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FoZZowing an instrument approach and touchdowl wi th  
reverse se  Zection, t h e  p i l o t  i m e d i a t e  Zy e Zected t o  
go-around due t o  an obstruction on the  runway. The 
engine t h rus t  reversers did not  f u l l y  re-stow because 
hydraulic power was automaticaZly cut  o f f  a t  l i f t - o f f .  
A f ter  c Zearing the  obstruction and c Zimbing b r i e f  l y ,  
the  a i r c r a f t  crashed t o  t h e  l e f t  o f  the  runway. The 
accident was due t o  a compZex s e t  o f  circumstances. 
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1.1. H i s t o r y  of  t h e  F l i g h t  -- 

P a c i f i c  Wes te rn  A i r l i n e s  f l i g h t  314 was a s c h e d u l e d  Boeing 

737 s e r v i c e  f rom Edmonton, A l b e r t a  t o  C a s t l e g a r  w i t h  s t o p s  a t  F o r t  

McMurray, Edmonton, C a l g a r y  and  Cranbrook,  B .  C. The f l i g h t  d e p a r t e d  

C a l g a r y  a t  19326, '  11 F e b r u a r y  1978 ,  f o r  Cranbrook w i t h  a Company 

e s t i m a t e d  t i m e  e n r o u t e  o f  2 3  m i n u t e s .  T h i s  estimate was p a s s e d  t o  

t h e  Company Agent  i n  Cranbrook.  

F l i g h t  314 was c l e a r e d  by C a l g a r y  A i r  T r a f f i c  C o n t r o l  t o  

Cranbrook v i a  h i g h  l e v e l  a i r w a y  505,  and  r e a c h e d  t h e  a s s i g n e d  

a l t i t u d e  o f  20 ,000 f e e t  a t  19386.  A i r  T r a f f i c  C o n t r o l  i n  C a l g a r y  

t r a n s m i t t e d  a n  ETA ( e s t i m a t e d  time o f  a r r i v a l )  o f  20052 t o  Cranbrook  

A e r a d i o ,  v i a  t h e  l a n d  l i n e .  

Cranbrook i s  a n  " u n c o n t r o l l e d "  a i r p o r t  w i t h o u t  a c o n t r o l  

t o w e r ,  b u t  w i t h i n  c o n t r o l l e d  a i r s p a c e ,  w i t h  a n  "Aeradio"  s t a t i o n  

p r o v i d i n g  communica t ions ,  w e a t h e r ,  a n d  a d v i s o r y  s e r v i c e .  A t  

Cranbrook i t  was snowing w i t h  t h e  v i s i b i l i t y  r e p o r t e d  as 314 o f  a  

m i l e ,  and  a r a d i o  equ ipped  snow removal  v e h i c l e  was sweeping  t h e  

runway. The  A e r a d i o  o p e r a t o r  a t  Cranbrook  a l e r t e d  t h e  v e h i c l e  

o p e r a t o r  a b o u t  t h e  incoming a i r c r a f t  a t  19352  and g a v e  him t h e  ETA 

of  20056;  t h e y  b o t h  e x p e c t e d  t h e  f l i g h t  would r e p o r t  by t h e  "Skookum 

Beacon" o n  a  s t r a i g h t - i n  a p p r o a c h  t o  runway 1 6 ,  t h u s  g i v i n g  t h e  

v e h i c l e  o p e r a t o r  a b o u t  s e v e n  m i n u t e s  t o  g e t  o f f  t h e  runway.  

A t  19422 F l i g h t  314 c a l l e d  C a l g a r y  and  r e q u e s t e d  and 

r e c e i v e d  d e s c e n t  c l e a r a n c e ;  i t  was a l s o  g i v e n  c l e a r a n c e  f o r  t h e  

a p p r o a c h  t o  Cranbrook.  At 19446 ,  t h e  f l i g h t  c a l l e d  o u t  o f  18000  

f e e t  i n  t h e  d e s c e n t ,  a n d  C a l g a r y  ATC a d v i s e d  t h e  f l i g h t  t o  c o n t a c t  

A e r a d i o .  A t  19456,  F l i g h t  314 made i n i t i a l  c o n t a c t  w i t h  Cranbrook  

A e r a d i o  and a t  19462 Cranbrook p a s s e d  t h e  l a t e s t  w e a t h e r ,  a l t i m e t e r  

and  runway i n f o r m a t i o n .  A t  19472  Cranbrook A e r a d i o  a d v i s e d  t h e  

1 
A Z Z  t imes i n  t h i s  report  are Greenwich mean time (Z); for  

mountain standard time subtract  7 hours. 



L l i g h t  t h a t  snow removal was i n  p r o g r e s s  and gave t h e  l a t e s t  

v i s i b i l i t y ;  F l i g h t  314 acknowledged. No f u r t h e r  t r a n s m i s s i o n s  were 

r e c e i v e d  from t h e  f l i g h t  by Aeradio  o r  ATC. 

Evidence i n d i c a t e s  t h e  a i r c r a f t  passed  t h e  Skookum beacon 

inbound on  a  s t r a i g h t - i n  i n s t r u m e n t  approach ,  and f l e w  t h e  ILS f o r  

runway 1 6  t o  touchdown.' According t o  w i t n e s s e s  and e s t i m a t e s  

p a r t i a l l y  d e r i v e d  from f l i g h t  d a t a  r e c o r d e r  i n f o r m a t i o n ,  t h e  

a i r c r a f t  touched down a t  19552 a p p r o x i m a t e l y  800 f e e t  from t h e  

t h r e s h o l d  and r e v e r s e  t h r u s t  was s e l e c t e d .  Reverse  t h r u s t  was 

c a n c e l l e d  immediate ly  a f t e r  touchdown and a  go-around was i n i t i a t e d .  

The a i r c r a f t  became a i r b o r n e  p r i o r  t o  t h e  2000 f o o t  mark,  and f l e w  

down t h e  runway a t  a  h e i g h t  o f  50 t o  70 f e e t ,  f l y i n g  over  a  snow 

removal v e h i c l e  which was s t i l l  on t h e  runway, 2050 f e e t  from t h e  

t h r e s h o l d  and 20 f e e t  from t h e  r i g h t  edge.  About t h i s  t i m e  t h e  l e f t  

e n g i n e  t h r u s t  r e v e r s e r  d o o r s  dep loyed .  A few seconds  l a t e r ,  t h e  

f l a p  was s e l e c t e d  up from 40' t o  15'. The l a n d i n g  gea r  remained 

down and locked .  S i x  seconds  b e f o r e  impact and j u s t  o v e r  4 ,000 f e e t  

from t h e  runway t h r e s h o l d ,  t h e  f l i g h t  r e c o r d e r  d a t a  i n d i c a t e s  t h a t  a  

l a r g e  amount of l e f t  r u d d e r  w a s  momentar i ly  a p p l i e d . 2  The a i r c r a f t  

cl imbed t o  300 t o  400 f e e t  above t h e  a i r f i e l d ,  banked s t e e p l y  t o  t h e  

l e f t ,  l o s t  h e i g h t  and s i d e - s l i p p e d  i n t o  t h e  ground t o  t h e  l e f t  of 

t h e  runway. F i r e  b roke  o u t  on impact .  

1 . 2  L n i u r i e s  t o  Pe rsons  

I n j u r i e s  

F a t a l  

S e r i o u s  

M i n o r / ~ o n e  

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

4 3  8 

5  

1 1 

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

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

See Fi:jure 4 ,  "Depiction o f  f l i g h t  path from Culgar,y t o  

Cranbrook as  v e r i f i e d  by  simulated s tud ie s .  

The m l i d i t y  o f  t h i s  FDR i n d i c a t i o n  i s  i n  ques t ion .  See 

subsequent t e x t  and a l s o  appendix "C". 



4 Other  Damage 

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

(a > The pilot-in-command ( C a p t a i n )  was 3 0  y e a r s  o f  a g e  and  :lad 

been  f l y i n g  f o r  e l e v e n  y e a r s .  He h e l d  a n  A i r l i n e  T r a n s p o r t  l i c e n c e  

v a l i d  u n t i l  J u l y ,  1978  w i t h  n o  l i m i t a t i o n s .  The l i c e n c e  was 

e n d o r s e d  f o r  Conva i r  640,  Lockheed 382  and  Boeing 737. The C a p t a i n  

had f l o w n  a  l i n e  c h e c k  1 4  A p r i l ,  1977 ,  a s i m u l a t o r  check  26  September  

1977 and a  p i l o t  p r o f i c i e n c y  c h e c k  o n  1 4  December, 1977.  He had a 

t o t a l  o f  5173 h r s ,  o f  wh ich  2780 w e r e  f lown  o n  t h e  Hoeing 737. The 

day  p r i o r  t o  t h e  a c c i d e n t  f l i g h t  was a  d a y  o f  r e s t  a n d  h e  had been  

o n  d u t y  f o r  8  h o u r s  a t  t h e  t i m e  o f  t h e  a c c i d e n t .  

The F i r s t  O f f i c e r  was 2 5  y e a r s  o f  a g e  and had been  f l y i n g  

f o r  f i v e  y e a r s .  He h e l d  a S e n i o r  Commercial L i c e n c e  v a l i d  u n t i l  

November, 1978  w i t h  n o  l i m i t a t i o n s .  The l i c e n c e  w a s  e n d o r s e d  f o r  

Lockheed 382  and Boeing 737. H e  h e l d  a Class I I n s t r u m e n t  R a t i n g ,  

v a l i d  t o  J a n u a r y  1979 .  The F i r s t  O f f i c e r  had  comple t ed  t h e  company 

t ~ r a i n i n g  programme i n  December, 1977  and had accompl i shed  t h e  

r e q u i r e d  c h e c k s  a t  t h a t  t ime .  He had f l o w n  1316  h r s  of  wh ich  8 1  

were  o n  t h e  Boeing 737. The d a y  p r i o r  t o  t h e  acc i . den t  f l i g h t  was 

a day  o f  r e s t  and  h e  had been  o n  d u t y  f o r  8 h r s  a t  t h e  t i m e  of  t h e  

a c c i d e n t .  

(b The F l i g h t  A t t e n d a n t s  - had b e e n  w i t h  t h e  company 

a p p r o x i m a t e l y  t h r e e  y e a r s ,  and  had r e c e i v e d  t h e  company F l i g h t  

A t t e n d a n t s  c o u r s e .  Recur rency  t r a i n i n g  i n c l u d i n g  emergency 

p r o c e d u r e s  had been  p r o v i d e d  i n  a c c o r d a n c e  w i t h  company p o 1 i . c ~ .  

The Aeradio  Opera to r  o n  d u t y  a t  Cranbrook  was q u a l i f i e d  f o r  

h i s  p o s i t i o n  a n d  had  b e e n  employed i n  t h i s  c a p a c i t y  f o r  5 y e a r s .  

P r i o r  t o  t h i s  employment, h e  had  b e e n  a m i l i t a r y  A i r  T r a f f i c  

C o n t r o l l e r  f o r  a b o u t  2 0  y e a r s .  



The A i r  T r a f f i c  C o n t r o l l e r s  i n  Calgary who were invo lved  

w i th  t h e  c o n t r o l  o f  F l i g h t  314 were  p r o p e r l y  l i c e n s e d  and 

exper ienced .  

The Runway Maintenance Equipment Operator a t  Cranbrook was 

q u a l i f i e d  and had been employed i n  t h i s  p o s i t i o n  f o r  f i v e  y e a r s .  

1 . 6  A i r c r a f t  Informat ion 

The a i r c r a f t ,  a Boeing 737-275, was manufactured i n  1970, 

bea r i ng  Boeing s e r i a l  number 20142, Company f l e e t  number 734. Two 

Model JT8D-9A P r a t t  and Whitney power p l a n t s  were i n s t a l l e d .  The 

a i r c r a f t  was main ta ined  i n  accordance  w i t h  t h e  approved Company 

maintenance manual and was w i t h i n  t h e  r e q u i r e d  check c y c l e .  

P a r t  I1 of t h e  Journey Log used f o r  maintenance purposes  

made r e f e r e n c e  t o  a p rev ious  f a u l t  i n  t h e  t h r u s t  r e v e r s e r .  Log 

s h e e t  4 6419 "Snag 1/3" concerned t h r u s t  r e v e r s e r s .  The r e v e r s e r s  

would n o t  deploy o r  res tow;  t h e  f a u l t  was c o r r e c t e d  by r e p l a c i n g  t h e  

eng ine  acce s so ry  module. Log s h e e t  46420 i n d i c a t e s  t h a t  t h e  

r e v e r s e r s  opera ted  p r o p e r l y  o n  t h e  nex t  f i v e  l and ings .  

I n v e s t i g a t i o n  was con t inued  t o  de t e rmine  i f  t h e  snag had i n  f a c t  

been c l e a r e d  e f f e c t i v e l y .  The eng ine  acce s so ry  u n i t  module S/N 

M00398, which had been removed, was bench t e s t e d  and i t  was 

determined t h a t  t h e  number 1 eng ine  t h r u s t  r e v e r s e r  unJ.ocked l i g h t  

f l i c k e r e d  when t h e  t h r u s t  r e v e r s e r  door s e n s o r s  were a c t i v a t e d .  

Replacement eng ine  acce s so ry  u n i t  module S/N MOO162 was a l s o  bench 

t e s t e d  and no f a u l t s  were  found. From t h e s e  t e s t s  and t h e  absence  

of t h r u s t  r e v e r s e r  snags  from subsequent  f l i g h t s  i t  appea r s  t h a t  t h e  

t h r u s t  r e v e r s e r  system o p e r a t i o n  was normal f o r  bo th  eng ine s ,  a t  t h e  

t ime of  t h e  a c c i d e n t .  Nodule S/N MOO162 was recovered  from t h e  

wreckage. 

Boeing S e r v i c e  B u l l e t i n  S /B 737-78-1023 had been i nco rpo ra t ed .  

Th is  mod i f i c a t i on  removes t h e  nose  g e a r  s q u a t  sw i t ch  from t h e  t h r u s t  



r e v e r s e r  l o g i c  system and pe rmi t s  t h e  u s e  of  r e v e r s e  t h r u s t  e a r l i e r  

i n  t h e  l and ing  sequence.  

The weight  and ba l ance  d a t a  was up-to-date and t h e  a i r c r a f t  

l oad ing  was w i t h i n  l i m i t s .  

The a i r c r a f t  was f u e l l e d  w i t h  JP-4. Samples of  t h i s  f u e l ,  

a l ong  w i t h  samples of t h e  o i l  and h y d r a u l i c  f l u i d  were analyzed and 

appeared t o  b e  o f  t h e  t y p e s  s p e c i f i e d  (Report  LP 60/78 r e f e r s ) .  

1 .7  M e t e o r o l o ~ i c a l  In format ion  

The Cranbrook t e r m i n a l  f o r e c a s t  i s s u e d  a t  1630 GMT, 11 Feb 

78 was a s  f o l l o w s  : 

"Cei l ing  4500 f  t broken,  10 ,000  f e e t  broken 

v a r i a b l e  t o  o v e r c a s t ,  o c c a s i o n a l l y  4500 f t  

s c a t t e r e d  cumulus, 10,000 f  t broken, h igh  

broken." 

The a c t u a l  c o n d i t i o n s  a t  Cranbrook a t  1600 GMT were: 

" ~ s t i m a t e d  c e i l i n g  2500 o v e r c a s t ,  v i s i b i l i t y  

1 0  m i l e s  i n  ve ry  l i g h t  snow, temp -6O, dew p o i n t  

-10", wind 160" a t  11, a l t i m e t e r  29.73 i nches  

w i t h  v i s i b i l i t y  t o  t h e  s o u t h  r e p o r t e d  a t  6  m i l e s . "  

A t  1900 GMT t h e  amended t e r m i n a l  f o r e c a s t  f o r  Cranbrook was 

i s sued  a s :  

"Ce i l ing  1500 f  t broken, 4000 f  t o v e r c a s t ,  l i g h t  

snow, v a r i a b l e  1500 f  t obscured,  v i s i b i l i t y  1 

m i l e  i n  l i g h t  snow." 



T h i s  f o r e c a s t  compares f a v o u r a b l y  t o  t h e  a c t u a l s  i s s u e d  a t  

1900 GMT and 2000 GMT: 

"19002 P r e c i p i t a t i o n  c e i l i n g  1500 f t  obscured ,  

v i s i b i l i t y  1 m i l e  i n  l i g h t  snow." 

"2OOOZ P r e c i p i t a t i o n  c e i l i n g  1200 f  t obscured ,  

v i s i b i l i t y  314 m i l e  i n  l i g h t  snow." 

Eyewitnesses  a t  t h e  a i r p o r t  p rov ided  i n f o r m a t i o n  conf i rming  

t h a t  t h e  s u r f a c e  v i s i b i l i t y  was a b o u t  314 m i l e  a t  t h e  t ime  of t h e  

a c c i d e n t  (19558).  

A document recovered  from t h e  wreckage e s t a b l i s h e d  t h a t  t h e  

crew had r e c e i v e d  and r e c o r d e d  t h e  amended f o r e c a s t  as w e l l  a s  t h e  

l a t e s t  o b s e r v a t i o n s .  

The p o s s i b i l i t y  o f  wind s h e a r  was i n v e s t i g a t e d  and 

cons idered  t o  b e  remote. 

1.8 Aids -- t o  Navigat ion ( F i g u r e  3  r e l a t e s  t o  s e c t i o n s  1 .8 ,  1 .9  and 1 .10)  

Cranbrook a i r p o r t  i s  equipped w i t h  t h e  f o l l o w i n g  

n a v i g a t i o n a l  and approach a i d s :  

a )  VORIDME YXC f r e q ,  112.1  MHz, c h a n n e l  58 w i t h  

scheduled wea ther  b r o a d c a s t s ,  s i t u a t e d  12.4 

n.m. wes t  o f  t h e  a i r p o r t ;  

b) NDB "x", f r e q .  219 kHz, s i t u a t e d  0 . 8  n.m. from 

t h e  t h r e s h o l d  of and a l i g n e d  w i t h  runway 16;  

c )  NDB "xc", f r e q ,  242 kHz, w i t h  schedu led  weather  

b r o a d c a s t s ,  s i t u a t e d  3.8 n.m. from t h e  

t h r e s h o l d  o f  runway 1 6  and a l i g n e d  w i t h  t h a t  

runway ; 



d)  NDB "SX", f r e q .  3 6 8  kHz, s i t u a t e d  2 0 . 1  n.m. 

f rom t h e  t h r e s h o l d  and  a l i g n e d  w i t h  runway 1 6 ;  

e )  ITAS "IXC",  f r e q .  110.3  MHz s e r v i n g  runway 16 .  

A l l  n a v i g a t i o n a l  a n d  approach  a i d s  were  s e r v i c e a b l e  a t  t h e  

t i m e  o f  t h e  a c c i d e n t .  They were  f l i g h t  checked  a f t e r  t h e  a c c i d e n t  

and d e t e r m i n e d  t o  b e  w i t h i n  t o l e r a n c e .  

1 . 9  Communications 

Cranbrook Aerad io  o p e r a t e s  o n  VHF f r e q u e n c i e s  122.2 ,  126 .7 ,  

122.1(R) a n d  121.5  MHz, UHF f r e q u e n c i e s  262.7,  and 243 MHz, and can  

t r a n s m i t  o n  t h e  NDB f r e q u e n c y  of  242 kHz a n d  VOR f r e q u e n c y  1 1 2 . 1  

MHz. T h e r e  i s  a  l a n d  l i n e  be tween t h e  A e r a d i o  and o t h e r  s t a t i o n s .  

