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FOREWORD 

Accident investigation is recognized today as one of the fundamental elements of 
improved safety and accident prevention. Nearly every accident contains evidence which, 
if correctly identified and assessed, will allow the cause to be ascertained so that cor- 
rective action can be undertaken to prevent further accidents from similar causes. Thus, 
the ultimate object of accident investigation and reporting, which is to permit the com- 
parison of many accident reports and to observe what cause factors tend to recur, can be 
accomplished. These factors can then be clearly identified and brought to the attention 
of the responsible authorities. 

The Accident Investigation Division of the Air Navigation Committee of PICAO* at 
its first session in 1946 recommended that States forward copies of reports of aircraft 
accident investigatioqs and inquiries, and aeronautical publications and documents relating 
to research and development work in the field of aircraft accident investigation, to PICAO 
in order that the Secretariat might appraise the information gained anh disseminate the 
knowledge to Contracting States. 

The world-wide collection by ICAO of accident reports and aeronautical publications 
and documents relating to research and development work in the field of aircraft accident 
investigation, and publication of the material in condensed form, assist States and aero- 
nautical organizations in research work in this field. By stimulating and maintaining 
continuity of interest in this problem the dissemination to individuals actively engaged 
in aviation of information on the actual circumstances leading up to the accidents and of 
recommendations for accident prevention also contributes to the reduction of accidents. 

The first summary of accident reports and safety material received from States was 
issued in October 1946 (List No. 1, Doc 2177, ~ 1 ~ 1 5 6 )  under the title of "Consolidated 
List of Publications and Documents relating to Aircraft Accident Investigation Reports and 
Procedures, Practices, Research and Development Work in the field of Aircraft Accident 
Investigation received by the PICAO Secretariat from Contracting States". This was followed 
by further summaries at regular intervals, the last report being issued on 31 July 1950 
(List No. 12, Doc 7026, AIGl513). These summary reports were found to be of considerable 
technical interest to States, and in view of the large number of requests for copies, it 
was decided, early in 1951, to revise the method of publication and to produce the material 
in the future in the form of an information circular entitled "Aircraft Accident Digest". 

The first Digest was issued in 1951 under the present title and with the new method 
of presentation. Since then, the usefulness of the series has continued to elicit favour- 
able comment from the aeronautical world. 

However, late in 1964, the Secretariat carried out a study of the problems asso- 
ciated with the publication of the Digest and considered various methods which, it was 
thought, would lead to a more rapid dissemination of accident reports forwarded to ICAO 
for release in summarized form in the Digest. This study also considered amending the 
presentation of the summaries with a view to producing them in a more standardized manner. 

*Provisional International Civil Aviation Organization. 
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Accordingly, t h e  S e c r e t a r i a t  prepared a uniform p lan  using f ixed  sub jec t  headings, i n  a n  
agreed order  and with s tandard paragraph numbering, t o  enable readers  t o  e x t r a c t  p e r t i n e n t  
informat ion more r ead i ly ,  according t o  t h e i r  p a r t i c u l a r  i n t e r e s t s .  This plan w a s  submitted 
t o  t h e  Third Sess ion of t he  Accident I n v e s t i g a t i o n  Divis ion (Montreal, 19 January - 
11 February 1965) f o r  i ts  cons idera t ion  and development. The meeting accepted the  concept 
of a uniform p l a n  but  modified t h e  d e t a i l s .  Sumuaries of accident  inqui ry  r e p o r t s  a r e  now 
being prepared i n  accordance wi th  t h e  f i n a l  ve r s ion  of t h e  uniform plan,  a s  approved by the  
Council. This  p l an  f o r  t h e  "~ummary of AccJdent ~ e p o r t "  appears  i n  Appendix 3 of Annex . - 13 - 
~ i r c r a f  t ~ c c i d e n t  l nqu i iy  (second Edi t ion) .  

