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FOREWORD 

Gene ra l  

1 .  The purpose  of t h e  A i r c r a f t  Acc iden t  D i g e s t  is  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 f o r m a t i o n  t o  C o n t r a c t i n g  S t a t e s .  P u b l i c a t i o n  o f  t h e  
D i g e s 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  D i g e s t  n o t  on;y a s  a  v a l u a b l e  s o u r c e  o f  i n f o r m a t i o n  f o r  a c c i d e n t  
p r e v e n t i o n ,  bu 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  o f  a c c i d e n t s  

2. The D i g e s t  c o n t a i n s  a c c i d e n t  r e p o r t s - s e l e c t e d  by t h e  S e c r e t a r i a t  
from t h o s e  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 c h n i q u e s  ; and 

c )  compl iance  w i t h  Annex 13  p r o v i s i o n s  i n c l u d i n g  t h e  fo rma t  of  
t h e  F i n a l  R e p o r t .  

The D i g e s t  s h o u l d  n o t  be s e e n  a s  b e i n g  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  o f  t h e  wor ld  d i s t r i b u t i o n  o f  a c c i d e n t s .  

E d i t o r i a l  p r a c t i c e s  

3 The F i n a l  R e p o r t s  a r e  u s u a l l y  p u b l i s h e d  a s  r e c e i v e d .  Accord ing ly ,  
some d e v i a t i o n s  from s t a n d a r d  I C A O  e d i t o r i a l  p r a c t i c e s  may o c c u r .  Lengthy 
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  r e d u n d a n t  i n f o r m a t i o n ,  a p p e n d i c e s ,  
a t t a c h m e n t s  o r  d iagrams.  Minor changes  i n  p r e s e n t a t i o n  and  t e rmino logy  may 
be i n t r o d u c e d  t o  e n s u r e  compl iance  w i t h  Annex 13  p r o v i s i o n s .  

4. S t a t e s  a r e  encouraged  t o  s e n d  t o  I C A O  t h o s e  F i n a l  R e p o r t s  which 
meet t h e  c r i t e r i a  of  6.14 i n  Annex 13. The r e p o r t s  must be s u b m i t t e d  i n  
one  of t h e  working  l anguages  o f  ICAO, and  i n  t h e  fo rma t  p r e s e n t e d  i n  t h e  
Appendix t o  Annex 13. 

D i g e s t  p u b l i c a t i o n  

5. The D i g e s t  is produced once  e a c h  yea r  and i n c l u d e s  a c c i d e n t s  and 
i n c i d e n t s  which o c c u r r e d  d u r i n g  a  one-year  p e r i o d .  
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No. 1  

Cessna 4 9 4 ,  HY-2555, a c c i d e n t  a t  San J u a n i t o ,  Colombia on 
24 February  1984. Repor t  r e l e a s e d  by t h e  

C i v i l  A v i a t i o n  A d m i n i s t r a t i o n ,  Colombia 

A v i a t i o n  Acc iden t  Repor t  

A i r c r a f t :  Type Cessna ,  Model 404,  S e r i a l  No. 4040685, R e ~ i s t r a t i o n  HK-2685 

Owner: Tax i  A6reo d e l  G u a v i a r e ,  Tagua L t d a .  

O p e r a t o r :  Same 

P l a c e  of a c c i d e n t :  San J u a n i t o  (Metal  

Date  of a c c i d e n t :  24 February  1984 (1220 l o c a l  t i m e )  

1 . FACTUAL INFORMATION 

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

The a i r c r a f t ,  HK-2685, w i t h  a  pilot-in-command and c o - p i l o t ,  took o f f  
from t h e  Eldorado A i r p o r t ,  B O ~ O ~ S ,  a t  1158 ( l o c a l  t i m e )  t o  make a  p o s i t i o n i n s  
f  l i s h t  t o  V i l l a v i c e n c i o .  

According t o  t h e  C o n t r o l  C e n t r e ' s  S i g n a l s  L o ~ b o o k  a t  1230 ( l o c a l  
t i m e )  t h e  p i l o t  r e p o r t e d  an emergency ( a  f e a t h e r e d  e n g i n e )  when l e v e l  w i t h  t h e  
Aname i n t e r s e c t i o n ;  t h e  r e p o r t  of t h e  V i l l a v i c e n c i o  tower i n d i c a t e s  t h a t  t h e  
a i r c r a f t  c r o s s e d  t h i s  p o i n t  a t  1214 ( l o c a l  t i m e )  and t h a t  t h r e e  m i n u t e s  l a t e r  
t h e  p i l o t  r e p o r t e d  an emergency, s a y i n g  t h a t  t h e  a i r c r a f t  was l o s i n g  a l t i t u d e  
amonq c l o u d s  and t h a t  i t  was f l y i n g  o v e r  t h e  s t a t i o n ;  then  c o n t a c t  was l o s t .  
Subsequen t ly  s e v e r a l  a i r c r a f t  ( s e e  t h e  Sea rch  R e p o r t )  performed sweeps of t h e  
whole a r e a  from t h a t  same a f t e r n o o n  up u n t i l  t h e  2 8 t h ,  when t h e  a i r c r a f t ,  
HK-2685 was found smashed a g a i n s t  a  rock  f a c e  11 000 f e e t  above s e a  l e v e l  i n  
t h e  S e r r a n f a  d e  10s  F a r a l l o n e s ,  6  minu tes  f l y i n g  t ime from San J u a n i t o  ( M e t a ) ,  
on a  b e a r i n g  of z e r o  d e s r e e s .  The b o d i e s  of t h e  crew and of f o u r  u n a u t h o r i z e d  
p a s s e n g e r s  were found c o m p l e t e l y  c h a r r e d .  I t  shou ld  b e  no ted  t h a t  t h e  s e a r c h  
l a s t e d  u n t i l  t h e  2 8 t h  b e c a u s e  of bad wea the r  i n  t h e  a r e a  and b e c a u s e  o p e r a t i o n s  
i n i t i a l l y  c e n t e r e d  on t h e  a i rway between Aname and V i l l a v i c e n c i o  u n t i l  r e p o r t s  
from peop le  l i v i n g  i n  t h e  San J u a n i t o  a r e a  s u g g e s t e d  t h a t  a r e a  a s  a  
p o s s i b i l i t y .  The same s o u r c e s  t o g e t h e r  w i t h  t h e  m e t e o r o l o g i c a l  r e p o r t  made i t  
p o s s i b l e  t o  e s t a b l i s h  t h a t  t h e  a c c i d e n t  o c c u r r e d  i n  d a y l i g h t  and i n  a t m o s p h e r i c  
c o n d i t i o n s  of r a i n  and t h i c k  f o g .  

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

F a t a l  2  
S e r i o u s  - 
~ i n o r / n o n e  - 
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Damage t o  a i r c r a f t  

As a  r e s u l t  of t h e  e x p l o s i o n  upon impact a g a i n s t  t h e  mountain  and 
subsequen t  f i r e ,  t h e  a i r c r a f t  was t o t a l l y  d e s t r o y e d .  It canno t  b e  r e p a i r e d .  

1.4 Other  damage 

None. 

1 . 5  Crew i n £  ormat i o n  

The p i l o t  of t h e  a i r c r a f t  was Colombian, 34 y e a r s  of age .  He had 
o b t a i n e d  h i s  l i c e n c e  on 21 A p r i l  1973 w i t h  p r i v i l e g e s  and l i m i t a t i o n s  f o r  
s i n g l e - e n g i n e  l a n d p l a n e s  up t o  5 670 kg. 

According t o  h i s  f i l e ,  h e  had e x p e r i e n c e  on C-150, C-172, TU-206 and 
PA-34 a i r c r a f t .  H i s  l a s t  a n n u a l  f l i g h t  r a t i n %  t e s t  was performed on 19 A p r i l  
1983 on a  Cessna 404. He a l s o  had a  med ica l  c e r t i f i c a t e  v a l i d  u n t i l  30 A p r i l  
1984. 

His  t o t a l  f l y i n g  t i m e ,  a s  r ecorded  w i t h  t h e  DAAC ( C i v i l  A v i a t i o n  
A d m i n i s t r a t i o n )  up t o  27 February  1983,  was 3  978:15 h o u r s .  The company, 
TAGUA, provided i n f o r m a t i o n ,  a t  t h e  r e q u e s t  of t h e  u n d e r s i g n e d ,  i n d i c a t i n g  t h a t  
t h e  p i l o t  had f lown 1  421:45 hours  i n  t h e  a i r c r a f t  and i n  t h e  l a s t  9 0 ,  30 and 3  
days  h e  had flown 95:50, 48:lO and 3:20 hours  r e s p e c t i v e l y .  

F u r t h e r  an  a n a l y s i s  of t h e  background i n f o r m a t i o n  i n  h i s  f i l e  showed 
t h a t  on 5 August 1979 he had an i n c i d e n t  w i t h  HK-2025, where t h e  l a n d i n g  g e a r  
b roke  due t o  m a t e r i a l  f a t i g u e ;  l a t e r  on 29 March 1980 h e  had an a c c i d e n t  w i t h  
HK-1768, t h e  c a u s e  b e i n g  de te rmined  t o  be  a  combinat ion of t h e  pilot-in-command 
f a c t o r  and t h e  m e t e o r o l o g i c a l  c o n d i t i o n s  f a c t o r ;  f i n a l l y  i n  November 1983 h e  
had been f i n e d  by t h e  DAAC f o r  exceed in3  c a p a c i t y  on a  f l i g h t  and f o r  f u e l l i n g  
w i t h  p a s s e n g e r s  on board .  

The c o - p i l o t  was Colombian, 2 3  y e a r s  of age .  H e  had o b t a i n e d  h i s  
commercial p i l o t ' s  l i c e n c e  i n  J u n e  1983 w i t h  p r i v i l e o , e s  and l i m i t a t i o n s  f o r  
s ing le -eng ine  l a n d p l a n e s  up t o  5 570 kg. 

According t o  h i s  f i l e ,  on t h e  day of t h e  a c c i d e n t ,  he  had t h e  
a p p r o p r i a t e  med ica l  c e r t i f i c a t e ,  v a l i d  u n t i l  30 May 1984. 

H i s  l a s t  f l i g h t  r a t i n g  t e s t  was t h e  one h e  'had when q u a l i f y i n g  a s  a  
commercial p i l o t  i n  June 1983 on a  TU-206 a i r c r a f t ;  t h e r e f o r e  i t  can  b e  s t a t e d  
t h a t  t h e  c o - p i l o t  was no t  t e c h n i c a l l y  q u a l i f i e d  on t h e  Cessna 404. 

The r e c o r d s  i n  t h e  A v i a t i o n  Personne l  O f f i c e  up t o  December 1983 
i n d i c a t e  t h a t  h e  had flown a  t o t a l  of 778:52 h o u r s ,  of which 573:40 a s  a  s i n g l e  
p i l o t  i n  C-152 and TU-206 a i r c r a f t .  The company, TAGUA, d i d  n o t  c e r t i f i c a t e  
him f o r  hours  f lown w i t h i n  t h e  company. 

A i r c r a f t  i n f o r m a t i o n  

The a i r c r a f t ,  HK-2685, a  Cessna 404, s e r i a l  number 4040585, equipped 
w i t h  C o n t i n e n t a l  e n g i n e s ,  model GTS10-5 20 M ,  s e r i a l  numbers 606655 and 606750 
and McCauley p r o p e l l e r s ,  model 3FF32 C501-904 MB, s e r i a l  numbers 804286 and 
804440, was r e g i s t e r e d  w i t h  t h e  DAAC under  t h e  code S I N  on 3  March 1982. 
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The C e r t i f i c a t e  of A i r w o r t h i n e s s  ( 0 1 8 8 )  i s s u e d  by t h e  DAAC on 23 
F e b r u a r y  1983 was no l o n g e r  v a l i d  on t h e  day  of t h e  a c c i d e n t .  Moreover t h e  
V i l l a v i c e n c i o  T e c h a i c a l  C o n t r o l  U n i t  had suspended t h e  a i r c r a f t  f o r  
d e f i c i e n c i e s  i n  log -keep ing  and i n  o r d e r  t h a t  i t  u n d e r g o  t h e  a n n u a l  t e c h n i c a l  
i n s p e c t  i o n .  

I t  was f o r  t h i s  r e a s o n  t h a t  on t h e  day o f  t h e  a c c i d e n t  t h e  p i l o t  
r e q u e s t e d  i n  w r i t i n 5  from t h e  D i r e c t o r a t e  G e n e r a l  o f  A i r  O p e r a t i o n s  t h e  
a u t h o r i z a t i o n  t o  make t h e  f l i g h t  i n  q u e s t i o n .  T h i s  was g i v e n  i n  Message 241616 
MCBOYADO. 

I t  s h o u l d  be  made c l e a r  t h a t  b o t h  i n  t h e  r e q u e s t  s i g n e d  by t h e  p i l o t  
a s  w e l l  a s  i n  t h e  message  men t ioned  above a u t h o r i z i n g  him t o  make t h e  f l i g h t ,  
i t  was s t a t e d  t h a t  t h e  f l i g h t  was a  p o s i t i o n i n g  f l i q h t  ( f o r  m a i n t e n a n c e  
r e a s o n s )  and t h a t  p a s s e n g e r s  would n o t  b e  c a r r i e d ;  however ,  t h e  a i r c r a f t  t ook  
o f f  w i t h  t h r e e  a d u l t s  and a  g i r l  i n  a d d i t i o n  t o  t h e  crew. 

As r e g a r d s  t h e  f l y i n g  t i m e  of t h e  a i r c r a f t  i t  s h o u l d  b e  s a i d  t h a t  
s i n c e  t h e  most recenL ma in tenance  logbook d i s a p p e a r e d  i n  t h e  a c c i d e n t  and s i n c e  
t h e  d a t a  which  c o u l d  b e  checked c o n t a i n e d  c o n t i n u a l  e r r o r s ,  t h e  i n f o r m a t i o n  
o b t a i n e d  i s  n o t  t h e  e x a c t  i n f o r m a t i o n  f o r  24 F e b r u a r y  1984;  a c c o r d i n g  t o  t h e  
d a t a  found i n  t h e  documents  which  c o u l d  b e  r e c o v e r e d ,  i t  was s t a t e d  t h a t  up  t o  
21 J a n u a r y  1984 t h e  a i r c r a f t  had a  t o t a l  f l y i n g  t i m e  of 1  471:57 h o u r s ;  t h e  
c a l c u l a t i o n  i s  t h e  same i n  t h e  c a s e  of t h e  two e n g i n e s ,  w h i l e  t h e  p r o p e l l e r s  
have  a  t o t a l  f i g u r e  of 656:56 h o u r s .  

With r e s p e c t  t o  t h e  c o n t i n u a l  e r r o r s  i n  t h e  f l i g h t  l o g b o o k s ,  b o t h  i n  
c o n t r a d i c t i o n  t o  and i n  s u p p o r t  of  t h e  r e a l  d a t a ,  t o  t h i s  r e p o r t  i s  a t t a c h e d  a  
photocopy of F l i ~ h t  Repor t  0373 of 14  F e b r u a r y  1984 ( t a k e n  from t h e  r e c o r d s  of 
t h e  V i l l a v i c e n c i o  T e c h n i c a l  C o n t r o l  C e n t r e )  i n  which  t h e r e  a p p c a r s  a  n o t e  from 
a  DAAC i n s p e c  t o r  which r e a d s  : "DAAC Repor t  15-11-84. L o ~ b o o k  checked .  
S t a t i s t i c s  o v e r d u e  s i n c e  02-11-84. TA. ( S i s n a t u r e )  Note .  The a i r c r a f t  h a s  
shown d e f i c i e n c i e s  and f l i g h t s  have  been c a n c e l l e d ,  b u t  t h e r e  a r e  no  r e p o r t s .  
( S i ~ n a t u r e )  (Stamp oE t h e  DAAC I n s p e c t o r ) " .  

T h i s  n o t e  shows t h a t  m a i n t e n a n c e  was n o t  a d e q u a t e l y  and e f f i c i e n t l y  
documented.  As r e g a r d s  t h e  weigLl t  and b a l a n c e  f o r  t h e  f l i g h t  i n  q u e s t i o n ,  i t  
was d e t e r m i n e d  t h a t  t h e y  were  w i t h i n  t h e  s p e c i f i c  l i m i t s  f o r  t h e  a i r c r a f t .  

1 . 7  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  

The r e p o r t  of t h e  M e t e o r o l o g i c a l  S e c t i o n  i n d i c a t e s  t h a t  on t h e  d a t e  
and a t  t h e  t ime  of t h e  a c c i d e n t  t h e  s a t e l l i t e  p i c k e d  up "major a c t i v i t y  i n  t h e  
a r e a  of i n t e r t r o p i c a l  c o n f l u e n c e "  which  was marked " p r i m a r i l y  by  an  e x t e n s i v e  
band o f  c l o u d s ,  cumulus ,  s t r a t o c u m u l u s ,  a l t o c u m u l u s  and a l t o s t r a t u s  a t  
a l t i t u d e s  v a r y i n g  between 1 500 f e e t  ( o v e r  t h e  lower  p a r t s )  and t h e  ground 
s u r f a c e  ( o v e r  t h e  moun ta in  r a n g e )  and a p p r o x i m a t e l y  10 000 f e e t .  T h e r e  was 
r a i n  and d r i z z l e  i n  v a r i o u s  p a r t s  of  t h e  a r e a " .  

T h i s  c o i n c i d e s  w i t h  t h e  r e p o r t s  of  t h e  p e o p l e  l i v i n q  i n  t h e  a r e a  and 
a l s o  w i t h  t h e  c l i m a t i c  b e h a v i o u r  i n  t h e  days  E o l l o w i ~ g  t h e  a c c i d e n t .  

1.8 Aids t o  n a v i e a t i o n  

Al though t h e  a i r c r a f t  had VOR and ADF equ ipmen t ,  how t h e y  were  
f u n c t i o n i n g  i n  f l i ~ h t  i s  unknown. On t h e  ground t h e r e  were  t h e  VOR and NDB 
a i d s  a t  Bogotd and V i l l a v i c e n c i o  which  were  f u n c t i o n i n g  n o r m a l l y .  
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According to the P l i g h t  FIan the  route planned was that  established 
far VFR conditions; however t h e  site of t h e  a c c i d e n t  was 25 mile s  north-east of 
t h e  l a s t  tepot t inq  point and in addition, when the emergency was reported t h e  
p i l o t  ind icated  that  he was descendins through c louds .  

1 . 9  Communications 

Both the  a ircraft  and the q r w n d  had VHF and HY equipment which was 
Functioning normally, The l a s t  report of t h e  p i l o t  t o  Villavicencio 
(Vanguaxdia Airport TWR) , reporting t h e  emergency, was made three m i n u t e s  a €  ter 
crossing the Aname intersect  ion. 

1.10 Aerodrome information 

Not appl icable .  The accident occurred during the  "en-route - c r u i s e "  
phase in a steep, rocky area of t h e  Serrania de 10s Parallones at approxtmately 
11 000 feet above sea l eve l .  

F l i g h t  recorders 

Not applicable t o  the type of aircraft  involved in t h e  acc ident .  

1.12 Wreckage and impact information 

The aircraft  was t o t a l l y  destroyed and t h e  remains were not scattered 
because o f  t h e  abundant undergrowth of  t h e  site. The impact  occurred a q a i n s t  
an a l m o s t  perpendicular rock face and accordins t o  on-the-spot observations the 
aircraft was f l y i n g  a t  a well-defined anele of descent. 

Medical and pathological  information 

The crew s a t i s f i e d  the psycho-physical requirements to make t h e  
f l i g h t  i n  question. They d i e d  i n  the accident as a reault of the impact and 
subsequent fire. Their bodies were completely charred. Attached t o  t h i s  
report are the  death cert i f icates  which indicate that death was due t o  
"muItiple traumatisms" . 
1.14 Fire - 

The f i r e  obviously occurred as a resu l t  of fuel spilling out  when the  
tanks were breached at the moment of impact with t h e  ground. 

1.15 Survival aspects 

Not appl icable .  According to the information above, the occupants of 
the a ircraft  must have d i e d  instantaneously; t h e  search for the aircraft las ted  
four days f i r s t l y  because of the  prwail inr:  atmospheric condit ions in the area 
and secondly because i n i t i a l l y  the operat ions centered on the airway between 
Aname and Villavicencio and it  was only a t  the suggestion of the people livinp 
in the area of San Juanito who said they had heard t h e  a ircraft  and t h e  
explosion upon impact that  an aer ia l  sweep of the area was made which ended i n  
the s i t e  of  the accident being found. 

1 .16 Test and research 

The investigation procedure followed was the one used routinely and 
although spec ia l  attention was given t o  the flying time o f  the aircraft and its 
components, since there wal a lack of documentation the only figures that  could 
be es tabl i shed were those cortespondinq to 21 January 1984. 
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1 .17 A d d i t i o n a l  i n f o r m a t i o n  - 

None. 

1 . 1 8  New i n v e s t i g a t i o n  t e c h n i q u e s  

None r e q u i r e d .  

2 .  ANALYSIS 

From an e v a l u a t i o n  of t h e  i n f o r m a t i o n  g i v e n  above ,  i t  i s  p o s s i b l e  t o  
e s t a b l i s h  s e v e r a l  f a c t o r s  which t o g e t h e r  form a w e l l - d e f i n e d  h y p o t h e s i s :  
b a s i c a l l y ,  t h e  f a c t  t h a t  t h e r e  were c o n t i n u a l  e r r o r s  i n  t h e  log-keeping of  t h e  
a i r c r a f t ' s  o p e r a t i o n s  and t h e  f a c t  t h a t  a  n o t e  was s p e c i f i c a l l y  made by a n  
i n s p e c t o r  a b o u t  t h e  c o n t i n u a l  d e f i c i e n c i e s  o f  t h e  a i r c r a f t  w i t h o u t  n o t e  been 
t a k e n  of them and a p p r o p r i a t e  c o r r e c t i v e  a c t i o n  g i v e n  t o  them, d e t r a c t  froin 
c o n f i d e n c e  i n  t h e  a i r w o r t h i n e s s  of t h e  HK-2685, p a r t i c u l a r l y  when t h e  e x p i r y  
d a t e  f o r  t h e  t e c h n i c a l  i n s p e c t i o n  had been  t h e  p r e v i o u s  day and t h e  f l i g h t  i n  
q u e s t i o n  had t o  b e  a u t h o r i z e d  o n l y  a s  a  p o s i t i o n i n g  f l i s h t .  T h i s  l e a d s  o n e  t o  
b e l i e v e  t h a t  i f  one  e n ~ i n e  were l o s t  w h i l e  f l y i n g  o v e r  a  p a r t i c u l a r l y  rough  
a r e a ,  i t  i s  p o s s i b l e  t h a t  i f  t h e  p i l o t  f o l l o w i n g  emerejency p r o c e d u r e s  t r i e d  t o  
m a i n t a i n  t h e  r e q u i r e d  f l i g h t  l e v e l ,  t h e  o t h e r  e n g i n e  may n o t  have r e sponded  
a d e q u a t e l y .  

F u r t h e r  i t  shou ld  be  c o n s i d e r e d  t h a t  a l t h o u g h  t h e  a i r c r a f t  had a  
c a p a c i t y  of f o u r t e e n  p e o p l e ,  t h e  f a c t  t h a t  s i x  p e o p l e  were  on boa rd  i n s t e a d  of  
o n l y  t h e  two crew a l s o  inEluenced t h e  p o s s i b i l i t y  of m a i n t a i n i n g  t h e  a i r c r a f t  
i n  f l i s h t  w i t h  o n l y  one  e n s i n e .  

The o t h e r  a s p e c t  t o  be borne  i n  mind i s  t h e  f a c t  t h a t  m i n u t e s  b e f o r e  
t h e  sne rgency  t h e  p i l o t  r e p o r t e d  t h a t  h e  had c r o s s e d  t h e  Aname i n t e r s e c t i o n  
which p u t s  him o v e r  t h e  r e q u i r e d  a i rway  b u t  t h e  a c c i d e n t  o c c u r r e d  25  m i l e s  
n o r t h - e a s t  a t  an a l t i t u d e  of  11  000 f e e t ,  a  f a c t  which c a s t s  doub t  on t h e  
a c c u r a c y  of  t h e  r e p o r t  o v e r  Aname. I n  o t h e r  words i t  may b e  s a i d  t h a t  t h e  
f l i g h t  was n o t  being, made o v e r  t h e  a i rway  e s t a b l i s h e d  f o r  V V R  c o n d i t i o n s ,  which 
i n c r e a s e d  t h e  r i s k  of o p e r a t i n g  on o n l y  one  e n s i n e ,  w i t h  t h e  known 
consequences .  

3 .  CONCLUSIONS 

The p i l o t  s a t i s f i e d  t h e  r e q u i r e m e n t s  i n  terms of d o c u m e n t a t i o n ,  
t e c h n i c a l  knowledge and e x p e r i e n c e  t o  make t h e  f l i g h t  i n  q u e s t i o n .  The 
c o - p i l o t  d i d  n o t .  

The a i r c r a f t  had a  C e r t i f i c a t e  of A i r w o r t h i n e s s  which was o u t  of 
d a t e .  The f l i g h t  was b e i n g  made under  s p e c i f i c  a u t h o r i z a t i o n  a s  a  " p o s i t i o n i n g  
f l i g h t " .  However p a s s e n g e r s  were beino, c a r r i e d .  

The ma in tenance  of t h e  a i r c r a f t  and log-keeping of  i t s  o p e r a t i o n s  
were  b e i n s  performed i n  a  d e f i c i e n t  manner.  

The p i l o t  r e p o r t e d  an  emerejency a s  a  r e s u l t  of t h e  l o s s  of one  e n g i n e  
and h e  b e l i e v e d  t h a t  h e  was c r o s s i n g  t h e  s t a t i o n  ( V V C ) .  

The a i r c r a f t  was found smashed 25 m i l e s  n o r t h - e a s t  of  t h e  l a s t  
r e p o r t i n g  p o i n t  a t  an  a l t i t u d e  o f  11 000 f e e t  above s e a  l e v e l .  
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Causes 

A i r c r a f t  f a c t o r ,  power-propulsion u n i t  - undetermined f a i l u r e  o f  one 
e n g i n e ,  a s  a r e s u l t  of which t h e  p i l o t  could n o t  m a i n t a i n  t h e  f l i ~ h t  l e v e l  
r e q u i r e d  t o  reach  t h e  s t a t i o n .  

Human f a c t o r ,  pilot-in-command, o p e r a t i o n a l  d e c i s i o n s  and p rocedures  
- t h e  Rules of  t h e  A i r  were n o t  fol lowed and an a i rway was used d i f f e r e n t  from 
t h a t  e s t a b l i s h e d .  

4 .  RECOMMENDATIONS 

- A copy of t h i s  i n v e s t i g a t i o n  r e p o r t  should be  s e n t  t o  t h e  Opera t in7  
Agency s o  t h a t  i t  be  ana lysed  and commented upon by i t s  s t a f f  of  p i l o t s ,  
the reby  making a  p o s i t i v e  c o n t r i b u t i o n  t o  t h e  campaign t o  p reven t  t h e  r i s k  of 
a c c i d e n t s .  

- The Opera t ing  Aeency shou ld  be  reminded of i t s  o b l i ~ a t i o n  t o  keep 
c o r r e c t  and up- to -da te  s t a t i s t i c s  on t h e  maintenance of i t s  a i r c r a f t ,  n o t i n g  i n  
t h e  a p p r o p r i a t e  logbooks a l l  c a s e s  of m a l f u n c t i o n s  and a p p r o p r i a t e  c o r r e c t i v e  
a c t  i o n  t a k e n  . 

ICAO Note: Names of p e r s o n n e l  were d e l e t e d .  At tachments  were n o t  reproduced.  

ICAO Ref. : 031 /84  
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No. 2 

McDonnell Douglas DC-10-30, LN-RKB at 
John F. Kennedy International Airport, 

New York, United States, on 28 February 1984. 
Report No. N T S B / A R R - ~ ~ / ~ ~  released by the 

tional Transportation Safety Board, United States 

SYNOPSIS 

On February 28, 1984, Scandinavian Airlines System Flight 901, a McDonnell 
Douglas DC-10-30, was a regularly scheduled international passenger flight f rom 
Stockholm, Sweden, t o  New York City,  New York, with an e n  rou te  s t o p  at Oslo, Norway. 
Following an approach t o  runway 4 right a t  New Yorkls John F. Kennedy International 
Airport, t h e  airplane touched down about  4,700 f t  (1,440 meters)  beyond t h e  threshold of 
t h e  8,400-foot (2,560-meter) runway and could not be stopped on t h e  runway. The 
airplane was s tee red  t o  t h e  r ight  t o  avoid t h e  approach light pier a t  the  depar ture  end o f  
t h e  runway and c a m e  t o  res t  in Thurston Basin, a t idal  waterway located about  600 f t  
from the  depar ture  end of runway 4R. The 163 passengers and 1 4  crewmembers  
evacuated t h e  airplane safely,  but  a few received minor injuries. The nose and lower 
forward fuselege sections,  wing engines, flaps, and leading edge devices  were substantially 
damaged a t  impact.  

The weather was ceiling 200 f t  overcast ,  3/4-mile visibility, with light drizzle 
and fog. The temperature  was 47OF with t h e  wind f rom 100Oat 5 knots. The surface of 
the  runway was wet ,  but  the re  was no standing water. 

The National Transportation Safe ty  Board d e t e r  mines t h a t  t h e  causes 
of this accident  wcrc the flightcrew's (a) disregard for prescribed procedures for 
monitoring and controlling of airspeed during t h e  final stages of t h e  approach, (b) decision 
t o  continue t h e  landing ra ther  than t o  execu te  a missed approach, and (c) overreliance on 
t h e  autothrot t le  speed control  system which had a history of recen t  malfunctions. 

1. FACTUAL INFORMATION 

El History of the Flight 

On February 28, 1984, Scandinavian Airlines System (SAS) Flight 901, a 
McDonnell Douglas DC-10-30 of Norwegian Registry, was a regularly scheduled 
international passenger f i g h t  from Stockholm, Sweden, t o  New York City,  New York, 
with an intermediate  s top a t  Oslo, Norway. 

Before leaving Oslo for New York a t  1239 Greenwich Mean Time (GMT), 1/ the 
flightcrew reviewed weather information fo r  John F. Kennedy International ~ i r p o r t 7 ~ ~ ~ )  
which were pertinent t o  the  Oslo - JFK segment  of t h e  flight. Because the  weather 
conditions in New York for  t h e  scheduled arr ival  t ime  of Flight 901 were forecast  a s  
marginal, with low ceiling, l imited visibility, l ight rain and fog, additional fuel  was placed 
on board a t  t h e  captain's request. There  were 202,826 pounds (92,000 kilograms) of fuel  
on board; the  takeoff weight was 543,217 pounds (246,398 kilograms). Philadelphia 
Lnternational Airport was l isted as t h e  a l t e r n a t e  airport. The Atlant ic  crossing was 
m u  tine and without incident. 

1/ All t imes herein are Greenwich Mean Time based on the  24-hour clock. (Subtract - 
5 hours t o  obtain Eastern standard time.) 
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A t  2005, Flight 901 arrived in the vicinity of the Kennehnk VORTAC 2/ and 
SAS operations at JFK requested AAINC 2,' to advise the Zlight that runway 4R was being 
used currently for etppmaches and landings at JPK and that no inbound &lays were 
expected. ARINC a h  was requested to advise Flight 901 of the latest JFK and 
Philadelphia weather. The 2000 weather observations for JFK were transmitted to Flight 
901 at 2028. 

About 2040, Flight 901 calla the SAS dispatcher at JFK to advise him that 
the estimated arrival time was 2105 and to confirm receipt of previous messages from 
ARINC. The flight was also advised st this t ime of the latest weather which had been 
received on the Aviation Weather D i sp ly  System (AWDS) at 2039. The weather given at 
that time was: measured 300 ft  bmken, 600 ft  overcast, visibility 1.5 miles in light rain 
and fqg, wind 090' at 8 knots, ~ l t f  meter 29.15 inches. The dispatcher heard Flight 901 
make its initial radio contact with JFK approach control and noted that the night had the 
most current ATIS 9 information. Information Whiskey was most current and was as 
follows: 

Informatian whiskey, two zero five one Greenwich measured ceiling 
three hundred overcast, visibility one light drizzle, fog temperature four 
live, dew point f a r  four, wind zero eight zero at four, altimeter two 
niner one four, approach in use LS four right, departure runway four 
left, notice to akrnan, important information sigrnct alpha one four is 
valid, -- from moderate to wcasional severe turbulence between one 
seven thousand an8 flight level three eight zero, New York center 
weather at fire three is valid with strong b w  leva1 wind shear potential, 
for further information, contact New York flight service station, in the 
interest of noise abatement, Runway 4R preferential use runway, advise 
yau have whiskey. 

system operator z/ had prepared the landiqg data card and had entered 
the date contained in ATIS information "uniformn on it. The flightcrew stated that they 
were aware that ATXS information "ulziforrn" and "whiskeyw mentioned potential low level 
w i d  8hmt. 

On arrival in the New Ywk area, the crew faund the weather better than 
expected. 8ecause it was his mute segment to fly, the first officer performed the 
lm&i~/appl.oach briefing for a category I instrument landjng system (ILS) 6/ approach to  
runway 4R. During the approach, both autothrottles were engaged. The NG 2 "auto pilot 
engagedw switch was selected to the command position. The L S  switch on the directional. 
contml panel was armed far capture and approach with the control wheel steering (CWS) 
mode to be used for the landing. The captain and first offher agreed to use 35'0f flaps 
r ~ t h e r  than 5Q0because of the pwibllity of encountering wind shear. 

2/ VORTAC - Very h i  frequency omnidirectional rclnge/t&ctical air navigation - A 
hvigation aid which provides both VOR and TACAN azimuth and distance measuring 
equipment at one site. 
3/ ARfNC - Aeronautical Radio Incorporated; e tel~ommwications company which 
*ides nationwide communication services lor the air tramport industry. 
4/ ATIS - AuPomated Terminal Information Service provides current, routine information - 
to miving  and departing aircraft by means of continuous and repetitive broadcasts 
thmught the day or a specified portion of the day. Each time the information Is updeted a 
sequential phonetic alphabet letter is assigned, i.e., information alpha, bravo, etc. 
51 Systems operator is the SAS designation for flight engineer w second officer. - 
6/ Imtrument Lmdng System is s.a precision instrument approach system which normally - 
consists of electronic components defining the localizer, glideslope, outer marker, middle 
marker, and higb intensity approach lights. 
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During the initial approach, however, the runway visual range (RVR) 11 for 
runway 4R went below category I landing minimums. According to the captain, because 
the airplane and crew were both qualified for category 11 landing minimums, he informed 
the crew that he would make a category I181 approach. He recalled setting his radio 
altimeter to category II minimums and believed the first officer did the same. Shortly 
thereafter, however, the RVR increased, and the captain instructed the cockpit crew to 
"go back to normal." Postaccident examination of the cockpit showed that the radio 
altimeter bugs - 91 were set  a t  115, the decision height for a category If approach. 

The systems operator calculated a landing weight of 172 metric tons 
(378,400 pounds), entered the weight on the Landing data card, and gave i t  to the captain 
and first officer who then obtained precalculated V and V 101 speeds of 154 and 
149 knots, respectively, based on a landing weight of 115 metric%~(385,000 pounds) and 
35Oflaps from an SAS DC-10 performance chart. 

None of the three flightcrew member  could recall precisely the airspeed 
associated with the initial and final approach or landing segments. The captain did recall 
seeing an airspeed of 180 knots or slightly lower on his airspeed indicator a t  some point 
during the initial approach. He also recalled dialing 168 knots into the autothrottle speed 
select window but did not recall whether he obtained the speed he selected. Neither the 
captain nor the first officer recalled selecting a lower speed. During the postaccident 
examination of the cockpit, the autothrottle speed selected was found to be 168 knots. 

During the approach, the crew switched to the performance page on the 
command display unit (CDU). At about 1,000 f t  radio altitude, the captain recalled a 
tailwind component of about 20 knots displayed on the CDU. The first officer believed he 
observed winds out of the west - southwest a t  23 knots between 2,000 f t  and 1,500 f t  on 
the approach. The systems operator could not observe either the wind direction or speed 
display on the CDU because of his seat position. The flightcrew stated that the autopilot 
kept the airplane on the Iocalizer and glideslope and that the approach was smooth. They 
detected no wind shear or significant precipitation. 

The captain stated that everything seemed stabilized until just before making 
visual contact with the runway environment a t  about 100 f t  above minimums (300 ft). At 
this point, he noted that the airspeed was '%ighn and called out to the first officer "speed 
high." Shortly after this callout, the captain said that he considered going around, but he 
decided not to. He said his decision was influenced by his confidence in his copilot, the 
deteriorating weather conditions, and anticipated delays for a second approach. 

Once over the runway, the flightcrew recalled that the airplane floated for 
some distance after the initial landing flare. The systems operator said that he made the 
required 50-, 40-, 30-, and 20-ft callouts from reference to  the left radio altimeter. He 
called out 20 f t  three times. Thereafter, the captain told the first officer to "put i t  
down." 

71 Runway visual range is the maximum distance in the direction of takeoff or landing a t  - 
which the runway or the specified lights or markers delineating i t  can be seen from a 
position above a specified point on its centerline a t  a height corresponding to the average 
eye-level of pilots a t  touchdown. 
81 ILS Category Il - An ILS approach procedure which provides for approach to a height - 
above touchdown of not less than 100 f t  and with runway visual range of not less than 
1,200 ft. 
91 Bug is a moveable pointer on the radio altimeter which can be set to  a preselected - 
radio altitude; when the aircraft descends to this altitude, an aural and visual warning is 
activated. 
101 V is the SAS designation for approach speed; VTH is the SAS designation for 
f i e shhd  speed. 
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The captain believed that a normal touchdown was made a t  least one-third of 
the way down the runway; the first officer described i t  a s  gentle and believed that the 
airplane landed halfway down the runway; the systems operator described the touchdown 
as harder-than-normal and believed i t  to have been made within three-eights to halfway 
down the runway. Performance calculations based on digital flight data recorder and 
aircraft integrated data system (AIDS) information show that the initial touchdown point 
was about 4,700 f t  (1,433 meters) beyond the threshold of runway 4R, or about 3,700 f t  
(1,128 meters) from the runway's end. None of the flightcrew could see the end of the 
runway a t  the point of touchdown. 

The captain said that he told the first officer to use all three thrust 
reversers g/ and full braking. He recalled seeing the amber transition lights of the three 
thrust reversers. The first officer believed that he deployed the three reversers "right 
awayw and that maximum reverse was used until just before going off the end of the 
overrun, a t  which point he selected reverse idle; he said that his application of brakes was 
initially light to moderate. As the airplane continued down the runway centerline, he 
began increased braking. The captain said that he also applied brakes when he first saw 
the end of the runway. He believed that he first saw the end of the runway between 
taxiway F and A. He said that when he the applied brakes, the pedals went down farther. 
According to the flightcrew, braking was not a s  effective as they had anticipated. In 
their opinion, this may have been due to  water on the runway. It was not until just before 
impact that the flightcrew realized the airplane could not be stopped on the runway 
overrun. 

Once near the overrun, the captain used nose wheel steering to direct the 
airplane to the right in order to avoid colliding head on with the approach light structure 
located a t  the end of the overrun area. After leaving the overrun area, the airplane came 
to an abrupt stop with the cockpit in the water. 

The forward section of the airplane fuselage came t o  rest in Thurston Basin, a 
tidal waterway about 600 f t  (182.88 meters) from the runway 4R departure end. The 
airplane was damaged substantially. The captain immediately began to  
execute the memory items of the "On-Ground Emergency Check List." However, neither 
he nor the systems operator could move the engine fire selectors or fuel cutoff levers to  
their full off positions. 

The captain switched on emergency power, took the public address (PA) 
handset, and shouted words to  the effect: "This is an emergency, evacuate the airplane 
without delay." He did not hear any side tone in the PA handset, indicating that the 
handset was inoperable. He then used the radio communication microphone in an attempt 
to  alert J P K  tower; this microphone was also dead. When he prepared t o  activate the 
evacuation signal, he found that  i t  was already on. He recalled hearing the signal as did 
the other cockpit crewmembers. Ihe flightcrew remained in the cockpit for about 
1 minute after  the airplane came to a stop. The JFK Port Authority of New York and 
New Jersey emergency crews received initial notification of the accident from the tower 
a t  2119 and responded immediately. 

The captain said that when he entered the cabin from the cockpit, i t  was 
almast completely evacuated. With the aid of the systems operator, he assisted a 
passenger out of the airplane through the right side emergency overwing exit. He then re- 
entered the cabin and asked the flight attendants if they knew if anyone was still on 

111 SAS procedure for use of reverse thrust states: The engine 2 reverser shall normally - 
not be used except when landing a t  Copenhagen. If, however, runway conditions are such 
that Pilot-in-Command deems that  all engine reverse thrust may be required, there is no 
restriction on the use of engine 2 reverser. 
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board. They said, "it is only we." Afterward, he told the flight attendants to leave the 
airplane. He then left the airplane through the rearmost exit on the right side where a 
ladder had been placed over the deflated slide. The captain was the last person to leave 
the airplane. 

The accident occurred a t  2118:41 during daylight hours a t  4098' north latitude 
and 73O46' west longitude. 

Injuries Crew Passengers Other Total - - - 
Cockpit Cabin 

Fatal 0 0 0 0 0 
Serious 0 0 1 121 0 1 
Minor 2 1 8 0 11 
None 
Total 

LS Damage to Aircraft 

The airplane was damaged substantially. 

1.4 Othet Damage 

The approach light structure for runway 22R was damaged substantially from 
contact with the left wing. 

P e r s o ~ e l  In for matim 

The flightcrew was qualified for the flight in accordance with regulations of 
the Norwegian, Swedish, and Danish Civil Aviation Authorities and the Federal Aviation 
Administration and had received the required training. The flightcrew members indicated 
that they were not fatigued before the accident and that they had had the required rest 
periods before the flight. 

1.6 Aircraft Information 

The airplane, a McDonnell Douglas DC-10-30, Norwegian Registry LN-RKB, 
was operated by SAS of Denmark, Norway, and Sweden. The airplane had been maintained 
in accordance with applicable regulations. At the time of the accident, the airplane 
autothrottle speed control and related systems had a history of intermittent malfunctions 
as follows: Because a previously reported mechanical irregularity with the autothrottle 
speed command system, SAS Maintenance in Copenhagen changed the autothrottle speed 
command computer on January 18, 1984. No specific reference was made as to which 
computer or if both computers were changed. On February 25, 1984, LN-RKB operating 
as Flight 901 from Copenhagen, Denmark, to Gottenburg, Sweden, experienced an 
autothrottle problem wherein the autothrottles, with both systems on, would not throttle 
back in the speed mode. The autothrottle speed system kept the speed 30 knots high. On 
the same day during an approach into JFK, the autothrottle system on LN-RKB, kept the 
speed 20 to 30 knots too high with either one or both of the systems on. At times, the 
throttles moved back and forth +/- 1 cm. The crew commented that the autothrottle 
speed was not reliable on descent, but was reliable during takeoff, climb, and cruise. On 
February 26, 1984, the autothrottle control panel on LN-RKB was replaced by SAS 
Maintenance in Stockholm. 

121 A female passenger with a cardiac condition was hospitalized for over 48 hours for 
Sservation which required classification of "serious injury" in accordance with 49 CFR 
830.2 definitions. 
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On February 26, the crew of LN-RKB, on a flight from JFK to  Stockholm, 
reported that  the No. 1 stall waning  system was unserviceable during the preflight. 
After interchange of the No. 1 and No. 2 stall warning computers, a ground check found 
that  both systems operated normally; however, a f te r  liftoff from JFK,.both speed flags 
appeared once. During slat retraction, the stall warning came on with autoslat extension. 
The crew reported that  the stall warning cycled on and off with autoslats extended. A 
circuit breaker was pulled to  silence the warning and to make retraction of the slats 
possible. The circuit breaker was reset during cruise and no further abnormalities with 
the stall warning system were noted for the remainder of the flight. On February 26, SAS 
Maintenance replaced the No. 1 angle of at tack sensor to correct the cause of the last 
four discrepancies. 

On Febmary 27, the crew of LN-RKB, on a flight from JFK to  Stockholm, 
reported that  either one or both autothrottles kept a speed 20 knots above that  which had 
been selected for the approach. On February 27, the crew of LN-RKB, on a flight from 
Stockholm to  Oslo and Oslo to  JFK, noted the same problem with the autothrottle system. 

The airplane, operated as Flight 902, returned to  Stockholm via Oslo on 
February 28. SAS Maintenance in Stockholm replaced the No. 2 autothrottle speed 
control computer. This was the last recorded entry in the airplane log that  addressed the 
autothrottle speed control system. The airplane had accumulated about 34,941 hours in 
service since new. 

The airplane's calculated gross weight a t  landing was 385,000 pounds (175 
metric tons). The airplane was powered by three CF-6-50-C high bypass ratio turbofan 
engines. A review of the inspection records for the airplane and engines and the airplane's 
logbook for the last 90 days preceding the  accident disclosed no significant deferred 
maintenance items. 

The 2100 National Weather Service (NWS) surface analysis prepared by the 
National Meteorological Center in Camp Springs, Maryland, showed a low pressure a rea  
(985 millibars) located in central Pennsylvania, with a weak occluded front extending east 
from the low across Long Island. The 0000 NWS surface analysis showed the low pressure 
area (982 millibars) in northeastern Pennsylvania, with the occluded front extending 
eastward into Connecticut. 

The following was determined from surface weather observations from J F  K, 
Farmingdale, New York, Islip, New York, and Westhampton Beach, New York: 

About 2100 the surface occluded front was north of Westhampton Beach and 
south of Islip, Farmingdale, and JFK. At 2125, the  front was still south of JFK and the 
surface wind a t  JFK was 100°at 6 knots. At 2142, the front was due north of JFK and the 
surface wind had changed to  180°at 5 knots. At 2150, the  front was north of Farmingdale 
and Islip. From the  2100 NWS surface analysis, i t  was determined tha t  surface winds were 
from a southerly direction south of the front and an  easterly direction north of the front. 
From the 2100 and 0000 N WS surface analysis, i t  was determined that the occluded front 
was moving north about 20 knots. Since the occluded front was moving north about 
20 knots and a s s u m i q  that  the front passed JFK around 2142, it was determined that  the 
surface front was about 8 nmi south of JFK at the  time of the accident. Based on the  
AIDS stat ic  air temperature data, Flight 901 penetrated the top of the frontal zone below 
1,000 f t  above ground level. 
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The terminal  forecast  for JFK issued by t h e  NWS Forecast  Office in New York 
Ci ty  a t  1440 was a s  follows. 

1500 t o  2100: 500 f t  scat tered,  ceiling 1,000 f t  overcast,  
visibility --2 miles, light rain, fog, wind--090' a t  20 knots gusting t o  
35 knots, low-level wind shear,  occasional ceiling 500 It overcast,  
visibility--314 miles, moderate rain, fog, chance of a thunderstorm, 
moderate rainshowers. 

2100 t o  0200: 400 f t  scat tered,  ceiling 800 f t  overcast,  
visibility--3 miles, light rain showers, fog, wind--150° a t  20 knots 
gusting t o  35 knots, low-level wind shear, occasional ceiling 400 f t  
overcast,  visibility--3/4 mile, fog, chance of indefinite ceiling 200 f t  sky 
obscured, visibility 1/4  mile, fog. 

According t o  t h e  surface weather observation fo r  JFK,  the amount of  rainfall  
measured by t h e  NWS a t  JFK from 1745 t o  2352 was 0.23 inch. From 1915 t o  2240, light 
dr izzle  was reported a t  t h e  airport. Review of  t h e  NWS rain gauge record for  J F K  
indicated t h a t  from 2000 t o  2130 less than .05 inch of rain was recorded. The  rain gauge 
is located on t o p  o f  t h e  International Arrivals Building. 

Review of t h e  record for  t h e  NWS wind gust recorder  for  J F K  indicated t h a t  
at 2113 the  wind speed was 6 knots, a t  2118 the  wind speed was 5 knots, and a t  2123 t h e  
wind speed was 6 knots. The highest wind speed recorded from 2113 t o  2123 was 6 knots. 

Winds Aloft  

NWS upper wind r e a d w s  from Atlant ic  City, New Jersey,  (about 75 nmi  south 
o f  JFK) about  2300 were as follows: 

A1 tit ude 
above sea level) 

Wind Direction 
('true) 

The Brookhaven National Laboratory, Brookhaven, Long Island, New Y ork, 
located about  45 nmi east of  J P K  has a n  instrumented meteorological tower. Wind 
direct ionldata  f rom this  tower provided by this  facil i ty fo r  2100 t o  2120 and wind speed 
d a t a  for 2110 a r e  as follows: 

Alti tude 
( f t  abwe sea level) 

Wind Direction 
(' t rue)  
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Surface weather observations for JPK made by the NWS were as follows: 

1951 Record Special - Measured ceiling 800 f t  broken, 1,200 f t  
overcast, visibility 2 miles, light drizzle, fog, temperature 
45'F, dewpoint 44'F, wind 060' a t  15 knots, altimeter 
setting--29.16 inHg. 

2018 Special - Measured ceiling 400 i t  broken, 800 f t  overcast, 
visibility 2 miles, light drizzle fog, wind 080' a t  10 knots, 
altimeter setting--29.15 in@. 

2039 - w - Measured ceiling 300 f t  broken, 600 f t  overcast, 
vlsibi ty 1 1/2 miles light drizzle, fog, wind 090° a t  08 knots, 
altimeter setting--29.15 inHg. 

2051 Record Special - measured ceilim 300 f t  overcast, 
visibility--1 mile, light drizzle, fog, temperature--45' F, 
dewpoint--44' F, wind--060' at  6 knots; altimeter setti=-- 
29.15 inHg., runway 4R visual range greater than 6,000 It. 

2109 Special - Measured ceiling 200 f t  overcast, 
visibility--3/4 miles, light drizzle, fog, wind--100' a t  7 knots; 
altimeter setting--29.15 inHg. 

2121 Local - Measured ceiling 200 f t  overcast, visibility--3/4 mile, 
light drizzle, fog, temperature--47' F; dewpoint--46' F; 
wind--100' a t  5 knots; altimeter setting--29.15 inHg., aircraft 
mishap, runway 4R visual range--2,400 f t  variable to 2,600 ft. 

Information pertinent to the area of the accident contained in the NWS area 
forecast, issued on February 28 a t  1740 and valid until February 29, 0600, was: 

o Flight precautions for [instrument flight rules] IFR, icing and 
turbulence. 

o Occasional moderate mixed icing in clouds and in precipitation 
below 12,000 to 14,000 ft. - 

o Severe turbulence across the forecast area. (See SIGMET Alfa 
series for high level turbulence and SIGMET Charlie series for 
low-level turbulence.) 

o Low-level wind shear potential across the entire forecast area 
due to strong cyclonic circulation associated with a West 
Virginia low pressure center. 

o Occasional moderate turbulence below 17,000 f t  due to wind 
shear. . . . Strong low-and mid-level winds. 

o Occasional moderate turbulence between 17,000 to 38,000 ft 
due to wind shear aloft and jetstream. 

o Ceilings occasionally below 1,000 f t  overcast, visibilities 
occasionally below 3 miles, light rain, light snow, fog with 
intermittent light freezing rain, light freezing drizzle, light ice 
pellets. 

o Isolated light rainshowers, thunderstorm, light rainshowers until 
2300. 
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SIGMET Charlie 9 was issued by the National Aviation Weather Advisory Unit 
in Kansas City, Missouri, a t  1815 and was valid until 2215. The area covered included JFK 
and indicated moderate occasional severe turbulence below 10,000 f t  because of wind 
shear and strong low-level winds. 

SIGMET Alfa 15 was issued by the National Aviation Weather Advisory Unit in 
Kansas City a t  2050 and was valid until 0050. The area covered included JFK and 
indicated moderate to  occasional severe turbulence between 17,000 to  38,000 f t  because 
of wind shear aloft and jetstream. 

A Center Weather Advisory was also issued by a New York ARTCC Weather 
Service Unit meteorologist a t  1900 valid until 2100. The advisory advised of strong 
low-level wind shear potential within the New York Center area, northeast of a Slate Run 
(SLT)/Atlantic City (ACY) line, especially from Elmira through New York City, Long 
Island, and Connecticut. 

At 1100, high wind warning was issued for all metropolitan New York airports 
by the NWS forecast office in New York City. The warning was valid until 0000. The 
warnirq called for winds east-southeast 15 to  25 knots with gusts 35 t o  40 knots. The high 
wind warning was transmitted to  the JFK Weather Service Office on AWDS, and the 
warniq  was transmitted to  the tower by the Weather Service Office a t  JFK on the AWDS 
a t  1140. 

The AIDS recorder installed on board SAS Flight 901 recorded parameters 
during the approach to  JFK, including wind direction and wind speed. Wind data recorded 
were as  follows: 

Radio Altitude 
(i t  above the surface) 

Wind Direction 
(' true) 

Wind S ed ,--&KG- 



Wind components relative to a track of 40' magnetic were derived from AIDS 
data as follows: 

Approximate Height 
(ft above the surface) 

Aids to Navigation 

Corn pu ted 

(tailwind) 
31.4 
28.5 
17.2 
12.0 
13.9 
13.7 
11.0 

9.5 
6.1 
3.9 
2.3 
1.7 
1.0 
.1 

1.9 

ILS approach procedures (categories I, 11, and IIIA) serve runway 4R a t  JFK. 
The prwedure is begun a t  an altitude of 3,000 f t ,  and a distance of 15.5 miles, distance 
measuring equipment (DME), from the departure end of runway 4R.  The altitude profile 
positions the airplane a t  1.,500 f t  a t  6 miles DME from the departure end or 4.4 miles from 
the ~ppmach  end of the runway on an inbound heading of 43" magnetic. Class-D category 
airplanes (such as the DC-10: require 200-ft ceilings and 1!2-mile visibility. The missed 
approach point is 0.4 mile from the crpproach end of the runway. The touchdown zone 
altitude is 12 f t  m.s.1. The Airport/Facility Directory in effect a t  the time of the 
accident indicated that "temporary localizer needle aberrations niay be experienced on 
ILS approaches to runway 4 R  or 22L due to heavy jet aircraft in vicinity." 

