a i r c r a f t  was maintained 

i n  accordance with the A i r  New Zealand approved maintenance manual". The 

l a s t  Maintenance Release was issued on 2 November 1979 following completion 

o f  a Check A and was val id  for 450 f l i g h t  hours. The a i r c r a f t  had completed 

350 hours since t h e  issue of the last Maintenance Release. 

1.6.2 Three General E l e c t r i c  CF6-SOC engines were f i t t e d .  The 

No. 1 ( l e f t )  engine was se r i a l  no. 455158 with 18842 hours and 4580 

cycles s ince  new and 4874 hours and 1099 cycles s ince  the  last bas ic  shop 

v i s i t ;  t h e  No. 2 ( t a i l )  engine was s e r i a l  no. 517267 with 6345 hours and 

1404 cycles s ince  new and 350 hours and 83 cycles s ince  its l a s t  basic 

shop v i s i t ;  t h e  No. 3 (right) engine was serial no. 455412 with 16181 

hours and 3951 cycles s ince  new and 5621 hours and 1226 cycles  since i t s  

l a s t  bas ic  shop v i s i t  (6500 hours o r  1500 cycles a r e  authorised between 

bas ic  shop visits). 
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1.6.3 The aircraft had completed 20763 flying hours siilce new, 3283 

hours since its last Check "C" and 350 hours since the last "A" check. 

(The approved flying hours between "A" checks and "C" checks are 450 and 

4250 respectively). 

1.6.4 An examination of the aircraft's maintenance documentation 

confirmed that the aircraft had been maintained in accordance with an 

approved maintenance manual. All significant defects had been investigated 

and rectified prior to the accident and all applicable Civil Airworthiness 

Requirements (CAR) had been complied with as required. 

1.6.5   he aircraft was flying with 10 maintenance concessions issued 
by the company under the terms and conditions of their Civil Aviation 

Division (CAD) approval. These concerned, a small section of vent panel 

trim, a "Hi Lock" fastener head missing from the centre box section of 

the lower forward spar cap, a temporary repair to a wing-to-fuselage 

fillet panel, a wire adrift from the right-hand windshield anti-ice 

suppressor, 3 small holes in a fire seal channel on number 3 engine, a 

trial period of an unmodified generator control unit, sheared rivets in 

saddle tank rub strip, a damaged forward drain mast, a temporary repair 

to an access panel and damage to a wall trim panel. 

1.6.6 The aircraft's estimated all up weight was 199150 kg and the 

centre of gravity (CG) 22.5% of the mean aerodynamic chord (MAC) at the 

time of the accident. The maximum take off weight authorised was 253105 kg 

(actual 246507) and the CG limits at 199000 kg are 11% to 29% MAC. 

1.6.7 The fuel in use was Jet Al. (Specific gravity at lS°C was 0.804). 

1.7 Meteorological information 

1.7.1 General Situation. On 28 November 1979 at 0100 hours (Z) the 

McMurdo area was under the influence of a surface low pressure trough 

extending from the Queen Maud mountains to the Ross Sea. Observations in 

the area reported a total cloud cover with a base of 3500 feet with 

layers above. The wind at McMurdo was 230' Grid at 10 knots. Although 

local effects in the area of the accident site near Mt Erebus could have 

caused gusty turbulent conditions with stronger winds, the aircraft's 

navigation computer unit (NCU) memory recorded a wind of 138712 knots at 

the time of ispact. Tine surface visibility was good but the Antarctic 

procedure used ro rrport surface and horizon definition 

gave the surface definition at the time as poor and the horizon definition 

fair. Mountain tops in the area were covered in cloud. 
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1.7.2 Local iir~raft reports : 

a A United States Navy (USN) C-130 aircraft was inbound and 

80 miles from McHurdo a t  0100 hours (2) .  The crew described 

the meteoralagical conditions at 0100 hours (23 as follows : 

" A t  80 miles out and approaching from the west-north-west 

(the crew) observed 8 continuous stratofom layer covering 

Ross Island w i t h  cloud "domesn over Mt Erebus and tft Terror 

which concealed the mountains from view. The cloud layer 

extended t o  the north of Ross Island. A lenticular "cap 

cloud" was over Mt Erebus above the main cloud layer." 

The aircraft descended into cloud at  approximately 16000 . 

feet and remained in variable cloud densities, except for 

one break of about 1500 feet vertically, until it descended 

through 2500 f e e t .  The lowest layer was solid overcast 

with a raggeG k;~.  T??? vi sibf l i t y  was good below the 

cloud base but the surface def in i t ion  was poor. The 

aircraft encountered l ight  turbulence during t he  descent 

but no evidence of ic ing and Ianded at McMurdots ice 

runway at 0120 hours (Z). 

b A t  0105haurs (2) &helicopter flying over the slopes of 

m Erebus above Cape Royds attempted t o  ascend wer the 

saddle between Mt Erebus and Mt Bird. The cloud base was 

above the saddle but the pilot turned back due t o  the poor 

surface dsf inition in the area and decided t o  enter Lewis  

Ray via Cape Bird. The aircraft landed a t  Cape Bird hut 

at 0140 hours (2) where the weather was overcast with a 

southerly wind and l ight  snow. The helicopter later took 

off and flew around Cape Bird at  1500 feet and was below 

the cloud base a l l  the way. A t  0200 hours (I) it landed 

on the beach 10 km from the accident s i te  and the conditions 

a t  that  time were overcast with light snow but t h e  sun 

could be "made out" through the cloud occasionally. The 

surface definition at the time was very poor t o  n i l .  



The a i r c r a f t  encountered no turbulence on t h e  approach 

i n t o  a l i g h t  nor th  west wind f o r  landing. The a i r c r a f t  

remained on t h e  i c e  f o r  50 minutes during which time t h e  

sky continued overcas t  and t h e  v i s i b i l i t y  was decreasing 

due t o  snow f l u r r i e s .  Beaufort Is land could be dis t inguished 

t o  t h e  nor th  but  was not c l e a r l y  defined.  Due t o  t h e  

d e t e r i o r a t i n g  weather t h e  crew decided t o  cu t  t h e i r  v i s i t  

shor t .  They were not ab le  t o  d i s t ingu i sh  t h a t  t h e  s lopes  

t o  t h e  south were e levated o r  separa te ly  i d e n t i f y  cloud 

and snow. No bare  rock was v i s i b l e  on t h e  s lopes  but t h e  

rocky c o a s t l i n e  below t h e  i c e  c l i f f s  was v i s i b l e .  The 

a i r c r a f t  re turned t o  Bird hut and t h e  crew found weather 

condi t ions  much t h e  same as they were when they had departed. 

c A United S t a t e s  A i r  Force (USAF) C-141 a i r c r a f t  was following 

some 45 minutes behind A i r  New Zealand F l igh t  TE 901. The 

cap ta in  of t h i s  f l i g h t  made t h e  following comments about 

t h e  weather : 

"As we approached McMurdo we noted t h a t  Ross Is land was 

obscured by cloud; no t e r r a i n  was v i s i b l e .  We displaced 

our f l i g h t  pa th  t o  t h e  west approximately 25 miles t o  

allow a gradual,  long-range descent over t h e  water. A t  

t h e  time we were navigat ing e n t i r e l y  by INS ( i n e r t i a l  

navigation system). We maintained 16000 f e e t  u n t i l  McMurdo 

picked u s  up on radar ;  a s  I remember, t h i s  was a t  about 38 

miles.  We began descent and entered t h e  clouds immediately. 

The cloud cover appeared t o  be ordinary cumulus o r  s t r a t o -  

cumulus. We encountered only l i g h t  rime i c i n g  and l i g h t  

turbulence during descent.  Between approximately 12500 

and 11000 f e e t  we passed between cloud l ayers .  V i s i b i l i t y  

seemed good between clouds but no t e r r a i n  was v i s i b l e .  We 

broke out o f  t h e  cloud base a t  about 5000 f e e t ;  v i s i b i l i t y  

beneath t h e  c e i l i n g  was good. We landed a t  McMurdo a t  

0152 hours ( Z )  on 23 November." 

1 . 7 . 3  A t  0010 hours (Z) "Mac Centre" broadcast  t h e  following ac tua l  

weather condi t ions  experienced a t  0001 hours (Z)  on t h e  I c e  Runway "2000 

overcas t ,  v i s i b i l i t y  , id,  temperature minus 4 Celcius,  gridwind 200 a t  20, 

a l t i m e t e r  2930, su r face  f a i r ,  ho r i zon  f a i r " .  
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1.7.4 At 0018 hours (Z) the forecaster at Mc?hrdo spoke directly to 

the crew of TE 901 and advised the following "We have a low overcast in 

the area at about 2000 feet and right now we are having some light snow 

but our visibility is still about 40 miles. It looks like the clear 

areas around McMurdo are approximately between 75 and 100 miles to the 

northwest of us but right over McMurdo we have a pretty extensive low 

overcast". 

1.7.5 The forecast for the McMurdo area given to crew of flight TE 901 

at their pre-flight briefing was : 

"McMurdo 270300-2803002. Cloud base 3000 feet broken, 

variable to overcast, visibility 40 miles surface wind 

(Grid) 310°/10 kts, occasional 3000 ft overcast, visibility 

5 miles in light snow. Information from weather analysis. 

Much cloud with large occlusion 70's and 150"W, Byrd 

(Station) to South Pole. Much ridge type cloud probable, 

base about 3000 feet." 

1.7.6 At 1943 and 2030 hours (Z) Auckland Radio passed the actual 

weather conditions at McMurdo to Flight TE 901 for 1900 and 2000 hours (Z) 

respectively. These were : 

"McMurdo timed 1900 estimated 8000 broken, 10000 broken. 

Visibility 40 miles. Temperature minus 6. Wind Grid 

200°/10 knots. Altimeter 2938. Surface definition poor; 

horizon definition good". 

"McMurdo at 2000 estimated 8000 broken, 10000 broken. 

Visibility 40 miles. Temperature minus 6. Wind Grid 

200'/10. Altimeter 2938. Surface definition fair; 

horizon definition good". 

1.7.7 At 2153 hours ( 2 )  Auckland Radio passed a new terminal forecast 

for McMurdo to Flight TE 901 as follows : 

"Terminal forecast McMurdo valid from 272100 and it's 

valid until 282100. 4000 broken, 10000 broken. 

Visibility 40 miles. Wind Grid 220°/10 knots gusting 

18 knots. The sky conditions broken variable scattered 

occasionally 4000 broken visibility 5 miles light snow. 

QNH 2930". 



ICAO C i r c u l a r  173-AN/109 -- . PA - --- 119 

1.8 Aids to navigation 

1.8.1 The ground navigation aids available* to the aircraft's crew 

were limited to a medium frequency non-directional beacon 506 kHz (NDB) 

a TACAN installation suitable for interrogation by the aircraft's distance 

measuring equipment (DME) and a radar installation (AN/FPN 36 QUAD) which 

provided airport surveillance radar (ASR), precision approach radar (PAR), 

and an "AIMS" Mark 12 IFF system. 

1.8.2 These aids were approved "for use by Antarctic Support Deep 

Freeze aircraft but were available to other operators for use at their 

own risk". 

1.8.3 The Radar, NDB and TACAN were calibrated by local military 

aircraft to FAA standards and monitored by reports from the Operation 

Deep Freeze (ODF) aircraft which used them regularly. 

1.8.4 Promulgation of radio navigation information at McMurdo was the 

responsibility of the United States Navy who installed, calibrated and 

maintained all aids in accordance with the United States Standard Terminal 

Instrument Procedures Manual (TERPS). This manual was standard for the 

FAA, USAF, USN, US Army and the US Coast Guard. However, because of the 

special nature of the operations in Antarctica the aids and ATC procedures 

were installed specifically for the Antarctic Support, Operation Deep Freeze 

(ODF), aircraft. Every approach chart and letdown procedure and radio 

navigation chart carried specific cautions to warn of : 

a Incomplete survey data making en-route minimum altitudes 

unreliable. 

b Radio and radar altimeters erratic over snow. 

c Promulgated procedures are intended for use by Operation 

Deep Freeze aircraft only, others may use at their own 

risk. 

1.8.5 The Air New Zealand crew was briefed that the NTS facility had 

been withdrawn as the result of advice from CAD to this effect but the 

beacon was transmitting on a 24 hour basis as the USN had decided to 

leave it transmitting and not to dismantle it until it failed. 

* In this context "available" as it refers to the M/F NDB 

means operating and able to be received by the aircraft 

equipment 
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1.8.6 The a i r c r a f t  was f i t t e d  with an area i n e r t i a l  navigation 

system (AINS) which f a c i l i t a t e d  uorldwide navigation based on rad io  and 

i n e r t i a l  da ta .  The system provided da ta  and information t o  navigate  t h e  

a i r c r a f t  on a rea  navigation rou tes  o r  great  c i r c l e  t r acks  from take-off  

t o  the  f i n a l  approach. 

1.8.7 A l l  t he  navigation a i d s  were operating normally f o r  t h e  durat ion 

of the  f i n a l  approach of  ZK-NZP, towards McMurdo, but t h e  a i r c r a f t ' s  DME 

did  not lock onto t h e  TACAN f o r  more than one shor t  period,  t h e  a i r c r a f t  

was not seen on t h e  su rve i l l ance  radar  and i t s  transponder was not  detected 

by the  radar  equipment. The con t ro l s  f o r  the  a i r c r a f t ' s  transponder when 

re t r i eved  from t h e  wreckage were s e t  t o  t h e  cor rec t  code but switched t o  

"standby". 

1.8.8 The a i r c r a f t ' s  low a l t i t u d e  approach placed t h e  M t  Erebus 

volcano i n  t h e  l i n e  of  s i g h t  between these  a ids  and t h e  a i r c r a f t .  