Cranbrook i s  a l s o  a b l e  t o  m o n i t o r  t h e  p e r i p h e r a l  C a l g a r y  f r e q u e n c y  

of  125 .2  MHz. The A e r a d i o  o p e r a t o r  h a s  two-way communication 

w i t h  t h e  v e h i c l e  t r a f f i c  t h a t  i s  a l l o w e d  o n  t h e  manoeuvr ing  area of 

t h e  a i r p o r t ,  o n  f r e q u e n c y  122.6  MHz. 

P e r t i n e n t  t o  t h e  a c c i d e n t  a r e  t h e  ATC t a p e  r e c o r d i n g s  f rom 

C a l g a r y  and t h e  Aerad io  r e c o r d i n g s  f rom Cranbrook.  

The Cranbrook t a p e  w a s  a 4  t r a c k  t y p e .  One c h a n n e l  r e c o r d e d  

a  number o f  A e r a d i o  s t a t i o n s  l i n k e d  by a  l a n d  l i n e  a s  w e l l  a s  

a i r c r a f t  communications.  These  r e c o r d i n g s  were  found t o  h a v e  been  

made a t  a  v e r y  low l e v e l  and p r e s e n t e d  c o n s i d e r a b l e  d i f f i c u l t y  i n  

i n t e r p r e t a t i o n .  

A p r e l i m i n a r y  t r a n s c r i p t  o f  t h e  Cranbrook t a p e  was made 

s h o r t l y  a f t e r  t h e  a c c i d e n t .  C o n s i d e r a b l e  e f f o r t  was t h e n  n e c e s s a r y  

t o  r e f i n e  t h i s  t r a n s c r i p t  a n d  t o  e x t r a c t  t h e  maximum amount o f  

r e l e v a n t  i n f o r m a t i o n .  l n  o r d e r  t o  i d e n t i f y  t h e  v o i c e s  and t o  

s e p a r a t e  t r a n s m i s s i o n s  made f rom ground s t a t i o n s  f rom t h o s e  



emanating from a i r c r a f t ,  s p e c t r a l  a n a l y s i s  and "voice-pr int1 '  

t e c h n i q u e s  were  employed. 

The p e r t i n e n t  c o n v e r s a t i o n s  between ground s t a t i o n s  and 

F l i g h t  314 a r e  d e t a i l e d  i n  Appendix "A"; a d d i t i o n a l  i n f o r m a t i o n  i s  

o n  F i g u r e  2 .  

1.10 Aerodrome In format ion  

Cranbrook A i r p o r t ,  o p e r a t e d  by t h e  C i t y  of Cranbrook under  a 

l e a s e  agreement w i t h  T r a n s p o r t  Canada, h a s  one runway, 16/34 6000 f t  

long ,  3082 f t above s e a  l e v e l .  The aerodrome has :  

runway l i g h t s ;  

taxiway and ramp l i g h t i n g ;  

approach l i g h t i n g  o n  runway 1 6  w i t h  c e n t r e  row 

c a t e g o r y  1 h i g h  i n t e n s i t y  l e a d  i n  l i g h t s  w i t h  

t h r e s h o l d  and runway end h i g h  i n t e n s i t y  l i g h t s  

v a r i a b l e  t o  5 s e t t i n g s ;  approach  l i g h t i n g  on 

runway 34  w i t h  c e n t r e  row low i n t e n s i t y  l e a d  i n  

l i g h t s  w i t h  h i g h  i n t e n s i t y  runway i d e n t i f i c a t i o n  

s t r o b e  l i g h t s ;  

2 b a r  VASIS o n  runway 34; 

r o t a t i n g  beacon. 

The runway was covered i n  l i g h t  snow and  snow removal was i n  

p r o g r e s s  a t  t h e  t ime  of  t h e  a c c i d e n t .  A l l  l i g h t i n g  was s e r v i c e a b l e .  

1.11 F l i g h t  Recorders 

The a i r c r a f t  was f i t t e d  w i t h  a C o l l i n s  642C-1 Cockpit  Voice 

Recorder  S e r i a l  No 657, a n d  a Leigh I n s t r u m e n t s  FDRS-38 F l i g h t  

Data Recorder System u t i l i z i n g  a n  RTD-1 D i g i t a l  Recorder S e r i a l  

No. 0041. The r e c o r d e r s  were  s i t u a t e d  i n  t h e  r e a r  p a r t  o f  t h e  

p r e s s u r i z e d  c a b i n ,  a n  a r e a  t h a t  was e x t e n s i v e l y  damaged by f i r e .  



The t a i l  s e c t i o n  b r o k e  away d u r i n g  t h e  c r a s h  and remained 

e s s e n t i a l l y  i n t a c t .  The a c c i d e n t  o c c u r r e d  a t  1 2 : 5 5  l o c a l  t i m e  b u t  

t h e  r e c o r d e r s  w e r e  n o t  i d e n t i f i e d  and r e c o v e r e d  u n t i l  t h e  n e x t  

morning.  

The c o c k p i t  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  w e r e  a l m o s t  

t o t a l l y  d e s t r o y e d  by e x c e s s i v e  h e a t .  The damage was most  p r o b a b l y  

d u e  t o  t h e  p ro longed  p e r i o d  o f  immersion i n  t h e  h o t  s u r r o u n d i n g s  

r a t h e r  t h a n  t o  t h e  ex t reme  t e m p e r a t u r e  o f  t h e  f i r e .  A l i m i t e d  

amount o f  i n f o r m a t i o n  was r e c o v e r e d  v i s u a l l y  f rom t h e  c h a r r e d  

F l i g h t  Da ta  Recorde r  t a p e  w i t h  ex t reme  d i f f i c u l t y .  Tlie u s e f u l n e s s  

o f  t h e  r e c o v e r e d  d a t a  was s u b s t a n t i a l l y  r educed  due  t o  a  number of  

m a l f u n c t i o n s  i n  t h e  r e c o r d i n g  sys tem a s  f o l l o w s :  

. The Synchro  Conver te r  i n  t h e  Recorder  E l e c t r o n i c s  U n i t  was 

f a u l t y .  T h i s  s e r i o u s l y  a f  f e c t e d  e i g h t  o f  t h e  s i x t e e n  measured 

p a r a m e t e r s .  

. There  w e r e  i n t e r m i t t e n t  f a u l t s  i n  t h e  m o n i t o r i n g  o f  t h e  normal 

a c c e l e r a t i o n  t o g e t h e r  w i t h  a  b i a s  e r r o r  o f  0.24g.  

. Both t h e  f i n e  synchro  p a r a m e t e r s  m o n i t o r i n g  s m a l l  v a r i a t i o n s  i n  

t h e  m a g n e t i c  head ing  and c o n t r o l  wheel  p o s i t i o n  w e r e  i n o p e r a t i v e .  

. Engine  1 f u e l  f l o w  m o n i t o r i n g  was i n o p e r a t i v e .  

. The d i g i t a l  s i g n a l  f e d  t o  t h r e e  o r  f o u r  o f  t h e  e i g h t  s e q u e n t i a l  

t r a c k s  o n  t h e  t a p e  was abnormal  d u e  t o  a n  u n i d e n t i f i e d  f a u l t  

t h a t  p r e v e n t e d  r e c o v e r y  o f  a n y  d a t a  on t h o s e  t r a c k s .  I n  

p a r t i c u l a r ,  t h i s  p r e v e n t e d  any s t u d y  of t h e  i n f o r m a t i o n  from 

t h e  t r a c k  p r e c e d i n g  t h a t  o n  which t h e  a c c i d e n t  o c c u r r e d .  

. The l a c k  o f  m o n i t o r i n g  o f  t h e  r o l l  a n g l e  ( n o t  s p e c i f i e d  by 

c u r r e n t  Canadian  r e q u i r e m e n t s ) ,  p r e v e n t e d  d e t a i l e d  a n a l y s i s  of  

t h e  mot ions  o f  t h e  a i r c r a f t  f o l l o w i n g  i n i t i a t i o n  of t h e  

o v e r s h o o t .  



I n f o r m a t i o n  recovered  f rom t h e  t a p e  i s  g i v e n  i n  d e t a i l  i n  

F i g u r e  1. V e r t i c a l  l i n e s  i n  shaded a r e a s  o n  t h a t  d iagram a r e  

a s s o c i a t e d  w i t h  t h e  synchro  c o n v e r t e r  f a u l t  r e f e r r e d  t o  above and 

each  i n d i c a t e s  a  r a n g e  w i t h i n  which t h a t  pa ramete r  must  have been  a t  

t h e  t i m e  i n d i c a t e d .  Relevant  p o r t i o n s  of  t h e  d a t a  a r e  summarized 

i n  F  i g u r e  2 .  

1 .12  Wreckage and Impact I n f o r m a t i o n  

P h y s i c a l  e v i d e n c e  shows t h a t  t h e  a i r p l a n e  had r o l l e d  t o  t h e  

l e f t  a b o u t  90 d e g r e e s  when t h e  l e f t  s i d e  of  t h e  n o s e  c o n t a c t e d  t h e  

ground w i t h  a  nose  down a n g l e  o f  a b o u t  3 0  d e g r e e s .  The l e f t  wing 

t i p  impacted w h i l e  t h e  a i r c r a f t  w a s  a t  90' o f  bank and w a s  

p r o g r e s s i v e l y  b roken  up.  The f u s e l a g e  c e n t r e  s e c t i o n  w a s  broken up 

and t h e  wing c e n t r e  s e c t i o n  b r o k e  d i a g o n a l l y  a c r o s s  from t h e  l e f t  

r e a r  s p a r  t o  t h e  r i g h t  wing f r o n t  s p a r  a s  t h e  f u s e l a g e  c r a s h e d  i n t o  

t h e  ground.  

The s u r f a c e  impacted was l e v e l  f r o z e n  ground covered by 

a b o u t  two f e e t  of  snow. 

0 
The f l a p  s e l e c t o r  l e v e r  w a s  a t  1 5  . The l a n d i n g  g e a r  

s e l e c t o r  h a n d l e  w a s  down. On t h e  overhead p a n e l  i n  t h e  c o c k p i t ,  t h e  

guard  f o r  t h e  l e f t  t h r u s t  r e v e r s e r  o v e r r i d e  s w i t c h  had been moved t o  

t h e  open p o s i t i o n .  The guard  was undamaged. The w i t n e s s  w i r e  on  

t h e  guard  had been b roken  and  t h e  s w i t c h  was exposed b u t  had n o t  

been  moved from t h e  "normal" p o s i t i o n .  The r i g h t  s w i t c h  was i n  t h e  

guarded ,  w i t n e s s  wi red  "normal" p o s i t i o n .  

A t  impact  t h e  t h r u s t  r e v e r s e r  on  t h e  l e f t  e n g i n e  w a s  f u l l y  

deployed.  The r i g h t  e n g i n e  t h r u s t  r e v e r s e r  was i n  a n  i n t e r m e d i a t e ,  

b u t  n e a r l y  stowed fo rward  t h r u s t  p o s i t i o n .  Both r e v e r s e r  u n l o c k  

l i g h t s  were  i l l u m i n a t e d .  Power o n  t h e  l e f t  e n g i n e  was a t  o r  n e a r  

i d l e ;  power o n  t h e  r i g h t  e n g i n e  was a t  l e s s  t h a n  maximum t h r u s t  ( s e e  

F l i g h t  Da ta  Recorder  I n f o r m a t i o n )  . The a p p l i c a t i o n  o f  f u l l  r i g h t  

r u d d e r  and a i l e r o n  was e v i d e n t .  



0 The f l a p s  were  a t  approx imate ly  20 and r e t r a c t i n g .  The 

ground s p o i l e r s  were  r e t r a c t e d  (due t o  power l e v e r  advancement 
0 

beyond 2 5  ) . The l a n d i n g  g e a r  was extended.  E l e c t r i c a l  and 

h y d r a u l i c  power were  a v a i l a b l e ,  

1 , 1 3  Medical  and P a t h o l o g i c a l  In format ion  

1.13.1 The Captain  

Autopsy r e v e a l e d  a  number o f  p e r t i n e n t  f i n d i n g s .  There  was 

a  l a r g e  i r r e g u l a r l y  shaped wound o v e r  t h e  a n t e r i o r  c h e s t  w a l l .  An 

open f r a c t u r e  was n o t e d  a t  t h e  mid s e c t i o n  o f  t h e  r i g h t  t i b i a  and 

f i b u l a ,  A d i s t i n c t  p r e s s u r e  mark was s e e n  o v e r  t h e  s o l e  of t h e  

r i g h t  boo t  which a l s o  l e f t  a n  i m p r i n t  on t h e  cor responding  f o o t .  A 

l i n e a r  l a c e r a t i o n  a n d  comminuted f r a c t u r e  was p r e s e n t  a t  t h e  b a s e  of 

t h e  r i g h t  thumb and t h e r e  were  numerous l a c e r a t i o n s  on t h e  palmar 

s u r f a c e  o f  t h e  r i g h t  hand. 

There  a r e  i n d i c a t i o n s  t h a t  t h e  f r a c t u r e  o f  t h e  c a p t a i n ' s  r i g h t  

thumb may have o c c u r r e d  i n  f l i g h t  r a t h e r  t h a n  a t  impact.  (The power 

l e v e r s  were  found s p r e a d  a p a r t  f a r  enough t h a t  t h e y  would have a v u l s e d  

h i s  thumb o n  impact.)  The l a c e r a t i o n s  o n  t h e  palmar s u r f a c e  o f  h i s  

r i g h t  hand a p p e a r  t o  have  been produced by t h e  p l a s t i c  knob of  t h e  

power l e v e r  b reak ing  d u r i n g  t h e  c r a s h .  The i n j u r y  p a t t e r n  i n  h i s  r i g h t  

l e g  i s  c o n s i s t e n t  w i t h  t h i s  p i l o t  a p p l y i n g  h a r d  r i g h t  r u d d e r  a t  t h e  

moment o f  f i r s t  impact w i t h  t h e  ground, The i n j u r i e s  i n  h i s  l e f t  arm 

and hand were  c o n s i s t e n t  w i t h  a p p l i c a t i o n  o f  f u l l  r i g h t  a i l e r o n .  The 

c h e s t  i n j u r y  was produced by t h e  l e f t  h o r n  of t h e  c o n t r o l  column be ing  

h e l d  back w h i l e  t h e  body was thrown toward t h e  l e f t  s i d e  of t h e  cockp i t .  

S i n c e  h e  was n o t  wear ing a  s h o u l d e r  h a r n e s s  b u t  o n l y  a  l a p  b e l t  h i s  body 

jackkni fed  o n  impact a l l o w i n g  t h e  l e f t  h o r n  of t h e  c o n t r o l  column t o  

p e n e t r a t e  h i s  c h e s t .  A f t e r  t h e  f i r s t  impact  t h e  n o s e  s e c t i o n  bounced 

throwing t h i s  p i l o t  toward t h e  r i g h t  s i d e  of t h e  c o c k p i t  s o  t h a t  h i s  

head came t o  l i e  n e a r  t h e  F i r s t  o f f i c e r ' s  c o n t r o l  column w i t h  h i s  c h e s t  

over  t h e  c e n t r e  console .  



There was no ev idence  of d i s e a s e  which might  have impaired 

h i s  f l y i n g  performance. Biochemical d e t e r m i n a t i o n s  d i d  n o t  show t h e  

p resence  of any a l c o h o l ,  carbon monoxide o r  cyanide.  

The p o s t  mortem t i s s u e  l a c t a t e  p r o f i l e  i n d i c a t e d  t h a t  t h i s  

p i l o t  had a n  a c u t e  s t r e s s  r e a c t i o n  f o r  approximately  t h e  l a s t  20 

seconds b e f o r e  impact.  

The F i r s t  Of f i c e r  

The fo l l owing  i n j u r i e s  a r e  of  p a r t i c u l a r  i n t e r e s t .  There  

was a  f r a c t u r e  of  t h e  l e f t  humerus and compound f r a c t u r e s  o f  t h e  

d i s t a l  a s p e c t s  of  t h e  l e f t  u l n a  and r a d i u s .  l i u l t i p l e  f r a c t u r e s  were 

seen  i n  t h e  r i g h t  t i b i a  and f i b u l a ,  There w a s  ev idence  of  an  

impr in t  upon t h e  s o l e  of  t h e  r i g h t  f o o t  cor responding  t o  t h e  p a t t e r n  

of t h e  rudder  peda l .  There were fewer l a c e r a t i o n s  on t h e  palmar 

s u r f a c e  of t h e  l e f t  hand t han  observed on  t h e  o t h e r  p i l o t .  

The i n j u r y  p a t t e r n  i s  c o n s i s t e n t  w i t h  t h i s  p i l o t  a l s o  

app ly ing  hard  r i g h t  rudder  a t  impact. A t  t h e  same t ime h e  w a s  

a p p a r e n t l y  pushing w i th  h i s  l e f t  hand ove r  t h e  c a p t a i n ' s  r i g h t  hand 

on  t h e  power l e v e r s .  The f r a c t u r e s  i n  h i s  l e f t  upper  e x t r e m i t y  were 

l i k e l y  produced a t  t h e  t ime of t h e  f i r s t  impact.  The i n j u r i e s  on 

h i s  r i g h t  a r m  and hand were c o n s i s t e n t  w i t h  a p p l i c a t i o n  of  f u l l  

r i g h t  a i l e r o n .  There were no shou lde r  h a r n e s s  o r  l a p  b e l t  r e l a t e d  

i n j u r i e s ;  h e  w a s  n o t  wearing e i t h e r  o f  these. '  On t h e  second impact 

h i s  body w a s  thrown toward t h e  f r o n t  r i g h t  hand co rne r  o f  t h e  

cockp i t .  

I n t e r n a l  examinat ion d i d  n o t  show any ev idence  of pre- 

e x i s t i n g  d i s e a s e .  Biochemical d e t e r m i n a t i o n s  d i d  n o t  r e v e a l  t h e  

p resence  of  any a l c o h o l ,  carbon monoxide, o r  cyanide.  

1 
See a l so  Section 1 .12 - t h e  harness being undone may have been 

due t o  an attempt t o  reach t he  l e f t  engine thrus t  reverser 

override switch. 



The p o s t  mortem t i s s u e  l a c t a t e  p r o f i l e  i n d i c a t e d  a n  a c u t e  

s t r e s s  r e a c t i o n  f o r  t h e  l a s t  1 0  t o  11 seconds b e f o r e  impact.  

1.13.3 The Cabin Occupants 

The two fo rward  c a b i n  a t t e n d a n t s  and two p a s s e n g e r s  were 

found i n  t h e  c o c k p i t  s e c t i o n  hav ing  d i e d  o f  c r u s h i n g  and p e n e t r a t i n g  

i n j u r i e s .  Seven p a s s e n g e r s  remained i n  t h e  f r o n t  s e c t i o n  o f  t h e  

a i r c r a f t  when t h e  l a t t e r  came t o  r e s t .  S i x  o f  t h e s e  were found dead 

o f  c r u s h i n g  i n j u r i e s ,  m o s t l y  t o  t h e  head. One had s u r v i v e d  b u t  d i e d  

e l e v e n  days  l a t e r ,  a l s o  a s  a  r e s u l t  o f  head i n j u r i e s .  