1.9 Communications 

There were no communications problems identified. 

1.10 Aerodrome Information 

John F. Kennedy International Airport in Jarnacia, New York, is certificated 
by the Federal Aviation Administration under 14 CFR 139. Its runways are a t  an 
elevation of 12 ft  m.s.1. The landing surfaces include four main runways: 13R/31L which 
is 14,572 f t  long and 150 f t  wide, 13L/31R which is 10,001 f t  long and 150 f t  wide; 4L/22R 
which is  11,351 f t  long and 150 f t  wide; and 4R/22L which is 8,400 ft  long and 150 f t  
wide. Runway 4R is grooved and equipped with high intensity runway edge Lights, 
centerline lights, a high intensity approach lighting system with sequenced flashing lights 
{category II configuration), and touchdown zone lights. The runway edge lights are whi?e  
imtil the last 2,000 f t  of the landing ~iunway, which is marked by aviation yeiicj* Lgr~ts .  
The runway centerline lights also are white until the last 3,000 f t  of runway, a t  which 
point the lights are alternating white and red. The centerline lights change to all red 
1,000 f t  from the runway end. The runway edge Lights, the centerline lights, and 
touchdown zone Lights for runway 4R were all set to  their brightest illumination a t  the 
time of the accident. The approach light structures are not frangible. 

There are no runway distance markers installed. The airport is also equipped 
with a low-level wind shear alert system (LLWAS) which was operational on the day of the 
accident. 
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Runway surface friction tests were conducted under Safety Board direction 
during both wet and dry runway conditions using the Saab and Mu Meter friction test 
units. Friction readings derived from both test units were well above the minimum 
acceptable value. 

1-11 Plig t Recorders 

The airplane was equipped with a Sundstrand Data Control Model 573 digital 
flight data recorder (DFDR), serial No. 2891. The tape was in good condition and was 
examined at the National Transportation Safety Board's laboratory in Washington, D.C. 

The airplane was also equipped with an aircraft integrated data system. Since 
the Safety Board's laboratory has no AIDS readout equipment, the readout of these data 
was accomplished at the facilities of SAS in Copenhagen, Denmark; Sundstrand Data 
Control, Redmond, Washington; and McDonnell Douglas Corporation, Long Beach, 
California. 

Following the accident, Lufthansa, German airlines examined the flight 
recorders from one of its DC-10 and one of its Boeing 747 aircraft which landed before 
Plight 901 and provided the Safety Board with comparative performance data. 

The airplane was also equipped with a Sundstrand Data Control Model 
AV-577B cockpit voice recorder (CVR), serial No. 7043. The tape was in good condition. 
Interpreters listened to the tape and translated it into English. The SAS Flight 901 
Nghtcrew reviewed the transcript with the Cockpit Voice Recorder Group for accuracy 
and made corrections and/or additions as necessary. The CVR tape began with the normal 
approach briefing. The transcript began with the reception of ATIS information 
"whiskey." 

1.1% Wreckage and Impact Informat ion 

The airplane came to rest about 35 ft to the right of the extended runway 
centerline on a 12' slope leading down to Thurston Basin. At high tide, the shoreline of 
Thurston Basin begins about 60 ft beyond the 500-ft runway overrun area. The basin is a 
shallow, mud-based estuary with i ts  bottom about 10 to 15 ft below runway level, and it is 
subject to tidal changes. The nose of the airplane was about 160 ft beyond the end of the 
runway overrun area. The airplane's heading was 55' magnetic at impact. The leading 
edge of the airplane's left wing was partially embedded in a wooden pier structure which 
supported the approach lighting system. 

The aft portion of the fuselage remained generally intact. There was major 
damage at the lower nose area, to the radome, and to the forward pressure bulkhead at 
fuselage station (FS) 275. The nose landing gear structure had collapsed under the 
fuselage. The drag braces were fractured and had separated from their attachment 
fittiqs. The interior of the forward fuselage area was deformed and exhibited fractures 
at the flight deck and galley floor locations. Several floor beams below the galley floor 
were fractured and twisted. 

The wings, leading edge slats, and flaps sustained moderate damage from 
impact with the wooden pier structure. The leading edge slats were extended fully and 
the trailiq edge flaps were extended to the 40°position. 

The No. 1 engine pylon structure was buckled and twisted; the No. 2 and 3 
engine pylons exhibited no major structural damage. The No. 1 and No. 3 engines 
sustained major impact and salt water damage. The No. 2 engine sustained no impact 
damage. All three fan and turbine thrust reversers were in the fully deployed (reverse 
thrust) positions. 



All three engines and APU fire extinguishers were intact; examination of their 
discharge cartridges disclosed that none had been electrically activated or that any of the 
extinguishing units had been discharged. Systems components relative to the autothrottle 
speed control were examined and functionally tested. 

Both Mach/airspeed indicators were found to be free of defects. The captain's 
attitude direction indicator had evidence of water contamination and corrosion. The 
copilot's unit was clean. Both indicators were tested for the slow/fast function and were 
found to function normally. The thrust rating computer had been contaminated by water 
and sand and was corroded. The computer was cleaned in a freon bath and tested. The 
computer failed to operate, and no further testing could be accomplished. 

The duplex throttle servo also had been contaminated by water and was 
corroded. When tested, both drive motors were seized. Further testing resulted in the 
freeing of drive motor No. 2, which functioned normally and produced the proper torque 
output. The gear train moved freely. All coils to the drive motors and tachometers 
tested normal. Both autothrottle speed control computers had been contaminated by 
w ~ t e r  and sand and were corroded. Both computers were cleaned in a freon bath and 
tested. Computers No. 1 and No. 2 exhibited multiple failures. All failed areas were 
examined closely. Four of the failures of computer No. 1 were in the areas of speed mode 
operation. When repeating the tests in this area, the failures could not be duplicated. 
Failures in computer No. 2 were x, numerous that the computer would not function 
normally. Both computers were tested further, but results were inconclusive. 

The left and right angle of attack sensors exhibited some light internal 
corrosion. The pickup was replaced in the left angle of attack sensor and tested. The left 
angle of attack sensor then functioned normally. The probe on the right angle of attack 
sensor had been bent during the accident and could not be tested. 

Examination of the proximity electronic unit disclosed internal contamination 
and corrosion from salt water immersion; after cleaning, the unit passed all functional 
tests except for the left main landing gear "down" function. 

The two digital air data computers exhibited internal contamination, 
corrosion, and impact damage to the circuit boards. The damage to the circuit boards 
prevented a functional testing of the computers. The flap posit~on transmitters disclosed 
no internal damage and performed normally during functional testing. 

The cockpit was damaged by impact. The glareshield and instrument panel 
were displaced af t  and down several inches. All flight deck crew seats were intact and 
undamaged except for the second observer's jumpseat which was loosely attached to the 
cockpit floor. That seat was similar in desigr, to the free-standing jumpseat used by f ight  
attendants; the unit has a fold-down seat pan and an integral four-point restraint system. 
The observer seat was flush against the cockpit/cabin bulkhead and mounted to the floor 
with four bolts. The front attachments were intact. However, the two af t  bolts were 
found loose but in place. Microscopic inspection disclosed that the threads on both bolts 
were stripped; the nuts to these bolts were not recovered. 

The cabin was deformed only in the floor and ceiling area around doors 1L and 
1R between the forward three galleys and the two lavatories. Additional damage was 
noted just af t  of forward lavatories A and B. The airplane flooring in these areas was 
disrupted and displaced upward, exposing the supporting structure. The ceiling panels in 
the area were disrupted by the displaced galley units. Additionaliy, the vertical panel 
near door lR, which covered the door mode selecter and control levers, was buckled and 
split in the area of these controls. 

The cockpitlcabin bulkhead, a t  the junction of the floor and the left side of 
the cockpit door, was displaced upward 2 1 /2  inches and forward about 1 inch. The upper 
piano hinge of the cockpit door was pulled away from the door edge. The right side of the 
cockpitlcabin bulkhead was displaced downward about 5 inches a t  the cockpit door frame. 
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The left galley unit, a f t  of the cockpitlcabin bulkhead, was tilted inboard 
about 2 inches a t  the top. The galley unit also was tilted aft. At the cockpit floor, the 
galley unit was displaced forward and upward about 2 inches and in contact with the 
observer's jumpseat. The center galley unit, G3, was displaced upward and was tilted aft. 
The floor and the forward bottom edge of the galley unit were displaced upward about 
7 inches. All galley equipment remained stowed. However, the storage doors of the G3 
galley unit were bowed out about 1 inch. The af t  door lock had disengaged, but the 
interlocking right door lock kept the galley doors closed. 

The remainder of the cabin interior structure a f t  of row 1 generally was 
undamaged. All of the overhead panels and stowage bins were intact. No sidewall or 
floor disruption was evident a f t  of the first row of seats. 

The airplane was equipped with slide/rafts. The 1L door was found open and 
the slidehaft was deployed and inflated; the 1R door was found closed. The mode 
selector lever was in the manual position, and there was extensive damage to the forward 
panel covering the door handles. The 2L door was open and the slidelraft had been 
detached a t  the girt. The detached slidelraft was inflated and found floating near the 
approach light pier. Door 2R also was found open and-the slidelraft had been detached a t  
the girt. The slidelraft was found inflated and floating in the basin near the shore. Both 
slide/rafts from doors 2L and 2R were used as  rafts. However, neither slidelraft had been 
converted from a slide to a raft configuration. 

The 3L door was closed, and the mode selector lever was in the manual 
position. When the selector lever was placed in the emergency position and the control 
lever pulled, the door retracted and the ramp and slidelraft deployed and inflated. The 
3R door was open. The ramp and slidelraft had deployed and were inflated. 

The a f t  left door, 4L, was open, and the mode selector lever was in the 
emergency position. The slidelraft had deployed and was partially resting on the ground 
with the hall ties intact and had not been inflated. Six-foot-tall marsh grass, up to  
114 inch in diameter, was underneath and around this slidelraft and the slidelraft a t  the 
4R door. The slidelraft was inflated by pulliw the manual inflation handle. The a f t  right 
door, 4R, also was open; the mode selector lever was in the emergency position. The 
slidelraft had deployed but was not inflated. The cylinder was discharged and the manual 
inflation handle was in place. The slidelraft was stretched out on the ground. The 
examination of the slidelraft a t  door 4R disclosed that the supplemental restraints, known 
as quarter ties, located on the inside of both upper side chambers, were attached. The 
hall t ie  and the orange frangible link had separated. The link is designed to  separate a t  
129 Ibs., + 6 Ibs. of tensile load. A fabric tear was discovered on the bottom of the lower 
right side chamber. The tear was located 36 inches from the top of the slide and near the 
locator light battery pack. The tear measured 12 inches laterally and 26 inches 
longitudinally. Twigs and debris were found in both aspirator inlets. The slidelraft was 
checked for additional leaks after the tear was patched and the aspirators were cleaned. 
Two small puncture holes were found in the outboard left upper chamber between the 
second and third canopy posts. It also was noted that the slide surface had a hole about 
314 inch in diameter, about 3 f t  from the top upper chamber and 12 inches right of the 
slide centerline. 

Both a f t  slidelrafts were examined a t  the manufactur- plant. The slidelraft 
at door 4L was not tested under pressure since i t  was inflated a t  the site. There was no 
evidence to  indicate that the inflation lanyard had been misrigged or that any other 
condition existed which would have inhibited the inflation bottle from freely dropping and 
automatically discharging to inflate the slidelraft. 
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Medical and Pathological Information 

The captain sustained bruises to his right hand and left leg and was admitted 
to the hospital; the first officer sustained a minor back injury; and the f ight  attendant a t  
1L sustained a sprained knee. A total of nine passengers sustained minor injuries, 
including a contused knee during the evacuation, and were treated a t  the airport medical 
facility. One person sprained an ankle. Five passengers were treated for exposure and/or 
hypothermia. The remaining three passengers were treated for anxiety, hypertension, and 
unstable angina, respectively. One of these, a female passenger with a cardiac condition 
was hospitalized for over 48 hours for observation which required classification of "serious 
injury" in accordance with the definitions in 49 CFR 830.2. 

1.14 -- Fire 

There was a localized, small fire confined to some electrical wiring adjacent 
to pneumatic ducting under the cabin floor. The fire self-extinguished almost 
immediately. 

1.15 Survival Aspects 

Evacuation 

After the airplane came to rest, the evacuation in the cabin was initiated 
inadvertently by the purser stationed a t  door 2L. He heard no command from the 
Nghtcrew to evacuate, and although the emergency evacuation signal was activated, he 
did not hear it. The flight attendants at  doors 4L and 4R had no awareness of an 
emergency situation and momentarily waited until they saw actions by the forward fhght 
attendants before opening the doors and initiating the evacuation of the last section of 
the airplane. 

All  of the cabin doors except for 1R and 3L were opened by the f ight  
attendants. Al l  of the combination slideirafts deployed automatically, and except for the 
slide raft a t  4L, all inflated. The 1L door initially was hung up retracting into the ceiling. 
Subsequently, the door retracted properly and the slidelraft fully deployed and inflated. 
However, no one used this exit. The attendant a t  door 1R attempted to open his door. He 
pushed the handle all the way up, but nothing happened. The two slidehafts a t  doors 2L 
and 2R were detached and used as  rafts without being converted from a slide to a raf t  
configuration. Each raft was estimated to have had about 20 passengers and 
crewmembers on board. The flight attendant a t  door 3L opted not to open her door after 
observing smoke from the left engine. She directed the passengers on her side across to 
the 3R door. Most of the passengers in the economy section went out this door. At door 
4L, the sl idehaft  deployed but did not inflate automatically. The fhght attendant chose 
not to inflate the slide since the door opening was close to  the ground. The slidelraft a t  
door 4R, which had deployed, was hung up and did not inflate properly after the door was 
opened. The flight attendant said the slide was folded in half and he kicked it open. The 
slide deflated shortly after  i t  was kicked open. About 40 passengers exited through door 
4R. 

The flight attendants a t  the four forward doors did not observe that the 
emergency lights were illuminated during the evacuation. Most of the others said that the 
emergency Lights were illuminated. All flight attendants stated that the emergency 
evacuation was controlled and the passengers were calm. They estimated that the 
evacuation of the airplane was completed within 60 to 90 seconds, despite some 
difficulties evacuating two intoxicated passengers who refused to leave the airplane and 
had to be bodily removed from the cabin by the flightcrew. 
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CrashIFirelRescue Response 

The JFK Port Authority of New York and New Jersey emergency crews were 
notified initially at 2119 hours, when the call came that an SAS 747 "was lost on ground 
radar" on runway 4R near runway 14/32. This call came from the JFK Tower on the 
emergency conference circuit. Crashlfirelrescue (CFR) units responded from both CFR 
garages with six CFR trucks and 12  firefighters. The first two CFR trucks from the 
satellite garage arrived on the scene in slightly over 1 minute. The crew chief, who was 
aboard truck No. 1, stated that he had seen the aircraft off the end of the runway and 
partially submerged in the Thurston Basin. He notified the police desk to upgrade the 
emergency at  2121. No fire was visible. About 80 percent of the passengers had exited 
the aircraft. He observed a number of passengers and crewmembers forward of No. 1 
engine, two of whom were in the water. The crew chief entered the water and assisted 
about 12 passengers who were in a slidelraft in the basin at the end of the approach 
lighting system pier. Several firefighters escorted passengers on the end of the pier over 
the left wing and back onto the pier and away from the aircraft. 

Shortly thereafter, the crew chief proceeded to the right side of the aircraft 
and observed another slidelraft adrift in Thurston Basin forward of the No. 3 engine. He 
then entered the water with a line and swam to the raft; he and the raft were then pulled 
to shore by fellow firefighters on the other end of the line. After leaving the water, the 
crew chief observed a cockpit crewmember inside the aircraft at  door 4R and advised him 
to exit expeditiously. 

The crew chief estimated that all passengers were on land and safely clear of 
the aircraft within 5 to 7 minutes of the initial alarm. Within approximately 20 minutes 
after the accident, all pacsengers had been boarded on mobile lounges. Those without 
injury were taken to the International Arrivals Building at  JFK. Those who were injured 
or appeared injured were transported initially to the airport medical clinic. Persons 
requiring further medical attention were transferred to a nearby hospital. 

Upon completion of passenger evacuation operations, airport CPR vehicles 
remained in strategic positions around the aircraft. New York City Fire Department fire 
equipment also stood by on the north side of Thurston Basin with suction pumps placed in 
Thurston Basin to provide additional water if required. 

L16.1 Time of 'huchdorm 

The time of touchdown was established by relating the events that can be 
associated with an  airplane approaching and coming in contact with the runway surface. 
Based on the data from the AIDS and the DFDR, touchdown was determined to be at  
21:18:21.6. About 1.5 seconds before touchdown, the elevators deflected significantly to 
an aircraft noseup position, which is indicative of a flare to cushion the touchdown. At 
21:18:21.6, the vertical acceleration had nearly reached a peak, longitudinal acceleration 
began decreasiq, the spoiler handle and the panel were retracted, thrust reversers on 
engines Nos. 1 and 3 were stowed, the wheel brake switches were off, the nose gear strut 
switch was in the air position, and the radio altimeter read about zero ft. At 0.7 second 
after touchdown, the vertical acceleration peaked and the longitudinal acceleration 
continued to decrease. Immediately upon touchdown, the spoiler handle and panel were in 
the extend position, and the nose gear strut switch was recorded in the ground position. 



1.16.2 Point of Touchdown 

The point a t  which the airplane touched down on the runway was calculated as 
follows: 

1. The AIDS recorded inertial navigation system (INS) ground speed 
for the time period from the middle time of the recorded outer 
marker (OM) signal to the recorded sound to the touchdown was 
integrated to compute distance traveled after passage of the outer 
marker. This computed distance was compared with the actual 
distance from the OM to the approach end of the runway. 

2. Similar calculations were made using passage of the middle marker 
(MM) as the position reference. 

The integration of groundspeed from the middle time of OM reception to time 
of touchdown was 20,793 ft. The actual distance from the OM to the approach end of the 
runway is 16,196 it. Therefore, the calculated position of touchdown using this method 
was 4,597 f t  down the runway. The integration of the groundspeeds from the middle time 
of the MM reception to the time of touchdown was 7,539 ft. The actual distance from the 
M M  to the approach end of the runway is 2,610 ft. Therefore, the calculated position of 
touchdown using this method was 4,929 ft. 

AOproach Profile and Configuration from 2,000 Feet to Touchdown 

About 4 minutes before touchdown, the aircraft was about 2,000 ft above 
ground level (AGL), tracking 015' true a t  about 180 knots indicated airspeed. 
Autothrottles No. 1 and No. 2 were engaged in the speed mode, No. 2 autopilot was in the 
command mode, No. 1 autopilot was off, and the flaps were set a t  15'. During the next 
minute, the aircraft descended to about 1,500 ft AGL and the autopilot ILS mode was 
selected. About 3 minutes from touchdown, the autopilot switched to the localizer 
capture and tracking mode, the aircraft began turning toward runway heading, pitch 
increased slightly, and N fan rotor speed began to increase. (N s representing all three 
engine rpm percentages dere used in these calculations.) The airhraft remained level for 
the next 1.5 minutes at  a nearly constant indicated airspeed of 180 knots and an inertial 
navigation system groundspeed of about 210 knots, indicating about a 30-knot tailwind. 
About 1.5 minutes from touchdown, the flaps started down to the 22' position, the 
autopilot switched to glideslope capture and tracking mode, N began to decrease to 
flight idle, the aircraft pitched over, and the aircraft began to bescend. The AIDS data 
ehowed that the difference in the airplane's airspeed and the speed selected on the 
autothrottle system had reached a t  least 10 knots, which is the maximum difference 
measurable by the recording system. 

Durirg the first 30 seconds of descent (from 1,500 f t  to about 870 f t  AGL), the 
throttle position and engine N went to flight idle, indicated airspeed increased to 
190 knots and then began to dehrease, and the flaps started down to the 35' position. 
During the next 10 seconds (from 870 f t  to 700 ft) ,  the throttles and engine N came up to 
about 84 percent, the indicated airspeed began climbing from 180 knots, A d  the flaps 
reached the 35'position. For the next 32 seconds, until about 18 seconds from touchdown 
(from 700 f t  to 70 ft), the throttle position and N stayed about 84 percent while 
indicated airspeed continued to climb to a peak of 209 knots. As the airspeed increased 
past about 193 knots, the flap limiting system on the aircraft began to retract the flaps. 

The flaps continued up to about 27'at an indicated airspeed of 209 knots 
about 15 seconds before touchdown. About 20 seconds before touchdown, the autopilot 
was switched from the command to the control wheel steering mode. -Three seconds later, 
the throttle position was reduced to flight idle at a faster rate (about 9.5' per second) 
than the autothrottle programming allows (2' to 3'per second). About this time, the 
captain stated, "It didn't take power off." (See figure 4.) At 15 seconds before touchdown, 
the aircraft was abwt  50 f t  radio altitude, pitch began increasing, the airspeed began 
decreasing, the flaps began to extend back to the 35' setting, and the autothrottles went 
from the speed mode to the retard mode. 
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About 5 seconds before touchdown, the flaps arrived at  the 35' setting, the 
airspeed had decreased to 185 knots, and the radio altitude was about 20 ft. At 
touchdown, the indicated airspeed and the groundspeed were about 179 knots. 

A correlation was made between the CVR cockpit conversation, radio altitude, 
and position over and on the runway. (See f i i r e  4.) Because CVR times are Listed to the 
nearest second, this correlation is only approximate. 

Radio 
Altitude Seconds After + 21:18 DFDRIAIDS GMT 

60, loo* + 
CAM - 7 "Off" : CAM - 3 "One Hundred" 

Threshold 

1,000' 

2,000 ' 

- CAM - 3 "Fifty" : CAM - 1 "It Didn't Teke Power Off" 

- CAM - 3 "Forty" 

- :08 - CAM - 3 'Thirty" CAM - 1 = Voice Identified as Captain 
CAM - 2 = Voice ldentified as First Officer 
CAM - 3 = Voice ldentified as Second Officer 
CAM - 7 = Voice Unidentified - :10 - CAM - 3 "Twenty" = Unintelligible Word 

I = Non Pertinent Word 
(( 1) = Editorial Insertion 

I I -  : 12 - CAM - 3 "Twenty" 

I I - CAM - 3 'Twenty" 

I I - CAM - 3 "Twenty" 

Touchdown Point Chosen for Plotting (4,900' From the Threshold) 
- :P - CAM - ((Sound of Spoiler Motor)) : CAM - 1 "Take All  Three" 

I 

I - :24 - CAM - 7 "Spoilers" 
- CAM - 1 "Brake*." 

- :16 - CAM - 3 'Ten" : CAM - 1 'Take It Down" 

- CAM - 3 "Ten" : CAM - 1 "Get It Down, -" 
- :1 CAM - 7 "Spoilers" 

B - :28 - CAM - 7 "Brake Like -" : CAM - 1 "Hold It Steady'' 
CAM - 2 "Steady" 

- :m 
- CAM - 1 "I#" 

- CAM - 1 "On Ground Emergency" 

- End of CVR Tape :u 
"A" Distance Is Based on AIDS INS Ground Speed Integration From the Middle Marker to  Touchdown. 

"B" Distance Is Based on the DFDR Longitudinal Acceleration Integration From the Assumed Time of Impact 
Back to  the Time of Touchdown. This Distance Is Anchored at One End to the Approximate Final 
Position of the Aircraft. 

Figure 4.-CVRIAIDS Integration/Runway/Altitude Correlation. 
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1.16.4 Summary of Landirg Ron 

Within 0.7 second after what was determined to be touchdown (21:18:21.6), the 
spoiler handle came out of the retract position, the spoiler panels that were measured by 
the AIDS system ( 5  left and 3 right) came out of the zero degree position, the vertical 
acceleration peaked, the nose gear strut switch remained in the "air" position, the 
longitudinal acceleration began a decreasing trend, and the Nos. 1 and 3 thrust reversers 
were recorded in the stowed position. At 2.0 seconds after touchdown, the nose gear strut 
switch was recorded in the ground position, the wheel brakes were still in the off position, 
the spoiler handle was recorded in the extend position, and the spoiler panel reading was 
about 60'. About 2.8 seconds after touchdown, recorded data showed both wheel brakes 
on and the No. 1 thrust reverser in the stowed position. N on all three engines during 
this time (from 14 seconds before touchdown) was about 40 b r c e n t  (equal to fight idle). 
Five seconds after touchdown, the N began to decrease from flight idle to ground idle. 
About 6.4 seconds after touchdown, &e No. 1 thrust reverser registered in the deployed 
position (these data are sampled once every 4 seconds). The No. 3 N began increasing 
from 35 percent at  8 seconds after touchdown, and passed 90 percent bt 12 seconds after 
touchdown. The No. 1 N began increasing from 30 percent about 12 seconds after 
touchdown and attained 88 bercent a t  15.4 seconds after touchdown where the data ended. 
The No. 2 engine thrust reverser was in transit for 3.4 seconds and was fully deployed 
7.4 ,seconds after touchdown but showed only a slight momentary increase in N1 from 
32 percent to 41 percent and then back to 32 percent where it remained to the end of 
recorded data, which for this engine was 16 seconds after touchdown. 

A listirrg of significant events after the time established for touchdown 
follows: 

Time from 
Touchdown (21:18:21.6) 

[Seconds) Events 

Radio Navigation 1 groundspeed from AIDS 
(interpolated 179.0 knots). 

Indicated airspeed from DFDR (interpolated 
179.5 knots). 

Longitudinal acceleration began decreasing 
trend (from DFDR). 

Vertical acceleration peaked (from DFDR). 

No. 3 thrust reverser last recorded in stowed 
position (from AIDS). 

Pitch attitude reduced to nose on the runway 
value (from DFDR). 

Spoiler panel first recorded in extended 
position (from AIDS). 

Spoiler handle first recorded in extended 
position (from AIDS). 

Nose gear strut switch first recorded in ground 
position (f mm AIDS). 

No. 1 thrust reverser last recorded in stowed 
position (from AIDS). 
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Time from 
Touchdown (21:18:21.6) 

(Seconds) Events 

Both wheel brakes first recorded on (from 
AIDS). 

No. 1 thrust reverser first recorded in deploy 
position (data sampled every 4 seconds) (from 
AIDS). 

N on al l  three engines last recorded at about 
4d percent (from 14 seconds prior t o  
touchdown) (from AIDS). 

No. 3 thrust reverser first recorded in deploy 
position (data sampled every 4 seconds) (from 
AIDS). 

No. 3 engine N began increasing above 
40 percent (fmm A~DS). 

Rudder input recorded greater  than -5' (from 
AIDS). 

No. 1 engine N began increasing above 
40 percent (from A~DS). 

No. 3 engine N passed through 90 percent 
(linear interpolation) (from AIDS). 

No. 2 engine N showed no increase past 
41 percent from 13 seconds prior t o  touchdown 
t o  the last recorded point (from AIDS). 
(Throttles were not moved past 41 percent 
position.) 

Magnetic heading deviated from runway 
heading (from DFDR). 

No. 1 engine N attained 91.9 percent at last 
recorded time (horn AIDS). 

20.7 Aircraft began pitch down (from DFDR). 

Pitch at t i tude reeehed -5.8g0at last recorded 
value (from DFDR). 

Last recorded longitudinal acceleration (from 
DF DR). 

Last recorded point from DFDR before 
synchronization was lost (lateral acceleration). 

1.16.5 Bmway Friction 

Runway friction measurements were taken on 4R at JFK using a friction 
tester on February 29, 1984, when the  runway was dry and on March 5, 1984, when the  
runway was wet. 



ICAO Circular 202-AN/123 

The dry test, performed a t  a speed of 48 mph, showed an average friction 
value of 0.945 141 from the approximate point of touchdown to the approximate end of 
the runway. Friction was not measured on the hard-surface overrun. 

The wet tests were performed at three different speeds with the following 
averages for the portion of the runway after the approximate point of aircraft touchdown: 

Speed Average Friction 

22 rnph 
47 mph 
65 mph 

The Saab handbook defines aquaplaning (hydroplaning) as "the speed a t  which 
the friction value has dropped to 0.25." 

Calculations made by the Douglas Aircraft Company show calculated effective 
braking coefficient of friction (Mu prime) as a function of groundspeed for the landing 
ground mll. (See figure 5.) The force attributed to braking was derived using 
deceleration data from the DFDR and calculating the drag, lift, and thrust forces on the 
aircraft. (The effective braking coefficient cannot be directly equated to friction values 
as measured with the Saab equipment.) 

The FAA-approved field length for Flight 901 with a 35' flap, slats extended 
configuration at the prevailing pressure and temperature on a wet surface was about 
7,000 ft. This field length is based upon the safety margins required by regulation to be 
applied to the certification landing performance of the airplane. 

Figure 6 shows calculations per formed by the Douglas Aircraft Company for 
wet and dry stopping distances for a normal landing sequence and for the accident 
scenario. These stopping distances are those theoretical distances which are required to 
bring the airplane to a full stop from the point of touchdown using the deceleration 
devices as indicated with the assumed braking coefficients attainable on dry and wet 
runways. 

1.16.6 Wind Shear 

Prom about 3 minutes to 1.5 minutes before touchdown, the AIDS INS 
calculated winds acting on the aircraft. These calculations revealed that the winds were 
from about 225' to 235' true at  between 26 and 32 knots, .producing a tailwind of 
approximately the same magnitude. Aircraft true heading during this time period was 
between 12O and 22'. 

About 1.5 minutes before touchdown, the recorded wind speed began to 
decrease and during the following 30 seconds, lessened to about 15 knots. About 1 minute 
before touchdown, the wind direction began to change gradually counterclockwise, while 
speed continued to decrease. By 20 seconds from touchdown, the wind acting on the 
aircraft was recorded to be from 144'at 8 knots, resulting in a slight tailwind of less than 
3 knots. At touchdown, the winds were recorded to be from about 135'at 6.5 knots. 

14/ Friction value is an index number relatable to  friction coefficient. - 



E M w m  w M  
DFnRD- - CF6-50 Engine 

T-RavwrwsJ-tlvr 

Ground Speed [Knots) 

Figure 5.-Effective Braking Coefficient Derived from DFDR. 
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I Aircraft e i g h t  1 172,800 kg - 3811,959 lb 
I Aircraft c.g. = 10.7% P3AL: 
I -y headwind - 1.2 kmts 
I Turbim rwersxs -4 bnd deployed 

' 2  = 700 ft, T - 7% 
rfonmce mJ6805 

I 350 mnq flap 

(U Rrfona~ee Ran- IandLng 
T h e  fran con- to: 
Nose dcmr r 3 a c  
Spoiler ktuat ian  : 0 acc 
Full SpiPcrs t 2 
Brakc Aawtian t 1-5 w 
Pull Brakes r 3.5 ecc 
Reverse Detuat 1 2  
& revera? r 8sec 
h x  reverse to 80 KXAS 
Stow reversers a t  60 KZAS 

1.27 Vs 142A KEM 

1B) R r f o m  hd an 
fndicated pilot  m o n a  
Tirw f saa centact tQ: 
Nose h 8 1.4 B#: 
milcr actuation t 0 #c 
R h L  gpotlers a 1.0 aec 
Brake actuatian t 1.8 = 
hll brakes z 3.8 sec 
(marmed 2 after artwtian) 
Thrust IMudlng r a r e )  bssad 
c n m t r e o f y v s m  
Md r t M r a z  d e p l m t  vs irpedd 

= 178.2 W - 179.6 REM 

Bp = pressure altitude 
Y * tauchdown speed 
vTD= F U  s p e c i f i e d  stall speed 
AS - equivalent airspeed 
KTGS = ground speed 

Met distance is baaed on Douglas wet  Mu prime. 
CM M e t  diatuicr i s  b u a d  on B r i t i s h  Civ i l  Aviation Authority w e t  Hu prime. 

Figure 6.-DC-10-30 CaIculated Stopping 
Distances for SAS Accident Analysis. 
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L17 Other Jnfocmatiar 

L17.l Samdhvian Airlines System Operational Romxhes 

The following infor mation is extracted from the Scandinavian Airlines 
Syste mls A h r a  f t Operations Manual and pertinent SAS-issued bulletins. 

(1) Speed Selection Procedures For Approach Phase of Flight 

Old Procedure - Prior t o  October 13,1983 

Neither pilot had specific duties regarding selection of speed, but both 
pilots were required to check. 

Revised Procedure - Effective October 13,1983 

Autopilot In Command or CWS Mode - the flying pilot selects speeds, the 
nonflying pilot checks speeds. 

Autopilot Off - the nonflying pilot selects speeds, the flying pilot checks 
speeds. 

Latest Revised Procedure - Effective February 23,1984 

Autopilot in command mode: The flying pilot (1IP) 15/ selects speed, the 
nonflyirg pilot (2/P) checks. Autopilot In Command Wheel ~ t e e r i n g v ~ ~  Mode) or off -- 
the nonflying pilot selects speed; the flying pilot checks speed. 

(2) Callout Procedures 

Figures 7 and 8 contain a reproduction of pertinent section of Aircraft 
Operations Manual. 

During the entire approach, i t  is important to  keep the correct speed 
with as little throttle manipulation as possible. However, t he  power setting must be 
promptly adjusted as soon as it becomes apparent that an adjustment is required. 

Never go beyond the recommended speed tolerances for each phase of an 
approach as  stated in the AFMIAOM and corrected for wind component and/or gust value, 
as applicable depending on aircraft type. Whenever a wind shear effect is anticipated, the 
speed shall be increased to compensate for the expected wind shear effect. 

(4) Approach - Wind Shear 

Decreasing headwind is the  most dangerous. If reported or experienced 
before the outer marker, there is normally adequate altitude to compensate provided 
minimum speeds are increased accordingly. 

151 - 1/P = Pilot flying the airplane 
2/P = Non flying pilot (Assisting Pilot) 
S 4  = Systems operator or (flight engineer). 
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It is of utmost importance that standard procedures 
are followed. Any intantional deviation from a stend- 
ard procedure shall be clearly announced by 1/P in 
order to facilitate the monitoring function of 2/P. In 
gmnaral, internal pilot to  pilot communication shall 
ascertain that the pilots are in full agreement regerd- 
ing the progress of the flight. 

However, it is important to avoid any unnecessary 
conversation which can distract mention. 

C.flwt. in a normal approach 

FLIGHT PROCEDURES 
Flight Performance - Let-down and approach 

Callouts made by a ZIP or S/O that require correcting 
action by the 1/P shall be answered and/or reacted 
upon by him, indicating that he is aware of the situa- 
tion. 

Failure to respond and continued failure to rmact shall 
be treoted a s  pilot incapacitation. 

The following calloutr are mandatory and shrll be 
made by the pilot specified. Callouts marked 'P shall 
normally be made by l/P. If for some reason the call- 
out is not made by l/P. the callout shall be made by 
2/P or SIO. 

Figure 7.-SAS Callouts in a Normal Approach. 

I 

CALLOUT INDICATES 

b d i o  Al t imete r  passing 2500 f t .  
d u r i q  letdown. 
k t t h l a l t i m e t e r ~ t t i n g .  
*DC-10 and A3OO: P 

Loca l ize r  bar roving from f u l l  
d e f l e c t i o n .  

A/P o r  P/D h a s  captured l o c a l i z e r  

Glide Path bar  moving from f u l l  
d e f l e c t i o n .  

A/P o r  F/D haa captured g l i d e  path. 

Outer Hsrker o r  equ iva len t  
p o s i t i o n  plus a c t w l  c r o s s i n g  
a l t i t u d e .  

A c t u l  r i n k  r a t e  a t  approx, 1000 f t .  
RH a f  t e r  landing f l a p s  have been met 
and f i n a l  letdown s t a r t e d .  

Pasr ing d n i m r g  p lus  100 f t .  
and 'Contact" not yet c a l l e d  
by 1/P. 

Approach l i g h t 8  - o r  runway - 
i n  e i g h t  and "Contact' not ye t  
c a l l e d  by l / P .  

Able t o  con t inue  approach by 
v i  a w l  re fe rence .  

k t - 1  r d i o  h c i g b t r  a s  re- 
quired according t o  r e s p e c t i r e  
AFWAOII i n  o rder  t o  a s s i s t  i n  
a a a e s r ~ n t  of mafe threshold 

I c r o s a i l y  f l a r e .  I 

1 CALLOUT 

"RADIO HEIGHT" 

e.g.'ONbZEROONE?VO" 

'"LOCALIZER COMING" 

"LOCALIZER CAPTURE" 

"GLIDE PATH COMING" 

"GLIDE PATH CAPTURE" 

"OUTER MARKER, ....." o r  
'OSCAR ALFA, ......." o r  
'FIVE MILES, ......." 
"SINK RATE, .. 

'PLUS HUNDRED* 

"APPROACH LIGHTS" o r  
"RLTNVAY" p lus  d i r e c t i o n  

" CONTACT" 

A c t u ~ l  r a d i o  h e i g h t s  

BY 

UP* 

L/P* 

P 

P 

P 

P 

P 

ZIP 

2 /P 

2/P 

1 /P 

2/P 
o r  
S/O 

I 
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FLIGHT PROCEDURES 
Flight Performance - Let-down and approach 

Figure 8.-Other SAS Callouts. 

A 

CALLOUT INDICATES 

Deri red ind ica ted  ~ i r r p e e d  18 

exceeded by l o r e  than  1 0  kt., 
o r  f i n a l  approach and t h r e r h o l d  
rpeed by more thm 5 k t r .  

Ind ica ted  a i r speed  below: - P a t t e r n  rpeed d n u r  1 0  k t 8  - Approach rpeed minus 5 k t 8  o r  - Threshold rpeed minur 0 k t r .  

Rate of de rcen t  lore than 
1000 f t /min  below 2500 f t .  RH. 

F l i g h t  path  d e v i a t e r  from ILS 
Gl ide  path  by more than one 
d o t .  

A i r c r a f t  not r t a b i l i t e d  
according t o  d e f i n i t i o n  i n  
QOH 3.1.8. para  3.3.1. a t  o r  
below 1000 f t  RH. 

A i r c r a f t  not r t a b i l i t e d  ac- 
co rd ing  t o  d e f i n i t i o n  i n  
FOH 3.1.8. pa ra  3.3.1. a t  o r  
below 500 f t  RH. 

Reaching d e c i s i o n  a l t i t u d e / h e i g h t  
i n  a p r e c i r i o n  approach and "Con- 
t a c t "  o r  "Pulling-up" not y e t  
c a l l e d  by 1/P. 

Reaching minimum a l t i t u d e / h e i g h t  i n  a 
non-prec i r ion  approach and "Contact" o r  
"Pulling-up" not yet c a l l e d  by 1/P. 

Reaching Decir ion P o i n t  i n  a non- 
p r e c i s i o n  approach and "Contact" o r  
"Pulling-up" not y e t  c a l l e d  by 1/P. 

S t a r t i n g  a pu l l -up .  

CALLOUT 

"SPEED HIGH" 

"SPEED LOU" 

"SINK RATE" - 
"GLIDE PATH" 

'"NOT STABILIZED" 

%NOT STABILIZED, PULL-UP" 

" M I N I M U M ,  PULL-UP" 

"MINIMUM" 

"DECISION POINT, PULL-UP" 

b ~ ~ ~ ~ ~ - ~ ~ "  

BY 

P 

P 

P 

P 

2/P 

ZIP 

2/P 

2/P 

2/P 

l / P  
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When a wind shear is reported or anticipated after the outer marker, or 
whenever the wind component on the ground differs from that noted or reported a t  the 
outer marker indicating a headwind decrease of more than 20 knots, the following action 
must be taken: 

- Add 15 knots to approach and threshold speed and disregard 
increment requirements in AFMIAOM with regard to wind 
component and wind gust. 

- Be prepared to pull up if sink rate increases rapidly. Make sure 
that pull-up procedures have been reviewed in detail prior to 
commencing the approach and be aware that a successful pullup 
may need full power and a determined rotation. 

- Request ATC to keep you informed of the latest pilot reports. 

(5) Use of Automatic Systems 

- Use of autopilot and autothrottles need careful monitoring. Hand 
on wheel and hand on throttles must be stressed, with alertness for 
quick manual inputs. Respective AFMIAOM gives information on 
limitations. 

(6) Stabilized Approach 

An approach is stabilized when the aircraft is lined up with the runway and 
flown at the desired approach speed in the landing configuration maintaining an 

-acceptable rate of descent. Only small power changes should be necessary to maintain 
such a stabilized approach. 

ALL APPROACHES must be stabilized not later than approximately 500 f t  
RH. It is the duty of the nonflying pilot to monitor that the aircraft is stabilized on the 
approach and to warn the flying pilot if stabilization has not been attained. 

A pull-up occurs when an aircraft abandons its approach to a selected runway. 

In order to achieve maximum safety, it is important that the decision to 
abandon an approach is made as early as possible. 

A pull-up, once commenced, must be completed and no attempt shall be made 
to reestablish an abandoned approach. The nonflying pilot and system operator, if carried, 
shall carefully monitor that the pull-up is performed in accordance with established 
procedures. 

In case the nonflying pilot has taken over the controls from flying pilot in 
order to make a pull-up, no further change of control shall be made until the pull-up is 
completed. 

A pullllp should not be made once the aircraft has touched down as the 
performance requirements cannot always be ascertained. However, training flights with a 
qualified flight instructor as pilot-in-command may make touch and go landings during 
scheduled training flights. 
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(8) Pull-Up On US or Precision Approach Radar (PAR) Approaches 

The approach shall be abandoned and a pull-up be commenced if: 

- The official visibility is below the applicable company minimum a t  
or after passing the outer marker or equivalent position, 

- the approach is not stabilized a t  approx. 500 f t  RH, 

- a t  DAPH the pilot is unable to make a landing by use of visual 
guidance, 

- visual guidance is lost after passing DA/DH, 

- a t  CAT I minimum on approaches to CAT 11 min, if requirements 
for CAT II are not fulfilled and visual guidance not obtained. 

(9) Autothrottle 

Autothrottle shall be used according to recommended procedures in respective 
AFMIAOM. It is an effective means of reducing pilot workload and facilitates precise 
speed control. 

Due regard must be paid to the limitations of the Autothrottle System. The 
1/P (pilot flying) shall monitor its function and immediately disconnect i t  if discrepancies 
or uncomfortable operation is observed. 

The throttles shall always be guarded below 1,500 f t  to permit the pilot to 
promptly counteract ineffective or erratic throttle control. This is especially important 
in wind shear and turbulence conditions to prevent programmirg of excessive thrust 
reductions. 

(10) Duties and Responsibilities - Flight Personnel 

During flight the systems operator (SIO) shall: 

Operate and monitor the S/O Panel according to valid procedures and 
immediately inform the pilot-in-command of any irregularities and 
malfunctions, or if normal operating limits are exceeded. 

Assist the Pilots in communication and navigation including preselection 
of VHF COM frequencies, change of ATC transponder codes and 
resetting of the altitude preselect system according to the 
pilot -in-com mandts discretion. 

Receive weather broadcasts and currently keep the pilot -in-com mand 
informed of changes. 

Assist the Pilots in keeping look-out during VMC, particularly in terminal 
areas. 

Act as relief pilot during cruise from top of climb to  top of descent, 
including change of flight level. 

In cooperation with the other crewmembers prepare applicable reports. 

Partake by use of applicable charts in the navigation of the aircraft and 
monitor DescentIApproach and Take~ff /Cl imb procedures when other 
duties permit. 
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Assist in keeping the passengers informed of the flight's progress through 
loudspeaker announcements, as directed by the pilot-in-command or 
copilot. 

General 

The flightcrew was properly certificated in accordance with existing 
regulations of Denmark, Norway, and Sweden; there was no evidence that any physical 
factors affected their performance. 

The airplane was properly certificated, equipped, and maintained in 
accordance with existing regulations and approved procedures of the State of Registry. 
All  three engines and reversers functioned normally and reverse thrust was produced in 
proportion to the flightcrew's demand on the engines on which reverse thrust was 
selected. The airplane's autothrottle speed control system and related systems had 
repeated discrepancies reported since January 8, 1984. The discrepancies involved the 
system's failure to reduce throttle setting to maintain airspeed a t  the selected value. 
Corrective actions, in the form of component replacements, were accomplished through 
the morning of February 28, 1984, when the No. 2 autothrottle speed control computer 
was replaced a t  the termination of the aircraft's flight into Stockholm. The system again 
malfunctioned on the first leg of the accident flight into Oslo when the captain selected a 
50-knot airspeed reduction and the autothrottle did not retard to the selected speed. 

R% The Accident 

The investigation disclosed that the landing approach was conducted in 
weather characterized by a low ceiling, low visibility, and Light drizzle and fog. Although 
the runway was wet, there was no standing water. 

The examination of data from the airplane's digital flight data recorder and 
the aircraft integrated data system recorder indicated that the approach was normal as 
the airplane descended to about 800 f t  AGL. Although the groundspeed showed that the 
airplane was experiencing a tailwind component, the indicated airspeed was stable and the 
airplane wrls following the ILS glideslope. 

After descending through 800 ft, however, the airplane's indicated airspeed 
increased to the point that the airplane passed over the runway threshhold at about the 
proper crossing height, but about 50 knots faster than the prescribed reference speed. 
Thereafter, the airplane floated, touching down on the runway at least 4,000 ft beyond the 
threshhold. The theoretical stopping distance for a DC 10 configured as Flight 901 was 
for the touchdown exceeded the length of runway remaining even for dry runway 
conditions. The Safety Board, therefore, concluded that runway condition was not a 
factor in the accident and has directed its attention toward reasons for the long and fast 
touchdown and the flightcrew's decision to continue the landing rather than initiate a 
missed approach. 

Since the autothrottle speed control system (ATSC) was used throughout the 
approach for airspeed control, the Safety Board examined the following factors as they 
may have led to the long and fast touchdown: 

o The performance of the ATSC system before and during the 
approach. 

o The fligtrtcrew's decision to use and rely on the ATSC system. 

o The flightcrew's role in monitoring the performance of automated 
systems and related operating procedures and training. 
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The Board also sought to determine: 

o The flightcrew's knowledge of touchdown position on the runway 
and the airplane's stopping performance. 

Autothrottle Speed Control System.--The ATSC system components had been 
damaged and contaminated during the accident. Thus, the system's preaccident condition 
could not be established. However, the previously reported discrepancies in the system 
and the flightcrew's observation that the system had malfunctioned on the previous leg of 
the flight indicate the possibility that an intermittent fault was affecting the system's 
performance during the accident approach. 

The flightcrew recalled dialing 168 knots into the autothrottle speed select 
window, a selection which was verified during the postaccident examination of the 
module. A properly operating ATSC would have modulated the position of the airplane's 
throttle in order to decelerate to and maintain the selected speed. The recorded data 
show that the throttle positions did retard and the engines went to flight idle rpm as the 
airplane began to descend from 1,500 ft. The airspeed did begin to decrease in response 
to the reduced power. However, as the airplane descended through about 800 it, the 
throttles moved toward higher power and the engines responded by increasing rpms to 
about 84 percent N . The airspeed began to increase, but there were no indications of 
appropriate thmttl&corrections by the AlSC system. The flightcrew recalled that the 
ATSC did not retard the throttle as expected when the airplane descended below 50 ft. 
The evidence provided by the recorded ATSC mode and throttle position parameters 
verifies that the throttles were not responding to ATSC commands. 

The Safety Board considered the possibility that wind shear could have 
affected the airplane's fhghtpath and the ATSC performance. At the outer marker, the 
airplane was experiencing a 30-knot tailwind component which diminished between 
1,500 ft and the surface at a nearly linear rate with change of altitude to a 2-knot 
tailwind at the surface. This type of wind condition would initially cause the ATSC to 
command a lower engine power setting than that which would be commanded in a stable 
wind condition in order to produce an inertial deceleration needed to maintain the 
stabilized selected airspeed and the ILS glideslope. On the other hand, while the average 
engine power required would be lower throughout the approach, the constantly decreasing 
groundspeed as the airplane decelerated would require gradually increasing power in order 
to keep the airplane on the ILS glideslape at the selected approach airspeed. The wind 
shear calculated to have existed at the time of this accident, however, was mild and did 
not exceed an average change of 3 knots in the longitudinal wind component for each 
100 ft  of altitude change. The certification approval for airborne navigation instrument 
and flight control systems for category II approaches requires that the systems 
demonstrate the capability to track the glideslope and maintain airspeed within specified 
tolerances while penetrating a wind shear having 4 knots per 100 ft variation from 500 ft 
to the surface. Further, during a previous accident investigation, s/ the Safety Board 
had examined the performance of a DC-10 autopilot system in an emergency simulation 
when the airplane was subjected to a decreasing tailwind shear in excess of 4 knots per 
100 It. The simulation showed that the ATSC performs satisfactorily under these 
conditions. Therefore, the Safety Board concludes that the nonresponsive performance of 
the ATSC on the SAS flight was not caused by wind shear. 

While the evidence is conclusive that the airplane's ATSC system was faulty, 
the Safety Board considered the intended role of such systems in its assessment of 
accident cause. The ATSC is required aboard the airplane only to conduct category IIl 
approaches. Although it is extensively used to reduce pilot workload, it is not required to 
be installed for this purpose. As with other aircraft systems, the possibility of erratic 

16/ Aircraft Accident Report: Iberia Airlines McDonnell Douglas DC 10-30 EC CBN, - 
Logan International Airport, Boston, Massachusetts, December 17,  1973. 
(NTSB-AAR-74-14.) 
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operation caused by a component malfunction is present and pilots are expected to 
monitor and disconnect or override such systems when unacceptable flightpath or speed 
deviations are apparent. Since the flightcrew of Flight 901 was able to disconnect or 
override it, the Safety Board cannot conclude that the ATSC system's malfunction caused 
or even directly contributed to the accident. 

Flightcrew Performance.--The flightcrew had been aware that the ATSC 
system had performed erratically before commencing the approach. It had, in fact, 
performed erratically on the previous leg of the flight and although subsequent operation 
was normal, the crew knew that there had been no intervening maintenance. There is no 
evidence that the flightcrew considered this previous erratic operation in its decision to 
use the ATSC for the approach. Had they considered its previous faulty operation and 
intentionally decided to use the ATSC regardless, the pilot should have been prepared to 
revert to manual throttle control if erratic throttle movement or unacceptable airspeed 
excursions occurred. Detection of these excursions, however, was dependent upon vigilant 
monitoring of the airspeed instrumentation by the crew. 

The flightcrew, in preparing to use the ATSC for the approach, calculated the 
approach reference speed to be 154 knots. The last speed dialed into the ATSC command 
module, however, was 168 knots. The flightcrew's postaccident statements and recorded 
cockpit conversation imply that the difference was an intentional compensation for a 
potential wind shear encounter. While an airspeed additive is appropriate for some wind 
shear conditions, it was not an appropriate action for the frontal type of wind shear that 
was present during this approach. In fact, the SAS Flight Operations Manual states that 
15 knots must be added to the approach and threshhold speeds "when a wind shear is 
reported or anticipated after the outer marker, or whenever the wind component on the 
ground differs from the noted or reported at the outer marker indicating a headwind 
decrease of more than 20 knots." While the flightcrew had reason to anticipate a wind 
shear condition after passage of the outer marker, it had sufficient information to deduce 
that the wind shear would produce an effective headwind increase (tailwind decrease) 
during the approach. The airplane's INS system was indicating a tailwind in excess of 
20 knots as the approach was started while the reported surface winds were light. Under 
the actual conditions, a speed additive would compound rather than alleviate the effect of 
the wind shear. 

The flightcrew's actions to add the 15 knots to compensate for potential wind 
shear without first considering the type of wind shear condition indicated by the 
prevail@ weather and INS measurements concern the Safety Board. The Board has been 
a strong proponent of the adoption of comprehensive classroom and simulator training 
programs to increase the awareness of air carrier pilots of the wind shear hazard. The 
Safety Board has noted that most of the recent research regarding wind shear and most of 
the related material which has been circulated throughout the aviation community in the 
aftermath of accidents have emphasized the extreme dangers of the convective downburst 
or microburst type of wind shear. In an encounter with that type of wind shear, it is 
essential that an airspeed margin be available to compensate for a sudden reduction in the 
airplane's headwind. Par less emphasis has been given to the frontal system wind shear in 
which the airplane may encounter an increasing headwind (or decreasing tailwind) which 
does not challenge the airplane's performance capability but can present other subtle 
dangers. It is possible that the greater exposure to training material related to the 
convective type of wind shear has caused some pilots to believe that adding a speed 
margin is the safest reaction to reported wind shear without further analyzing the existing 
wind shear condition. 

Although the flightcrew's intentional addition of 15 knots to the approach 
reference speed was not appropriate, the Board concludes that this also was not a factor 
in the accident since the approach almost certainly could have been flown to a successful 
landing had airspeed been controlled to the selected value of 168 knots. 
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The fligh tcrew's recollections following the accident indicate that neither the 
captain nor his copilot was totally aware of the airplane's increasing airspeed during the 
final approach. Since airspeed management, particularly during final approach, is an 
essential element of basic airmanship, the Safety Board must conclude that the 
performance demonstrated by this crew was either aberrant, or represents a tendency for 
the crew t o  be complacent and overrely on automated systems. 

The Safety Board, therefore, must address the reasons why the flightcrew 
allowed the autothrottle system to  control the airplane to an airspeed nearly 40 knots 
higher than the selected value. The Safety Board is concerned that an experienced, 
apparently well-trained flightcrew whose previous record of performance was 
unblemished had a lapse in which they overlooked the basic airmanship function of 
airspeed control on approach. Two factors which probably affected the crew's 
performance were (1) its habitual reliance on the proper functioning of the airplane's 
automatic systems, and (2) a degradation of crew coordination and nonadherence t o  
related procedures when the f i i t  officer is flying the airplane. 

At about 100 f t  above minimums, the captain noted that the airspeed was high, 
and he brought this t o  the attention of the first officer, who was flying the airplane. This 
appears to  be the only reference made to  airspeed during the approach; no other required 
airspeed callouts were made. The captain and first officer had two direct reading 
instruments to  alert them that the A'ISC was not maintaining the selected airspeed--the 
airspeed indicator itself and the "fast slown indicators of the speed control system located 
on the lef t  side of each attitude direction indicator. The airspeed indicator has a movable 
marker or "bugn to remind pilots of approach speed. A difference between indicated 
airspeed and "bug speedn should alert a pilot to m y  discrepancy. Neither pilot of Plight 
901 noted the bug position, and SAS does not require that they do so. 