~ ~ 

Digests  are now published i n  sepa ra t e  volumes. Two of these  volumes conta in  
summaries prepared by the  S e c r e t a r i a t  from the  inqui ry  r e p o r t s  received from S t a t e s  on 
acc iden t s  which occurred i n  a p a r t i c u l a r  year  and a l s o  normally conta in  one o r  more s a f e t y  
articles. The second volume con ta ins ,  i n  add i t ion ,  accident  d a t a  such as c l a s s i f i c a t i o n  
t a b l e s ,  statistics and a list of laws and r egu la t ions  of S t a t e s  p e r t a i n i n g  t o  acc ident  
i nves t iga t ion .  The o t h e r  volume(s) con ta in ( s )  summaries of r e p o r t s  prepared by S t a t e s  i n  
accordance with  paragraphs 6.3 and 6.4 of Annex 13. These summaries are published as 
r ece ived  as soon as a s u f f i c i e n t  number j u s t i f y  t h e  publication of a s e p a r a t e  volume, 

It is hoped t h a t  S t a t e s  w i l l  cont inue t o  co-operate t o  t h e  f u l l e s t  ex ten t  permitted 
by t h e i r  n a t i o n a l  laws i n  submitt ing m a t e r i a l  f o r  t h e  Diges t s  i n  accordance with  t h e  provi- 
s i o n s  of 6.3 and 6.4 of Annex 13. It is recognized t h a t  i n v e s t i g a t i o n s  t ake  a d i v e r s i t y  o f '  
forms under the  v a r i e t y  of c o n s t i t u t i o n h l  and j u r i d i c a l  systems t h a t  e x i s t  throughout the  
Contract ing S t a t e s  of ICAO and t h a t ,  f o r  t h i s  reason, acc ident  i n v e s t i g a t i o n  p resen t s  one 
of t h e  most d i f f i c u l t  problems of s t anda rd iza t ion  i n  i n t e r n a t i o n a l  c i v i l  a v i a t i o n .  A t  t h e  
same t i m e  i t  is a most f r u i t f u l  source of material f o r  t h e  a t ta inment  of t h e  o b j e c t i v e s  of 
t h e  Chicago Convention. 

The usefu lness  of such a p u b l i c a t i o n ' a s  t h i s  i s  d i r e c t l y  propor t iona l  t o  t h e  thorough- 
ness  wi th  which acc iden t s  are inves t iga t ed ,  t h e  f rankness  and i m p a r t i a l i t y  of t he  f ind ings ,  
and t h e  read iness  wi th  which they-are  d i sc losed  and author ized t o  be  published. It i s  i n  
t h i s  way only t h a t  t h i s  most f e r t i l e  f i e l d  f o r  i n t e r n a t i o n a l  co-operation can be e f f e c t i v e l y  
explo i ted .  The measure of i n t e r e s t  t h a t  t h i s  pub l i ca t ion  has aroused, and t h e  v i t a l  in for -  
mation i t  imparts  amply demonstrate t h e  p o s s i b i l i t i e s  of u l t ima te  achievement when every 
acc ident  is inves t iga t ed  wi th  the  g r e a t e s t  thoroughness and t h e  f ind ings  d i sc losed  with 
complete frankness.  

R e s t r i c t i o n  upon reproduct ion i n  t h e  Digest  s e r i o u s l y  impairs ,  of course,  t h e  use- 
f u l n e s s  of any r e p o r t ,  as it is only by comparison between t h e  circumstances t h a t  occasioned 
t h e  acc ident  and the  circumstances of o the r  opera t ions  t h a t  p o t e n t i a l l y  hazardous circum- 
s t ances  can be foreseen and avoided. Names of persons involved may, however, be omitted 
without d e t r a c t i n g  from t h e  va lue  of t h e  r epor t .  

Follow-up a c t i o n  and o t h e r  supplementary informat ion o r  comments on an acc ident  
r e p o r t  by t h e  S t a t e  of Regis t ry  o r  S t a t e  of Occurrence provide u s e f u l  material f o r  inc lu-  
s i o n  i n  t h e  Digest. 