1.8.9 The a i r c r a f t  was equipped with a Bendix RDR 1F radar  which had 

a d i g i t a l  indicat ion.  This  equipment has both "weather" and "mapping" 

modes. Although it is not approved a s  a navigation a id ,  some p i l o t s  of  

previous Antarc t ic  f l i g h t s  repor ted  t h a t  the  radar  ind ica t ions  of  high 

ground c o r r e l a t e d  well  with t h e  contours which they observed v i s u a l l y  i n  

WK. Expert opinion from t h e  a i r c r a f t  manufacturers was t h a t  t h e  high 

ground on Ross Is land would have been c l e a r l y  indicated by t h e  "shadow 

e f fec t "  had e i t h e r  p i l o t  s tudied t h e  radar  presenta t ion during t h e  

a i r c r a f t ' s  descent t o  t h e  nor th  of  t h e  i s l and .  

1 .9  Communications 

1.9.1 The crew spent a considerable time endeavouring t o  e s t a b l i s h  a 

r e l i a b l e  communications l i n k  with "Ice Tower" and "Ice Radar" during t h e  

l a s t  30 minutes of t h e  a i r c r a f t ' s  f l i g h t  towards t h e i r  McMurdo waypoint 

( the McMurdo TACAN). Three VHF frequencies were t r i e d  by t h e  a i r c r a f t ' s  

crew 134.1 (GCA) ; 126.2 (Tower) and 121.5 MHz (Guard) . None of these  

proved a r e l i a b l e  communications l ink  but an occasional  contact  was made 

on 134.1 and 126.2 MHz.  

1.9.2 The HF R/T l i n k  remained s a t i s f a c t o r y  between McMurdo and t h e  

a i r c r a f t .  The l a s t  exchange o f  transmissions occurring 4 minutes 42 seconds 

before the  accident happened. 
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1.9.3 As with the navigation aids  the a ircraf t  was not positioned in 

a line of sight with the ~tppropriate VHF transmitters during most of the 

last phase of the flight. 

1.10 Aerodrome information 

1.10.1 Not applicable. 

1.11 Flight recorders 
1 .11.1  Cockpit Voice Recorder. The aircraft was aqipped with a Sundstrand 

Model B CVR ~ e i i a ~  No. 256 Part No. 980-6005-061. A useful record was 

eventually obtained from the tape in the CVR but the task was made unusually 

difficult by the presence of the extra persons on the flight deck namely 

the second flight engineer, the commentator and passengers who were 
invited there by the captain to add interest to the flight for them. 

1.11.2 The essential items of the recording from the cockpit area 
microphone (CAM) were almost a l l  recovered by the joint efforts of teams 
in the United States and United Kingdom operating in the sound laboratories 

of the NTSB and the Federal Bureau of Investigation (FBI) in the USA and 

the Accident Investigation Branch [AIB) in the UK. The manufacturers of 

the CVR also  aided by providing a 4 track recording of the original 8 

track tape t o  assist these laboratories. 
1.11.3 Digital Flight Data Recorder. The aircraft was equipped with a 

Sundstrand Model DFDR Part Number 981-6005-012 serial number 2484. The 

DFDR was not  seriously damaged in the accident but the tape was broken on 

impact, The equipment performed satisfactorily and all the parameters 

had been recorded correctly. A l l  of  the record required for the investi- 

gation w a s  recovered. 

1.11.4 The DFDR record showed that the aircraft carried out 2 descending 

orbits, one either side of the flight plan track in the Lewis Bay area 

then continued toward McMurdo on this  track while descending from 5800 

feet t o  2000 feet,  i n i t i a l l y ,  before f inal ly  levelling out a t  1500 feet 

above mean sea level  (AMSL). The flight from t h i s  point was straight  and 

level with a 5' nose up attitude at  260 knots indicated air  speed [IAS] 

until the last data sampling immediately before the impact when the 

aircraft  rotated in pitch t o  approximately 10' nose up and number 1 

engine had "spooled up" to 94% just prior t o  the impact, The DFDR records 

each engine's N 2  r p m  once every four seconds and number 1 engine's rpm 

was the iast to be recorded pr ior  to impact. 
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1.12 Wreckage and impact information 

1.12 .I The entire wreckage site was surveyed by a Lands and Swyey  

Department Surveyor and an assistant from the Ministry of Works and 

Development. The team surveyed and marked a grid of 30m squares over the 

complete wreckage trail and a 30m buffer zone around this area. They 
also plotted the position of each victim's remains and surveyed the 

profile of the terrain from sea level to t h e  impact site. 

1.12.2 The collision of the aircraft with the ice covered slope left a 

clear impression of the fuselage, wing mounted engines and flap hinge5 in 

this ice which showed that ZK-NZP was in a wings-level, nose-high attitude 

when the impact occurred. 

1 . 1 2 . 3  The wreckage trail was typical of a high speed impact and 

resulted in extensive fragmentation of the underside of the wing and 

fuselage. The wing engines were stopped immediately after impact by the 

distortion resulting from the  impact with the ice. 

1.12 '14 The 2 wing munted engines, the mdtrside of the wings and the 

bottom of the  rear fuselage bore the main impact of the collision and 

some debris from each of these areas was evident in the impact crater. 

1.12.5 Immediately fallowing the i n i t i a l  impact the aircraft lofted 

over the mound of i c e  m d  $now displaced f r o m  the impact area and flew up 

the 13. ice slope in a wings level attitude. Fxttnsive destruction which 

continued until the wreckage came to rest would have been accentuated by 

rm air pressure differential of approximately plus 1.1 psi between the 

interior o f t h e  fuselage and the outside environment. 

1.12.6 The nubar 2 engine mounted in the tai l  fin, continued t o  

doliver considerable pow= aktar the impact. 
1.12.7 The integrity of the fuselage was broached early in the breakup 

sequence ~ n d  t h e  majority of the victims were ejected before the last of 

the wreckage came t o  rest. Most of the remainder were thrown clear by 

che final impact. 
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1,12.8 The spread of the wreckage covered a total area which was some 

57Um by 120m and was aligned on a bearing of 357' Grid (190' true). The 

wreckage area's uphill slope from the point of impact was 13' with a 5' 

cross slope, downhill from right t o  left ,  The accident site was located 
on the top of a so l id  layer of ice which had a l ight  covering of dry 

powder snow. Two deep crevasses crossed the area of the main wreckage 

trail but much of the lighter debris was moved onto an adjacent , extensively 

crevassed area by subsequent storms and was not recovered. 

1.12.9 Although the aircraft had increased its nose up pitch attitude 

and its engines' power was Iffcreasing immediately prior t o  impact, I t s  

flight path was essentially straight and level when it collided with the 

s lope. 

1.12,10 The largest portion of the aircraft remaining was 'the complete 

constant section length of the damaged cabin section which remained 

attached t o  the wing's centre and inboard sections. This ?ortion was a t  

the forward end of the wreckage trail  and was involved in a persistent, 

intense and deep seated fire. 

1.12.11 The upper forward fuselage sect ion which contained the front 

galley and f l i g h t  deck came to  rest short of and t o  the left  {east) of 

the main fuselage section and although it was extensively damaged it was 

not involved in any fire. 
1.12.12 The entire  length of the wreckage trail, was impregnated with 

aviation turbine fuel and covered with soot. 

1.12.13 The aircraft was in the normal configuration for cruising 

flight with the undercarriage and flaps and slats up. The horizontal 

stabiliser jack screws, indicated a nose up trim of 2' was applied a t  the 

time of impact. 

1.12.14 A diagram of the wreckage distribution at  the accident sire is 
attached as Amex E. 

1.13 Medical and pathological information 

1.13.1 All of the aircraft's occupants who were recovered were killed 

by the injuries sustained as a result af the deceleration of the aircraft. 
1.13,2 A review of the flight crew's medical records disclosed no 

evidence of pre-existing physical problems which could have affected 

their  judgement or performance. The post-mortem and toxicological 

investigations did  not reveal any abnomalities in  any f l i g h t  deck crew 

member. 
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1.13.3 An extensive effort resulted in most of t h e  victims being 

recovered. Of these 213 were i d e n t i f i e d .  A l l  those recovered were 

subjected t o  a post-mortem examination in Auckland whicb established 

there was no suspicion of any cause factor related t o  the passengers or 

cabin crew. 

1.13.4 A detailed revf en of the location of the vict ims who were 

recovered from the wreckage site was compared with the allocated seating 

plan as was the nature of the in jur ies  sustained by each occupant. 

1.13.5 The post-mortem examinations indicated that  a l l  the victims 

were k i l l e d  by the injuries received at the i n i t i a l  impact rather than as 

a result of burns sustained i n  the subsequent fire. 

1*14 Fire 

1.14.1 The evidence in the wreckage t r a i l  indicated that a fire was 

ignited immediately after the impact and that a persistant fire raged in 

the centre section of the fuselage but a f t  of the front galley. The 

residual fuel i n  the  left wing tanks which were the  only fuel tanks to 

retain their essential integrity probably sustained t h i s  conflagration. 

The source of ignition was not determined. 

1.14,2 The fire did not involve the fuselage interior i d i a t e l y  

after impact and many of the victims showed no evidence of being burnt. 

1.14.3 The fire burnt i t s e l f  out before the wreckage was located 

therefore no f ire  f ight ing  equipment was involved. 

1.15 Survival aspect s 

1.15.1 The accident was unsurvivable. A l l  of the injuries sustained 

indicated a deceleration at impact, that could not be sumived with the 

type of restraint provided by a seat belt, additionally very few occupants 

appeared t o  have been wearing these seat belts, 

1.15.2 The aircraft's survival equipment had not been modified or 

supplemented t o  cater for survival in the cold land or cold sea environment 

o f  the Antarctic. No training had been given t o  the flight or cabin crew 

members ov Antarctic survival techniques and no adaption of the standard 

emergency briefing to the  passengers was planned. The CAD Airline Inspector 

who attended this cabin crew's  pre-f l ight  briefing was critical of this 

aspect and handed the Chief  Purser a copy of some cold weather survival 

notes t o  study t o  enable him to brief h i s  cabin crew on cold weather 

survival techniques during the course of the flight, 
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1.16 Tests ;and research 

1.16.1 A report was received from an A i r  New Zealand p i l o t  that on 

occasions additional waypoints fed into another Air New Zealand DC 10 

aircraft's navigation computer at a later stage had "dropped out" without 

warning. 

1.16.2 I t  was conf imed that several instances of waypoints "dropping 

out" had occurred. This resulted in an incorrect indication that a point 

had been passed before the aircraft actually arrived at  the position. 
This malfunction was unlikely to occur when the system was using latitude 

and longitude positions and operating i n  the "'inertial1' mode as i n  this 
case because any additional waypoint would have to be inserted using 

latitude and longitude i n  the same way as the flight planned waypoints 

and there is no reason to believe one latitudellongitude waypoint would 

drop out without the others also disappearing, 

1,16.3 The performance of the GPPIS was evaluated and it was assessed 

that the warning was in accordance with the expected performance in the 

"terrain closure" and "fl ight  below 500 feet d r h w t  flaps and undercarriage 

extended1' modes of the equipment (modes 2A and 4 respectively). The 

profi le  of the terrain prior t o  the impact was reconstmcted in Air 

New Zealand's DC 10 simulator cnd the performance of the aircraft was 

evaluated to determine i f  the collision could have been avoided in response 

t o  the warning and that the warning was in fact given at the maximum tima 

before impact that could be expected. 

1.16.4 The flights in the simlator indicated that experienced pilots 

would not have avoided a collision and that the warning given was in 

accordance with the design specifications of the GPWS. With sufficient 

rehearsal it was possible t o  fly the aircraft away from the apprsaching 

slope when an extreme manoeuvre was initiated i n  response to the onset of 
the GPWS warning. 

1.17 Additional informat ion 

1.17.1 Route briefing. Two of the 3 pilots of the operating crew of 

flight TE 901 were subjected t o  the specially devised audio-visual, 

written and simulator route qualification briefing for the route to and 

from Antarctica (First Officer had not received the Antarctic route 

briefing). The navigation procedures to be used (particularly the use of 
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grid navigation) the r a d i o  frequency chart indicating the probable best 

HF frequencies for the  time of day and certain company policy matters in 

relation t o  t h e  entertainment and welfare of passengers on the flight 

were al l  detailed, 

1.17.2 An examination of th i s  briefing revealed certain significant 

items were not included : 

a The authority of the US N a y ' s  Antarctic ATC system to 

control the c iv i l i an  Air New Zealand flight, 

b 2.t procedure for detenin ing  the  minimum f l ight  level 

recognised for the Antarctic area and s p e c i f i c a l l y  the 

McMurdo control area. 

c The way in which the Air New Zealand route varied from the 

normal military route, which followsd the reporting points 

depicted on the Radio Navigation Chart (RNC), 

particularly on the leg from Cape Aallett south t o  

Meblurdo. 

d Topographical maps for use on the  f l i g h t .  With the exception 

of a photostat copy of a small insert enlargement of a map 

of Ross Island [1:1,000,000), these were not issued t o  t h e  

crew until the  day of the flight, and were of a relatively 

small scale i . e ,  1:5,000,000 and 1:3,000,000. 

e A comprehensive discussion of the visual phenomenon peeul iar 

t o  the Antarctic, i.e. the whiteout conditions, which 

might be anticipated with overcast sky and snow covered 

terrain below, (Refer paragraphs 1.17.46-58 inclusive). 

f A discussion of the procedure for attempting s landing on 

the local ice runway or skiways and the emergency conditions 

which might necessitate such a landing, 

g The most effective methods of attempting t o  achieve survival 

on the ice  (with the equipment available) in the  event of 

a successful forced landing. 

h The fact that the medium frequency KDB was still operating. 