Another instrument that  pilots are  expected t o  crosscheck during an approach, 
especially a precision approach, is the vertical speed indicator (VSI). If a greater than 
normal descent rate is required t o  maintain glideslope, either the aircraft is on a "falsen 
glidepath or the groundspeed is higher than normal. Higher than normal groundspeed 
could be a result of p r  airspeed control or a tailwind. The crew indicated that the 
autopilot kept the aircraft on localizer and glidepath. They were aware of a tailwind 
durhg the approach when they called up the performance page of the command display 
unit and i t  indicated a tailwind in the vicinity of 20 knots. However, even taking into 
account a tailwind of this magnitude, indications of a vertical speed of 1,640 f t  per 
minute (fpm) on the glideslope should have alerted the crew that an abnormal condition 
existed. A normal vertical speed would be about 800 fpm, about one-half of that actually 
shown. The ILS to  runway 4R has a 3'glideslope and even with a groundspeed of 188 knots 
(168 VA + 20-knot tailwind), the rate of descent should have been less than 1,000 f t  per 
minute. 

Even though they should have been concerned about the faulty performance of 
the  ATSC on the previous flight, the flightcrew apparently had been conditioned by 
repeated successful use of the system to rely upon its performance to  the extent that 
neither adequately monitored essential airspeed and vertical velocity instruments. 

Reliance on Automated Systems.--Since the introduction of sophisticated 
automation that accompanied the wide-body generation of aircraft, there has been much 
controversy and concern over the resulti% relationship between man and machine. As 
more computers have been added to  the aircraft and control of tasks  has been transferred 
to  autopilot and autothrottle systems, the pilot's role in the aircraft operation has 
changed dramatically. His workload as far as physical handling of the aircraft was 
reduced, and in some phases of flight, totally eliminated. According to one researcher, 
"As computers are  added to the cockpit, the pilot's job is changing from one of manually 
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flying the aircraft to one of supervising computers which are doing navigation, guidance, 
and energy management CalC~lfiti~ns as well as automatically flying the aircraft." - 17/ 

However, with increased automation, overall pilot workload has not 
necessarily been reduced; in most cases, it merely has shifted from performing tasks to 
monitoring tasks. Because increasingly more systems have been automated, a 
proliferation of components has resulted and the pilot "has many more indicators of 
component status to monitor." G I  There is convincing evidence, from both research and 
accident statistics, that people make poor monitors. For example: 

1. Kessel and Wickens did a laboratory study to compare failure 
detection performance between manual and automated systems. In 
the manual mode, participants were actively controlling a dynamic 
system and in the automatic mode they were monitoring an 
autopilot that controlled the system. It was found that "detection 
performance was faster and more accurate in the manual as 
opposed to the autopilot mode". 191 These results were attributed 
to the fact that in the manual m z e ,  the participants remained in 
the "control loop" and they benefited from additional 
proprioceptive cues derived from "hands-on" interaction with the 
system. These findings were in agreement with a research study by 
L. R. Young. 201 

2. In the 1972 Eastern Airlines L-1011 crash into the 
Everglades, a /  the crew was distracted by a malfunctioning 
landing gear light and failed to monitor the autopilot which was 
flying the aircraft. The autopilot was accidentally disengaged and 
the aircraft gradually descended from the holding pattern. Without 
an autopilot, one crewmember would have been forced to fly the 
aircraft and the disaster would have been avoided. 

In 1979, the crew of an Aeromexico DC-10 stalled the aircraft on 
climbout over Luxembourg. The crew either intentionally or 
inadvertently programmed the autopilot for the vertical speed 
mode rather than the procedurally directed airspeed or mach 
command mode. The aircraft maintained the programmed climb 
rate throughout the climbout, but at  the sacrifice of airspeed. As 
thrust available decreased with altitude, the engines' thrust 
became insufficient to sustain flying airspeed for that climb rate 
and the aircraft stalled, losing approximately 11,000 ft of altitude 
before recovery. The Safety Board concluded, "The flightcre w was 
distracted or inattentive to the pitch attitude and airspeed changes 
as the aircraft approached the stall." The probable cause of the 
incident was listed as "the failure of the flightcrew to follow 
standard climb procedures and to adequately monitor the aircraft's 
flight instruments." - 221 

171 Palmer, E., Models for Interrupted Monitoring of a Stochastic Process. NAS TM-78, - 
453, 1977, p.1. 
181 Wickens, C.D., Engineering Psychology and Human Performance. Columbus, Ohio; 
Charles E. Merril Publishing Company, 1984, p. 490. 
191 Kessel, C. and Wickens, C.D., The Internal Model: A Study of the Relative - 
Contribution of Proprioception and Visual Information to Failure Detection in Dynamic 
Systems. NASA CP-2060, 1978, pp. 85-86. 
201 Young, L.R., On Adaptive Manual Control. IEEE Transactions on Man-Machine - 
Systems, Vol. MMS-10, 1969, pp. 292-331. 
211 Aircraft Accident Report: Eastern Airlines L-1011, Miami, Florida, December 29, - 
1972 (N1SB-AAR-73-14). 
221 Aircraft Incident Report: Aeromexico DC-10-30, XA-DUH, Over Luxembourg, - 
Europe, November 11, 1979 (NTSB-AAR-80-10). 
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4. Another incident, almost identical to that  which occurred on the 
Aemmexico flight, is cited in a NASA Aviation Safety Reporting 
System (ASRS) report: 

The aircraft was climbing t o  FL 410 with the right autopilot 
and autothrottles engaged and controlling the aircraft. At 
approximately FL 350 the airspeed was observed to  be below 
180 knots and decaying. The autopilot was disengaged and 
the nose attitude was lowered. At this point the stickshaker 
activated and a slight buffet was felt. Application of full 
power and a decrease in pitch attitude returned the airspeed 
t o  normal. Remainder of the flight was uneventful. 

During the climb portion of the flight the pilot stated that  he 
believed the autopilot was in the Flight Level Change Mode 
(max climb power and climbing while maintaining a selected 
airspeedlmach). Looking back he felt that  the autopilot must 
have been in the Vertical Speed mode, and not Flight Level 
Change. If this were the case. with 2,50013,000 f t  per minute 
up selected, then the airspeed would be near normal t o  about 
FL 300 at which point the airspeed would bleed off as the 
autopilot maintained the vertical speed. 

Prevention of this incident: the pilot must a t  all times be 
absolutely sure what mode the autopilot is operating in. A 
continuous crosscheck of the primary flight instruments 
would have indicated decreasing airspeed before i t  became a 
serious problem. 231 

The examples above and the performance of the crew of SAS Flight 901 give 
credence to  the contention that  humans tend to  be poor systems monitors. Kessel and 
Wickens attribute this t o  the fact  that  man has been removed from an active role in the 
man-machine control loop with the subsequent reduction in available performance cues. 

In 1976 a technical paper entitled "The Automatic Complacencyn was 
presented by an SAS captain. (See Appendix G.) The summary of the paper follows: 

This paper discusses the man-machine problem that faces the pilot 
in his role as a programmer and supervisor in an environment that  
provides automatic systems to  do the work but where the 
redundancy concept requires the man to  be in a ncontinuous loopn 
function. 

The paper recognizes the problem as nnormal,n human-ngineering 
wise but a problem that  has to  be solved by giving the pilot strong 
incentives to  interface himself with the functions of the 
automatics and to subordinate himself to  the requirements of 
tedious monitoriq routines and stringent flight deck procedures 
which he may feel as superfluous in view of the normally excellent 
performance of the automatic systems. 

23/ La - uber, J.K., Cockpit Resource Management in New Technology Aircraft, presented 
a t  International Aeronautical Symposium sponsored by Japanese Air Line Pilots 
Association, August 16-18 1982, p. 11. 
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Researchers claim that the reliability of the automated equipment may 
account for the reduced vigilance of pilots using automated systems. Very unreliable 
equipment would lead pilots to expect malfunctions and to be proficient at  handling them. 
A system that never fails would not pose a problem, but one with an intermediate level of 
failure may prove "quite insidious since it will induce an impression of high reliability, and 
the operator may not be able to handle the failure when it occurs." 241 

The captain of SAS Plight 901 knew that the ATSC had malfunctioned on the 
first leg of the flight. However, 10 hours had elapsed since the malfunction and the 
captain had over 5 years experience with successful autothrottle operation. 

In fact, the excursion from a stabilized condition might be exaggerated even 
after a system anomaly is detected, because of the period required for a pilot to 
transition from system monitor to system controller. Time is needed to "ascertain the 
current status of the airplane and assess the situation," 251 before the pilot can reenter 
the control loop and take corrective action. 

In this accident case, about 20 seconds before touchdown, the first officer 
switched the autopilot from the command to the control wheel steering mode, a mode in 
which he manually controls the airplane's attitude. This action placed the copilot into the 
control loop but apparently did not prompt him to recognize or correct the excessive 
airspeed. The Safety Board believes that the copilot's performance illustrates the 
difficulties in the transition from a monitoring to a control function as described by the 
researchers. 

Researchers also have concluded that "prolonged use of a system in the 
automatic mode may lead to a deterioration of manual skills and a loss of proficiency, 
which may degrade performance on a manual system." ?bus, even after detection of 
anomalous performance of an automatic system, the pilot's ability to precisely control an 
airplane after he reenters the control loop is degraded. Another researcher noticed that 
"many crewmembers have discovered this [proficiency loss1 on their own and regularly 
turn off the autopilot, in order to retain their manual flying skills." During its 
investigation of this accident and associated interviews with crewmembers, the Safety 
Board learned that SAS and other airlines, as well as airplane manufacturers, teach and 
encourage the use of automated systems such as the autothrottle. 

While the Safety Board believes that on balance automation has greatly 
improved safety and has reduced pilot workload and fatigue, there is an ever-increasing 
need to reemphasize to crews the need to effectively monitor critical flight instruments 
and systems. This requirement may be satisfied in part by introduction of procedures and 
training specifically designed to enhance crew awareness of excursions from programmed 
performance. 

Crew Coordination, Procedures, and Training.--A comparison of the CVR 
transcript with SAS airspeed and altitude callout procedures disclosed that the crew 
omitted-several required calls during the ILS approaci~ to JFK. Altitude callouts were not 
made for "Glide Path Comingn and "Glide Path Capture." An unintelligible comment 
made near the OM (1614:16) may have been the required call for this point on the 
approach. 

Required airspeed callouts were neglected even more than altitude calls, and 
this may have contributed to the crew's lack of airspeed awareness, been symptomatic of 
it, or both. The second pilot (nonflying pilot) is required to state the flap configuration 

241 Wiener, E.L., and Curry R.E., Flight-Deck Automation: Promises and Problems, NAS - 
TM-81206, p. 10. 
251 Boehm-Davis, D.A., Curry, R.E., Wiener, E.L., and Harrison, R.L., Human Factors of 
Plight-~eck Automation - NASAllndustry Workshop, NASA TM-81260, January, 1981, p. 6. 
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airspeed at about 1,000 f t  radio height or the point where the landing flaps are set. If the 
airplane is not at  the desired approach speed at or below 1,000 ft radio height, the second 
pilot was required to call out "not stabilized." At 1,000 ft radio height, Flight 901 
actually had 190 KIAS rather than the commanded airspeed of 168 KIAS. No callout was 
made. At or below "500 ft radio height and not at  desired speed," the nonflying pilot is 
required to say, "Not stabilized, pull up." Flight 901 had an airspeed of about 190 KIAS at 
500 f t  radio height and no callout was made. A t  1618:Ol (about 150 ft radio height), the 
captain called 'high." 'Speed Highn is a required callout for a V more than 5 knots 
high. At 150 i t  radio height, the speed of Plight 901 w a s  about %8 KIAS rather than 
168 V . Although the systems operator (flight engineer) has no specified airspeed calls to 
make,%e is required to monitor "all DerentIApproach. . . procedures when other duties 
permit." In this case, it does not appear that the systems operator had other duties that 
would have precluded his noticing and commenting on excessive airspeed during the 
approach. 

The speed callout procedure set forth in the SAS Plight Operations Manual, 
requiring only a callout of "Speed Low" or "Speed High" if the final approach and threshold 
speed deviate more than 5 knots from the target speed, may not be sufficient to alert a 
crewmember to a dangerously low, or as the case may be, high speed condition. The 
Board believes that in addition to low or high, the actual deviation above or below 
reference speeds should be a required callout, i.e. +lo, +20, -10, -20, etc. 

The purpose of airspeed and altitude callouts is to provide checks and balances 
between flightcrew members. Verbalizing selected performance parameters not only 
reinforces each crew member's perception of aircraft performance, it also enables pilots 
to better assess each otherk situational awareness. 

In another accident investigated by the Safety Board, the adverse effects of 
neglecting required callouts on crew coordination and performance also was illustrated. 
On July 9, 1978, the pilot of an Allegheny Airlines BAC 1-11 flew an uncoupled ILS 
approach 61 knots above reference speed and landed about half-way down runway 28 at  
Monroe Airport, New York. The aircraft came to rest over 700 ft past the departure end 
of the runway. In its report of the accident, 2 3  the Safety Board stated: 

The National Transportation Safety Board determines that the 
probable cause of the accident was the captain's complete lack of 
awareness of airspeed, vertical speed, and aircraft performance 
throughout an ILS approach and landing in visual meteorological 
conditions which resulted in his landing the aircraft at  an excessively 
high speed and with insufficient runway remaining for stopping the 
aircraft, but with sufficient aircraft performance capability to reject 
the landing well after touchdown. Contributing to the accident was the 
first officer's failure to provide required callouts which might have 
alerted the captain to the airspeed and sink rate deviations. The Safety 
Board was unable to determine the reason for the captain's lack of 
awareness or the first officer's failure to provide required callouts. 

261 Aircraft Accident Report: "Allegheny Airlines, Inc., BAC 1-11, N1550, Rochester, - 
New York, July 9, 1978" (NTSB-AAR-79-21. 
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Several airlines have instituted simulator training programs to emphasize crew 
coordination and provide assertiveness training for copilots and flight engineers. Many of 
these programs emulate the "Line-Oriented Flight Training" (LOFT) concept developed by 
Northwest Orient Airlines and the National Aeronautics and Space Administration 
(NASA). 271 The emphasis of LOFT training is not on individual performance, but rather 
on the deElopment of effective crew interaction skills. SAS has had LOFTprograms in effect 
prior to the accident. The captain had received the last such training on December 15. 
1983, the first officer on February 2, 1984, and the systems operator on September 3, 
1983. 

In the Allegheny Airlines accident, the captain was flying and the first officer 
was responsible for monitoring the approach. In the SAS Flight 901 accident, the flying 
roles were reversed, a situation in which crew coordination tends to be degraded as 
evidenced by NASA/ASRS incident reports. One study of such data concluded: "The 
belief that the flightcrew operates more efficiently when the captain is flying than when 
he is performing PNF (pilot-not-flying) duties is given a measure of support with these 
incidents." 281 This finding is attributed not to a lack of flying competence by first 
officers, burrather to the lower efficiency of captains in the monitoring role. The failure 
of the crewmember monitoring "consists of either a failure to detect the departure from 
expected performance in time to prevent the unwanted occurrence; a failure to 
communicate the detection in a timely and effective manner; or less frequently, a failure 
to take effective action when an adequate and timely monitoring communication does not 
elicit an appropriate response." In addition, it was found that while crews performed 
better when the captain is flying, "there was considerable evidence that the importance of 
the monitoring function was not well understood by either pilot or, if well understood, was 
frequently neglected." 

Because of the increased potential for a breakdown in crew coordination when 
captains and first officers customarily exchange flying duties, the Safety Board believes 
that training programs must highlight the responsibility of the nonflying crewmember for 
monitoring pilot's performance, especially in light of the influences of automation on the 
extent of monitoring tasks. 

Runway Touchdown PositionIStopping Performances.--Another area of 
concern regarding the flightcrew's training stems from the crew's decision to continue the 
landing approach rather than go around and from the actions taken by the first officer 
once the aircraft touched down. 

The FAA-required field length criteria provides that the airplane's 
demonstrated dry runway performance would allow it to pass 50 ft over the runway 
threshold a t  its reference speed, be landed, and stopped fully (without using reverse 
thrust) within 60 percent of the total effective runway length. For a wet runway, an 
additional 15 percent margin is arbitrarily added to compensate for the reduced braking 
coefficient. The airline data provided to flightcrews so that they can determine the 
suitability of a destination runway in accordance with this required field length criteria is 
presented in terms of the maximum airplane weight at  which a landing is permitted under 
the prevailiw condition. These data showed that a DC-10-30 may land on runway 4R a t  
JPK with either wet or dry surface conditions with 35' flaps at  all weights up to the 
airplane's structural maximum landing weight of 186.4 metric tons. With this information, 
the flightcrew would have recognized that the safety margin available on runway 4R in 

271 Lauber, J.K., and Foushee, H.C., Guidelines for Line-Oriented Flight Training, Vols. I - 
and II. NASA CP-2184. Aueust 1981. 
281 &lady, H.W., Piight" Crew Performance When Pilot-Flying and Pilot-Not-Flying - 
Duties Are Exchanged. NASA CR166433, June 1982, p. 4. 
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Flight 901 was greater  than the  safety margins required since the airplane was over 10 
metric tons below the maximum permissible landing weight. The crew does not routinely 
compute the actual runway length needed to  comply with the required field length criteria 
if the airplane weighs less than that permitted. However, such a computation would have 
shown that  the airplane could have landed on a 7,000-ft-long runway with the required 
safety margin. Thus, the cri ter ia  would indicate tha t  the airplane could be landed and 
stopped on a wet runway in about 4,200 f t ,  about 50 percent of the  length of runway 4R, 
without using reverse thrust. The McDonnell Douglas Corporation more conservatively 
calculated tha t  the airplane would take as much as 4,200 f t  t o  s top on a wet runway a f t e r  
the touchdown using reverse thrust. Assuming a normal touchdown 1,500 f t  beyond the 
runway threshold, the airplane would be stopped with 2,700 f t  of runway remaining. Thus, 
i t  is reasonable t o  assume tha t  the flightcrew believed tha t  a considerable runway safety 
margin existed. However, they should also have recognized tha t  the safety margin will be 
reduced by a long touchdown and high speed. Flight 901 touched down at 179.5 KIAS, 
36 knots fast  and about 4,700 f t  beyond the  runway threshold. 

The captain estimated tha t  the aircraft  made a normal touchdown "at least 
one-third down the  runway," and the  first officer estimated tha t  the  aircraft  landed 
halfway down the runway. One-third of the runway length is 2,800 f t ,  leaving only 
5,600 f t  on which t o  stop the aircraft.  Given a stopping distance of about 4,200 f t ,  the 
captain was somewhat optimistic about his ability t o  s top the aircraft,  even if he was 
under the impression that  he landed on speed, one-third down the runway. Had he been 
aler t  t o  the 36-knot speed additive, he  should have been concerned about the available 
stopping distance and ordered a go around. Actually, the aircraft  had only about 3,700 f t  
(8,400 f t  minus 4,700 f t  at touchdown point) remaining from touchdown t o  the end of the 
runway. 

Admittedly, precise calculations a r e  difficult, if not impossible, t o  make while 
flaring the  airplane, and the  absence of distance-remaining markers on runway 4R made i t  
difficult t o  estimate the point of touchdown. The lack of a requirement for runway 
distance markers has been of continued concern t o  the Safety Board and has been the 
subject of numerous recommendations t o  the FAA over the  past 14 years. This concern 
was reiterated again in the case of the  World Airlines DC-10 accident at Boston; the case 
of the Air Florida accident at Washington, D.C.; and the Safety Board Safety Study, 
"Airport Certification and Operations" (NTSB/SS-84-02). The la t te r  report s ta tes  in part 
that  distance markers "would provide t o  flight crews, on landing, a way of quickly 
ascertaining the amount of remaining runway . . . . ." As of this date, distance markers 
are not mandatory; however, FAA policy on runway distance-remaining markers has been 
reevaluated and their use is now "permitted" on any runway. Moreover, these markers 
now are  eligible for funding under the  Airport Development Assistance Program (ADAP) 
for runways used by turbine-powered airplanes. The Safety Board also strongIy supports 
simulator training programs t o  provide a bet ter  appreciation for the magnitude of the 
increased stopping distances required a t  higher than design touchdown speeds. 

After Flight 901 touched down, the captain instructed the first officer t o  use 
full braking and t o  use all three engine thrust reversers. However, t he  first officer 
initially used only "light t o  moderaten brake application; full reverse power on engines 1 
and 3 was approached only about 12 seconds a f t e r  touchdown. As the  landing roll 
progressed, the first officer began t o  brake harder. When the  captain saw the end of the 
runway, he got  on the  brakes and the  pedals went down farther. Neither pilot recalled 
noticing the colw-coded runway centerline and edge lights that  warn pilots of the 
impending end of the runway. 

The BAS f i g h t  operations manual provides, "Maximum braking (if 
circumstances demand) -- depress brake pedals fully and hold." This procedure will 
achieve maximum antiskid system effectiveness t o  minimize the  stopping distance. The 
procedure is used only when needed, because of the discomfort i t  causes passengers and 
the additional stresses i t  places on the  aircraft. However, i t  was a vital measure for this 
crew to take and the captain did call for maximum braking. Maximum braking is the type 
of procedure which should be practiced in the simulator where possible. 
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Nothwithstanding the application of less than maximum braking immediately 
after the airplane touched down, the airplane achieved deceleration comparable to the 
maximum deceleration values demonstrated during certification. The Board cannot 
ascertain whether higher deceleration would have been attained with fully depressed 
brake pedals. 

Although the first officer believed that he had used maximum reverse thrust 
on all three engines until just before the airplane ran off the end of the runway, this is not 
supported by AIDS data. No. 2 thrust reverser was fully deployed, but the engine showed 
no increase in power past 41 percent N (idle reverse rpm is about 29 percent N1). NO. 2 
thrust reverser is normally not used and a lockout device prevents its use before 
compression of the nose gear strut. According to the SAS flight operations manual, "If, 
however, the pilot-in-command deems that all engine reverse thrust may be required, 
there is no restriction in the use of engine 2 reverser." While use of full reverse thrust on 
No. 2 engine would only reduce the stopping distance about 50 to 100 ft., its use in 
appropriate circumstances should be instinctive. It appears that the first officer was not 
trained either in the aircraft or in the simulator to use all three thrust reversers. 

The accident was survivable. Because of the relatively low impact forces, 
there were no passenger seat separations or failures. The unoccupied second observer 
cockpit jumpseat was, however, partially separated because the galley was displaced 
forward as a result of an overload failure of attachment bolts. The impact forces were 
even lower in the aft cabin. Persons seated in that area characterized the impact as 
"nothing serious." For the same reason, the aft  flight attendants at  doors 4R and 4L 
apparently were not certain that an impact had occurred and they were in doubt about 
whether to initiate an emergency evacuation. The flight attendant at  door 1L sustained 
the only impact-related injury, a sprained knee, when the floor beneath her f t  was 
displaced upward by the hydrodynamic pressure generated when the airplane struck the 
water. 

The 1R door was inoperative because the mode selector lever probably was 
jarred out of the emergency mode during impact. The door was opened and functioned 
properly in the emergency mode during postaccident tests. Although some discrepancies 
in equipment manifested themselves during the emergency, the evacuation was carried 
out expeditiously and effectively. 

The first crash/fire/rescue (CFR) units arrived at the aircraft within a little 
over a minute from the time of the notification. Although no firefighting actions were 
required, the rescue efforts by emergency crew personnel were exemplary. The crew 
chief's action in entering the water of Thurston Basin in order to retrieve the driftkig 
slidelraft full of passengers showed selflessness and initiative. All passengers were 
removed from the water within 15 minutes after the arrival of CFR personnel. The 
rescuers' prompt action to remove the survivors from the hostile environment was 
exemplary. 

Although the airplane struck a rigid (nonfrangible) approach Light structure, 
the Safety Board could not conclude that the severity of the accident would have been 
reduced had the approach light structure been of frangible-type construction. Nonethe - 
less, the Safety Board continues to be concerned about the possible increased severity of 
these types of accidents which involve impact with rigid approach light structures. In 
fact, had the crew not successfully steered around the approach light structure, this 
accident may have been much more serious. The Safety Board has addressed this issue 
since 1977 and has monitored the progress in this area. In response to the Safety Board 
1977 recommendation cal l iq  for nonfrangible approach Light structure and the retrofit of 
all nonfrangible installation, the FAA indicated that a retrofit program would be initiated, 
the major portion of which would be completed in 5 years. The Safety Board more 
recently recommended the FAA initiate research and development activities to establish 
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the feasibility of submerged low-impact resistance support structures for airport 
facilities, and promulgate a design standard if such structures are found to be practical. 

The Safety Board realizes that developing a frangible submerged support 
structure is not a trivial problem and that a considerable amount of research wil l  be 
necessary to erect an adequate "breakawayw system. The Safety Board is encouraged that 
the FAA currently is planning a project to develop a computer model for predicting the 
load behavior of such structures. However, we emphasize that the development of 
submerged low-impact resistance support structures should be completed as quickly as 
possible. 

1. The flightcrew were properly certificated and qualified for the flight. 

2. There is no evidence that any physical factor affected the performance 
of the flightcrew. 

3. The airplane's gross weight and center of gravity were within specified 
limits. 

4. The airplane was properly certificated, equipped and maintained in 
accordance with the regulations of the State of Registry. 

L. Although the runway was wet, there was no standing water which would 
have degraded braking action and affected the airplane's ability to 
decelerate within predicted parameters. Runway condition was not a 
factor in the accident. 

6. Although there was a tailwind condition during the approach which 
resulted in higher-than-normal groundspeeds, wind shear did not 
adversely affect the airplane's performance during the approach and was 
not a factor in the accident. 

7. The National Weather Service wind and low-level wind shear forecasts 
were not precise; other aspects of the terminal forecast were 
substant idly correct. 

8. Failure to include SIGMET Charlie 9 on the ATIS was not a factor in the 
accident, since there was  no significant low-level turbulence at the time 
and in the area of the accident. 

9. The flightcrew did not operate the airplane in compliance with 
applicable SAS procedures for an ILS approach. The approach was not 
stabilized and approach callouts required by SAS procedures were 
omitted. 

10. Deficiencies in the SAS flight operational procedures in not requiring use 
of airspeed "bugsw or reminders, in not requiring monitoring and callouts 
of airspeed by the Systems Operator (flight engineer) during critical 
phases of the flight, and in not requiring callout of actual airspeed 
values, contributed to Lack of airspeed awareness by the flightcrew. 

1 1  The autothrottle speed control system was malfunctioning before and a t  
the time of the accident. 
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Because of the malfunctioning autothrottle speed control system, thrust 
was increased when it was not needed. 

The captain exercised poor judgment in continuing the landing approach 
with higher than acceptable speed rather than initiating or ordering a go- 
around. 

The airplane crossed the runway threshold about 60 knots faster than the 
calculated VTH. 

The airplane touched down on the runway 36 knots above the 
programmed touchdown speed. 

The airplane touched down about 4,700 f t  from the approach end of the 
runway. 

There were only about 3,700 f t  of runway remaining a t  the point of the 
airplane's touchdown; insufficient distance in which to decelerate and 
stop the airplane. 

Reverse thrust application was normal on the Nos.  1 and 3 engines. 
Reverse thrust on No. 2 engine was selected but not effectively applied. 
The lack of reverse thrust on the No. 2 engine did not appreciably add to 
the landing distance. 

Braking and antiskid system performance was normal; however, the 
brake pedals were not fully depressed a t  the b e g i ~ i n g  of the landing 
roll. 

The captain steered the airplane to the right of the runway centerline to 
avoid headon contact with the approach light structure. 

Runway 4R, the shortest air carrier runway a t  JFK International Airport, 
was designated as the landing runway because of operational factors 
involving traffic flow into and out of adjacent airports. 

This was a survivable accident; the emergency evacuation was 
expeditious and orderly and the crash/fire/rescue response was timely 
and efficient. 

The flight attendant a t  door 1L was injured as a result of the upward 
displacement and separation of the floor caused by the hydrodynamic 
pressure generated during impact with the water. 

The deformation and inertia forces sustained around door 1 R  caused the 
mode selector lever to move from the EMERGENCY position. 

The unoccupied second observer cockpit jumpseat partially separated 
from its floor attachments when the forward galley was displaced which 
in turn overloaded the seat's aft floor attachment bolts and stripped the 
nuts from of the bolts. 

The flight attendants1 decision not to open the 3L door was appropriate. 
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3.2 Probable Cause * 

The National Transportation Safety Board determines that the probable ccluse 
of this accident was the fightcrew's (a) disregard for prescribed procedures for 
monitoring and controlling of airspeed during the final stages of the approach, (b) decision 
to continue the landing rather than to execute a missed approach, and (c) overreliance on 
the autothrottle speed control system which had a history of recent malfunctions. 

4. RECOMMENDATIONS 

The Norwegian accredited representative and SAS informed the Safety Board 
on September 25, 1984, that SAS intends to modify its procedures due to the findings in 
the JFK accident investigation as  follows: 

a)  SAS will discontinue the very liberal use of CWS during landing. 
However, we will still allow the use of CWS in landing, but apply a 
lowest height restriction of 1,000 f t  for transfer to  CWS. This will 
give the pilot ample time for the change over the CWS landing 
technique. 

In marginal weather for landing, the height restriction will force 
the pilots to use the AUTOLAND as  the primary choice for landing 
and the autopilot coupled ILS approach with manual landing as  the 
secondary choice. 

In takeoff the CWS may be used as  hereto, with the 
recommendation not to be used in strong crosswind and on 
undulated runways. 

b) Within SAS the autothrottle system has always been stressed t o  be 
a very useful tool in the stabilized approach concept. Correctly 
operated the ATS will highly contribute to a safe and accurate 
speed control until touch down. 

It has also been stressed during all years that  the AS1 is the 
primary aid for speed control. 

Many good articles have been written about the AUTO MATIC 
COMPLACENCY of which we intend to  reprint and distribute 
systemwide, one of Capt. K.E. Ternhem, SAS. [See Appendix G.] 

The DC-10 flight procedure will be revised as follows: 

2.3 AUTOTHROTTLES 

1/P (PF) shall operate the throttles with both ATS engaged. With 
ATS on or off, the speed on AS1 is always primary. Manually 
backup the ATS as  required - initiate power changes - to maintain 
selected speed. If the ATS operation is unsatisfactory, disconnect 
the ATS. 

Below 1500' 1 /P (PI?) shall keep his 
hand on the throttles all the time except for short moments 
required to  handle the PGS [panel.] 

*ICAO Kote: The term "probable cause" i s  not envisaged i n  Annex 13,  n o r  i n  t h e  
Manual of Ai rc ra f t  Accident Invest igat ion (Doc 6 9 2 0 ) .  
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c) Until a few years ago the use of external speed bugs was not an 
adopted SAS philosophy. It is now up to each aircraft type to 
decide if the use of external speed bugs is desirable. The DC-10 
group is using external speed bugs in takeoff and approach and is 
now introducing another speed bug at VTH for landing. 

We think the setting of this speed bug may be of great value as it 
will generate a discussion of the runway length required, flap 
setting, runway conditions, etc. 

The speed bug will be set under Landing Data on the Descent 
Check List. 

d) SAS has revised the reversiq procedure where we are using only 
reversers No. 1 and No. 3. 

The new procedure will q l l  for the use of all three reversers after 
main gear touch down. 

The above Listed revisions will be available in our manuals within 
one to two months. 

All DC-10 pilots are briefed about all changes in a circular from 
the DC-10 Chief Flight Instructor, and the present Recurrent 
RainM gives our Flight Instructors opportunity to discuss details. 
All DC-10 pilots are given Additional Simulator Plying according to 
enclosed program. 

In addition to the changes beirrg implemented by the Scandinavian Airline System 
the following recommendations have been transmitted to the Director General of the 
Civil Aviation Administration of Norway for consideration: 

Several additional corrective measures are needed in SAS's operational 
procedures in the areas of the "speed highn callout and the System 
Operators (SIO) maintaining airspeed awareness. The currently 
prescribed "speed highn callout requires the pilots to call out "speed 
high" if the desired indicated airspeed is exceeded by more than 10 knots 
at  any point before the final approach, or on final approach if the 
threshold speed is exceeded by more than 5 knots. While the Safety 
Board believes that the current "speed highn callout should trigger 
increased monitoring and assessment by the flightcrew of the indicated 
versus target airspeed, it also believes that the actual speed values, i.e., 
deviations from the target airspeed, if called out, would serve as a more 
positive waning of the need to initiate corrective measures and/or 
abandon the approach, whichever is applicable. 

The Safety Board believes that if the captain of Plight 901 had called out 
that the airspeed was 40 knots too high above reference speed, or "plus 
40," rather than "speed high," during the final stages of the approach, the 
accident possibly may have been averted. 

The Safety Board also is concerned with the Systems Operator's role in 
assuring adherence to proper approach speed. Although the Systems 
Operator is charged with monitorirg the progress of the approach and 
with warning the pilots of discrepancies which include excessive 
deviations from normal approach speed, the Safety Board finds that such 
responsibility is not clearly reinforced by SAS's mandatory operational 
procedures. The Systems Operators do not compute, nor are they 
brought into the "loop" as to what the target V R  and VTH speeds will be. 
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The computation and awsreness of these speeds is soIely a function of 
the captain and first offic2r. In the instant case, the Safety Board found 
that the Systems Operator had no situational awareness of what the 
specific approach speeds should be. The Safety Board believes that SAS's 
overall coordination and cockpit resource management would be greatly 
enhanced if each flight crewmember were made aware of target 
approach airspeeds. 

As a result of this accident, the Safety Board made the following recommendations 
to the Federal Aviation Administration: 

Apply the findings of behavioral research programs and accident/incident 
investigations regarding degradation of pilot performance as a result of 
automation to modify pilot training programs and flight procedures so as 
to take full advantage of the safety benefits of automation technology. 
(Class II, Priority Action) (A-84-123). 

Direct air carrier principal operations inspectors to review the airspeed 
callout procedures of assigned air carriers and, where necessary, to 
require that these procedures specify ~e actual speed deviations (in 
appropriate increments, i.e., +lo,  +20, -10, -20, etc.) from computed 
reference speeds. (Class II, Priority Action) (A-84-124). 

I C A O  Note:  F i g u r e s  1 t o  3,  Appendices  A t o  F and Appendix H w e r e  n o t  r e p r o d u c e d .  

ICAO Ref . :  0 0 6 / 8 4  
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APPENMX G 

THE AllTOMA'IlC COMPLACENCY 
BY 

CAPT. K.E. TBILNHBM S,AS 

1. THE PROBLEM --------------- 
In our role as pilots in an environment that provides 
technology to do the work for us automatically but not 
always intelligently, and without qualified interface 
between the individual systems, we have a problem. We 
are faced with a man-machine interface problem we 
might call 'automatic complacency'. 

To combat the problem, it must always be borne in mind 
that the machine, be it even the most complex computer, 
is but a tool, designed to aid man in performing 
certain specific tasks. The machine cannot think for us, 
it cannot work outside its rigidly defined performance 
envelope - it cannot even be complacent. Consequently, 
there is every reason for man not to let these tools 
work on their own and without knowing their weak spots 
and the limits of their capabilities. 

Let us look at some examples. The Autothrottle and the 
Autopilot normally perform their specific assignments 
very well but neither system knows much of what the 
other is doing or plans to do and neither system knows 
much about operational limitations (with some exceptions 
e.g., on DC-10). Still we seem to lean ourselves on the 
automatic systems - the automatic flight control systems 
in this particular respect - to such a degree that we 
may become lax in our attention to the primary flight 
instruments or even revise our priorities. 

Using a good Autothrottle tends to degrade speed con- 
sciousness, use of Altitude Preselect tends to degrade 
our height consciousness, etc. We also tend to accept 
an inferior or even wrong performance of a system in a 
kind of paralyzation and as a consequence thereof, delay 
our actions. We also tend to correct the systems indirect- 
ly when a direct and more positive action would be more 
relevant. 

Some examples from real life: 

- In an automatic approach, a bend on the Glide Path at 
500 it caused a very marked pitch down, resulting in 
excessive sink rate. The pilot, though fully aware of 
the situation, did not react until the situation was 
so critical that a very low pull .up had to be made. 

- In nav. mode en route, the aircraft turned the wrong way 
over a checkpoint. Although the wrong behaviour was 
immediately noticed, the aircraft turned more than 45 '  
before the pilot took action. 
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- En route during INS operation, the crew did not notice 
that the nav. mode selector had been switched to HDG. 
The aircraft proceeded on a straight course for five 
minutes instead of turning over the waypoint. 

- In an approach, the Autothrottle became inactive. The 
speed dropped 15 kt below correct speed before the 
malfunction was noticed. 

- The Altitude Preselect malfunctioned during descent. 
This went unnoticed by the pilots and an excessive 
undershoot was made. 

- At level off by use of the Altitude Preselect, the 
throttles in idle, the speed dropped close to stall 
before detected and rectified by power application. 

These examples, of which kind there are many, are not 
unnatural in a logical sense. They are fully explainable 
human-engineering wise but they should nevertheless not 
occur unless there is a breakdown of the normal routine. 

What is disturbing is that we tend to defend ourselves 
by blaming the system (which is only a contributing 
factor) and considering it legitimate to trust the 
technique and change our otherwise sacred instrument 
scanning routine. 

Another way to describe the problem is that we tend to 
fall out of the "loop". We have a problem of complacency 
and we as individuals may not be aware of it. 

The problem is not the pilot but more so our understanding 
of the mechanism that creates the problem and also the 
lack of intelligent means to train the pilot into the 
concept of integration with a competing machine. We are, 
of course, also aware of the fact that our aircraft in- 
stallations, though at the top of the state-of-the art, 
may not always be optimized in their function to serve man. 

2. THE CURE ------------ 
As stated above, we do not know all the factors that 
create the problem and consequently, we are not prepared 
to give a recipe that totally eliminates the problem. 

We can, however, all agree on some sound and concrete 
rules that, if followed, will keep us virtually out of 
the problem. 

But first there is a need to clarify what the machine, 
the black box in our case, is really supposed to do 
for man. We apparently make a big mlstake if we 
believe that the machine has entered our environment 
for the sake of our convenience only. 
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APPENDIX G 

These are the realities: 

1. The machine does not relieve man of his responsi- 
bilities. 

2. The machine does not reduce the workload of man as 
regards his expected achievement. 

B U T  

3. The machine increases the total capacity. 

4 .  The added capacity serves 
- to improve safety 
- to balance the workload 
- to improve accuracy 
- to improve regularity 
- to reduce costs. 

In this world of realities, the pilot's managing role in 
the man-machine teamwork can be condensed into this 
sequence of actions: 
Plan - Program - Confirm - Monitor - Correct - Reject 
if necessary. 

And with these facts in mind, you may agree that when you 
leave it to the automatic systems: 

don't change your piloting priorities. 

+ be aware of the system limitations. 

be highly suspicious. 

make clear beforehand what the system is supposed to do. 
+ check what it's doing. 

don't hesitate to reject the aid of an inferior system. 

don't accept a system performance that you yourself 
under the circumstances could do safer or better. 

don't make the use of an automatic system en end in itself. 

or to express these rules in a short sentence: 

BE SYNCHRONIZED WITH YOUR AUTOMATIC SYSTEMS 

or still shorter: BE IN THE .LOOPg. 

In this article we focused our interest on problems. This 
should not be interpreted as a case against the use of the 
automatics. We are all aware of the positive reasons for 
the extensive use of available automatic systems but that's 
the other and brighter side of the coin which was not the 
purpose for discussion this time. 
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No. 3 

Sikorsky S-76, N27422 in the South China Sea, on 1 November 1984. - 
Report No. (85)005 released by the General Administration of 

Civil Aviation of China, People's Kcpublic of China 

SYNOPSIS 

At 0324 GNT (1124 LT) on 1 November 1984, Sikorsky Helicopter S-76, 
Registration No. N27422 took off from oil rig platform No. 4 in the South China Sea, 
One to two minutes later, its left engine failed with uncontained damage. The first 
and second stage turlline disks burst, with fragments penetrating the engine case. At 
the same time, the pilot shut down the rigi~~ engine for reasons unknown. The aircraft 
lost all power and dropped into the sea with its floats uninflated. All three crew 
members and two passengers on board drowned. 

Immediately after the accident, The Civil Aviation Administration of China 
sent an Aircraft Accident Investigation Team to the site to conduct an investigation. 
China Ocean Heliccipter Corporation; Petroleum Helicopters Inc., USA; Sikorsky Aircraft, 
USA; Allison General Motors Corp., USA; Pennz Far East Oil Company, USA and Sun Orient 
Exploration Com~,lnv, USA sent representatives to participate in the investigation in the 
capacity of observers. The representatives of Shenzhen and Zhanjiang Branches of The 
People's Insurance Company of China were also present at the scene. 

The final report of the investigation was prepared by the Aircraft Accident 
Investigation Team of The Civil Aviation Administration of China on 22 January 1985. 

1. INVESTIGATION 

History of the flight 

On 1 November 1984, Sikorsky Helicopter S-76, Registration No. N27422, owned 
I:! Petroleum Helicopters Inc., USA, and leased to China Ocean Helicopter Corp. was eng,lged 
In Lransporting personnei and material from Potou, Zhanjiang to oil rig platform No. It in 
t l i i  South China Sea and return. At 1006 (LT) the aircraft took off from Potou and at 
1055 (LT) landed at pl.atform No. 4 and then shut down the engines. At 1124 (LT) the 
lircraft took off from the platform and flew eastward with three crew members, two 
ssengcrs and some sand sampling tools on board. The payload of the aircraft was 1470 

pounds. One to two minutes after take-off, the aircraft was seen f l y i n g  at a height of 
603 above sea level and ai,o(!t 100?1 from t!~e platform when eyewitnesses heard a loud 
"Bang1', then saw a f i r e  flash in t!le 'iircraft followed by black smoke coming out, rotor 
,peed dropping, and the fuselage lurclling to the left. Shortly aftcr, the aircraft di:cl~ed 
into the sea, wit!] tile tail hitting the water first. Tt ti1c.n s;irl> entire11 . Search an(! 
rescue vessels rushed to the ~ i t e  but only found some pieces s f  flutsam. They anchored 
hr~oys  to mark the location of the accident. 

The accident happened in daylight at a location N20,07,21 E109,06,01 on tllc sea. 
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1.2 Injuries to persons 

Injuries Crew Passengers Others - 

Fatal 3 2 - 

Serious - - - 

1.3 Damage to aircraft 

The aircraft was destroyed. 

1.4 Crew information 

Age: 35 

Validity of licence: Temporary Airmen's Licence issued by the FAA on 
31 August 1984 

Flying experience: 
Total: 6105 hours 
Total flying hours on helicopter: 6075 hours 
Total flying hours on multi-engine helicopter: 2170 hours 
Total flying hours on S-76: 869 hours 
Total flying hours over offshore area: 3554 hours 

Age: 35 

Validity of licence: Pilot licence NoO 840728 

Flying experience: 
Total flying hours: 2012 hours 56 minutes (until the end of 1984, 
inclusive of 181 hours 31 minutes on fixed-wing aircraft and 1831 
hours 25 minutes on helicopter) 
Total flying hours on S-76: 16 hours 13 minutes 

c) Working personnel 

Interpreter 

Age: 22 

1.5 Aircraft information 

Manufacturer's serial No.: 760139 

Registration No.: N27422 

Manufacturer's date: 19 February 1981 

Time since new (TSN): 2413 hours 45 minutes 
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S e r i a l  No. of l e f t  e n g i n e :  C A E - 8 9 0 5 9 7  

TSN ( l e f t  e n g i n e ) :  1340 hours  40 minu tes  

S e r i a l  No. of r i g h t  eng ine :  CAE-890496 

TSN ( r i g h t  e n g i n e ) :  3017 hours  

Time on b o t h  e n g i n e s  was 37 h o u r s  55 minu tes  s i n c e  t h e  l a s t  300-hour 
maintenance ins r )ec  t i o n .  

The a i r c r a f t  was c e r t i f i c a t e d ,  equipped and m a i n t a i n e d  i n  accordance  w i t h  FAA 
r e g u l a t i o n s  and t h e  p r o c e d u r e s  of Pe t ro leum I l e l i c o p t e r s  Inc . ,  USA. 

The main tenance  p e r s o n n e l  of Pet roleum H e l i c o p t e r s  Inc . ,  USA, were r e s p o n s i b l e  
f o r  t h e  ma in tenance ,  i n s p e c t i o n  and maintenance r e l e a s e  of t h e  a i r c r a f t .  The a i r c r a f t  
f l y i n g  t ime s i n c e  t h e  l a s t  500-hour i n s p e c t i o n  which was completed p r i o r  t o  i t s  t r a n s f e r  
t o  China was 59 h o u r s  05 minu tes .  The main r o t o r  had o p e r a t e d  2384 h o u r s  o u t  of a  t o t a l  
of 11750 hours .  No s i g n i f i c a n t  f a u l t  was recorded  i n  t h e  l o g .  

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  

F o r e c a s t  f o r  o i l  r i g  p l a t f o r m  a t  0300 GMT (1100 LT) 

Wind : 35 d e g r e e s ,  10-12 m/sec 

C e i l i n g :  above 400M 

V i s i b i l i t y :  more t h a n  15KM 

QNH : l O l O M B  

Temperature :  20 d e g r e e s  C e l s i u s  

N a v i g a t i o n a l  a i d s  

I n  good o p e r a t i o n a l  c o n d i t i o n .  

Communications 

Normal. 

O i l  r i g  p l a t f o r m  

C l e a r  and s u i t a b l e  f o r  t a k e - o f f .  

1.10 Cockp i t  v o i c e  r e c o r d e r  

The c o c k p i t  v o i c e  r e c o r d e r  (CVR) was mounted i n  t h e  a f t  s e c t i o n  of t h e  
f u s e l a g e .  I t  was r e c o v e r e d  i n t a c t .  The CVR t e c h n i c a l  i n s p e c t i o n  was e n t r u s t e d  t o  t h e  
USA which,  a f t e r  i n s p e c t i o n ,  p rov ided  a  copy of t h e  t a p e  t o  t h e  i n v e s t i g a t i o n  team. 
Because t h e  CVR e l e c t r o n i c  sys tem was f a u l t y ,  t h e  p layback  of t h e  p e r t i n e n t  r e c o r d i n g  
was u n i n t e l l . i g i b l e  e x c e p t  f o r  some warning s i g n a l s  of e n g i n e s  and l a n d i n g  g e a r .  

1.11 Wreckage and impact  i n f o r m a t i o n  

When t h e  l i e l i c o p t e r  d i t c h e d  i n t o  t h e  s e a ,  t h e  nose  was f a c i n g  skyward w i t h  t h e  
t a i l  s i n k i n g  i n t o  t h e  w a t e r .  S h o r t l y  a f t e r ,  t h e  whole a i r c r a f t  d i s a p p e a r e d  from t h e  
s u r f a c e  of t h e  s e a .  There  was a  d r i f t  of a b o u t  200Y from t h e  d i t c h i n g  p o i n t  t o  t h e  
l o c a t i o n  where t h e  wreckage was found. The d e p t h  of t h e  w a t e r  w a s  L2M. D i v e r s  r e p o r t e d  
t h a t  e x c e p t  f o r  t h e  a i r c r a f t  t a i l ,  most of t h e  wreckage was b u r i e d  i n  t h e  sand a t  t h e  
bot tom of t h e  s e a  w i t h  t h e  nose  downward. 
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Major damage 

a )  The f i r s t  and second s t a g e  t u r b i n e  d i s k s  of t h e  l e f t  eng ine  were broken 
i n t o  p i e c e s ;  

b )  The c a b i n  door  t r a n s p a r a n c i e s  were broken;  c a r g o  door on t h e  r i g h t  
was l o s t ;  

c )  The main r o t o r  was comple te ly  broken;  t h e  b l u e ,  yel low and b l a c k  b l a d e s  
of t h e  t a i l - r o t o r  were broken;  

d )  The l e f t  e n g i n e  cowling was damaged; 

e )  The t a i l  boom had s e p a r a t e d  from t h e  f u s e l a g e  a t  t h e  j o i n t .  

Sea rch  and r e s c u e  

Search  and r e s c u e  v e s s e l s  s t a t i o n e d  a t  t h e  o i l  r i g  p l a t f o r m  rushed  i n s t a n t l y  
t o  t h e  scene  a s  soon a s  t h e  a c c i d e n t  took  p l a c e ,  b u t  o n l y  l o c a t e d  f l o a t i n g  d e b r i s .  

2. ANALYSIS 

The wea the r  a t  t h e  t ime was s u i t a b l e  f o r  t h e  f l i g h t .  There  was no ev idence  of 
medical  o r  p s y c h o l o g i c a l  problems t h a t  might  have rendered  tile f l i g h t  crew u n f i t  t o  f l y .  

Under t h e  s u p e r v i s i o n  of Ch ina ' s  s p e c i a l i s t s ,  t h e  r e l e v a n t  depar tment  of tile 
United S t a t e s  conducted a  m e t i c u l o u s  l a b o r a t o r y  examina t ion  of t h e  CVR, e c g i n e  wreckage 
and o t h e r  r e l e v a n t  p a r t s .  A f t e r  t h e  examina t ion ,  t h e y  e s t a b l i s h e d  t h a t  t h e  c a u s e  of 
t h e  break-up of t h e  f i r s t  and second t u r b i n e  d i s k s  was t h e  r e s u l t  of a  f r a c t u r e  on t h e  
turbine- to-compressor  c o u p l i n g  s h a f t  (pea  s h o o t e r )  due t o  f a t i g u e .  The r i g h t  s i d e  
eng ine  was somehow o r  o t h e r  s h u t  down. 

The f a i l u r e  of t h e  e l e c t r o n i c  sys tem made t h e  CVR playback u n i n t e l l i g i b l e  
excep t  f o r  some warning s i g n a l s  o f  e n g i n e  f a i l u r e  and main l a n d i n g  gea r .  

3. CONCLUSION 

The A i r c r a f t  Accident  I n v e s t i g a t i o n  Team of The C i v i l  A v i a t i o n  A d m i n i s t r a t i o n  
of China e s t a b l i s h e d  t h a t  t h e  main c a u s e  f o r  t h i s  a c c i d e n t  was t h e  f r a c t u r e  of t h e  
turbine- to-compressor  c o u p l i n g  s h a f t  due t o  f a t i g u e ,  r e s u l t i n g  i n  t h e  overspeed  of t h e  
g a s  t u r b i n e  d i s k s  due t o  l o s s  of l o a d  and subsequen t  break-up. A f a l s e  f i r e  warning 
s i g n a l  f o r  t h e  r i g h t  e n g i n e  might  p o s s i b l y  have induced t h e  p i l o t  t o  s h u t  down t h a t  
eng ine  i n  a n  emergency. It was p o s s i b l e  t h a t  when t h e  l e f t  e n g i n e  exploded,  t h e  p i l o t  
was misguided by an i l l u s i o n  and somehow s h u t  down t h e  e n g i n e  s o  t h a t  t h e  a i r c r a f t  
d i t c h e d  i n t o  t h e  s e a  when bo th  e n g i n e s  were s h u t  down. A s  t h e r e  was v e r y  l i t t l e  t ime  
t o  cope w i t h  t h e  emergency, t h e  f l o a t  s a f e t y  s w i t c h  was n o t  p l a c e d  i n  t h e  "READY" 
p o s i t i o n .  The f l i g h t  crew d i d  n o t  u s e  t h e  f l o a t  sys tem o r  o t h e r  s u r v i v a l  k i t ,  and a s  a 
r e s u l t  t h e  h e l i c o p t e r  sank t o  t h e  bottom of t h e  s e a  and t h e  f i v e  l i v e s  on board were l o s t .  

ICAO Note: Names of p e r s o n n e l  were d e l e t e d .  Minor e d i t o r i a l  changes  w e r e  made. 

ICAO Ref.: 2 0 7 / 8 4  
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No. 4 

Beechcraft C 58 Baron, TC-TGD, near 
Abidjan,  C8te d ' I v o i r e ,  on 4 August 1984.  
Repor t  No. 042 re leased  by  CGte d '  Lvoirq 

1. SYNOPSIS 

On S a t u r d a y ,  4 August 1984,  a t  a p p r o x i m a t e l y  2330 hours UTC*, t h e  
Beechcraft 58 Baron aerop lane  bea r i ng  registration number TU-TGD, belonging to 
Air Translvaire, crashed in a coffee and cacao plantation, 500 metres from t h e  
c e n t r e  l i n e  of the international route Aboisso-Ghana and about 3 krn t o  the west 
of the village o f  Alaoukro (05O17N - 0Z055W1 in the Department of Abolsso, while  
on the r e tu rn  l eg  of an i n t e r n a t i o n a l  non-scheduled pub1 i c  passenger transport 
rl ight Abidjan-Monrovi a- Abidjan under IFR cond i t i ons .  

The a i r c ra f t  and i t s  cargo were t o t a l l y  d e s t r o y e d  by t h e  impact and 
f i r e .  

The pilot-in-command and the five passengers on board, including a 
noted politician, a Liberian Deputy Minister, all died i n  the accident ,  

F i n a l l y ,  a number of cacao and coffee trees were destroyed in the 
wreckage-strewn area. 

3. TECHNICAL INVESTIGATION 

3.1 HISTORY OF THE FLIGHT 

On S a t u r d a y ,  4 August 1984, a t  0822 hours, a fllght plan was f i l e d  by 
Air Transivoire u i t h  the aerodrome control reporting off ice at AbidjaniPort Bouet 
In ternat ional  a i rpo r t ,  f o r  an i n t e r n a t i o n a l  non-scheduled public passenger 
transport flight bound for Monrovia,  Liberia. 

T h i s  flight plan  indicated, inter a l i a ,  t h a t  t h e  a i r c r a f t  used t o  
operate t h i s  r l i g h t  was a Beechcraft 58 Baron, registered a s  TU-TGD; t h e  
pilot-in-command was Commercial P i l o t  ( ~ e r o p l a n c )  u i t h  Air Trans ivoi re ;  and the 
estimated time of departure uas established as 0830 UTC. 

The a i r c ra f t  was positioned in the p a r k i n g  area  of Abidjan/Part BOuet  
a i rpor t  approximately one  and one-half h o u r s  ar ter  the estimated time of  
departure.  