S i x t e e n  passengers  were  found wide ly  s c a t t e r e d  o u t s i d e  t h e  

a i r c r a f t  o n  t h e  l e f t  s i d e  o f  t h e  f r o n t  and c e n t r e  s e c t i o n .  They 

a p p a r e n t l y  f e l l  o u t  o f  t h e  a i r c r a f t  a s  t h e  l e f t  s i d e  o f  t h e  

f u s e l a g e  b r o k e  open. Passengers  n e a r  t h e  c e n t r e  s e c t i o n  and a long  

t h e  wreckage t r a i l  had minimal i n j u r i e s  b u t  d i e d  of smoke i n h a l a t i o n  

a n d / o r  burns .  There  were  t h i r t e e n  p a s s e n g e r s  found on t h e  r i g h t  

s i d e  o f  t h e  c e n t r e  s e c t i o n  and between i t  and  t h e  r e a r  s e c t i o n .  

These s u f f e r e d  from f l a i l i n g  i n j u r i e s  and b u r n s  o f  which many d i e d .  

1 . 1 4  F i r e  

Response 

The equipment o p e r a t o r  o n  t h e  runway observed t h e  a i r c r a f t  

c r a s h  approx imate ly  1 0  seconds  a f t e r  i t  passed  o v e r  him. He 

immediately a l e r t e d  t h e  Aeradio  o p e r a t o r  and t h e n  d rove  h a s t i l y  t o  

t h e  f i r e  h a l l  where h e  was met by t h e  F i r e  Chief who had responded 

t o  t h e  s i r e n .  Eo t h  men d e p a r t e d  w i t h  t h e  c r a s h  t r u c k  and a r r i v e d  

n e a r  t h e  c r a s h  s i t e  w i t h i n  f i v e  m i n u t e s  a f t e r  t h e  a i r c r a f t  c r a s h e d .  

The C i t y  o f  Cranbrook f i r e  depar tment  responded w i t h  a  4 wheel  d r i v e  

main pumper c a r r y i n g  730 g a l l o n s  o f  w a t e r  and 20 g a l l o n s  o f  chemical  

p l u s  a  s m a l l e r  4 wheel d r i v e  m i n i  pumper u s i n g  wate r  o n l y .  



Kimberley F i r e  Department responded w i t h  o n e  pumper. These  u n i t s  

a r r i v e d  a t  t h e  s i t e  a p p r o x i m a t e l y  2 5  m i n u t e s  a f t e r  t h e  a l a r m  was 

sounded. Recause of snow banks  and d e e p  snow b o r d e r i n g  t h e  s i d e  of 

t h e  runway, none of t h e  u n i t s  was a b l e  t o  approach  w i t h i n  e f f e c t i v e  

f i r e  f i g h t i n g  range .  Approximate ly  o n e  hour a f t e r  t h e  c r a s h  a  

roadway was opened by a  snow blower  and t h e  two u n i t s  from t h e  C i t y  

o f  Cranbrook were t h e n  used t o  e x t i n g u i s h  t h e  s p o t  f i r e s .  

1 .14 .2  I n i t i a t i o n  

The f i r e  was i n i t i a t e d  e i t h e r  by  t h e  /I1 e n g i n e  which came 

o f f  a s  t h e  l e f t  wing was b e i n g  p r o g r e s s i v e l y  broken up,  s p i l l i n g  o u t  

l a r g e  q u a n t i t i e s  of  JP-4 f u e l ,  p r o b a b l y  i n  b o t h  l i q u i d  and m i s t  form, 

a n d / o r  by b roken  e l e c t r i c a l  w i r i n g  i n  t h e  f u s e l a g e .  The f i r e  s p r e a d  

f a r t h e r  down t h e  wreckage t r a i l  t o  o t h e r  p a r t s  of  t h e  a i r p l a n e  and 

t o  t h e  r i g h t  wing f u e l  t a n k s .  The /I1 e n g i n e  d i d  n o t  show f i r e  

damage; n e i t h e r  d i d  t h e  /I2 e n g i n e .  It was r e p o r t e d  t h a t  t h e  t a i l  

s e c t i o n  d i d  n o t  c a t c h  f i r e  u n t i l  a  l i t t l e  l a t e r .  The f l i g h t  

a t t e n d a n t  who was s e a t e d  i n  t h e  r e a r  and s u r v i v e d  t h e  c r a s h ,  

r e p o r t e d  t h a t  t h e  r e a r  f u s e l a g e  was drenched w i t h  f u e l .  

The f i r e  would p r o b a b l y  h a v e  s t a r t e d  i n  much t h e  same way 

r e g a r d l e s s  of what t y p e  of a v i a t i o n  f u e l  was used s i n c e  t h e r e  i s  

l i t t l e  d i f f e r e n c e  i n  t h e  f l a m m a b i l i t y  when i t  i s  i n  t h e  form of a  

m i s t .  Once t h e  f i r e  p r o p a g a t e s  back  t o  t h e  s o u r c e  of  t h e  f u e l  and 

i g n i t e s  t h e  f u e l  a s  i t  i s  r e l e a s e d  f rom t h e  sys tem,  then  t h e  r a t e  of 

f i r e  development depends p r i m a r i l y  on  t h e  s p i l l a g e  r a t e ,  w i t h  f u e l  

v o l a t i l i t y  b e i n g  of secondary  impor tance .  (Ref.  T e c h n i c a l  Repor t  

AFAPL-TR-66-9, March 1966,  A Review and Analysis of the  Safe ty  of 

J e t  Fuel. ) 

1 .15  S u r v i v a l  Aspec t s  

1 .15 .1  Evacuat ion  

Two s u r v i v o r s  e scaped  t h r o u g h  t h e  r i g h t  r e a r  emergency d o o r .  

Some d i f f i c u l t y  was encoun te red  open ing  t h e  door because  of r e f u s e  



b l o c k i n g  a c c e s s  t o  t h e  e x i t .  Because of  t h e  c a t a s t r o p h i c  break-up,  

t h e  o t h e r  e x i t s  were n o t  r e q u i r e d ;  s u r v i v o r s  were a b l e  t o  e v a c u a t e  

th rough  b r e a k s  i n  t h e  f u s e l a g e ;  o n e  passenger  was thrown c l e a r  s t i l l  

i n  a  s e a t .  

1 .15.2  Rescue 

The snow sweeper d r i v e r  n o t i f i e d  t h e  Aeradio  o p e r a t o r  w i t h i n  

1 0  seconds  of t h e  c r a s h .  The Aeradio  o p e r a t o r  a c t i v a t e d  t h e  c r a s h  

s i r e n  and t h e n  te lephoned t h e  A i r p o r t  Manager, t h e  Cranbrook and 

Kimberley F i r e  Depts a s  w e l l  a s  t h e  h o s p i t a l s .  These a c t i o n s  were 

completed w i t h i n  1 0  minu tes  of t h e  c r a s h .  

Rescue of s u r v i v o r s  was commenced w i t h i n  about  f i v e  m i n u t e s .  

The i n j u r e d  were c a r r i e d  o u t  by r e s c u e r s  on f o o t  s i n c e  t h e  v e h i c l e s  

were  h indered  by deep snow (See a l s o  Sec  1 .14) .  Pledical  a t t e n t i o n  

was p rov ided  a t  b o t h  h o s p i t a l s  i n  accordance  w i t h  l o c a l  emergency 

p rocedures .  

Arrangements t o  t r a n s p o r t  t h e  i n j u r e d  t o  l o c a l  h o s p i t a l s  

were  a d e q u a t e  and medica l  s e r v i c e s  and accommodations were 

s a t i s f a c t o r y .  Because of f u s e l a g e  d e f o r m a t i o n  t h e  s e a r c h  f o r  

v i c t i m s  was n o t  completed u n t i l  36 h o u r s  a f t e r  t h e  a c c i d e n t .  

F i r e  F i g h t i n g  

The f i r e  was s t a r t e d  e i t h e r  by t h e  l e f t  eng ine  a s  i t  was 

t o r n  from t h e  wing o r  by e l e c t r i c a l  w i r i n g  a s  i t  b roke  d u r i n g  

f u s e l a g e  d i s i n t e g r a t i o n .  Tile f u e l  sp rayed  from t h e  wing t a n k s  a s  

t h e  wing b roke  up and i t  was r e p o r t e d  t h a t  t h e r e  were t h r e e  s e p a r a t e  

f i r e  s i t e s .  

The a i r p o r t  c r a s h  t r u c k  a r r i v e d  n e a r  t h e  s i t e  w i t h i n  5 

m i n u t e s .  The f i r e  f i g h t i n g  equipment from Cranbrook r e c e i v e d  

n o t i f i c a t i o n  w i t h i n  1 0  minu tes  o f  t h e  c r a s h  and were on t h e  way l e s s  



than  2 minutes  a f t e r  n o t i f i c a t i o n .  They a r r i v e d  w i t h i n  25 minutes  

of t h e  c r a sh .  No v e h i c l e s  were a b l e  i n i t i a l l y  t o  g e t  w i t h i n  r ange  

of  t h e  f i r e  because of snow cond i t i ons .  F i r e  f i g h t e r s  and o t h e r  

r e s c u e r s  went i n  on f o o t  t o  r e s c u e  s u r v i v o r s  wh i l e  a  snow blower 

c l e a r e d  a n  a c c e s s  road .  F i r e  f i g h t i n g  equipment was a b l e  t o  g e t  

c l o s e  t o  t h e  s i t e  approximately  30 minutes  a f t e r  a r r i v a l ,  and t h e  

f i r e  was ex t i ngu i shed  about  2.5 h o u r s  a f t e r  t h e  c r a s h .  

One of t h e  f i r e  f i g h t i n g  v e h i c l e s  c a r r i e d  water  and d r y  

chemicals  w h i l e  o t h e r s  were wate r  pumpers on ly .  Another u n i t  

d i spense s  foam. A Hurst  " ~ a w s  o f  L i f e "  r e s c u e  t o o l  was a v a i l a b l e .  

Crashwor t h i n e s s  

The f u s e l a g e  breakup de s t royed  much of t h e  o c c u p i a b l e  a r e a  

of  t h e  a i r p l a n e  g iv ing  c o n d i t i o n s  recognized  a s  g e n e r a l l y  non- 

s u r v i v a b l e ;  t h e  s e a t s ,  which were f a s t e n e d  t o  t h e  f l o o r  t r a c k s  

a t t a c h e d  t o  t h e  f l o o r  beams, came l o o s e  w i t h  t h e i r  occupants  a s  t h e  

f l o o r  beams broke. The r e a r  f u s e l a g e  was provided w i t h  a l a r g e r  

s t opp ing  d i s t a n c e  by t h e  c e n t r e  f u s e l a g e  breakup and impact f o r c e s  

were l e s s  on persons  s e a t e d  i n  t h a t  a r e a .  

A l l  t h e  s u r v i v o r s  were s e a t e d  from row 1 8  t o  t h e  back row 

21, excep t  one from s e a t  16A who was thrown ou t .  The f r a c t u r e  of 

t h e  r e a r  f u s e l a g e  occur red  between s t a t i o n s  727 and 757; s e a t  16A 

w a s  a t  abou t  s t a t i o n  756. Other s u r v i v o r s  were i n  s e a t s  18C, 18F, 

19A, 20F, and 21B. A s even th  s u r v i v o r  who was s e a t e d  somewhere up 

f r o n t  d i e d  i n  h o s p i t a l .  The two a t  18C and 19A were s e r i o u s l y  

i n j u r e d .  Two passengers ,  who had been s i t t i n g  on t h e  l e f t  s i d e  of 

t h e  r e a r  s e c t i o n ,  were thrown o u t s i d e  t h e  a i r c r a f t ,  s t i l l  a t t a c h e d  

t o  t h e i r  s e a t s ;  one of t h e s e  surv ived .  Another passenger  on t h e  

l e f t  s i d e  of t h e  r e a r  s e c t i o n  managed t o  e s cape  through t h e  open 

f u s e l a g e  i n  s p i t e  of a  broken l e g  and e x t e n s i v e  burns .  One su rv ivo r  

s i t t i n g  on t h e  r i g h t  s i d e ,  j u s t  a t  t h e  p o i n t  where t h e  a i r c r a f t  

b roke ,  escaped through t h e  open f u s e l a g e .  One passenger  i n  t h e  l a s t  

s e a t  on t h e  r i g h t  s i d e ,  and t h e  c a b i n  a t t e n d a n t  who s a t  i n  t h e  l a s t  



a i s i e  s e a t  on t h e  l e f t  s i d e ,  e scaped  t h r o u g h  t h e  r i g h t  r e a r  g a l l e y  

door .  T h i s  door  was opened w i t h  d i f f i c u l t y  because  of  w a s t e  paper  

and g a l l e y  equipment on  t h e  f l o o r .  The l e f t  r e a r  door  was t w i s t e d  

and c o u l d  n o t  b e  moved. 

1 . 1 6  T e s t s  and Research 

1 . 1 6 . 1  Compulsory A i r c r a f t  P o s i t i o n  R e p o r t i n g  - R e l a t e d  R e g u l a t i o n s  

A s t u d y  was made of r e l a t e d  Canadian r e g u l a t i o n s  and o f  

o t h e r  documents i s s u e d  t o  p i l o t s  c o n c e r n i n g  p o s i t i o n  r e p o r t i n g ,  t o  

d e t e r m i n e  t h e i r  a p p l i c a b i l i t y  t o  t h e  Cranbrook i n s t r u m e n t  approach  

p r o c e d u r e s .  The documents examined were t h e  A i r  R e g u l a t i o n s ,  The 

Designated A i r s p a c e  Handbook, A i r  N a v i g a t i o n  Order ,  S e r i e s  V ,  No. 2 ,  

Radio  Nav iga t ion  C h a r t s  - ICAO F l i g h t  I n f o r m a t i o n  P u b l i c a t i o n s  

ENROUTE LOW ALTITUDE and  ENROUTE H I G H  ALTITUDE, T r a n s p o r t  Canada 

A e r o n a u t i c a l  I n f o r m a t i o n  P u b l i c a t i o n  FLIGHT PLANNING AND PROCEDURES 

CANADA AND NORTH ATLANTIC, T r a n s p o r t  Canada NOTAM 1/77 .  

A l l  t h e  f o r e g o i n g  documents r e l a t e  t o  i n s t r u m e n t  f l i g h t  and 

r e p o r t i n g  p rocedures .  None o f  t h e  documents o b l i g e d  a  p i l o t  t o  

r e p o r t  on  f i n a l  approach.  It was concluded a n  i n t e n t  o f  FLIGHT 

PLANNING AND PROCEDURES CANADA A N D  NORTH ATLANTIC was t h a t  a  p i l o t  

shou ld  r e p o r t  by a  f i x  o n  f i n a l  approach ,  b u t  b e c a u s e  t h a t  

p u b l i c a t i o n  d i d  n o t  have a p p r o p r i a t e  s t a t u s  i n  r e l a t i o n  t o  t h e  A i r  

R e g u l a t i o n s  t h e r e  was no o b l i g a t i o n  t o  do s o ,  i n  a  l e g a l  s e n s e .  

1 .16.2  F l i g h t  T e s t s  and  E n g i n e e r i n g  S i m u l a t o r  S t u d i e s  

The Boeing A i r p l a n e  Co. conducted f l i g h t  t e s t s  t o  ( s t u d y  

t h r u s t  r e v e r s e r  e x t e n s i o n  and a i r c r a f t  c o n t r o l l a b i l i t y )  d u r i n g  a  

d u p l i c a t e d  a c c i d e n t  sequence.  The f l i g h t  t e s t s  invo lved  a  Boeing 

737 m o d i f i e d  t o  e n a b l e  t h e  crew t o  move t h e  t h r u s t  r e v e r s e r s  on one 

s i d e  t o  any d e s i r e d  p o s i t i o n  and t h e n  t o  f r e e  them by r e l i e v i n g  t h e  

a c t u a t o r  h y d r a u l i c  p r e s s u r e .  I t  was found t h a t  t h e  a i r  l o a d s  on t h e  



r e v e r s e r s  were i n s u f f i c i e n t  t o  d e p l o y  them f u r t h e r  i f  t h e y  were 

f r e e d  w i t h  t h e  l e a d i n g  edges  1 i n c h  o u t  from t h e  c l o s e d  p o s i t i o n .  

I f  t h e  i n i t i a l  d e f l e c t i o n  was i n c r e a s e d  t o  2  i n c h e s ,  t h e y  

i n v a r i a b l y  deployed f u l l y  under  t h e  a i r  l o a d s .  A t  i n t e r m e d i a t e  

s e t t i n g s ,  deployments o n l y  o c c a s i o n a l l y  occur red .  Due t o  

r e s t r i c t i o n s  i n  t h e  h y d r a u l i c  l i n e s ,  t h e  deployment t ime was 7  t o  8 

seconds .  The a s s o c i a t e d  t h r u s t  l e v e r  was moved t o  t h e  f l i g h t  i d l e  

p o s i t  i o n  o v e r  2.5 seconds ,  beg inn ing  t o  r e t a r d  when t h e  r e v e r s e r s  

were open 7  i n c h e s  and r e a c h i n g  t h e  f l i g h t  i d l e  p o s i t i o n  when t h e y  

were open 23 inches .  BY t h e  t ime  t h a t  t h e  r e v e r s e r s  had r e a c h e d  

t h e i r  f u l l y  open d e f l e c t i o n  o f  56 i n c h e s ,  t h e  low speed compressor  

had spoo led  down t o  46% RPM. The f l i g h t  t e s t s  a l s o  showed t h a t  t h e  

a i r c r a f t  was c o n t r o l l a b l e  w i t h  o n e  e n g i n e  i n  i d l e  r e v e r s e  and t h e  

o t h e r  a t  o r  n e a r  f u l l  forward t h r u s t ,  w i t h  t h e  g e a r  up and f l a p s  

a t  15'. The Boeing s t u d i e s  de te rmined  t h a t  w i t h  f l a p  25, g e a r  

down and o n e  r e v e r s e r  dep loyed ,  t h e  s i n k  r a t e  i s  50 f e e t  p e r  minu te  

a t  1 2 6  KEAS. The r a t e  of s i n k  c a n  b e  overcome by .1 ~ t / s e c  

d e c e l e r a t i o n  a t  a  c o n s t a n t  a l t i t u d e .  With f l a p  40  t h e r e  i s  

i n s u f f i c i e n t  t h r u s t  t o  m a i n t a i n  l e v e l  f l i g h t  a t  a  c o n s t a n t  a i r  speed 

i n  any c o n f i g u r a t i o n  examined, however, a t  1 2 6  KEAS g e a r  down w i t h  

one t h r u s t  r e v e r s e r  deployed,  i t  i s  p o s s i b l e  t o  overcome t h e  r a t e  of 

s i n k  by d e c e l e r a t i n g  a t  .85 ~t / sec .  The f l i g h t  t e s t  i n f o r m a t i o n  was 

s t u d i e d  and a m p l i f i e d  i n  a  Boeing 737 e n g i n e e r i n g  s i m u l a t o r .  

1.16.2.1 P a c i f i c  Western A i r l i n e s  performed a  number of d e m o n s t r a t i o n s  

i n  a  Boeing 737 a i r c r a f t  s u i t a b l y  c o n f i g u r e d  t o  s i m u l a t e  c o n d i t i o n s  

e x i s t i n g  o n  t h e  a c c i d e n t  f l i g h t .  These d e m o n s t r a t i o n s ,  which were  

observed by a v i a t i o n  s a f e t y  i n v e s t i g a t o r s ,  involved both  h i g h  speed 

t a x i  r u n s  and demons t ra t ion  f l i g h t s .  The ground r u n s  showed t h a t  

p a r t i a l l y  opened t h r u s t  r e v e r s e r s  deployed a t  v a r i o u s  s p e e d s  d u r i n g  

t a x i  t e s t s  w i t h  manually c o n t r o l l e d  a i r l g r o u n d  l o g i c .  The r a t e  of 

deployment v a r i e d  w i t h  t h e  amount of t h e  i n i t i a l  open c o n d i t i o n  of t h e  

r e v e r s e r  d o o r s  and a l s o  v a r i e d  w i t h  speed.  I n  a l l  c a s e s  p a r t i a l l y  

opened d o o r s  deployed f u l l y  b e f o r e  1 3 0  K t s .  