The m a t e r i a l  f o r  t h i s  Digest  has  been obtained from va r ious  sources ,  is p r i n t e d  f o r  
information only and does not  n e c e s s a r i l y  r e f l e c t  t h e  views of t h e  I n t e r n a t i o n a l  C i v i l  
Aviat ion Organization. 
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COMMENTS ON ACCIDENT SUMMARIES AND CLASSIFICATION TABLES - 1964 

Sixty-two acc iden t  r e p o r t s  a r e  summarized i n  Volumes I, 11, and 111 of Diges t  16  
because they s a t i s f y  one o r  more of t h e  fo l lowing  criteria: 

1 )  World-wide i n t e r e s t  i n  t h e  a c c i d e n t ,  due t o  e i t h e r  

a )  major d i s a s t e r  a s p e c t  which r e s u l t e d  i n  wide p u b l i c i t y ,  o r  
b) s p e c i a l  n a t u r e  of t h e  a c c i d e n t  and p o s s i b i l i t y  of remedia l  a c t i o n ;  

2)  S u i t a b i l i t y  of t h e  o r i g i n a l  r e p o r t  f o r  p r e p a r a t i o n  of a  summary; 

3 )  I n t e r e s t  a s  a n  example of good acc iden t  i n v e s t i g a t i o n  p r a c t i c e .  

These sixty-two summaries of acc iden t  r e p o r t s  concern a c c i d e n t s  which occur red  
i n  1964 (49 a c c i d e n t s ) ,  1965 (2 a c c i d e n t s )  and 1966 (11  a c c i d e n t s ) .  

A l l  t h e s e  a c c i d e n t s  have been c l a s s i f i e d  accord ing  t o  t h e  c l a s s i f i c a t i o n  
appear ing i n  pages 16 t o  20 of t h e  ICAO Manual of A i r c r a f t  Accident I n v e s t i g a t i o n  - 
Doc 6920 - AN/855/3. However, only  t h e  1964 a c c i d e n t s  a r e  inc luded  i n  t h e  fo l lowing  c l a s -  
s i f i c a t i o n  t a b l e s .  The 1965 and 1966 a c c i d e n t s  w i l l  be inc luded i n  t h e  c l a s s i f i c a t i o n  
t a b l e s  which w i l l  appear  i n  D iges t s  1 7  and 1 8  r e s p e c t i v e l y  , a l though  t h e i r  c l a s s i f i c a t i o n s  
appear  at. t h e  end of each  summary. 

Amongst t h e  fo r ty -n ine  1964 acc iden t  summaries, 48 were prepared by t h e  Secre- 
t a r i a t  ( 2 5  i n  Volume I and 23 i n  Volume 111) and 1 by a S t a t e  (Summary No. 1 of Volume 11 ) .  

Not inc luded i n  t h e  fo l lowing  c l a s s i f i c a t i o n  t a b l e s  f o r  1964 a r e  a n  i n c i d e n t  
invo lv ing  a  BOAC Comet 4 near  Narobi A i r p o r t ,  Kenya, on 2  February 1964 (Volume I, Summary 
No. 4) and a  test f l i g h t  a c c i d e n t  invo lv ing  a BAC 111 on S a l i s b u r y  P l a i n ,  England, on 
20 August 1964 (Volume 111, Summary No. 9 ) .  

The remaining for ty-seven 1964 a c c i d e n t s  which occurred du r ing  commercial a i r  
t r a n s p o r t  o p e r a t i o n s  may be c l a s s i f i e d  a s  fo l lows:  