On board the twin-engined aeroplane were a Senior Commercial Pilot 
(Aeroplane) with Air Transivolre, replacing a t  the con t ro l s ,  and f o u r  passengers, 
a l l  travelling a t  t h e  expense of AARDMET-C1, a f i r m  located on Boulevard 
Delafosse, Abidjan,  w h i c h  had o r g a n l a e d  t h e  f l i g h t .  

* T i m e s  given in this report are expressed in Coordinated Universal Time. The legal 
time in C8te dlIvoire coincides w i t h  UTC. 

** ICAO Note: Chapter 2 - "Commission of Inquiry and Suarmary o f  its work" w a s  not 
reproduced. 
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A t  1004  h o u r s  UTC,  t h e  B e e c h c r a f t  l e f t  Ab id j an  f o r  Monrovia ,  f o l l o w i n g  
a n  IFR f l i g h t  p l a n .  

The f l i g h t  t o o k  p l a c e  w i t h o u t  i n c i d e n t  and  t h e  a i r c r a f t  l a n d e d  w i t h o u t  
p rob lems  on t h e  a s s i g n e d  runway a t  Monrov ia /Sp r iggs  Payne a i r p o r t .  

For the Monrovia/Abidjan leg the pilot-in-command had the fuel supply 
replenished with 100 litres of AVGAS supplied by the Mobil agent at the 
airport, giving a full tank of 628 litres of usable fuel at take-off. 

At 1828 hours UTC, the BE 58 TU-TGD took off from Monrovia/Spriggs 
Payne airport bound for Abidjan, flying under IER conditions. Pilot-in-command 

and five passengers, including the Liberian Deputy Minister of 
Foreign Affairs, were on board the aircraft. Indicated endurance was 6 hours 
and 30 minutes for a return leg of approximately 2 hours and 30 minutes flying 
time . 

At 1836 hours UTC, the air traffic control unit at Monrovia (Roberts 
Field) informed the Abidjan flight information centre (FIC) that TU-TGD had 
taken off from Monrovia, estimated HEGOT, a mandatory reporting point (C8te 
dl~~oire-liberia boundary), at 1940 hours UTC. Arrival time at Abidjan was 
estimated to be 2100 hours UTC at FL 070. 

At 1905 hours UTC, Roberts Field again contacted Abidjan advising 
them that TU-TGD was flying at EL 050. 

At 2033 hours UTC, the Beechcraft TU-TGD established contact with UT 
838, a UTA DC-LO en-route for Niamey (Niger) which had just taken off from 
Abidjan at 2026 hours. 

According to the transcription of the tapes from Abidjan FIC, the 
following radio messages were exchanged between BE TU-TGD,and Abidjan FIC via a 
relay provided by UT 838 at 2033 hours UTC on the 118.1 MHz frequency. 

TRANSMITTING STATION RECEIVING STATION RADIO MESSAGES 
............................................................................ 
UT 838 . I . I Station calling UT 838? 

UT 838 TU-TGD UT 838, I hear you 5'GD 

TU-TGD 

TU-TGD 

TU-TGD 

TU-TGD 

Abidjan 

Yes, go ahead 

Uhh. . . what are your 
estimated points at 1828 
hours and at 2035 hours? 

GD What are the positions 
at 1828 hours and at 2035 
hours? 

Will you please spell out 
the take-off point? 

All right; UT 838 I am 
giving you a relay from 
GD who took off from a 
certain field at 1828 
hours, estimates POMET at 
2035 hours, Abidjan at 
2105 hours at FL 70. 
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Abidjan Confirm arrival a t  
Abidjan! 

UT 838 Abidjan 2105 haurs 

Abidjan 

TU-TGD 

O.K.! Message received, 
thanks fur  t h e  r e l a y .  
T e l l  him to report POHET 
in tvo  minutes . 
Yes - GD, you c a l l  again 
over POMET 

This was the last contact ertablished w i t h  the Beechcraft TU-TGD. 

TU-TCD d i d  not contact  Abidjan a t  2035 hours UTC. Instead, i t  wan 
Roberts that called Abidjan to ask if they were in contact with TU-TGD. 
Abidjan,  which had been in contact w i ~ h  TU-TGD j u s t  t w o  minutes earlier via 
re lay ,  replied in the affirmative. Abidjan waited impatiently f o r  several 
minutes and, between 2056 hours and 2105 hours, sent out several c a l l s  t o  
TII-TGD but failed to re-establish contact with the aircraft. 

At 2116 hours UTC, Abidjan FIC activated the emergency proceduree in 
conformity with the applicable provisions of international a i r  t r a f f i c  
regulations.  

A t  2118 hours, a PA 81 aircraft  operating in the Abidjan control area 
a l ~ o  ca l led  TU-TGD a t  the a i r  traf f ic  coat roller'^ request on the frequencies 
121.1 W z ,  118.1 MHz and 119.1 W z ,  but without succeaa. 

The d i s t r e s s  phase  was initiated a t  about 23 hours UTC. 

Actual search and rescue operations, directed by the  Abidjan 
Cwrdina t ion  and Rescue Centre, began when two helicopters toak off from the 
GATL Military Base very early the next day, 5 August. 

Air Transivoire aircraft participated in these search and rescue 
operations.  

A t  approximately 1100 UTC, the Pol ice  Brigade of Ehania informed 
Abidjan FIC by telephone that the twin-engined BE 58 TU-TGD had crashed in a 
coffee and cacao plantation near Alaoukro, a village about 35 km from Aboisso. 

3.2 INJURIES TO PERSONS 

All p i x  occupants of the  aircraft  perished in the  accident. The 
bodies were positively identified at the crash s i t e :  

Injuries Crew Passengers Others 
Members ......................................................... 

Fatal I 5 0 

Serious 0 0 0 

Minor 1 None 0 0 0 
---------*------------------------------*---------------- 
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Born 8 December 1948 at Ferkessedougou 

Senior Commercial Pilot (Aeroplane) with Air Transivoire 

3.3 Damage to aircraft 

The aircraft was totally destroyed by the collision with the ground 
and the fire which broke out following impact. 

3.4 OTHER DAMAGE 

The accident occurred in a coffee and cacao plantation. In 
consequence, a number of plants were destroyed throughout the area which was 
strewn with wreckage over a distance of about 50 metres. 

3.5 PERSONNEL INFORMATION 

The crew for the whole flight Abidjan/Monrovia/Abidjan was composed 
of a single crew member, the pilot-in-command. 

Born 8 December 1948 at Ferkessedougou (C8te dlIvoire) 
Harried with 4 children 
Senior Commercial Pilot (Aeroplane) with Air Transivoire since 
11 November 1983. 

3.5.1 AERONAUTICAL OUALIFICATIONS 

- Elementary Private Pilot's Certificate (Aeroplane) No. TT 50330 
issued in Paris on 10 October 1972 by SFACT (France). 

- Private Pilot's Licence (Aeroplane) No. TT 1204000475 issued in 
Paris on 7 January 1975 by SFACT (France) 

- French Commercial Pilot's Licence (Aeroplane) No. PP 8423 issued in 
Montpellier on 8 June 1980 by the Direction Generale de lYAviation 
Civile (DGAC) - France. 

- French Senior Commercial Pilot's Licence (Aeroplane) No. PP1 4172 
issued in St. Yan on 18 October 1983 by the DGAC - France. 

, * .  - ;IS two French Licences Nos. PP 8423 and PP1 4172 were 
convalidated by Cate d'1voire Licences Nos. PP 05-80 and PPl 06-165 
respectively. 

- All these licences were valid up to 8 October 1984. 
- International Radio Rating automatically renewable with licence 

(Certificate PTT No. 46631 issued on 27 June 1979 by SFACT - 
France). 
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- Type rating on aircraft types: 
17 November 1983 - HR 100 - All types of single-engined propeller 
aeroplanes - C310, N262, SN 601 

25 November 1983 - C 402 

20 December 1983 - P68B, BE 58 
6 January 1984 - C 421 
19 January 1984 - C 340. 

- Private Pilot Assistant Instructor Rating TT No. 2-LAR 000381 
issued on 30 April 1981 by SFACT (France). 

At the time of the accident, 1: e held a valid medical 
requirement with no waivers or limitations. 

3.5.3 FLIGHT EXPERIENCE 

His journey log book was kept properly up to date. Total flying time 
up to the date of the accident, including the outbound leg Abidjan/Honrovia, 
was recorded as follows: 

Total flight experience: 1497 h 05 

Instrument flight: 808 h 05 

Night flight: 135 h 50 

On aircraft type involved: 20 h 35 

3.6 AIRCRAFT INFORMATION 

The aircraft involved was a Beechcraft 58 Baron, Serial lo. TH 315, 
manufactured in the United States in 1973 by Beech Aircraft Corporation. 

The aircraft had a maximum take-off weight of 2 451 kg and was 
powered by two Continental 10-520-C engines, Nos. 125879 and 231783fR. It was 
ferried from the United States to C8te dlIvoire under Special Permit No. 
73-005 issued by the C8te d'1voire Civil Aviation Administration, and was granted 
Provisional Registration No. 77-272, issued on 18 May 1973, prior to being 
permanently entered on the Cate d'Ivoire Civil Aircraft Registry on 12 June 1973 
on behalf of the State enterprise SODESUCRE, under Registration No. TU-TGD. 

The airvorthiness certification inspection of the aircraft was 
carried out at ParisILe Bourget on 26 April 1973 after a total flying time of 
33 hours 10 minutes. Following this inspection, the aircraft 
was classified as Standard Category with a Private Use rating on 12 Hay 1973. 

Airworthiness Certificate No. 13004 was issued to it by the CGte 
dV1voire Civil Aviation Administration on 2 May 1973. 
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BE 58 TU-TGD was granted a Public Passenger Transport 2nd Category 
(TPP 2) rating in the last quarter of 1974, in accordance with an amendment to 
Certificate of Airworthiness No. 930412.0 dated 24 December 1974. 

On 23 July 1979 Beechcraft BE 58 TU-TGD was purchased by the company 
Cessna CGte dYIvoire (Transfer of Ownership No. 457 on the C a t e  d'1voire Civil 
Aircraft Register). 

- On 19 February 1980, Air Transivoire became the owners of the 
aircraft following a purchase contract (Transfer of Ownership No. 479 on the 
C8te  d l I v o i r e  Civil Aircraft Register). 

The aircraft had its annual inspection on 26 July 1984 and its 
Certificate of Airworthiness was validated up to 26 July 1985. 

The aeroplane's maintenance record does not show any uncorrected 
mechanical malfunction which might have affected airworthiness. 

On 1 August 1984, the date on which its second-to-last flight before 
the accident took place, the aircraft had a total of 3 517 hours of operation; 
i.e. 518 hours since a major overhaul and 18 hours since the last regular 
100-hour service check. The engines each had a total of 1 181 hours of 
operation since the last complete overhaul. 

Make and type of the propellers was Hartzell No. PHC-J3YF-2FU and 
PHC-J3W-2FU. 

Finally, as regards accidents, the maintenance record does-show that 
the twin-engined aeroplane TU-TGD had an accident on 23 June 1973 at 
AbidjanIPort-Bouet Airport. Nature of the accident: sideswiping a Piper PA 25 
aeroplane. Damage sustained by TU-TGD was twisting of the lower part of the 
rudder. The aircraft was made airworthy again shortly after. 

3.7 METEOROLOGICAL INFORMATION 

Meteorological forecasts issued by the Abidjan meteorological office, 
inter alia a general significant weather forecast valid from 1000 UTC to 2100 -- 
UTC for the Liberia-Guinea-Mali area, indicate 3-518 Cu Sc at 360 m, 3-418 AC 
at 3 300 m frequent CB, 4-618 CB at 500 m giving unstable conditions and storm. 

For the CI-Ghana region 2-318 Cu Sc at 360 m, 3-418 AC at 3 300 m, 
occasionally (very infrequently) CB at 500 m capable of producing very 
localized storms. 

However, the Abidjan meteorological observations during the day, 
issued by the meteorological office at 2030 UTC, 2100 UTC, 2130 UTC and 2200 
UTC, show no particular meteorological indications hazardous to navigation 
(rain, storm, dangerous cloud conditions, squall line). All these observations 
record a visibility of more than 10 km. Surface wind was 4 to 7 kt from the 
south-west. 

Moreover, according to witnesses, weather conditions were relatively 
good in the area, inter alia, at the exact place and time at which the accident 
occurred. 

Furthermore, during the radio contact with the UTA DC-10, the 
Beechcraft did not mention having encountered any unfavourable weather 
conditions. 
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3.8 NAVIGATION AIDS AND COMMUNICATIONS 

3.8.1 ABIDJAN/PORT-BOUET AIRPORT 

Abidjan/Port-Bouet International Airport is equipped with the 
folloving navigation aide: 

- VOR AD 114.3 MHz 

- ILS AN 110.3 MHz 

- Locator AD 327 kHz 

- Locator AN 306 Wz 

- Runway lighting. 
AbidjanlPort-~ouet International Airport is also equipped vith the 

following air-ground frequencies: 

- The flight information centre (FIC) 

- The aerodrome control tower: 118.1 MHz 

- Approach control: 121.1 MHz. 

It was established by the Coolmission of Inquiry that the navigation 
aids and air-ground radio equipment at Abidjan/Port-Bouet airport which were in 
use on the date of the accident were operating properly; no malfunction was 
reported either on the ground or in the air. In addition, aside from the usual 
night-time phenomena affecting reception from medium-frequency aids, no 
interference from outside stations was observed. 

3.8.2 BEECECRAFT TU-TGD 

The aircraft was equipped with the folloving navigation and 
compunications aids: 

- 2 NARC0 VBF transmitters-receivers 
- 1 SUNAIR EF transmitter-receiver 
- 2 NARCO VOR receivers 
- 2 NARCO ILS (course line-glide path) 
- 2 BENDIX automatic radiocompasses 

- 1 ETL (Dorne and Hargolin) emergency locator. 
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This equipment was in conformity vith international standards and 
corresponded to the aircraft's assigned Public Passenger Transport 2nd Category 
(TPP2) rating for use. 

BE 58 TU-TGD held Station Licence No. 118A issued on 2 May 1981 by 
the Director General of Comunications for the installation and operation of 
airborne radio equipment. 

At the time of the accident, TU-TGD also was in possession of 
Airborne Radio Equipment Operating Certificate No. 58, issued on 11 Hay 1981 by 
the Director General of Civil Aviation and renewable annually. 

On 18 and 21 August 1982, ground and flight tests of the radio 
equipment on board BE 58 TU-TGD carried out by a CDCA agent revealed, first, 
that the HF transmitter/receiver and markers were inoperative and, secondly, 
that VOR/LOC sets 1 and 2 were unserviceable. 

- As a result, the Central Directorate of Civil Aviation declined to 
renew the period of validity of the Airborne Radio Equipment Operating 
Certificate and, by letter No. 1943/DCAC/ER of 24 August 1982, aeked Air 
Transivoire to repair the above equipment before the next technical tests. 

- On 27 August 1982, in reply to this letter, Air Transivoire 
informed the Central Directorate of Civil Aviation that, contrary to their 
agent's test report, all the airborne radio equipment on board TU-TGD was 
operating perfectly with the exception of the HF, which established links only 
when the aircraft was in flight (letter No. CGTSIATlj4307 of 27 August 1982). 

- The CDCA agent therefore visited Air Transivoire to carry out 
another technical test. During the ground test he observed that some of the 
radio equipment was inoperative, and advised Air Transivoire that under these 
circumstances he was unable to carry out the flight test. The Radio Equipment 
Certificate, therefore, was not validated. 

- Air Transivoire, however, continued to operate the aircraft on a 
regular basis with a certificate which was no longer valid. 

- On 7 July 1984, Air Transivoire informed the CDCA that four of its 
aeroplanes were available for airborne radio equipment testing by the CDCA 
agent, including BE 58 TU-TGD. 

- The inquiry showed that since that date no ground or flight 
technical tests had been carried out by the C B t e  dllvoire Civil Aviation 
Administration, and that Air Transivoire had operated the aircraft regularly up 
to the time of the accident. 

- In addition, two incidents which occurred to BE 58 TU-TGD involving 
the aircraft's radio and navigation equipment were the subject of two separate 
reports transmitted to the CDCA by ASECNA: 

1) On 31 October 1983, the twin-engined aeroplane TU-TGD, outbound 
from Monrovia, was forced to divert to Bouake Airport where it landed at 2101 
hours. The investigation revealed that this incident was-due to the failure of 
airborne radio equipment (HF and VHF) and of the Abidjan VOR. 
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2) On 31 March 1984, TU-TGD, arriving from Monrovia, was without 
radio contact. The aircraft crossed the take-off runway at AbidjanfPort Bouet 
airport over the control tower and came into conflict with an arriving Nigeria 
Airways B-747. The investigation concerning this incident showed that the 
radio and navigation equipment - the two VHFs, the automatic direction-finders 
(ADFs), the AP, and the HF - were unserviceable while VOR No. 2 indicated an 
error of 20°, and that the aircraft returned to Abidjan with a ferry flight 
clearance. 

- A study of the documents relating to the maintenance of the 
aircraft's radio and navigation equipment revealed the existence of m internal 
company memorandum (a Manifold) parallel to the Equipment Report (CBH) which is 
an official document. A comparison between the tvo documents showed that 
airborne equipment malfunctions or defects reported on the Manifold were not 
fully reported on the CRM, or else the pilot simply filled in BAS (rien a 
signaler = nothing to report) on the CBH. . According to Air 
Transivoire officials, the Manifold system was set up to improve the efficiency 
and rapidity of repairs on airborne equipment reported to be defective. 

- The maintenance of radio and navigation equipment (VEF, W a n d  ADF) 
was the responsibility of the Air Afrique radio workshop. The testimony 
received in this connection seems to indicate the absence of a maintenance 
contract approved by both parties: in fact, Air Afrique had not worked on the 
W F  equipment since 15 July 1984 inclusive. Thus, no repairs had yet been 
effected on the HF which had been reported out of order since 3 July 1984. 

- Finally, the following malfunctions appear on the Manifold log of 
pilots' complaints during the 30 days prior to the crash: 

3 July 1984 HF unserviceable - PA unserviceable - VOR No. 2 
weak. 

18 July 1984 Alternator left warning light unserviceable. 

19 July 1984 HF unserviceable - VHF 1 and 2 weak - VOR No. 2 
weak. Check flaps warning light. 

20 July 1984 VHF 1 and 2 very weak - VOR No. 2 weak - BF 
unserviceable. 

31 July 1984 HF unserviceable - VHF 1 very weak reception - 
VOR No. 2 somewhat weak. 

4 August 1984 HF unserviceable (reported by .pilot on day of 
crash). 

3.9 FLIGHT RECORDERS 

Beechcraft 58 TU-TGD was not equipped with either a cockpit voice 
recorder or a flight data recorder. It was not required to have either under 
the pertinent regulations. 

3.10 WRECKAGE AND IMPACT 

- The accident took place in a wooded area. The wreckage was located 
in a coffeeicacao plantation dotted with large trees and easily accessible. 
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- The site was relatively clear and the wreckage had not been moved 
to any great extent prior to the arrival of the investigators. 

- At the time of the initial impact, the aircraft was on the 
north-south axis, heading north, roughly at right angles to the west-east axis 
(radial 094' Abidjan-IVORY). The landing gear and flaps were retracted and it 
appeared to have been operating in almost level flight. 

- While flying in this configuration, the aircraft's initial impact 
was with a tree trunk almost 300 cm in diameter, which it struck violently at a 
height of about 20 metres with the right wing tip, leaving a large and very 
visible mark at the point of impact. 

- Thoroughly out of trim, the aircraft plunged downwards, and along 
the path of its fall it first struck and sheared off a tree 10 cm in diameter 
at a height of 3 metres, about 18 metres away from the first one; then, 10 
metres further on, it crashed into the ground nose down at the foot of a third 
tree (40 cm in diameter at ground level). One of the right propeller blades 
made a deep cut in the tree trunk at ground level. 

- Although examination of the wreckage was rendered exceptionally 
difficult by the impact and fire damage, several observations came to light in 
the course of the technical investigation: 

- The landing gear and flaps were retracted. 
- The altimeter was jammed at 400 ft (elevation of the crash site 
plus tree). 

- The RPM indicator, the front of which was partly smashed 'in, 
indicated 1550 revolutions per minute for the right engine and 1250 
revolutions per minute for the left engine. 

- On the control panel: 

- the propeller controls were full forward at fine pitch 
- the throttle control was full forward at full throttle 

- the mixture control was full forward at full pitch 

- both the pilot's wristwatch and the on-board clock had stopped 
at approximately 2330 hours UTC. 

- however, there were none of the usual traces on the wreckage 
to suggest that the aircraft had been struck by lightning. 

3.11 HEDICAL AND PATHOLOGICAL INFORMATION 

The last medical examination undergone by the pilot to determine 
his fitness for the duties of Senior Commercial Pilot (Aeroplane), took place 
on 8 May 1984 and was performed by a doctor certified by the C B t e  dllvoire Civil 
Aviation Administration. 

As a result of that examination, he was judged to be fit and his 
medical requirement was validated up to 8 October 1984 with no waivers or 
restrictions. 
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Furthermore, his medical records contain no medical information which 
might be such as to impair his normal flying performance. He had never 
evidenced any emotional or physical problems. 

A doctor of the Plateau Clinic, who reached the crash site 
on 5 August 1984 a few hours after the discovery of the wreckage was reported 
to Abidjan FIC, stated, after examining the bodies of the victims, that the 
occupants of BE 58 TU-TGD died of injuries, particularly those reeulting from 
the violent impact of the final collision. Examination of the bodies did not 
reveal any injuries that could have been caused by firearms or explosives of 
any kind which might have been on board the aeroplane. 

The bodies of the victims were positively identified at the crash 
site on Honday, 6 August 1984, 

Fire broke out after the disintegration of the aircraft which 
resulted from the extremely violent impact caused by the final collision with 
the ground. 

No traces of fire in flight or explosion before the final impact were 
found . 

Several fire sites were noted. The three main sources of fire broke 
out at the level of the vings and cockpit. 

3.13 SURVIVAL ASPECTS - SEARCH AND RESCUE OPERATIONS 
- The accident was not survivable in view of the violence of the 

final impact with the ground and the subsequent total disintegration of the 
aircraft . 

Therefore there were no survivors. 

- BE 58 TU-TGD made its last contact with the Abidjan control service 
at 2033 hours. Since the aircraft did not call back at 2035 hour8 ae arranged, 
the Abidjan controller waited impatiently for a few minutes and sent out 
several calls to the aircraft between 2056 hours and 2105 hours. 

The air traffic emergency procedure was set in motion at 2116 hours. 
The distress phase was initiated around 2300 hours. 

Actual search and rescue operations directed by the Abidjan 
Co-ordination and Rescue Centre (CSS) commenced on Sunday, 5 August, when two 
helicopters took off from the GATL military base as well as several aeroplanes 
belonging to Air Transivoire. 

When it was reported that the wreckage of the aircraft had been 
found, a GATL helicopter transported CSS, ASECNA and Air Transivoire 
representatives to the crash location, accompanied by a doctor. 

4. ANALYSIS AND CONCLUSIONS 

4.1 ANALYSIS 

The difficulties encountered by the Commission of Inquiry when 
examining the wreckage and attempting to reconstruct the flight (total 
destruction of the wreckage due to impact and fire, absence of flight recorder, 
etc.), led the Commission to formulate several hypotheses. 



ICAO Circular  202-AN11 2 3  

- The pilot held valid licences and ratings as required for the 
performance of his duties on the type of aircraft and flight concerned. He had 
considerable experience with night flying. More specifically, he was 
thoroughly familiar with the Abidjan control area and had flown in and out of 
AbidjanIPort Bouet airport at night for several years. He was accustomed to 
flying this aircraft without a co-pilot. 

The testimony of his friends and colleagues reveals that the pilot 
was considered to be a gifted man whose progress was based on a solid 
foundation. This was evidenced by the fact that he had just been accepted for 
a competitive examination for Senior Commercial Pilots (Aeroplane) sponsored by 
Air Afrique. In view of all these declarations, the members of the Commission 
of Enquiry considered the hypothesis of navigational error by the pilot to be 
very unlikely. In addition, his medical records and his last medical 
examination revealed nothing which might impair his normal flying performance. 
Finally, he had had an adequate rest period as required by regulations and the 
fatigue factor was not involved. 

- The aircraft had been maintained in conformity with the applicable 
instructions and according to an approved maintenance schedule. It had been 
given an annual inspection on 26 July 1984 and had been inspected by the Bureau 
V6ritas. The aircraft held a valid Certificate of Airworthiness. 

The flight log sheets did not reveal any uncorrected malfunction 
which might seriously prejudice the airworthiness of the aircraft. Therefore 
no doubt exists regarding the satisfactory mechanical condition of the 
aircraft, and the possibility that a failure or deficiency affecting the 
operation of its engines, structure or controls might have been a factor in the 
accident was considered by the Commission to be very slight. 

- Before taking off from ~onrovia/S~riggs Payne airport, the pilot 
replenished the fuel supply. The aircraft therefore took off at 1228 hours GMT 
with a full load of 628 litres of usable fuel for the return leg which should 
have taken 2 hours 30 minutes, giving an endurance of about 6 hours 30 
minutes. With 6 persons on board, the aircraft had a theoretical overload of 
124 kg on take-off, but at 2330 hours UTC, the presumed time of the crash (as 
indicated by the pilot's wristwatch) i.e. after about 5 hours of flying time, 
the loading and weight distribution of the aircraft could be considered as 
falling within allowable limits. Therefore, the above-mentioned overload was 
not considered to be the probable cause of the accident. It is true that this 
overload resulted in higher fuel consumption, but taking into account the 
history of the flight, the members of the Commission were of the opinion that 
the fuel starvation factor should be discounted in regard to this accident. 

- The inquiry showed that the navigation aids and radio equipment in 
use at AbidjanfPort Bouet airport on the day of the accident had been operating 
properly. No malfunction was reported either on the ground or in the air. 
Specifically, none of the aircraft which had made use of this equipment during 
the critical period observed any malfunction or defect whatsoever relating to 
these facilities. 

These aircraft include: 

- The DC-10 UT 838, which took off from Abidjan at 2026 hours. 

- The Ethiopian Airlines B-737 which took off from Abidjan at 2044 
hours. 
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- The PA 181 which was flying in the Abidjan control area and which 
sent out several calls to TU-TGD at 2116 hours on the frequencies 
118.1, 129.1 and 121.1 but was unable to make contact. 

- Finally, the B-737 SA 232 which landed from Johannesburg at 2244 
hours . 

- Moreover, apart from the usual night-time phenomena affecting 
reception from medium-frequency aids, no interference from outside equipment 
had been observed. 

In addition, according to ASECNA pilots and technical staff, assuming 
an extended equipment failure at AbidjanfPort-Bouet airport, which appears to 
be highly unlikely, the aircraft would have been able to receive either the 
Port-Bouet radio beacon (P 294.2 &!Hz) or the national radio signal on the 1493 
MHz frequency, enabling the pilot to navigate correctly and land at Abidjan 
without any serious difficulty. 

- At this point, the members of the Commission concentrated their 
efforts on an examination of the operating status of the aircraft's radio and 
navigation equipment: 

- In fact, after positioning the aeroplane at ~onroviafSpriggs Payne 
airport on 4 August 1984, the pilot had recorded on an Air Transivoire internal 
memorandum that the HF was out of order. The fact that the pilot decided to 
take off on an IFR flight, especially at night, implies that the radio and 
navigation equipment must have been functioning normally. Also, according to 
the transcribed tape of the airfground radio communications with Abidjan FIC, 
normal communications were established between the aircraft and the Monrovia 
control services and were carried out in accordance with approved air traffic 
procedures. 

At 2033 hours, the pilot contacted the aircraft UT 838 which served 
as a relay with Abidjan FIC for the transmission of his estimated times for 
passing reporting point POMET, 80 NM from Abidjan (2035 hours) and arriving at 
Abidjan flying at FL 70 (2105 hours). It can also be observed that during this 
relay the pilot did not report any technical problems with his airborne 
equipment, or any reception difficulties with the Abidjan airport radio and 
navigation facilities. 

- Concentrating on the part of the flight which took place between 
2035 hours and the presumed time of the crash, the Commission first examined 
the hypothesis of a failure of the aircraft's radio and navigation equipment 
caused by meteorological conditions: 

The enquiry showed that the meteorological conditions were relatively 
good on the Monrovia-Abidjan route, especially in and around Abidjan, where 
according to witnesses the sky was bright and clear, with the moon in its first 
quarter and with visibility in excess of 10 km. Similarly, none of the typical 
signs of lightning could be detected either with respect to the wreckage, the 
radio and navigation equipment, or the rear fuselage and tail fin, which are 
the parts most often affected in such cases. 

Therefore, the hypothesis that the accident was caused by a failure 
of the airborne equipment resulting from unfavourable weather conditions 
encountered by the aircraft on its return flight after 2033 hours was 
considered by the Commission to be improbable. 
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-. Next, the theory of a prolonged electrical failure was put 
forward. Taking into account the duration of the flight from about 2033 hours, 
the presumed time of such failure, the battery would have been dead and the 
witnesses located in the vicinity of the crash site would not have observed the 
navigation lights operating normally moments before the crash. This 
possibility was therefore discounted. 

The Commission also considered the possibility of a simultaneous 
failure of radio and navigation aids on board the aircraft. In fact, 
investigation of the incident involving Beechcraft TU-TGD on 31 March 1984 had 
revealed that the RF, the two ADFs and the AP were all found to be 
unserviceable and that VOR No. 2 was showing an error of 20'. 

. This report led the Commission to conclude at 
this stage of the analysis that, in spite of the existence of separate COM and 
NAV circuits on board the aircraft concerned, the hypothesis of a simultaneous 
failure of these circuits was not unlikely. 

Futhermore, complaints registered by pilots on the company's internal 
memoranda during the last 30 days preceding the accident, indicate inter alia 
that from 3 July 1984 to 4 August 1984 (the date of the crash), the HF was out 
of order; VHF 1 and 2 were weak on 19 July 1984 and very weak on 20 July 1984; 
W F  1 had very weak reception on I July 1984; VOR No. 2 was weak on 3 July 1984 
and somewhat weak on 1 ~ b ~ u s t  1984. The inquiry also revealed that no action 
had been taken to repair the BF since 3 July 1984 or the two VHFs since 19 July 
1984 inclusive, and that as regards the VOR, the Air Afrique radio workshop 
lacks the equipment required for adequate maintenance of this facility. 

4.2 CONCLUSIONS 

4.2.1 RESULTS OF THE INOUIRY 

Following receipt of the various reports based on the investigation 
and analysis of the facts, the members of the Commission unanimously concluded 
that: 

- The aircraft had been maintained in accordance with an approved 
maintenance programme and its Certificate of Airworthiness was valid at the 
time of the accident. 

- The pilot had the required licence and ratings to operate the 
flight. 

- The navigation and radio aids in use at AbidjanIPort Bouet airport 
on the day of the accident had been operating normally. 

- The aircraft's Airborne Radio Equipment Certificate had expired on 
12 May 1982. 

- The pilot took off from Honrovia/Spriggs Payne according to an IFR 
flight plan and with all airborne equipment systems operative. 

- The aircraft left Monrovia control area without reporting any 
problems whatsoever indicating that all airborne systems were operating 
normally. 

- The pilot would not have continued his flight if any serious 
problems had arisen. 
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- 2 hours and 5 minutes after take-off, i.e. at 2033 hours, at the 
time of making radio contact with UT 838, all airborne systems appeared to be 
operating normally. 

- If the aircraft had actually been over reporting point POMET, even 
if it had experienced a radio breakdown, it would have reached Abidjan without 
any significant problems by maintaining its heading since meteorological 
conditions were relatively favourable. 

- TU-TGD was not over reporting point POMET at the time of its last 
radio contact with UT 838. 

- TU-TGD followed a flight path which led it further away from 
Abidjan as it attempted to approach the latter city and finally led the 
aircraft to a point located over the ocean. 

- The aircraft flew abeam Abidjan at an altitude and distance such 
that it could no longer make radio contact with Abidjan or make use of 
navigation aids. Only the HF band would have enabled it to re-establish 
contact with Abidjan, but this system was inoperative. 

- When 2105 hours (the estimated time of arrival at Abidjan airport) 
had passed and that city had not come into view, the pilot realized that he was 
not flying in the right direction. 

- Finally, on coming in from the ocean in search of Abidjan, BE 58 
TU-TGD struck the tree with its right wing as it headed north. 

- It is somewhat perplexing to note that at the time of the crash the 
aircraft was aligned on the marker IVORY, a reporting point which i r  well known 
to pilots (and vhich was operational at the time of the accident). If the 
pilot had aligned his flight path with reference to this marker, it is 
incomprehensible why be descended to such a low level, approximately 400 ft. 

- In conclusion, the members of the Commission are well aware that 
the presumed sequence of events described above offers only a hypothetical 
explanation for the accident. There is no doubt that, had the aircraft been 
equipped with a flight recorder, supplementary data regarding the actual 
unfolding of events would have been available. They considered, however, that 
this was the most probable sequence of events. 

4.2 .2  CAUSE OF TEE ACCIDENT: 

As a result of its work, the Commission of Inquiry judged the 
probable cause*of the accident to be a navigational error stemming from failure 
of the aircraft's navigation and/or radio equipment. 

Finally, the members of the Commission vere unanimous in their view 
that night-time conditions constituted a contributing factor in this accident. 
In fact, in view of the pilot'e flying experience, they are firmly convinced 
that the crash would have been avoided if the same situation had presented 
itself under daytime conditions. 

*ICAO Note: The tern "probable  cause" is not envisaged in Annex 13, nor in the 
Manual of Aircraft Accident Investigation (Doc 6920). 
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5. SAFETY RECOMMENDATIONS 

5.1 The Commission of Inquiry recommends that Air Transivoire go back to 
the standards established under the C 8 t e  d l T v o i r e  Civil Aviation Administration 
regulations relative to complaints by pilots. These should be noted .solely on 
the Equipment Report (CRM),  which is the only official and mandatory document. 

5 . 2  Airlines engaged in public passenger transport are responsible for 
ensuring the continued airworthiness of their aircraft; therefore, the 
Commission recommends that operators make application vell in advance to renew 
the certification of all systems installed aboard their aircraft, inter alia, 
the Airborne Radio Equipment Operating Certificate. 

I C A O  Note: Appendices,  photographs  and a diagram w e r e  n o t  reproduced.  Names of 
p e r s o n n e l  were d e l e t e d .  

I C A O  Ref . :  147184 
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No. 5  - 
Britten-Norman BN-2A-9 I s l a n d e r ,  DQ-FCA, 

a t  Deuba, F i j i  on 13 August 1984. 
Report  No. CA 15 /2 /18  r e l e a s e d  by t h e  

C i v i l  A v i a t i o n  A u t h o r i t y  o f  F i j i  

The A i r c r a f t  d e p a r t e d  Nadi I n t e r n a t i o n a l  A i r p o r t  a t  0727 l o c a l  t i m e  on 
a  s c h e d u l e d  f l i g h t  t o  Deuba A i r p o r t  under V i s u a l  F l i g h t  R u l e s .  The 

f l i g h t  proceeded normal ly  and on n e a r i n g  t h e  d e s t i n a t i o n  a t  0751, an 

ATC c l e a r a n c e  t o  descend th rough  cloud was r e q u e s t e d  and g r a n t e d .  A 

d e s c e n t  was made t o  t h e  North  E a s t  of t h e  a i r p o r t  and when below cloud 

t h e  p i l o t  i n  command resumed t h e  f l i g h t  5.1 t h e  d e s t i n a t i o n  under Visua l  

F l i g h t  R u l e s .  When approx imate ly  3  m i l e s  E a s t  of t h e  a i r p o r t ,  a t  an 

a l t i t u d e  of  700 f t ,  t h e  s t a r b o a r d  e n g i n e  began t o  s u r g e .  The p i l o t  i n  

command t h e n  a p p l i e d  c a r b u r e t t o r  h e a t ,  t u r n e d  on  t h e  f u e l  b o o s t e r  
pumps, changed f u e l  t a n k s  and t u r n e d  t o  t h e  l e f t  t o  a v o i d  h igh  ground. 

Almost immediate ly  t h e  P o r t  e n g i n e  a l s o  began t o  s u r g e  and t h e  a i r c r a f t  

c o n t i n u e d  t o  descend.  The p i l o t  i n  command a p p l i e d  c a r b u r e t t o r  h e a t  t o  

t h e  p o r t  e n g i n e .  N e i t h e r  e n g i n e  was deve lop ing  any power a s  t h e  

a i r c r a f t  descended th rough  a n  a l t i t u d e  of  200 f t .  The p i l o t  i n  command 
for-ce- landed t h e  a i r c r a f t  i n  a  s m a l l  c l e a r i n g  h a l f  a  m i l e  E a s t  of t h e  

a i r p o r t .  The a i r c r a f t  was s u b s t a n t i a l l y  damaged i n  t h e  l a n d i n g  but 

t h e r e  were no i n j u r i e s  t o  t h e  p a s s e n g e r s  and crew who evacua ted  t h e  

a i r c r a f t  s a f e l y .  

1. PRELIMINARY 

The A u t h o r i t y  was n o t i f i e d  o f  t h e  a c c i d e n t  by Sunf lower  A i r l i n e s  s h o r t l y  
a f t e r  it occur red .  The M i n i s t e r  f o r  C i v i l  A v i a t i o n  was s u b s e q - ~ e n t l y  
informed o f  t h e  d e t a i l s .  The A u t h o r i t y  was r e q u e s t e d  t o  p roceed  w i t h  
t h e  i n v e s t i g a t i o n s .  

2 .  FACTUAL INFORMATION 

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

The a i r c r a f t  d e p a r t e d  Runway 27 a t  Nadi I n t e r n a t i o n a l  A i r p o r t  a t  0727 
l o c a l  t ime  on a schedu led  f l i g h t  t o  Deuba A i r p o r t  w l t h  f i v e  p a s s e n g e r s  
on board. The f l i g h t  was p lanned  t o  be conduc ted  u n d e r  V i s u a l  F l i g h t  
Rules  w i t h  an e s t i m a t e d  t i m e  en - rou te  o f  t h i r t y  minu tes .  The p i l o t  i n  
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command climbed to and cruised at an altitude of 4500ft. The flight 
progressed normally, however, in the later stages cloud coverage 
increased with tops at approximately 4500ft above mean sea level. On 
nearing the destination, at 0751 local time the pilot in command 
requested and was given a clearance for flight under Instrument Flight 
Rules at 5000ft to a Non-Directional Beacon located approximately 4nm 
to the east of Deuba Airport and to conduct a DME step descent on track 
to Nausori Airport until clear of cloud. At 0754 the pilot in command 
reported that he was continuing the flight under Visual Flight Rules. 

The pilot in command turned to set course for Deuba Airport and continued 
-descent. Approximately 3nm east of the lkuba Airport and at an altitude 
of 700ft the Starboard engine began to surge. The Pilot in command 
applied carburettor heat, turned on the fuel booster pumps and changed 
fuel tanks. He then turned the aircraft to the south to avoid some high 
ground. Almost immediately the port engine also began to surge and the 
aircraft continued to descend. Carburretor heat was also applied to the 
port engine which also did not respond. The aircraft had reached an 
altitude of 200ft and neither engine was developing any power. The 
aircraft was over the coast line at this time. The pilot decided against 
ditching and turned inland again and made a forced landing in an open 
field approximately half a mile east of the airport. 

Immediately after touchdown the aircraft ran over a shallow grass 
covered drain. The port undercarriage collapsed rearward. The aircraft 
came to a stop approximately 50 metres from the point of touchdown. 
The crew and passengers evcuated the aircraft safely. 

2.2 Injury to Persons 

There was no injury to any person on board the aircraft or to anyone on 
the ground. 

2 - 3  Damaae to Aircraft 

The aircraft suffered substantial damage during the forced landing, 
primarily as a result of touching down just prior to a shallow drain. 
Details of damage: 

(a) Port main undercarriage leg collapsed rearward and 
damage to main spar at this point. 

(b) Nose-wheel pushed back into fuselage destroying nose 
section, wrinkling the nose bay floor and disabling rudder 
control drive. 

(c) Starboard main undercarriage leg mounting and adjacent 
spar damaged. 

(d) Starboard main leg outer tyre punctured. 
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(el Port propeller impact damaged at both tips. 

(f) Port and starboard flaps buckled at rear of each main 
undercarriage leg. 

(g) Ground impact damage to port wing tip and aileron. 

(h) Fuselage underbelly scuffed and some warping of cabin 
floor and underlying stringers adjacent to port rear 
passenger door. 

2.4 Other damage 

None. 

2.5 Personnel Information 

Pilot in command 

Age : 36 years 

Licence : Fiji Airline Transport Pilot's Licence No.92. 
First issued on 19 April 1978 on the strength 
of New Zealand Commercial pilot's Licence 
No.2315. Current validity of Fiji ATPL 92 
from 16 February 1984 to 15 August, 1984. 

Ratings : Aircraft Ratings (1 ) Pilot-in-Command. 
BN2(Islander), Beechcraft Baron, 
Victa Airtourer , BAC111, PA 18, 
Bolkow 208, Cessnas 172/206/ 
Citabra, Mooney 20,MS880BJ Beech- 
craft A23-24, Piper PA22/24/32, 
Aerocommander 500. 

(2) Copilot. 
B737, HS748, Beechcraft 65, 
Beechcraft 80. 

Instrument Rating - Last check undertaken on 
7 September 1983 and valid until 
6 October 1984. 

Instructore Rating - Valid until 15 August 1984. 

Flying Experience - Total hours on all types - 8700 hrs 

Total hours last 28 days - 74 hr 52 mins 

Total hours last 7 days - 24 hr 23 mins. 
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The pilot in command, a Fiji nationa1,wasemployed by Air Pacific Ltd. 
as a First Officer (Co-pilot) on the Boeing 737 aircraft. He also 
occasionally instructed student pilots and conducted private pilots' flight 
test on light aircraft. Since December 1983 he acted as relief 
pilot fop Sunflower Airlines when not on duty with Air Pacific Ltd. Until 
the date of the accident, he had flown'for Sunflower Airlines on three 
separate periods and acquired a total of 104 hours, all on the Britten- 
Nonnan Islander. The last period of attachment to Sunflower Airlines 
commenced on 17 July 1 984. 

The subject fllght on 13 August 1984 was his first flight of the day. He 
had not flown during the two preceeding days. 

2.6 Aircraft Information 

(a Britten-Norman Islander BN-2A-9 Serial No.686 
Total hours - 12034.85 No. of Landings - 31507 

The aircraft was first registered in Fiji on 20 September 1973 with 
Fiji Air Ltd. It was purchased by Sunflower Airlines on 3 July 1981. 
The aircraft had a current Certificate of Airworthiness (No.65) in 
the Public Transport (Passenger) Category for operation under 
Performance Group C, valid until 19 September 1984. Maximum Total 
Weight Authorised - . 2994 kg (6600 lbs) . 

(b) The aircraft also had a valid Certificate of Maintenance (No.44) 
in respect of the airframe and engines,following completion of 
Check 2 at 12024.56 hrs on 10 August 1984. The next check was due 
on 12 September 1984 or at 12074.56 hours. 

(c) Engine Details 

Starboard AVCO Lycoming Type/Model 0-540 E4C5 S/N L19088-40 
Installed in DQFCA on 14.7.1983 at 10717.28 hours. 
Houre as at ,13.8.1984 - Since new : 12035.25 hrs. 

Since overhaul : 1291.52 hrs. 

Port - AVCO Lycoming Type/Model 0-540-E4C5 S/N RL-17571-40 
Remanufactured Zero-time Certificate issued on 12.6.82 
by Lycoming. Fitted to DQFCA on 7.1.1 984. Hours as 
at 13.8.1984 - Since new (remanufactured) : 715.34 hrs. 

(dl Propellere 

Starboard Hartzell HC-C2YK-2CFU/FC 8477A-4 S/N AU-111 
Overhauled 3.5.1982. Fitted to Starboard engine on 
13.1.1984 at 10595.26 hrs. 
Total hours to 13.8.1984 - 11236.46 
Hours since overhaul - 640.23 
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Port - Hartzell HC-2CYK-2CUF/FC 8477A-4 S/N AU-6017 
Fitted to port engine on 13.7.1984 with 5260.16 
total hours since new and 1307.29 since overhaul. 
Total hours to 13.8.1984 - 5377.35 
Hours since overhaul - 1154.48 

(e) Radio 

Aircraft radio station licence No.2/81 issued 10.2.1981 and 
expired on 31.12.1981. 

The aircraft does not appear to have a valid Certificate of 
Maintenance in respect of radios. 

( f  Technical Log 

On the date of the accident the Technical Log indicated that 
there were no outstanding defects. The record for the subject 
flight was unsigned and only contained information on the total 
number on board, the route and departure/arrival time. Technical 
Log for the preceeding few days was also unsigned and contained 
no additional information. 

A load sheet had been prepared for the flight and individual 
passenger weights recorded. The operating weight recorded was 
2100 kg and the total weight of passengers was 294 kg and of 
baggage 51 kg. The centre of Gravity position was recorded as 
"WL" (within limits), however, no trim calculations were shown. 
The total take-off weight recorded was 2445 kg. 

(h) Fuel 

Prior to the flight,l55 litres of fuel were uplifted. The load 
sheet indicated fuel on board as 30 kg(approx. 10 Imp Gals) in 
the two main tanks and 150 kg (approx. 50 Imp Gals) in the two 
outboard or wing-tip tanks. The pilot in command carried out 
a full pre-flight check,including a fuel check following 
refuelling,at Nadi International Airport prior to departure. 

2.7 Meteorological Infomation 

There is no official weather reporting station at Deuba, however, 
observations at the reporting station in Suva (15nm to the East North East)( 
0800 local time were : 

wind: Calm Visibility: 40 % clouds 2/8 at 2500ft 7/8 at 5000ft 
Temperature 2 2 O ~  D e w  Point 18 C. 

One witness on a walk along the beach at 0730 am that morning reported 
that she "was surprised to see the size of waves crashing on this 
usually quite area - the beach was practically non-existant'*. This 



78 ICAO Circular 202-AN/123 

w u l d  indicate the  presence of some strong winda locally a s  t h e  official 
forecast was for "little or no wind a t  the surface" due t o  a very weak 
pressure gradient and a ridge of high pressure extending onto F i j i  from 
the South. 

2.B Aids to Naviaation 

There is no notified Instrument Approach Procedure established for Wuba 
Airport, however, a non-directional beacon is located swne 4nm to the 
East which provides a f i x  for aireraft inbound t o  Nausori International 
A i r p o r t  located 25nm to the North East. A descent procedure is promulgated 
for  aircraft equipped with Vistanee Measuring Equipment and bound for 
Mausori Airport to commence descent f m  the non-directional beacon. 

2.9 Communications 

The aircraft: was in normal camnunicatione with the appropriate a i r  traf f ic  
contro l  unit  w h i l s t  enroute. The pi lot  i n  command requestcld and was issued 
an a i r  traffic control  clearance for f l i g h t  under Instrument F l i g h t  
Rules. The last communication from t h e  aircraft was at 0754 local time 
when the p i lo t  i n  command reported continuing the  flight under Visual 
Flight R u l e s .  

1 Airport  Information 

Deuba Airport is  located on the South East side of V i t i  Lew approximately 
15nm to the  West South West of the capital city of Suva. The Airport is 
private ly  owned by Pacific %Eels and Developrments Ltd.and serves the 
Pacific Harbour resort cmplex. The airport has a single gravel/grass 
runway orientated in a South ~aat/North West direction and situated in a 
snall val ley .  Hillocks up t o  350ft in elevation l ie  on either side of 
t h e  airport. The airport has a runway of 760 x 18 metres w i t h  30 metre 
stopways at each end. The airport is licenced by the Authority f o r  
publ ic  use by aircraft w i t h  weights  below 5700  k g .  No services a r e  
provided a t  the airport. A small- fire extinguisher is available for use by 
operators' s t a f f  if required. 

2.3 1 Flight Recordera 

The aircraft was not, nor was it required t o  be,equipped with cockpit or 
flight data recorders. 

2.1 2 Wreckage and Impact Information 

fie aircraft touched down on a rough overgrown section of ground adjacent  
to and to  the north of the main suva/Nadi highway &tween the Pacific 
Harbour complex and Deuba Airport.Eleetriea1 power.cable6 run a long  the 
South side of  the  road at a h e i g h t  o f  40 feet above the surface. The 
section was straddled by a ditch some 10 metres from the point  of i n i t i a l  
contact w i t h  the ground. Passage across the d i t c h  caused t h e  port main 
undercarriage leg and nosewheel to collapse rearward. m e  to inertia 
the aircraft continued fornard for a further 40 metres on its port wing 
tip section and the fuselage. The marks on the ground and port propeller 
indicated that  ne i ther  enmine was turnina at t h i s  time and noi+hnr 
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propeller was feathered. The aircraft ultimately came to a stop on a 
heading of 030' in a rolled over position with the port wing-tip resting 
on the ground. The aircraft remained substantially intact. 

2.1 3 Kedical and Pathological Information 

None. There were no injuries to the pilot or passengers. 

2.1 -; Fire - 
There was no fire. A small amount of fuel spilled from ruptured lines. 

2. i 5 Survival aspects 

The accident was survivable. All restraints and seats operated 
satisfactorily. The pilot in command did not brief passengers or v r a r n  
them of the impending forced landing. One of the passengers, however, 
yelled o1~t a warning to the others just before the aircraft dipped do:m 
for the forced landing. 

1 6 Tests and Research 

Investigations immediately after the accident confirmed that the fuel 
crossfeed system allowing fuel to be fed to the engine on the othcr wing 
was closed. (See Paragraph 2.17 for fuel tank arrangement and 
operation). Investigations also confirmed that the tank selection 
switching system was functioning correctly and that at the time all 
electrical power was turned off, just prior to touchdown, the main tanks 
in each wing were selected to feed the engine on the same wing. 
kll fuel in the two main fuel tanks was drained after the accident and 
produced slightly under 2 Imperial Gallons (approx 9 ltre). me1 samples 
were taken fraa the following poeitione in each engine and were found 
to be satisfactory. 

Auxiliary fuel punpa 

Carburettor float chamkr 

Wing tank eump. 
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In addition, the fuel filters in both gascolators and auxiliary pumps 
were checked and were found to be free of any deposits or blockage. 
Fuel flow function checks from all tanks were also confinned as satisfactory 
and no restrictions were evident. 

Both engine carburettor heating systems were' found to actuate correctly 
on each engine and the appropriate flap and lever movements were satis- 
factory. 

These tests/checks indicate that.neither the quality of the fuel on board 
the aircraft nor any defects in the fuel flow delivery systems were 
factors in the failure of the engines. 

2.1 7 Additional Inf onnation 

(a) Fuel System 

?he aircraft, DQFCA had modification MOD NB/M/364 embodied. Under 
this modification the wing span of the aircraft is increased from 
49 to 53 feet and two additional fuel tanks (one in each wing tip) 
are installed. Each of these tanks has a capacity of 24.5 Imperial 
Gallons (111.7 ltrs). The associated fuel content indicators are 
fitted at the starboard side of the cabin. Approx.1.5 Imperial 
Gallons (6.8 l u s )  of fuel in each tank is unusable. The capacity 
of each main tank is 51.5 Imperial Gallons. The unusable fuel 
in each of the main tanks is 2.9 Imperial Gallons (13 ltrs). 

The fuel system is controlled by a set of fuel selectors on the 
overhead panel and an auxiliary control panel situated at the 
top of the windscreen central pillar. The fuel content 
indicators for the main tanks ate also located in this position. 
Each engine can be eerved by fuel fran either tank on the s'ame 
wing, however, there is a cross-feed system whereby fuel may be 
fed from one side of the aircraft (either tank) to the engine 
on the other wing via main fuel cocks. Each tip tank or its 
associated main tank can be selected by the pilot with a two-way 
selection witch on the auxiliary panel. mi8 positions an 
electrically actuated tip-tank cock. The actual position of 
this cock is indicated by green lights. The approximate time for 
the changeover after a selection is made is 8 seconds. The fuel 
system a160 include6 several pumps. Pour auxiliary pumps (in 
duplicated pairs) are installed in the system and assist in the 
flow of fuel from either the main or wing tip tanks and can be 
used to supplement the engine driven pumps. Fuel cannot be trans- 
ferred from one tank to another. 

(b) Fuel management and operating procedure 

Structural limitations on this aircraft require that a minimum 
of 80 lbs (36 kg) of fuel (11 Imp Gals/51 ltrs) should be 
retained in each wing tip tank at all times. - A  yellow sector 
is marked on the tlp tank contents guage to indicate this 
limit. During refuelling, wing tip tanks are required to be 
filled first before the main tanks. Either main or wing tip 
tanks may be used for take-off or landings except that the 
main tanks shall not be used during these phases of the flight 
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when they contain less than three gallons of usable fuel. 
The fuel- in the main tanks may be used first whilst in cruise 
until the tanks are empty. Between 40 and SO seconds of 
warning of fuel exhamtion occurs by a drop off in fuel 

followed by a gentle hunting of the propellers 
(engine surge). A placarded warning as below is displayed 
between the main fuel tanks content indicator. 

THIS IS A TIP-TANKED AIRCRAFT. 
T I P  TANKS ARE TO BE F I L L E D  FIRST - 
USED LAST. BEFORE TAKE-OFF CHECK 
BOTH MAIN AND TIP TANK CONmNTS. 
TAKE-OFFS AND LANDINGS ARE 
PROHIBITED ON MAIN TANKS WHEN GUAGE 
READS LESS THAN THREE GALLONS ABOVE 
ZERO. 

The Company's Operations Manual reflects the above limitation 
as follows : 

" 6.4.18. Fuel Management 

Fuel is to be drawn from the mains only 
until only three gallons are left then 
tip tank selected. " 

The Company's Operations Manual further ='quires pilots to 
adhere to the following procedure - 

" Fuel boost pumps are *on1 for starting, taxying, take-off 
and landing or during loss of engine drive pump. " 

" Take-off and landing will not be done on crossfeed 
unless an emergency exists. " 

The Aircraft's Flight Manual states that : 

" The Auxiliary fuel pumps should be u ~ e d  in the normal 
manner for take-off or landing with either the tip 
tanks or main tanks selected. In addition, the 
auxiliary fuel pumps should be used whenever below 
zero fuel quantities are indicated for the main fuel 
tanks and the process of transfer to the wing tip tanks 
is canpleted with satisfactory engine operation established. 
The pumps should also be selected when the fuel quantity 
falls below five gallons in the tip tanks. " 
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Carburettor Heating System 

The carburettor heat is applied by selecting the appropriate 
control lever in the cockpit. The levers, when selected, 
slot into a ratchet system of stops and any selection which 
may not be a positive one could result in the lever springing 
away from the maximum position. The end result, however, 
would not be of any great significance as overall variation 
between the adjacent ratchet teeth stops in relation to the 
heat flap position ie very small. 