The f l i g h t  demons t ra t ions  were  conducted t o  s i m u l a t e  t h e  

a c c i d e n t  f l i g h t  c o n d i t i o n s ,  b u t  w i t h o u t  dep loy ing  t h e  l e f t  t h r u s t  

r e v e r s e r ,  No c o r r e c t i o n  was a p p l i e d  f o r  d e n s i t y  a l t i t u d e  d i f f e r e n c e .  



The a i r c r a f t  was flown a t  1 2 5  k n o t s  w i t h  g e a r  down, f l a p s  a t  20°, 

t h e  l e f t  eng ine  a t  f l i g h t  i d l e ,  and t h e  r i g h t  eng ine  a t  

approximately  f u l l  power. Right  r udde r  was h e l d  t o  keep t h e  

a i r c r a f t  s t r a i g h t .  Height  was main ta ined  b u t  t h e  a i r s p e e d  was 

g r a d u a l l y  decreas ing .  A t  a  g iven  moment t h e  p i l o t  al lowed t h e  

rudder  t o  go back t o  n e u t r a l ,  The a i r c r a f t  immediately yawed t o  t h e  

l e f t  and s t a r t e d  a l e f t  r o l l ,  The p i l o t  then  a p p l i e d  p a r t i a l  

l e f t  rudder  whereupon t h e  nose  yawed s h a r p l y  t o  t h e  l e f t ,  t h e  

l e f t  r o l l  i n c r e a s e d  v i o l e n t l y  t o  about  60' and t h e  nose  went down 

g i v i n g  a h i g h  r a t e  of d e s c e n t  and a head ing  change t o  t h e  l e f t ,  

Th is  e x e r c i s e  was r epea t ed  w i t h  t h e  same r e s u l t s .  Synchronized 

movie cameras and a f l i g h t  d a t a  r e c o r d e r  were ope ra t ed  throughout  

t h e  demonstra t ion.  

The f l i g h t s  i l l u s t r a t e d  t h a t  any l e f t  r udde r  a p p l i c a t i o n  
0 

a t  low speeds  w i t h  l e f t  eng ine  a t  i d l e ,  g e a r  down, and f l a p s  a t  20 , 
produced a n  immediate yaw t o  t h e  l e f t ,  accompanied by a v i o l e n t  r o l l  t o  

t h e  l e f t  and a marked nose  down a t t i t u d e .  

P i l o t  Survey 

P i l o t s  from PWA and from o t h e r  o r g a n i z a t i o n s  were 

in te rv iewed  t o  a s c e r t a i n  what communications p rocedures  were used  

f o r  l and ing  a t  uncon t ro l l ed  a i r p o r t s  such  a s  Cranbrook. Cockpi t  

procedures  were observed d u r i n g  a number of f l i g h t s  i n  t h e  a r e a  and 

communications procedures  were  moni tored,  Aeradio t a p e s  cove r ing  

f l i g h t s  i n t o  Cranbrook du r ing  t h e  t h r e e  days  p r i o r  t o  t h e  a c c i d e n t  

were s t u d i e d  t o  de te rmine  accep ted  p r a c t i c e s .  

1 . 1 6 , 4  The consensus  among p i l o t s  in te rv iewed  was t h a t  once an  ATC 

c l e a r a n c e  f o r  t h e  approach had been g iven ,  t h e r e  was no o b l i g a t i o n  

t o  pa s s  a f u r t h e r  p o s i t i o n  r e p o r t  (px) u n l e s s  r eques t ed  t o  do so. 

These p i l o t s  were  unanimous: i t  would b e  good a i rmansh ip  t o  px on 

every  approach r e g a r d l e s s  of t h e  " l ega l "  requ i rements ;  a l l  PWA 

p i l o t s  observed made p o s i t i o n  r e p o r t s  "inbound". The Cranbrook 

Aeradio t a p e s  s t u d i e d  confirmed t h a t  e ach  PWA crew px'd t o  Cranbrook 

when inbound du r ing  t h e  t h r e e  days  p r i o r  t o  t h e  acc iden t .  



1.16.5 Video S i m u l a t i o n  

A v i d e o  camera was u s e d  t o  " d u p l i c a t e "  t h e  f i n a l  approach  

and a c c i d e n t  sequence and t o  examine t h e  o p e r a t i o n  of t h e  e n g i n e  

t h r u s t  r e v e r s e r  mechanism. These f l i g h t  and ground mock-up s t u d i e s  

a i d e d  i n  t h e  r e c o n s t r u c t i o n  o f  t h e  e v e n t s  of  t h e  f l i g h t ,  p rov ided  

t i m i n g  o f  t h e  t h r u s t  r e v e r s e r  o p e r a t i o n ,  and conf i rmed t h a t  i t  was 

p o s s i b l e  t o  o b t a i n  forward t h r u s t  w i t h  t h e  r e v e r s e r  d o o r s  i n  o t h e r  

t h a n  t h e  f u l l y  stowed and locked  p o s i t i o n  ( s e e  a l s o  S e c t i o n  1 . 1 7 ) .  

1 .16.6  Search f o r  ~ r e G i o u s  I n c i d e n t s  

An a t t e m p t  was made t o  o b t a i n  i n f o r m a t i o n  on p r e v i o u s  

i n c i d e n t s  i n v o l v i n g  go-arounds d u e  t o  o b s t r u c t i o n s  on runways,  and 

of  any p r e v i o u s  i n c i d e n t s  of  a n  unplanned go-around a f t e r  t h r u s t  

r e v e r s e r  deployment. The means employed were  s e a r c h e s  of computer 

d a t a ,  l i t e r a t u r e ,  e n q u i r i e s  i n  t h e  a v i a t i o n  i n d u s t r y  and i n  o t h e r  

e l ements  of  t h e  c i v i l  a e r o n a u t i c s  sys tem.  

Although t h e r e  appeared  t o  b e  many i n c i d e n t s  of go-arounds 

due  t o  o b s t r u c t i o n s  on  runways,  o r  t o  r e l a t e d  communications 

problems a t  u n c o n t r o l l e d  a i r p o r t s ,  o n l y  f i v e  had been f o r m a l l y  

i n v e s t i g a t e d  and documented. It was a p p a r e n t  t h a t  t h e r e  was no 

e f f e c t i v e  sys tem f o r  r e p o r t i n g ,  i n v e s t i g a t i n g  and documenting 

such  i n c i d e n t s ,  and c o l l a t i n g  t h e  r e s u l t i n g  i n f o r m a t i o n  i n  a  

s u i t a b l e  l o c a t i o n .  

One a c c i d e n t  r e p o r t  i n v o l v i n g  a n  unplanned a t t e m p t  t o  

go-around a f t e r  t h r u s t  r e v e r s e r  deployment was s t u d i e d .  T h i s  was a  

Boeing 727 a t  Ketchikan,  Alaska A p r i l  5 ,  1976 (NTSB Repor t  #AAR 

76-20). The 727 h a s  a  r e v e r s e r  mechanism s i m i l a r  t o  t h a t  of  t h e  

7  37, a l t h o u g h  pneumat ica l ly  o p e r a t e d .  Of p a r t i c u l a r  i n t e r e s t  was 

t h e  comment o f  t h e  NTSB i n  t h a t  r e p o r t  "The i n t e n t  o f  t h e s e  
1 regula t ions  i s  t o  cause t h e  designer t o  develop an i n t e r l o c k  system 

I Referr-ing t o  t h e  standards under which t h e  a i r c r a f t  was 

constructed.  



/.h,i/ IJ.; L I  ~ l rcvcn  t. Llzc app l i ca t ion  o f  fon~crrd thrz4ot ~ ) i t h  the  power 

I././J, r:: if t,hr~ rcl~cnra~:in!g system i:: n o t  comple te ly  r:towed and locked, 

f tn f f ,  I ! ( I ) I I ~ I ' Y ~ : : E ~ ~ ,  [~r('V(!nt Lhc a [ ) [ , l i c ~ t i o n  of reVer1zc Lkm3t w i th  t h e  

I I O I I I ' ' ~ '  1cvcr i f  Lhe reversing system i s  n o t  completely  deployed. 

T h c r ~  i s  no requirement t o  overr ide  t h e s e  f e a t u r e s  o r  t o  stow or  

dcploy the  reversing system and apply t h e  des i red  l e v e l  o f  t h r u s t  i n  

a  minimum time interval." There  were no o t h e r  documented r e p o r t s  of 

a c c i d e n t s  o r  i n c i d e n t s  concern ing  unplanned t h r u s t  r e v e r s e r  

deployment. 

There were two r e p o r t s  t o  i n v e s t i g a t o r s  from PWA p i l o t s  of 

s u c c e s s f u l  go-arounds a f t e r  r e v e r s e  t h r u s t  s e l e c t i o n .  These 

go-nrounds were made because  of  s l i p p e r y  runway c o n d i t i o n s ,  and had 

n o t  been r e p o r t e d  t o  t h e  Company. - 

1 .16 .7  Review o f  S t a n d a r d s  A p p l i c a b l e  t o  t h e  T h r u s t  Reverser  System 

The Canadian a i r w o r t h i n e s s  a u t h o r i t i e s  were  provided w i t h  

a p p r o p r i a t e  in format ion  a r i s i n g  from t h e  a c c i d e n t  i n v e s t i g a t i o n  and 

were r e q u e s t e d  t o  answer t h e  q u e s t i o n  " I n  what way does tire Boeing 

737 ti-rrzfst re2erser  system meet t h e  standards under which it was 

c e r t i f i ~ a t e d ? ~ ~  

The Canadian a i r w o r t h i n e s s  a u t h o r i t i e s :  

con.qidercd t k t  t h e  B737 t h r u s t  r e v e r s e r  system 

::crti.?ficri t h e  rcquiremcntz t h a t  formed t h e  b a s i s  

for Typc Certification; 

a l s o  considered that t h e  i n t e n t  o f  t h e  app l i cab le  

requirements would b e  met w i t h  a n  i n t e r l o c k  system 

such a s  described i n  t h e  documentation ( s e e  

Sec t ion  1. 17.1); 

pointed out  t h a t  if t he  8737 wsre submit ted 

for rrpprovtr l todn9, t he  t h r u s t  r e v e r s e r  system 

~ ~ ~ o u l d  huvc t o  meet r c v i s s d  U.S. stanciards. 



Review o f  ATC, A e r a d i o ,  a n d  A i r p o r t s  i n t e r f a c e  

Appendix "B" c o n t a i n s  e x c e r p t s  f r o m  t h e  o p e r a t i n g  manua l s  o f  

t h e  ATC, A e r a d i o  and  A i r p o r t s  o r g a n i z a t i o n s .  T h e s e  a r e  t h e  o n l y  

r e f e r e n c e s  i n  t h e s e  m a n u a l s  showing  t h e  i n  t e r r e l a  t i o n s h l p  be tween 

t h e  t h r e e  o r g a n i z a t i o n s  r e l a t e d  t o  p r o v i d i n g  a n  a d v i s o r y  s e r v i c e  a t  

C ranbrook  s u i t a b l e  f o r  p r e v e n t i n g  c o n f l i c t  be tween  l a n d i n g  a i r c r a f t  

and  a u t h o r i z e d  v e h i c l e s  o n  t h e  runway. 

The ATC manual  MANOPS ( p a r a  2356.6) p r o v i d e s  t h a i c  t h e  ATC 

c e n t r e  c o n c e r n e d  w i l l  n o t i f y  t h e  A e r a d i o  s t a t i o n  o f  ttlc e s t i m a t e d  

t i m e  o f  a r r i v a l  o f  a n  a i r c r a f t  a t  l e a s t  f i f t e e n  m i n u t e s  p r i o r  t o  t h e  

ETA. 

- 
The o n l y  e x p l a n a t i o n  o f  how t h e  ETA i s  c o n s t r u c t e d  i s  g i v e n  

i n  p a r a  392 .1  " e s t i m a t e d  t i m e  o f  a r r i v a l  o v e r  t h e  a p p r o a c h  a i d  t o  b e  

used".  
e. 

The Telecommunica t ions  Ma in t enance  a n d  O p e r a t i o n s  Manual u s e d  

by A e r a d i o  a v o i d s  t h e  u s e  o f  t h e  term " ~ o n t r o l "  b u t  o b l i g a t e s  t h e  

A e r a d i o  o p e r a t o r  ( p a r a  8.6.2) t o  a d v i s e  v e h i c l e s  b y  r a d i o  o r  

a l t e r n a t e  means t o  l e a v e  a runway 5 m i n u t e s  p r i o r  t o  a n  

e s t i m a t e d  a i r c r a f t  a r r i v a l .  

The A i r p o r t s  manual  "Recommended V e h i c l e  O p e r a t  i n &  

P r o c e d u r e s  a t  A i r p o r t s "  i n s t r u c t s  v e h i c l e  o p e r a t o r s  t o  i n o n i t o r  t h e  

a p p r o p r i a t e  r a d i o  f r e q u e n c y  a n d  t o  r e s p o n d  t o  communica t ions  from 

A e r a d i o  a s  though t h e y  w e r e  f rom a c o n t r o l  t ower .  

I n t e r v i e w s  w i t h  a i r  t r a f f i c  c o n t r o l l e r s  r e v e a l e d  a 

c o n s i d e r a b l e  d i f  f e r e n c e  i n  m e t h o d s  o f  d e v e l o p i n g  t h e  ETA r a n g i n g  

from a  r e l a t i v e l y  s i m p l e  o n e  c o n f o r m i n g  t o  t h e  MANOPS " o v e r  t h e  

a p p r o a c h  a i d  t o  b e  usedt1 t o  a more  c o m p l i c a t e d  f o r m u l a  i n v o l v i n g  

a l l o w a n c e s  f o r  d e s t i n a t i o n  w e a t h e r  a n d  p r o b a b l e  a p p r o a c h  p r o c e d u r e s  

t o  b e  u s e d .  C o n t r o l l e r s  emphas ized  t h e  a s t i m n t e s  w e r e  f o r  A T C  

p u r p o s e s  o n l y .  



From Company r e c o r d s ,  t h e  a v e r a g e  f l i g h t  t ime  f o r  F l i g h t  314 

from o f f  Ca lgary  t o  on a t  Cranbrook, over  a  1 4  month p e r i o d  was 

25 m i n u t e s ,  w i t h  v e r y  l i t t l e  v a r i a n c e .  

ATC r e c o r d s  showed t h a t  o v e r  29 s i m i l a r  f l i g h t s  f rom Calgary  

t o  Cranbrook t h e  a v e r a g e  e r r o r  i n  ETA'S was 5  minu tes ,  w i t h  

p a r t i c u l a r  e r r o r s  a s  much a s  13 minu tes .  

It was concluded t h a t  t h e  ETA'S were  produced by ATC f o r  one 

purpose  and  were  used by Aeradio  and A i r p o r t s  f o r  a n o t h e r  purpose .  

There was no s t a n d a r d  method of c a l c u l a t i n g  t h e  ETA'S, t h i s  r e n d e r i n g  

them u n s u i t a b l e  f o r  e i t h e r  u s e ,  The i n t e r f a c e  between t h e  t h r e e  

a g e n c i e s ,  a s  expressed  i n  t h e i r  p u b l i s h e d  manuals o f  o p e r a t i o n  was 

u n s a t i s f a c t o r y  f o r  t h e  purpose  o f  a v o i d i n g  c o n f l i c t  between l a n d i n g  

a i r c r a f t  and a u t h o r i z e d  v e h i c l e s  on t h e  runway. 

1.17. A d d i t i o n a l  In format ion  

1.17.1 Thrus t  Reverse r  System - B737 A i r c r a f t  

The t h r u s t  r e v e r s e r  sys tem p r o v i d e s  means of d e c e l e r a t i n g  

t h e  a i r c r a f t  d u r i n g  t h e  l a n d i n g  r o l l .  The system comprises  ( a )  two 

t h r u s t  r e v e r s e r  a s s e m b l i e s ,  ( b )  a  t h r u s t  r e v e r s e r  c o n t r o l  sys tem,  

and ( c )  a  t h r u s t  r e v e r s e r  p o s i t i o n  i n d i c a t i n g  system. The t h r u s t  

r e v e r s e r  assembly c o n s i s t s  o f  two h y d r a u l i c a l l y  o p e r a t e d  d e f l e c t o r  

d o o r s  mounted on  t h e  e n g i n e  exhaus t .  During r e v e r s e  t h r u s t  o p e r a t i o n  

t h e s e  d o o r s  r e v e r s e  t h e  d i r e c t i o n  o f  e n g i n e  exhaus t  g a s  f low.  The 

c o n t r o l  sys tem c o n s i s t s  of a  r e v e r s e  t h r u s t  l e v e r  mounted "piggy 

back" on t h e  forward t h r u s t  l e v e r ,  and e n g i n e  drum and s h a f t  c o n t r o l  

assembly on t h e  wing f r o n t  s p a r  above t h e  e n g i n e ,  h y d r a u l i c  plumbing 

and a  push-pul l  follow-up c a b l e  between t h e  c o n t r o l  assembly and t h e  

d e f l e c t o r  door  c a r r i a g e .  



A pawl lock-out mechanism p r e v e n t s  s imul taneous  a c t i o n  of 

t h e  forward and r e v e r s e  t h r u s t  l e v e r s .  The forward t h r u s t  l e v e r  

must b e  a t  i d l e  i n  o r d e r  t o  s e l e c t  r e v e r s e  power. Converse ly ,  

t h e  r e v e r s e  t h r u s t  l e v e r  must b e  i n  t h e  stowed ( f u l l  forward)  

p o s i t i o n  i n  o r d e r  t o  advance t h e  fo rward  t h r u s t  l e v e r .  I n i t i a l  

movement o f  t h e  r e v e r s e  t h r u s t  l e v e r  s e l e c t s  t h e  d i r e c t i o n a l  c o n t r o l  

v a l v e  p o r t i n g  h y d r a u l i c  f l u i d  p r e s s u r e  t o  dep loy  t h e  doors .  T h r u s t  

drum r o t a t i o n  i s  o p p o s i t e  t o  fo rward  t h r u s t  motion.  F u r t h e r  a f t  

movement o f  t h e  R / T  l e v e r  ( i f  p e r m i t t e d  by t h e  lock-out cam and 

follow-up system) i n c r e a s e s  r e v e r s e  t h r u s t  power. To c a n c e l  r e v e r s e  

t h e  r e v e r s e  t h r u s t  l e v e r  i s  moved fo rward ,  r educ ing  e n g i n e  power t o  

i d l e .  The l a s t  movement of t h e  l e v e r  s e l e c t s  t h e  d i r e c t i o n a l  

c o n t r o l  v a l v e  t o  p o r t  h y d r a u l i c  f l u i d  p r e s s u r e  t o  s tow t h e  

d e f l e c t o r  doors .  

A follow-up mechanism, c o n s i s t i n g  o f  a  push-pul l  c a b l e  w i t h  

a  q u i c k  d i s c o n n e c t  and a f e e d b a c k  c o n t r o l  l e v e r ,  connec t s  t h e  

door g u i d e  c a r r i a g e  t o  a  cam lock-out  mechanism on  t h e  t h r u s t  drum. 