1.17.3 The original requirement for radar monitoring of any LW letdown 

was deleted by the letter of amendment detailing the conditions for VMC 

letdowns which were t o  apply following the withdrawal of the NDB letdown 

procedure. The revised version called only for t h e  descent t o  be co- 

ordinated with local radar control. 



1.17.4 Although topographical charts for the area were available on 

the day of  the flight the only "charts" of the area below the flight 

planned track from Cape Hallett to McMurdo available at the initial 

briefing were : 

The passenger information map 

[an overprint on a 1:16,000,000 chart) 

The RNC chart and 

A slide depicting a schematic diagram taken from the rear of a 

passenger brochure 

a l l  of which showed a track proceeding t o  the true west of Mt Erebus down 

the McMurdo Sound. While these "charts" were not intended to be used for 

navigation the track shown was not that t o  be followed by TE 901. Several 

members of earlier crews were of the opinion that the inbound track to 

MWrda was intended t o  be on an alignment which was over t h e  sea level 

ice t o  a point adjacent t o  McMurdo but t o  the west of that base. (The 
dialogue which accompanied the audio visual  briefing referred t o  the RNC 

chart when discussing the appropriate flight levels for the flight.) 

1.17.5  The s tr ip  map of the route from Christchurch to McMurdo 

issued on the day of the f l i g h t  also had two tracks printed on it both 

depicting a passage t o  the west of  Ross Island. A track and distance 

diagram issued at the route qualification briefing correctly 

depicted the intended flight plan track from Cape Hallett to the McMurdo 

TACAN, but t h i s  showed no relationship t o  geographical location or terrain. 

1.17.6 The audio visual presentation of the route qualification briefing 

shoved two slides purporting t o  be of the track between Cape Hal lett and 

the McMurdo TACAN. The first which only showed Cape Adare, 73 miles 

northwest of the Cape Hallett waypoint, accompanies the statement 'We arc 

almost 77" south proceeding from Cape Hallett towards Ross Island at 

Flight Level 330. Mt Erebus, almost 13000 feet, ahead. McMurdo Station 

and Scott Base lie 20 miles beyond the mountain i n  the direction of grid 

north". A second slide accompanies the statefiant 'Wow approaching 

Erebus a t  16000 feet the minimum sector altitude. In VMC a descent t o  

t h i s  minimum altitude up to 50 miles before Mchrdo will be found advantageous 

for viewing". This slide gave no indication of the relationship of the 

track t o  Mt Erehus, as it shows a view of M t  Erebus taken from behind the  

co-pilot's seat w i t h  the aircraft heading nor th .  
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1.17.7 The computer f l i g h t  plan used at the briefing had been in error 

for  14 months in that it showed the destination point far McMurdo as two 

degrees t e n  minutes of longitude t o  the west of the intended turning 

paint. This error was not corrected in the c o q t e r  until the day before 

the f l i g h t .  Although it was intended that it be drawn to the attention 

of the previous crew, inmediately prior t o  their departure this was not 

done, nor was it mentioned during the  pre-flight dispatch planning for 

the crew of rhe accident flight. The crew was shown a copy of the erroneous 

flight plan w i t h  the  incorrect co-ordinates a t  t h e  route qualification 

briefing but the flight plan issued on the day of the f l ight  was correct. 

1.17.8 Mention was mads in both the audio-visual presentation and the 

written brief  of l tA  whiteout emergency landing area for ski-equipped 

aircraft" located grid northwest of and adjacent t o  Williams Fie ld  with 

s landing procedure and talk down being available from the PAR (Precision 

Approach Radar) Controller, Williams Fie ld .  

1.17.9 The United States Navy advised "The emergency whiteout landing 

area does not have PAR available. I t 5  location is primarily to t he  grid 

west of the Williams Field Skiway complex, starting one mile from the 

TACAN on the 240' Grid radial; arcing grid north a t  one mile to the 330' 

grid radial then out on the 330. grid radial 6 .9  miles; then arcing grid 

westerly on the 9 mile arc t o  the 300' grid radial; then out the 300' 

grid radial t o  15 miles them arcing south on the 15 mile arc t o  the 240' 

grid radial; then inbound on the 240' grid radial t o  the starting point,  

one mile from the ThCAN." "This area along with  the skiway, is fo r  
ski-equipped aircraft only- meel equipped aircraft would use this area 

only i f  a crash landing/wheels up landing was required. '' 
1.17,10 On 4 February 1977 a CAD Airline Inspector witnessed the 

briefing at ODF Headquarters, firistchurch of the pilots in command of 

the f irst  two flights. On 15 February 1977 another Airline Inspector 

witnessed the pre-flight dispatch planning before the first f l i g h t .  This 

second Airline Inspector also viewed the audio visual presentation portion 

of t h e  route qualification briefing in October 1977 and again on 

26 November 1979. On 28 November 1979 the second Airline Inspector 

witnessed t h e  pre-flight briefing given by Air New Zealand's Chief Purser. 
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1.17.11 The loss of communication procedure given in the briefing notes 

was an abbreviated and reworded version of the f u l l  procedure and the 

reference given for the f u l l  procedure quoted a superseded page number of 

the particular document quoted. (One significant omission relevant 

to the Antarctic was the absence of any reference to adjustments t o  

minimum safe altitudes t o  be made in the Antarctic when low barometric 

pressures ex i s t .  This applies t o  "lost corns" procedures as well as 

normal naviga*.ian) . 
1.17.12 To meet the operator's responsibility to have the pilot-in- 

command *'demonstrate that he has an adequate knowledge of the route t o  be 

f lawn" (see paragraph 1.17.21),  Air New Zealand Limited required the 

pilot-in-command of each f l i gh t  t o  practise sett ing up the aircraft1 s 

instruments and navigation procedures for grid  navigation and simulate a 

night*  VMC letdown using the arcs and distances specified for the day VMC 

procedure a t  McMurdo. 

1.17.13 The audio visual route qualification briefing stated that the 

"minimum sector altitude" or "company sector safe altitude" for approach 

to McMurdo was 16000 fee t  and that descents t o  the overall minimum of 

6600 feet were only permitted in a sector t o  t h e  true south of FrlcMrdo in 

conditions of 20 km visibility or better and only then if there were no 

snow showers in the area and t h e  descent was co-ordinated w i t h  the local 

radar controller, The written briefing notes emphasised the point thus 

"If YW cannot be maintained FL 160 is the minimum safe a l t i tudetq .  

1.17.14 The company's briefing notes on the loca l  McMrdo procedures 

had not been forwarded t o  the A i r  Traffic Control authorities at  FEclrkrrdo 

and the Air Traffic Control staff there were not aware of the approved 

m i n i m  altitudes, the VMC letdown sector approved or t h e  conditions 

specified for VMC letdowns. 

1.17.15 The company briefing specifically mentioned that passengers' 

v i s i t s  t o  the  flight deck should be firmly controlled and stressed that 

such v i s i t s  should be limited during low-level operations. 

1.17.16 The CAD had been discussing with the airline the desirability 

of carrying cold weather survival equipment an such flights but had not 

msde CAD approval for these flights dependent upon the carriage of such 

equipment. 

* The A i r  New Zealand DC 10 flight simulator's external presentation 

of terrain is l imi~eri 2 0  the nigh t  lighting of my aerodrome 

environment. Terrain is not simulated in any other way and the  

~~lc?:s undergoing t ra in ing  are briefed on the proximity of 

high ground by t h e  simulator instructor 
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1.17.17 Operations specifications. The Air New Zealand Limited Operations 

Specifications which form part of their Air Service Certificate Ho. 22 

specified as follows : 

a Page61 [datedandeffective 20December1977) 

1 In accordance with subparagraph 2.12.1 of these 

Operat ions Spec i f i c a t i ~ n s  , mute and aerodroae 

familiarisation training is required on those routes 

s e t  out in t h e  schedules forming part of (Appendix 

Vl) . 
2 It sha l lb t therespons ib i l i t yo f thep i lo t - in - command  

t o  ensure, before f l i g h t  over any route, that he and 

the  flight crew members under h i s  command comply with 

the route and aerodrome qualifications required by 

C i v i l  Aviation Regulation No. 79* and these  Operations 

Specifications. 

b Page 62 (dated and effective 16 October 1978) 

1 The area and aerodrome qualifications specified in 

the schedules t o  this appendix shall be deemed t o  

comply with the regulation, A p i l o t  who holds a 

valid area qualification in accordance with Schedule 
I will be qualified for f l ights on a l l  routes within 

that area or between that area and any adjacent area 

for which he holds a valid area qualification, provided 

that  he also holds v a l i d  aerodrome qualifications for 

the appropriate aerodromes and their alternates. 

2 me Company shall maintain an approved record of the 

area m d  aerodrome qualifications of a l l  its pilots. 

3 Uhere the requirements specified in these schedules 

carnot be met the Director may approve an alternative 

msms of compliance with the regulations. 

4 WheretheCompanyundertakesnon-scheduledflights 

which are not o f  a continuing nature the Flight 

Operations Director shall  ensure that sufficient 

route f amiliarisation training is provided to comply 

with Regulation 79*. 

* Regulatim79becameRegulation 77vithamendmsnt 2 2 t o G i v i l  

Aviation Regulations with effect  from 12 February 1979 but the 

Operations Specifications had not been amended as at 

28 November 1979 
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6 The following schedules form part of t h i s  appendix : 

Schedule I Area Qualification 

Schedule I I  A e x ~ r o ~  Qualification 

Schedule IXX Summary of Approved Aerodrome 

Qualification. 

c Page 63 (dated and effective 20 September 19771 and Page 64 

(dated 12 May 1978 and effective 17 May 1978) 

1 - Designated Areas 

For the purpose of route familiarisation training the 

following geographic areas have been designerted. 

d Antarctic 

The Antarctic area shall cover flights within 

the area of compass unrdliability south of the 
Antarctic Circle. 

2 Area Qualification Requirements 

Area qualification shall consist of the following : 

a A comprehensive preflight briefing which covers 

s t  least the  following items : 

[i) En-route and terminal routing 

(i i) Terrain and m i n i m  safe a1 ti tudes 

(iii) The seasonal meteorological condition 

and statistics 

(iv) Meteorological communication and ATC 

facilities, services and procedures 

(v) Navigation faci l i t ies  

(vi) Prohibited and restricted areas 

(vii) Search and Rescue facilities and 

procedures 

AND within 30 days - 
b A f l i gh t  in the area under the supervision of a 

person authorised by the Flight Operations 

Director. 
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3 Period of Validity and Requalification 

An area qualification shal l  remain valid for a 

period of 12 months from t h e  date of the f l i g h t  

qualification specified in 2[b) and shall be extended 

t o  12 months from t h e  data of tach subsequent flight 

in that area, either as a crm member or as an 

observer on the f l i g h t  deck of an approved air 

carrier. 
Where more than 12 mnnths have elapsed from the last 

f l i g h t  in that area the comprehensive briefing and 

flight under supervision specified in 2(a] and (b) 

in i t ia l  issue shall be required for requalif ication. 

d Page 65 (dated and effective 16 October 1978) 
2 Standard Aerodrome Quarif ication 

2 .1  Standard aerodrome qualification shall  consist 

of the following requirements fox pilots in 

[a) A cornprehensivs briefing which shall include : 

ti) Seasonal meteorological conditions 

[ii) Terrain and minimum safe altitudes 
(iii) Approach aids  and procedures 

(iv) Prohibited and restricted areas 
( ~ 1  Any special procedures including 

SIDs and STARS 

(vi )  Ground facilities 

AND within 30 days - 
A flight into the aerodrome which 

may be complettd as an observer 

on the flight deck of an A i r  New 

Zealand or approved airline 

operators aircraft., 

@) An approved pictorial presentation for that 



e Page70 (dated12May1978andsffective17May1978) 

which is the second page of Appendix V I  Schedule IIf 

"Summary of Airport Qualification Requirements - Pilots- 
in-CommdtT 

AIRPORTS Initial  Requalification Requalification 
Qualification after I2 months after 24 months 

Antarctic 
Initial 

Wc.Murd~ Sound RCU'ancl SIM RCU Qualif icatf on 

NOTE : Qualification applies only t o  cloud break procedure and 
approach - na landing requirement 

1.17,18 In a letter 98/4/4 of 6 December 1977 headed ROUTE QUALIFICATION 

REQUIREMENTS - OPERATIONAL SPECIFICATIONS t o  Air New Zealand Limited, the 

Director of Civil Aviation stated in part : 

"Addit ionally, the s l i d e  presentation of the Antarctic has also been 

approved for f miliarisation purposes. 

1.17.19 None of the pi lots  an this f l ight  had prwious Antarctic 

experience but on 24 October 1979 a signal message fxm Air New Zealand 

L i m i t e d  t o  CAD asked : 

"OPS 880 Flight Operations. Reference wr tslecon regarding the 
operation of company flights t o  Antarctica and return nonstop 

i t  is our understanding that because of the brief ing programme 

carried out in our route training unit and the simulator detail 
cwering exercises in gxid navigation and the NDB cloud break 

at McMurdo that there is no requirement for flight under 

supervision. The briefing and simulator deta i l  are completed 

within the week prior t o  operating the flight*. Would you 

please confirm that our understanding is c c ~ ~ e c t ' ~ .  

Kn a reply dated 24 October 1979 CAD stated : 

"OPS 523 98/4/14. Your UPS 880 is confirmed correct and Ops 

Specs will be mended to reflect such detail". 

* The briefing for the p i l o t s  of this flight on 28 November 

was completed on 9 November 1979 
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1.17.20 While the CAD had not specified any specif ic  minima for the 

f l ight  their approval for the operation of the f l i g h t s  was subject to 

them being conducted in accordance with the criteria suggested by the 

company. 