2.18 New Investigative Techniques 

None. 

3 .  ANALYSIS 

3.1 There were several persons on the ground in the vicinity of the airport 
who were witnesses to the manoeuvres by the aircraft during the final 
phase of the flight, however, none witnessed the actual forced landing. 
~ l l  witnesses confirmed that the engine function appeared to be erratic 
in that the sound faded and then suddenly increased several times. 
One expert witness reported that it sounded as though the engines were 
suffering from erratic fuel flow. Both engines failed within seconds 
of each other after a short period of rough running. This would 
indicate that there was a common reason for the failures. 

3.2 The pilot in command had carried out the normal pre-flight check prior 
to departure, including the check for water in the fuel. The refuelling 
agents had also carried out their routine checks on the bowser prior to 
refuelling the aircraft. 

3.3 Fuel samples taken from several points in the fuel system of the aircraft 
following the accident, were satisfactory. There were no blockages or  

- deposits in the gascolators or fuel system. 

3.4 The investigation immediately following the accident indicated that the 
crossfeed valve was not in operation. When battery power was applied 
both Tip Tank cocks actuated and changed to show a wing tip selection. 
This indicated that the main tank was selected, just before power was 
switched off, prior to the accident and that the tip tanks had been selected 
after power had been switched off. 

3.5 Fuel drained from the two main tanks produced slightly less than 2 I7p Gals 
( 9  ltrs). Fuel content indicators in respect of the two tip tanks 
showed that each tank was three-quarters full. 

3.5 On departure from Nadi International Airport the fuel available in each 
main tank was approximately 4.1 1mpGals.Unusable fuel in each tank was 
2.9 Imp Gals  leaving a balance of 1.2 Imp Gals of usable fuel. Under 
the limitations applicable, the main tank could not be used for take- 
off or landing. At the fuel consumption rate of 25 Imp Gals per hour 
this would have permitted the engines to run for approximately 3 minutes. 
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2.7 T" pilot in command, in a written statement following the accident, 
stated that sometime after take-off from Nadi International Airport 
he changed from wing tip tanks to the main tanks with the intention 
of using up the fuel available in these tanks and reverting to the 
tip tanks for the landing. He recollects that the next tank change 
was made when the starboard engine started surging when near Deuba 
Airport. In his statement the pilot in command also stated that, when 
operating under Instrument Flight Rules,he normally selects the tanks 
to be used for the landing prior to commencing descent, in order t~ 
avoid a tank selection during the final stages of the IFR descent. 

2 . 8  Nhen the starboard engine began to surge, the pilot in command 
identified the cause as carburettor icing and advanced the throttles, 
actuated the fuel boost pumps and applied carburettor heat to both 
engines. Very shortly, thereafter, when the port engine commenced 
surging he noted that the carburettor heat control lever for that 
engine had sprung slightly up from the maximum and re-set it. A 
passenger on board observed the pilot flick the tank selection 
switch several times during the last minutes of the flight. However, 
as insufficient time was given for the electrically operated fuel 
cock to complete ths change, the selections were ineffective. 

4. CONCLUSIONS 

( 1 )  The pilot was properly licenced, rated and qualified. 

? The aircraft was properly certified and maintained except that 
the necessary documents showing the validity of the radlc) 
station licence and the Certificate of Maintenance in respect 
of the radio equipment on board could not be ascertained. 

( 3 )  The aircraft's Technical Log showed no outstanding defects. 

( 4 )  The weight of the aircraft was within approved limits. 

( 5 )  The aircraft had sufficient fuel on board for the intended flight. 

( 6 )  'The quality of fuel was satisfactory and tl~i. aircraft's fuel 
delivery systems were serviceable. 

( 7 )  The pilot in command did not brief or warn passengers of the 
impending forced landing. 

( 8 )  Both engines failed within a short space of time whil-st they 
were connected to separate tanks. 

(9) The carburettor heating systems for both engines were fully 
serviceable. 

( 1 0 )  Both engines were connected to their respective main tan!;s 
which contained only a small quantity of unusable fuel. 

( 1 1 )  The double engine failure occurred at a low altitude leaving 
insufficient time for the pilot to take corrective action prior 
to being committed to a forced landing. 
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4.2 Cause 

The accident occurred because of the Commander's mismanagement 
of the aircraft fuel system in that both engines failed through 
fuel starvation, with ample fuel remaining in the tip tank.5, 
whilst the aircraft WAS at a low altitude. Some degree of 
carburettor icing may have been a contributory factor in the 
failure to identify the cause of engine failure and take timely 
corrective action. 

5 .  SAFETY RECOHMENDATION 

5.1 Consideration be given to requiring aircraft to have the means, 
separate from the fuel gauge systems, of automatically alerting 
the crew when the contents of any tank capable of directly feeding 
an engine reaches a pre-determined low level. 

5 .2  Emphasis should be made on pilots, especially when operating a 
single pilot aircraft, to carry out checks as and when required 
in accordance with the check list in use in the aircraft and as 
per the Company's Flight Manual. 

ICAO Note: Minor editorial changes were made. 

ICAO Ref.: 3 7 1 / 8 4  
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de H a v i l l a n d  o f  Canada DHC-6-100, C-FPPL 

a t  F o r t  F r a n k l i n ,  Nor thwes t  T e r r i t o r i e s ,  Canada, 

on  9 Oc tobe r  1984.  

Repor t  No. 84-H40004 r e l e a s e d  by t h e  

Canad ian  A v i a t i o n  S a f e t y  Board 

1 .  SYNOPSIS 

The a i r c r a f t  was f l y i n g  between F o r t  Norman and F o r t  F r a n k l i n ,  

Nor thwest  T e r r i t o r i e s  on a s p e c i f i c  p o i n t  s e r v i c e  c a r r y i n g  p a s s e n g e r s  

and f r e i g h t .  Whi le  o n  approach  i n  v i s i b i l i t y  r educed  i n  f o g ,  t h e  

a i r c r a f t  s t r u c k  a t e l e c o m m u n i c a t i o n s  tower .  A p o r t i o n  o f  t h e  r i g h t  

wing s e p a r a t e d ,  and  t h e  a i r c r a f t  s l o w l y  r o l l e d  o v e r  b e f o r e  s t r i k i n g  t h e  

ground.  A l l  s even  o c c u p a n t s  s u s t a i n e d  f a t a l  i n j u r i e s .  

FACTUAL INFORMATION 

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

On 9 October  1984, Nahanni A i r  S e r v i c e s  F l i g h t  97 ,  a  DHC-6 Twin O t t e r ,  
C-FPPL, d e p a r t e d  Norman Wells, N.W.T. a t  1608 mounta in  d a y l i g h t  t i m e *  
(MDT), The a i r c r a f t  was o n  a  s p e c i f i c  p o i n t  v i s u a l  f l i g h t  r u l e s  
(VFR) f l i g h t  t o  F o r t  F r a n k l i n ,  N.W.T. w i t h  a n  e n - r o u t e  s t o p  i n  F o r t  
Norman, N.W.T. On b o a r d  were t h e  p i l o t ,  s e v e n  p a s s e n g e r s ,  a n d  
f r e i g h t  . 
A f t e r  take-off  from Norman Wells, t h e  a i r c r a f t  f o l l o w e d  t h e  McKenzie  
R i v e r  t o  F o r t  Norman, where o n e  p a s s e n g e r  d e p l a n e d  a n d  f r e i g h t  was 
unloaded.  It was r e p o r t e d  t h a t  w h i l e  e n - r o u t e  t o  F o r t  Norman, t h e  
p i l o t  had t o  descend v e r y  low o v e r  t h e  r i v e r  t o  m a i n t a i n  v i s u a l  f l i g h t  
c o n d i t i o n s .  The a i r c r a f t  d e p a r t e d  F o r t  Norman a t  1 6 5 1  a n d  a r r i v e d  
ove rhead  F o r t  F r a n k l i n  at approx ima te ly  1715. The a i r c r a f t  was h e a r d  
b u t  no t  s e e n ,  a s  F o r t  F r a n k l i n  was shrouded i n  fog .  A l o c a l  r e s i d e n t  
o f  F o r t  F r a n k l i n  h e a r d  t h e  a i r c r a f t  and c o n t a c t e d  t h e  p i l o t  on  a  
p o r t a b l e  very  h igh f r equency  (VHF) t r a n s c e i v e r  i n  h i s  home and a d v i s e d  
him t h a t  t h e r e  was l i t t l e  o r  no v i s i b i l i t y .  T h e p i l o t  r e p l i e d  t h a t  he 
d i d  n o t  t h i n k  he would be a b l e  t o  l and .  

* A l l  t imes  a r e  ?lDT (Greenwich mean t ime (GMT) m i n u s  6 h o u r s )  u n l e s s  
o t h e r w i s e  s t a t e d .  
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T h e  a i r c r a f t  t h e n  p r o c e e d e d  o u t  of h e a r i n g  r a n g e  b u t  r e t u r n e d  o v e r h e a d  
a t  l e a s t  o n c e  a n d  w a s  t h e n  h e a r d  t o  p r o c e e d  t o  t h e  s o u t h e a s t .  T h e  
r e s i d e n t  w i t h  t h e  r a d i o  had by t h i s  t i m e  d r i v e n  t o  t h e  a i r s t r i p ,  a n d  
w h e n  h e  h e a r d  t h e  a i r c r a f t  r e t u r n i n g ,  a d v i s e d  t h e  p i l o t  t h a t  
v i s i b i l i t y  was 200-300 f e e t * * * .  The  p i l o t  t h e n  q u e r i e d  w h e t h e r  t h e  
r e p o r t  r e f e r r e d  t o  v e r t i c a l  o r  h o r i z o n t a l  v i s i b i l i t y .  B e f o r e  a  r e p l y  
c o u l d  b e  m a d e ,  t h e  a i r c r a f t  w a s  h e a r d  t o  s t r i k e  a  2 0 0 - f o o t - h i g h  
c o m m u n i c a t i o n s  t o w e r  l o c a t e d  o n  t h e  e a s t e r n  e d g e  o f  t h e  h a m l e t .  
F o l l o w i n g  t h e  s o u n d  of  t h e  c o l l i s i o n ,  g r o u n d  w i t n e s s e s  o b s e r v e d  t h e  
a i r c r a f t  emerge  f r o m  t h e  f o g  a n d  s l o w l y  r o l l  o v e r  a s  i t  d e s c e n d e d  
s t e e p l y  t o  t h e  g r o u n d  b e t w e e n  two rows of h o u s e s  on t h e  n o r t h  e d g e  o f  
t h e  h a m l e t .  A l l  s e v e n  p e o p l e  on  b o a r d  r e c e i v e d  f a t a l  i n j u r i e s .  

T h e  c r a s h  s i t e  was l o c a t e d  a t  l a t  65"11 '00"N,  l o n g  1 2 3 O 2 5 ' 0 0 "  W a t  a n  
e l e v a t i o n  of 576  f e e t  a b o v e  s e a  l e v e l  ( a s l ) .  The  a c c i d e n t  o c c u r r e d  a t  
a p p r o x i m a t e l y  1 7 3 0  d u r i n g  t h e  h o u r s  of d a y l i g h t .  

I n j u r i e s  t o  P e r s o n s  

F a t a l  
S e r i o u s  
Minor /None  
T o t a l  

Damage t o  A i r c r a f t  

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

O t h e r  Damage 

Crew P a s s e n g e r s  O t h e r s  T o t a l  

T h e  a i r c r a f t  s t r u c k  t h e  c o m m u n i c a t i o n s  t o w e r  1 2  f e e t  f r o m  t h e  t o p ,  188  
f e e t  a b o v e  g r o u n d  l e v e l  ( a g l ) ,  j u s t  a b o v e  t h e  a t t a c h m e n t  p o i n t s  of  t h e  
u p p e r m o s t  g u y  w i r e s .  T h e  t o p  p o r t i o n  o f  t h e  t o w e r  s u s t a i n e d  
c o n s i d e r a b l e  damage b u t  r e m a i n e d  a t t a c h e d  t o  t h e  main  t o w e r  s t r u c t u r e .  
Some of t h e  t o w e r ' s  g u y  w i r e s  w e r e  l o o s e n e d .  A  wooden s i d e w a l k  a n d  a  
power  l i n e  w e r e  b r o k e n  when t h e  a i r c r a f t  s t r u c k  t h e  g r o u n d .  

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

Age 
P i l o t  L i c e n c e  
M e d i c a l  E x p i r y  D a t e  
T o t a l  F l y i n g  Time 
T o t a l  on  T y p e  
T o t a l  L a s t  9 0  Days 
T o t a l  on  T y p e  

L a s t  9 0  Days 
H o u r s  on  D u t y  

P r i o r  t o  O c c u r r e n c e  
H o u r s  o f f  D u t y  P r i o r  t o  

Work P e r i o d  

48 
A i r l i n e  T r a n s p o r t  
1  Elarch 1 9 8 5  
1 3 , 9 1 1  h r  

8 , 7 6 6  h r  
100  h r  

*** U n i t s  a r e  c o n s i s t e n t  w i t h  o f f i c i a l  m a n u a l s ,  d o c u m e n t s ,  r e p o r t s  a n d  
i n s t r u c t i o n s  u s e d  by o r  i s s u e d  t o  t h e  c rew.  



88 lCAO Circular 202-AN/123 - 

The p i l o t  was q u a l i f i e d  and h e l d  a  v a l i d  l i c e n c e .  He had  c o m p l i e d  
w i t h  a l l  m a n d a t o r y  c h e c k s .  H i s  l a s t  p i l o t  p r o f i c i e n c y  c h e c k  was 
s u c c e s s f u l l y  completed on 1 7  J u n e  1984. 

The  p i l o t  had  b e e n  employed  by N a h a n n i  A i r  S e r v i c e s  s i n c e  2 8  
September 1984. Upon h i s  a r r i v a l ,  a l l  company t r a i n i n g  r e q u i r e m e n t s  
were s a t i s f a c t o r i l y  comple ted  under  t h e  d i r e c t i o n  of t h e  c h i e f  p i l o t .  
Inc luded  i n  t h e  t r a i n i n g  was a  r o u t e  c h e c k  f l o w n  on 1 O c t o b e r  1 9 8 4 ,  
which i n c l u d e d  a  s t o p  i n  F o r t  F r a n k l i n .  On t h a t  t r i p ,  t h e  c h i e f  p i l o t  
d i d  p o i n t  ou t  t h e  l o c a t i o n  of t h e  communications tower i n  t h e  v i l l a , g c .  
Be tween  2 O c t o b e r  1984 and  t h e  d a y  o f  t h e  a c c i d e n t ,  t h e  p i l o t  
comple ted  seven f l i g h t s  i n t o  F o r t  F r a n k l i n .  

P r i o r  t o  h i s  employment w i t h  Nahanni A i r  S e r v i c e s ,  t h e  p i l o t  had been  
employed by a n o t h e r  n o r t h e r n  Twin Otter o p e r a t o r  f o r  a  p e r i o d  of twelve  
yea r s .  During t h i s  p r e v i o u s  employment, he had ea rned  a  r e p u t a t i o n  a s  
a n  e x c e l l e n t  p i l o t  and was acknowledged a s  an  e x p e r t  on t h e  Twin O t t e r .  
Much o f  h i s  f l y i n g  had  i n v o l v e d  o p e r a t i o n s  i n t o  r e m o t e  u n p r e p a r e d  
a i r s t r i p s  i n  t h e  h igh  A r c t i c .  

P r i o r  t o  March 1 9 8 4 ,  h e  h a d  n o t  e x p e r i e n c e d  a n y  known a c c i d e n t s  o r  
i n c i d e n t s  i n  t h e  Twin O t t e r .  However, on 6 March 1984 w h i l e  l a n d i n g  a  
Twin O t t e r  o n  r o u g h  i c e  a t  Ward Hun t  I s l a n d ,  N.W.T., t h e  n o s e  s k i  
s t r u c k  t h e  ice h e a v i l y ,  damaging t h e  bulkhead t o  which t h e  nose l a n d i n g  
g e a r  is a t t a c h e d .  T h i s  i n c i d e n t  was f o l l o w e d  b y  a n o t h e r  on  1 3  A p r i l  
1 9 8 4  i n  w h i c h  s imilar  damage o c c u r r e d  w h i l e  t a k i n g  o f f  f r o m  a n  
unprepa red  A r c t i c  ice s t r i p  n e a r  t h e  g e o g r a p h i c  Nor th  Po le .  

On 25 J u l y  1 9 8 4 ,  a  t h i r d  i n c i d e n t  o c c u r r e d  w h i l e  t h e  p i l o t  w a s  
a t t e m p t i n g  t o  l a n d  on a n  unprepa red  s u r f a c e  on Somerse t  I s l a n d ,  N.W .T . 
He r e p o r t e d l y  o v e r s h o t  h i s  i n t e n d e d  touchdown p o i n t  by 1 , 0 0 0  f e e t  and  
l a n d e d  on rough t e r r a i n  damaging t h e  main l a n d i n g  g e a r ,  a i r c r a f t  t a i l ,  
and t h e  nose  g e a r  assembly .  

A s  a  r e s u l t  of t h e s e  i n c i d e n t s ,  company management  b e g a n  t o  q u e s t  i o n  
t h e  p i l o t ' s  a b i l i t y  t o  make o p e r a t i o n a l  d e c i s i o n s .  At t h e  same t i m e ,  
t h e  p i l o t  r e q u e s t e d  t h a t  company management  r e a s s i g n  him t o  a n o t h e r  
b a s e  of o p e r a t i o n .  Subsequen t ly ,  t h e  p i l o t  was r e a s s i g n e d  t o  f l y i n g  
d u t i e s  i n  I n u v i k ,  N.W.T., where,  i n  t h e  o p i n i o n  of company managemen t ,  
t h e  t y p e  of f l y i n g  was less demanding. 

On 18 August  1984 ,  t h e  p i l o t  was t h e  c a p t a i n  of a  Twin Otter w h i c h  was 
d i t c h e d  i n  t h e  Beaufo r t  S e a  when bo th  e n g i n e s  f a i l e d .  An i n v e s t i g a t i o n  
by t h e  C a n a d i a n  A v i a t i o n  S a f e t y  Board  d e t e r m i n e d  t h a t  t h e  e n g i n e s  
f a i l e d  a s  a  r e s u l t  of w a t e r  c o n t a m i n a t i o n  o f  t h e  f u e l .  T h e  a i r c r a f t  
had been r e f u e l l e d  from b a r r e l s  t h e  p r e v i o u s  e v e n i n g  by t h e  p i l o t  and  
h i s  co -p i lo t .  Dur ing t h e  r e f u e l l i n g  p r o c e d u r e  no  f i l t e r  c a p a b l e  o f  
t r a p p i n g  w a t e r  was u s e d ,  n o r  was t h e  f u e l  t e s t e d  f o r  w a t e r .  An 
e x t e n s i o n  h a d  b e e n  a d d e d  t o  t h e  s t a n d - p i p e  r e f u e l l i n g  pump w h i c h  
a l lowed  t h e  b a r r e l  t o  be comple t e ly  d r a i n e d ,  t h e r e b y  pumping a n y  w a t e r  
which had s e t t l e d  i n  t h e  bottom of t h e  f u e l  b a r r e l s  i n t o  t h e  a i r c r a f t  
f u e l  t anks .  Fo l lowing  r e f u e l l i n g ,  t h e  a i r c r a f t  f u e l  t a n k s  w e r e  n o t  
sampled f o r  w a t e r  con tamina t ion .  
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F o l l o w i n g  t h i s  a c c i d e n t ,  company  m a n a g e m e n t  a s k e d  t h e  p i l o t  f o r  h i s  
r e s i g n a t i o n .  I n  t h e i r  o p i n i o n ,  h i s  a b i l i t y  t o  m a k e  o p e r a t i o n a l  
d e c i s i o n s  was i n  q u e s t i o n ,  a n d  t h e  s a f e t y  o f  t h e i r  o p e r a t i o n s  w o u l d  
h a v e  b e e n  j e o p a r d i z e d  i f  t h e  p i l o t  c o n t i n u e d  i n  t h e i r  e m p l o y .  H i s  
employment  w i t h  t h e  company was t e r m i n a t e d  on 31 A u g u s t  1984 .  

T h e  c h i e f  p i l o t  o f  N a h a n n i  A i r  S e r v i c e s  h i r e d  t h e  p i l o t  b a s e d  o n  
k n o w l e d g e  g a i n e d  a s  h i s  s u p e r v i s o r  when t h e y  f l e w  t o g e t h e r  f o r  a n o t h e r  
company.  A t  t h e  t i m e  t h e  p i l o t  was h i r e d ,  t h e  c h i e f  p i l o t  was a w a r e  of  
t h e  p i l o t ' s  a c c i d e n t  a n d  i n c i d e n t  h i s t o r y .  He f e l t  t h e  p i l n t  
d e m o n s t r a t e d  a  h i g h  d e g r e e  of a i r m a n s h i p  i n  h i s  d i t c h i n g  a c c i d e n t  o f  
A u g u s t  1984.  It was f u r t h e r  r e p o r t e d  t h a t  n o  o u t w a r d  c h a n g e s  w e r e  
o b s e r v e d  i n  t h e  p i l o t ' s  b e h a v i o r  o r  w o r k  p e r f o r m a n c e .  T h e  p i l o t ' s  
p r e v i o u s  e m p l o y e r  was n o t  c o n t a c t e d  f o r  i n f o r m a t i o n .  

A i r c r a f t  I n f o r m a t i o n  

M a n u f a c t u r e r  
T y p e  
Y e a r  o f  M a n u f a c t u r e  
S e r i a l  Number 
C e r t i f i c a t e  of  A i r w o r t h i n e s s  
T o t a l  A i r f r a m e  Time 
E n g i n e  T y p e  ( 2 )  
P r o p e l l e r  T y p e  ( 2 )  
Maximum A l l o w a b l e  

Take-of f W e i g h t  
Recommended F u e l  T y p e  

d e  H a v i l l a n d  o f  Canada  L t d .  
DHC-6-100 
1968  
115  
19 S e p t e m b e r  1984 
2 3 , 6 4 5  h r  
P r a t t  and Whi tney  o f  Canada  PT6-20 
H a r t z e l l  HCB-3TN-3BY 

11 ,579  l b  
Jet B  

P r i o r  t o  J u l y  1 9 8 4 ,  t h e  Twin  O t t e r  a i r c r a f t  had o p e r a t e d  u n d e r  U n i t e d  
S t a t e s  of Amer ica  r e g i s t r y .  I n  J u l y  1 9 8 4 ,  i t  was i m p o r t e d  i n t o  Canada  
w h e r e  a n  i n s p e c t i o n ,  test ,  r e p a i r  as n e c e s s a r y  (ITRAN) p r o c e d u r e  a n d  
o t h e r  c h e c k s  w e r e  p e r f o r m e d .  A t  t h i s  t i m e  c o m p l i a n c e  w i t h  a l l  
a i r w o r t h i n e s s  d i r e c t i v e s  was c h e c k e d .  

N a h a n n i  A i r  S e r v i c e s  t o o k  d e l i v e r y  o f  t h e  a i r c r a f t  o n  1 8  S e p t e m b e r  
1984  and  p l a c e d  i t  i n t o  s e r v i c e  a t  t h e  c o m p a n y ' s  Norman W e l l s  b a s e .  
P r i o r  t o  t h e  a c c i d e n t ,  t h e r e  w e r e  n o  k n o w n  o r  r e c o r d e d  
u n s e r v i c e a b i l i t i e s  o n  t h e  a i r c r a f t .  The w e i g h t  and c e n t r e  o f  g r a v i t y  
w e r e  w i t h i n  t h e  p r e s c r i b e d  l i m i t s .  T h e  a i r c r a f t  was f u e l e d  w i t h  J e t  B 
a v i a t i o n  f u e l .  

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  

G e n e r a l  

On 9  O c t o b e r  1 9 8 4 ,  a t  1200  a n  A r c t i c  f r o n t  was l o c a t e d  a b o u t  50 m i l e s  
s o u t h  of Norman W e l l s  and w a s  e x t e n d i n g  e a s t w a r d  t o w a r d  G r e a t  B e a r  
Lake .  Upper  a i r  s o u n d i n g s  i n d i c a t e d  a  s t r o n g  l o w - l e v e l  i n v e r s i o n  w i t h  
t h e  a i r  s a t u r a t e d  f r o m  t h e  s u r f  a c e  t o  1 , 6 0 0  f e e t  a g l .  T h e  o v e r a l l  
e f f e c t  of t h i s  s i t u a t i o n  w a s  t o  b l a n k e t  t h e  a r e a  w i t h  l o w  s t r a t u s  
c l o u d  b a s e d  a t  400  f e e t  a g l  and t o p p e d  a t  2,000 f e e :  a g l .  
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1.7.2 F o r e c a s t s  

The a r e a  f o r e c a s t  f o r  t h e  S impson ,  G r e a t  S l a v e ,  and Norman r e g i o n s  
i s s u e d  a t  1130, v a l i d  f o r  t h e  pe r iod  1200 t o  2400, i n d i c a t e d  e x t e n s i v e  
s t r a t u s  c louds  n o r t h  of t h e  f r o n t  wi th  bases 400 t o  1,000 f e e t  a g l  a n d  
t o p s  a t  1,500 t o  2,000 f e e t  a g l .  V i s i b i l i t y  was f o r e c a s t  t o  be two t o  
f i v e  mi les  i n  l i g h t  snow and fog ,  wi th  c o n d i t i o n s  a s  low a s  one  m i l e  
i n  a  mixture  of f r e e z i n g  d r i z z l e ,  l i g h t  snow, and fog. 

The t e r m i n a l  f o r e c a s t  f o r  Norman W e l l s ,  i s s u e d  a t  1 0 3 0 ,  i n d i c a t e d  
c e i  l i n g s  of 600 f e e t  a g l  and a  v i s i b i l i t y  of t h r e e  miles  i n  f o g  a f t e r  
1500. A l a t e r  f o r e c a s t ,  i s sued  a t  1630, p r e d i c t e d  c e i l i n g s  f r e q u e n t l y  
a s  low a s  200 f e e t  a g l  wi th  v i s i b i l i t y  reduced t o  two m i l e s  i n  l i g h t  
snow and fop;, and a  r i s k  of f r e e z i n g  r a i n .  

1.7.3 Actual  Weather 

The a c t u a l  w e a t h e r  i n  Norman W e l l s  w a s  g e n e r a l l y  a s  f o r e c a s t .  
T h r o u g h o u t  t h e  d a y ,  a  l o w  o v e r c a s t  l a y e r  o f  s t r a t u s  c e i l i n g s  
p e r s i s t e d ,  wi th  v i s i b i l i t y  reduced i n  f r e e z i n g  d r i z z l e ,  l i g h t  snow,  
and fog. L a t e r  i n  t h e  day, a g r a d u a l  i n c r e a s e  i n  v i s i b i l i t y  occur red ,  
a l t h o u g h  the  low c e i l i n g  p e r s i s t e d .  

The hourly  obse rva t ions  from Norman Wells taken a t  1000 a n d  1600 a r e  
a s  fol low:  

Sky p a r t i a l l y  o b s c u r e d ,  c e i l i n g  ( m e a s u r e d  by 
b a l l o o n )  400 f t  o v e r c a s t ,  v i s i b i l i t y  1+ s m  i n  
l i g h t  f r e e z i n g  d r i z z l e ,  l i g h t  snow a n d  f o g ,  
ba romet r i c  p r e s s u r e  999.6 mb, temp -Z°C, dew p o i n t  
-3"C, winds calm, a l t i m e t e r  s e t t i n g  29.50 i n ,  f o g  
5 t e n t h s  s t r a t u s  5 t e n t h s .  
Re-rks: Rime on i n d i c a t o r ,  b a l l o o n  v i s i b l e  t o  

600 f t  a g l .  

C e i l i n g  ( m e a s u r e d  by b a l l o o n )  500  f t o v e r c a s t ,  
v i s i b i l i t y  10 s m ,  b a r o m e t r i c  p r e s s u r e  999.9 mb, 
t e m p e r a t u r e  - Z ° C ,  dew p o i n t  -2OC, w i n d s  c a l m ,  
a l t i m e t e r  s e t t i n g  29 .51  i n ,  s t r a t u s  1 0  t e n t h s ,  
Remarks: V i s i b i l i t y  reduced due t o  low cloud. 

I n  F o r t  Norman, t h e  weather  was g e n e r a l l y  t h e  same a s  t h a t  r epor ted  i n  
Norman Wells. An o v e r c a s t  s t r a t u s  c e i l i n g  was p r e s e n t  a t  a b o u t  600  
f e e t  a g l ,  and t h e  v i s i b i l i t y  v a r i e d  between one m i l e  a n d  e i g h t  m i l e s  
i n  i c e  c r y s t a l s ,  l i g h t  snow, and fog. 

The hourly  o b s e r v a t i o n s  from F o r t  Norman t a k e n  by t h e  Community A i r  
Radio S t a t i o n  (CARS) operacor  a t  1000 and 1600 a r e  a s  fo l lows :  

C e i l i n g  ( m e a s u r e d  by b a l l o o n )  900 f  t o v e r c a s t ,  
v i s i b i l i t y  8 s m  i n  i c e  c r y s t a l s ,  temperature  -4OC, 
dewpoint -S°C, winds c a l m ,  a l t i m e t e r  s e t t i n g  29.44 
i n ,  s t r a t u s  10 t e n t h s .  
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C e i l i n g  ( m e a s u r e d  b y  b a l l o o n )  600  f t  o v e r c a s t ,  
v i s i b i l i t y  8 s m ,  t e m p e r a t u r e  - l ° C ,  dew p o i n t  - l ° C ,  
w i n d s  c a l m ,  a l t i m e t e r  s e t t i n g  29 .47  i n ,  s t r a c t l s  lj 
t e n t h s .  

No o f f i c i a l  w e a t h e r  r e p o r t s  a r ?  a v a i l a b l e  f r o m  F o r t  F r a n k l i n  a s  t h e r e  
i s  no accredited w e a t h e r  o b s e r v e r  i n  t h e  c o m m u n i t y .  A t  t h e  t i n e  o t  
t h e  a c c i d e n t ,  w i t n e s s e s  r e p o r t e d  t h a t  t h e  c o m m u n i t y  w a s  s h r o u d e i '  i n  
f o g .  Hor izont i41  v i s i h i l i t y  e s t i r n a t s s  r a n g e d  F r u n  52  t o  biJO f e e t .  1: 

was  r e p o r t e d  t h a t  a l t h o u g h  t h e  t o p  of t h e  c o m m u n i c a t i o n s  t o w e r  ( 2 0 0  
f e e t  a g l )  was  n o t  v i s i b l e ,  t h e  m i d d l e  o b s t r u c t i o n  l i g h t  ( 9 5  f e e t  a g l )  
c o u l d  b e  s e e n .  T h i s  w e a t h e r  p e r s i s t e d  t h r o u g h o u t  t h e  d a y .  

1.7.4 P i l o t  R e p o r t s  

D u r i n g  t h e  d a y ,  t h e  N a h a n n i  A i r  S e r v i c e s  o f f i c e  i n  N o r m a n  W e l l s  
r e c e i v e d  s e v e r a l  p i l o t  r e p o r t s  ( P I R E P s )  o f  w e a t h e r  c o n d i t i o n s  f r o m  
company p i l o t s  o p e r a t i n g  i n  t h e  area. One  p i l o t ,  who t o o k  o f f  f r o m  
Norman W e l l s  a t  1 1 4 3  e n - r o u t e  t o  F o r t  S i m p s o n ,  r e p o r t e d  t h a t  h e  w a s  
t u r n i n g  back  b e c a u s e  o f  p o o r  w e a t h e r  e n c o u n t e r e d  s o u t h  o f  F o r t  Norman. 
L a t e r  i n  t h e  d a y  and  p r i o r  t o  t h e  d e p a r t u r e  of  F l i g h t  9 7 ,  t h e  o f f  i c e  
r e c e i v e d  two r e p o r t s  i n d i c a t i n g  c l e a r  c o n d i t i o n s  a c r o s s  t h e  r i v e r  t o  
t h e  s o u t h  of  Norman Wells. 

D u r i n g  F l i g h t  9 7 ' s  s t a t i o n  s t o p  a t  F o r t  N o r m a n ,  t h e  p i l o t  w a s  
a p p r o a c h e d  by a n o t h e r  p i l o t  who had  j u s t  r e t u r n e d  t o  F o r t  Norman a f t e r  
a n  u n s u c c e s s f u l  a t t e m p t  t o - r e a c h  F o r t  F r a n k l i n .  He r e p o r t e d  t h a t  h e  
h a d  t u r n e d  back  10 m i l e s  n o r t h e a s t  o f  F o r t  Norman when h e  e n c o u n t e r e d  
c l o u d s  down t o  t h e  tree t o p s  and n e a r  z e r o  v i s i b i l i t y .  

A t  1653 o n  d e p a r t u r e  f r o m  F o r t  Norman, t h e  p i l o t  o f  F l i g h t  97 r e p o r t e d  
t o  t h e  F o r t  Norman CARS o p e r a t o r  t h a t  t h e  c l o u d  c e i l i n g  w a s  4 0 0  f e e t  
a g l  d e c r e a s i n g  t o  200 f e e t  a g l  t o  t h e  n o r t h e a s t .  

About  o n e  h o u r  a n d  t w e n t y  m i n u t e s  a f t e r  t h e  a c c i d e n t ,  a n  a i r c r a f t  
o v e r f l e w  t h e  F o r t  F r a n k l i n  a r e a  at  h i g h  a l t i t u d e ,  e n - r o u t e  t o  Norman 
Wells. T h e  p i l o t  r e p o r t e d  t h a t  t h e  G r e a t  R e a r  L a k e  a r e a  w a s  c o v e r e d  
w i t h  a  s o l i d  f o g  l a y e r  t h a t  c l o s e l y  f o l l o w e d  t h e  o u t l i n e  of  t h e  l a k e .  
T h e  McKenzie v a l l e y  and  G r e a t  B e a r  R i v e r  v a l l e y  w e r e  a l s o  f i l l e d  w i t h  
l o w  c l o u d  and f o g .  H i g h  p o i n t s  o f  g r o u n d  w e r e  s t i c k i n g  u p  t h r o u g h  
t h i s  l a y e r .  On d e s c e n t  i n t o  Norman W e l l s ,  t h e  t o p  o f  c l o u d  w a s  2 , 1 0 0  
f e e t  a s l .  

1.7.5 Weather  I n f o r m a t i o n  A v a i l a b l e  t o  t h e  P i l o t  

T h e  a r e a  a n d  t e r m i n a l  f o r e c a s t s  w e r e  a v a i l a b l e  t o  t h e  p i l o t  a n d  
company o f f  i c e  t h r o u g h  t h e  Norman Wells F l i g h t  S e r v i c e  S t a t  i o n  ( F S S )  . 
S i m i l a r l y ,  t h e  h o u r l y  o b s e r v a t i o n s  f r o m  Norman W e l l s  a n d  F o r t  Norman 
w e r e  a v a i l a b l e .  T h e  p i l o t  had b e e n  i n  c o n t a c t  w i t h  t h e  FSS o n  s e v e r a l  
o c c a s i o n s  d u r i n g  t h e  d a y .  The  g e n e r a l  w e a t h e r  c o n d i t i o n s  e x i s t i n g  a t  
F o r t  F r a n k l i n  w e r e  p a s s e d  t o  t h e  N a h a n n i  A i r  S e r v i c e s  Norman W e l l s  
o f f i c e  by t h e  company a g e n t  i n  F o r t  F r a n k l i n  v i a  t e l e x  and t e l e p h o n e .  
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During t h e  morning,  t h e  agen t  t e l e x e d  t h e  company i n  Norman Wells  t h a t  
F o r t  F r a n k l i n  was foggy.  E a r l y  i n  t h e  a f t e r n o o n ,  a  s u b s e q u e n t  t e l e x  
a d v i s e d  t h a t  F o r t  F r a n k l i n  was s t i l l  fogged i n ,  w i t h  l i t t l e  chance  f o r  
improvement a s  t h e r e  was no wind. The p i l o t  was a l s o  a w a r e  o f  t h i s  
i n f o r m a t i o n .  

The a g e n t  p r o v i d e d  f u r t h e r  i n f o r m a t i o n  by t e l e p h o n e  l a t e r  i n  t h e  
a f t e r n o o n  t h a t  F o r t  F r a n k l i n  was s t i l l  foggy.  Xo c o n t a c t  be tveen  F o r t  
F r a n k l i n  and Norman Wel ls  o c c u r r e d  a f t e r  a p p r o x i m a t e l y  145U. A l s o  
a v a i l a b l e  and known t o  t h e  p i l o t  w e r e  t h e  PIREPs r e p o r t e d  t o  t h e  
company o f f  i c e .  

I n  a d d i t i o n  t o  t h e  i n f o r m a t i o n  a v a i l a b l e  p r i o r  t o  d e p a r t u r e ,  f u r t h e r  
i n f o r m a t i o n  was a v a i l a b l e  t o  t h e  p i l o t  f r o m  t h e  p i l o t  w i t h  whom h e  
spoke  i n  F o r t  Norman and v i a  t h e  p o r t a b l e  VHF r a d i o  from t h e  r e s i d e n t  
o n  t h e  ground i n  F o r t  F r a n k l i n .  

D u r i n g  t h e  s t a t i o n  s t o p  a t  F o r t  Norman, t h e  F o r t  F r a n k l i n  a g e n t  
c o n t a c t e d  t h e  a g e n t  i n  F o r t  Norman. H e  a d v i s e d  t h a t  F o r t  F r a n k l i n  was 
s t i l l  fogged in .  T h i s  i n f o r m a t i o n  was a p p a r e n t l y  n o t  p a s s e d  t o  t h e  
p i l o t .  

A i d e  t o  Nav iga t ion  

A n o n - d i r e c t i o n a l  beacon (NDB) i s  l o c a t e d  approx ima te ly  one -ha l f  m i l e  
s o u t h  of t h e  t h r e s h o l d  of runway 24. It t r a n s m i t s  o n  a  f r e q u e n c y  o f  
287 k i l o h e r t z  (kHz)  a n d  h a s  a n  i d e n t i f i c a t i o n  s i g n a l  o f  W J .  T h e  
Norman Wells FSS m o n i t o r s  t h e  beacon. Fo l lowing  t h e  a c c i d e n t  t h e  FSS 
o p e r a t o r  checked t h e  F o r t  F r a n k l i n  NDB's i d e n t i f i c a t i o n  a n d  power  
s o u r c e .  Both were o p e r a t i n g  normal ly .  

C o m n i c a t i o n s  

T h e r e  was no o f f i c i a l  a i r -ground communications f a c i i i t y  a v a i  l a b 1  e  a t  
F o r t  F r a n k l i n .  Nahanni A i r  S e r v i c e s  had  a  company r a d i o  l o c a t e d  i n  
t h e i r  a g e n t ' s  home b u t  i t  was n o t  i n  u s e .  T h e  r a d i o  a n d  a  d u a l  
a l t imeter  u n i t  h a d  b e e n  i n s t a l l e d  i n  a n t i c i p a t i o n  o f  o b t a i n i n g  
a u t h o r i z a t i o n  f o r  a  new 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  i n t o  F o r t  
F r a n k l i n  based o n  t h e  l o c a l  a l t i m e t e r  s e t t i n g .  T h i s  a p p r o v a l  was 
n e v e r  o b t a i n e d  and t h e  a g e n t  was no t  t r a i n e d  o r  q u a l i f  i e d  t o  u s e  t h e  
equipment.  

A l o c a l  r e s i d e n t  of F o r t  F r a n k l i n  was i n  p o s s e s s i o n  of a  p o r t a b l e  VHF 
t r a n s c e i v e r .  It had been pu rchased  f o r  t h e  p u r p o s e  o f  a s s i s t i n g  t h e  
p i l o t  of a  F o r t  Frankl in-based a i r c r a f t .  On s e v e r a l  o c c a s i o n s ,  t h i s  
r e s i d e n t  had c o n t a c t e d  Nahanni A i r  S e r v i c e  p i l o t s ,  bu t  on ly  f o r  r a d i o  
check  purposes .  I t  was t h i s  r a d i o  t h a t  was used t o  c o n t a c t  t h e  p i l o t  
o f  F l i g h t  97 p r i o r  t o  t h e  a c c i d e n t .  

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

The F o r t  F r a n k l i n  Aerodrome is  l o c a t e d  on t h e  s h o r e  of G r e a t  Bear Lake 
a b o u t  o n e - h a l f  m i l e  n o r t h  o f  t h e  Hamle t  o f  F o r t  F r a n k l i n .  T h e  
aerodrome r e f e r e n c e  e l e v a t i o n  i s  5 7 6  f e e t  a s l .  The  g r a v e l  s u r f a c e  
runway is  2 ,500 f e e t  l o n g  by 80 f e e t  wide and has  low i n t e n s i t y  runway 
e d g e  l i g h t s .  The  runway o r i e n t a t i o n  i s  0 6 0  d e g r e e s / 2 4 0  d e g r e e s  
magnet ic  ( M )  . 
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T h e  a e r o d r o m e  i s  owned by t h e  Government  of  t h e  N o r t h w e s t  T e r r i t o r i e s  
(GNWT) who c o n t r a c t  t h e  H a m l e t  of F o r t  F r a n k l i n  t o  p e r f o r m  r o u t i n e  
m a i n t e n a n c e .  T h e  a e r o d r o m e ,  w h i c h  w a s  c o n s t r u c t e d  i n  1 9 7 0 ,  i s  
u n l i c e n s e d .  

F l i g h t  R e c o r d e r s  

The  a i r c r a f t  was n o t  e q u i p p e d  w i t h  a  f l i g h t  d a t a  r e c o r d e r  o r  a  c o c k p i t  
v o i c e  r e c o r d e r ,  n o r  was e i t h e r  r e q u i r e d  by r e g u l a t i o n .  

Wreckage a n d  I m p a c t  I n f o r m a t i o n  

The  r i g h t  wing  s e p a r a t e d  f r o m  t h e  a i r c r a f t  at  a  p o i n t  1 5  f e e t  i n b o a r d  
f r o m  t h e  wing  t i p .  The  s e v e r e d  wing  was f o u n d  a p p r o x i m a t e l y  1 4 0  f e e t  
s o u t h  of  t h e  b a s e  of  t h e  t o w e r ,  l e f t  o f  t h e  a i r c r a f t ' s  g r o u n d  t r a c k .  
T h e  wing  s e c t i o n  had b e e n  s l i c e d  t h r o u g h  p e r p e n d i c u l a r  t o  t h e  m a i n  
s p a r .  

A s e c t i o n  of t h e  r i g h t  f l a p  had s e p a r a t e d  f r o m  t h e  w i n g  a n d  w a s  f o u n d  
50 f e e t  w e s t  of  t h e  b a s e  o f  t h e  t o w e r ,  a l o n g  t h e  a i r c r a f t ' s  g r o u n d  
t r a c k .  The  r i g h t  f l a p  was damaged c o n s i d e r a b l y  as a r e s u l t  o f  t h e  
i m p a c t  w i t h  t h e  t o w e r .  B o t h  t h e  f o r w a r d  a n d  a f t  p o r t i o n s  o f  t h e  
i n b o a r d  f l a p  s e c t i o n  s u s t a i n e d  d i r e c t  i m p a c t  damage i n  t h e  c o l l i s i o n .  
T h e  l e a d i n g  e d g e  o f  t h e  f o r w a r d  i n b o a r d  s e c t i o n  was p u s h e d  t o w a r d  i t s  
t r a i l i n g  e d g e ,  and t h e  a f t  i n b o a r d  s e c t i o n  had p a r t i a l l y  f o l d e d  a b o u t  
t h e  t o w e r .  

A f t e r  t h e  c o l l i s i o n  w i t h  t h e  t o w e r ,  t h e  a i r c r a f t ,  m i n u s  t h e  s e v e r e d  
p o r t i o n  of  t h e  r i g h t  w i n g ,  c o n t i n u e d  i n  t h e  d i r e c t i o n  o f  t h e  v i l l a g e .  
I n i t i a l  c o n t a c t  w i t h  t h e  g r o u n d  o c c u r r e d  a b o u t  8 8 5  f e e t  f r o m  t h e  b a s e  
o f  t h e  t o w e r .  The  g r o u n d  t r a c k  of  t h e  f i n a l  p o r t i o n  of  t h e  f l i g h t  was 
a b o u t  265  d e g r e e s  M. 

T h e  a i r c r a f t  s t r u c k  t h e  g r o u n d  i n  a n  i n v e r t e d  a t t i t u d e  a t  a  d e s c e n t  
a n g l e  o f  a p p r o x i m a t e l y  5 0  d e g r e e s ,  b e t w e e n  a  r o w  o f  h o u s e s  o n  t h e  
n o r t h  e d g e  o f  t h e  v i l l a g e .  F o l l o w i n g  t h e  i n i t i a l  g r o u n d  i m p a c t ,  t h e  
a i r c r a f t  bounced and s l i d  a d i s t a n c e  o f  a b o u t  5 0  f e e t .  I m p a c t  f o r c e s  
t o r e  o f f  b o t h  e n g i n e s ,  t h e  t a i l  s e c t i o n ,  a n d  t h e  s t u b  o f  t h e  r i g h t  
w i n g .  The l e f t  wing  r e m a i n e d  a t t a c h e d  t o  t h e  f u s e l a g e  by t h e  c o n t r o l  
c a b l e s .  

P o r t i o n s  of  t h e  a i r c r a f t  w e r e  s c a t t e r e d  o v e r  a n  a p p r o x i m a t e  4 0 0 - b y -  
1 0 0 - f o o t  a r e a .  A v i a t i o n  j e t  f u e l  s o a k e d  a  c o n s i d e r a b l e  a r e a  o f  g r o u n d  
w i t h i n  t h e  w r e c k a g e  s c a t t e r  a r e a .  T h e  t o t a l  l e n g t h  o f  t h e  w r e c k a g e  
t r a i l  was 1 , 2 4 5  f e e t .  

A l l  a i r c r a f t  c o n t r o l  s u r f a c e s  w e r e  a c c o u n t e d  f o r .  No s t r u c t u r a l  
f a i l u r e s  were  f o u n d  beyond t h o s e  a t t r i b u t a b l e  t o  t h e  c o l l i s i o n  w i t h  
t h e  t o w e r  and  t h e  s u b s e q u e n t  g r o u n d  i m p a c t .  

M e d i c a l  I n f o r m a t i o n  

P h y s i o l o g i c a l  I n f o r m a t i o n  

The p i l o t ' s  most  r e c e n t  a v i a t i o n  m e d i c a l  e x a m i n a t i o n  was p e r f o r m e d  1 3  
d a y s  b e f o r e  t h e  a c c i d e n t .  He w a s  a s s e s s e d  f i t  t o  T r a n s p o r t  C a n a d a  
C a t e ~ o r y  I s t a n d a r d s .  
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Post-mortem examina t ion  and  t o x i c o l o g i c a l  t e s t i n g  d i d  n o t  r e v e a  1 a n y  
e v i d e n c e  of pre-impact  i n j u r y ,  phys ica  1 o r  p h y s i o l o g i c a l  problems,  o r  
i n c a p a c i t a t i o n .  

P s y c h o l o g i c a l  I n f o r m a t i o n  

The  p i l o t  was  d e s c r i b e d  a s  a  q u i e t ,  c a r e f u l ,  a n d  c o n s e r v a t i v e  
i n d i v i d u a l  w i t h  h i s  l i f e  c e n t r e d  a r o u n d  h i s  work  a n d  h i s  f a m i l y .  
T h e r e  was no p r i o r  h i s t o r y  of men ta l  o r  e m o t i o n a l  d i s t u r b a n c e .  He was 
n o t  o u t w a r d l y  e x p r e s s i v e  o f  h i s  f e e l i n g s  s o  i t  was d i f f i c u l t  t o  
d i s c e r n  h i s  r e a c t i o n  t o  r e c e n t  e v e n t s  i n  h i s  l i f e .  

There  was no e v i d e n c e  of f i r e  e i t h e r  b e f o r e  o r  a f t e r  t h e  o c c u r r e n c e .  

S u r v i v a l  Aspec t s  

The a i r c r a f t  s t r u c k  t h e  ground i n  a n  i n v e r t e d  a t t i t u d e  a t  a  d e s c e n t  
a n g l e  o f  a b o u t  50 d e g r e e s .  A p p l i e d  " G "  f o r c e s  e x c e e d e d  human  
t o l e r a n c e s  a n d  t h e  c o c k p i t / c a b i n  s t r u c t u r e  w a s  a l m o s t  t o t a l l y  
d e s t r o y e d .  The i n j u r i e s  s u s t a i n e d  by a l l  o c c u p a n t s  were m u l t i p l e  a n d  
were  s e v e r e  enough t o  cause  immediate dea th .  

Examinat ion  of t h e  wreckage de te rmined  t h a t  a l l  b u t  t h e  two r e a r m o s t  
seats f a i l e d  a t  t h e  a t t a c h m e n t  p o i n t s .  A s  w e l l ,  f o u r  s e a t - b e l t s  had  
f a i l e d .  

T e s t s  and  Research  

A i r c r a f t  Engines  

Both e n g i n e s  were r e c o v e r e d ,  i d e n t i f i e d ,  and forwarded t o  t h e  B o a r d ' s  
S a f e t y  E n g i n e e r i n g  Branch f o r  d e t a i l e d  e x a m i n a t i o n .  No p r e - i m p a c t  
f a i l u r e s  were i d e n t i f i e d  w i t h  e i t h e r  e n g i n e .  The  c o n d i t i o n  o f  t h e  
r o t a t i n g  components of b o t h  e n g i n e s  i n d i c a t e d  t h a t  t h e r e  w e r e  h i g h  
l e v e l s  of r o t a t i o n a l  ene rgy  a t  t h e  t ime of impact .  

A i r c r a f t  P r o p e l l e r s  

Both p r o p e l l e r s  w e r e  r e c o v e r e d ,  i d e n t i f i e d ,  a n d  f o r w a r d e d  t o  t h e  
Board ' s  S a f e t y  Eng inee r ing  Branch f o r  d e t a i l e d  examina t ion .  P r o p e l l e r  
b l a d e  p i t c h  a n g l e s  a t  t h e  t i m e  o f  i m p a c t  w e r e  n o t  p o s i t i v e l y  
de t e rmined  but  were a s s e s s e d  a s  be ing  i n  t h e  norrrel  o p e r a t i n g  range a t  
r e l a t i v e l y  f i n e  p i t c h .  

F l a p  S e l e c t o r  

The e n g i n e  and f l a p  c o n t r o l  q u a d r a n t  was r e c o v e r e d  a n d  f o r w a r d e d  t o  
t h e  Board ' s  S a f e t y  Eng inee r ing  Branch f o r  d e t a i l e d  e x a m i n a t i o n .  The 
examina t ion  de te rmined  t h a t  t h e  f l a p  s e l e c t o r  was i n  t h e  f  laps-down 
(37 j -degree )  p o s i t i o n  a t  impact .  

F l i g h t  and Engine I n s t r u m e n t s  

The f l i g h t  i n s t r u m e n t s  were  s e v e r e l y  darnaged; a  number of i n s t r u m e n t s  
had b r o k e n  o u t  o f  t h e i r  m o u n t s  a n d  were f o u n d  a l o n g  t h e  w r e c k a g e  
t r a i l .  The e n g i n e  i n s t r u m e n t a t i o n  was a l s o  damaged b u t  n o t  t o  t h e  
same e x t e n t .  B o t h  i n s t r u m e n t  p a n e l s  w e r e  s h i p p e d  t o  t h e  B o a r d ' s  
S a f e t y  Eng inee r ing  Branch f o r  f u r t h e r  i n v e s t i g a t i o n .  
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An e x a m i n a t i o n  d i d  n o t  r e v e a l  a n y  e v i d e n c e  o f  p r e - i m p a c t  
u n s e r v i c e a b i l i t y  of a n y  of t h e  a i r c r a f t  f l i g h t  o r  e n g i n e  i n s t r u m e n t s .  
Impact  r e a d i n g s  were  d e t e r m i n e d  a s  f o l l o w s  : 

l e f t  and  r i g h t  t o r q u e  p r e s s u r e  gauges  - 39 p s i ;  
l e f t  p r o p e l l e r  rprn - 77% rpm minimum 
r i g h t  e n g i n e  g a s  g e n e r a t o r  rpm - 65% t o  100% rpm 
l e f t  o i l  p r e s s u r e  - 68 p s i  minimum 
a f t  f u e l  q u a n t i t y  - 990 l b  
a l t i m e t e r  ( u n i d e n t i f i e d  p o s i t i o n )  b a r o m e t r i c  p r e s s u r e  s c a l e  - 
29 .42  i n  
a l t i m e t e r  ( u n i d e n t i f i e d  p o s i t i o n )  b a r o m e t r i c  p r e s s u r e  s c a l e  - 
2 9 . 4 3  i n  
moveable a l t i t u d e  a l e r t  p o i n t e r  of a  r a d a r  a l t i m e t e r  - 190 f t .  

The r o t a t i n g  beacon was r e c o v e r e d  f rom t h e  w r e c k a g e  a n d  f o r w a r d e d  t o  
t h e  Boa rd ' s  S a f e t y  E n g i n e e r i n g  Branch f o r  d e t a i l e d  examina t  i o n .  B o t h  
b u l b s  w i t h i n  t h e  beacon e x h i b i t e d  s e v e r e  f i l a m e n t  s t r e t c h  i n d i c a t i v e  
o f  b u l b  i l l u m i n a t i o n  a t  impac t .  

1.16.6 Un i t ed  S t a t e s  N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  Board 
S p e c i a l  S tudy:  Air T a x i  S a f e t y  i n  Alaska  

I n  September  1980,  t h e  U n i t e d  S t a t e s  N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  
Board (NTSB) i s s u e d  a  S p e c i a l  S tudy  r e p o r t  e n t i t l e d  A i r  Tax i  S a f e t y  i n  
A laska .  (Repor t  11 NTSB-AAS-80-3). The r e p o r t  d e t a i l e d  t h e  r e s u l t s  of 
a n  NTSB s t u d y  of a i r  t a x i  a c c i d e n t s  which  o c c u r r e d  i n  Alaska  from 1 9 7 4  
t o  1978. 