This  sys tem p r o v i d e s  two f u n c t i o n s  (1) i t  l i m i t s  e n g i n e  power 

a p p l i c a t i o n  by t h e  forward o r  r e v e r s e  t h r u s t  l e v e r s  u n t i l  t h e  t h r u s t  

r e v e r s e r  d e f l e c t o r  d o o r s  have a lmos t  r eached  t h e i r  s e l e c t e d  p o s i t i o n s ;  

(2 )  i f  a  t h r u s t  r e v e r s e r  door  moves t o  a  p o s i t i o n  i n c o n s i s t e n t  w i t h  

t h e  l e v e r  s e l e c t i o n  t h e  push-pul l  c o n t r o l  d r i v e s  t h e  follow-up cam 

a t  t h e  c o n t r o l  s h a f t ,  f o r c i n g  t h e  t h r o t t l e  t o  a  reduced t h r u s t  

p o s i t i o n .  Because t h e  follow-up lock-out  sys tem i s  a  cam f u n c t i o n  

power l e v e r  movement t o  d e f l e c t o r  door  p o s i t i o n  i s  p r o g r e s s i v e .  

T e s t s  on  a  s i m i l a r  B-737 showed t h a t  power l e v e r  movement p r o g r e s s i v e l y  

f o l l o w s  t h e  doors .  The d o o r s  do n o t  have t o  b e  i n  t h e  f u l l y  

stowed o r  f u l l y  deployed p o s i t i o n  i n  o r d e r  t o  a p p l y  maximum eng ine  

power, 

The b a s i c  B- 737 a i r p l a n e  d e s i g n  r e q u i r e d  t h a t  a l l  l a n d i n g  

g e a r  b e  on  t h e  ground p r i o r  t o  deployment o f  t h e  t h r u s t  r e v e r s e r s ,  

however, t h i s  a i r p l a n e  had i n c o r p o r a t e d  Boeing S/B 737-78-1023, a  

m o d i f i c a t i o n  which removed t h e  n o s e  g e a r  s q u a t  s w i t c h  from t h e  T/R 



l o g i c  sys tem,  and  p e r m i t s  e a r l i e r  t h r u s t  r e v e r s e .  The s q u a t  s w i t c h  

c o n t r o l s  t h e  i s o l a t i o n  v a l v e s  (one f o r  e a c h  r e v e r s e r )  which a r e  

l o c a t e d  on  t h e  forward bulkhead o f  t h e  a i r  c o n d i t i o n i n g  bay. Power, 

28 VDC from t h e  #1 DC Buss,  e n e r g i z e s  t h e  i s o l a t i o n  v a l v e  on ly  when 

a l l  o f  t h e  f o l l o w i n g  occur :  (1) t h e  a p p r o p r i a t e  e n g i n e  f i r e  s w i t c h  

i s  c l o s e d ;  ( 2 )  t h e  e n g i n e  runn ing  s w i t c h  i s  c l o s e d  ( o i l  p r e s s u r e  

above 35 p s i ) ;  ( 3 )  t h e  a i r -g round  s q u a t  s w i t c h  i s  c l o s e d  (weight  on 

t h e  main g e a r ) .  I f  any o n e  o f  t h e s e  s w i t c h e s  i s  open,  t h e  a f f e c t e d  

i s o l a t i o n  v a l v e  o r  v a l v e s  a r e  de-energized ( s p r i n g  l o a d e d )  

d e p r e s s u r i z i n g  t h e  t h r u s t  r e v e r s e r  system. When t h e  a i r -g round  

s q u a t  s w i t c h  opens  b o t h  r e v e r s e r s  become i n o p e r a b l e ,  remaining a t  

t h e i r  l a s t  ach ieved  p o s i t i o n  u n l e s s  caused t o  dep loy  by aerodynamic 

l o a d s .  The o n l y  way t o  s u b v e r t  t r a p p e d  t h r u s t  r e v e r s e r  d o o r s  from 

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

s w i t c h  t o  "overr ide" .  These s w i t c h e s ,  l o c a t e d  on  t h e  a f t  overhead 

p a n e l ,  a r e  guarded and w i t n e s s  wi red  i n  t h e  "normal" p o s i t i o n .  A s  

t h e s e  s w i t c h e s  a r e  provided f o r  maintenance purposes  o n l y ,  t h e i r  u s e  

i n  t h e  a i r  would b e  a n  "emergency procedure".  

1.17.2 Wi tnesses  

Witness  in format ion  i s  i n c o r p o r a t e d  i n  t h i s  r e p o r t .  

Pe rsons  in te rv iewed  i n c l u d e d  e y e w i t n e s s e s ,  s u r v i v o r s ,  

o p e r a t i n g  and s u p e r v i s o r y  p e r s o n n e l  o f  t h e  v a r i o u s  a g e n c i e s ,  

f l i g h t  crews,  and i n d i v i d u a l  p i l o t s .  

I n  a d d i t i o n  t o  t h e  above,  crews o f  o t h e r  a i r c r a f t  o p e r a t i n g  

i n  t h e  a r e a  d u r i n g  t h e  p e r i o d  of t h e  a c c i d e n t  f l i g h t  were 

in te rv iewed .  P i l o t s  o n  two d i f f e r e n t  a i r c r a f t  r e p o r t e d  h e a r i n g  

t h e  C a p t a i n  o f  t h e  a c c i d e n t  f l i g h t  convers ing  w i t h  a n o t h e r  f l i g h t  

o n  company f requency.  The t i m e  o f  t h i s  c o n v e r s a t i o n  was 

e s t a b l i s h e d  a s  be ing  abou t  19488, t h e  t i m e  t h e  i n f o r m a t i o n  

r e s p e c t i n g  t h e  runway c o n d i t i o n  was t r a n s m i t t e d  by Cranbrook 

Aeradio  . 
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2.0 ANALYSIS 

2.1  Resume o f  Events  

The ETA g e n e r a t e d  by Calgary ATC proved t o  b e  t e n  minu tes  

l a t e r  t h a n  t h e  a c t u a l  a r r i v a l  t i m e  o f  t h e  a i r c r a f t .  A chance t o  

upda te  t h i s  ETA was l o s t  when t h e  F l i g h t  d i d  n o t  r e p o r t  by t h e  

Skookum beacon. 

A v e h i c l e  o n  t h e  runway, i n  a d d i t i o n  t o  be ing  p a r t i a l l y  

obscured by reduced v i s i b i l i t y  i n  f a l l i n g  snow was f u r t h e r  h idden 

by snow thrown up by i t s  r o t a t i n g  b rush .  

The d e c i s i o n  t o  g o  around a f t e r  touchdown r e q u i r e d  f a s t  

a c t i o n  i n  t h e  c o c k p i t  - c a n c e l l i n g  t h e  r e v e r s e  s e l e c t i o n ,  advancing 

t h e  power l e v e r s ,  moving t h e  f l a p  s e l e c t o r  l e v e r  from t h e  f u l l  

l a n d i n g  f l a p  p o s i t i o n  t o  t h e  15' p o s i t i o n ,  and r a i s i n g  t h e  l a n d i n g  

g e a r  a f t e r  l i f t - o f f .  Evidence e s t a b l i s h e d  t h a t  t h e  f l a p  r e s e l e c t i o n  

was de layed  u n t i l  a b o u t  seven seconds  b e f o r e  impact ;  t h e  l a n d i n g  

g e a r  was n o t  r a i s e d .  

A f t e r  p a s s i n g  o v e r  t h e  snow sweeper t h e  a i r c r a f t  f l e w  l e v e l  

f o r  a  few seconds ;  t h e  l e f t  t h r u s t  r e v e r s e r  s lowly  deployed. The 

a i r c r a f t  was f lown s t r a i g h t  down t h e  runway f o r  a few seconds ,  

i n d i c a t i n g  t h a t  r i g h t  r u d d e r  had been a p p l i e d  t o  c o r r e c t  t h e  

assymetry  ( n o t  shown o n  damaged FDR r e c o r d ) ,  t h e n ,  e i t h e r  t h e  
s P 

c o r r e c t i v e  r i g h t  rudder  p r e s s u r e  was removed, o r  momentary l e f t  

r u d d e r  w a s  a p p l i e d .  The a i r c r a f t  yawed and r o l l e d  t o  t h e  l e f t  

c l imbing  s l i g h t l y  and  t h e n  d ived  i n t o  t h e  ground. 

F i r e  s t a r t e d  q u i c k l y  i n  t h e  c e n t r a l  p a r t  of t h e  wreckage and 

e v e n t u a l l y  spread t o  t h e  t a i l  s e c t i o n .  F i r e  f i g h t i n g  and r e s c u e  

v e h i c l e s  were  u n a b l e  t o  g e t  c l o s e  t o  t h e  a i r c r a f t  f o r  a c o n s i d e r a b l e  

t i m e  due t o  deep snow. Rescuers  reached  t h e  wreckage on f o o t .  

There  were s u r v i v o r s  b u t  some p a s s e n g e r s  who surv ived  t h e  impact 

d i e d  later  from e f f e c t s  o f  t h e  f i r e .  



Communications 

Upon t a k e o f f  of F l i g h t  314 from Calgary two ETA'S were  s e n t  

t o  Cranbrook - each  had i t s  p a r t i c u l a r  purpose.  

Calgary ATC s e n t  a n  ETA "2005" which was acknowledged by t h e  

Cranbrook Aeradio  o p e r a t o r  o n  d u t y ;  viewed a s  a n  e lement  t o  c o n t r o l  

v e h i c u l a r  t r a f f i c  on t h e  runway, t h i s  e s t i m a t e  was i n  e r r o r  by t e n  

m i n u t e s ,  s i n c e  t h e  a i r c r a f t  touched down a t  1955. However, from t h e  

p o i n t  o f  v iew o f  ATC, t h e  e s t i m a t e  w a s  f o r  a i r  t r a f f i c  c o n t r o l  

purposes  o n l y .  The ATC procedures  manual MANOPS makes no r e f e r e n c e  

t o  any o t h e r  purpose  f o r  t h e  ETA o t h e r  t h a n  f o r  t r a f f i c  s e p a r a t i o n .  

The same manual ( s e c .  392.1) r e f e r s  t o  t h e  ETA a s  "es t imated  t i m e  of  

a r r i v a l  o v e r  t h e  approach a i d  t o  b e  used". I n  t h i s  s e n s e  t h e  ETA 

g e n e r a t e d  by Calgary ATC was even f u r t h e r  i n  e r r o r .  

The a i r l i n e  a g e n t  i n  Ca lgary  a l s o  s e n t  a n  ETA t o  Cranbrook - 

t o  t h e  company a g e n t  t h e r e .  T h i s  e s t i m a t e  proved t o  be a c c u r a t e .  

The purpose  w a s  t o  a l e r t  t h e  a g e n t  i n  Cranbrook f o r  f a c i l i t a t i o n  of 

passenger  hand l ing .  The company ETA had n o  b e a r i n g  on t h e  sys tem 

f o r  c o n t r o l l i n g  ground v e h i c l e s  on t h e  runway. 

The change-over t o  Cranbrook Aerad io  f requency  was done w e l l  

back i n  t h e  f l i g h t ,  g i v i n g  a d e q u a t e  t i m e  f o r  t h e  t r a n s m i s s i o n  of 

n e c e s s a r y  l a n d i n g  i n £  ormat ion.  The message from Aeradio  t o  t h e  

F l i g h t  a t  1947:18 gave m u l t i p l e  i n t e l l i g e n c e :  t h e r e  was n o t  much 

change i n  t h e  weather ;  t h e  v i s i b i l i t y  w a s  abou t  314 m i l e  i n  snow; 

t h e r e  w a s  a sweeper on  t h e  runway; snow removal was i n  p r o g r e s s ;  a n  

upda te  on t h e  runway c o n d i t i o n  would b e  g i v e n .  

The r e s p o n s e  f rom t h e  F i r s t  O f f i c e r  was s imply " t h r e e  

f o u r t e e n  checks". T h i s  p r o v i d e s  no a s s u r a n c e  t h a t  h e  had r e c e i v e d  

t h e  e n t i r e  message ( a l t h o u g h  t h e  t r a n s m i s s i o n  from Cranbrook w a s  

loud and  c l e a r  on  t h e  Aeradio  t a p e  r e c o r d i n g ) .  



There  were no o t h e r  c a l l s  e i t h e r  t o  o r  from t h e  a i r c r a f t  

d u r i n g  t h e  approach.  T h i s  i n d i c a t e s  t h a t  t h e  Cranbrook Aerad io  

o p e r a t o r  was depending o n  t h e  ETA of 2005 and s a w  no urgency t o  g i v e  

a n  u p d a t e  on t h e  runway c o n d i t i o n ,  and t h a t  h e  was e x p e c t i n g  a  c a l l  

from t h e  a i r c r a f t  by t h e  Skookum beacon. It would seem l o g i c a l  f o r  

a  p i l o t  t o  r e q u e s t  a n  u p d a t e  o n  t h e  runway s t a t e ,  t o  d e t e r m i n e  

whether t h e  equipment w a s  c l e a r  o f  t h e  runway, and f i n a l l y ,  t o  

r e p o r t  by t h e  Skookum beacon a s  w a s  t h e  common p r a c t i c e  - whether  

t h i s  r e p o r t  was mandatory o r  n o t .  T h i s  would b e  p a r t i c u l a r l y  

impor tan t  a t  a n  u n c o n t r o l l e d  a i r p o r t  w i t h  o n l y  a n  "Advisory" 

s e r v i c e .  

During a n  i n s t r u m e n t  approach  i t  i s  u s u a l  f o r  t h e  Cap ta in  t o  

moni tor  a l l  f l i g h t  deck  a c t i v i t i e s  i n c l u d i n g  r a d i o  communications 

made by t h e  F i r s t  O f f i c e r .  Evidence i n d i c a t e s  t h a t  one  VHF 

t r a n s c e i v e r  was on a  Company f requency  d u r i n g  t h e  t ime  t h e  Cranbrook 

l a n d i n g  i n f o r m a t i o n  was t r a n s m i t t e d .  The o t h e r  t r a n s c e i v e r  was on 

a n  Aeradio  f requency  and t h e  F i r s t  ~ f f i c e r ' s  v o i c e  was i d e n t i f i e d  on 

t h e  Aeradio  t a p e .  I t  i s  p o s s i b l e  t o  moni to r  b o t h  VHF t r a n s c e i v e r s  

s i m u l t a n e o u s l y ,  b u t  i t  a p p e a r s  t h a t  t h e  C a p t a i n  was n o t  aware o f  t h e  

snow sweeper adv i sory .  The C a p t a i n  had been communicating on 

Company f requency and t h e  F i r s t  O f f i c e r  might n o t  have passed t h e  

runway in format ion  t o  him; t h e  F i r s t  O f f i c e r  might n o t  have 

a s s i m i l a t e d  a l l  t h e  a d v i s o r y  i n f o r m a t i o n .  A t r a n s c e i v e r  m a l f u n c t i o n  

seems u n l i k e l y  s i n c e  t h e  equipment was o p e r a t i n g  b e f o r e  and a f t e r  

t h e  t i m e  i n  q u e s t i o n .  

The f a i l u r e  t o  r e p o r t  o n  f i n a l  approach and t h e  unnecessa ry  

t a l k  o n  company f requency  r e p r e s e n t  a n  u n a c c e p t a b l e  s t a n d a r d  of 

c o c k p i t  p r a c t i c e  and d i s c i p l i n e .  

2 .3  Cranbrook Vehic le  Cont ro l  P rocedures  

The o b l i g a t i o n  o f  t h e  A i r p o r t  Manager and h i s  s t a f f  t o  

m a i n t a i n  t h e  runway i n  s e r v i c e a b l e  c o n d i t i o n  f o r  a i r c r a f t  o p e r a t i o n s  

r e q u i r e d  t h a t  maintenance v e h i c l e s  have  a c c e s s  t o  t h e  runway as  long  



a s  p o s s i b l e  between f l i g h t  a r r i v a l s  o r  d e p a r t u r e s ,  p a r t i c u l a r l y  

d u r i n g  f a l l i n g  snow c o n d i t i o n s .  The method o f  c o n t r o l l i n g  t h o s e  

v e h i c l e s  by r a d i o  th rough  t h e  Aeradio  o p e r a t o r  was a s  d e s c r i b e d  i n  

t h e  p u b l i c a t i o n s  summarized i n  Appendix "B" - MANOPS, 

Telecommunications Maintenance and Opera t ions  S t a n d a r d s ,  and 

Recommended V e h i c l e  Opera t ing  Procedures  a t  A i r p o r t s .  A t  Cranbrook,  

a s  e l sewhere ,  t h i s  p r o c e d u r e  o b v i o u s l y  depended upon a c c u r a t e  ETA'S. 

The e s t i m a t e  produced a t  C a l g a r y  upon d e p a r t u r e  of  t h e  f l i g h t ,  be ing  

s u b j e c t  t o  a  number of e n r o u t e  v a r i a b l e s ,  cou ld  n o t  b e  a c c u r a t e  

enough f o r  v e h i c l e  c o n t r o l  purposes .  The sys tem t h e r e f  o r e  depended 

on a n  u p d a t e  on t h e  p r o g r e s s  o f  t h e  f l i g h t  which would have t o  come 

from t h e  p i l o t .  There  was n o  r a d a r  s u r v e i l l a n c e  i n  t h a t  a r e a  a t  

lower  a l t i t u d e s .  

2 . 4  Regu la to ry  Aspects  

The ATS MANOPS manual which s e t s  f o r t h  a i r  t r a f f i c  c o n t r o l  

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

a c t i v i t y  a p p e a r s  t o  b e  w e l l  s u p p o r t e d  by A i r  R e g u l a t i o n s  505,  600, -- 
and 601. There  i s  on ly  b r i e f  men t ion  o f  " ~ e r a d i o "  i n  t h i s  

p u b l i c a t i o n ,  and no ment ion o f  a n  "Advisory" f u n c t i o n  b e i n g  a s c r i b e d  

t o  Aeradio .  The p r o v i s i o n s  o f  MANOPS do n o t  c o n s t i t u t e  a  

s a t i s f a c t o r y  i n t e r f a c e  w i t h  Aerad io  f o r  t h e  purpose  o f  p r o v i d i n g  a n  

e f f e c t i v e  f l i g h t  i n f o r m a t i o n  se rv ice . '  The a d v i s o r y  f u n c t i o n  

assumed by Aerad io  i s  n o t  d e f i n e d  o r  ment ioned i n  t h e  

A i r  Regu la t ions .  The p r o v i s i o n s  of  t h e  Aeradio  manual 

" ~ e l e c o m m u n i c a t i o n s  Maintenance and Operat  i o n s  S tandards"  t h e r e f o r e  

do n o t  have a  f o r m a l  b a s i s .  Th i s  h a s  t h e  e f f e c t  of f u r t h e r  

weakening t h e  i n t e r f a c e  w i t h  A i r  T r a f f i c  Cont ro l .  

There  i s  no " l e g a l "  r e q u i r e m e n t  f o r  a  p i l o t  t o  make p o s i t i o n  

r e p o r t s  d u r i n g  a n  i n s t r u m e n t  approach  u n l e s s  r e q u e s t e d  by ATC. The 

l a c k  o f  e f f e c t i v e  r e g u l a t i o n  weakens t h e  a d v i s o r y  system. 

Annex 11 t o  the  ICAO Convention de f ines  Flight  Information Service as:  

"A service provided for the  purpose o f  giving advice and information 

for t he  safe and e f f i c i e n t  conduct o f  f l ights" .  