1.17.21 Civil Aviation Regulations paragraph 7 7 ( 1 )  (a] and @) states  : 

77. Route and aerodrome qualifications of pilot  in command - 
[I) A pilot shall not act as pi lo t  in command of an 

a irc~af t  engaged in an air transport operation on a 

particuf ax route unless : 

(a) He has demonstrated t o  the operator that he has 

an adequate know1 edge of the route to be flown 

and the aerodromes which are t o  be used, including 

an adequate knowledge of : 

(i) The terrain and minimum safe altitudes; 
[ii) The seasonal meteorological conditions; 

(iii] The meteorological , comrmmication, air 
traffic facilities, services and procedures; 

(iv) The search and rescue procedures; and 

{v] The navigational facilities asboci ated with 

the route along which the flight is t o  take 

place; and 

@) He has demonstrated t o  the operator that he has 

adequate knowledge of procedures applicable t o  

flight paths over heavily populated areas of 

high traffic density, obstructions, physical 

layout, l i ght ing ,  approach aids, and arrival, 

departure, ha lding and instrument approach 

procedures and applicable meteorological minima. 

Provided that my portion of the demonstration 

relating to  arrival, departure, holding or 

instrument approach procedures may be accomplished 

in an aircraft f l i g h t  simulator if specifically 

approved by the Director. 
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1.17.22 Approval for Antarctic flights. In June 1971 the Minister of 

Transport surmharised the situation regarding proposals for Air New Zealand 

Limited to fly t o  Antarctica as follows : 

"Officers of the Civil Aviation Division of the Ministry of 

Transport and of Air New Zealand have made a complete study of 

the possibility of operating to Antarctica. A joint team 

visited the area in November 1969 and an their recommendation 

it was decided t o  defer any further action in the meantime. 

This decision was brought about by a lack of passenger terminal 

acco&dation facilities at Mdlurdo, ground transportation 

problems and opsrat ional requirements including fuel  reserves. 

While the operation is technically possible it would impose 

such restrictions as t o  make it a very doubtful viable economic 
operation, The project has not been abmdonsd but, in view now 

of Air New Zealand's re-equipment programme, it has for the 

present: been deferred". 

1.17.23 Following the v i s i t  t o  Antarctica, of the jo int  team mentioned 

in t h e  Minister's statement, the Director of Civil Aviation @CA) had 

stipulated that if certain conditions could be mat by Air New Zealand 

Limited f l ights t o  the Antarctic would be apprwgd. These conditions 

stipulated in letter 98/4/76 of 19 December 1969 included : 

"2 (d) Prior to commencing revenue earning operations a 

proving flight will be required unless the pilot-in-command 

has previous experience of operations at McMurdo Sound. 

4.  It will be (Air New Zealand's) responsibility to submit for 

approval a scale of protective clothing t o  be supplied for 
passengers and crew and s revision of the contents of the 

aircraft emergency pack for Antarctic weather e o n d i t f ~ n s ' ~ .  

The remaining conditions applied specif ieal ly t o  operat ions involving 
the DC 8 aircraft and the approval was generally for DC 8 aircraft with a 

planned landing at McMurdo. However no further familiarisation v i s i t s  

were made t o  Antarctica by either CAI) or A i r  New Zealand Limited represen- 

t at  ives , 
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1,17.24 Following Air New Zealand's re-equipment with DC 10-50 aircraft 

a proposal was made i n  December 1976 by Air New Zealand Limited that  they 

be pemitted to conduct f l i g h t s  from Auckland t o  Christchurch by way of 

Antarctica. (The operati on differed from the  previous DC 8 proposal in 

that  no landing or descent below 16000 feet was planned in Antarctica and 

accordingly no flaps, slats or undercarriage extension was intended) . 
These were proposed as charter flights but in the event became non- 

scheduled domestic air transport flights. To support their request far 

the  in i t ia l  2 flights A i r  New Zeslmd Limited submitted the d e t a i l s  under 

t h e  following headings [their Letter H0:AC: 13 of 24 December 1976) : 

Flight schedule 

A 1 1  up weight 

Proposed route 

Reserve fuel 

Provision for a depressurisat ion emergency 

Briefing of captains by Operation Deep Freeze Headquarters 

In a Iater letter of the same reference dated 18 January 1977, Air New 

Zcsland Limited submitted amended details of Maximum Zero Fuel, Weight; 

f l i g h t  time; route and f l i g h t  planning details.  
1.17.25 The Director of Civil Aviation granted approval (98/4/76 dated 

19 January 1973) for the two flights subject to A i r  New 2ealandts compliance 

with detailed instructions on the following : 

Route t o  be submitted in writing, 

Communications procedures. Both normal and in the event of a 

communications blackout. To be submitted f o r  inspection. 

Specification of navigation procedures below 70"s by the operator. 

A briefing by Christchurch ATC/Deep Freeze for the captain and 

co-pilot t o  be completed not less than three days prior t o  

deptirture. [To be attended by an Airline Xnspector from CAD to 

ensure Regulation 79(1) (a) (now Regulation 77) was complied w i t h ) .  

An Airline Inspector t o  be carried as an observer on the  flrst 

f l i g h t .  

1,17.26 I t  was subsequently proposed by the operator md agreed by CAD 

that the briefing by Christchurch kTC/Deep Freeze Headquarters would be 
attended by the captains of the 2 flights only and they would, in turn, 

brief t h e i r  own crews, 
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1.17.27 On 2 February 1977 A i r  New Zealand Liaited submitted a letter 

t o  met the requirements of DCA letter of 19 January 1977, There Is m 

record of any comment on this letter by DCA, but the first flight was 

utilised by an Airline Inspector t o  make a formal Air Transport Flight 

Inspection Report on form CA 1335. This repart dated 15 F e b m r y  1977 

showed all items on the en route inspection check list t o  be sstLsfactory 

and the sumwary of the flight w a s  : "Nil adverse caments. A well conducted 

f 1 i ght in a l l  respect stl . This was the last recOrd8d 

f l i g h t  inspection. A further inspection was planned in 1979 but it did 

not svantwts. 

1.17.28 On 10 August 1977 Afr New Zealand letter )#):0:22 requested 

authority t o  conduce five flights overflying Antarctica In the k W o  

area u n d e ~ a k h g  t o  operate these flights t o  the specification earlier 

submitted with the following exceptions : 
"a A proposal t o  p m i t  descent to 6000 feet Q?4H in VMC or by 

the approwed lYDB procedure in IMC prwlded that : 

1, C ? g r d  base t o  be 7000 feet or better, 

2. Visibility reported t o  be 20 kras or better, 
3 ,  ASR is ava%l&le and used t o  monitor flight below 

flight level 160. 

4.  No snow showers in the area, 

Flight in the McMurdo area below flight level 160 w i l l  be 

restricted to  an arc cornsportding t o  a baaring of 120' Grid 

through 360' G to 270G from the NDB within 20 nm in order to 

keep well clear of the Mt Erebus region. 

b Two captains and a co-pilot will be crewed on each f l ight ,  

they w i l l  receive a comprehensive briefing and cinriplete a 

simulator detail involving a letdown and climb-out procedure, 

particular emphasis being placed on the use of g r i d  navigation 

procedures .I '  

1.17.29 Air New Zealand's letter of 10 August 1977 was acknowledged by 

CAD granting formal approval for the flights requested and firther flights 
of a similar nature should they be required, They also approved the 

proposed descent t o  6000 feet QNH in W or by the  approvnd NDB procedure, 
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1.17.30 Air New Zealand Limited made a f u r t h e r  appl icat ion on 

19 September 1978 f o r  4 f l i g h t s  i n  November 1978 with the  statement "We 

propose t o  operate  over t h e  same rou tes  a s  t h e  previous char te r s ,  u t i l i s i n g  

t h e  same crew t r a i n i n g  and operat ional  procedures1'. DCA approved t h i s  

request s p e c i f i c a l l y  noting t h a t  a s  f o r  t h e  previous year a descent t o  

6000 f e e t  was approved under t h e  same condit ions.  

1.17.31 In e a r l y  1979 some concern was f e l t  within CAD regarding t h e  

need t o  ca r ry  survival  equipment appropriate t o  the  Antarc t ic  a r e a  t o  

honour t h e  undertaking t o  observe a l l  t h e  standards i n  Annex 6 t o  t h e  

In te rna t iona l  C i v i l  Aviation Organisation's  Convention. The standard i n  

t h i s  case being specif ied  i n  Annex 6 paragraph 6.6 which reads a s  follows : 

"Aeroplanes when operated across land a reas  which have been 

designated by t h e  S t a t e  concerned a s  a reas  i n  which search and 

rescue would be espec ia l ly  d i f f i c u l t ,  s h a l l  be equipped with at  

l e a s t  one survival  r ad io  equipment, stowed s o  a s  t o  f a c i l i t a t e  

i t s  ready use i n  an emergency, which operates  on VHF and i n  

accordance with t h e  re levant  provis ions  of Annex 10. The 

equipment s h a l l  be por table ,  not  dependent f o r  operation upon 

t h e  aeroplane power supply, and capable of being operated away 

from t h e  aeroplane by unski l led  persons. Aeroplanes s h a l l  a l s o  

be equipped with such s igna l l ing  devices and l i fe-saving equipment 

( including means of sus ta ining l i f e ) ,  a s  may be appropr ia te  t o  

t h e  a rea  being overflown". 

1.17.32 Invest igat ions  were being undertaken t o  e s t a b l i s h  t h e  p r a c t i c e  

of o the r  a i r l i n e s  f l y i n g  over Arc t i c  and Antarc t ic  a reas  and as  a r e s u l t  

A i r  New Zealand Limited was wr i t t en  t o  on t h e  subject  i n  a l e t t e r  from 

CAD on 9 August 1979 asking t h a t  t h e  Company examine t h e  equipment c a r r i e d  

by Qantas and t h e  p ro tec t ion  made ava i l ab le  together  with t h e  advantages 

and disadvantages which would be associa ted with a requirement f o r  A i r  

New Zealand Limited t o  ca r ry  s i m i l a r  equipment on a l l  Antarc t ic  f l i g h t s .  

1.17.33 On 27 September 1979 A i r  New Zealand Limited wrote t o  t h e  

Director of Civ i l  Aviation advising him they were planning a f u r t h e r  

s e r i e s  of "charters" overf ly ing Antarc t ica  on November 7, 14, 2 1  and 28 

and proposed t o  operate  over t h e  same routes  a s  t h e  previous year u t i l i s i n g  

t h e  same crew br ie f ing ,  t r a i n i n g  and en-route procedures. 
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1.17.34 Dn 3 October 1979 CAD granted approval for the proposed f l i g h t s  

in 1979 and in a supplementary paragraph reminded Air New Zealand Limited 

that  na reply had been received regarding their letter on the carriage of 

Antarctic survival equipment in the DClO aircraft for these operations. 

1.17.35 On 10 October 1979 Air New Zealand Limited advised CAD that : 

"It is  our opinion that the carriage of survival sui ts  is unwarranted as 

it would only be used i n  the event of a landing at  McMurdo A i r f i e l d .  

This would only be as a result of a double engine fai lure or unfightable 

fire as other contingencies are covered, allowing for a return to 

Christchurch. These r i sks  are also taken on a l l  long haul operations 

over Arctic areas and although some operators do carry such gear, ....., 
others do not. On the basis of infrequent exposure t o  an extremely 

unlikely emergency situation, A i r  New Zealand does nat propose t o  carry 

survival equipment on the f w r  scenic flights scheduled in November of . 

this year." 

1-17.36 The matter was under discussion informally between various 

officers of A i r  New Zealand Limited and the CAD Airline Inspectors as 

recently as 27 November 1979. 

1.17.37 Civ i l  Aviation Regulation 109 (2) states : 

The Director may require the following equipment t o  be ins ta l l ed  

i n  any or a l l  aircraft engaged i n  operations over areas in 

which search a d  rescue would be especially d i f f i c u l t .  

(a) A t  least one approved emergency locator transmitter (ELT) 

stowed so as t o  facilitate its ready use in an emergency. 

The equipment shall be portable, have its own independent 

power supply and be capable of  being operated away from 

the  aircraft by unsbil led persons. 

(b) Such signal l i n g  devices and 1 ife-saving equipment (including 

means of sustaining l i fe)  as the Director considers approp- 
riate t o  the area being flown over. 
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1.17.38 On 13 October 1977 t h e  Commander of t h e  USN Support Force i n  

Antarctica advised i n  a message (No. 3100) t o  CAD Christchurch : 

"UNCLAS / /  NO 3100 / /  
SUPPORT OF NON-SCAR ANTARCTICA FLIGHTS 

A. YOU 1303352 OCT 77 PASEP 

1. IRT REF A, AIR TRAFFIC CONTROL/FLIGHT FOLLOWING AND WEATHER 

FORECASTING SUPPORT FROM MCMURDO STATION WILL BE AVAILABLE 

ON A LIMITED BASIS AND FOR ADVISORY INFORMATION ONLY. 

2 .  CURRENT REGULATIONS DO NOT PROVIDE FOR USN WEATHER FORECASTING 

ACCESSIBILITY TO COMMERCIAL CARRIERS. ADDITIONALLY, THE LIMITED 

ASSETS AT MCMURDO AND THE LACK OF REPORTING STATIONS FURTHER 

RESTRICT THE RELIABILITY OF REPORTED WEATHER. THEREFORE, ANY 

ACTION TAKEN I N  RESPONSE TO MCMURDO WEATHER REPORT MUST BE THE 

RESPONSIBILITY OF THE PILOT IN COMMAND. 

PAGE 2 RBYWQH6497 UNCLAS 

3 .  A I R  TRAFFIC CONTROL/FLIGHT FOLLOWING SHALL TAKE THE FORM OF 

LOCATION ADVISORY OF DEEP FREEZE AIRCRAFT AND POSITION REPORT 

RELAY ONLY. 