Among t h e  r e p o r t ' s  c o n c l u s i o n s  were t h e  f o l l o w i n g :  

a )  The S t a t e  of Alaska  i s  h e a v i l y  dependent  on i t s  a i r  t a x i  i n d u s t r y  
t o  t r a n s p o r t  f o o d ,  m e d i c i n e ,  m a i l  a n d  many o t h e r  n e c e s s i t i e s  o f  
l i f e  t o  i s o l a t e d  v i l l a g e s ;  

b )  A i r  t a x i  f l y i n g  i n  A laska  i s  u n i q u e  because  of  a  number of f a c t o r s  
s u c h  a s  w h i t e o u t s ,  v e r y  r a p i d  c h a n g e s  i n  w e a t h e r ,  a  s c a r c i t y  o f  
n a v a i d s  t h a t  c a u s e  m o s t  a i r  t a x i  o p e r a t i o n s  t o  be made u n d e r  
v i s u a l  f l i g h t  r u l e s ,  . . .; and  

C )  I n a d e q ~ l a t e  wea the r  o b s e r v a t i o n s  a n d  i n a d e q u a t e  c o m m u n i c a t i o n  of 
w e a t h e r  o b s e r v a t i o n s  was p r o b a b l y  o n e  o f  t h e  f a c t o r s  w h i c h  
c o n t r i b u t e d  most t o  t h e  h igh  a i r  t a x i  a c c i d e n t  r a t e  i n  A laska .  

The  s t u d y  a l s o  i d e n t i f e d  t h e  "bush  p i l o t  syndrome"  a s  a  f a c t o r  w h i c h  
p r o b a b l y  c o n t r i b u t e d  t o  t h e  h i g h  a c c i d e n t  r a t e  i n  A l a s k a .  T h i s  
s y n d r o m e  was d e s c r i b e d  a s  a n  a t t i t u d e  o n  t h e  p a r t  o f  A l a s k a n  
o p e r a t o r s ,  p i l o t s  and p a s s e n g e r s  t h a t  r a n g e s  f rom a c a s u a l  a c c e p t a n c e  
o f  r i s k s  t o  a  w i l l i n g n e s s  t o  t a k e  u n w a r r a n t e d  r i s k s .  T h e  s t u d y  
f u r t h e r  s t a t e d  t h a t  a l t h o u g h  t h e  s y n d r o m e  e x i s t s  i t  c a n n o t  b e  
u n e q u i v o c a l l y  d e m o n s t r a t e d  by s t a t i s t i c a l  d a t a .  
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1.16.7 Human F a c t o r s  i n  A v i a t i o n  

I n  t h e  a n a l y s i s  of human f a c t o r s  i n  a v i a t i o n ,  t h e  s c i e n t i f i c  method i s  
a p p l i e d  i n  c o l l e c t i n g  k n o w l e d g e  and  b a s i n g  c o n c l u s i o n s  a s  much a s  
p o s s i b l e  i n  o b j e c t i v i t y .  Human f a c t o r s  k n o w l e d g e  i s  b a s e d  w h e r e  
p o s s i b l e  on b i o c h e m i s t r y ,  t o x i c o l o g y ,  p a t h o l o g y ,  human e n g i n e e r i n g ,  
and a l l  f i e l d s  of c l i n i c a l  medic ine .  Al though s c i e n t i f i c  c e r t a i n t y  i s  
n o t  always p o s s i b l e  i n  d e a l i n g  w i t h  men ta l  and emot iona l  p r o c e s s e s ,  a  
body of c l i n i c a l  knowledge e x i s t s  n o n e t h e l e s s  w h i c h  i s  d e s c r i b e d  i n  
v a r i o u s  r e s e a r c h  p a p e r s  and j o u r n a l s .  

1.16.7.1 Acc iden t  S u s c e p t i b i l i t y  

I t  has  been obse rved  i n  many i n d u s t r i a l  f i e l d s  b e s i d e s  a v i a t i o n  t h a t  
some i n d i v i d u a l s  have more a c c i d e n t s  t h a n  can  be a t t r i b u t e d  m e r e l y  t o  
chance .  However, t h e  d e l i n e a t i o n  of an  "acc iden t -p rone  p e r s o n a l i t y "  
o r  c h r o n i c  c o n s t i t u t i o n a l  p r e d i s p o s i t i o n  t o  a c c i d e n t s  a s  s u c h  h a s  n o t  
t o  d a t e  b e e n  s u c c e s s f u l .  More r e c e n t l y ,  r e s u l t s  o f  p e r s o n a l i t y  
t e s t i n g  f o r  more  s u b t l e  f e a t u r e s  o f  p e r s o n a l i t y  a n d  a c c i d e n t  
t e n d e n c i e s  have been i n c o n c l u s i v e  and a t  times c o n t r a d i c t o r y .  

Avoidance of a c c i d e n t s  depends on a  number o f  c o m p l e x  p s y c h o l o g i c a l  
and p h y s i o l o g i c a l  p r o c e s s e s .  Along w i t h  t h e  more o b v i o u s  i n f l u e n c e s  
of f a t i g u e  and a l c o h o l ,  i t  h a s  been found t h a t  emot ions  have  a  s i m i l a r  
d e t r i m e n t a l  e f f e c t .  Tens ion ,  a n g e r ,  p r e o c c u p a t i o n  w i t h  w o r r i e s ,  and  
even  e l a t i o n  can  i n t e r f e r e  w i t h  b o t h  a l e r t n e s s  a n d  t h e  c a p a c i t y  t o  
d e a l  w i t h  p o t e n t i a l l y  hazardous  s i t u a t i o n s .  

The p r e s e n t  s t a t e  o f  k n o w l e d g e  is  t h a t  a c c i d e n t  " p r o n e n e s s "  i s  a n  
a c q u i r e d  s u s c e p t i b i l i t y  dependent  upon t r a n s i e n t  s o c i a l ,  e m o t i o n a l  , 
and p s y c h o p h y s i o l o g i c a l  s t r e s s e s .  R a t h e r  t h a n  a  c h r o n i c  l i f e - l o n g  
p e r s o n a l i t y  t r a i t ,  a c c i d e n t  s u s c e p t l h i l i t y  may be t h e  r e s u l t  o f  a c u t e  
s i t u a t i o n a l  f a c t o r s  t h a t  p r e c i p i t a t e  r i s k - t a k i n g  b e h a v i o u r  d u r i n g  
c e r t a i n  t i m e s  o f  l i f e .  A d d i t i o n a l l y ,  c e r t a i n  p e r s o n a l i t y  
c h a r a c t e r i s t i c s  r e n d e r  i n d i v i d u a l s  less a b l e  t o  c o p e  w i t h  s t r e s s  and 
t h e  combina t ion  makes them even more a c c i d e n t  prone.  

1.16.7.2 S t r e s s  

The term stress has  a  m u l t i t u d e  of meanings v a r y i n g  w i t h  t h e  n a t u r e  of 
many d i s c i p l i n e s ,  from p s y c h i a t r y  t o  e n g i n e e r i n g .  I n  human f a c t o r s  
r e s e a r c h ,  i t  can  be d e f i n e d  a s  a  m e n t a l l y  o r  e m o t i o n a l l y  d i s r u p t i v e  
i n f l u e n c e  o r  change i n  ba l ance .  

The re  e x i s t  many stresses i n  a v i a t i o n ,  i n c l u d i n g  t h e  p h y s i o l o g i c a l  
( f a t i g u e  f r o u  v i b r a t i o n  a n d  t u r b u l e n c e ,  n o i s e )  a n d  p s y c h o l o g i c a l  
( i n e x p e r i e n c e ,  competence,  u n c e r t a i n t y ) .  The p i l o t  d e v e l o p s  s p e c 1  f i c  
a d a p t i v e  m e c h a n i s m s  w h i c h  a l l o w  h i m  t o  a r r i v e  a t  a  p e r s o n a l  
e q u i l i b r i u m  w i t h  t h e s e  i n h e r e n t  stresses, w i t h  such s u c c e s s  t h a t  m o s t  
p i l o t s  w o u l d  n o t  . e v e n  c o n s i d e r  t h e i r  n o r m a l  f l y i n g  a c t i v i t i e s  a s  
s t r e s s f u l .  O n c e  a n  a d a p t i v e  e q u i l i b r i u m  i s  r e a c h e d ,  a s t r e s s f u l  
e v e n t ,  whe the r  p e r c e i v e d  as u n d e s i r a b l e ,  o r  d e s  i r a b l e  , becomes  one  
which r e q u i r e s  t h e  i n d i v i d u a l  t o  undergo change,  and t h e  stress i t s e l f  
i s  t h e  p s y c h o p h y s i o l o g i c a l  p r o c e s s  of r e a d a p t a t i o n .  
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Too much s t r e s s  i n  too  s h o r t  a  time i s  a s s o c i a t e d  n o t  o n l y  w i t h  t h e  
o n s e t  of  i l l n e s s ,  b o t h  p h y s i c a l  a n d  m e n t a l ,  b u t  s o m e t i m e s  w i t h  
a c c i d e n t s .  P e r s o n a l i t y  c h a r a c t e r i s t i c s ,  l i f e  changes,  and more s e v e r e  
forms of emot iona l  stress do n o t  by themselves  cause  a c c i d e n t s .  "High 
p o t e n t i a l "  f o r  a n  a c c i d e n t  i s  t r a n s f o r m e d  i n t o  t h e  r e a l i t y  of a n  
a c c i d e n t  through some a c t  of commission o r  o m i s s i o n .  T h e s e  a c t s  c a n  
be cons ide red  under  headings  such as: i n a t t e n t i o n ,  poor judgement ,  o r  
mispercep t ion .  

1.17 Other  I n f o r m a t i o n  

1.17.1 P i l o t ' s  Notebook 

A notebook l o c a t e d  i n  t h e  wreckage c o n t a i n e d  d e t a i l s  of the  a i r c r a f t ' s  
d e p a r t u r e  and a r r i v a l  t i m e s  a t  Norman Wells and F o r t  F r a n k l i n  f o r  t h e  
day of t h e  a c c i d e n t .  L o c a t e d  o n  t h e  s a m e  p a g e  w a s  t h e  s k e t c h  
reproduced i n  Appendix B. 

T h i s  s k e t c h  i d e n t i f i e s  t h e  inbound and outbound t r a c k s  a n d  p r o c e d u r e  
t u r n  a l t i t u d e  of t h e  a p p r o v e d  company i n s t r u m e n t  a p p r o a c h  t o  F o r t  
F r a n k l i n .  The r e m a i n i n g  f i g u r e  of  850 i s  n o t  a s s o c i a t e d  w i t h  t h e  
approach p r o c e d u r e .  I n  t h e  s k e t c h ,  t h i s  f i g u r e  i s  l o c a t e d  i n  t h e  
p o s i - t i o n  w h e r e  t h e  minimum d e s c e n t  a l t i t u d e  f o r  t h e  a p p r o a c h  i s  
normally found. The c o r r e c t  minimum d e s c e n t  a l t i t u d e  f o r  t h e  approach 
is 1,350 f e e t  a s 1  (830 f e e t  a g l ) .  

No o t h e r  approach c h a r t  was l o c a t e d  i n  t h e  w r e c k a k e  e x c e p t  t h e  o n e  
con ta ined  i n  t h e  company o p e r a t i o n s  manua l  w h i c h  was i n  t h e  p i l o t ' s  
b r i e f c a s e .  

1.17.2 Radar A l t i m e t e r  P rocedures  

The r a d a r  a l t i m e t e r  i s  an ins t rument  which measures  and  d i s p l a y s  t h e  
v e r t i c a l  d i s t a n c e  between t h e  a i r c r a f t  and t h e  t e r r a i n  i m m e d i a t e l y  
below i t .  The p a r t i c u l a r  r a d a r  a l t i m e t e r  i n s t a l l e d  i n  t h e  a c c i d e n t  
a i r c r a f t  i n c o r p o r a t e d  a  c o c k p i t  d i s p l a y  w h i c h  i n c l u d e d  a  moveab le  
a l e r t  p o i n t e r  t h a t  could be s e t  t o  a  s p e c i f i c  h e i g h t  a b o v e  t e r r a i n .  
When t h e  a i r c r a f t ' s  he igh t  above t e r r a i n  was a t  o r  l e s s  t h a n  t h e  s e t  
h e i g h t ,  a  l i g h t  i l l u m i n a t e d  on t h e  ins t rument  d i s p l a y  as a reminder t o  
t h e  p i l o t .  

The u s e  of t h e  r a d a r  a l t i m e t e r  as an approach a i d  i n  p o o r  w e a t h e r  i s  
common i n  A r c t i c  f l i g h t  o p e r a t i o n s .  I n  r e m o t e  l o c a t i o n s  w h e r e  
p u b l i s h e d  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  a r e  s c a r c e ,  t h e  r a d a r  
a l t i m e t e r  is used t o  e n s u r e  adequa te  t e r r a i n  c l e a r a n c e  when a t t e m p t i n g  
t o  a c q u i r e  v i s u a l  r e f e r e n c e  w i t h  t h e  l a n d i n g  a r e a .  I n  a r e a s  of  f l a t  
t e r r a i n ,  i t  is not  uncommon f o r  p i l o t s  t o  descend t o  a  r a d a r  a l t i m e t e r  
i n d i c a t i o n  of 200 f e e t  o n c e  t h e  a i r c r a f t ' s  p o s i t i o n  h a s  b e e n  
e s t a b l i s h e d  w i t h  r e f e r e n c e  t o  a  ground-based n a v i g a t i o n a l  a i d .  When 
c o n d u c t i n g  t h i s  t y p e  of  p r o c e d u r e ,  t h e  p i l o t  n o r m a l l y  s e t s  t h e  
moveable a l e r t  p o i n t e r  of t h e  r a d a r  a l t i m e t e r  t o  t h e  a l t i t u d e  t o  which 
h e  p l a n s  t o  descend. 

1.17.3 Communications Tower 

The  c o m m u n i c a t i o n s  t o w e r  t h a t  t h e  a i r c r a f t  s t r u c k  was owned a n d  
o p e r a t e d  by Northweste l  Inc . ,  Whitehorse ,  Yukon T e r r i t o r i e s .  
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The tower  was c o n s t r u c t e d  i n  1965, p r i o r  t o  t h e  c o n s t r u c t i o n  of t h e  
F o r t  F r a n k l i n  Aerodrome .  I t  i s  l o c a t e d  a p p r o x i m a t e l y  2 , 8 0 0  f e e t  
s o u t h e a s t  of t h e  t h r e s h o l d  of runway 2 4  and 325 f e e t  s o u t h e a s t  of  t h e  
" W J "  NDB. T h i s  l o c a t i o n  was s e l e c t e d  because  i t  p rov ided  e a s y  a c c e s s  
t o  t h e  community and was a c c e p t a b l e  f o r  t r a n s m i s s i o n  r equ i r emen t s .  

The tower ,  which is a t h r e e - l e g  L e b l a n c  and  R o y l e  s e r i e s  2 0 ,  i s  200  
f e e t  i n  h e i g h t .  I t  has  s i x  guy l e v e l s  w i t h  t h e  o u t e r  anchor  p o s i t i o n s  
l o c a t e d  approx ima te ly  150 f e e t  from t h e  base .  The tower was marked i n  
a c c o r d a n c e  w i t h  t h e  T r a n s p o r t  C a n a d a  " S t a n d a r d s  f o r  O b s t r u c t i o n  
Markings" manual. 

1.17.4 F l i g h t  A u t h o r i z a t i o n  and D i s p a t c h  

1.17.4.1 Genera l  

F l i g h t  97  was o p e r a t i n g  u n d e r  VFR i n  a c c o r d a n c e  w i t h  O p e r a t i n g  
C e r t i f i c a t e  Number 5 2 7 2 ,  w h i c h  a u t h o r i z e s  o p e r a t i o n s  i n t o  Norman 
W e l l s ,  F o r t  F r a n k l i n ,  F o r t  Good Hope,  F o r t  N o r m a n ,  I n u v i k ,  a n d  
C o l v i l l e  Lake N.W.T. Amendment No. 1  t o  t h i s  c e r t i f i c a t e  a u t h o r i z e d  
t h e  r o u t e  Norman Wel ls -For t  F r a n k l i n  u n d e r  i n s t r u m e n t  f l i g h t  r u l e s  
( I F R )  c o n d i t i o n s  a n d  a u t h o r i z e d  t h e  u s e  o f  a n  a p p r o v e d  c o m p a n y  
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  a t  F o r t  F r a n k l i n .  A r e v i s i o n  t o  
Amendment NO. 1 ,  which was a w a i t i n g  i n c o r p o r a t i o n  i n t o  t h e  Company 
O p e r a t i o n s  Manual, a u t h o r i z e d  t h e  u s e  of t h e  T r a n s p o r t  Canada, Western 
Region,  " I n v e n t o r y  of Company Approved Routes  and I n s t r u m e n t  A p p r o a c h  
P rocedures" ,  s u b j e c t  t o  c e r t a i n  c o n d i t i o n s .  

The u s e  of t h e s e  a p p r o v e d  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  f o r  F o r t  
F r a n k l i n  is p r e d i c a t e d  o n  o b t a i n i n g  t h e  c u r r e n t  a l t i m e t e r  s e t t i n g  from 
Ford  Bay, N.W.T. which is o n l y  a v a i l a b l e  f o r  a  s h o r t  t i m e  d u r i n g  t h e  
summer. F u r t h e r ,  s i n g l e  p i l o t  IFR was n o t  a u t h o r i z e d  i n  t h e  N a h a n n i  
A i r  S e r v i c e s  Twin O t t e r .  N e i t h e r  o f  t h e  amendmen t s  a u t h o r i z e d  IFR 
f l i g h t  between F o r t  Norman and F o r t  F r a n k l i n .  

Nahanni  A i r  S e r v i c e s  o p e r a t e s  t h e  s p e c i f i c  p o i n t  s e r v i c e  b e t w e e n  
Norman Wells, F o r t  Norman, and F o r t  F r a n k l i n  on a  schedu led  b a s i s .  On 
weekdays ,  a  m o r n i n g  f l i g h t  i s  s c h e d u l e d  t o  d e p a r t  a t  1 0 0 0  a n d  a n  
a f t e r n o o n  f l i g h t ,  F l i g h t  9 7 ,  i s  schedu led  f o r  d e p a r t u r e  a t  1530. 

The d i s p a t c h  and l o a d i n g  of s chedu led  f l i g h t s  is  a c c o m p l i s h e d  a t  t h e  
Nahanni A i r  S e r v i c e s  a i r p o r t  o f f i c e  which is  l o c a t e d  f i v e  m i l e s  f r o m  
t h e i r  company h e a d q u a r t e r s .  

N a h a n n i  A i r  S e r v i c e s  o p e r a t e s  a  p i l o t  s e l f - d i s p a t c h  s y s t e m  i n  
c o n j u n c t i o n  w i t h  a  booking c o o r d i n a t o r .  Under t h i s  sys tem,  t h e  p i l o t  
h a s  t h e  s o l e  a u t h o r i t y  t o  make d e c i s i o n s  a s  t o  t h e  i n i t i a t i o n ,  
c o n t i n u a t i o n ,  d e l a y ,  d i v e r s i o n  o r  r e - r o u t i n g  o f  t h e  f l i g h t  w h e n  
c o n d i t i o n s  a r e  such  t h a t  o p e r a t i o n a l  d e c i s i o n s  a r e  n e c e s s a r y .  P i l o t  
s e l f - d i s p a t c h  sys t ems  a r e  common among smaller a i r  c a r r i e r s  a n d  mee t  
T r a n s p o r t  Canada r equ i r emen t s .  

Al though t h e  company o p e r a t i o n s  manual r e q u i r e s  t h a t  a l l  c o m m e r c i a l  
f l i g h t s  be a u t h o r i z e d  by t h e  o p e r a t i o n s  manager o r  h i s  a g e n t  p r i o r  t o  
commencement, no f o r m a l  a u t h o r i z a t i o n  of s p e c i f i c  f l i g h t s  o c c u r s .  The 
o p e r a t i o n s  manager d o e s  n o t  t a k e  a n  a c t i v e  p a r t  i n  t h e  d a y - t o - d a y  
d i s p a t c h  of f l i g h t s .  The d e c i s i o n  a s  t o  whe the r  a  p a r t i c u l a r  f l i g h t  
i s  d i s p a t c h e d  r e s t s  s o l e l y  w i t h  t h e  p i l o t .  No s p e c i f i c  c o m p a n y  
c r i t e r i a  e x i s t  which r e f e r  t o  t h e s e  d i s p a t c h  d e c i s i o n s .  
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S i m i l a r l y ,  t h e  company o p e r a t i o n s  manual  r e q u i r e s  t h a t  a l l  r e v e n u e  
f l i g h t s  be a u t h o r i z e d  by t h e  o p e r a t i o n s  manager, d i s p a t c h e r  o r  c h i e f  
p i l o t .  T h i s  a u t h o r i z a t i o n  may be d e l e g a t e d  t o  t h e  p i lo t - in -command .  
S p e c i f i c  c r i t e r i a  f o r  t h i s  d e l e g a t i o n ,  o r  how i t  i s  t o  be accom- 
p l i s h e d ,  a r e  n o t  i d e n t i f i e d .  With t h e  e x c e p t i o n  o f  t h e  f l i g h t  
m a n i f e s t  and load  s h e e t ,  which i s  s igned  only by t h e  p i l o t ,  no o t h e r  
documentat ion e x i s t s  which records  t h e  a u t h o r i z a t i o n  and d i s p a t c h  of 
schedu led  f l i g h t s .  

1.17.4.2 Dispatch of F l i g h t  97 

The p i l o t  was ass igned  t o  f l y  both scheduled f l i g h t s  t o  F o r t  F r a n k l i n  
on t h e  day of t h e  a c c i d e n t .  The morning f l i g h t  was i n i t i a l l y  d e l a y e d  
and then c a n c e l l e d  by t h e  p i l o t  because  of t h e  w e a t h e r .  The c e i l i n g  

and v i s i b i l i t y  a t  Norman Wells d i d  not  pe rmi t  VFR f l i g h t  u n t i l  a f t e r  
1100. A t  t h a t  t ime t h e  weather  improved s u f f i c i e n t l y  t o  a l l o w  ATC t o  
a u t h o r i z e  S p e c i a l  VFR f l i g h t  w i t h i n  t h e  Norman Wells c o n t r o l  zone.  
A f t e r  c a n c e l l i n g  t h e  morn ing  f l i g h t ,  t h e  p i l o t  r e m a i n e d  i n  t h e  
v i c i n i t y  of t h e  company o f f i c e s  u n t i l  t h e  d e p a r t u r e  of F l i g h t  97.  

A s  w i t h  t h e  morning f l i g h t ,  t h e  d e p a r t u r e  o f  F l i g h t  9 7  was d e l a y e d  
because of weather.  The p i l o t  i n i t i a l l y  adv i sed  t h e  p a s s e n g e r s  t h a t  
t h e  f l i g h t  would be c a n c e l l e d ;  however, b e f o r e  t h e  passengers  l e f t  t h e  
t e r m i n a l ,  he i n d i c a t e d  t h a t  t h e  f l i g h t  would d e p a r t .  

The c h i e f  p i l o t  was a w a r e  of  t h e  p i l o t ' s  d e c i s i o n  t o  commence t h e  
f l i g h t .  He had spen t  most of t h e  day a t  t h e  company's a i r p o r t  o f f i c e  
and had d i s c u s s e d  t h e  weather w i t h  t h e  p i l o t .  H i s  i n t e r p r e t a t i o n  of 
t h e  weather  was t h a t  t h e r e  was a  p o s s i b i l i t y  t h a t  t h e  f l i g h t  could g e t  
i n t o  F o r t  F r a n k l i n  due t o  l o c a l  w e a t h e r  v a r i a t i o n s .  Bo th  t h e  c h i e f  
p i l o t  and t h e  p i l o t  of F l i g h t  97  were aware of t h e  weather  in fo rmat ion  
a v a i l a b l e  from t h e  FSS. N e i t h e r  t h e  c h i e f  p i l o t ,  t h e  d i s p a t c h e r ,  n o r  
t h e  o p e r a t i o n s  manager  a d v i s e d  t h e  p i l o t  of F l i g h t  9 7  w h e t h e r  t h e  
f l i g h t  shou ld  d e p a r t  o r  be c a n c e l l e d .  

1.17.5 A i r c r a f t  Movements vs .  Weather 

A s  p a r t  of t h i s  i n v e s t i g a t i o n  recorded  a i r c r a f t  movements g e n e r a l l y  a t  
t h e  F o r t  Norman a e r o d r o m e  w e r e  s t u d i e d  i n  c o n j u n c t i o n  w i t h  t h e  
r e p o r t e d  wea ther  f o r  F o r t  Norman d u r i n g  t h e  same per iod .  F o r t  Norman 
was chosen because of i t s  prox imi ty  t o  F o r t  F r a n k l i n ,  i t s  s t a t u s  a s  a  
VFR a e r o d r o m e  o n l y  ( i . e .  no 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 ) ,  a n d  
because a i r c r a f t  movements and wea ther  a r e  r e c o r d e d  by t h e  CARS. A 
t h i r t y - d a y  per iod  commencinp 9 October  1984 was s e l e c t e d  f o r  s tudy .  

D u r i n g  t h e  s t u d y  p e r i o d  i n v e s t i g a t o r s  o b s e r v e d  t h a t  i t  w a s  n o t  
uncommon f o r  a i r c r a f t  t o  be l a n d i n g  o r  t a k i n g - o f f  w i t h  r e p o r t e d  
c e i l i n g s  of 600  f e e t  and v i s i b i l i t i e s  a s  low a s  t h r e e - q u a r t e r s  of a  
mi le .  

1.17.6 Human F a c t o r s  T r a i n i n g  

Human f a c t o r s  i s  a  s u b j e c t  which does  not en joy  wide accep tance  i n  t h e  
a v i a t i o n  i n d u s t r y  i n  Canada. A l t h o u g h  s i g n i f i c a n t  g a i n s  h a v e  been 
made i n  t h e  a p p l i c a t i o n  of human f a c t o r s  knowledge  i n  m i l i t a r y  and 
l a r g e  a i r  c a r r i e r  f l i g h t  o p e r a t i o n s ,  t h i s  is not t h e  c a s e  wi th  g e n e r a l  
a v i a t i o n  and s m a l l e r  a i r  c a r r i e r s ,  n o r  i s  human f a c t o r s  t r a i n i n g  a  
Transpor t  Canada requirement .  
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A e r o m e d i c a l  t r a i n i n g  and a n  a w a r e n e s s  of human f a c t o r s  i s  n o t  a 
requirement  f o r  t h e  i s s u e  of a  p i l o t ' s  l i c e n c e ,  nor is  i t  r e q u i r e d  of  
company management. This  l ack  of t r a i n i n a  and a w a r e n e s s  was e v i d e n t  
i n  tes t imony g iven  a t  t h e  Board's p u b l i c  i n q u i r y  i n t o  t h i s  a c c i d e n t .  
The importance of aeromedical t r a i n i n g  was recognized by J u s t i c e  Du b i n  
i n  h i s  Report  of t h e  Commission of Inqu i ry  on Avia t ion  S a f e t y .  I t  was 
h i s  recommenda t ion  t h a t  t h i s  s u b j e c t  be i n c l u d e d  i n  t h e  t r a i n i n n  
s y l l a b u s  of a l l  p i l o t s .  

1.17.7 Canada F l i g h t  Supplement 

One o f  the  a e r o n a u t i c a l  p u b l i c a t i o n s  i s s u e d  by Transpor t  Canada is t h e  
Canada F l i g h t  Supplement (CFS).  I t s  p r i m a r y  p u r p o s e  i s  t o  p r o v i d e  
p i l o t s  w i t h  aerodrome informat ion.  Each a e r o d r o m e  e n t r y  i n  t h e  CFS 
i n c l u d e s  da ta  on t h e  aerodrome o p e r a t o r  , n a v i g a t i o n ,  c o m m u n i c a t i o n ,  
and p u b l i c  f a c i l i t i e s ;  i n  a d d i t i o n ,  i t  u s u a l l y  i n c l u d e s  a  d i a g r a m  o f  
t h e  aerodrome and i t s  immediate su r round ings .  

The F o r t  F rank l in  Aerodrome l i s t i n g  i n  t h e  CFS i n c l u d e s  a n  a e r o d r o m e  
diagram. At t h e  time o f  t h e  a c c i d e n t ,  t h e  aerodrome d i a g r a m  d i d  no t 
c o n t a i n  any r e f e r e n c e  t o  t h e  200-foot-high t e l e c o m m u n i c a t i o n s  t o w e r  
which t h e  a i r c r a f t  s t r u c k .  

Transpor t  Canada c r i t e r i a  e s t a b l i s h  t h e  minimum i n f o r m a t i o n  r e q u i r e d  
b e f o r e  an aerodrome can be l i s t e d  i n  t h e  CFS. However,  no s p e c i f i c  
c r i t e r i a  e x i s t  w h i c h  r e f e r  t o  t h e  d e p i c t i o n  o f  o b s t r u c t i o n s  o n  
a e r o d r o m e  d i a g r a m s .  A c c o r d i n g  t o  e s t a b l i s h e d  g u i d e l i n e s ,  
" s i g n i f i c a n t "  o b s t r u c t i o n s  s h o u l d  be shown o n  a e r o d r o m e  d i a g r a m s ;  
however, no c r i t e r i a  e x i s t  to  e s t a b l i s h  t h e  meaning o f  " s i g n i f i c a n t " .  
The de te rmina t ion  o f  what c o n s t i t u t e s  a  s i g n i f i c a n t  o b s t r u c t i o n  i s  a  
judgement d e c i s i o n  o f  Transpor t  Canada aerodrome i n s p e c t i o n  personnel .  
O b s t r u c t i b n s ,  w h i c h  u n d e r  V F R  w e a t h e r  c o n d i t i o n s  a r e  c o n s i d e r e d  a  
hazard to n a v i g a t i o n ,  are i d e n t i f i e d  a s  s i g n i f i c a n t  a n d  shown on  t h e  
aerodrome diagram. 

A review o f  o t h e r  aerodrome diagrams i n  t h e  CFS f o u n d  numerous c a s e s  
where o b s t r u c t i o n s  below 200 f e e t  a g l  w e r e  shown. I n  some i n s t a n c e s  
o b s t a c l e s  l e s s  than 30 f e e t  i n  h e i g h t  were dep ic ted .  

Inc luded  i n  t h e  aerodrome diagram is an o b s t a c l e  c l e a r a n c e  c i r c l e .  It 
i s  a  g u i d e  f o r  p i l o t s  o p e r a t i n g  u n d e r  V F R  w i t h i n  p r o x i m i t y  t o  
aerodromes. The c i r c l e  is  d i v i d e d  i n t o  q u a d r a n t s  a n d  i n d i c a t e s  f o r  
each  quadran t  t h e  h e i g h t  above s e a  l e v e l  o f  t h e  h i g h e s t  o b s t a c l e  p l u s  
1,000 f e e t  . 

1.17.8 Company Inst rument  ApproachProcedures  

T r a n s p o r t  Canada employs a  p r o c e s s  whereby mmmercia l  a i r  c a r r i e r s  
may be a u t h o r i z e d  to  u s e  s p e c i f i c  IFR r o u t e s  and i n s t r u m e n t  a p p r o a c h  
p rocedures  o t h e r  than t h o s e  p u b l i s h e d  a n d  on  i n s t r u m e n t  n a v i g a t i o n  
c h a r t s  i n  t h e  Canada A i r  P i l o t .  P r i o r  t o  1 9 8 3 ,  t h i s  a u t h o r i t y  was 
g r a n t e d  o n  a n  i n d i v i d u a l  r o u t e  a n d  a p p r o a c h  p r o c e d u r e  b a s i s .  
Amendment No. 1 t o  t h e  Nahanni  A i r  S e r v i c e s  o p e r a t i n g  c e r t i f i c a t e  
which  a u t h o r i z e d  t h e  r o u t e  Norman W e l l s / F o r t  F r a n k l i n  u n d e r  I F R  
c o n d i t i o n s  and the  use  o f  t h e  mmpany ins t rument  approach procedure a t  
F o r t  F rank l in  is  an example o f  a  s p e c i f i c  a p p r o v a l  o f  t h i s  type. 
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By 1983,  t h e  a d m i n i s t r a t i o n  of t h i s  p r o c e s s  became d i f f i c u l t  d u e  t o  
t h e  volume of i n d i v i d u a l  r e q u e s t s .  A s  a  r e s u l t ,  i n  O c t o b e r  1 9 8 3 ,  t h e  
approved r o u t e s  and approach  p r o c e d u r e s  w h i c h  e x i s t e d  i n  a  s p e c i f i c  
T r a n s p o r t  C a n a d a  r e g i o n  w e r e  i n c o r p o r a t e d  i n t o  a  R o u t e  M a n u a l .  
C a r r i e r s  c o u l d  t h e n  r e q u e s t  a u t h o r i t y  t o  u s e  t h e  r o u t e s  a n d  a p p r o a c h  
p r o c e d u r e s  c o n t a i n e d  i n  t h e  R o u t e  Manua l .  E a c h  T r a n s p o r t  C a n a d a  
r e g i o n  p roduces  s u c h  a  manual. These  manuals a r e  upda ted  a n d  amended 
o n  a  56-day c y c l e .  The r e v i s e d  Amendment No. 1 t o  t h e  N a h a n n i  A i r  
S e r v i c e s  O p e r a t i n g  c e r t i f i c a t e ,  w h i c h  a u t h o r i z e d  t h e  u s e  o f  t h e  
T r a n s p o r t  C a n a d a ,  W e s t e r n  R e g i o n ,  " I n v e n t o r y  o f  Company Approved  
Rou tes  and I n s t r u m e n t  Approach P r o c e d u r e s " ,  r e f l e c t e d  t h i s  c h a n g e  i n  
t h e  a u t h o r i z a t i o n  o f  c o m p a n y  r o u t e s  a n d  i n s t r u m e n t  a p p r o v a l  
p r o c e d u r e s .  

Dur ing  t h e  c o u r s e  of t h i s  i n v e s t i g a t i o n ,  t h e  F o r t  F r a n k l i n  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  f o u n d  i n  t h e  W e s t e r n  R e g i o n  R o u t e  M a n u a l  w a s  
examined. The f o l l o w i n g  o b s e r v a t i o n s  w i t h  r e s p e c t  t o  t h e  p r e s e n t a t i o n  
o f  t h e  p r o c e d u r e  were  made: 

a )  no  aerodrome d iag ram was p r o v i d e d ;  

b )  t h e  inbound t r a c k  i n d i c a t e d  o n  t h e  p r o f i l e  v i e w  d i f f e r e d  by 3 0  
d e g r e e s  f rom t h e  one  p r e s e n t e d  i n  t h e  p l a n  view; 

c )  t h e  p l a n  view i n c o r r e c t l y  d e p i c t e d  t h e  l o c a t i o n  o f  t h e  N D B  n e a r  
t h e  t h r e s h o l d  of t h e  runway; 

d )  t h e  p l a n  view i n c o r r e c t l y  d e p i c t e d  t h e  f i n a l  a p p r o a c h  t r a c k  a s  
c r o s s i n g  t h e  t h r e s h o l d  of t h e  runway; 

e)  t h e r e  was no i n f o r m a t i o n  r e g a r d i n g  t h e  200-f o o t - h i g h  o b s t r u c t  i o n  
which  was l o c a t e d  a b o u t  one-hal f  m i l e  f rom t h e  runway  a n d  o n  t h e  
f i n a l  approach  t r a c k ;  and 

f )  t h e r e  was no i n f o r m a t i o n  r e g a r d i n g  t h e  runway o r i e n t a t i o n  o r  i t s  
d i s t a n c e  from t h e  approach  a i d .  

O t h e r  a p p r o a c h  p r o c e d u r e s  i n  t h e  m a n u a l  c o n t a i n e d  n u m e r o u s  
i n c o n s i s t e n c i e s  i n  t h e  q u a n t i t y  of i n f o r m a t i o n  p r o v i d e d ,  t h e  method of 
p r e s e n t a t i o n ,  and t h e  o v e r a l l  q u a l i t y  of t h e  p r e s e n t a t i o n .  

No s p e c i f i c  T r a n s p o r t  Canada s t a n d a r d s  e x i s t  f o r  t h e  d e p i c t i o n  and  
p r e s e n t a t i o n  of company 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 ;  i n  g e n e r a l ,  
t h e  format  used  i n  t h e  Canada A i r  P i l o t  is f o l l o w e d .  G u i d e l i n e s  f o r  
t h e  C a n a d a  A i r  P i l o t  a r e  c o n t a i n e d  i n  a n  u n d a t e d  d r a f t  d o c u m e n t  
e n t i t l e d  "Proposed S p e c i f i c a t i o n s  f o r  Canada A i r  P i l o t . "  

T r a n s p o r t  C a n a d a  o f f i c i a l s  a c k n o w l e d g e d  t h a t  i n c o n s i s t e n c i e s  and 
v a r i a t i o n s  from t h e  g u i d e l i n e  d o c u m e n t  w e r e  p r e s e n t  i n  t h e  W e s t e r n  
Region Route  Manual. They r e p o r t e d  t h a t  e f f o r t s  w e r e  b e i n g  made t o  
s t a n d a r d i z e  t h e  p r e s e n t a t i o n  o f  t h e  a p p r o a c h  p r o c e d u r e s  i n  t h e  
manual. 

With r e s p e c t  t o  t h e  F o r t  F r a n k l i n  a p p r o a c h  p r o c e d u r e ,  t h e  3 0 - d e g r e e  
d i f f e r e n c e  i n  f i n a l  approach  t r a c k  was d e s c r i b e d  by T r a n s p o r t  C a n a d a  
o f f i c i a l s  a s  an  u n d e t e c t e d  t y p o g r a p h i c a l  e r r o r .  T h e  a b s e n c e  o f  a n  
a e r o d r o m e  d i a g r a m  was  d e s c r i b e d  as a n  u n e x p l a i n e d  o m i s s i o n .  T h e  
e r r o n e o u s  l o c a t i o n  o f  t h e  NDB w i t h  r e s p e c t  t o  t h e  r u n w a y  w h i c h  
r e s u l t e d  i n  t h e  i n c o r r e c t  d e p i c t i o n  o f  t h e  f i n a l  a p p r o a c h  t r a c k  was 
a l s o  u n e x p l a i n e d .  T h e  a b s e n c e  o f  i n f o r m a t i o n  r e g a r d i n g  t h e  
t e l e c o m m u n i c a t i o n s  t o w e r  and  r u n w a y  was i n  a c c o r d a n c e  w i t h  t h e  
e s t a b l i s h e d  g u i d e l i n e s .  
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1.17.9 A r c t i c  Air  F a c i l i t i e s  P o l i c y  

I n  1974, t h e  f e d e r a l  government a d o p t e d  a  p o l i c y  t o  a c c e l e r a t e  t h e  
e s t a b l i s h m e n t  of an a i r  t r a n s p o r t a t i o n  i n f r a s t r u c t u r e  i n  t h e  A r c t i c .  
T h i s  A r c t i c  A i r  F a c i l i t i e s  P o l i c y  (AAFP) recognized t h a t  t h e  e x i s t i n g  
t r a n s p o r t a t i o n  i n f r a s t r u c t u r e  i n  t h e  Yukon and N o r t h w e s t  T e r r i t o r i e s  
was inadequa te  t o  p rov ide  t h e  minimum t r a n s p o r t a t i o n  s e r v i c e s  requ i red  
t o  ach ieve  t h e  government 's  s o c i a l  and economic o b j e c t i v e s .  Levels  of 
s e r v i c e  were t h e  prime c o n s i d e r a t i o n s  i n  t h e  development of t h i s  
p o l i c y .  Inheren t  i n  t h e  development of t h e  p o l i c y  was t h e  r e c o g n i t i o n  
t h a t  g iven  t h e  v a s t  d i s t a n c e s  between communities,  t h e  s e v e r e  c l i m a t e ,  
and t h e  d i f f i c u l t  t e r r a i n ,  a i r  t r a n s p o r t  was t h e  o n l y  p r a c t i c a l  mode 
f o r  p rov id ing  t h e  r e q u i r e d  t r a n s p o r t a t i o n  s e r v i c e s .  

The  AAFP c l a s s i f i e d  A r c t i c  c o m m u n i t i e s  a c c o r d i n g  t o  p o p u l a t i o n ,  
community r o l e ,  a i r  s e r v i c e s  r o u t e  s t r u c t u r e ,  and t h e  a v a i l a b i l i t y  of 
o t h e r  means of t r a n s p o r t a t i o n .  Minimum s t a n d a r d s  f o r  f a c i l i t i e s  and 
s e r v i c e s  were e s t a b l i s h e d  f o r  t h e s e  c l a s s e s  of communities. Under t h e  
t e rms  of  t h e  p o l i c y ,  F o r t  F r a n k l i n  was i d e n t i f i e d  a s  a  community 
r e q u i r i n g  a i r p o r t  development. The development s t a n d a r d s  e s t a b l i s h e d  
f o r  community aerodromes such a s  For t  F r a n k l i n  included:  

- Air-ground and point- to-point  communications; and 

- Meteoro log ica l  o b s e r v a t i o n s  on r e q u e s t  , c o m m u n i c a t i o n s  l i n k s  
t h r o u g h  w h i c h  r e q u i s i t 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  f o r  
p r e - f l i g h t  p lann ing  can be o b t a i n e d  on reques t .  

When t h e  p o l i c y  was adopted i n  1974, a  f ive -year  i m p l e m e n t a t i o n  p l a n  
was d e v e l o p e d .  However,  no s p e c i f i c  d e v e l o p m e n t  t l m e t a b l e  was  
e s t a b l i s h e d .  Ear ly  i n  t h e  implement  a t  i o n  p h a s e ,  i t  became e v i d e n t  
t h a t  c o n s t r u c t i o n  would not  be complete by t h e  1979 p o l i c y  t e rmina t ion  
d a t e .  The program was subsequen t ly  extended f o r  a  f u r t h e r  f i v e  y e a r s ,  
u n t i l  31 March 1983. On t h a t  d a t e ,  t h e  a u t h o r i t y  t o  c o n s t r u c t  new 
a i r p o r t s  expired.  

A t  t h e  t i m e  of t h e  a c c i d e n t ,  13 of 51 s i t e s  which w e r e  i d e n t i f i e d  a s  
r e q u i r i n g  d e v e l o p m e n t  had y e t  t o  have  d e v e l o p m e n t  s t a r t e d ;  F o r t  
F r a n k l i n  was one of t h o s e  13  s i t e s .  I n  t h e  c a s e  o f  F o r t  F r a n k l i n ,  
aerodrome development had been scheduled on s e v e r a l  o c c a s i o n s  b u t  was 
de layed  and then  c a n c e l l e d  due t o  f i n a n c i a l  r e s t r a i n t  a n d  a l a c k  of 
agreement over  aerodrome boundaries.  

1.17.10 Community M r  Radio S t a t i o n s  

Under t h e  terms of a Memorandum of Unders tanding s i g n e d  by T r a n s p o r t  
Canada and t h e  T e r r i t o r i a l  Governments, i t  is  t h e  r e s p o n s i b i l i t y  of 
t h e  T e r r i t o r i a l  Governments t o  o p e r a t e  community aerodromes l i k e  F o r t  
F r a n k l i n .  One a s p e c t  o f  t h a t  r e s p o n s i b i l i t y  i s  t h e  p r o v i s i o n  of  
communications and m e t e o r o l o g i c a l  s e r v i c e s  t o  t h e  s t a n d a r d  i d e n t  i f  i e d  
i n  t h e  AAFP. I n  t h e  Northwest T e r r i t o r i e s ,  communications and weather  
s e r v i c e s  a r e  provided through CARS'S. 

I n  accordance w i t h  pub l i shed  s t a n d a r d s  and procedures  a  CARS prov ides :  
a i r - t o - g r o u n d  a n d  p o i n t - t o - p o i n t  c o m m u n i c a t ~ o n s  s e r v i c e ;  r e l a t e d  
a d v i s o r y  and s a f e t y  s e r v i c e s ;  hour ly  and s p e c i a l  weather  o b s e r v a t i o n s ;  
and  a c c e s s  t o  weather  i n f o r m a t i o n  a t  o t h e r  l o c a t i o n s .  

O r i g i n a l l y ,  i t  was f e l t  t h a t  a CARS would only be e s t a b l i s h e d  a s  p a r t  
of  t h e  o v e r a l l  a i r p o r t  development a s s o c i a t e d  w i t h  t h e  AAFP. However, 
where a i r p o r t  development had e i t h e r  been phased o r  de layed ,  t h e  GNWT 
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h a d  i n  some c a s e s  r e q u e s t e d  t h a t  T r a n s p o r t  C a n a d a  a d v a n c e  t h e  
p r o v i s i o n  o f  f u n d s  f o r  CARS'S. A s  a  r e s u l t ,  CARS'S h a v e  b e e n  
e s t a b l i s h e d  a t  7 of t h e  1 3  s i t e s  where o v e r a l l  a e r o d r o m e  d e v e l o p m e n t  
h a s  n o t  commenced. 

I n  1981, t h e  G W  f o r m a l l y  r e q u e s t e d  t h a t  Transpor t  Canada advance t h e  
p r o v i s i o n  of funds f o r  a  CARS a t  F o r t  F rank l in .  D e s p i t e  what appeared 
t o  be i n i t i a l  Transpor t  Canada s u p p o r t  f o r  t h i s  r e q u e s t ,  t h e  GNWT d i d  
n o t  r e c e i v e  c o n f i r m a t i o n  t h a t  t h e  r e q u i r e d  f u n d s  would  be  p r o v i d e d .  
With t h e  e x p i r y  of t h e  AAFP i n  March 1983, T r a n s p o r t  Canada r e p o r t e d  
t h a t  funds  f o r  t h i s  purpose were no l o n g e r  a v a i l a b l e .  

1.17.11 P u b l i c  I n q u i r y  

The C a n a d i a n  A v i a t i o n  S a f e t y  Board c o n d u c t e d  a  t h r e e - d a y  p u b l i c  
i n q u i r y  i n t o  t h i s  a c c i d e n t  i n  Y e l l o w k n i f e ,  N . W  . T .  b e g i n n i n g  1 9  
February 1985. P a r t i c i p a n t s  i n  t h e  i n q u i r y  w e r e  t h e  CASB t e c h n i c a l  
p a n e l ,  Nahanni Air  S e r v i c e s  L td . ,  Mrs. Lynn P l a t t ,  T r a n s p o r t  Canada ,  
Government of t h e  N o r t h w e s t  T e r r i t o r i e s ,  Hamlet  of  F o r t  F r a n k l i n ,  
Northwest Telecommunications Inc . ,  and t h e  de H a v i l l a n d  A i r c r a f t  Co. 
o f  Canada. A s  p a r t  of t h e  i n q u i r y  p rocess  t h e  members of t h e  board of 
i n q u i r y  v i s i t e d  F o r t  F r a n k l i n  on 18 February 1985 where they i n s p e c t e d  
t h e  a c c i d e n t  s i t e  and met w i t h  r e s i d e n t s  of the  hamlet.  

ANALYSIS 

I n t r o d u c t i o n  

The i n v e s t i g a t i o n  r e v e a l e d  t h a t  t h e  a i r c r a f t  s t r u c k  t h e  tower w h i l e  i n  
l e v e l  c o n t r o l l e d  f l i g h t .  There  was no i n d i c a t i o n  o f  any  d e f e c t  w i t h  
r e g a r d  t o  t h e  a i r c r a f t ' s  mechanical  c o n d i t i o n  p r i o r  t o  impac t .  The 
n a t u r e  of t h e  i m p a c t  damage s u s t a i n e d  by t h e  f l a p  s e c t i o n s  o f  t h e  
r i g h t  wing and t h e  p o s i t i o n  of t h e  f l a p  s e l e c t o r  r e t r i e v e d  f r o m  t h e  
c o c k p i t  i n d i c a t e  t h a t  t h e  f l a p s  were f u l l y  e x t e n d e d  a t  t h e  t i m e  t h e  
a i r c r a f t  s t r u c k  t h e  tower. 

The pr imary o b j e c t i v e  of t h e  i n v e s t i g a t i o n  was t o  d i s c o v e r  t h e  r e a s o n  
t h e  a i r c r a f t  s t r u c k  t h e  tower. Weather, t h e  p i l o t ' s  d e c i s i o n s ,  human 
f a c t o r s ,  o p e r a t i o n a l  c o n t r o l ,  and  t h e  a e r o n a u t i c a l  l n f  o r m a t  i o n  and 
f a c i l i t i e s  a v a i l a b l e  t o  t h e  p i l o t  were examined. 

Weather 

There  i s  l i t t l e  doubt t h a t  weather  c o n d i t i o n s  p r e v a i l i n g  a t  t h e  t i m e  
of  t h e  a c c i d e n t  p rec luded  t h e  p i l o t  f r o m  s e e i n g  t h e  t o w e r .  Wea ther  
i n f o r m a t i o n  from v a r i o u s  s o u r c e s  i n d i c a t e d  t h a t  t h e  v i s i b i l i t y  a t  F o r t  
F r a n k l i n  was w e l l  below t h a t  r e q u i r e d  f o r  VFR f l i g h t .  Had t h e  
v i s i b i l i t y  b e e n  a d e q u a t e ,  a  s u c c e s s f u l  l a n d i n g  s h o u l d  h a v e  b e e n  
completed. 

With t h e  e x c e p t i o n  of  t h e  p o s t - a c c i d e n t  PIREP and  t h e  i n f o r m a t i o n  
p r o v i d e d  by w i t n e s s e s  t o  t h e  a c c i d e n t ,  much o f  t h i s  w e a t h e r  
i n f o r m a t i o n  was a v a i l a b l e  and  known t o  t h e  p i l o t .  A l t h o u g h  n o  
o f f i c i a l  weather  r e p o r t s  were a v a i l a b l e  f  ram F o r t  F r a n k l i n ,  w e a t h e r  
i n f o r m a t i o n  was provided t o  t h e  p i l o t  from s e v e r a l  sources .  With t h i s  
i n f o r m a t i o n ,  t h e  p i l o t  c o n t i n u e d  t h e  f l i g h t  t o  a  p o i n t  w h e r e  t h e  
a i r c r a f t  was l e s s  than  200 f e e t  above t h e  g r o u n d  when i t  s t r u c k  t h e  
tower. 
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2.3 F l i g h t  Recons t ruc t ion  

Cons idera t ion  was g i v e n  t o  t h e  p o s s i b i l i t y  t h a t  t h e  p i l o t  was unaware  
t h a t  t h e  a i r c r a f t  was a t  t h i s  a l t i t u d e .  Had t h e  p i l o t  been conduct ing 
t h e  company ins t rument  approach procedure  us ing  h i s  n o t e b o o k  s k e t c h ,  
t h e  a i r c r a f t  c o u l d  c o n c e i v a b l y  h a v e  been l e s s  t h a n  200 f e e t  above  
ground when t h e  p i l o t  assumed h e  was w e l l  a b o v e  t h e  t o w e r .  I f  he 
mis taken ly  u t i l i s e d  t h e  850 f i g u r e  f o r  t h e  minimum d e s c e n t  a l t i t u d e  
(MDA), he could have unknowingly descended  d a n g e r o u s l y  c l o s e  t o  t h e  
g r o u n d .  A l t h o u g h  t h i s  i s  a  p o s s i b i l i t y  t h a t  c a n n o t  be e n t i r e l y  
d i s c o u n t e d ,  o t h e r  ev idence  s t r o n g l y  s u g g e s t s  t h a t  t h i s  was n o t  t h e  
case .  

The p o s i t i o n  of t h e  moveable a l e r t  p o i n t e r  of t h e  r a d a r  a 1  t i m e t e r  i s  
s t r o n g  evidence t h a t  t h e  p i l o t  had i n t e n t  i o n a l l y  d e s c e n d e d  t o  a b o u t  
200 f e e t  ag l .  The s e l e c t i o n  of f u l l  f l a p  a l s o  d i s c o u n t s  t h e  t h e o r y  
t h a t  t h e  p i l o t  was i n  t h e  p r o c e s s  of c o n d u c t i n g  t h e  i n s t r u m e n t  
approach and main ta in ing  what he thought was t h e  a u t h o r i z e d  MDA. Fu l l  
f l a p  i s  normally a  c o n f i g u r a t i o n  on ly  used when t h e  d e c i s i o n  t o  l a n d  
has  been made. F u r t h e r  e v i d e n c e  t h a t  r e f u t e s  t h i s  t h e o r y  i s  t h e  
p i l o t ' s  l o c a l  knowledge of t h e  a r e a  which would make i t  d i f f i c u l t  f o r  
t h e  p i l o t  t o  accep t  850 f e e t  a s  a  p r o p e r  MDA f o r  t h e  a p p r o a c h .  The 
s e t t i n g s  on t h e  s u b s c a l e s  of both p r e s s u r e  altimeters were c o n s i s t e n t  
w i t h  t h e  b a r o m e t r i c  p r e s s u r e  a t  t h e  t i m e  of  d e p a r t u r e  f r o m  F o r t  
Norman. P r e s s u r e  d i f f e r e n c e s  between F o r t  Norman and  F o r t  F r a n k l i n  
cou ld  not account f o r  such a  l a r g e  d e v i a t i o n  be tween  t h e  i n d i c a t e d  
a l t i t u d e  f o r  t h e  MDA and t h e  a l t i t u d e  at which t h e  a i r c r a f t  s t r u c k  t h e  
tower. 

Given t h e  weather  r e p o r t  passed t o  t h e  p i l o t  d u r i n g  t h e  s t a t i o n  s t o p  
a t  F o r t  Norman, h i e  own r e p o r t  p a s s e d  t o  t h e  F o r t  Norman CARS on  
d e p a r t u r e ,  and t h e  p r e v a i l i n g  w e a t h e r  a t  t h e  a c c i d e n t  s i t e ,  i t  i s  
u n l i k e l y  t h a t  t h e  p i l o t  was a b l e  t o  m a i n t a i n  VFR f l i g h t  e n - r o u t e  t o  
F o r t  F rank l in .  I t  is probab le  t h a t  he  climbed above t h e  surface-based 
l a y e r  and proceeded t o  F o r t  F r a n k l i n  u s i n g  t h e  NDB a s  a  n a v i g a t i o n a l  
a i d .  Such  f l i g h t  was n o t  a u t h o r i z e d  i n  t h e  company ' s  o p e r a t i n g  
c e r t i f i c a t e  as i t  d i d  no t  pe rmi t  IFR f l i g h t  b e t w e e n  F o r t  Norman and 
F o r t  F rank l in .  