2.5 F l i g h t  Crek Act ions  

It i s  obv ious  t h a t  t h e  p i l o t s  were t aken  by s u r p r i s e  when 

t h e y  saw t h e  o b s t r u c t i o n  on t h e  runway, o t h e r w i s e  t h e y  would n e i t h e r  

have touched down nor s e l e c t e d  r e v e r s e  i f  a go-around had been 

f o r e s e e n ,  Sur face  v i s i b i l i t y  w a s  approx imate ly  314 m i l e ;  

v i s i b i l i t y  from t h e  c o c k p i t  t o  t h e  runway environment w a s  p robab ly  

b e t t e r  t h a n  t h a t .  It i s  most l i k e l y  t h a t ,  a s  r e p o r t e d  by t h e  

v e h i c l e  o p e r a t o r ,  t h e  snow sweeper w a s  obscured by t h e  snow thrown 

up by i t s  r o t a t i n g  b rush ,  a g a i n s t  t h e  g e n e r a l  snow background. 

The s e l e c t i o n  o f  r e v e r s e  w a s  confirmed by t h e  un lock ing  o f  

t h e  r e v e r s e r  doors ,  p o s s i b l e  o n l y  on t h e  ground, when t h e  s q u a t  

s w i t c h  is a c t i v a t e d .  The a i r c r a f t  was on t h e  runway f o r  o n l y  a b o u t  

2.5 seconds ,  i n d i c a t i n g  t h a t  t h e  p i l o t  e l e c t e d  t o  go around w h i l e  h e  

w a s  s t i l l  p h y s i c a l l y  going th rough  t h e  mot ion of l a n d i n g  and 

s e l e c t i n g  r e v e r s e .  

The d i f f e r e n t  stress r e a c t i o n  t i m e s  of t h e  p i l o t s  (20 

seconds  f o r  t h e  Cap ta in  v s  1 0  t o  11 seconds f o r  t h e  F i r s t  

O f f i c e r )  i n d i c a t e  t h a t  t h e  F i r s t  O f f i c e r  d i d  n o t  immediate ly  

a p p r e c i a t e  t h e  g r a v i t y  of t h e  s i t u a t i o n .  The gear  w a s  l e f t  down 

th roughout  t h e  go-around sequence and t h e  f l a p  s e l e c t i o n  t o  15' was 

de layed  u n t i l  abou t  7 seconds  p r i o r  t o  impact. The "gear  upt' would 

a w a i t  a command from t h e  Cap ta in ,  b u t  i n  most c i r c u m s t a n c e s  i n  t h e  

Company procedures  t h e  F i r s t  O f f i c e r  would b e  expected t o  r a i s e  t h e  

f l a p s  t o  15' wi thou t  a  command. 

I f  t h e  c o r r e c t i v e  r i g h t  rudder  w a s  r e l e a s e d  a n d / o r  l e f t  

rudder  w a s  a p p l i e d  abou t  6 seconds b e f o r e  impact as i n d i c a t e d  by t h e  

FDR, t h i s  would s t a r t  a yaw and r o l l  t o  t h e  l e f t  a t  a  c r i t i c a l  phase  

of t h e  f l i g h t .  The m o t i v a t i o n  f o r  r e l e a s i n g  c o r r e c t i v e  r i g h t  

rudder  p r e s s u r e  and, o r  b r i e f l y  a p p l y i n g  l e f t  rudder  is d i f f i c u l t  

t o  e x p l a i n .  It may have been a n  i n a d v e r t e n t  a c t i o n  a s s o c i a t e d  w i t h  



an  a t t emp t  t o  r e a c h  t h e  t h r u s t  r e v e r s e r  o v e r r i d e  swi tch .  Another 

p o s s i b i l i t y  i s  t h a t  t h e  c a p t a i n ' s  thumb was broken i n  t h e  a i r .  

F l i g h t  t e s t s  e s t a b l i s h e d  t h a t  a power l e v e r  comes back r e l a t i v e l y  

s lowly  when a  t h r u s t  r e v e r s e r  dep loys .  However, medical  op in ion  

a r i s i n g  from au topsy  f i n d i n g s  s u g g e s t s  t h a t  t h i s  i n j u r y  was caused 

by b o t h  p i l o t s  e x e r t i n g  heavy p r e s s u r e  a g a i n s t  t h e  power l e v e r  w i t h  

t h e  F i r s t  O f f i c e r  b r ac ing  h i s  hand over  t h e  c a p t a i n ' s .  Th i s  may 

have provided t h e  nece s sa ry  r e a c t i o n  t o  produce t h e  thumb i n j u r y .  

A number of o t h e r  s t r e s s  induc ing  f a c t o r s  may have 

a f f  e c t ed  t h e  performance of  t h e  Capta in :  

- t h e  s u r p r i s e  a t  s e e i n g  t h e  o b s t r u c t i o n  on t h e  runway; 

- t h e  u n c e r t a i n t y  a s  t o  whether  t h e  a i r c r a f t  would c l e a r  

t h e  o b s t r u c t i o n ;  

- concern about  t h e  c a u t i o n  i n  t h e  Boeing 737 Ope ra t i ons  

Manual "do n o t  a t t e m p t  a  go-around a f t e r  r e v e r s e  t h r u s t  

h a s  been i n i t i a t e d "  (App. "B"); 

- s e e i n g  t h e  t h r u s t  r e v e r s e r  i n d i c a t o r  l i g h t s  i l l u m i n a t e d ;  

- confus ion  due  t o  i n t e r p r e t a t i o n  of  in format ion  i n  t h e  

Boeing 7 37 Opera t ions  Manual (App. "B") ; 

- t h e  unexpected deployment of t h e  l e f t  t h r u s t  r e v e r s e r ;  

- r e a l i z a t i o n  t h a t  f u l l  approach f l a p  w a s  s t i l l  s e l e c t e d ;  

- p o s s i b l e  l a c k  o f  p o s i t i v e  a s s i s t a n c e  from t h e  l e s s  

exper ienced F i r s t  O f f i c e r  ; 

- probable  extreme annoyance abou t  t h e  equipment be ing  on 

t h e  runway; 

- t h e  u rgen t  need t o  a n a l y s e  t h e  d e t e r i o r a t i n g  s i t u a t i o n  and 

a n  a t t empt  t o  have t h e  F i r s t  O f f i c e r  o p e r a t e  t h e  t h r u s t  

r e v e r s e r  o v e r r i d e  swi tch .  

Some of  t h e s e  s t r e s s  i nduc ing  f a c t o r s  would a l s o  app ly  t o  

t h e  F i r s t  O f f i c e r .  



When cons ide r i ng  t h e  adequacy o f  t h e  f l i g h t  crew performance 

it must b e  remembered t h a t  they  were f aced  w i t h  a n  unusua l  s e t  of 

c i rcumstances .  The go-around a f t e r  touchdown and r e v e r s e  t h r u s t  

i n i t i a t i o n ,  be ing  a n  abnormal manoeuvre a g a i n s t  which a  c a u t i o n  had 

been i s sued ,  was n o t  provided f o r  i n  t h e  A i rp l ane  Opera t ing  Manual 

o r  i n  t r a i n i n g .  The p i l o t s  had p o s s i b l y  heard  about  o t h e r  

s u c c e s s f u l  go-arounds and cou ld  have been mis lead  by t h e  i n fo rma t ion  

i n  t h e  manual r ega rd ing  t h e  s i g n i f i c a n c e  of t h e  r e v e r s e  unlock 

l i g h t s .  They cou ld  n o t  have r e a l i z e d  i t  w a s  p o s s i b l e  f o r  a  r e v e r s e r  

t o  deploy i n  f l i g h t .  The t ime  a v a i l a b l e  f o r  d e c i s i o n  making w a s  

ve ry  s h o r t  indeed,  and they  were f aced  w i th  a s i t u a t i o n  which t o  

them was w i thou t  p receden t .  

2 .6  The Loss o f  Cont ro l  

The go-around would n o  doubt have been s u c c e s s f u l  i f  t h e  

l e f t  eng ine  t h r u s t  r e v e r s e r  doo r s  had n o t  deployed. This  occur red  

because t h e  r e t r a c t i o n  c y c l e  was i n t e r r u p t e d  a t  l i f t - o f f  by a  

f e a t u r e  o f  t h e  d e s i g n  which caused h y d r a u l i c  power t o  b e  removed 

from t h e  t h r u s t  r e v e r s e r  doo r  mechanism, It was determined by 

t h e  Boeing f l i g h t  t e s t s  t h a t ,  once they  s t a r t e d  t o  open from t h e i r  

n e a r l y  stowed p o s i t i o n ,  i t  t o o k  abou t  8 seconds f o r  t h e  doors  t o  

deploy and about  2.5 seconds f o r  t h e  l e f t  t h r u s t  l e v e r  t o  r e t a r d  

under t h e  i n f l u e n c e  of t h e  mechanical  i n t e r l o c k .  

The f l i g h t  d a t a  r e c o r d e r  t r a c e  i n d i c a t e s  t h a t  a s  t h e  l e f t  

t h r u s t  l e v e r  came back, t h e  r i g h t  t h r u s t  l e v e r  a l s o  came back, 

probably because t h e  p i l o t  w a s  ho ld ing  bo th  l e v e r s .  I t  i s  of  cou r se  

p o s s i b l e  t h a t  t h e  Capta in  w a s  a t t emp t ing  t o  l and  on t h e  remaining 

p o r t i o n  of t h e  runway, b u t  t h i s  seems u n l i k e l y .  

There was a n  appa ren t  a t t emp t  t o  o p e r a t e  t h e  l e f t  eng ine  

t h r u s t  r e v e r s e r  o v e r r i d e  swi tch ,  l o c a t e d  above and behind t h e  

p i l o t s .  Th i s  would have r e s t o r e d  h y d r a u l i c  power t o  t h e  t h r u s t  

r e v e r s e r  r e t r a c t i o n  mechanism, p rov id ing  t h e  l and ing  g e a r  was 



extended. I t  is  p o s s i b l e  t h a t  t h e  g e a r  was l e f t  extended t o  permi t  

o p e r a t i o n  of t h e  o v e r r i d e  sw i t ch .  Th i s  would assume a d e t a i l e d  

knowledge of t h e  t h r u s t  r e v e r s e r  system and seems u n l i k e l y .  I t  is  

f a r  more l i k e l y  t h a t  t h e  a c t i o n  of  r a i s i n g  t h e  g e a r  was s imply  

overlooked i n  t h e  same manner as t h e  f l a p  s e l e c t i o n  from t h e  f u l l  
0 

l and ing  p o s i t i o n  t o  1 5  was de layed .  

The f l i g h t  d a t a  r e c o r d e r  r e c o r d  i n d i c a t e s  t h a t  l e f t  rudder  

was a p p l i e d  6 seconds b e f o r e  impact ,  about  t h e  t ime  t h a t  t h e  f l a p  

l e v e r  was moved t o  "15". Such a  rudder  a p p l i c a t i o n  would s t a r t  a  

yaw and r o l l  t o  t h e  l e f t  a t  a  c r i t i c a l  phase  of t h e  f l i g h t .  The 

v a l i d i t y  of t h i s  d a t a  p o i n t  showing a heavy, b r i e f  a p p l i c a t i o n  of 

l e f t  rudder  must b e  c a l l e d  i n t o  q u e s t i o n  by t h e  i n fo rma t ion  ga ined  

i n  t h e  PWA f l i g h t  demons t ra t ions .  The r e a c t i o n  of t h e  a i r c r a f t  t o  

l e f t  yaw was s o  immediate, coupled w i t h  a  l a r g e  heading change and 

l o s s  o f  a l t i t u d e ,  t h a t  i f  t h e  20' o f  l e f t  rudder  had been a p p l i e d  a s  

i n d i c a t e d  by t h e  FDR, t h e  a i r c r a f t ,  which was a t  on ly  100 f t  above 

ground a t  t h a t  moment, would have  s t r u c k  t h e  ground w i t h i n  two o r  

t h r e e  seconds . 
Cont ro l  of t h e  a i r c r a f t  w i t h  t h e  g e a r  down, f l a p  i n  t r a n s i t  

from "40" t o  "15", l e f t  eng ine  i n  i d l e  r e v e r s e ,  and r i g h t  eng ine  a t  

a lmost  f u l l  forward t h r u s t  w a s ,  a s  i n d i c a t e d  by eng inee r i ng  

s imu la to r  t e s t s ,  p o s s i b l e  b u t  marg ina l .  

F u l l  d e t a i l s  of t h e  a c t i o n s  i n  t h e  cockp i t  and t h e  r e a c t i o n s  

of t h e  a i r c r a f t  i n  t h o s e  f i n a l  s i x  seconds w i l l  probably neve r  b e  

known, due t o  l o s s  o f  recorded  d a t a .  There i s  however no doubt  t h a t  

a cons ide r ab l e  yaw t o  t h e  l e f t  occur red  about  6 seconds b e f o r e  impact 

and caused a  r o l l  t o  t h e  l e f t .  The p i l o t s  a t tempted t o  coun t e r  t h i s  yaw 

and r o l l  a t  4  seconds b e f o r e  impact w i t h  f u l l  r i g h t  a i l e r o n  and rudder  a t  

t h e  same t ime p u l l i n g  back on t h e  c o n t r o l  column. The a i r c r a f t ,  then 
0 

being below minimum c o n t r o l  speed went o u t  of c o n t r o l  and r o l l e d  90 t o  

t h e  l e f t .  

Given t h e  s u r p r i s e  and o t h e r  f a c t o r s  a f f e c t i n g  t h e  p i l o t s  

t h e  a i r c r a f t  had become u n c o n t r o l l a b ~ e  once  t h e  l e f t  t h r u s t  r e v e r s e r  doors  

deployed. The p o s s i b i l i t y  t h a t  t h e  a c t i o n s  of t h e  Capta in  were adve r se ly  

a f f e c t e d  by t h e  s e v e r e  p a i n  of a  broken thumb cannot be  d i s coun t ed .  



2.7 T h r u s t  Reverser  Design 

The i n t e r l o c k  sys tem i s  d e s i g n e d  t o  p r e v e n t  d i sagreement  

between t h e  r e v e r s e  t h r u s t  door  p o s i t i o n  and t h e  t h r u s t  l e v e r  and 

w i l l  r e t a r d  t h e  t h r u s t  l e v e r  t o  f l i g h t  i d l e  i n  c a s e  o f  i n a d v e r t e n t  

r e v e r s e r  door  deployment i n  f l i g h t .  The d e s i g n  a l s o  p r e v e n t s  

a p p l i c a t i o n  o f  r e v e r s e  t h r u s t  u n l e s s  t h e  d o o r s  a r e  deployed,  b u t  i s  

a p p a r e n t l y  n o t  i n t e n d e d  t o  cover  t h e  c a s e  of a bau lked  l a n d i n g  a f t e r  

r e v e r s e  t h r u s t  h a s  been i n i t i a t e d .  There  may b e  some d o u b t  abou t  

t h i s  i n t e n t  however s i n c e  a  "caut ion"  r e g a r d i n g  go-arounds d i d  n o t  

appear  as a n  amendment t o  t h e  737 manual u n t i l  September 20 ,  1977, 

e i g h t  y e a r s  a f t e r  t h e  i n t r o d u c t i o n  of t h e  a i r c r a f t  i n t o  a i r l i n e  

s e r v i c e .  

The Boeing 737 Opera t ions  Manual1 a f t e r  t h e  above d a t e  

c o n t a i n s  a c a u t i o n  "Do n o t  a t t e m p t  a go-around a f t e r  r e v e r s e  t h r u s t  

h a s  been i n i t i a t e d .  F a i l u r e  o f  a t h r u s t  r e v e r s e r  t o  r e t u r n  t o  t h e  

forward t h r u s t  p o s i t i o n  may p r e v e n t  a  s u c c e s s f u l  go-around". 

The same manual s t a t e s  - w i t h  r e f e r e n c e  t o  t h e  Reverser  

Unlocked L i g h t ( s )  becoming i l l u m i n a t e d  i n  f l i g h t  - " I f  t h e  forward 

t h r u s t  l e v e r  h a s  n o t  moved t o  i d l e ,  and movement of t h e  l e v e r  i s  

u n r e s t r i c t e d ,  t h e  e n g i n e  i s  i n  forward t h r u s t " .  

I n  t h i s  c a s e ,  b o t h  t h r u s t  l e v e r s  were i n  t h e  forward t h r u s t  

p o s i t i o n  a f t e r  l i f t - o f f  and were  u n r e s t r i c t e d ,  however t h e  l e f t  

eng ine  d i d  n o t  remain i n  forward t h r u s t .  

Although t e c h n i c a l l y  c o r r e c t ,  t h e  p r o v i s i o n s  o f  t h e  Boeing 

737 Opera t ions  Manual r e l a t i n g  t o  t h e  t h r u s t  r e v e r s e r s  cou ld  b e  

mis lead ing  t o  a p i l o t .  

A l l  references i n  t h i s  report  t o  t he  Boeing 737 Operations Manual 

r e la t e  t o  t he  Manual supplied b y  the  airplane manufacturer t o  

Paci f ic  Western Air l ines .  



I t  i s  accep ted  t h a t  t h e  7 3 7  t h r u s t  r e v e r s e r  d e s i g n  w a s  i n  

compliance w i t h  t h e  a p p l i c a b l e  FAA s t a n d a r d s  under which t h e  

a i r c r a f t  was c o n s t r u c t e d .  Cons ider ing  t h a t  t h e  a i r c r a f t  w a s  

in tended  f o r  u s e  a t  s m a l l e r ,  "uncont ro l l ed"  a i r p o r t s ,  a s  w e l l  as a t  

main l i n e  a i r p o r t s ,  t h e  a b i l i t y  t o  a b o r t  a l a n d i n g  even a f t e r  

touchdown and r e v e r s e  s e l e c t i o n  would seem t o  b e  a  d e s i r a b l e ,  i f  n o t  

e s s e n t i a l ,  f e a t u r e .  I n  t h i s  s e n s e  t h e  FAA s t a n d a r d s  must b e  

cons idered  e i t h e r  - - - -.- inadequa te  o r  i l l - d e f i n e d .  - 

The r e s c u e  o p e r a t i o n  w a s  hampered because  t h e  a i r p o r t  f i r e -  

f i g h t i n g  v e h i c l e  w a s  n o t  c a p a b l e  o f  o p e r a t i n g  i n  deep snow. 

According t o  medica l  o p i n i o n ,  a number of p a s s e n g e r s  

s u r v i v e d  t h e  c r a s h  b u t  succumbed t o  t o x i c  fumes and f i r e .  Some of 

t h e s e  might  have been saved i f  p r o p e r  equipment and s u f f i c i e n t  

p e r s o n n e l  w i t h  a p p r o p r i a t e  t r a i n i n g  had been a v a i l a b l e .  

2.9 I n c i d e n t  Report ing 

During t h e  a t t e m p t s  t o  c o l l e c t  i n f o r m a t i o n  on p r e v i o u s  

i n c i d e n t s  i t  was c l e a r  t h a t  p i l o t s  had n o t  i n  a l l  c a s e s  r e p o r t e d  

o p e r a t i n g  i r r e g u l a r i t i e s  t o  t h e i r  companies,  o r  through t h e i r  

companies t o  t h e  manufac tu re r  o r  t o  T r a n s p o r t  Canada. I n  a d d i t i o n  

p i l o t s  and o t h e r  p e r s o n n e l  had been l a x  i n  r e p o r t i n g  t r a f f i c  

c o n f l i c t s  a t  u n c o n t r o l l e d  a i r p o r t s ,  and t h e r e  was no w e l l  d e f i n e d  

system o r  p rocedure  f o r  them t o  do so .  (These s t a t e m e n t s  do n o t  

r e f e r  s p e c i f i c a l l y  t o  PWA p i l o t s . )  T h i s  s i t u a t i o n ,  combined w i t h  

t h e  l a c k  o f  a  fo rmal  i n v e s t i g a t i o n  and c o l l a t i o n  procedure ,  a l lowed 

problems t o  p e r s i s t .  