4 .  LIMITED SAR CAPABILITY EXISTS OVER LAND. VERY LITTLE OVER WATER. 

5.  REQUEST YOU ADVISE ALL PARTICIPANTS EXCEPT PAN AM WHICH HAS 

PREVIOUSLY BEEN DONE BY SEPCOR." 

1.17.39 On 6 November 1979 a f i l e  note  records  t h a t  A i r  New Zealand 

Limited telephoned a CAD Ai r l ine  Inspector and advised t h a t  a s  t h e  McWdo 

NDB had been withdrawn A i r  New Zealand DC 10s would descend below t h e i r  

s a f e t y  height ( in  t h e  McMurdo area)  of 16000 f t  only i n  VMC condit ions,  

with no snow showers and with at l e a s t  20 km v i s i b i l i t y .  No descents 

would be made below 6000 f e e t .  T h i s  information was r e f l e c t e d  i n  an 

amendment DAA:14/13/28 of 8 November 1979, issued f o r  the  crew br ie f ing  

shee t s  f o r  f l i g h t  TE 901 which s t a t e d  : 

"McMurdo NDB not ava i l ab le  

Delete a l l  reference in  b r i e f i n g  dated 23/10/79 

Note t h a t  t h e  only letdown procedure ava i l ab le  is VMC - 
below FL160 t o  6000' as follows : 

1. V i s  20 km p lus .  

2. No snow shower i n  area .  
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3.  Avoid MT EREBUS area by operating in an arc 

from 120' Grid through 360G to 270G from 

McMurdo Field, within 20 nm of TACAN CH29. 

4. Descent to be co-ordinated with local radar 

control as they may have other traffic in 

the area." 

A copy of this amendment was recovered from the cockpit wreckage. 

1.17.40 On 22 November 1979 CAD advised Air New Zealand Limited that 

reports had been received from US Authorities in Antarctica that civil 

aircraft had been observed at lower than normal altitudes over some 

glaciers and at 1000 feet above ground level. 

1.17.41 Security. The passengers for flight TE 901 were each subjected 

to the normal airport security check as for an international flight. No 

freight was carried and only the overnight baggage of passengers deplaning 

at Christchurch was carried in the cargo hold. 

1.17.42 Radio propagation conditions. The magnetometer and ionosonde 

records made at Scott Base over the period 1200 (Z) 27 November to 1200 (Z) 

28 November 1979 showed : 

a The 3-hourly index of magnetic disturbance (k-index) did 

not exceed a value of 3 (on a scale of 0-10) over the 

period. 

b The ionograms taken at 15 minute intervals showed no 

unusual ionisation changes over the period. 

The Scott Base Senior Technical Officer of the Antarctic Division of 

the Department of Scientific and Industrial Research (DSIR) therefore 

concluded that there was no significant magnetic disturbance or evidence 

that radio propagation conditions would have been in any way abnormal for 

the period under consideration. 

1.17.43 The Superintendent of the Antarctic Division of the DSIR studied 

all of the processed film that was recovered from that exposed by 

passengers on the flight and was able to determine and demonstrate that 

the aircraft had followed a track over Northern Victoria Land consistent 

with that intended on the aircraft's flight plan and had approached Ross 

Island on track. Before crossing the coast of Ross Island east of Beaufort 

Island however, the aircraft had obviously completed some descending turns. 
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The photographs s tudied indicated t h a t  i n  many cases  the  l a s t  or  second 

t o  l a s t  photographs were taken when the  a i r c r a f t  was i n  a  pos i t ion  about 

6 miles e a s t  of Beaufort Is land,  while t h e  a i r c r a f t  was heading i n  a  

souther ly  d i r e c t i o n .  In a number o f  o t h e r  cases the  l a s t  photographs 

(some taken only seconds before t h e  c o l l i s i o n )  show t h e  eas te rn  shore l ine  

of  Cape Bird and t h e  nor th  eas te rn  and nor th  western c o a s t l i n e  of Lewis 

Bay and a  cloud layer  with a  base of  some 2000 f e e t ,  above an unbroken 

snow covered s lope.  

1.17.44 The a i r c r a f t  flew f o r  some time within s igh t  of Beaufort Is land,  

which was c l e a r l y  v i s i b l e .  The sun was shining on t h e  north eas te rn  

s lopes  of  M t  Bird with rock outcrops and t h e  i c e  c l i f f  face  around t h i s  

sec t ion  of Lewis Bay c l e a r l y  v i s i b l e .  

1.17.45 From t h e  photographs t h e  Superintendent deduced t h e  following 

information on t h e  weather. Over Northern Vic to r i a  Land t h e  weather was 

c l e a r  with an almost complete absence o f  cloud a t  any a l t i t u d e .  The 

a i r c r a f t  flew over continuous cloud l a y e r s  from about Franklin Is land t o  

j u s t  north of Beaufort Is land where t h e  a i r c r a f t  was able  t o  descend 

through an obvious break i n  t h e  cloud cover. Several  photographs show a  

c l e a r l y  defined cloud base beyond and above t h e  Lewis Bay c o a s t l i n e  of 

something l e s s  than 2000 f e e t .  

1.17.46 Whiteout phenomenon. The following d e t a i l e d  information 

(paragraphs 1.17.46-1.17.58) was included i n  authent ica ted information 

supplied t o  the  inves t iga t ing  team by t h e  USN Antarc t ic  Support force .  

Whiteout, i s  an atmospheric e f f e c t  which r e s u l t s  i n  l o s s  of depth perception 

and is  espec ia l ly  common i n  Polar  regions when t h e r e  i s  snow cover. Only 

two condit ions a r e  necessary t o  produce a  whiteout,  a  d i f f u s e  shadowless 

i l luminat ion and a  mono-coloured white su r face .  Whiteout, it must be 

e m a s i s e d ,  is  not necessa r i ly  a ssoc ia ted  with p r e c i p i t a t i o n  or  fog o r  

haze. The condit ion may occur i n  a  c r y s t a l  c l e a r  atmosphere or  under a  

cloud c e i l i n g  with ample comfortable l i g h t  and i n  a  v isual  f i e l d  f i l l e d  

with t r e e s ,  hu t s ,  o i l  drums and o t h e r  small ob jec t s .  

1.17.47 In  Polar regions these  condi t ions  occur f requent ly .  Large 

unbroken expanses of  snow a r e  i l luminated by a  sky overcast  with dense, 

low s t r a t u s  clouds t h a t  b l o t  out  a l l  t r a c e  of  su r face  t e x t u r e  or shadow 

and merge hollows and snow covered o b j e c t s  i n t o  a  f l a t t e n e d  white background. 

In add i t ion ,  cloud and sky may have the  same apparent colour,  so  horizon 

discr iminat ion i s  l o s t  and t h e  ground plane  disappears.  Whiteouts a l s o  

occur i n  water o r  i c e  fog,  blowing snow o r  p r e c i p i t a t i o n  condi t ions .  
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1.17.48 Those who have not been exposed t o  whiteout a re  often scept ical  

about the  i n a b i l i t y  of those who have experienced it, t o  estimate distance 

under these conditions, (and t o  be aware of t e r r a i n  changes and the 

separation of sky and ear th) .  

1.17.49 The probable reason fo r  t he  d i f fuse  l ight ing which is responsible 

f o r  a whiteout is  a complex process where a large percentage of the l i gh t  

which penetrates t he  cloud cover is  re f lec ted  back by the snow, and 

s imi la r ly  i s  re f lec ted  by the  white cloud undersurface, and so on. The 

transmission and re f lec t ion  paths which t h i s  system develops a re  most 

complex a s  they pass from one water droplet o r  i c e  c rys t a l  t o  another 

through the  cloud and a re  then re f lec ted  by the myriads of i ce  mirrors 

t i l t e d  i n  a l l  d i rec t ions  on the  snow surface. The consequence i s  t ha t  

the  l i gh t  is diffused and r e s u l t s  i n  a white shadowless l igh t ing  e f fec t .  

1.17.50 For t he  person operating on the ground, whiteout may only be a 

nuisance i n  t h a t  he may stumble and f a l l  on t e r r a in  which appears t o  be 

f l a t  but which ac tua l ly  has undulations. In crossing ice ,  crevasses may 

be missed. 

1.17.51 For the  p i l o t  of t he  fixed wing a i r c r a f t  there  a re  several 

hazardous losses  of perception. F i r s t  there  is the e f f ec t  of loss  of 

horizon, where it becomes impossible o r  very d i f f i c u l t  t o  separate sky 

from ear th  s ince both a re  the  same colour and t o  es tab l i sh  a ground 

plane. The r e s u l t  on an attempted landing may be misjudgement of the 

approach o r  a s t a l l  well above the  surface, o r  e l s e  the p i l o t  may f l y  the 

a i r c r a f t  " into the  ground". 

1.17.52 A second major problem f o r  p i l o t s  who must operate i n  winter 

with snow o r  i c e  landings where no s t r i p  e x i s t s  i s  t h a t  they w i l l  have 

considerable d i f f i c u l t y  assessing the  condition of the  t e r r a i n  and deter- 

mining whether it is f l a t  o r  hummocky. They may, i n  landing encounter 

hummocks, which cannot be avoided s ince they are  l i t e r a l l y  not v i s ib le ,  

and damage the  a i r c r a f t  and/or suf fer  in jur ies .  

1.17.53 A t h i r d  hazard reported by many p i l o t s  is disorientat ion,  

especial ly  occurring on take o f f ,  where features  such a s  t r e e s  which a re  

providing a ground plane reference a re  l o s t  as  the a i r c r a f t  turns away 

from them and the  p i l o t  suddenly encounters a complete loss -of  references 

and height and a l t i t u d e  perception leading t o  disorientat ion.  
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1.17.54 Some f l y e r s  have a l s o  repor ted  a  phenomenon known a s  t h e  

" f loa t ing  a i r  s t r i p " ,  where a  dark o r  black runway appears t o  be f l o a t i n g  

well above t h e  apparent ground l e v e l  once again r e s u l t i n g  i n  d i s o r i e n t a t i o n .  

1.17.55 One o the r  hazard i s  t h e  e f f e c t  caused by dark coloured rocks o r  

r idges  v i s i b l e  above t h e  snow, which may give t h e  impression t h a t  good 

con t ras t  condit ions e x i s t ,  r e s u l t i n g  i n  a  landing attempt on t e r r a i n  

which i s  not  s u i t a b l e  f o r  t h e  purpose, bu t  which due t o  t h e  whiteout 

e f f e c t  appears t o  be s a f e  s i n c e  t h e  p i l o t  has not  r e a l i s e d  t h a t  t h e  dark 

colour of  the  rocks is giving t h e  i l l u s i o n  o f  c o n t r a s t .  

1.17.56 The he l i cop te r  p i l o t  is faced o f t e n  with d i f f i c u l t y  i n  es t imat ing 

h i s  d is tance  above ground and e s t a b l i s h i n g  h i s  a t t i t u d e .  A combination 

of loose snow with t h e  c h a r a c t e r i s t i c  snow cloud p l u s  whiteout can make 

he l i cop te r  operations d i f f i c u l t .  

1.17.57 In addi t ion,  a  commonly repor ted  problem i s  a  l o s s  of d i s t a n c e  

judgement o r  perception and it becomes d i f f i c u l t  t o  es t imate  whether a  

perceived h i l l  o r  hummock is  a d i s t a n t  h i l l  o r  a  small prot rus ion a  few 

f e e t  away. 

1.17.58 One of t h e  most c r i t i c a l  e f f e c t s  of  a  whiteout i s  a  l o s s  of 

height perception and t h i s  appears t o  be a  problem f o r  p i l o t s  during 

a i r c r a f t  t u n s  espec ia l ly  i f  t h e r e  a r e  marginally v i s i b l e  references .  

l .18 New inves t iga t ion  techniques 

1.18.1 Tliree o f  t h e  a i r c r a f t ' s  navigat ion computers' memory modules 

were recovered from t h e  accident  s i t e  and returned t o  t h e  manufacturer i n  

an attempt t o  r e t r i e v e  t h e  f l i g h t  p lan  waypoints t h a t  had been entered 

f o r  f l i g h t  TE 901 from Cape H a l l e t t  onwards. The manufacturer was a b l e  

t o  r e t r i e v e  a l l  t h e  information from one navigation computer u n i t  (NCU) 

f o r  t h e  l a t t e r  and remaining s e c t i o n  of  t h e  f l i g h t  which would normally 

be ava i l ab le  i n  an undamaged i n s t a l l a t i o n .  This included da ta  not  normally 

displayed o r  access ib le  t o  t h e  p i l o t s  which t h e  u n i t s  provide f o r  the  

ca lcu la t ion  of t h e  items displayed.  

1.18.2 The d e t a i l  of  t h e  f l i g h t  p lan  recovered determined t h a t  t h e  

f l i g h t  plan had been entered as s p e c i f i e d  on t h e  computer p r i n t o u t  f o r  

the  rou te  from Cape H a l l e t t  onwards, t h a t  no add i t iona l  waypoints had 

been inse r t ed  i n  t h e  v i c i n i t y  of McMurdo and no o f f s e t  from t h e  f l i g h t  

plan t r a c k  had been flown. I t  was a l s o  es tab l i shed  t h a t  a l l  t h r e e  ISUs 

were ind ica t ing  pos i t ions  wi thin  t h e  al lowable accuracy l i m i t s  f o r  t h e  

time they had been opera t ing.  
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1.18.3 It is important that, in such cases, no attempt is made to gain 

access to this equipment by installing the memory modules in an aircraft 

NCU. The recovery is a delicate task requiring special techniques. The 

modules should be carefully packaged and returned to the manufacturer for 

investigation and no attempt made to apply any current to the modules 

prior to the manufacturer's investigation. 