T h e  f l i g h t  p a t h  h e a r d  and d e s c r i b e d  by w i t n e s s e s  o n  t h e  g r o u n d  
s u g g e s t s  t h a t  t h e  a i r c r a f t  a r r i v e d  o v e r h e a d  and  t h e n  p r o c e e d e d  o u t  
o v e r  t h e  lake.  

The moveable r a d a r  a l t i m e t e r  a l e r t  p o i n t e r  s e t t i n g  o f  a b o u t  200  f e e t  
is  c o n s i s t e n t  w i t h  r e m o t e ,  A r c t i c  a p p r o a c h  p r a c t i c e s .  The c l o s e  
s i m i l a r i t y  between t h e  a l e r t  p o i n t e r  s e t t i n g  and t h e  a l t i t u d e  a t  which 
t h e  a i r c r a f t  s t r u c k  t h e  t o w e r  i s  s t r o n g  e v i d e n c e  t h a t  t h e  p i l o t  
i n t e n t i o n a l l y  descended t o  a r a d a r  a l t i m e t e r  i n d i c a t i o n  o f  a b o u t  200 
f e e t  i n  a n  a t tempt  t o  a c q u i r e  v i s u a l  c o n t a c t  w i t h  t h e  aerodrome. 

T h i s  procedure  would not  o n l y  be one w i t h  which he was w e l l  f a m i l i a r ,  
but  o n e  which  h e  had p r o b a b l y  s u c c e s s f u l l y  c o m p l e t e d  on  p r e v i o u s  
occas ions  dur ing  h i s  y e a r s  of remote o p e r a t i o n s  i n  t h e  F a r  North. 

The f l i g h t  p a t h  desc r ibed  by w i t n e s s e s  as w e l l  as t h e  ground t r a c k  of  
t h e  a i r c r a f t  j u s t  p r i o r  t o  and a f t e r  impact wi th  t.he t o w e r  i n d i c a t e s  
t h a t  t h e  p i l o t  was u s i n g  t h e  inbound t r a c k  of t h e  company i n s t r u m e n t  
approach procedure  a s  a r e f e r e n c e  t o  approach t h e  aerodrome. The  f u l l  
f l a p  s e t t i n g  a t  i m p a c t  i n d i c a t e s  t h a t  t h e  p i l o t  had r e d u c e d  t h e  
a i r c r a f t ' s  speed t o  make v i s u a l  c o n t a c t  and t o  p o s i t i o n  t h e  a i r c r a f t  
f o r  landing.  
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The p i l o t  had been  made a w a r e  of t h e  p r e s e n c e  of t h e  t e lecommuni -  
c a t i o n s  tower. Whether he was aware of  i t s  p o s i t i o n  i n  r e l a t i o n  t o  
t h e  f i n a l  a p p r o a c h  t r a c k  of 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  i s  
unknown. What c o n s i d e r a t i o n ,  i f  any, was g i v e n  t o  t h e  p r e s e n c e  and 
l o c a t i o n  of t h e  tower d u r i n g  t h i s  p r o c e d u r e  i s  a l s o  unknown. I t  i s  
p o s s i b l e  t h a t  p reoccupa t ion  w i t 1 1  t h e  m u l t i p l e  t a s k s  a s s o c i a t e d  w i t h  
t h i s  procedure  c o n s t i t u t e d  a  work o v e r l o a d  t h a t  l e d  him t o  o v e r l o o k  
t h e  hazard p resen ted  by t h e  tower. 

2.4 P i l o t  Dec i s ions  

The d e c i s i o n  t o  a t t empt  t h e  f l i g h t  was a p p a r e n t l y  made by t h e  p i l o t  
a lone .  Under t h e  d i s p a t c h  system employed by t h e  company, t h e  p i l o t  
was e f f e c t i v e l y  d e l e g a t e d  c o m p l e t e  a u t h o r i t y  t o  make t h e  d e c i s i o n  
whether  a  p a r t i c u l a r  f l i g h t  would commence. 

It i s  apparen t  t h a t  t h e  d e c i s i o n  t o  c a n c e l  t h e  m o r n i n g  f l i g h t  was 
based p r i m a r i l y ,  i f  not  t o t a l l y ,  on t h e  weather  c o n d i t i o n s  a t  Norman 
Wells.  Although i t  is imposs ib le  t o  s a y  w i t h  c e r t a i n t y  t o  what e x t e n t  
t h e  c o n d i t i o n s  a t  F o r t  F r a n k l i n  i n f l u e n c e d  t h i s  d e c i s i o n ,  n o  
improvement  i n  t h e  F o r t  F r a n k l i n  w e a t h e r  had  b e e n  r e p o r t e d  w h e n  
F l i g h t  97 depar ted .  It is p o s s i b l e  t h a t  h i s  d e c i s i o n  was i n f l u e n c e d  
by t h e  PIREPs of good w e a t h e r  s o u t h  of t h e  MacKenzie  R i v e r ,  a l b e i t  
t h e s e  r e p o r t s  c o n c e r n e d  a n  a r e a  t h a t  was n o t  on  t h e  r o u t e  t o  F o r t  
Norman o r  F o r t  F r a n k l i n .  

The i n v e s t i g a t o r s  were unab le  t o  d e t e r m i n e  why t h e  p i l o t  a p p a r e n t l y  
changed h i s  mind a f t e r  i n i t i a l l y  i n f o r m i n g  t h e  p a s s e n g e r s  t h a t  t h e  
f l i g h t  would n o t  d e p a r t .  T h e r e  was n o  e v i d e n c e  t h a t  c o m p a n y  
management p laced  any p r e s s u r e  on t h e  p i l o t  t o  a t t e m p t  t h e  t r i p ,  n o r  
was t h e r e  any e v i d e n c e  t h a t  i t  was management ' s  p r a c t i c e  t o  p l a c e  
p r e s s u r e  on p i l o t s  t o  i n i t i a t e  o r  c o n t i n u e  f l i g h t s  i n  u n s u i t a b l e  
w e a t h e r  c o n d i t i o n s .  A l t h o u g h  t h e  u n o f f i c i a l  r e p o r t s  f r o m  F o r t  
F r a n k l i n  i n d i c a t e d  t h a t  t h e  v i s i b i l i t y  was l i m i t e d ,  i n  t h e  a b s e n c e  of 
a n  o f f i c i a l  r e p o r t  from an a c c r e d i t e d  o b s e r v e r ,  t h e  p i l o t  must  h a v e  
dec ided  t o  go and look f o r  h i m s e l f .  

A f t e r  t h e  d e c i s i o n  t o  i n i t i a t e  t h e  t r i p  was made, t h e r e  were a t  l e a s t  
t h r e e  occas ions  when t h e  f l i g h t  cou ld  have been t e rmina ted  due t o  poor 
weather .  The weather  en-route  t o  F o r t  Norman r e q u i r e d  t h e  p i l o t  t o  
descend very  low t o  t h e  ground and wate r  t o  m a i n t a i n  v i s u a l  r e f e r e n c e .  
I n  t h e s e  c o n d i t i o n s ,  t h e  f l i g h t  con t inued  and s u c c e s s f u l l y  a r r i v e d  a t  
F o r t  Norman. 

A t  F o r t  Norman, t h e  p i l o t  o f  F l i g h t  97 r e c e i v e d  a d d i t i o n a l  w e a t h e r  
i n f o r m a t i o n  which  p r o v i d e d  a n o t h e r  o p p o r t u n i t y  t o  t e r m i n a t e  t h e  
f l i g h t .  However, t h e  f a c t  t h a t  a n o t h e r  p i l o t  had very r e c e n t l y  turned 
back because of t h e  near  z e r o  v i s i b i l i t y  d i d  not d i s s u a d e  t h e  p i l o t  of 
F l i g h t  97 from a t t e m p t i n g  t h e  f l i g h t  t o  F o r t  F r a n k l i n .  

The weather  r e p o r t  passed t o  t h e  p i l o t  on a r r i v a l  a t  For t  F r a n k l i n  v i a  
t h e  p o r t a b l e  VHF r a d i o  provided t h e  f i n a l  o p p o r t u n i t y  f o r  t h e  p i l o t  t o  
abandon any a t t e m p t  t o  l a n d  a t  F o r t  F r a n k l i n .  D u r i n g  t h e  i n i t i a l  
r a d i o  c o n t a c t  wi th  t h e  F o r t  F r a n k l i n  r e s i d e n t ,  t h e  p i l o t  was a g a i n  
provided in fo rmat ion  t h a t  t h e r e  was l i t t l e  v i s i b i l i t y .  With  t h i s  
i n f o r m a t i o n ,  and c o n t r a r y  t o  h i s  s t a t e m e n t  t h a t  he  d i d  n o t  t h i n k  he 
would be a b l e  t o  l a n d ,  t h e  p i l o t  cont inued u n t i l  t h e  a i r c r a f t  s t r u c k  
t h e  tower. Notwithstanding h i s  f a m i l i a r i t y  and l i k e l y  exper ience  with  
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t h e  u s e  of a  r a d a r  a l t i m e t e r  t o  e n s u r e  t e r r a i n  c l e a r a n c e ,  c o n t i n u a t i o n  
of t h e  f l i g h t  would have been i n  v i o l a t i o n  of t h e  VFR under  w h i c h  t h e  
f l i g h t  was a u t h o r i z e d ,  and beyond any normal r e q u i r e m e n t  t o  c o m p l e t e  
t h e  f l i g h t .  

Human F a c t o r s  

I t  is a p p a r a n t  t h a t  t h e  p i l o t  was de t e rmined  t o  commence and c o m p l e t e  
F l i g h t  97. However,  n o  d i r e c t  e x t e r n a l  p r e s s u r e s  w e r e  i d e n t i f i e d  
which  would have e x p l a i n e d  h i s  c o n t i n u e d  a t t e m p t s  t o  c o m p l e t e  t h e  
f l i g h t  i n  wea the r  c o n d i t i o n s  which c a n  o n l y  be a s s e s s e d  a s  u n s u i t a b l e .  
It i s  l i k e l y  t h a t  t h e  a t t i t u d e  a s s o c i a t e d  w i t h  " b u s h  p i l o t  s y n d r o m e "  
i d e n t i f i e d  by t h e  NTSB s p e c i a l  s t u d y  was a  f a c t o r  i n  t h e  p i l o t ' s  
d e c i s i o n s .  As i n  Alaska ,  t h e  e x i s t e n c e  of t h i s  a t t i t u d e  i n  Canada has  
n o t  been u n e q u i v o c a l l y  demons t r a t ed  by s t a t i s t i c a l  d a t a .  N o n e t h e l e s s ,  
a  s t r o n g  c a s e  c a n  be made f o r  i t s  e x i s t e n c e  i n  remote  a r e a s .  

A r ev iew of Canadian  a c c i d e n t  c a s e s  s u p p o r t s  t h e  e x i s t e n c e  of t h e  same 
a t t i t u d e  w i t h  r e s p e c t  t o  r i s k  a s s e s s m e n t  t h a t  i s  c i t e d  i n  t h e  NTSB 
r e p o r t .  The re  a r e  numerous c a s e s  w h e r e  o p e r a t i o n a l  d e c i s i o n s  o f  a  
p i l o t  s i g n i f i c a n t l y  i n c r e a s e d  r i s k  t o  t h e  p o i n t  t h a t  a n  a c c i d e n t  
o c c u r r e d .  

A no t  uncommon s i t u a t i o n  was i n i t i a t i o n  o f  o r  c o n t i n u a t i o n  o f  VFR 
f l i g h t  i n t o  a d v e r s e  w e a t h e r  c o n d i t i o n s .  T h e  e x i s t e n c e  o f  t h i s  
a t t i t u d e  is f u r t h e r  s u p p o r t e d  by t h e  o b s e r v a t i o n s  made w i t h  r e s p e c t  t o  
w e a t h e r  c o n d i t i o n s  and a i r c r a f t  movements a t  F o r t  Norman. 

The d i f f e r e n c e s  i n  a t t i t u d e  which e x i s t  between r e m o t e  a r e a s  a n d  t h e  
more p o p u l a t e d  a r e a s  of Canada a r e  acknowledged by n o r t h e r n  o p e r a t o r s  
a n d  a r e  a  p r o d u c t  o f  t h e  l i m i t e d  f a c i l i t i e s  a n d  o f t e n  h o s t i l e  
o p e r a t i n g  envi ronment .  The  u s e  of t h e  r a d a r  altimeter as a n  a p p r o a c h  
a i d  t o  e n s u r e  t e r r a i n  c l e a r a n c e  a t  a l t i t u d e s  as low as 200 f e e t  a b o v e  
g r o u n d  i s  b u t  o n e  e x a m p l e  of h i g h e r  r i s k  o p e r a t i o n a l  p r a c t i c e s  
a s s o c i a t e d  w i t h  t h i s  at t i t u d e .  

Given t h e  p i l o t ' s  y e a r s  of o p e r a t i o n  i n  e x t r e m e l y  remote  a r e a s  and t h e  
t y p e  of o p e r a t i o n  w i t h  which  he  was i n v o l v e d ,  h i s  a s s e s s m e n t  o f  r i s k  
would have p robab ly  been i n f l u e n c e d  by t h i s  a t t i t u d e .  A s  a  r e s u l t ,  he 
may have had s u f f i c i e n t  c o n f i d e n c e  i n  h i s  a b i l i t y  t o  s a f e l y  c o n d u c t  
t h e  f l i g h t  i n  t h e  e x i s t i n g  w e a t h e r  c o n d i t i o n s .  P r e v i o u s  s u c c e s s f u l  
e x p e r i e n c e  i n  c o n d u c t i n g  a p p r o a c h e s  t o  r e m o t e  a e r o d r o m e s  u s i n g  t h e  
r a d a r  a l t i m e t e r  t o  e n s u r e  t e r r a i n  c l e a r a n c e  wou ld  h a v e  s e r v e d  t o  
r e i n f o r c e  h i s  c o n f i d e n c e  i n  h i s  a b i l i t y .  

The d e c i s i o n s  of t h e  p i l o t  and h i s  a s s e s s m e n t  o f  r i s k  may a l s o  h a v e  
been i n f l u e n c e d  by h i s  r e c e n t  p a s t .  D u r i n g  t h e  s e v e n - m o n t h  p e r i o d  
p r e c e d i n g  t h i s  a c c i d e n t ,  numerous s i g n i f i c a n t  e v e n t s  o c c u r r e d  w h i c h  
were a l l  s t r e s s f u l  t o  some d e g r e e .  T h e s e  e v e n t s  i n c l u d e d  t h r e e  
i n c i d e n t s ,  o n e  m a j o r  a c c i d e n t ,  t e r m i n a t i o n  o f  e m p l o y m e n t  , a n d  
commencement of new employment.  T h u s ,  t h e  p e r i o d  o f  March t h r o u g h  
Oc tobe r  was a  time of m o u n t i n g  p s y c h o l o g i c a l  s t r e s s  i n  t h e  p i l o t ' s  
l i f e .  These  l i f e  changes  and t h e  r e s u l t a h t  stress c o u l d  c o n t r i b u t e  t o  
t h e  c r e a t i o n  of a  s t a t e  of " a c c i d e n t  s u s c e p t i b i l i t y " ,  i n  w h i c h  t h e  
p i l o t  was u n a b l e  t o  a c c u r a t e l y  a s s e s s  t h e  r i s k s  t o  h i m s e l f  a n d  
p a s s e n g e r s  i n  d e c i d i n g  t o  c o n t i n u e  t h e  f l i g h t .  

C o n s i d e r i n g  t h e s e  e v e n t s ,  i t  is u n d e r s t a n d a b l e  t h a t  h e  w o u l d  v a n t  t o  
p e r f o r m  c o m p e t e n t l y  i n  h i s  new j o b .  P o o r  r i s k  a s s e s s m e n t  a n d  
s e l f - i n d u c e d  p r e s s u r e  t o  c o m p l e t e  t h e  t r i p  may w e l l  h a v e  b e e n  t h e  
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r e s u l t .  To r e t u r n  t o  Norman Wells wi thout  complet ing F l i g h t  97 c o u l d  
have r e p r e s e n t e d  f a i l u r e  i n  a  j o b  cons ide red  much l e s s  demanding than  

. t h e  work he had b e e n  p e r f o r m i n g  s u c c e s s f u l l y  f o r  many y e a r s .  The 
d e c i s i o n s  and a c t i o n s  which l e d  t o  t h e  a c c i d e n t  c o u l d  t h u s  h a v e  been 
t h e  r e s u l t  of t h e  e f f e c t s  of s t r e s s  and a  g r e a t e r  t h a n  u s u a l  p e r s o n a l  
need t o  complete  t h e  f l i g h t .  

I n  view of t h e  p i l o t ' s  f l y i n g  h i s t o r y  i n  t h e  s i x  months  w h i c h  had 
preceded h i s  employment w i t h  Nahanni A i r  S e r v i c e s ,  c o n s i d e r a t i o n  mus t  
b e  g i v e n  t o  t h e  p o s s i b i l i t y  t h a t  t h i s  a c c i d e n t  m i g h t  h a v e  b e e n  
p r e d i c t e d ,  and t h u s  prevented.  

Although h i s  p r e v i o u s  employer had a r r i v e d  at t h e  c o n c l u s i o n  t h a t  t h e  
p i l o t ' s  a b i l i t y  t o  make o p e r a t i o n  d e c i s i o n s  was i n  q u e s t i o n ,  Nahanni  
A i r  S e r v i c e s  d i d  not  s h a r e  t h a t  opinion.  Company managemem was aware 
of t h e  r e c e n t  s e r i e s  of e v e n t s  i n  t h e  p i l o t ' s  f l y i n g  c a r e e r ,  but s i n c e  
no outward s i g n s  of s t r e s s  w e r e  o b s e r v e d  i n  h i s  p e r s o n a l  h a b i t s  o r  
work p e r f o r m a n c e ,  no s i g n i f i c a n c e  was a t t a c h e d  t o  t h e s e  e v e n t s .  
Without t h e  b e n e f i t  of t r a i n i n g  a n d  a n  a w a r e n e s s  of  human f a c t o r s ,  
t h e y  would have had d i f f i c u l t y  i n  a s s e s s i n g  t h e  p o s s i b i l i t y  t h a t  t h e s e  
e v e n t s  c o u l d  h a v e  c r e a t e d  s t r e s s  a n d  a s t a t e  o f  " a c c i d e n t  
s u s c e p t i b i . 1 i t y " .  

O p e r a t i o n a l  Cont ro l  

Although t h e  company o p e r a t i o n s  manua l  and t h e  c o n t r o l  o f  company 
f l i g h t  o p e r a t i o n s  were a c c e p t a b l e  t o  T r a n s p o r t  C a n a d a ,  i t  i s  e v i d e n t  
t h a t  company management p a r t i c i p a t e d  l i t t l e  i n  t h e  day-to-day d i s p a t c h  
of scheduled f l i g h t s .  T h e  d i s p a t c h  and a u t h o r i z a t i o n  of  s p e c i f i c  
f l i g h t s  was t h e  s o l e  r e s p o n s i b i l i t y  of t h e  p i l o t .  The l o c a t i o n  of t h e  
schedu led  f l i g h t  o f f i c e  i n  r e l a t i o n  t o  t h e  head o f f i c e  f u r t h e r  removed 
company management from t h e  o p e r a t i o n a l  c o n t r o l  of schedu led  f l i g h t s .  
Although p i l o t  s e l f - a u t h o r i z a t i o n  i n  t h i s  c a s e  e f f e c t i v e l y  e l i m i n a t e d  
p o t e n t i a l  management p r e s s u r e  on p i l o t s  t o  complete f l i g h t s  i n  adverse  
c o n d i t i o n s ,  i t  a l s o  h a d  t h e  e f f e c t  o f  r e d u c i n g  m a n a g e m e n t ' s  
o p e r a t i o n a l  c o n t r o l .  No system of checks and b a l a n c e s  was i n  p l a c e .  
Dispa tch  d e c i s i o n s  were made by i n d i v i d u a l s  w i t h o u t  t h e  b e n e f i t  of 
management i n p u t  o r  e s t a b l i s h e d  company p o l i c y .  I n  t h i s  c a s e ,  t o t a l  
d e l e g a t i o n  t o  t h e  p i l o t  d i d  no t  p r o t e c t  a g a i n s t  p o s s i b l e  s e l f - i n d u c e d  
p r e s s u r e  t o  complete t h e  f l i g h t  i n  u n s u i t a b l e  c o n d i t i o n s .  

Weather and Communications F a c i l i t i e s  

The l a c k  of w e a t h e r  o b s e r v a t i o n  and c o m m u n i c a t i o n s  f a c i l i t i e s  i n  
n o r t h e r n  communities d e p r i v e s  p i l o t s  of v a l u a b l e  i n f o r m a t i o n  which can 
be used f o r  o p e r a t i o n a l  d e c i s i o n  making.  W i t h o u t  o f f i c i a l  w e a t h e r  
o b s e r v a t i o n s  and f a c i l i t i e s  t o  communica te  t h a t  i n f o r m a t i o n ,  t h e  
p r a c t i c e  of going t o  look f o r  onese l f  is  encouraged. 

When w e a t h e r  i n f o r m a  t i o n  i s  a v a i l a b l e  o n l y  t h r o u g h  u n o f f i c i a l  
o b s e r v a t i o n s ,  made by persons  wi thou t  t r a i n i n g ,  t h e  p i l o t  is  fo rced  t o  
f i n d  ou t  en-route  what weather  c o n d i t i o n s  e x i s t  a t  d e s t i n a t i o n .  It is  
a p p a r e n t  t h a t  t h i s  l a c k  of o f f i c i a l  weather  i n f o r m a t i o n  was a  f a c t o r  
i n  t h e  p i l o t ' s  d e c i s i o n  t o  commence t h e  f l i g h t .  
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The hazards  and consequences of  i n a d e q u a t e  w e a t h e r  o b s e r v a t i o n  a n d  
communications f a c i l i t i e s  i n  remote a r e a s  were w e l l  documented i n  t h e  
1980 NTSB S p e c i a l  Study conducted i n  Alaska. The c o n c l u s i o n s  r e a c h e d  
i n  t h a t  s tudy  can be s i m i l a r l y  a p p l i e d  t o  t h e  C a n a d i a n  N o r t h .  The 
p h y s i c a l  c h a r a c t e r i s t i c s ,  weather  phenomena, and heavy d e p e n d e n c e  on 
a v i a t i o n  found i n  Alaska c l o s e l y  resemble  t h e  c o n d i t i o n s  p r e s e n t  i n  
t h e  Yukon a n d  N o r t h w e s t  T e r r i t o r i e s .  T h e s e  same c o n d i t i o n s  were  
i n h e r e n t  i n  t h e  development of t h e  1974 AAFP. Although t h e  s a f e t y  of 
a i r  o p e r a t i o n s  was no t  a  s p e c i f i c  o b j e c t i v e  of t h a t  p o l i c y ,  t h e  p o l i c y  
a d d r e s s e d  t h e  problems a s s o c i a t e d  w i t h  inadequate  weather  o b s e r v a t i o n  
and communications f a c i l i t i e s .  Less  than  complete  i m p l e m e n t a t i o n  of 
t h e  po l i cy  has maintained t h e  inadequacy of w e a t h e r  o b s e r v a t i o n  a n d  
communications f a c i l i t i e s  a t  some l o c a t i o n s .  

Aeronau t ica l  In fo rmat ion  

The l a c k  of d e f i n i t i v e  s t a n d a r d s  and t h e i r  a p p l i c a t i o n  has  r e s u l t e d  i n  
i n c o n s i s t e n c i e s  i n  a e r o n a u t i c a  1 i n f o r m a t i o n  p u b l i s h e d  by T r a n s p o r t  
Canada. Although t h e s e  i n c o n s i s t e n c i e s  a r e  n o t  c o n s i d e r e d  c a u s a l  i n  
t h e  c i rcumstances  of t h i s  a c c i d e n t ,  they do r e p r e s e n t  p o t e n t i a l  s a f e t y  
d e f i c i e n c i e s .  

Canada F l i g h t  Supplement 

The u s e  of  t h e  t e r m  " s i g n i f i c a n t "  a s  t h e  c r i t e r i o n  f o r  d e p i c t i n g  
o b s t r u c t i o n s  i n  a e r o d r o m e  d i a g r a m s  r e q u i r e s  a  l a r g e  m e a s u r e  o f  
i n d i v i d u a l  i n t e r p r e t a t i o n .  Without t h e  a p p l i c a t i o n  of  more s p e c i f i c  
c r i t e r i a  on a  n a t i o n a l  b a s i s ,  c o n s i d e r a b l e  v a r i a t i o n  e x i s t s  i n  t h e  
d e p i c t i o n  of o b s t r u c t i o n s  on aerodrome d i a g r a m s  i n  t h e  CFS. I n  t h e  
absence  of s p e c i f i e d  c r i t e r i a ,  examinat ion of aerodrome diagrams where 
o b s t r u c t i o n s  a r e  d e p i c t e d  c a n  l e a d  t o  t h e  a s s u m p t i o n  t h a t  on o t h e r  
aerodrome diagrams, where no o b s t r u c t i o n s  a r e  d e p i c t e d ,  none e x i s t .  

Although t h e  o b s t a c l e  c l e a r a n c e  c i r c l e  does  p r o v i d e  some i n f o r m a t i o n  
r e g a r d i n g  o b s t r u c t i o n s ,  i t  does not  a l low t h e  p i l o t  t o  d e t e r m i n e  t h e  
s p e c i f i c  l o c a t i o n  of t h e  o b s t r u c t i o n .  When descen t  below t h e  o b s t a c l e  
c l e a r a n c e  he igh t  is r e q u i r e d ,  i n f o r m a t i o n  t h a t  i s  o n l y  a c c u r a t e  t o  
w i t h i n  f i v e  n a u t i c a l  m i l e s  i s  o f  l i t t l e  u s e  i n  m a r g i n a l  V F K  
c o n d i t i o n s .  

Company Inst rument  Approaches 

The s t a n d a r d s  used i n  t h e  d e p i c t i o n  of company i n s t r u m e n t  a p p r o a c h  
procedures  have a p p a r e n t l y  no t  been o f f i c i a l l y  a d o p t e d ;  n o n e t h e l e s s ,  
t h e y  do r e p r e s e n t  t h e  o n l y  g u i d a n c e  a v a i l a b l e .  H o w e v e r ,  i t  i s  
e v i d e n t  t h a t  t h i s  guidance is not  b e i n g  c o n s i s t e n t l y  a p p l i e d  i n  t h e  
p r e p a r a t i o n  and p u b l i c a t i o n  of Transpor t  Canada Route Manuals. A s  a 
r e s u l t , .  t h e r e  is c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  q u a n t i t y  of in fo rmat ion  
p r o v i d e d  and  t h e  f o r m a t  of  t h e  p r e s e n t a t i o n .  A n e e d  f o r  b e t t e r  
q u a l i t y  c o n t r o l  dur ing  t h e  approva l  p r o c e s s  is i n d i c a t e d  by t h e  e r r o r s  
c o n t a i n e d  i n  t h e  F o r t  F r a n k l i n  approach procedure.  

The i n c o r p o r a t i o n  and c o n s o l i d a t i o n  o f  company i n s t r u m e n t  a p p r o a c h  
procedures  i n t o  r e g i o n a l  r o u t e  manuals was a  p o s i t i v e  s t e p .  However,  
wi thou t  t h e  a p p l i c a t i o n  of  s t a n d a r d s  and a d e q u a t e  q u a l i t y  c o n t r o l  
p rocedures ,  t h e  r e s u l t i n g  i n c o n s i s t e n c i e s  and e r r o r s  c a n  e a s i l y  l e a d  
t o  m i s t a k e n  a s s u m p t i o n s  and c o n f u s i o n  among p i l o t s  c o n d u c t i n g  
ins t rument  approaches.  An unwi l l ingness  on t h e  p a r t  of p i l o t s  t o  r e l y  
upon t h e s e  procedures  may a l s o  r e s u l t .  
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CONCLUSIONS 

Cause-Related F ind ings :  

1. The weather  a t  F o r t  F r a n k l i n  was u n s u i t a b l e  f o r  t h e  f l i g h t .  

2. The f l i g h t  was con t inued  i n t o  weather  below t h a t  which is r e q u i r e d  
f o r  VFR f l i g h t .  

3. An a p p r o a c h  t o  t h e  a e r o d r o m e  was a t t e m p t e d  u s i n g  t h e  r a d a r  
a l t i m e t e r  t o  p rov ide  t e r r a i n  c l e a r a n c e .  

4 .  The p i l o t  d e s c e n d e d  t o  a n  a l t i t u d e  be low t h e  h e i g h t  o f  t h e  
te lecommunicat ions  tower. 

5. A l a c k  of o f f i c i a l  w e a t h e r  o b s e r v a t i o n s  and  of  c o m m u n i c a t i o n s  
f a c i l i t i e s  at F o r t  F r a n k l i n  depr ived  t h e  p i l o t  of  r e l i a b l e  l o c a l  
wea ther  i n f o r m a t i o n  on which t o  base  h i s  d e c i s i o n s .  

6 .  T h e r e  e x i s t s  i n  t h e  more r e m o t e  a r e a s  o f  Canada  a d i f f e r e n t  
a t t i t u d e  w i t h  r e g a r d  t o  t h e  a s s e s s m e n t  o f  r i s k  i n  f l i g h t  
o p e r a t i o n s ;  i t  is  l i k e l y  t h a t  t h i s  a t t i t u d e  i n f l u e n c e d  t h e  
d e c i s i o n s  and a c t i o n s  of t h e  p i l o t .  

7. The o p e r a t i o n a l  d e c i s i o n s  of t h e  p i l o t  may have been i n f l u e n c e d  by 
t h e  e f f e c t s  of stress and a  g r e a t e r  t h a n  u s u a l  p e r s o n a l  n e e d  t o  
complete  t h e  f l i g h t .  

8. Company management may have had a  b e t t e r  a p p r e c i a t i o n  of  t h e  r i s k  
p o t e n t i a l  a s s o c i a t e d  w i t h  t h e  r e c e n t  e v e n t s  i n  t h e  p i l o t ' s  l i f e ,  
i f  t h e y  h a d  m o r e  a w a r e n e s s  o f  t h e  e f f e c t s  o f  s t r e s s  o n  
performance. 

3.2 Other  F ind ings  : 

1.  The  r e g u l a t o r y  a u t h o r i t y  w a s  s a t i s f i e d  t h e  c a r r i e r  h a d  a  
management s t r u c t u r e  t h a t  would e n s u r e  s a f e  o p e r a t i o n s  b e f o r e  
i s s u i n g  an o p e r a t i n g  c e r t i f i c a t e ;  but t o t a l  d e l e g a t i o n  o f  f l i g h t  
a u t h o r i z a t i o n  t o  t h e  p i l o t  e l i m i n a t e d  t h e  i n v o l v e m e n t  o f  f l i g h t  
o p e r a t i o n s  management i n  d e t e r m i n i n g  w h e t h e r  i t  w a s  s a f e  t o  
conduct  t h e  f l i g h t .  

2 .  A s  t h e r e  a r e  no d e f i n i t e  c r i t e r i a  f o r  t h e  d e p i c t i o n  of  o b s t r u c -  
t i o n s  on a e r o d r o m e  d i a g r a m s  c o n t a i n e d  i n  t h e  C a n a d a  F l i g h t  
Supplement,  examina t ion  of a e r o d r o m e  d i a g r a m s  d o e s  n o t  p r o v i d e  
a d e q u a t e  g u i d a n c e  r e g a r d i n g  t h e  p r e s e n c e  o f  o b s t r u c t i o n s  i n  
p r o x i m i t y  t o  aerodromes. 

3. A l a c k  o f  s t a n d a r d s  a n d  q u a l i t y  c o n t r o l  h a s  r e s u l t e d  i n  
i n c o n s i s t e n c i e s  i n  t h e  d e p i c t i o n  of T r a n s p o r t  Canada a p p r o v e d  
company ins t rument  approach procedures .  

4. The p i l o t  was c e r t i f i e d  and q u a l i f i e d  f o r  t h e  f l i g h t  i n  accordance 
w i t h  e x i s t i n g  r e g u l a t i o n s .  

5 .    he a i r c r a f t  was c e r t i f  l e d ,  equipped,  and main ta ined  i n  accordance 
w i t h  e x i s t i n g  r e g u l a t i o n s  and approved procedures.  
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6. The  w e i g h t  a n d  c e n t r e  o f  g r a v i t y  were w i t h i n  t h e  p r e s c r i b e d  
limits. 

7 .  T h e r e  was  n o  known i n - f l i g h t  a i r f r a m e  f a i l u r e  o r  s y s t e m s  
m a l f u n c t i o n  p r i o r  t o  o r  d u r i n g  t h e  c o l l i s i o n  w i t h  t h e  
t e l ecommunica t ions  tower.  

RECOMMENDATIONS 

A c t i o n s  Taken 

A s  a  consequence  of t h i s  a c c i d e n t  and t h e  subsequen t  i n v e s  t i g a t  i o n ,  two 
A v i a t i o n  S a f e t y  A d v i s o r i e s  were f o r w a r d e d  t o  t h e  C a n a d i a n  A i r  
T r a n s p o r t a t i o n  A d m i n i s t r a t i o n  (CATA) of t h e  D e p a r t m e n t  o f  T r a n s p o r t  by 
t h e  Canadian  A v i a t i o n  S a f e t y  Board (CASB) conce rn ing :  

a )  t h e  a d v i s a b i l i t y  o f  i m p r o v i n g  t h e  f o r m a t  a n d  p r e s e n t a t i o n  o f  
i n f o r m a t i o n  i n  t h e  Canada F l i g h t  Supplement (CFS); and 

b )  t h e  a p p r o v a l  p r o c e s s  f o r  company i n s t r u m e n t  approach p r o c e d u r e s .  

The  CASB n o t e s  t h e  a c t i o n s  a l r e a d y  t a k e n  by CATA w i t h  r e s p e c t  t o  t h e  CFS 
t 0: 

a )  p u b l i s h  b e a r i n g  and d i s t a n c e  i n f o r m a t i o n  on a l l  n a v a i d s  more t h a n  0.2 
nrn from t h e  aerodrome i n  t h e  NAV S e c t i o n ;  

b )  amend t h e  F o r t  F r a n k l i n  a e r o d r o m e  d i a g r a m  t o  i n c l u d e  t h e  2 0 0 - f o o t  
o b s t r u c t i o n ;  and 

c )  i n c l u d e  aerodrome e l e v a t i o n  on aerodrome diagrams.  

F u r t h e r  A c t i o n s  Required  

85-07 O p e r a t i o n a l  C o n t r o l  - T h e  CASB q u e s t i o n s  t h e  e f f e c t i v e n e s s  o f  c u r r e n t  
r e g u l a t o r y  r e q u i r e m e n t s  f o r  o p e r a t i o n a l  c o n t r o l  o v e r  t h e  f l i g h t  c r e w s  
by a i r  c a r r i e r s  u s i n g  s m a l l  a e r o p l a n e s  i n  a i r  t r a n s p o r t  o p e r a t i o n s .  
I n  p a r t i c u l a r ,  c u r r e n t  p r a c t i c e s  f o r  f l i g h t  a u t h o r l z a t  i o n  a n d  p i  l o t  
d i s p a t c h  a r e  n o t  c o n d u c i v e  t o  e f f e c t i v e  o p e r a t i o n a l  c o n t r o l  b y  
management. T h e r e f o r e  t h e  CASB recommends t h a t  : 

The  Department of T r a n s p o r t  amend A i r  N a v i g a t i o n  O r d e r  
S e r i e s  VII Number 3 t o  i n c l u d e :  

a )  a  d e f i n i t i o n  of f l i g h t  a u t h o r i z a t i o n ;  
b )  t h e  minimum a d m i n i s t r a t i v e  r e q u i r e m e n t s  f o r  t h e  

o p e r a t i o n s  m a n a g e r ,  d i s p a t c h e r  o r  c h i e f  p i l o t  t o  
e f f e c t  f l i g h t  a u t h o r i z a t i o n ;  

c )  t h o s e  c o n d i t i o n s  w h e r e  f l i g h t  a u t h o r i z a t i o n  a n d  
d i s p a t c h  can  be  d e l e g a t e d  by t h e  o p e r a t i o n s  m a n a g e r ,  
d i s p a t c h e r  o r  c h i e f  p i l o t  t o  t h e  pilot-in-command; 

d )  minimum f l i g h t  watch p r o c e d u r e s  f o r  day V i s u a l  F l i g h t  
R u l e  (VFK) f l i g h t s ;  

e )  t h e  minimilm q u a l i f i c a t i o n s  r e q u i r e d  of an o p e r a t i o n s  
manager; and 

f )  t h e  minimum q u a l i f i c a t i o n s  r e q u i r e d  of a  d i s p a t c h e r .  

85-08 Human F a c t o r s  - The CASB is concerned t h a t  t h e  impact  of human f a c t o r s  
on  p i l o t  p e r f o r m a n c e  i s  g e n e r a l l y  n o t  well  u n d e r s t o o d ,  e i t h e r  by 
f l i g h t  crews or  f l i g h t  management. Consequen t ly ,  t h e  CASB recommends 
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The Department of T r a n s p o r t  deve lop  a  t r a i n i n g  p r o g r a m  i n  
Human F a c t o r s  f o r  f l i g h t  o p e r a t  i o n s  s u j ) e r v i s o r s .  T h i s  
p r o g r a m  s h o u l d  he made a v a i l a b l e  t o  R e g i o n a l  A v i a t i o n  
S a f e t y  O f f i c e r s  of t h e  Depar tment  of T r a n s p o r t  f o r  u s e  i n  
company s a f e t y  o f f i c e r  c o u r s e s  and ~ h o u l d  c o n e i d e r  among 
o t h e r  t h i n g s :  
a )  t h e  e f f e c t s  o f  p e r R o n e l  s t ress  upon  i n d i v i d u a l  

judgement and performance;  and 
b )  r e c o g n i t i o n  of t h e  symptoms o f  p e r s o n a l  e t r e s s  by 

p i l o t s  and management. 

85-09 Canada F l i g h t  Supplement - I n  o r d e r  t o  f a c i l i t a t e  s a f e  f l i g h t  i n  t h e  
v i c i n i t y  of a n  a i r p o r t  u n d e r  VFR c o n d i t i o n s ,  t h e  CASB recommends  
t h a t  : 

The Depar tment  of T r a n s p o r t  p u b l i s h  c r i t e r i a  f o r  a n d  
s t a n d a r d i z e  t h e  p r e s e n t a t i o n  of i n f o r m a t i o n  f o r  a e r o -  
dromes i n  t h e  Canada F l i g h t  Supplement.  

85-10 Company I n s t r u m e n t  Approach C h a r t s  - W h i l e  r e c o g n i z i n g  t h e  o p e r a -  
t i o n a l  r equ i r emen t  f o r  i n s t r u m e n t  approach  p r o c e d u r e s  f o r  c o m p a n i e s  
o p e r a t i n g  o u t  o f  r e m o t e  a e r o d r o m e s ,  t h e  CASB b e l i e v e s  t h a t  more  
r i g o r o u s  s t a n d a r d s  f o r  i n f o r m a t i o n  p r e s e n t a t i o n  a n d  p r o c e d u r e  
v a l i d a t i o n  w o u l d  r e d u c e  t h e  r i s k s  i n  u s i n g  t h e s e  r e s t r i c t e d  
p r o c e d u r e s .  T h e r e f o r e ,  t h e  CASB recommends t h a t :  

T h e  D e p a r t m e n t  o f  T r a n s p o r t  a m e n d  D i v i s i o n  8 o f  
I n s p e c t i o n  I n s t r u c t i o n s  T P  584E t o  e n s u r e  t h a t  
Depar tment  of T r a n s p o r t  a p p r o v e d  company i n s t r u m e n t  
approach  c h a r t s :  

a )  a d h e r e  t o  t h e  f o r m a t  e s t a b l i s h e d  f o r  i n s t r u m e n t  
approach  c h a r t s  p u b l i s h e d  i n  Canada A i r  P i l o t ;  ' 

b )  i n d i c a t e  a f i x e d  p e r i o d  of v a l i d i t y ;  and 
c )  a r e  p e r i o d i c a l l y  v a l i d a t e d  t h r o u g h  D e p a r t m e n t  o f  

T r a n s p o r t  f l i g h t  checks .  

85-11 Weather and Communications F a c i l i t i e s  - The CASB a c k n o w l e d g e s  t h a t  
l i m i t a t i o n s  i n  r e s o u r c e  a v a i l a b i l i t y  w i l l  p e r p e t u a t e  c o n d i  t i o n s  o f  
a u s t e r e  a i r p o r t  f a c i l i t i e s  t h roughou t  much of C a n a d a ' s  h i n t e r l a n d .  
N e v e r t h e l e s s ,  t h e  CASB recommends t h a t :  

The Department of T r a n s p o r t  review c o n d i t i o n s  a t  t h o s e  
A r c t i c  C (Community) aerodromes  i n c l u d e d  f o r  d e v e l o p -  
ment under t h e  1974  A r c t i c  A i r  F a c i l i t i e s  P o l i c y ,  b u t  
f o r  which t h e  1 1 p ~ r a d e  was n o t  c o m p l e t e d ,  w i t h  a  v i e w  
t o  m e e t i n g  t h e  minimum e s s e n t i a l  r e q u i r e m e n t s  f o r  
a i r - g r o u n d - a i r  c o ~ r l m ~ ~ n i c a t  i o n s  and  t h e  r e c o r d i n g  a n d  
t h e  pass in) !  of m e t e o r o l o g i c a l  ohse rva t i r>ns .  

ICAO Note:  Appendices  A, E,  F and  G were  n o t  r e p r o d u c e d .  

ICAO Ref .: 2067184 
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Appendix C 

FORT FRANM 

REF 

OPR 

FLT PLN 
F s s  

RWY DATA 
ecn 

NAV 
Nm 

. I  NWT 

65 1 I N  123 25W 36'E GMT-7 
Eb576 '  96Slh C 1 0  LE2 

Gavt Of NWT 403-589.320 1 Unl - 
Norman W a s  403-587-2555 

R*y 06/24 2500x80 gravel 
opr, Ltd win rnalnt 

WJ 287 (L) 65 11 13N 
123 25 0lW at At0 Pvt I Unmonitored J 

FORT GOOD HOPE nwr YGH r l o  C.s **a / .  82-11 

REF 

FLT PLN 
Fss 

RWY DATA 

RCR 

LIGHTING 

COMM 
-0 

MF 
~orrnan Wells 126.7 
122.1 within 20NM 

APRT R W  1 122.1 (V) Ltd hrs; ctc FSS 

FORT HOPE onr YFH 

NAV 
NO0 

VORIDME 

REF 

GH 266 (M) 66 15 45N 128 37 1OW at AlO 
YGH 112.3 Ch 70 66 14 ION 128 37 15W 248. 1.7NM to A/D 

OPR 

FLT PLN 
FSS 

RWY DATA 
RCR 

-- 

51 34N87 54W AdjN 4'W 
GMT-5(4) Ekw 905' 42NW E- 17 
LE6 

Ontario LAMry d Transportation 1 
Comrn 007-577-6451 or 
705-242-8151 Pub Lic 14-232 
MokFn exc hols 

Sioux Lookout 800-465-3627 

Rwy 09/27 3500x200 gravel 
opr. Rwy brg capacrty varres 
seasonally 
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Appendix D 

cum* elt*t*r 
mrcq u s t  bs 
rbrrtrrr f r a  1ORO 
IAr UnlCOI ( 1 2 2 . 0  i ncr tr c-ncln I 
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No. 7 

McDonnell Douglas DC-8-55F, HC-BKN 
a t  Qui to ,  Ecuador on 1 8  September 1984. 

Acc iden t  r e p o r t  r e l e a s e d  by t h e  
Acc iden t  I n v e s t i g a t i o n  Board,  Ecuador 

SYNOPSIS 

On t a k e - o f f ,  t h e  a i r c r a f t  used  t h e  whole l e n g t h  of t h e  runway b u t  
f a i l e d  t o  c l imb and c o l l i d e d  w i t h  t h e  ZLS a n t e n n a  a t  t h e  end of t h e  runway. 
The a i r c r a f t  t h e n  s t r u c k  s e v e r a l  h o u s e s ,  which were  d e s t r o y e d .  B e f o r e  take-off  
t h e  crew were invo lved  i n  an  i n d u s t r i a l  d i s p u t e  and l e f t  i n  h a s t e .  The crew 
a p p a r e n t l y  d i d  n o t  n o t i c e  t h a t  t h e  h o r i z o n t a l  s t a b i l i z e r  was s e t  a t  0 .5  d e g r e e s  
nose  up r a t h e r  t h a n  8  d e g r e e s  nose  up.  T h i s  i n c r e a s e d  t h e  t i m e ,  speed and 
d i s t a n c e  r e q u i r e d  f o r  t ake -o f f  and made i t  i m p o s s i b l e  t o  l i f t  t h e  a i r c r a f t  o f f  
t h e  runway. 

1. H i s t o r y  of t h e  f l i g h t  

The Douglas DC-8-59' a i r c r a f t  b e a r i n g  r e g i s t r a t i o n  No. HC-BKN, 
o p e r a t e d  by CompaSfa AECA a i r l i n e s ,  was pe r fo rming  unschedu led  c a r g o  f l i g h t  
No. 767-103 on t h e  Miami-Quito-Guayaquil r o u t e .  It took  o f f  from Miami a t  0830 
hours  Z (0330 hours  l o c a l  t i m e )  c a r r y i n g  f o u r  crew members and 7 5  603 pounds of 
f r e i g h t .  

The Miami-Quito l e g  took  p l a c e  w i t h o u t  i n c i d e n t  and t h e  a i r c r a f t  
landed a t  M a r i s c a l  S u c r e  A i r p o r t  a t  1152 h o u r s  Z (0652 h o u r s  l o c a l  t i m e ) .  

The Quito-bound f r e i g h t  was unloaded a t  t h e  l a t t e r  a i r p o r t .  For  t h i s  
purpose  a l l  p a l l e t s  on board  t h e  a i r c r a f t  were moved w i t h  t h e  e x c e p t i o n  o f  
t h o s e  i n  p o s i t i o n s  1  and 1 3 ,  and a  new f l i g h t  c l e a r a n c e  was t h e r e f o r e  r e q u i r e d  
f o r  t h e  Quito-Guayaquil  l e g .  

A f t e r  t h e s e  t a s k s  had been  concluded and t h e  a i r c r a f t  r e f u e l l e d  w i t h  
2 100 g a l l o n s  of f u e l ,  t h e  a i r c r a f t  d i s p a t c h e r  p r e s e n t e d  an i n s t r u m e n t  f l i g h t  
p l a n  f o r  t h e  Quito-Guayaquil  l e g ,  which had t o  b e  a l t e r e d  s i n c e  t h e  a i r c r a f t ' s  
d e p a r t u r e  was d e l a y e d  from 1400 h o u r s  Z (0900 hours  l o c a l  t i m e )  t o  1600 h o u r s  Z 
(1100 hours  l o c a l  t i m e )  w h i l e  t h e  crew engaged i n  a  l a b o u r - r e l a t e d  d i s c u s s i o n  
w i t h  members of t h e  Ecuador ian F e d e r a t i o n  of A i r  Crew Members, and s u b s e q u e n t l y  
c o n s u l t e d  w i t h  a i r l i n e  o f f i c i a l s  concern ing  c o n t i n u a t i o n  of t h e  f l i g h t  t o  
Guayaqui l  . 

A t  16 h  04'38" Z (11  hours  4 m i n u t e s  38  seconds  l o c a l  t i m e ) ,  a i r c r a f t  
HC-BKN i n i t i a t e d  t h e  t ake -o f f  run  on runway 35. The run  was ex tended  t o  48  
m e t r e s  beyond t h e  runway end. 

The a i r c r a f t  s t a r t e d  t o  c l imb  a t  t h i s  p o i n t  b u t  t h e  a n g l e  of c l imb  
was n o t  s u f f i c i e n t  t o  p r e v e n t  t h e  main l a n d i n g  g e a r  and t h e  t r a i l i n g  edge of 
t h e  h o r i z o n t a l  s t a b i l i z e r  from c o l - l i d i n g  w i t h  t h e  wooden s t r u c t u r e  s u p p o r t i n g  
t h e  I L S  a n t e n n a s ,  l o c a t e d  83 m e t r e s  from t h e  end of runway 35. 
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2 .  I n j u r i e s  t o  pe r sons  

I n j u r i e s  - Crew Passengers Others  

F a t a l  4 - 4 9 

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

The a i r c r a f t  was t o t a l l y  d e s t r o y e d  by t h e  impact and subsequen t  f i r e .  

4.  Other  damage 

During take-off t h e  a i r c r a f t  caused t h e  f o l l o w i n g  damage: 

- D e s t r u c t i o n  of t h e  ILS s u p p o r t  s t r u c t u r e  and a n t e n n a s .  

- D e s t r u c t i o n  of s e v e r a l  lamp p o s t s .  

- T o t a l  d e s t r u c t i o n  of a v e h i c l e .  

- T o t a l  d e s t r u c t i o n  of 25 houses .  

- P a r t i a l  d e s t r u c t i o n  of 4 houses .  

- P a r t i a l  d e s t r u c t i o n  of 3 v e h i c l e s .  

P e r s o n n e l  in fo rmat  i o n  

The crew a s s i g n e d  t o  Cornpasfa AECA f l i g h t  767-103 was a s  f o l l o w s :  

a )  Pilot-in-coamand of t h e  a i r c r a f t :  Of Ecuador ian n a t i o n a l i t y  and 
54 y e a r s  of age .  

According t o  h i s  p e r s o n a l  f i l e ,  h e  was t h e  h o l d e r  of A i r l i n e  
Transpor t  P i l o t  L icence  No. 220 ATR supplemented by Medical  C e r t i f i c a t e  No. 043 
v a l i d  u n t i l  22 September 1984, s t a t i n g  t h a t  he  must u s e  c o r r e c t i v e  l e n s e s  when 
performing t h e  d u t i e s  o f  a p i l o t .  

He h e l d  p i l o t  r a t i n g s  f o r  t h e  f o l l o w i n g  a i r c r a f t :  

PT-19; T6-G; T-28/33/41; P W ;  CHI-C; Twin O t t e r  DHC-6; Caribou-DHC-4; 
T6-D; Canadair  CL-44144-DA and Douglas DC-8. He a l s o  p o s s e s s e d  a F l i g h t  
I n s t r u c t o r  r a t i n g .  

H i s  p i l o t  r a t i n g  f o r  t h e  Douglas DC-8 was i s s u e d  on 17 October  1977 
and con t inued  i n  e f f e c t  up u n t i l  t h e  t ime  of t h e  a c c i d e n t .  
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H i s  l a s t  p r o f i c i e n c y  check was c a r r i e d  o u t  a t  t h e  Uni ted  A i r l i n e s  
T r a i n i n g  C e n t r e  i n  t h e  Uni ted  S t a t e s ,  on 6  March 1984,  a t  which t ime  he  passed  
s a t i s f a c t o r i l y  i n  a l l  a r e a s .  

Up t o  t h e  day of t h e  a c c i d e n t  he  had f lown t h e  f o l l o w i n g  h o u r s :  

Over -a l l  t o t a l  
L a s t  n i n e t y  days  
L a s t  s i x t y  days  
L a s t  t h i r t y  days  
L a s t  seven  days  

T o t a l  on Douglas DC-8 
T o t a l  on a i r c r a f t  invo lved  i n  
a c c i d e n t  

16 541 :48 h o u r s  
226 : 40 h o u r s  
166:35 h o u r s  
79:OO h o u r s  
07:45 h o u r s  

2  373:25 h o u r s  

597:45 h o u r s  

b )  Co-p i lo t :  Of Ecuador ian  n a t i o n a l i t y  ( n a t u r a l i z e d )  and 57 y e a r s  
of age .  

According t o  h i s  p e r s o n a l  f i l e ,  h e  was t h e  h o l d e r  of A i r l i n e  T r a n p o r t  
P i l o t  L icence  No. 019-ATR supplemented by Medical  C e r t i f i c a t e  No. 250-84 C l a s s  
"A" v a l i d  u n t i l  13 March 1985,  s t a t i n g  t h a t  he  must u s e  c o r r e c t i v e  l e n s e s  w h i l e  
performing t h e  d u t i e s  of a  p i l o t .  

He h e l d  p i l o t  r a t i n g s  f o r  t h e  f o l l o w i n g  a i r c r a f t :  

T a y l o r c r a f t ;  PT-19; Norseman; Cessna 140/170/180;  P i p e r  PA-22; Twin 
O t t e r  DHC-6; B r i t t e a  Norman 2A; P i l a t u s  P o r t e r  PC-6; Car ibou  DHC-4; F a i r c h i l d  
F-27F; Douglas DC-6. 

Co-p i lo t  r a t i n g s  f o r :  

C u r t i s  C-46; E l e c t r a  L-188; Canada i r  CL-44144-DA and Douglas DC-8. 

The c o - p i l o t  r a t i n g  f o r  t h e  Douglas DC-8 was i s s u e d  on 24 October  
1977 and c o n t i n u e d  i n  e f f e c t  up u n t i l  t h e  t i m e  of t h e  a c c i d e n t .  

Hi s  l a s t  p r o f i c i e n c y  check was c a r r i e d  o u t  a t  t h e  Uni ted  A i r l i n e s  
T r a i n i n g  C e n t r e  i n  t h e  Uni ted  S t a t e s ,  on 6  March 1984, a t  which t i m e  he  passed  
s a t i s f a c t o r i l y  i n  a l l  a r e a s .  

Up t o  t h e  day of t h e  a c c i d e n t  h e  had f lown t h e  f o l l o w i n g  h o u r s :  

Over-a l l  t o t a l :  
L a s t  n i n e t y  days  
L a s t  s i x t y  days  
L a s t  t h i r t y  days  
L a s t  seven  days  

26 614:35 h o u r s  
272:OO h o u r s  
187:55 h o u r s  
86:25 h o u r s  
17:15 hours  

T o t a l  on Douglas DC-8 1 121:28 hours  
T o t a l  on a i r c r a f t  invo lved  i n  a c c i d e n t  649:58 h o u r s  

C )  F l i g h t  e n g i n e e r :  Of Ecuador ian  n a t i o n a l i t y  and 45 y e a r s  of age .  