3.0 Conclusions  (F ind ings )  

3 .1  The estimated time o f  arr iva l  o f  t h e  a i r c ra f t  a t  Cranbrook, 

calculated by Calgary ATC, and used by Aeradio for advisory purposes 

was considerably i n  error and resul ted i n  a t r a f f i c  c o n f l i c t  between 

the  arriving a i r c r a f t  and a veh ic le  working on t h e  runway. 

3.2 The f l igh t  crew did  no t  report  by t h e  Skookwn beacon on f inal  

approach, as  was the  normal practice a t  Cranbrook, thereby 

allowing t h e  incorrect  ETA t o  remain undetected. 

3.3 Regulatory provisions concerning mandatory p i l o t  posit ion reporting 

during instrument approaches were inadequate, 

3.4 The in ter faces  beween the  organizations providing A i r  P a f f i c  

Services,  Telecommunications (Aeradio) and Airports Services were 

not  we l l  enough developed t o  provide a r e l i ab l e  f a i l  safe f l i g h t  

information s ervice. 

3.5 The p i l o t s  l o s t  control o f  t he  a i r c ra f t  consequent upon the  l e f t  

engine t h rus t  reverser deploying i n  f l i g h t  when the  a i r c ra f t  was a t  

low speed, and i n  a high drag configuration. 

3.6 The FAA design standards under which the  Boeing 737 was constructed 

did no t  adequately provide f o r  the  pos s ib i l i t y  of an aborted landing 

a f t e r  touchdown and t h m s t  reverser i n i t i a t i o n .  

3.7 The lack o f  a: suitable national system o f  incident  reporting, 

invest igat ion,  and follow-up corrective action allowed operational 

prob Zems t o  remain uncorrected. 

3.8 Rescue e f f o r t s  a t  t h e  accident scene were hampered due t o  lack of a 

f i re  f ighting vehic le  capable o f  negotiating deep snow and shortage 

of trained rescue personne 2. 
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APPENDIX "A" 
REPORT #H80001 
AIRCRAFT ACCIDENT 

TRANSCRIPT OF PERTINENT A I R ~ G R O U N D  COPIMLJNICATIONS 

1918 314 Calgary Clea rance  D e l i v e r y  i t ' s  P a c i f i c  Westerns  t h r e e  
f o u r t e e n .  

D Three  f o u r t e e n  t o  t h e  Cranbrook A i r p o r t  c e n t r e  s t o r e d  f l i g h t  
l e v e l  two z e r o  z e r o .  Depart  runway o n e  s i x ,  runway head ing  u n t i l  
through t e n  thousand,  t u r n  r i g h t  squawk one t h r e e  z e r o  z e r o .  

314 OK, t h r e e  f o u r t e e n ,  t h e  Cranbrook A i r p o r t ,  c e n t r e  s t o r e d ,  
f l i g h t  l e v e l  two z e r o  z e r o  runway one  s i x  t o  t e n  thousand 
b e f o r e  t u r n i n g  r i g h t  squawking t h i r t e e n .  

D  hat's c o r r e c t  t h r e e  one f o u r ,  t i m e  one n i n e  one n i n e  and 
a d v i s e  push back t h i s  f requency.  

1929 314 Three  f o u r t e e n ' s  r e a d y  i n  sequence.  

T Three  f o u r t e e n  t o  p o s i t i o n  and ho ld  s i x t e e n .  

314 Three  f o u r t e e n .  

1930 T PW t h r e e  o n e  f o u r  y o u ' r e  c l e a r e d  f o r  take-off  runway s i x t e e n ,  
d e p a r t u r e  f requency  one  n i n e t e e n  e i g h t  when a i r b o r n e .  

314 Three  o n e  f o u r  r o g e r .  

1931 314 Ca lgary  Depar tu re  i t ' s  P a c i f i c  Western t h r e e  one f o u r ,  
runway head ing  o u t  o f  for ty- two hundred. 

D Three  o n e  f o u r  i s  i n  c o n t a c t  you can proceed on  c o u r s e .  

314 Three  o n e  £our  o n  c o u r s e .  

1933 L Cranbrook radio-Calgary.  

L Cranbrook'  s on.  

L 1 ' v e  g o t  a n  inbound t h r e e  one f o u r  from Calgary  a t  two z e r o  
z e r o  f i v e .  

L Roger, Echo Hote l .  

34 : 05 A Are you o u t  t h e r e ,  my f r i e n d .  

34: 08 G Yes s i r .  

Legend 

314 - PWA 314 
D - Calgary D e p a r t u r e  
T - Calgary Tower 

G - Snow Sweeper 
E - Calgary  Enroute  
A - Cranbrook Aeradio  
L - Aeradio  Landl ine  



E r  - F i v e  p a s t  t h e  hour,  Terry.  

OK. What's t h e  time now, Ern ie?  

E r  - Half a n  hour from now. T h i r t y  j u s t  conling up t o  
t h i r t y  f i v e .  

OK. Thank you, Everything 's  working good ou t  here .  

Can't  s e e  you from he re ,  so  I don ' t  know whether you ' re  good 
looking o r  n o t .  

Oh - t a k e  my word f o r  i t  - I ' V  good looking,  

PW t h r e e  one f o u r  can  c a l l  en rou te  one t h i r t y  t h r e e  t h r e e ,  
good day. 

Calgary Enroute ,  i t ' s  P a c i f i c  Western t h r e e  one f o u r  on one 
t h i r t y  t h r e e  t h r e e  o u t  of  s i x t e e n  thousand f o r  two ze ro  zero .  

Three one f o u r ' s  r ada r .  

Three f o u r t e e n ' s  l e v e l  two ze ro  zero. 

Roger t h r e e  f o u r t e e n  you can come up on ona twenty-five two. 

Calgary, i t ' s  P a c i f i c  Western t h r e e  f ~ u r t e e n  r eques t  de scen t .  

Three f o u r t e e n  c l e a r e d  t o  t h e  Cranbrook Ai rpo r t  f o r  t h e  
approach, t h e  a l t i m e t e r  a t  Cranbrook two n i n e  seven seven, 
a d v i s e  l e q v i ~ g  one e i g h t  oh, 

OK, c l ea red  t o  t h e  Cranbrook Ai rpo r t  f o r  an approach, n i n e  
seven seven and, a h ,  w i l l  c a l l  a t  one e i g h t .  

Three fou r t een ,  

Three f o u r t e e n ' s  ou t  of  one e i g h t  thousand. 

Roger adv i se  t ime  down t h i s  frequency. 

Leg end 

314 - PWA 314 
D - Calgary Departure  
T - Calgary Tower 

G - Snow Sweeper 
E - Calgary Enroute 
A - Cranbrook Aeradio 
L - A e r a j i o  Landl ine 



Legend 

Cranbrook Radio. P a c i f i c  Western t h r e e  one four-er-  
your f requency.  

Three one f o u r ,  Cranbrook, go ahead.  

Yes, s i r .  We have t h e  approach.  You can  go ahead w i t h  
your  numbers. 

OK - 1'11 g i v e  you t h e  numbers - t h e  wind a t  one f i v e  
z e r o  degrees  magnet ic  a t  s i x  Cranbrook a l t i m e t e r  two 
n i n e  - two n i n e  seven  s i x  and t h e r e ' s  no r e p o r t e d  
t r a f f i c .  

OK. We check-two n i n e  seven  six. 

And t h r e e  one f o u r .  The-er-sweeper on t h e  runway-er- 
h a s  been f o r  some t ime  t r y i n g  t o  keep t h e  snow back f o r  
you. I ' l l  l e t  you know what i t ' s  l i k e  a s  soon a s  I g e t  
a p r o g r e s s  from him. And t h e  v i s i b i l i t y  - n o t  much 
change i n  t h e  wea ther  - maybe v i s i b i l i t y  about  t h r e e  
q u a r t e r s  of a m i l e  i n  snow. 

Three f o u r t e e n  checks.  

Where t h e  h e l l  d i d  he  come from? 

We're gonna c r a s h  - 

I d o n ' t  know T e r r y ,  bu t  h e  s u r e  d i d n ' t  c a l l  a f t e r  h i s  
f i r s t  c a l l .  

Cranbrook r a d i o ,  Calgary.  

Cranbrook. 

I ' v e  g o t  a n  inbound f o r  you. 

Standby a second p l e a s e ,  I g o t  a n  emergency. 

Oh. OK. 

Cranbrook Radio,  Ca lgary ,  a r e  you s t i l l  busy? 

Aoah, OK go ahead now Calgary.  

OK, f i r s t  o f f ,  where ' s  PW t h r e e  t h i r t ,  t h r e e  f o u r t e e n  
now, have you any i d e a .  

Yeah, h e ' s  t h e  emergency h e ' s  c rashed  and i s  burning 
o f f  t h e  end of t h e  runway. 

314  - PWA 314 
D - Calgary Depar ture  
T - Calgary Tower 

G - Snow sweeper 
E - Calgary Enroute  
A - Cranbrook Aeradio 
L - Aeradio  Landl ine  





APPENDIX "B" 

Ex t r ac t s  from P e r t i n e n t  Manuals and Regulat ions 

(1) "MANOPS" A i r  T r a f f i c  Se rv i ce s  manual of ope ra t i ons  

( 2 )  "Telecommunications Maintenance and Operat ions Standards"  

( s e c t i o n  on Aeradio Vehic le  Advisory Se rv i ce )  

( 3 )  "Recommended Vehicle  Operat ing Procedures a t  ~ i r p o r  ts" 

( 4 )  "Bo e ing  7 37 Operat ions ~ a n u a l "  



APPENDIX "B" 

SECTION (1) 

"MANOPS" (Ex t r ac t s )  

(2 214) New sub-sect ion covering Tower Aeradio coord ina t ion  procedures  

a t  l o c a t i o n s  t h a t  do n o t  o p e r a t e  on a  24 hour bas i s .  Cancels 

ATC Ci rcu la r  L e t t e r  6-3-P313-73. 

2214 TOWER/AERADIO COORDINATION 

2214.1 A t  l o c a t i o n s  where t h e r e  i s  a n  a e r a d i o  s t a t i o n  which ope ra t e s  

on a  24 hour b a s i s  and a  tower which does not ,  u n i t  c h i e f s  

s h a l l  prepare,  i n  coo rd ina t ion  w i t h  t h e  app ropr i a t e  a e r a d i o  

superv isory  personnel ,  procedure t o  b e  followed when ceas ing  

o r  s t a r t i n g  d a i l y  opea t ions  i n  accordance wi th  the  fol lowing:  

A .  When ceasing d a i l y  ope ra t ion ,  tower s h a l l  adv i se  a e r a d i o  

o f :  

1. A l l  a i r c r a f t  t r a f f i c  i n  t h e  v i c i n i t y .  

2 ,  Any v a l i d  f l i g h t  p l a n  da ta .  

3 .  Information on runway i n  use  and runway cond i t i ons  f o r  

a l l  runways. 

4. Any information on t h e  l o c a t i o n  and a c t i v i t y  of v e h i c l e s  

on t h e  manoeuvring a rea .  

5 .  The time t o  s tandby f o r  a  r a d i o  check. 

6 .  Any o the r  in format ion  which may b e  requi red .  

B. When beginning d a i l y  ope ra t ion ,  tower s h a l l  o b t a i n  from 

ae rad io  t h e  information i n  2214.1 A-1, 2,3,4 and 6. 

(2356.2) When t h e  d e s t i n a t i o n  a i r p o r t  i s  served by a  c o n t r o l  tower o r  

ae rad io  s t a t i o n ,  t h e  c e n t r e  concerned w i l l  n o t i f y  such s t a t i o n s  

of t h e  est imated t ime o f  a r r i v a l  a t  l e a s t  f i f t e e n  minutes p r i o r  



t o  t h e  ETA. Upon a r r i v a l  of t h e  a i r c r a f t ,  t h e  tower o r  a e r a d i o  

s t a t i o n  s h a l l  r e p o r t  t h e  a r r i v a l  t o  t h e  c e n t r e  w i t h i n  whose FIR 

t h e  a i r c r a f t  h a s  landed. 

3  92 IFR U N I T  - TOWER 

392.1 Forward t h e  fo l lowing  d a t a  1 5  minutes  o r  more be fo re  a n  IFR a i r c r a f t  

w i l l  e s t a b l i s h  communication w i t h  a  tower: (N) 

A Arr iv ing  IFR a i r c r a f t :  

1. A i r c r a f t  i d e n t i f i c a t i o n .  

2.  Type o f  a i r c r a f t ,  p r e f ixed  by: 

a .  t h e  number of a i r c r a f t  i f  more than 

one; and 

b  , t h e  symbol "H/" i f  a  heavy a i r c r a f t .  

3 ,  p o i n t  o f  depar ture ;  and 

4 .  es t imated t ime of  a r r i v a l  over  t h e  approach 

a i d  t o  b e  used. 

B Depart ing I F R a i r c r a f t :  

1. f l i g h t  p l a n  d a t a  i f  o t h e r  t h a n  a  scheduled 

. a i r  c a r r i e r  f l i g h t ;  and 

2. a n t i c i p a t e d  de l ay  t o  a  d e p a r t i n g  a i r c r a f t .  

392.2 Inform t h e  tower of  any c o n d i t i o n  t h a t  n e c e s s i t a t e s  r e v i s i o n  of 

a n  ATIS message. 



APPENDIX "B" 

SECTION ( 2 )  

"TELECOMMUNICATIONS MAINTENANCE AND OPERATIONS MANUAL" ( E x t r a c t s )  

AERADIO VEHICLE ADVISORY SERVICE 

(8.1) General 

8 1 . 1 )  I n s t r u c t i o n s  t o  v e h i c l e  o p e r a t o r s  concerning t h e  ope ra t i on  of 

motor v e h i c l e s  i n  t h e  a i r c r a f t  manoeuvring a r e a s  a t  c o n t r o l l e d  

and non-controlled a i r p o r t s  a r e  publ i shed  i n  a  manual e n t i t l e d  
11 Recommended Vehic le  Operat ing Procedures  a t  ~ i r p o r t s " .  This  

manual i s  i ssued  by t h e  A i r p o r t s  and F i e l d  Operations Branch. 

(8.1.5) Aeradio o p e r a t o r s  i n  t h e  c o u r s e  of  t h e i r  d u t i e s  a r e  r e q u i r e d  t o  

p rov ide  information t o  v e h i c l e  o p e r a t o r s  i n  an  adv i so ry  c a p a c i t y  

w i t h  a  view towards enhancing t h e  s a f e  u s e  of  t h e  a i r p o r t .  I t  

must b e  emphasized, however, t h a t  t h e  Aeradio Operator is n o t  a  

Ground Con t ro l l e r .  A t  a  number of  a i r p o r t s  t h e  a e r a d i o  o f f i c e  

i s  not  s t r a t e g i c a l l y  l o c a t e d  s o  a s  t o  a f f o r d  a  complete view of 

t h e  a i r p o r t  manoeuvring a r e a .  I n  such ca se s ,  t h e  v e h i c l e  

ope ra to r  ha s  a  c l e a r e r  view of  t h e  runways t han  t h e  a e r a d i o  

ope ra to r .  These circumstances do n o t  r e l i e v e  t h e  v e h i c l e  

ope ra to r  of h i s  o b l i g a t i o n  t o  c a l l  t h e  a e r a d i o  ope ra to r  and 

r e c e i v e  a i r c r a f t  t r a f f i c  in format ion  be fo re  proceeding t o  t h e  

manoeuvring a r ea .  While i n  t h e  manoeuvring a r e a  i t  i s  t h e  

v e h i c l e  ope ra to r ' s  r e s p o n s i b i l i t y  t o  remain c l e a r  of a l l  runways 

and taxiways where a i r c r a f t  a r e  manoeuvring. 

(8.4) Use of Vehicular Radio a t  Non-Controlled A i rpo r t s  

(8.4.1) Vehicle  o p e r a t o r s  and a e r a d i o  o p e r a t o r s  a t  non-control led 

a i r p o r t s  and a t  c o n t r o l l e d  a i r p o r t s  du r ing  hours t h e  tower i s  



c lo sed  w i l l  adop t  t h e  p rocedures  o u t l i n e d  below: 

(1) Veh i c l e  o p e r a t o r  w i l l  n o t  proceed t o  t h e  manoeuvring a r e a  

on  h i s  own i n i t i a t i v e  b u t  w i l l  ho ld  s h o r t  of  t h i s  a r e a ,  

c o n t a c t  t h e  a e r a d i o  o p e r a t o r ,  a d v i s e  where h e  wants  t o  go,  

and a s k  f o r  a i r c r a f t  t r a f f i c  in format ion .  

( 2 )  Aeradio o p e r a t o r  w i l l  p rov ide  t r a f f i c  in format ion  on  

a r r i v a l s ,  d e p a r t u r e s ,  as a p p r o p r i a t e ,  and o t h e r  i n £  ormat i o n  

s u c h  as runway i n  use .  When a p p l i c a b l e  v e h i c l e  w i l l  ho ld  

u n t i l  a n  a r r i v i n g  o r  d e p a r t i n g  a i r c r a f t  is  c l e a r  o f  t h e  

r unwa y  . 
( 3 )  While i n  t h e  manoeuvring area v e h i c l e  o p e r a t o r  s h a l l  moni tor  

t h e  v e h i c u l a r  r a d i o  a t  a l l  t i m e s  and acknowledge and conform 

t o  any f u r t h e r  a d v i c e  o r  i n fo rma t ion  r ece ived  from t h e  

a e r a d i o  ope ra to r .  

( 4 )  When a v e h i c l e  o p e r a t o r  h a s  completed a t a s k  i n  one area of 

t h e  f i e l d  and wishes  t o  move t o  a n o t h e r  h e  w i l l  n o t  do so  

w i thou t  f i r s t  c o n t a c t i n g  t h e  a e r a d i o  o p e r a t o r  t o  make known 

h i s  i n t e n t i o n s .  

(5) Veh ic l e  o p e r a t o r  c o n t a c t s  and a d v i s e s  a e r a d i o  o p e r a t o r  when 

c l e a r  of  t h e  manoeuvring a r e a .  

(8 6) Veh i c l e  Advisory Procedures  Appl icab le  a t  A l l  Non-Controlled 

A i r p o r t s  

(8.6.1) A t  a i r p o r t s  where t h e  a e r a d i o  o p e r a t o r  does  no t  have a complete  

v iew o f  t h e  aerodrome a s u i t a b l e  n o t a t i o n  s h a l l  be  mainta ined on 

t h e  l o c a t i o n  of  a l l  v e h i c l e s  o n  t h e  manoeuvring a r e a  of  t h e  

a i r p o r t .  



(1) A f a b r i c a t e d  pane l  board equipped wi th  app ropr i a t e  l i g h t s  

and swi tches  i s  i n  u s e  a t  a  number of s t a t i o n s  and i s  a  

h igh ly  recommended method of keeping t r a c k  of v e h i c l e s  

on runways a t  t hose  a i r p o r t s  where t h e  ae rad io  o f f i c e  i s  

n o t  a f forded  a  good view of t h e  aerodrome. 

(8.6.2) Vehicles  s h a l l  be advised by r a d i o  o r  by a l t e r n a t e  means t o  

l e a v e  a  runway 5 minutes p r i o r  t o  a n  es t imated  a i r c r a f t  a r r i v a l  

and immediately p r i o r  t o  t h e  t ime a  depa r t ing  a i r c r a f t  i s  ready  

t o  commence t a x i i n g  t o  t h e  p o i n t  of  t akeo f f ,  

(8.6.3) The presence  of v e h i c l e s  i n  t h e  manoeuvring a rea  of an  a i r p o r t  

s h a l l  b e  t r ansmi t t ed  t o  incoming a i r c r a f t  i n  t h e  t e x t  of A i r p o r t  

Advisory messages even when t h e s e  v e h i c l e s  a r e  n o t  l o c a t e d  on 

t h e  runway i n  use. 