2. ANALYSIS 

2.1 The initiating factor in this accident was the captain's decision 

to make a VMC descent below the specified minimum safety height while 

north of McMurdo. 

2.2 Although observing the Civil Aviation Regulations requiring the 

operator to brief the pilot in command for the particular route, Air New 

Zealand Limited as the operator, had not ensured that all significant 

information was included in the route qualification briefing and presented 

in an unambiguous manner or required the pilot in command to "demonstrate 

an adequate knowledge" of the subjects listed in Civil Aviation Regulation 

77 paragraph 1 (a). 

2.3 The pilot in command had demonstrated to the operator in a 

flight simulator exercise, that he understood the salient points of the 

briefing relating to grid navigation. The flight simulator exercise also 

included a rehearsal of the arrival over Williams Field and a night VMC 

letdown procedure to 6000 feet AMSL following a simulated positioning by 

GCA north of Mt Erebus. 

2.4 Although 2 of the pilots were shown a printout of the erroneous. 

computer flight plan in advance of the actual flight they were not shown 

on a topographical map that the intended track passed almost directly 

over the highest point in the area, Mt Erebus (12450 feet). Charts were 

carried in the aircraft on the day of the flight but these were very 

small scale (the largest scale was 1:3,000,000 with 1:1,000,000 insert of 

Ross Island) and not available to the crew until the final pre-flight 

dispatch planning on the morning of the departure. The 3 "maps" of the 

area between Cape Hallett and McMurdo which were used in the route 

qualification briefing all showed a track located clear of high ground 

and passing to the true west of the mountains as did one of the maps 



TCAO C i r c u l a r  1 7 3 - A K / 1 0 9  

i ssued on t h e  day of the  f l i g h t .  In f a c t  the  f l i g h t  planned route  passed 

t o  t h e  e a s t  over very high ground ins tead  of over t h e  sea  l eve l  i c e  she l f  

a s  portrayed on t h e  b r i e f i n g  "maps". One t r ack  and d i s t ance  diagram 

issued a t  t h e  rou te  q u a l i f i c a t i o n  b r i e f i n g  showed t h a t  the  t r ack  from 

Cape H a l l e t t  was d i r e c t  t o  t h e  McMurdo TACAN but t h i s  did not show t h e  

loca t ion  of  any topographical  f ea tu re .  

2.5 The f l i g h t  plan was p r in ted  f o r  each f l i g h t  from a computer 

s to red  record which, u n t i l  t h e  n ight  before  t h e  f l i g h t ,  had t h e  longi tude 

f o r  t h e  McMurdo des t ina t ion  point  incor rec t ly  entered as  164"48'E. The 

e r r o r  i n  longitude had p e r s i s t e d  f o r  1 4  months and was not  corrected on 

t h e  sample f l i g h t  plan sh0.m t o  t h i s  crew a t  t h e i r  prel iminary b r i e f i n g .  

The e r r o r  had been discovered 2 f l i g h t s  e a r l i e r  but n e i t h e r  t h e  crew of 

t h e  previous f l i g h t  o r  t h a t  of  the  accident f l i g h t  were advised of  the  

e r r o r  by t h e  f l i g h t  d i spa tcher  p r i o r  t o  t h e i r  departure.  The e r r o r  had 

placed t h e  des t ina t ion  c l o s e  t o  the  longitude of t h e  Byrd Reporting Point  

(16S0E) and t h i s  al igned t h e  t r ack  c lose  t o  t h a t  displayed on t h e  RNC 

char t  and t o  t h a t  used by m i l i t a r y  a i r c r a f t .  The f a c t  t h a t  t h e  computer 

e r r o r  of over 2" of  longi tude t o  t h e  west could e x i s t  f o r  1 4  months 

i n d i c a t e s  t h e r e  was no regu la r  v a l i d  comparison between t h e  topography 

and t h e  geographical co-ordinates by b r i e f i n g  o f f i c e r s  o r  f l i g h t  deck 

crews. As a l l  previous f l i g h t s  t o  McMurdo had approached t h e  a rea  i n  VMC 

e a r l i e r  crews had not adhered t o  t h e  f l i g h t  p lan  t r a c k  and hence had not 

detected t h e  e r r o r .  In  t h e  case  of t h i s  crew no evidence was found t o  

suggest t h a t  they had been mislead by t h i s  e r r o r  i n  t h e  f l i g h t  p lan  shown 

t o  them a t  t h e  b r i e f i n g .  

2 . 6  Although t h e  CAD A i r l i n e  Inspectors  involved had not witnessed a 

complete f l i g h t  crew b r i e f i n g  f o r  Antarc t ica  one had witnessed t h e  audio 

v i sua l  rou te  q u a l i f i c a t i o n  b r i e f i n g  twice and had approved it, on behalf  

of  t h e  DCA f o r  f a m i l i a r i s a t i o n  purposes, without r equ i r ing  it t o  be 

amended i n  any way. 

2 . 7  As a r e s u l t  o f  ques t ions  put t o  some of t h e  p i l o t s  of e a r l i e r  

Antarc t ic  f l i g h t s  and from t h e  comments on t h e  CVR record recovered from 

t h i s  f l i g h t ,  it was obvious t h a t  misconceptions were held about t h e  

f l i g h t  l e v e l  which was t o  be  used f o r  t h e  r e s e t t i n g  of  t h e  a i r c r a f t ' s  

a l t i m e t e r s  t o  t h e  loca l  atmospheric pressure  (QNH), t h e  minimum a l t i t u d e  

t o  which t h e  a i r c r a f t  was permitted t o  descend i n  VMC and t h e  ac tua l  

topography below the  f l i g h t  planned t r a c k  from Cape H a l l e t t  t o  McMurdo. 
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2 . 8  Flight TE 901 progressed normally from Aucklmd to Antarctica 

and the weather was clear over Northern Victoria Land affording the 
passengers an excellent view of this scenic area. The passengers' photo- 

graphs confirm the aircraft w a s  on its planned track and turned over the 

appropriate point a t  Cape Hallett t o  proceed direct towards the next 

planned waypoint (the TACAN at Williams Field) near McMurdo. - 

2.9  During the leg  of the flight from Cape Hallett t o  Williams Field 

the weather cmditiona over McMurdo and Ross Island generally were confirmed 

as overcast with a ragged cloud base of  3000 feet and the actual conditions 

at  the Ice ~unw& 3 miles west of the T A W  were a cloud base of 2000 feet 

with 40 miles v i s i b i l i t y  below it but the surface and horizon def in i t ion  

were poor and snow showers had been reported. Messages from New Zealand 

bases in the area, t o  the  aircraft indicated that the weather was clear 

over the Wright and Taylor Valleys and there were breaks in the cloud 75 

t o  100 miles  north of  McMurdo. 
2.10 There was no explanation o f  the horizon and surface definition 

terns In the operators* route qualification briefing or prs-fl ight dispatch 

planning, and only a passing reference t o  whiteout conditions. 

2.11 The direc t  flight from Cape Hallat t o  Williams Field was 

interrupted some 40 miles true north of McFIurdo t o  take advantage of a 

hole, in the  cloud cover, which extended vertically t o  sea level and t o  

descend the  aircraft in t h i s  gap prior t o  its planned arrival at  1McMurdo. 

The captain had been advised that the  v i s i b i l i t y  below the clwd which 

was over Ross Island, was 40 miles, This descent was made despite the 

safety requirements t o  maintain a minimum sector altitude of 16000 feet 

until overhead McMurdo TACAN and t o  descend below that height only in a 
specified sector and i n  weather conditions of 20 km visibility and no 

snow showers, and after contacting the radar controller. 

2 .12  Despite the Company s previous requirement for radar monitoring 

of the descent, the air traffic control centre staff at McMrdo had not 

been given an opportunity to study the altitude and area limitations 

imposed by Air New Zealand Limited for any af their a i r c r a f t s  * descents 

in the  area. 7'he Wlrlurdo ATC officers were however, in possession of a 
chart which depicted the safe altitudes at various ranges and bearings 

from their radar installation for descents in the area. 
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2.13 When f l i g h t  TE 901 requested a clearance f o r  a  descent from 

10000 t o  2000 f e e t  on a  heading of 180" Grid ( i . e .  towards t h e  north) and 

t o  proceed t o  McMurdo VMC t h e r e  was no reason f o r  the  A i r  T r a f f i c  Centre 

s t a f f  t o  question t h i s  a s  it was from a  repor ted  pos i t ion  t o  t h e  t r u e  

north of Ross Island and the re fo re  t h e  descent would take  t h e  a i r c r a f t  

back out over t h e  sea  l e v e l  i c e  and t h e  f l i g h t  had confirmed it would 

maintain VMC inbound t o  McMurdo. 

2.14 Had the  crew followed t h e i r  s t a t e d  i n t e n t i o n  t o  descend on a  

heading of  180" g r i d  they would have increased t h e i r  s a f e t y  margin from 

the  high ground, but  without f u r t h e r  advice t o  "McMurdo Centre" t h e  p i l o t  

i n  command reversed t h e  a i r c r a f t ' s  descent t r a c k  and from 5800 f e e t  the  

descent t o  2000 f e e t  was completed on a heading o f  357" g r id  back toward 

t h e  cloud covered high ground. This inbound t r ack  had a  minimum s a f e  

a l t i t u d e  of 16000 f e e t .  Af te r  reaching 2000 f e e t  t h e  a i r c r a f t  capta in  

announced he would descend a f u r t h e r  500 f e e t  t o  ob ta in  a  b e t t e r  view 

below t h e  continuous cloud l a y e r  and t h e  f i r s t  o f f i c e r  supported t h i s  by 

saying "Yeah O.K.  - probably s e e  f u r t h e r  i n  anyway". 

2.15 The main a l t i m e t e r s  were not  r e s e t  from t h e  standard s e t t i n g  

u n t i l  t h e  a i r c r a f t  was about 3500 f e e t  on t h i s  inbound t r ack  f o r  t h e  l a s t  

time although t h e  f l i g h t  l e v e l  f o r  t h i s  adjustment was 180. The s u b s t a n t i a l  

change i n  pressure  (0.62 inches of mercury), meant t h e  a i r c r a f t  was 

a c t u a l l y  570 f e e t  lower than  ind ica ted  p r i o r  t o  t h e  a l t i m e t e r s  being 

r e s e t .  (The crew r e f e r r e d  t o  a l t i t u d e s  of  13000 f t  and above a s  f l i g h t  

l e v e l s ) .  There was no evidence t o  suggest t h a t  t h e  standby a l t i m e t e r  had 

not been s e t  t o  t h e  loca l  QNH p r i o r  t o  descent a s  was t h e  normal p r a c t i c e  

but n e i t h e r  could t h i s  be confirmed. 

2.16 The cap ta in  had been q u a l i f i e d  a s  a  f l i g h t  navigator  and could 

be expected t o  keep a r e a l i s t i c  mental p l o t  of h i s  pos i t ion  with regard 

t o  t h e  juxtaposi t ion of  M t  Erebus, t h e i r  next tu rn ing  po in t ,  t h e  inbound 

t r ack  and t h e  d is tance  t o  go. Although both he and t h e  co-pi lo t  would be 

more l i k e l y  t o  be monitoring t h e  a rea  navigation computer d i sp lay  u n i t ,  

t h e  l a t i t u d e  and longitude i n d i c a t o r s  of t h e  AINS were displaying the  co- 

ordinates  of an a i r c r a f t  p o s i t i o n  s l i g h t l y  (3.1 nm) t o  t h e  southwest of 

t h e  ac tua l  pos i t ion .  This  p o s i t i o n  although incor rec t  was within t h e  

accuracy l i m i t a t i o n s  o f  t h e  AINS and indicated t h a t  t h e  a i r c r a f t  was 

c lose r  t o  M t  Erebus than was a c t u a l l y  t h e  case.  The AINS would a l s o  

ind ica te  t h a t  t h e  a i r c r a f t  was on i t s  f l i g h t  planned t r ack  with t h e  

d is tance  remaining equal t o  t h a t  which would p lace  t h e  a i r c r a f t  c lose  t o  

t h e  Lewis Bay c o a s t l i n e  of  Ross I s l and  and heading towards M t  Erebus. 
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Despite t h i s  and the a i r c r a f t ' s  speed of 260 knots IAS (257 knots ground 

speed) the  captain headed the  a i r c r a f t  toward the cloud covered island 

and no expression of doubt was made by the f i r s t  o f f icer .  The captain 

descended the  a i r c r a f t  a fur ther  500 f ee t  from the  or ig ina l  2000 f ee t  but 

a t  1500 f e e t  and a t  a dis tance t o  run of 26 miles he f i n a l l y  became 

concerned and s ta ted  "We're 26 miles north we' l l  have t o  climb out of 

th i s"  . 
2.17 The weather conditions a s  described had a high poten t ia l  fo r  a 

"whiteout" t he  phenomenon which is always l ike ly  when overcast conditions 

ex i s t  above a continuous snow covered slope (see 1.17.46 e t  seq).  Various 

reports  from a i r c r a f t  which were f ly ing  i n  the  area shor t ly  afterwards 

indicated t h a t  the  surface and horizon def in i t ion  were poor. Whiteout 

conditions can ex i s t  within t h e  normal VMC minima and even i n  the  conditions 

defined by A i r  New Zealand a s  t he  minima f o r  VMC descents t o  6000 fee t .  