According t o  h i s  p e r s o n a l  f i l e  h e  was h o l d e r  of F l i g h t  Eng inee r  
L icence  No. 1 2 9 ,  supplemented by Medical  C e r t i f i c a t e  No. 220 C l a s s  "Bt' v a l i d  
u n t i l  1 4  A p r i l  1985,  s t a t i n g  t h a t  he  must u s e  c o r r e c t i v e  l e n s e s  w h i l e  
pe r fo rming  t h e  d u t i e s  of a  f l i g h t  e n g i n e e r .  
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He he ld  r a t i n g s  f o r  t h e  Douglas DC-8, DC-6B and CL-44; h i s  r a t i n g  f o r  
t h e  DC-8 was i s s u e d  on 17 October  1977 and con t inued  i n  e f f e c t .  

His  l a s t  p r o f i c i e n c y  check was c a r r i e d  o u t  a t  t h e  Uni ted  A i r l i n e s  
T r a i n i n g  C e n t r e  on 6 March 1984 a t  which t ime h e  passed  s a t i s f a c t o r i l y  i n  a l l  
a r e a s .  

Up t o  t h e  day of t h e  a c c i d e n t  he  had flown t h e  f o l l o w i n g  hours :  

L a s t  n i n e t y  days  
L a s t  s i x t y  days  
L a s t  t h i r t y  days  
L a s t  seven days  

203:OO hours  
118:55 hours  

22:55 hours  
17:15 hours  

T o t a l  on Douglas DC-8 2  001:55 hours  
T o t a l  on a i r c r a f t  invo lved  i n  a c c i d e n t  647 : 55 h o u r s  

d )  F r e i g h t  h a n d l e r :  Due t o  t h e  n a t u r e  of h i s  d u t i e s ,  h e  d i d  n o t  
r e q u i r e  any l i c e n c e .  

6 .  D i s p a t c h e r  i n f o r m a t i o n  

The d i s p a t c h e r  of f l i g h t  767-103 on 18  September 1984,  h o l d e r  of 
F l i g h t  Opera t ions  O f f i c e r  L icence  No. 134,  h e l d  D i s p a t c h e r  r a t i n g s  f o r  t h e  
Douglas DC 316,  C a r a v e l l e  210, Avro 748, Canada i r  CL-44 and DC-8-55F, v a l i d  
t i l l  26 J u l y  1985. 

The r a t i n g  f o r  t h e  DC-8-55F was i s s u e d  on 1  September 1983 and he  had 
performed t h e  d u t i e s  of D i s p a t c h e r  on t h i s  t y p e  of a i r c r a f t  up t o  t h e  d a t e  of 
t h e  a c c i d e n t .  

He began t o  work a s  a  D i s p a t c h e r  f o r  Compaiifa AECA on 17 J u l y  1979,  
t h e  d a t e  on which h e  was g r a n t e d  t h e  co r respond ing  l i c e n c e .  

7. A i r c r a f t  i n f o r m a t i o n  

Record of t h e  Douglas DC-8-55F a i r c r a f t :  The Douglas DC-8-55F 
a i r c r a f t  r e g i s t e r e d  a s  HC-BKN commenced f l i g h t  o p e r a t i o n s  f o r  Compaiifa AECA on 
12 August 1983, b e i n g  o p e r a t e d  by  t h a t  a i r l i n e  under  a  temporary  r e g i s t r a t i o n  
number on a  l ease -purchase  o r  c o n d i t i o n a l  p u r c h a s e  b a s i s .  

The C e r t i f i c a t e  of A i r w o r t h i n e s s  i s s u e d  by t h e  D i r e c t o r a t e  of C i v i l  
Avia t ion  was v a l i d  u n t i l  26 August 1985, t h e  a i r c r a f t  hav ing  undergone a  
schedu led  i n s p e c t i o n  on 27 August 1984 a s  a  mandatory requ i rement  f o r  renewal  
of t h e  above document. 

I t s  c h i e f  c h a r a c t e r i s t i c s  were  a s  f o l l o w s :  

MODEL 
SERIAL NUMBER 
POWERPLANT 
MAXIMUM TAKE-OFF WEIGHT AT SEA 
LEVEL UNDER STANDARD CONDITIONS 
WEIGHT EMPTY 
MAXIMUM LANDING WEIGHT 
NUMBER OF AVAILABLE SEATS INCLUDING 
CREW 
SERVICE CEILING WITH 4 ENGINES 
ENDURANCE 

DC-8-55F 
457 54 
P r a t t  and q i t n e y  Engines  JT3D-38 

325 000 pounds 
131 436 pounds 
240 000 pounds 

6  
4 2  000 f e e t  
10:OO hours  

The a i r c r a f t  was equipped f o r  i n s t r u m e n t  f l i g h t  by n i g h t .  
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Hours and l a s t  checks c a r r i e d  ou t  on t he  a i r c r a f t  

Up t o  17 September 1984 the  a i r c r a f t  had t o t a l l e d  60 070:17 running 
hours and 17 003 s e r v i c e  cyc l e s  s i n c e  leav ing  t h e  f a c t o r y .  

According t o  t h e  a i r l i n e  maintenance programme, t he  fo l lowing  checks 
were app l i cab l e :  

Check "A" 
Check "B" 
Check "C" 
Check "Dl' 

Every 100 hours  
Every 500 hours 
Every 2  500 hours  
Every 16 000 hours  (ove rhau l )  

The a i r c r a f t ' s  maintenance records  show t h a t  t he  l a s t  checks were 
c a r r i e d  ou t  a t  t he  fo l lowing  d a t e s  and t imes:  

Check "A" 07 September 1984. There were 61:50 hours remaining be fo re  t h e  nex t  
such i n spec t i on .  

Check "B" 01 August 1984, wi th  249:30 hours  remaining be fo re  another  i n spec t i on  
of t h i s  c l a s s  was r equ i r ed .  

Check "C" 12 August 1983, wi th  723:43 hours  remaining be fo re  t h e  next  
i n spec t i on ,  a s  of 17 September 1984. 

Check "Dl' (Overhaul) .  The a i r c r a f t  had a r r i v e d  i n  t he  count ry  w i th  5  503 hours  
remaining be fo re  t he  next  check "D"; i t  had flown 1  276:17 hours  f o r  
t he  a i r l i n e ,  and t h e r e f o r e  had 4  226:43 hours  remaining b e f o r e  i t s  
nex t  overhaul .  

F i n a l  i n spec t  ion 

On 17 September 1984, a t  t he  A i r l i n e  I n t e r n a t i o n a l  I nc .  maintenance 
shops,  Miami, USA, t h e  a i r c r a f t  and i t s  engines underwent t h e  fo l lowing  
maintenance work, c o n s i s t i n g  of adjustment  and t e s t i n g :  

a )  Engines: Run-up t e s t  
Trimmed 
Lubr i ca t i on  and r e p a i r s  t o  t h e  r e v e r s e  
t h r u s t e r  of Turbine No. 2 .  

b )  A i r c r a f t  and systems: Replacement of t h e  r i g h t  wing t i p  
assembly. 

I n spec t i on  and replacement of t h e  f r e o n  
s e a l ,  r i g h t  s i d e .  

Repair  of t he  t r a i l i n g  edge of t h e  r i g h t  
wing. 

Engine record :  

P o s i t i o n  No. 1 S e r i a l  No. P642912 

Date of manufacture: 19 October 1961 

To ta l  hours of s e r v i c e  up t o  d a t e  
of a cc iden t :  42 140:30 hours  
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Hours of s e r v i c e  on t h i s  a i r c r a f t :  1  169:30 hours  

T o t a l  number of c y c l e s  on t h i s  
a i r c r a f t  : 418 c y c l e s  

Hours of s e r v i c e  remaining on d a t e  
of a c c i d e n t  : 1  610:30 h o u r s  

Cyc les  remaining on d a t e  of 
a c c i d e n t :  392 c y c l e s  

P o s i t i o n  No. 2 S e r i a l  No. 644219 

Da te  of manufac tu re :  18 November 1963 

T o t a l  hours  of s e r v i c e  on d a t e  
of a c c i d e n t  : 41 237:30 hours  

Hours of s e r v i c e  on t h i s  a i r c r a f t :  1  169:30 hours  

T o t a l  number of c y c l e s  on t h i s  
a i r c r a f t  : 418 c y c l e s  

Hours of s e r v i c e  remaining on d a t e  
of a c c i d e n t :  1  731:30 hours  

Cyc les  remaining on d i s c  No. 2 (T2)  
on d a t e  of a c c i d e n t :  268 c y c l e s  

P o s i t i o n  No. 3  S e r i a l  No. 645061 

Date  of manufac tu re :  22 J u l y  1965 

T o t a l  hours  of s e r v i c e  on d a t e  of 
a c c i d e n t  : 34  467:17 h o u r s  

T o t a l  s e r v i c e  c y c l e s  remaining on 
d a t e  of a c c i d e n t :  1 1  686 c y c l e s  

Hours o f  s e r v i c e  s i n c e  a r r i v a l  i n  
Ecuador : 1 266:17 hours  

T o t a l  c y c l e s  s i n c e  a r r i v e d  i n  
Ecuador : 456 c y c l e s  

S e r v i c e  c y c l e s  remaining on d i s c  T2: 72 c y c l e s  

Hours of s e r v i c e  remaining on d a t e  
of a c c i d e n t :  The French a u t h o r i t i e s  a l lowed  a  7% 

i n c r e a s e  i n  hours  of s e r v i c e ,  i . e .  1  498 
h o u r s ,  under  which c o n d i t i o n s  54:30 h o u r s  
were u s e d .  ' 

P o s i t i o n  No. 4  S e r i a l  No. 644899 

Date  of manufac tu re :  31 March 1965 

T o t a l  hours  of s e r v i c e  of  d a t e  
of a c c i d e n t :  43  402: 17 hours  
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Tota l  number of cycles on d a t e  of 
accident : 14 614 tycres 

Hours of service on t h i s  a ircraft  
s ince  arr ival  in Ecuador: 1 276~17 hours 

Total c y c l e s  stnce arrived in 
Ecuador : 456 cycles 

Hours of service remaining on 
d a t e  of accident: 47 1 : 43 hours 

Cycles remaining on date  of  
acc ident  : 900 cycles  

Last periodic checks performed on engines: 

Check "A": Was carried out on 7 September 1984, with 61:50 hours remaining 
until the next check of t h i s  type. 

Check "B": Was carried out on 1 August 1984, 2 5 7 : 1 5  hours remaining until the 
next check. 

8. Aida t o  navigation 

These played no part in the accident;  a t  the time of the occurrence 
a l l  the navigation a ide  i n e t a l l e d  a t  Mariscal Sucre Airport were operating 
normally. 

9 .  Meteorological information 

Meteorological conditions had no influence on the  accident. 
According t o  the meteorolagical bulletin issued by the Analysis and Forecast 
Centre of Mariscal Sucre Airport, the meteorological conditions on the  day of 
the accident were as followa: 

Time : 1605 h Z (1105 h local time) 

Wind : 070" w i t h  v e l o c i t y  o f  05 kt 

V i s i b i l i t y :  40 km 

Cloud eonditiofis: 41"8 currmlua a t  1. 200 in 
318 altocumulus a t  2 700 rn 

Temperature: 18*C 
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10.  Aerodrome i n f o r m a t i o n  

Name : 

Coord ina tes :  

E l e v a t i o n :  

F a c i l i t i e s :  

11. Communications 

M a r i s c a l  S u c r e  

2  812 m ( 9  226 f t )  

The aerodrome has  an a s p h a l t  runway 
3  120 m i n  l e n g t h  and 46 m i n  w i d t h ,  w i t h  
an o r i e n t a t i o n  of 3531172 d e g r e e s .  There  
i s  an ILS f o r  runway 35.  (The an tenna  f o r  
t h i s  sys tem i s  l o c a t e d  83 m e t r e s  from 
runway 1 7 ) .  

Communications between t h e  a i r c r a f t  and t h e  A i r  T r a f f i c  C o n t r o l  
S e r v i c e s  f u n c t i o n e d  normal ly ,  a s  shown by t h e  ATC t a p e s .  

1 2 .  F i r e  - 
According t o  e y e w i t n e s s e s ,  t h e  a i r c r a f t  showed no s i g n s  of f i r e  

d u r i n g  t h e  take-off  run .  The f i r e  which d e s t r o y e d  most of t h e  a i r c r a f t ,  a t  t h e  
s i t e  of t h e  p r i n c i p a l  impact b roke  o u t  when t h e  wing and l e f t  s i d e  of t h e  
f u s e l a g e  c o l l i d e d  w i t h  one of t h e  houses  i n  t h e  a r e a ,  and sp read  b e c a u s e  t h e  
f u e l  on board t h e  a i r c r a f t  s p i l l e d  o u t  of t h e  r u p t u r e d  t a n k s  and came i n  
c o n t a c t  w i t h  h e a t e d  eng ine  p a r t s .  

The p rox imi ty  of t h e  a c c i d e n t  s i t e  t o  M a r i s c a l  Sucre  A i r p o r t  
f a c i l i t a t e d  t h e  immediate i n t e r v e n t i o n  of t h e  a i r p o r t ' s  f i r e  f i g h t i n g  s e r v i c e ,  
and minu tes  l a t e r ,  of s e v e r a l  munic ipa l  f i r e  f i g h t i n g  u n i t s .  

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

The n a t u r e  of t h e  a c c i d e n t  o f f e r e d  t h e  crew members no chance of 
s u r v i v a l .  For ty -n ine  pe r sons  p e r i s h e d  and 30 more were i n j u r e d  due t o  t h e  
d e s t r u c t i o n  of s e v e r a l  houses  i n  t h e  a r e a  of impact .  

Vict ims were re scued  by p e r s o n n e l  of t h e  M a r i s c a l  Sucre  A i r p o r t  f i r e  
f i g h t i n g  s e r v i c e s  and of s e v e r a l  Qui to  emergency s e r v i c e s .  

14.  F l i g h t  r e c o r d e r s  

a )  F l i g h t  d a t a  r e c o r d e r  (FDR) 

The Douslas  DC-8-55F r e g i s t e r e d  a s  HC-BKN was equipped w i t h  a  f l i % h t  
d a t a  r e c o r d e r  (FDR) h a v i n s  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

- Model: Sunds t rand  FA-542, S/N UNK 

- S e r i a l  number: DCA-84-R-A036 

When r e c o v e r e d ,  t h e  r e c o r d e r  showed s i g n s  of h a v i n ~  been exposed t o  
f i r e  and s e v e r e  impact .  I t  was s e n t  f o r  a n a l y s i s  t o  th.e N a t i o n a l  
T r a n s p o r t a t i o n  S a f e t y  Board (NTSB) l a b o r a t o r i e s  i n  Washington, D . C .  

I t  was i m p o s s i b l e  t o  o b t a i n  any i n f o r m a t i o n  s i n c e  t h e  r e c o r d e r  i n  
q u e s t i o n  was n o t  o p e r a t i n g  a t  t h e  t ime  of t h e  c r a s h .  
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An i n q u i r y  by t h e  Acc iden t  I n v e s t i g a t i o n  Board i n t o  t h e  c a u s e  of t h e  
non-opera t ion  of t h i s  a p p a r a t u s ,  i n d i c a t e d  t h a t  i t  was n o t  b e i n g  p r o p e r l y  
m a i n t a i n e d .  The same s i d e  of t h e  t a p e  had been used  t h r e e  t imes  because  t h e  
t a p e  had n o t  been r e v e r s e d  a f t e r  200 hours  a c c o r d i n g  t o  m a n u f a c t u r e r ' s  
s p e c i f i c a t i o n s .  

As r e 5 a r d s  o p e r a t i o n  of t h e  sys tem,  it was shown t h a t  t h i s  t y p e  of 
r e c o r d e r  must b e  t u r n e d  on and o f f  manua l ly ,  and i t  was assumed t h a t  f l i g h t  
crews were n o t  i n  t h e  h a b i t  of t u r n i n g  i t  on. 

b )  Cockp i t  v o i c e  r e c o r d e r  

The c o c k p i t  v o i c e  r e c o r d e r  was a  Sunds t rand  1557. I t  was r e c o v e r e d  
on t h e  a c c i d e n t  s i t e  s e v e r e l y  damaqed by t h e  i n i t i a l  impact  and by f i r e .  I t  
was s e n t  f o r  a n a l y s i s  t o  t h e  N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  Board l a b o r a t o r i e s  
i n  Washington, D . C . ,  b u t  no i n f o r m a t i o n  c o u l d  b e  o b t a i n e d  b e c a u s e  t h e  t a p e  was 
comple te ly  d e s t r o y e d .  The i m p a c t - r e s i s t a n t  c a s e  was damaged i n  t h e  a c c i d e n t .  
The cover  became de tached  from t h e  r e s t  o f  t h e  c a s e  l e a v i n g  t h e  f i r e - r e s i s t a n t  
c o v e r i n g  d i r e c t l y  exposed t o  h i g h  t e m p e r a t u r e s  and l e a d i n g  t o  i n c i n e r a t i o n  of 
t h e  t a p e .  

The NTSB r e p o r t  shows t h a t  t h e  t a p e  a p p e a r s  t o  have  been c o r r e c t l y  
loaded i n t o  t h e  v o i c e  r e c o r d e r ,  b u t  no c o n c l u s i o n s  c o u l d  b e  reached  r e g a r d i n g  
i t s  o p e r a t i o n a l  c o n d i t i o n  p r i o r  t o  t h e  a c c i d e n t .  

15. Wreckage i n f o r m a t  i o n  

Impact w i t h  t h e  s t r u c t u r e  s u p p o r t i n g  t h e  ILS a n t e n n a  caused  t h e  r i g h t  
main l a n d i n g  g e a r  t o  become d e t a c h e d ,  b r e a k i n g  o f f  a t  t h e  l e v e l  o f  t h e  p i s t o n  
damper and s t r i k i n g  a  house  l o c a t e d  35 m e t r e s  t o  t h e  r i g h t  of t h e  ex tended  
runway c e n t r e  l i n e  and 460 m e t r e s  from runway 35. 

Small  f r agments  from t h e  main l a n d i n g  g e a r  t i r e  t r e a d s  and from t h e  
t r a i l i n g  edge of t h e  h o r i z o n t a l  s t a b i l i z e r  were  found a t  t h e  a n t e n n a  s i t e .  

The a i r c r a f t  b roke  i n t o  p i e c e s  a s  a  r e s u l t  of s u b s e q u e n t  impac t s  w i t h  
lamp p o s t s  and houses  i n  t h e  a r e a .  Major wreckage was d i s t r i b u t e d  a s  f o l l o w s :  

- Engines  from p o s i t i o n s  No. 1 and No. 2 - 7 m e t r e s  t o  t h e  r i g h t  of 
t h e  ex tended  runway c e n t r e  l i n e  and 490 m e t r e s  from t h e  end of 
runway 35. 

- P a r t  of t h e  c o c k p i t ,  b roken  i n t o  s e v e r a l  p i e c e s  on t h e  l e f t  s i d e ,  
and p a r t  of t h e  f u s e l a g e  ( l e f t  s i d e )  - 10 m e t r e s  t o  t h e  r i g h t  o f  
t h e  extended runway c e n t r e  l i n e  and 500 m e t r e s  from t h e  end of 
runway 3 5. 

- Leg of t h e  r i g h t  main l a n d i n g  g e a r ,  t h e  nose  g e a r  from which t h e  
l e f t  wheel  was d e t a c h e d ,  t h e  l e f t  main l a n d i n g  g e a r  minus back 
r i g h t  wheel - 20 m e t r e s  t o  t h e  r i g h t  of t h e  ex tended  runway c e n t r e  
l i n e  and 510 m e t r e s  from t h e  end of runway 35. 

- The de tached  wheel from t h e  l e f t  main l a n d i n g  g e a r  and a  wheel  f o r  
t h e  n o s e  g e a r  which was b e i n g  c a r r i e d  on board  a s  a  s p a r e  p a r t ,  i n  
a d d i t i o n  t o  v a r i o u s  f r agments  of t h e  a i r c r a f t  f u s e l a g e  and l e f t  
wing, were  s c a t t e r e d  between 510 and 580 m e t r e s  from t h e  end of 
runway 3 5. 
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- P a r t  of t h e  l e f t  s i d e  of t h e  f u s e l a g e ,  from s t a t i o n  1471 t o  
s t a t i o n  1004,  t a i l  s e c t i o n  w i t h  t h e  h o r i z o n t a l  s t a b i l i z e r  complete  
b u t  t h e  v e r t i c a l  s t a b i l i z e r  d e t a c h e d ,  c e n t r a l  s e c t i o n  of t h e  
f u s e l a g e  w i t h  t h e  r i g h t  wing p a r t i a l l y  d e s t r o y e d  by f i r e  - 40 
m e t r e s  t o  t h e  r i g h t  of t h e  extended runway c e n t r e  l i n e  and 580 
m e t r e s  from t h e  end of runway 35.  

- Engine from p o s i t i o n  No. 4  broken i n t o  p i e c e s ,  remains  of 
equipment ,  f u s e l a g e  and wings - 40 m e t r e s  t o  t h e  r i g h t  of t h e  
extended runway c e n t r e  l i n e  and 600 m e t r e s  from t h e  end of 
runway 35. 

- Engine from p o s i t i o n  No. 3 - 30 m e t r e s  t o  t h e  r i g h t  of t h e  
extended runway c e n t r e  l i n e  and 690 m e t r e s  from t h e  end of runway 
35. 

- Wheel from nose  l and ing  g e a r  - 180 m e t r e s  t o  t h e  r i g h t  of t h e  
extended runway c e n t r e  l i n e  and 900 m e t r e s  from t h e  end of runway 
35. 

- The c o c k p i t  s e c t i o n  was comple te ly  d e s t r o y e d  and was s c a t t e r e d  
o v e r  a  100-metre a r e a  a t  t h e  s i t e  of f i n a l  impact .  

16.  Medical  and p a t h o l o g i c a l  i n f o r m a t i o n  

A l l  t h e  a i r c r a f t ' s  occupan t s  d i e d  from m u l t i p l e  traumas and 
f r a c t u r e s .  The f l i g h t  c rew ' s  med ica l  h i s t o r y  d i d  n o t  i n d i c a t e  any e x i s t i n g  
p h y s i c a l  problems which might  have a f f e c t e d  t h e i r  men ta l  f a c u l t i e s .  The 
a u t o p s i e s  and t o x i c o l o g i c a l  i n v e s t i g a t i o n s  showed no a b n o r m a l i t i e s  i n  any 
member of t h e  f l i g h t  crew. 

17.  T e s t s  and r e s e a r c h  

F u e l :  The f u e l  w i t h  which t h e  a i r c r a f t  was s u p p l i e d  a t  Q u i t o  a )  - 
A i r p o r t  was t e s t e d  a t  t h e  Ecuador ian S t a t e  Pe t ro leum C o r p o r a t i o n  (CEPE) 
l a b o r a t o r i e s  and showed no s i g n s  of c o n t a m i n a t i o n .  

b )  Powerp lan t :  A l l  f o u r  eng ines  were recovered  from t h e  o c c u r r e n c e  
s i t e  showing d i f f e r e n t  t y p e s  of damage r e s u l t i n g  from i t .  

The c o n d i t i o n  i n  which t h e  eng ine  which had been i n s t a l l e d  i n  
p o s i t i o n  No. 4  was r e c o v e r e d ,  made p o s s i b l e  a  complete  examina t ion  by members 
of the  AIB and of t h e  P r a t t  and Whitney l o c a l  a d v i s o r y  team, l e a d i n g  t o  t h e  
c o n c l u s i o n  t h a t  it  had been o p e r a t i n g  normal ly  a t  t h e  t ime  of t h e  a c c i d e n t .  

The eng ines  from p o s i t i o n s  1 ,  2 and 3  were s e n t  f o r  a n a l y s i s  t o  P r a t t  
and Whitney i n  C o n n e c t i c u t ,  USA, s i n c e  t h e  c o n d i t i o n  i n  which t h e y  were 
recovered  d i d  n o t  pe rmi t  a  thorough l o c a l  i n v e s t i g a t i o n .  

Fol lowing a n a l y s i s  and assessment  of t h e  r e p o r t s  from P r a t t  and 
Whitney, t h e  A I B  concluded t h a t  t h e  power u n i t s  weTe o p e r a t i n g  normal ly  a t  t h e  
moment of impact . 

C )  C l e a r a n c e  of t h e  f l i g h t  from Q u i t o  

The AIB r e c e i v e d  t h e  f o l l o w i n g  documents r e l a t i n g  t o  t h e  f l i g h t  
c l e a r a n c e :  

- Load and Trim S h e e t  No. 0466 s igned  by t h e  d i s p a t c h e r .  
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- Form AGO-4260 (completed i n  p e n c i l  by t h e  d i s p a t c h e r  and 
unsigned ) . 

- Wri t ten  r e p o r t s  submit ted by t h e  d i s p a t c h e r  da ted  19 and 20 
September 1984. 

These documents were s t ud i ed  by t he  A I B  and t h e  fo l lowing  e r r o r s  and 
d i s c r epanc i e s  were found: 

Load and Trim Sheet No. 0466 shows t h e  take-off weight of t he  
a i r c r a f t  as  207 066 pounds, inc lud ing  a  u s e f u l  load of 43 630 pounds, whi le  
Form AGO-4260 shows the  take-off weight a s  211 397 pounds and t h e  u s e f u l  load 
a s  48 960 pounds, without  spec i fy ing  t h e  c e n t r e  of g r a v i t y .  

I n  t he  r e p o r t  da ted  20 September 1984, t h e  f l i g h t  d i s p a t c h e r  s t a t e s  
t h a t  he  had t o  i s s u e  a  new c l ea r ance  because he was informed a t  t h e  l a s t  minute 
t h a t  t he  u s e f u l  load weighed 48 961 pounds r a t h e r  than 43 630 pounds j u s t  a s  
t he  load was being d i s t r i b u t e d  i n  t h e  a i r c r a f t  i n t e r i o r .  

I n  t h i s  r e p o r t ,  t he  a i r c r a f t ' s  take-off weight i s  g iven  a s  211 397 
pounds and t he  c e n t r e  of g r a v i t y  i s  l oca t ed  a t  28.5% of t h e  mean aerodynamic 
chord (MAC). 

The p o s i t i o n  of t he  p a l l e t s  i n  t h e  a i r c r a f t  a s  shown on Form AGO-4260 
does n o t  correspond t o  t h a t  descr ibed  by t h e  ASA personnel  who took p a r t  i n  
t h e i r  l ad ing .  

The A I B  l ea rned  t h a t  t h e  f l i g h t  d i s p a t c h e r ,  a f t e r  t h e  a c c i d e n t ,  
suggested t o  t h e  lad ing  supe rv i so r  t h a t  h i s  r e p o r t  be  amended s o  a s  t o  co inc ide  
wi th  t he  information given by t he  d i s p a t c h e r  i n  h i s  r e p o r t  t o  t h e  A I B .  

I n  t h e  cou r se  of t h e  AIB's i n v e s t i g a t i o n s  i t  was d i scovered  t h a t  t he  
f l i g h t  c l ea r ance  procedure followed was i n c o r r e c t ,  s i n c e  t h e  a c t u a l  take-off 
weight f o r  f l i g h t  767-103 from Quito A i rpo r t  was 213 596 pounds, r a t h e r  than 
207 066 pounds a s  shown on Load and Trim Sheet  No. 0466 o r  211 397 pounds a s  
appears  on Form AGO-4260 and on t h e  d i s p a t c h e r ' s  r e p o r t  of 20 September 1984. 

The 213 596 pound take-off  weight was ob ta ined  based on t h e  fo l lowing  
information : 

- Operating dry weight 
- Supernumerary crew 
- F r e i g h t  
- Fuel  
TAKE-OFF WEIGHT 

This weight (213 596 pounds) does no t  exceed t he  maximum weight va lue  
allowed i n  t h e  aeroplane  f l i g h t  manual, t ak ing  i n t o  account t h e  runway, wind 
and temperature cond i t i ons  p r e v a i l i n g  a t  t h e  time of take-off .  
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According t o  t h e  a e r o p l a n e  f l i g h t  manual ,  t h e  maximum p e r m i s s i b l e  
we igh t  was l i m i t e d  by t h e  runway l e n g t h ,  and was e q u a l  t o  225 000 pounds.  

The c o n d i t i o n s  t aken  i n t o  accoun t  were:  

- A v a i l a b l e  runway l e n g t h :  
- P r e s s u r e  a l t i t u d e  
- G r a d i e n t  
- Ambient t e m p e r a t u r e  
- Wind 
- Runway 
- F l a p s  

10 236 f t  
9 000 f t  
1% n e g a t i v e  
18OC 
70' a t  5  k t  
d r y  
15"  

The t r u e  p o s i t i o n  of t h e  c e n t r e  of g r a v i t y  f o r  t h e  Quito-Guayaquil  
l e g ,  c a l c u l a t e d  on t h e  b a s i s  of t h e  we igh t s  s p e c i f i e d  on t h e  Miami c l e a r a n c e  
and c o n s i s t e n t  w i t h  t e s t imony  r e c e i v e d  from t h o s e  who took  p a r t  i n  t h e  f r e i g h t  
l a d i n g ,  was 17.3% of t h e  mean aerodynamic chord.  

d )  P o s i t i o n  of t h e  h o r i z o n t a l  s t a b i l i z e r  a t  t h e  t ime  of t ake -o f f  

Cons ide r ing  s t a b i l i z e r  p o s i t i o n  t o  b e  a  d e t e r m i n a n t  a s p e c t  of 
a i r c r a f t  performance,  p a r t i c u l a r l y  d u r i n g  t h e  t ake -o f f  phase ,  t h e  A I B  r ecovered  
from t h e  wreckage t h e  screws which a c t u a t e d  t h i s  component i n  o r d e r  t o  
de te rmine  t h e  p o s i t i o n  of t h e  h o r i z o n t a l  s t a b i l i z e r  v i a  a n a l y s i s  of t h e i r  
d e g r e e  of d i s p l a c e m e n t .  The r e s u l t s  o b t a i n e d  by t h e  A I B ,  l i k e  t h o s e  stemming 
from s t u d i e s  c a r r i e d  o u t  i n  t h e  Douglas l a b o r a t o r i e s ,  i n d i c a t e  t h a t  i t  was s e t  
a t  one h a l f  d e g r e e  n o s e  u p  (0 .5 '  nose  u p ) .  

P s y c h o l o g i c a l  and emot iona l  s t a t e  of t h e  crew of f l i g h t  767-103 e )  - 

According t o  i n f o r m a t i o n  r e c e i v e d  from persons  who took p a r t  i n  t h e  
c l e a r a n c e  of t h e  f l i g h t  from Q u i t o  A i r p o r t ,  w h i l e  t h e  crew were commencing 
eng ine  i g n i t i o n  p rocedures  (1415 hours  Z ,  0915 h o u r s  l o c a l  t i m e )  members of t h e  
Ecuador ian F e d e r a t i o n  of A i r  Crews (FEDTA) r e q u e s t e d  and were g r a n t e d  by t h e  
a i r c r a f t  c a p t a i n  pe rmiss ion  t o  board t h e  a i r c r a f t  and d i s c u s s  s u b j e c t s  r e l a t i n g  
t o  t h e  a i r  crews '  s t r i k e  c a l l e d  by t h e  above O r g a n i z a t i o n ,  t o  which AECA crews 
d i d  n o t  adhere .  

S ta tements  made by w i t n e s s e s  who p a r t i c i p a t e d  i n  o r  were p r e s e n t  a t  
t h e s e  c o n v e r s a t i o n s ,  e s t a b l i s h  t h a t  t h e  language used  and t h e  a t t i t u d e s  
d i s p l a y e d  were r e a s o n a b l e .  

The FEDTA members asked t h e  crew of f l i g h t  767-103 t o  s u p p o r t  t h e  
s t r i k e  and n o t  t o  c o n t i n u e  t h e i r  f l i g h t  t o  Guayaqui l .  I n  r e s p o n s e  t o  t h i s  
r e q u e s t ,  t h e  a i r c r a f t  commander d e c i d e d  t o  c o n s u l t  w i t h  a i r l i n e  management on 
t h i s  m a t t e r  w i t h  a  view t o  c o - o r d i n a t i n g  t h e  measures  t o  be  t a k e n ,  and dec ided  
t o  c o n t i n u e  t h e  f l i g h t  t o  Guayaqui l .  

According t o  t h e  i n f o r m a t i o n  o b t a i n e d ,  a t  approx imate ly  1557 hours  Z 
(1057 hours  l o c a l  t ime)  approx imate ly ,  t h e  crew - perhaps  i n  o r d e r  t o  h a s t e n  
d e p a r t u r e  from Qui to  - ordered  t h a t  t h e  a i r c r a f t  b e  towed t o  t h e  taxiway 
immediate ly  f o l l o w i n g  i g n i t i o n  of eng ine  No. 4 on t h e  ap ron .  The remaining 
eng ines  were s t a r t e d  d u r i n g  t h e  towing o p e r a t i o n .  

I n  t h e  l i g h t  of t h e  f o r e g o i n g  f a c t s ,  and c o n s i d e r i n g  t h a t  t h e  eng ine  
i g n i t i o n  p rocedure  d e s c r i b e d  i s  n o t  t h e  one normal ly  fo l lowed  and was 
presumably c a r r i e d  o u t  i n  an  e f f o r t  by t h e  crew t o  avo id  any f u r t h e r  
l a b o u r - r e l a t e d  c o n t a c t s  and t e r m i n a t e  t h e  f l i g h t  i n  Guayaqui l  a s  o r i g i n a l l y  
s c h e d u l e d ,  t h e  ATB f e l t  t h a t  a  p s y c h o l o g i c a l  a n a l y s i s  was r e q u i r e d  t o  d e t e r m i n e  
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whether t h e  abava-mentioned circumstances had a negative e f f e c t  on  the 
psychological/emotiona1 behaviour of t h e  crew, and t o  what extent they might 
have contributed to the occurrence. 

The study, which was carried out  by professionals in the  fields of 
neuro-psychiatry and psychology, determined that the factors prevailing that  
day sharply dimin i shed  t h e  crew's psycho2ogical fitness, both individually and 
as a group, probably t o  the extent that  they lacked the necessary attentiveness 
and concentration which are es sent ia l  to  carrying out  a l l  the normal procedures  
f or  take-off. 

18. Analysis of t h e  acc ident  

The f l i g h t  crew had a l l  licences and ratings i n  order .  Their 
proficiency checks  were carried out satisfactorily within the contezt of 
programmes set up for the purpose. 

Studies  showed that the weight  o f  the aircraft a t  take-off was below 
the maximum take-off weight established in the aeroplane flight manual for the 
conditions prevailing at the time. 

According to  the aeroplane f l i g h t  manual (page 12, Section 1 ,  
Appendix JIII) ,. for a centre of gravity l o c a t e d  a t  17.3% of the mean aerodynamic 
chord (MAC) and a take-off weight  of 213 596 lb, the s t a b i l i z e s  should be set 
at 8' (eight degrees) nose up. 

Examination of t h e  actuating screws showed tbat  the aircraft 
stabilizer was set at only one half degree (0.5") nose up. 

Although the  reason for thia horizontal s tabi l i zer  setting could not 
be d e f i n i t e l y  determined, the m a s t  acceptable hypothesis is that due t o  haste 
as a result of the  event8 that had taken place moments before take-off, the 
crew f a i l e d  t o  make use of the airborne computer instal led for  the purpose t o  
check the position of the~aircraft'a centre of gravity and the necessary 
adjustment of the horizontal s t a b i l i z e r .  It should also be noted that the 
dispatcher d i d  not prov ide  thie information t o  the crew either. 

This stabilizer position (0.5- nose up) significantly increased the 
dis tances  and times required t o  reach rotation speed (VR) and l i f t - o f f  speed 
( v ~ ~ ~  1 

The AIB has observed that aircraft  of similar characteristics require 
approximately 60 metres I196 f e e t )  o f  usable runway for the take-off run. This 
would reduce tba actual length to 3 600 metres (10 040 feet). 

TABLE XLLUSTRATXHG THE INCREASES IN SPEED 
AND DISTANCE REQUIRED FOB TAKE-OFF 

a Conditions required for normal take-off 

S t a b i l i z e r  s e t  a t  eight degrees nose up, f l a p s  15" 

- Available runway d i s tance  10 040 ft - Decision speed (V1) 114 kt 
- Rotation speed (VR) 127 kt 
- Climb speed [QZ) 139 kt - Runway distance to reach rotation speed 5 906 f t  
- Runway d i s t a n c e  to reach lift-off speed 6 833 ft 
- Take-off dis tance  t o  reach an a l t i t u d e  
of 35 ft 8 034 f t  
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b )  C o n d i t i o n s  a t  t ime of a c c i d e n t  

S t a b i l i z e r  s e t  a t  one h a l f  d e g r e e  nose  u p ,  f l a p s  15"  

- A v a i l a b l e  runway d i s t a n c e  10 040 f t  
- D e c i s i o n  speed (V1) 144 k t  
- R o t a t i o n  speed ( V R )  157 k t  
- Climb speed (V2) 169 k t  
- Runway d i s t a n c e  t o  r e a c h  r o t a t i o n  speed 9  052 f t  
- Runway d i s t a n c e  t o  r e a c h  l i f t - o f f  speed 10 187 f t  
- Take-off d i s t a n c e  t o  r e a c h  an  a l t i t u d e  

of 35 f t  11 644 f t  

Taking i n t o  c o n s i d e r a t i o n  t h e  above pa ramete r s  and t h e  t r a c k s  l e f t  by 
t h e  main l a n d i n g  g e a r  i n  t h e  a r e a  between t h e  end of runway 3 5  and t h e  ILS 
a n t e n n a ,  we can conc lude  t h a t  t h e  a i r c r a f t  d i d  i n  f a c t  cover  t h e  d i s t a n c e  
e s t a b l i s h e d  f o r  1 5 "  f l a p s  and h o r i z o n t a l  s t a b i l i z e r  s e t  a t  0 .5"  ( o n e  h a l f  
d e g r e e )  nose  up. It  can b e  de te rmined  t h a t  r o t a t i o n  s t a r t e d  on r e a c h i n g  t h i s  
a r e a ,  a s  evidenced by t h e  p r e s e n c e  of t r a c k s  from t h e  main l a n d i n g  g e a r  o n l y ,  
n o t  from t h e  nose  l and ing  g e a r ;  t h e  main l a n d i n g  g e a r  t r a c k s  ceased  48  m e t r e s  
beyond t h e  end of runway 35. 

From t h e  f o r e g o i n g  ev idence  i t  may b e  concluded t h a t  t h e  a i r c r a f t  
r eached  l i f t - o f f  speed (VLoF) a t  10 197 f e e t  of i t s  take-off  r u n ,  and a s  t h i s  
p o i n t  i s  o n l y  114.8 f e e t  (35  m e t r e s )  away from t h e  ILS, i t  was i m p o s s i b l e  f o r  
t h e  a i r c r a f t  t o  c l e a r  t h i s  o b s t a c l e  which would have r e q u i r e d  a  35" c l imb  
a n g l e .  

The e f f e c t i v e  a n g l e  of c l i m b ,  judging by t h e  p o i n t  a t  which t h e  
t r a c k s  ceased  and by t h e  impact  w i t h  t h e  a n t e n n a ,  was o n l y  17".  

The ILS a n t e n n a s  a r e  s i t u a t e d  83  m e t r e s  from t h e  end of runway 35 and 
a r e  i n  compliance w i t h  a l l  t h e  S t a n d a r d s  e s t a b l i s h e d  by t h e  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 i z a t i o n  (ICAO). 

The a i r c r a f t ,  f a i l i n g  t o  i n i t i a t e  take-off  from t h e  u s a b l e  runway, 
descended 1 .30  m e t r e s  below t h e  e l e v a t i o n  of t h e  an tenna  mast  and s t r u c k  t h e  
wooden an tenna  s u p p o r t s .  Th i s  s i t u a t i o n  i s  n o t  env i saged  i n  t h e  d e s i g n  and 
i n s t a l l a t i o n  of t h e  sys tem.  

The impact w i t h  t h e  s t r u c t u r e  s u p p o r t i n g  t h e  ILS an tenna  n o t  o n l y  
b roke  t h e  r i g h t  l e g  of t h e  l a n d i n g  g e a r  b u t  a l s o  l e d  t o  a  s i g n i f i c a n t  r e d u c t i o n  
i n  speed ,  making i t  i m p o s s i b l e  f o r  t h e  a i r c r a f t  t o  c o n t i n u e  c l imbing  and 
c a u s i n g  i t  t o  descend 1 3  m e t r e s  w h i l e  c o v e r i n g  a  d i s t a n c e  o f  360 m e t r e s  on t h e  
h o r i z o n t a l  p l a n e  up t o  t h e  p o i n t  of second impact .  

19.  CONCLUSIONS 

The a i r c r a f t  was c e r t i f i c a t e d  and was main ta ined  i n  accordance  w i t h  
p rocedures  e s t a b l i s h e d  by t h e  m a n u f a c t u r e r .  

The A I B  r e s e a r c h  e s t a b l i s h e d  t h a t  t h e  a i i c r a f t ,  eng ines  and o t h e r  
components were f u n c t i o n i n g  normal ly .  

The f u e l  a n a l y s i s  showed t h a t  t h e  f u e l  was n o t  contaminated nor  d i d  
n o t  c o n t a i n  i m p u r i t i e s  which might  have a f f e c t e d  e n g i n e  performance.  

A s t u d y  of m e t e o r o l o g i c a l  c o n d i t i o n s  p r e v a i l i n g  a t  t h e  t ime  of t h e  
a c c i d e n t  de te rmined  t h a t  t h e y  were n o t  a  c o n t r i b u t i n g  f a c t o r .  
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The f l i g h t  crew he ld  a l l  t he  necessary  l i c e n c e s  and r a t i n g s  r equ i r ed  
t o  ope ra t e  t he  a i r c r a f t  involved i n  t h e  acc iden t .  

The a i r c r a f t ' s  take-off weight from Quito A i rpo r t  d i d  no t  exceed t h e  
maximum weight e s t a b l i s h e d  by t he  aeroplane  f l i g h t  manual f o r  t h e  e x i s t i n g  
cond i t i ons .  

The f l i g h t  d i s p a t c h e r  i n  Quito d i d  no t  make t h e  c a l c u l a t i o n s  which 
would have provided him wi th  t h e  p o s i t i o n  of t h e  c e n t r e  of g r a v i t y  and 
t h e r e f o r e  d id  no t  f u r n i s h  any informat ion  i n  t h i s  regard t o  t h e  f l i g h t  crew. 

The r e d i s t r i b u t i o n  of t h e  load on board t h e  a i r c r a f t ,  which was 
c a r r i e d  ou t  i n  Qui to ,  e s t a b l i s h e d  t he  c e n t r e  of g r a v i t y  f o r  t h e  Quito-Guayaquil 
l eg  a t  17.3% of t h e  mean aerodynamic chord;  i t  was t h e r e f o r e  w i t h i n  t h e  l i m i t s  
pe rmi t ted  by t h e  manufacturer ,  c l o s e  t o  t h e  foreward l i m i t .  

The l o c a t i o n  of t h e  c e n t r e  of g r a v i t y  (17.3%) and t h e  take-off weight 
(213 596 pounds) requi red  t h a t  t h e  h o r i z o n t a l  s t a b i l i z e r  be s e t  by t h e  crew a t  
8" ( e i g h t  deg ree s )  nose up,  f o r  take-off cond i t i ons .  

The a i r c r a f t ' s  h o r i z o n t a l  s t a b i l i z e r  was s e t  a t  one h a l f  degree  
(0 .5")  nose up a t  t h e  time of take-of f .  

The f l i g h t  crew, probably a f f e c t e d  by t h e  events  which had taken  
p l ace  moments be fo re  take-off from Quito and t h e  r e s u l t i n g  h a s t e ,  d i d  no t  
r eques t  load and t r i m  from t h e  d i s p a t c h e r  and a l s o  f a i l e d  t o  check t h e  p o s i t i o n  
of t he  c e n t r e  of g r a v i t y  on t h e  a i r b o r n e  computer s o  a s  t o  adopt  an a p p r o p r i a t e  
take-off con f igu ra t i on .  

The i n c o r r e c t  p o s i t i o n  of t h e  h o r i z o n t a l  s t a b i l i z e r  produced an 
i nc r ea se  i n  t h e  time and d i s t a n c e  r equ i r ed  by t h e  a i r c r a f t  t o  a t t a i n  t h e  va lues  
of r o t a t i o n  speed and l i f t - o f f  speed; i n  consequence, t h e  l eng th  of a v a i l a b l e  
runway was i n s u f f i c i e n t .  This  caused t h e  a i r c r a f t  t o  extend i t s  take-off run 
onto  t h e  a r e a  between t h e  end of runway 35 and t h e  ILS antenna.  

The a i r c r a f t  reached l i f t - o f f  speed (VLOF) when only  a  few met res  
away from t h e  ILS an tenna ,  which i t  was unable  t o  c l e a r ,  l ead ing  t o  t h e  f i r s t  
impact . 

Probable cause* 

The Accident  I n v e s t i g a t i o n  Board i s  of t h e  op in ion  t h a t  t h e  probable  
cause of t h e  acc iden t  was t h e  i n c o r r e c t  p o s i t i o n  of t he  h o r i z o n t a l  s t a b i l i z e r  
i n  r e l a t i o n  t o  t h e  a i r c r a f t ' s  c e n t r e  of g r a v i t y ,  which prevented t h e  a i r c r a f t  
from reaching r o t a t i o n  and l i f t - o f f  speed w i th in  t h e  runway d i s t a n c e  a v a i l a b l e .  

21. Cont r ibu t ing  f a c t o r s  

1. Clearance of t h e  a i r c r a f t  from Quito was done i n c o r r e c t l y ,  s i n c e  
t he  maximum take-off weight pe rmi s s ib l e  f o r  t h e  e x i s t i n g  runway, 
wind and temperature cond i t i ons ,  t h e  r e a l  take-off weight ,  t h e  
u s e f u l  load d i s t r i b u t i o n  and t h e  p o s i t i o n  of t h e  a i r c r a f t ' s  c e n t r e  
of g r a v i t y  were no t  determined. 

*ICAO Note: The term "pnobable cause" is  no t  envisaged i n  Annex 13,  nor  i n  the 
Manual of A i r c r a f t  Accident I n v e s t i g a t i o n  (Doc 6920).  
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2 .  The crew's  s t a t e  of mind may 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  a c c i d e n t .  I t  i s  assumed t h a t  i t  p reven ted  t h e  crew from 
c o n c e n t r a t i n g  on a l l  a s p e c t s  of t h e  o p e r a t i o n  they  were 
pe r fo rming .  

Recommendations 

1. That t h e  D i r e c t o r a t e  Genera l  of C i v i l  A v i a t i o n  r e i t e r a t e  t o  
a i r l i n e s  t h e  importance of r e q u i r i n g  t h a t  t h e i r  d i s p a t c h e r s  
p r e p a r e  f l i g h t  c l e a r a n c e s  i n  a  d i l i g e n t  and a p p r o p r i a t e  manner,  
p a r t i c u l a r l y  w i t h  r e g a r d  t o  t h e  a i r c r a f t ' s  load and t r i m ,  i n  o r d e r  
t o  p r o v i d e  f l i g h t  crews w i t h  c o r r e c t  t e c h n i c a l  i n f o r m a t i o n .  

2 .  That t h e  D i r e c t o r a t e  Genera l  of C i v i l  A v i a t i o n  r e i t e r a t e  t o  
a i r l i n e s  t h e  importance of t h e  crew r e q u e s t i n g  t h e  n e c e s s a r y  
t e c h n i c a l  i n f o r m a t i o n  from t h e  f l i g h t  o p e r a t i o n s  p e r s o n n e l  p r i o r  
t o  commencing t h e  f l i g h t ,  and t h a t  t h i s  i n f o r m a t i o n  b e  d u l y  
a n a l y s e d ,  checked and a c c e p t e d ,  and s igned  by a  member of t h e  
f l i g h t  crew i n  each c a s e .  

3 .  That  t h e  D i r e c t o r a t e  Genera l  of C i v i l  A v i a t i o n  t a k e  s t e p s  t o  
i n t e n s i f y  t h e  p e r i o d i c  i n s p e c t i o n s ,  by o p e r a t i o n s  i n s p e c t o r s ,  of 
t e c h n i c a l - o p e r a t i o n a l  u n i t s  of a i r l i n e s ,  i n  o r d e r  t o  e n s u r e  t h a t  
c l e a r a n c e  p rocedures  e r e  c a r r i e d  o u t  c o r r e c t l y .  

4 .  That t h e  D i r e c t o r a t e  Genera l  of C i v i l  A v i a t i o n  r e i t e r a t e  t o  
a i r l i n e s  t h e  o b l i g a t i o n  on crews t o  make p r o p e r  u s e  of t h e  
c h e c k l i s t  and t h a t  t h i s  p rocedure  b e  c a r r i e d  o u t  w i t h  t h e  
a t t e n t i o n  and d i l i g e n c e  n e c e s s a r y  t o  make t h e  v a r i o u s  checks .  

5.  Tha t  t h e  D i r e c t o r a t e  Genera l  of C i v i l  A v i a t i o n  r e i t e r a t e  t o  
a i r l i n e s  t h e  o b l i g a t i o n  t o  m a i n t a i n  v o i c e  and f l i g h t  d a t a  
r e c o r d e r s  i n  good o p e r a t i n g  c o n d i t i o n ;  and t h a t  m o n i t o r i n g  of 
t h e s e  d e v i c e s  by D i r e c t o r a t e  a i r w o r t h i n e s s  i n s p e c t o r s  b e  
i n t e n s i f i e d .  

6 .  That  t h e  D i r e c t o r a t e  Genera l  of C i v i l  A v i a t i o n  t a k e  s t e p s  t o  
e n s u r e  t h a t  a i r p o r t  a u t h o r i t i e s  c o n t i n u e  t o  improve t h e i r  
emergency p l a n s  and c o - o r d i n a t i o n  agreements  w i t h  a l l  b o d i e s  which 
lend a s s i s t a n c e  on such o c c a s i o n s .  

7 .  That t h e  D i r e c t o r a t e  Genera l  of C i v i l  A v i a t i o n  t a k e  s t e p s  t o  
e n s u r e  t h a t  a i r p o r t  a u t h o r i t i e s  do n o t  pe rmi t  a c t i v i t i e s  t o  t a k e  
p l a c e  i n  t h e  movement a r e a  of aerodromes which might  d i s r u p t  t h e  
e x e c u t i o n  of normal a e r o n a u t i c a l  o p e r a t i o n s .  

8 .  Tha t  t h e  D i r e c t o r a t e  Genera l  of C i v i l  A v i a t i o n  i n t e n s i f y  f l i g h t  
s a f e t y  programmes aimed a t  making a e r o n a u t i c a l  p e r s o n n e l  c o n s c i o u s  
of t h e  need t o  comply w i t h  t h e  s t a n d a r d s  and p rocedures  
e s t a b l i s h e d  by t h e  a e r o n a u t i c a l  a u t h o r i t i e s  f o r  t h e  s a f e  conduct  
of a e r o n a u t i c a l  o p e r a t i o n s .  

I C A O  Note: Names of p e r s o n n e l  were d e l e t e d .  Synopsis  added. 
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ICAO TECHNICAL PUBLICATIONS 

The fallowing summary gives the status, and also 
describes in general terms the contents of the v~rious 
series of technical publications issued by the Inter- 
national Civil Aviation Organization. It does not 
include specidired publications that do nor fd specvi- 
cally within one of the series, such as the Aeronautical 
Chart Catalogue or the Meteorological Tables for 
International Air Navigation. 

International Standards and Recommended Prsc- 
tires are adopted by the Council in accordance with 
Articles 54, 37 and 90 of the Convention on Inter-- 
national Civil Aviation and are designated, for 
convenience, as Annexes to the Convention. The 
uniform application by Contracting States of the speci- 
fications contained in the International Standards is  
recognized as necessary for the safety or regularity of 
international air navigation while the uniform appli- 
cation of the specifications in the Recommended 
Practices is regarded as desirable in the interest of 
safety, regularity or efficiency of international air 
navigation. Knowledge of any differences between the 
national regulations or practices of a State and those 
established by an International Standard is essential to 
the safety or regularity of international air navigation. 
In the event of non-compliance with an International 
Standard, a State has, in fact, an obligation, under 
Article 38 OF the Convention, to notify the Council of 
any differences. Knowledge of differences from 
Recommended Practices may also be important for the 
safety of air navigation and, although the Convention 
does not impose any obligation with regard thereto, the 
Council has invited Contracting States to notify such 
differences in addition to those relating to Intetnational 
Standards. 

Prcrcedares for Air Navigation Services (PANS) are 
approved by the Council for world-wide application. 
They contain, for the most part, operating procedures 

regarded as not yet having attained a sufficient degree 
of maturity for adoption as International Standards and 
Recommended Practices, as well as material of a more 
permanent character which is considered too detailed 
for incorporation in an Annex, ox Is susceptible to 
frequent amendment, for which the processes of the 
Convention would be too cumbersome. 

Regional Supplementary Procedures (SUPPS) have a 
status similar to that of PANS in that they are approved 
by the Council, but only for application in the respective 
regions. They are prepared in conso1idated form, since 
certain of the procedures apply to overlapping regions 
or are common to two or more regions. 

The fol!owing publications areprepared by authority 
of the Secretory General in accordance with the 
principles and policies approved by the Council. 

Technical Manuals provide guidance and infor- 
mation in amplification of the International Standards, 
Recommended Practices and PANS, the implemen- 
tation of which they are designed to facilitate, 

Air Navigation Plans detail requirements for facili- 
ties and services for international air navigation in the 
respective ICAO Air Navigation Regions. They are 
prepared on the authority of the Secretary General on 
the basis of recommendations of regional air navigation 
meetings and of the Council action thereon. The plans 
are amended periodically to reflect changes in require- 
ments and in the status of implementation of the 
recommended facilities and services. 

lCAO Circulars make available specialized infor- 
mation of interest to Contracting States. This includes 
studies on technical subjects. 