--------- WIND TWO NINE FIVE DEGREES AT ONE EIGHT FAVOURING 

RUNWAY TWO EIGHT - ALTIMETER TWO NINE N I N E  EIGHT - VEHICLE ON 

RUNWAY TWO ONE ENGAGED I N  RUNWAY MAINTENANCE OVER, 

(8.6.4) Where t h e  a e r a d i o  ope ra to r  does n o t  have a  complete view of  t h e  

runway and i t  is  n o t  c e r t a i n  t h a t  a l l  v e h i c l e s  have c l e a r e d  t h e  

runway i n  use,  t h e  informat ion  s h a l l  be included i n  t h e  t e x t  of 

A i rpo r t  Advisory messages t o  incoming a i r c r a f t  a s  i n  t h e  

fo l lowing  example: 

---------- WATCH FOR VEHICLE ON RUNWAY TWO EIGHT INSPECTING RUNWAY 

LIGHTING, 



APPENDIX "B" 

SECTION ( 3 )  

"RECOMMENDED VEHICLE OPERATING PROCEDURES AT AIRPORTS " ( E x t r a c t s  ) 

Procedures  Non-Controlled A i r p o r t s  

Before  p roceed ing  o n t o  t h e  manoeuvring a r e a  ( t ax iways ,  runways, e t c . )  a 

v e h i c l e  o p e r a t o r  w i l l  inform t h e  Aeradio o p e r a t o r  o f  h i s  in tended  

o p e r a t i o n  and  o b t a i n  i n fo rma t ion  concern ing  a i r c r a f t  a c t i v i t i e s ,  

t h e  runways i n  u s e ,  and any o t h e r  i n fo rma t ion  nece s sa ry  t o  s a f e  

o p e r a t i n g  p r a c t i c e s .  

Veh i c l e  o p e r a t o r s  a r e  r e q u i r e d  t o  remain c l e a r  of a l l  runways and 

taxiways where a i r c r a f t  a r e  manoeuvring. 

A t  non-cont ro l led  a i r p o r t s  p rov ided  w i t h  u t i l i t y  r a d i o  s e r v i c e ,  t h e  

v e h i c l e  o p e r a t o r  w i l l  moni tor  t h i s  f requency  a t  a l l  t imes  when i n  

t h e  a i r c r a f t  manoeuvring a r e a  f o r  a d v i c e  concern ing  a i r c r a f t  

a c t i v i t i e s  p rov ided  by t h e  Aeradio S t a t i o n .  Such communication 

s h a l l  b e  responded t o  as though i t  were  f rom a c o n t r o l  tower.  



EMERGENCY AND 

ABNORMAL PROCEDURES -- 

O P E R A T I O N S  M A N U A L  
E N G I N E  

E N G I N E  CAUTION LIGHT(S) 

Reverser Unlocked Light (Inflight) 

Forward Thrust Lever. . . . . . . . . . . . . . . . . . . . . . . . . . .CHECK 
If  forward t h r u s t  l eve r  i s  no t  r e s t r i c t e d ,  operate epgfne 
normally. 

CAUTION : DO NOT ACTUATE THE REVERSE THRUST W R .  -. - 
Illumination of t h e  t h r u s t  reverser  unlocked l i g h t  ind ica tes  t h a t  e i t h e r  of the  
tvo de f lec to r  door locks has mechanically unlocked o r  t h a t  t h e  C h u s t  r everse r  
unlocked l i g h t  is giving a f a l s e  indication. 

If  t h e  forward t h r u s t  l eve r  has moved toward id le ,  and movement of t h e  l ever  
i s  unres t r ic ted ,  t h e  engine i s  i n  forward tbus t .  

Movement of the  d e f l e c t o r  doors t o  reverse  t h r u s t  pos i t ion  w i l l  mechanically 
re tard  the  forward t h r u s t  l eve r  t o  t h e  i d l e  thrust position, and t h e  in te r lock  
w i l l  l i m i t  movement of t h e  t h r u s t  l eve r  as long as t h e  engine i s  i n  reverse thrus t .  

Or.ly multiple ?&lures could allow t h e  engine t o  go i n t o  reverse t h r u s t .  Such 
f a i l u r e s  may preclude re turning t h e  engine t o  forward thrust, Thrust r eversa l  
above 250 knots m a y  f a i l  the  ac tuat ing l i n k w e ,  preve-ng ~ e t r a c t i o n .  The doors, -.- 
i f  not re t rac ted ,  w i l l  produce b u f f e t  and increased a i rp lane  drag. 

\ 

The a i rp lane  w i l l  climb i n  clean configurat ion with one engine i n  i d l e  reverse and 
one engine a t  maximum continuous t h r u s t .  For approach and landin$ use 1 engine 
inoperat ive landing procedure. 

I f  the  engine i s  i n  reverse thrust due t o  inadver tent  ac tuat lon of t h e  reverse 
t h r u s t  lever,  a t  p i l o t ' s  d i s c r e t i o n  t h e  reverser  may be returned t o  t h e  forward 
t h r x s t  pos i t ion  b y ' t h e  following procedure: 

Alt i tude - MINIMUM 5000 FEET ABOVE TERRAIN 
Flaps - 5 
Airspeed - 170 KNOTS 
Good Engine - MAXIMUM CONTlNUOUS THRUST 
Reverser Override Switch - OVERRIDE 
Landing G e a r  Lever - DOWN 
Reverse Thrust Lever - CHECK FORWARD AND DOWN 

Unti l  engine re tu rns  t o  forward t h r u s t  t h e  a i rp lane  w i l l  descend a t  700-800 f e e t  
per  minute while maintaining 170-180 knots airspeed with f l a p s  5 and gear dam.  

Forward t h r u s t  may be confirmed by t h e  reverse r  wlocked l i g h t  being extinguished 
and unres t r ic ted  fornard t h r u s t  l e v e r  movement. 

I f  the  engine cannot be returned t o  fornard thrust, t h e  p i l o t  may e l e c t  to shut  
down the  engine. E l e c t r i c a l  and hydraulic requirements should be evaluated before - 
engine shut  down. 

7 5 
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PACIFIC 
WESTERN 

N O R M A L  PROCEDURES 

LANDING 
AIRLINES 

LANDING PROCEDURE9 

AS t h e  a i r p l a n e  approaches t h e  touch- 
down point ,  reduce descent  r a t e ,  smo- 
o t h l y  r e t a r d  t h r u s t  t o  i d l e  and main- 
t a i n  t h e  f l i g h t  p r o f i l e  t o  touchdown. 
Use speed brakes,  brakes, and reverse  
t h r u s t  normally a f t e r  touchdown. On 
g rave l  runways do n o t  use r eve r se  un- 
l e s s  required.  The a i l e r o n  and rudder  
con t ro l s  a r e  e f f e c t i v e  down t o  approxi- 
mately 50 knots.  

In t h e  event  of a bounced landing, 
hold o r  r e - e s t a b l i s h  normal landing 
a t t i t u d e .  Add t h r u s t  as necessary t o  
con t ro l  t h e  s ink  r a t e .  Do no t  push 
over, as t h i s  may cause a second 
bounce and poss ib ly  damage t h e  nose 
gear. 

Use rudder  and rudder pedal  s t e e r i n g  
t o  hold t h e  a i r p l a n e  on cen te r l ine .  
Displacing t h e  a i l e r o n  i n t o  t h e  wind 
w i l l  assist on d i r e c t i o n a l  control .  
Nose wheel s t e e r i n g  w i l l  b e  improved 
wi th  a s l i g h t  fonrard  pressure  on t h e  
c o n t r o l  column which increases  weight 
on t h e  nose gear.  

Flap Extension 

The fol lowing procedures,  configura-  
t i o n ,  and normal maneuvering speeds 
a r e  used when f l y i n g  normal t r a f f i c  
pa t t e rns .  

I n i t i a l  p a t t e r n  en t ry :  a t  210 knots  
s e l e c t  f l a p s  1 

A t  190 knots,  s e l e c t  f l a p s  5.  

Reduce speed to 170 knots.  
GO-AROUND PROCEDURE 

Apply go-around thrust and r o t a t e  t o  
go-around a t t i t u l e .  

Ret rac t  f l a p s  t o  15. 

R e t r w t  t h e  landing gear  when a posi-  
t i v e  r a t e  of climb i s  indicated.  

.4t V 2  +15 knots,  s e l e c t  f l a p s  5. 
: Climb t h r u s t  

Lozrer l a d i n g  gea r  passing a3eam of 
end of runway. S e l e c t  f l a p s  15. 

A t  150 knots ,  s e l e c t  f l a p s  25. 

A t  140, s e l e c t  landing  f l ap .  
\ 

Reduce speed t o  Vref speed + 5 (no 
wind) o r  reduce speed t o  bug + 1/2 
wind + gust .  

Complete LANDIXG check l i s t .  
A t  170 knots,  s e l e c t  f l a p s  1. 

Speed Brakes 
A t  190 knots,  s e l e c t  f l a p s  UP. 

Check leading  edge l i g h t s  OUT. 

Crosswind 

The crab, s i d e s l i p ,  o r  a combination 
of bo th  a r e  accepted methods f o r  cor-  
r e c t i n g  f o r  a crosswind dur ing  
approach and landing. Regardless of 
which method i s  used, t h e r e  is  s u f f i -  
c i e n t  rudder and a i l e r o n  c o n t r o l  a v a i l -  
ab le  t o  execute crosswind landings. 

With t h e  speed brake  l e v e r  i n  t h e  
armed pos i t i on ,  all s p o i l e r s  w i l l  r i s e  
au tomat ica l ly  when t h e  t h r u s t  l e v e r s  
a r e  re ta rded  t o  IDLE and t h e  r i g h t  
main g e a r  touches d a m  and t h e  wheels 
s p i n  up. The s p o i l e r s  des t roy  l i f t  
and p lace  most of t h e  weight of t h e  
a i r p l a n e  on t h e  wheels f o r  e f f e c t i v e  
braking  dur ing  i n i t i a l  landing r o l l .  

PW 
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NORMAL PROCEOURES PACIFIC 
LAND1 NG WESTERN 

AIRLINES Q 
Speed Brakes (Cont ) 

A t  touchdown, if  the  spo i l e r s  d~ not  
extend au tomt ica l ly ,  Mediately move 
the  speed brake l ever  t o  t h e  up posi- 
t i on  and simultaneously apply t h e  
brakes and reverse t h ru s t .  

CAUTION: DO NUT A?TEMPT A GO-AROUND 
AFTER REVERSE THRUST HAS 
BEEN INITIATED. FAIUTRE OF 
A THRUST IlEVERSER TO RE;TURN 
TO THE FORWARD THRUST POSI- 
TION MAY PFUNENT A SUCCESS- 
F'ULL GO-ARCUND. 

NOlE : When using reverse t h ru s t  on - 
gxavel, use approximately i d l e  
reverse, not  to exceed 1.8 
EPR. Modulate to reverse i d l e  
a t  80 kts, and stow reversers 
by approximately 60 knots. 

The ~llaxinnun allowable gp-amund EPR 
should not  be exceeded as t h e  sam 
engine operating l imi t s  apply f o r  
forward o r  revex-e- th rus t .  A t  50 
knots, EPR should be reduced from 
1.5 to 1.2. Jus t  p r io r  to runway 
turn o f f  return the  reversers t o  
forward t h ru s t  f o r  taxi- 

Reverse Thrust w s  
I 

Brake and t i r e  wear can be  reduced by 
proper use of reverse t h ru s t .  On 
a i rpo r t s  known to have d i r t y  runways 
reverse t h m s t  should be used with 
caution. Reverse t h r u s t  is no t  used 
on Gravel Runways unless required. 
On snow o r  i ce  covered gravel  runways 
use of i d l e  reverse i s  n o m l  pro- 
cedure a t  touchdown. The t h r u s t  
levers  mst be i n  IDLE before t h e  re-  
verse t h m s t  operation can Be i n i t i a t -  
ed. 

Reverse t h m s t  i s  most e f f ec t i ve  when 
used a t  t he  start of t he  landing rol l  
while the  a i rplane is  mv ing  a t  high 
speed. The reverse t h r u s t  l evers  
should be pulled back u n t i l  t h e i r  
movement is  l imited by t h e  fo rce  build- 
up a t  the reverse detent, and then 
moved s l i g h t l y  t o  appmxinrately 1.5 
EPR (normdly r ecomnded )  f o r  psssen- 
ge r  comfort. 

Operation on contaminated runways may 
r e s u l t  i n  foreign object  damage to 
the  f l aps .  In order to minimize damage 
to the  f l aps  the  p i l o t  not  f l y ing  the  
a i rplane K i l l  place the  f l a p  handle 
to 15  inr-!iediately a f t e r  touchdown. 
The e f fec t  on stopping distance using 
t h i s  pmcedure is  negl ig ible .  
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APPENDIX "C" 

PACIFIC WESTERN AIRLINES 
BOEING 737,  C-FPWC REPORT ilH80001 
CRANBROOK, B . C .  AIRCRAFT ACCIDENT 
11 FEBRUARY, 1978 

Notes  on  t h e  f l i g h t  d a t a  r e c o r d e r  c h a r a c t e r i s t i c s  r e l a t e d  
t o  c o n s i d e r a t i o n  of t h e  v a l i d i t y  o f  t h e  appa ren t  l a r g e  l e f t  
rudder  a p p l i c a t i o n  6  t o  7  seconds b e f o r e  impact .  

The d a t a  recovered  from t h e  f l i g h t  d a t a  r e c o r d e r  t a p e  i n d i c a t e s  a  
s i n g l e  measurement o f  r udde r  quadrant  p o s i t i o n  between 6 t o  7 seconds 
b e f o r e  impact  showing a p p l i c a t i o n  o f  a  l a r g e  amount o f  l e f t  rudder .  The 
r e l i a b i l i t y  o f  t h i s  one synchro measurement i s  a  s u b j e c t  of c o n s i d e r a b l e  
concern.  

The t e chn ique  used t o  conve r t  t h e  normal t h r e e  w i r e  synchro s i g n a l  
t o  a  d i g i t a l  number i nvo lve s  i n i t i a l  convers ion  of  t h e  s i g n a l  t o  a  DC 
v o l t a g e  t h a t  i s  a  l i n e a r  f u n c t i o n  of t h e  synchro ang le .  Unfor tuna te ly ,  
t h i s  l i n e a r  r e l a t i o n s h i p  must obviously  have  a  d i s c o n t i n u i t y  a t  some p o i n t .  

0 0 
With t h e  Leigh FDRS 3 8  system, t h i s  nominal ly  occu r s  a t  t h e  0  1360 r e f e r e n c e  
p o i n t  o f  t h e  synchro.  I n  r e a l i t y ,  t h e  measured d i s c o n t i n u i t y  i s  no t  

0 
a b r u p t  and can  occu r  anywhere w i t h i n  approx imate ly  +1 of synchro a n g l e  
e i t h e r  s i d e  of t h e  r e f e r e n c e  po in t .  The d i g i t a l  d a t a  format  i n  t h e  
r e c o r d e r  i s  a  sequence of  d i s c r e t e  samples,  I f  a  synchro DC o u t p u t  i s  
sampled w h i l s t  t h e  synchro i s  i n  t h e  d i s con t i nuous  r e g i o n  t h e  observed 
v o l t a g e  can  va ry  i n  a n  a lmos t  random manner. T h i s  v o l t a g e ,  when t r a n s l a t e d  
i n t o  a  d i g i t a l  number would e r roneous ly  b e  i n t e r p r e t e d  a s  i n d i c a t i o n  of 
a  random v a r i a t i o n  i n  synchro a n g l e  i n s t e a d  of  a  c o n s t a n t  ze ro  p o s i t i o n .  

Conversely ,  i n  p r i n c i p a l ,  any observed d i g i t a l  measurement from a  
synchro may correspond t o  e i t h e r  t h e  l i n e a r l y - r e l a t e d  synchro a n g l e  o r  t o  
t h e  z e r o  ang l e .  The p r o b a b i l i t y  of t h e  l a t t e r  occu r r ence  i s  low but  
depends on  many f a c t o r s  and would b e  v e r y  d i f f i c u l t  t o  q u a n t i f y .  The 
v a l i d i t y  o f  t h e  l i n e a r l y - r e l a t e d  synchro a n g l e  must b e  a s s e s s e d  by 
comparing i t  w i th  t h o s e  de r i ved  from samples t h a t  preceded and fo l lowed  
i t  a n d / o r  by c ro s s - r e f e r ence  t o  o t h e r  r e l a t e d  parameters .  I n  view of t h e  
a lmos t  random n a t u r e  o f  t h e  o u t p u t  i n  t h e  d i s con t i nuous  r e g i o n ,  i f  a  
number o f  s e q u e n t i a l  measurements show a  s e n s i b l e  t ime  h i s t o r y ,  t h e  
a l t e r n a t e  p o s s i b i l i t y  t h a t  a l l  t h e  synchro a n g l e s  were ze ro  becomes 
extremely remote.  

Unfo r tuna t e ly ,  t h e  i n s t a l l a t i o n  of t h e  DFRS 38 synchros  on t h e  
p i l o t ' s  c o n t r o l  system i s  such t h a t  t h e  z e r o  a n g l e  o f  t h e  synchro 
cor responds  t o  t h e  n e u t r a l  p o s i t i o n  of t h e  c o n t r o l .  The a c t u a l  c o n t r o l  
p o s i t i o n s  w i l l  u s u a l l y  b e  c l o s e  t o  t h i s  n e u t r a l  p o s i t i o n .  Thus, i t  
becomes more d i f f i c u l t  t o  d i f f e r e n t i a t e  between t h e  l i n e a r l y - r e l a t e d  v a l u e s  
and t h e  a l t e r n a t i v e  n e u t r a l  s e t t i n g .  

Consider ing t h e  d a t a  de r i ved  from C-FPWC, a l l  synchro measurement 
p o i n t s  o u t s i d e  of t h e  i nde t e rmina t e  range  i n d i c a t e d  i n  F igu re  1 appear  
reasonably  c o n s i s t e n t  e i t h e r  i n  terms o f  t h e  t ime-his tory o f  t h e i r  
r e l a t i o n  t o  o t h e r  parameters ,  w i th  t h e  excep t i on  of t h e  one rudder  
quadran t  p o s i t i o n  i n  ques t i on .  The d e f e c t  found i n  t h e  synchro conve r t e r  



( r e f .  Sec. 1.11) was considered in d e t a i l  and i t  was decided t h a t  t h i s  
would n o t  m a t e r i a l l y  a £  f e c t  t h e  presence  of She d iscont inuous  range though 
it d i d  mask some of t h e  evidence t h a t  might have been used t o  a s s e s s  t h e  
problem. 

In  thg  c a s e  of t h e  rudder  quadrant  moqitgr lng,  t h e  d iscont inuous  
range of - +1 synchro ang le  corresponds t o  50.3 of quadrant  movement. 

Val ida t ion  of t h e  one  ques t ionab le  rudder  measurement must depend 
p r imar i ly  on c o r r e l a t i o n  wi th  t h e  remaining parameters  s i n c e  t h e r e  a r e  no 
measurements immediately preceding i t ,  and t h o s e  fol.lowing i t  might even 
be considered more c o n s i s t e n t  w i th  t h e  a l t e r n a t i v e  n e u t r a l  s e t t i n g .  