2.18 After t he  captain 's  decision t o  climb the  a i r c r a f t  out of the 

area he and the  co-pilot were discussing the  most su i tab le  climbout path 

when the  ground proximity warning system sounded ins t ruc t ing  the  crew t o  

"Pull up". The crew responded t o  t he  alarm without undue hesi ta t ion,  the  

f l i g h t  engineer ca l l i ng  of f  t he  heights of 500 and 400 f ee t  indicated on 

the radio al t imeter  and the  captain ca l l ing  f o r  "Go-round power". The 

warning 6% seconds before impact was, however, too l a t e  f o r  the  crew's 

action t o  make any s igni f icant  e f f ec t  on the  a i r c r a f t ' s  level  f l i g h t  

path. Their react ion time was established a s  very s imilar  t o  o r  be t t e r  

than t h a t  of experienced crews placed i n  a s imilar  s i t ua t ion  i n  t he  

t ra in ing  environment of t he  f l i g h t  simulator. I t  is l i ke ly  however t ha t  

as  a r e s u l t  of a whiteout t he  go-round attempt was procedural i n  response 

t o  the warning ra ther  than -a desperate attempt t o  avoid a readi ly apparent 

obstacle. 

2.19 The ground proximity warning system's alarm was delayed because 

the t e r r a i n  closure s t a r t ed  from above a coastal c l i f f  300 f ee t  high 

instead of a s teadi ly  increasing slope which would have t r iggered the 

warning approximately 3 seconds e a r l i e r .  The system has an approximate 6 

second delay a f t e r  it f i r s t  senses a dangerous closure r a t e  with the 

t e r r a i n  below the a i r c r a f t .  This i s  t o  minimise spurious a l e r t s  triggered 

by short s teep slopes below the a i r c r a f t  during normal safe  f l i g h t  paths. 
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Another factor was the aircraft's speed. The aircraft was closing with 

the slope at  257 knots ,  Although it could have been cruising a t  a lower 

speed with the flaps and s la t s  deployed, the ertension of flapsjslats in 

t h e  Antarctic area was expressly prohibited by the operator owing t o  the 

difficulties which could occur in returning the considerable distance t o  

the nearest landing point should a malfunction prevent retraction of the 

flaps/slats. (260 knots was close  t o  the  minimum safe manoeuvering speed 

of 252 knots which was the l.SVs speed for the aircraft's all up weight 

in the clean configuration). 

1.20 The pilot-in-command d i d  not comply with the company's requirement 

t o  limit the descent t o  16000 feet until overhead uMchrdo Field".  He . 

was not violating any local restriction by descending t o  1500 fee l  in VMC 

or when he d i d  not advise the ATCC when he altered his descent path from 

180PG t o  357'G. One explanation for his decision t o  continue on track 

toward McMurdo a t  t h i s  low altitude, was that it was the result of a 

misconception shared by himself, the first officer and the flight's 

official comemator that the approach path was over a sea level, ice  

shelf t o  the west of Mt Erebus. There were discussions on the f l i g h t  

deck indicating that some of the speakers believed they were t o  the west 

of Mt Erebus but the 2 f l i g h t  engineers on the f l i g h t  deck had voiced 

frequent queries about the procedure and expressed their mounting alarm 

as the approach continued on at low level toward the area of low cloud. 
The pilots may also have believed that they would be able t o  see any 

obstruction within 40 miles as soon as they were below the 2000 foot 

cloud base but evidently this was not  SO. Observed conditions probably 

lead t o  the particular snow slope and the cloud base appearing to the 

pilot as an area of limited visibility and this whiteout situation may 

well have been the deciding f w t o s  which wade him annwnce his intention 

t o  climb out of the area. 
2 , 2 1  The co-pilot advised the captain that there was no high ground 

t o  the right and the aircraft was clear t o  make a 180" turn whereas the 

terrain sloped up t o  3500 feet to t h e  right within 5 miles. Or within 2 

miles of the position indicated by the AINS. 
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2 . 2 2  Once t h e  a i r c r a f t  was overdue t h e  search and rescue opera t ion 

was mounted with t h e  appropr ia te  d i spa tch  but t h e  weather prevented an 

immediate search of  t h e  t e r r a i n  below t h e  a i r c r a f t ' s  t r a c k  i n  t h e  v i c i n i t y  

of  t h e  l o c a l  high ground. Af te r  t h e  wreckage was located f u r t h e r  delays  

r e s u l t e d  due t o  adverse weather condi t ions  d e s p i t e  determined e f f o r t s  by 

h e l i c o p t e r  crews t o  hover c l o s e  t o  t h e  ground adjacent  t o  t h e  s i t e .  An 

attempt was made t o  gain access  t o  t h e  s i t e  by su r face  t r a v e l  but  t h e  

high i c e  c l i f f s  on t h e  shore  l i n e  and t h e  numerous crevasses  i n  t h e  a rea  

made t h i s  impract icable .  

2 . 2 3  There was no appropr ia te  s u r v i v a l  equipment on t h e  a i r c r a f t  and 

t h e  weather condi t ions  t h a t  p reva i l ed  a f t e r  t h e  accident  coupled with t h e  

l i g h t  summer c l o t h i n g  worn by almost a l l  occupants would have minimised 

t h e  chances of  su rv iva l  had any v ic t im not  been f a t a l l y  in ju red  by t h e  

impact even had they been a b l e  t o  make t h e  optimum use of  t h e  undamaged 

items of  t h e  s tandard su rv iva l  equipment f i t t e d  t o  t h e  a i r c r a f t .  The 

a i r c r a f t  might well  have touched down on t h e  i c e  and remained s u f f i c i e n t l y  

i n t a c t  f o r  some occupants t o  have survived had t h e  angle of  i t s  f l i g h t  

path p r i o r  t o  t h e  impact approached t h a t  o f  t h e  i c e  s lope  more c losely .  

In t h e  event it was c l e a r  t h a t  no one survived t h e  impact i n  t h i s  case. 

2 . 2 4  A comprehensive s tudy o f  t h e  navigat ion equipment i n  conjunction 

with t h e  crew's comments on t h e  l a s t  30 minutes o f  t h e  f l i g h t  a s  recorded 

by t h e  CVR gave no i n d i c a t i o n  t h a t  t h e  a r e a  navigat ion system had displayed 

any erroneous information e i t h e r  by malfunctioning o r  i n c o r r e c t  input  by 

t h e  crew. (The a c t u a l  e r r o r  i n  t h e  navigat ion p resen ta t ion  was 3.1 nm 

which was well  wi th in  t h e  al lowable t o l e r a n c e  of  1.99 miles per  hour 

s ince  t h e  l a s t  p o s i t i o n  update) . 
2 . 2 5  The CVR record revealed t h a t  t h e  p i l o t s '  demeanour was composed 

and conf ident  during t h e  a i r c r a f t ' s  approach t o  t h e  accident  a rea  which 

was covered by a  low overcas t .  The apprehension expressed by t h e  f l i g h t  

engineers ind ica ted  t h a t  t h e s e  members o f  t h e  crew were endeavouring t o  

monitor t h e  f l i g h t  responsibly  but  t h e i r  suggestions o f  caut ion a s  with 

t h e  c a p t a i n ' s  dec i s ion  t o  climb ou t  of  t h e  a r e a  were overtaken by t h e  

speed of  t h e  sequence of  events.  When t h e  cap ta in  descended t h e  a i r c r a f t  

ou t s ide  of t h e  approved a rea  and below t h e  minimum s a f e  a l t i t u d e  t h e  

f i r s t  o f f i c e r  d i d  not c r i t i c i s e  t h i s  decis ion.  Although he was d ive r t ed  

t o  some extent  i n  h i s  endeavours t o  e s t a b l i s h  VHF communications a s  

i n s t r u c t e d  by ItMac Centre1' and endorsed by t h e  capta in ,  these  VHF t r a n s -  

missions should not have overcome h i s  n a t u r a l  caut ion i n  r e l a t i o n  t o  
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cloud covered high ground. Had he been clearly aware t h a t  a 15450 foot 

mountain peak existed j u s t  20 miles from destination on the planned track 

t h e  simple select ing and monitoring of the AINS presentation showing 

distance t o  run and any divergence from the planned track could have 

overridden any preoccupation with  operating the VHF radio. 

3,  CONCLUSIONS 

3.1 The Crew members were certificated and qualified for the flight. 

3.2 The aircraft was certificated, equipped and maintained in 

accordance with CAD requirements, 

3 , 3  The aircraft was aimorthy and operating normally up t o  the 

time of the accident. 

3 . 4  The aircraft's a l l  up weight and C of G were within limits. 

3,s The f l i g h t  planned route entered in the company's base computer 

was varied after the crew's briefing in that the position for McMurdo an 

the computer printout used a t  the brief ing,  was incorrect by over 2 

degrees of longitude and was subsequently corrected prior t o  this f l i g h t .  

3 . 6  The system of checking the detailed f l i g h t  plan entries i n t o  

the base computer wets inadequate i n  that an error of 2' of longitude 

persisted i n  a flight plan for some 1 4  months, 

3.7 Some diagrams and maps issued at t h e  route qualification brief ing 

could have been misleading in that they depicted a track which passed to 

the true west of Ross Islmd over a sea level i ce  shelf, whereas the 

f l i g h t  planned track passed t a  the east over high ground reaching to 

12450 feet AMSL. 

3.8 The briefing conducted by Air New Zealand L i m i t e d  contai~led 

omissions and inaccuracies which had not been detected by either earlier 

participating aircrews or the supervising Airline Inspectors. 

3.9 The crew were not aware of the VHF R/T callsigns in use in the  

area and these are not published in t h e  briefing notes, t h e  KZAIP, or the 

US Department of Defence documents whlch were available t o  the crew, 

They were however specified in US Navy instruction CNSFh TNST 3722.1 a 

copy of which was held by Operaxion Deep Freeze Headquarters. 
3,lO The question of making a landing near M c k ~ d o  on either the  ice 

runway or the skigays at  Williams F i e l d  and the  t y p e  of emergencies which 

might require such a diversion was not discussed a t  the company% br ie f ing .  
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3.11 The Civi l  Aviation Division Airline Inspectors had formally 

approved the audio visual stage of the route qualification briefing for 

the f l i g h t  and one had witnessed a typical audio visual segment of the 

briefing for an Antarctic f l i g h t ,  twice, without requiring any amendments 

or detecting the errors contained i n  the briefing. They had also confirmed 

that it was no longer necessary for captains to carry out a supexvised 

flight as required in the Operations Specifications i n  view of these 

briefings and the f l i gh t  simulator deta i l .  

3-12 Civil  Aviation Regulation 77 1Ca) had not been complied with. 

3.13 The operator departed from the stated undertaking t o  carry two 

captains on each flight and substituted an additional first officer in 

lieu of the second captain. 

3.14 Of the flight deck crew only one engineer had flown t o  the 

Antarctic previously. 

3.15 The crew were not monitoring their actual position in relation 

to the topography adequately even though a continuous readout of the 

aircraft's latitude and longitude and distance to run t o  the next waypoint 

was continuously available to  them from the AIMS. 

3.16 The crew did  not observe the transition level  i n  use i n  the 

McHurdo air  traffic control area for resetting this aircraft ' s altimeters 
and this procedure was not published i n  either the briefing notes or the 

US Department of Defence documents which were made available t o  the crew. 

The procedure wed was that prescribed in trS Federal Aviation Regulation 

91.82 which required the QNH to be set basical ly  a t  FL 180 during descent 

but this was modif ied  in low pressure areas. 

3.17 The captain's altimeter was not set to the correct QNH until 

the aircraft reached 3500 feet, 

3.18 The captain initiated a descent to an altitude below both the 

IMC (16000 feet) and W (6000 feet) minima for the area in a cIaud free 

area but i n  contravention of the operator's briefing and outside the 

sector approved for the descent t o  6000 feet by DCA and the Company. 

3.19 The co-pilot was devoting a significant proportion of his time 

i n  an endeavour to establish VHF contact with the  McMurdo ground stations 

and d i d  not monitor the decisions of the p i l o t  in command adequately in 

that h e  d i d  not offer any criticism of the intention t o  descend below MSA 

i n  contravention of company restrictions and basic good airmanship. 
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3.20 The descent was i n t e n t i o n a l l y  continued below the  VMC l i m i t  

spec i f i ed  by CAD and A i r  New Zealand Limited, of 6000 f e e t  t o  an indicated 

1500 f e e t .  

3.21 The crew were d i s t r a c t e d  but not preoccupied by t h e i r  f a i l u r e  

t o  r a i s e  t h e  Ice  Tower o r  any l o c a l  ground s t a t i o n  on VHF, t h e  f a i l u r e  of 

the  DME t o  lock on t o  t h e  TACAN and t h e  lack of any i d e n t i f i c a t i o n  of t h e  

a i r c r a f t  on radar .  

3.22 The company de le ted  an e a r l i e r  requirement f o r  VMC descents t o  

be monitored by radar  and subs t i tu ted  t h e  a l t e r n a t i v e  procedure of 

contacting t h e  radar  c o n t r o l l e r  f o r  co-ordination of the  descent.  

3.23 The f a i l u r e  of  t h e  a i r c r a f t ' s  systems t o  e s t a b l i s h  s a t i s f a c t o r y  

VHF contact  o r  t o  "lock on" t o  t h e  McMurdo TACAN was probably due t o  t h e  

a i r c r a f t ' s  low a l t i t u d e  i n  conjunction with s i g n i f i c a n t  high ground 

between t h e  a i r c r a f t  and t h e  ground equipment. 

3.24 The f l i g h t  engineers endeavoured t o  monitor the  progress of 

t h e  f l i g h t  and expressed t h e i r  d i s s a t i s f a c t i o n  with t h e  descent toward a 

cloud covered area .  

3.25 Although t h e  r o u t e  se lec ted  by A i r  New Zealand f o r  t h e  approach 

t o  McMurdo crossed almost d i r e c t l y  over a 12450 f t  a c t i v e  volcano j u s t  20 

miles from d e s t i n a t i o n  i n  preference t o  t h e  normal approach path of 

m i l i t a r y  a i r c r a f t  which was across  t h e  sea  l e v e l  i c e  she l f  t h e  A i r  New 

Zealand rou te  was s a f e  provided t h e  crew observed t h e  minimum a l t i t u d e s  

s t i p u l a t e d  f o r  t h e  f l i g h t  and no ext raordinary  a c t i v i t y  occurred i n  t h e  

volcano. 

3.26 Despite t h e  shortcomings of  some aspec t s  of t h e  rou te  q u a l i f i c a t i o n  

b r i e f ing ,  t h i s  f l i g h t  and Anta rc t i c  f l i g h t s  i n  general  were not unacceptably 

hazardous, i f  they had been conducted s t r i c t l y  i n  accordance with the  

rou te  q u a l i f i c a t i o n  b r i e f i n g  a s  presented. 

3.27 The CAD procedure o f  reapproving Antarc t ic  f l i g h t s  each season 

on t h e  condit ion t h a t  they complied with t h e  c o n s t r a i n t s  of t h e  previous 

season's  f l i g h t s  led  t o  some items being discontinued without formal 

n o t i f i c a t i o n  o r  agreement, e.g. the  ca r r i age  of 2 capta ins  on each f l i g h t ,  

and t h e  requirement f o r  a b r i e f i n g  by ODF Headquarters. 

3.28 The on board navigation and f l i g h t  guidance system operated 

normally during t h e  l a t t e r  s t ages  of  t h e  f l i g h t .  
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3.29 The a i r c r a f t ' s  GPWS operated i n  accordance with i t s  design 

specif icat ions.  

3.30 CAD had not implemented e f fec t ive ly  the section of the  ICAO 

standard de ta i led  i n  Annex 6 of t he  convention which requires appropriate 

l i fe-sustaining equipment t o  be carr ied on f l i g h t s  across land areas 

which have been designated by the  S ta t e  concerned as areas i n  which 

search and rescue would be especial ly  d i f f i c u l t .  Although the  Commander 

of the USN h t a r c t i c  Support Force s ta ted  t h a t  "limited SAR capabi l i ty  

existed over land and very l i t t l e  over water", t h i s  may not cons t i tu te  

"designation of t he  area" as  being especial ly  d i f f i c u l t  f o r  search and 

rescue a c t i v i t i e s  by the  S ta t e  concerned. 

3.31 Although some notes on Antarctic survival were given t o  the 

Chief Purser immediately before t h i s  f l i g h t  no additional l i fe-sustaining 

equipment was car r ied  o r  t ra in ing  given t o  the  crew members t o  f a c i l i t a t e  

survival following an emergency landing on the  i c e  o r  i n  the  polar  waters 

of Antarctica. 

3.32 Neither the  passengers nor t he  crew were expecting the  co l l i s ion  

and a l l  received f a t a l  i n ju r i e s  on impact ;ri th the  ice.  

3.33 The search and rescue organisation was mobilised and co- 

ordinated i n  a competent manner despi te  tile d i f f i c u l t  environment and the 

a i r c r a f t  was located as  soon a s  p rac t i c  Sle,  (11 hours) a f t e r  the  co l l i s ion  

occurred. 

3.34 The a i r c r a f t  was not f i t t e d  ~ i t h  a s e l f  activated ELT but such 

equipment is not a t  present required. 

3.35 The a i r c r a f t ' s  CVR and DFDR operated as  intended and provided an 

excellent record f o r  t he  invest igators  of t h i s  accident. The CVR system 

however could be s igni f icant ly  improved as  discussed i n  recommendation 8. 

3.36 The a i r c r a f t ' s  radar would have depicted the  mountainous t e r r a i n  

ahead. 

3.37 Probable cause : The probable cause of t h i s  accident was the  

decision of the  captain t o  continue the  f l i g h t  a t  low level  toward an 

area of poor surface and horizon def in i t ion  when the  crew was not cer ta in  

of t h e i r  posi t ion and the  subsequent i n a b i l i t y  t o  detect the  r i s ing  

t e r r a in  which intercepted the  a i r c r a f t ' s  f l i g h t  path. 
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4 . 1  Although the accident would have been avoided i f  the aircraft 

had not descended below safety height it was not  inevitable until the 

aircraft ~eachgd 1500 feex A%L On track to MeMurdo and maintained a 

heading toward GRID north. Had the aircraft been turned toward the true 

north even a t  that  la te  stage and sither climbed t o  safety altitude or 
the crew pinpointed their position and headed towards lower terrain the 

accident could st i l l  have been averted, This  is not t o  say that such a 

manoeuvre is in any way condoned. The p i l o t  probably assumed that he 

would be able t o  see any and a l l  obstructians clearly with a 2000 foot 

cloud base and 40 milas visibility below that cloud, 1% is not l i k e l y  

that the potential whiteout hazard indicated by the reports of  horizon 
and surface definition was appreciated by the crew. 

4.2 Tns operator claimed that * m e  whole philosophy behind the A i r  

New Zealand Antarctic f l i gh t s  was for crews to avoid a whiteout situation 

(which has particular significance in a landing context not contemplated 

as part of the A i r  Hew Zealand operation) by remaining strictly VMC 

throughout the sightseeing part o f  the flightlf. It is eqhasisad that 
the absence of snow showers and visibility in excess of 20 km would not 

preclude the possibility of whiteout conditions occurring and affecting 

the crewqs judgment of terrain clearance a t  any altitude. 

5.1  The question of  the necessity for the carriage ~f polar survival 

equipment be resolved before any further Antarctic f l ights are authorised. 

5.2 The route qual i f icat ion briefing for Antarctic flights be 

reviewed to ensure it is comprehensive and current. 

5.3 No further f l i g h t  t o  the  Antarctic be approved by CAD u n t i l  the 

aperator's route qua1 i f i cat ion  briefing has been reviewed. 

5 . 4  The co-pilots, f l i g h t  engineers and t he  official commentators 

attend the route qualification briefings in addition t o  the pilot-in- 

cornand + 
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5.5 Briefing o f f i c e r s  be f a m i l i a r  with t h e  d e t a i l s  of a l l  rou tes  

f o r  which they have t h e  r e s p o n s i b i l i t y  o f  providing operat ional  b r i e f i n g  

f o r  f l i g h t  crews and dispatch o f f i c e r s  a t t end  t h e  i n i t i a l  b r i e f i n g  f o r  

each seasont s f l i g h t s .  

5.6 A l l  e n t r i e s  i n t o  any opera to r ' s  computer which s t o r e s  f l i g h t  

plan information be independently checked immediately a f t e r  they have 

been entered i n t o  t h e  computer. 

5.7 m e  operator  d i scuss  what emergency s i t u a t i o n s  could involve an 

attempt t o  land a t  McMurdots Williams Fie ld  and how t h e  approach f o r  such 

a landing should be made toge ther  with a f u l l  and up t o  d a t e  b r i e f  on t h e  

a i r f i e l d  loca t ions ,  approach a i d s ,  Antarc t ic  phenomena, and cabin crewst 

i n s t r u c t i o n s  t o  passengers. 

5.8 Consideration be given t o  a requirement f o r  a l l  long range a i r  

t r anspor t  a i r c r a f t  f l y i n g  over a reas  where search and rescue i s  unduly 

d i f f i c u l t  be f i t t e d  with an i n e r t i a  switch operated ELT f i t t e d  i n  t h e  

empennage. 

5.9 Consideration be given t o  designing an i n e r t i a  ac t iva ted  loca t ion  

t r a n s m i t t e r  o r  o the r  i n d i c a t o r  t o  be f i t t e d  i n  both t h e  CVR and FDR u n i t s  

of a l l  a i r c r a f t  f i t t e d  with t h i s  equipment t o  a s s i s t  i n  t h e  prompt loca t ion  

and recovery of such recorders  by t h e  accident inves t iga t ion  team and 

thus enhance t h e i r  con t r ibu t ion  t o  t h e  determination o f  t h e  cause of t h e  

accident .  

5.10 No descent below MSA be author ised i n  t h e  Ross I s l and  a rea  

unless t h e  a i r c r a f t  i s  under continuous radar  su rve i l l ance .  

5.11 Fcir t h e  purposes o f  f l i g h t s  t o  t h e  Ross Dependency c i v i l i a n  

operators  accept t h e  USN and FAA ATC procedures u t i l i s e d  by m i l i t a r y  

a i r c r a f t  a s  mandatory and approach McMurdo v ia  t h e  Byrd repor t ing  point .  

5.12 The Recommendation i n  Paragraph 6.3.3 of Par t  I  of  Annex 6 of 

t h e  ICAO Convention on C i v i l  Aviation "Internat ional  Commercial A i r  

Transport ' '  be adopted by New Zealand a s  a standard p r a c t i c e .  This 

Recommendation s t a t e s  "After 1 January 1975 a l l  tu rb ine  engine aeroplanes 

of a maximum weight of over 5700 kg (12566 l b )  up t o  and including 27000 

kg (59525 l b )  t h a t  a r e  o f  types of which t h e  prototype was c e r t i f i c a t e d  

by t h e  appropr ia te  na t iona l  au thor i ty  a f t e r  30 September 1969 should be 

equipped with a cockpit  voice recorder t h e  ob jec t ive  o f  wh-ich is  t h e  

recording o f  t h e  aura l  environment on t h e  f l i g h t  deck during f l i g h t  

time" . 
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5.13 The CVR circuitry be rearranged to adopt t h e  UK Civil Aviation 

Authority's "Hot Mike" system. This will enhance t h e  value of the CVR 

without in any way altering present f l i g h t  deck procedures and involves 

no significant expense. 

5.14 The latest recommendation of the ICAO Accident Investigation 

Group t o  extend the length of the CVR tape to record more than the last 

30 minutes of the CVR's operation be implemented as soon as practicable. 

5.15 Strenuous efforts continue to ensure that each member of the 

f l i gh t  crew is involved in a l l  phases of a flight to utilisa their full 

potential to contribute to the safe conduct of the flight particularly in 

actively endorsing or criticising the captain's management of the f l i g h t .  

5.16 No commercial passenger carrying flight be planned to fly wer 

or close t o  an active volcano. 

5.17 Steps be taken t o  ensure that the number of persons on the 

flight deck does not exceed the number for which seats are available 

except in stable cruising f l i g h t  conditions. 

ICAO Note :  Annexes A tn L and paragraphs 6 and 7 of the Report were not reprodilced. 

The names of the f l i g h t  crew -re deleted,  
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TJle foilowing Summmy @a the staW and also 
describes in ger~eml terms the mntrn~s ofrhe various 
sm'cs of fmhtzt2~I puHk~tiomp &ued Ijy frFfe Infer- 
national CiyiI Aviation Oganization. I t  does not 
incrude ~ecial ized pubtimtians fhaf do nor JhIl 
wc'ifmI@ wyhin one of the series, such a the 
Aeronautical Chart Catalogue or the Metmrola@cal 
Tables for International Air Navigation, 

Internatio~I Standards and Reaommended Pm- 
ticm are adopted by the Council in accordance with 
Articles 54, 33 and 90 of the Convention on 
hrtfmational Civil Avidltion and rrre designated, for 
convenience, as Annexes to the Convention, The 
uniform application by Conttaccing States of the 
specifications contained in the International Stan- 
dards is  recognized as necessary for the safety or 
regularity of international air navigation white the 
uniform application d the specifications in the 
Recommended Practices is regarded as desirable h 
the interest of safety, regularity or efficier~cy of 
international air navigation. Knowledge of any differ- 
enms betawn &E national regulallims or practices of 
a State and those established by an International 
Standard is essentid to the safety or regularity af 
international air navigation. In the went af non- 
miplianoe wit& an International Standard, a State 
has, in fact, an obligation, under Article 38 of the 
Convention, to notify the Council of any differences, 
fiowfedge of drfkrenoes hrn Remmmen&d h e -  
tices may also be important for the safety of air 
navigation and, although the Convention does not 
impose my &Liption Mth W r d  thereto, the 
Council has invited Contracting States to notify such 
diffe~nces in addifion to those relating to lntema- 
tienal Standards. 

regarded ss not yet having attained a sufficient degree 
of maturity for adoption as International Sfandad 
and Recommended Radices, as well as materiat ofa 
more permanent character which is considered too 
detailed for incmpmtion ir, an Annex, or is sump. 
tible to ftequsnt amendment, for which the processes 
of the Convention wouId be -too,cumbtrsame. 

Regiatral Supphmtary Procedure% (SUPPS) have 
a status similar to that of PANS in that they are 
approved by the Council, but only for application in 
the respedive *MIS, They are prepared in mnsoli- 
dated form, gin# certain of the pmcedums apply to 
avwlapping regions or are common to two or more 
fegions. 

The following publications me premed by author- 
$@ of the Semfmy CemmI in m r & n c e  with the 
prkdples and policies approved by fhe Council. 

TcchnIeal Mrrmrals provide guidance and jnfosma- 
tion in amplification of the International Standards, 
Recommended Prgctices and PANS, the implementa- 
tion of which they are designed to facilitate. 

Air Nbigrmtion Plam detail requirements for fa&- 
ties md services for international air navigation in the 
re#ve ICAO Air Navjgatian Regions. They are 
prepmad on the authority of the Secretary Genera.\ 
on the basis of recommendations of regional air 
navigation meeting and of the Council action there- 
on. The plans are amended periqdically to reflect 
changes in requirements and in the status of impie- 
mentation of the ternmended facilities and services. 

Prooedcnres for Air Ndgatioa Semites (PANS) are ICAO C i r d m  make available specialized infoma- 
approwd by the Council for warfdhwide application, tion of interest to Contracting States. This includ~s 
They contain, f ir  the most pad, opmting prmdvred studies on tec&Rkal subjects, 
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