Scheduled ope ra t  i ons  34 

I n t e r n a t i o n a l  12 

Domestic 22 

Non-scheduled o p e r a t i o n s  13 

I n t e r n a t i o n a l  3 

Domestic 10  - 
T o t a l  47" 
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The c l a s s i f i c a t i o n s  i n  Tables  A and B fo l low c l o s e l y  t h e  sugges t ions  contained 
i n  t h e  ICAO Manual of A i r c r a f t  Accident I n v e s t i g a t i o n .  They have, however, been based on 
acc iden t  r e p o r t s  founded on a  v a r i e t y  of r e p o r t i n g  and ana lys ing  techniques .  Only a por- 
t i o n  of t h e  t o t a l  number of a c c i d e n t s  i n v e s t i g a t e d  by S t a t e s  is e i t h e r  r e l e a s e d  f o r  g e n e r a l  
p u b l i c a t i o n  o r  s e n t  t o  ICAO. Due t o  t h e  smal lness  of t h e  t o t a l  samples (47),  no a t tempt  
h a s  been made i n  t h i s  p u b l i c a t i o n  t o  p repare  c l a s s i f i c a t i o n  t a b l e s  according t o  t h e  tppe 
of o p e r a t i o n  being conducted, f o r  i n s t ance ,  whether  scheduled o r  non-scheduled; and no 
d i f f e r e n t i a t i o n  is made between a c c i d e n t s  occu r r ing  on domestic and on i n t e r n a t i o n a l  
f l i g h t s .  However, a n o t a t i o n  on t h e  type of opera t ion  being conducted, where known, is 
included i n  Table  A. While the  t a b l e s  may serve a  u s e f u l  purpose i n  i n d i c a t i n g  c a u s a l  
t r e n d s ,  t h e  numbers are too  small t o  be s i g n i f i c a n t  f o r  s t a t i s t i c a l  purposes and r e a d e r s  
are warned no t  t o  p l a c e  t o o  much r e l i a n c e  on t h e  t r e n d s  s o  i n d i c a t e d  without  comparison 
wi th  o the r  sou rces ,  such a s  t hose  publ ished by o t h e r  i n t e r n a t i o n a l  o rgan iza t ions  and 
n a t i o n a l  a d m i n i s t r a t  ions.  

Although cons iderab le  c a r e  h a s  been taken i n  drawing up Table A t o  ensure  t h a t  
t he  c l a s s i f i c a t i o n  conforms w i t h  t h e  f i n d i n g s  of t h e  S t a t e  as mentioned i n  t h e  acc iden t  
summary, t h e  ve ry  b r e v i t y  of t h e  t a b l e  might g i v e  a wrong impression i n  some in s t ances .  
The r eade r  is,  t h e r e f o r e ,  always i n v i t e d  t o  r e f e r  t o  t h e  summary i n  t h e  Digest  and, i f  
necessary ,  t o  t h e  r e p o r t  from which i t  w a s  der ived.  

A survey of t h e  47 commercbl  a i r  t r a n s p o r t  acc iden t  summaries f o r  1964 sugges t s  
t h a t  t h e  fo l lowing f e a t u r e s  a r e  worthy of a t t e n t i o n :  

( i )  49% of t h e s e  a c c i d e n t s  occurred dur ing  t h e  approach and land ing  phase,  
i.e. 52 more t han  i n  1963. The main t y p e s  of approach and landing acc i -  
d e n t s  were: gea r  c o l l a p s e  (17%),  undershoot (13%), l o s s  of c o n t r o l  (13%). 

(ii) 32% of t h e s e  a c c i d e n t s  occurred du r ing  t h e  en-route phase. The main t y p e s  
of en-route a c c i d e n t s  were: c o l l i s i o n  wi th  r i s i n g  t e r r a i n  (40%),  fo rced  
land ing  (20%) and l o s s  of c o n t r o l  (20%). 

( i i i )  17% of t he se  a c c i d e n t s  occurred du r ing  t h e  take-off phase. The main t y p e s  
of take-off a c c i d e n t s  were: s t a l l  (25%) and loss of c o n t r o l  (25%). 

( i v )  A s i n g l e  t a x i i n g  acc iden t ,  a  gear  c o l l a p s e ,  accounted f o r  2%. 
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TABLE A , -  ACCIDENT CLASSIFICATION - 1964 (based on phase of o p e r a t i o n )  

' Phase* 1 
I 

I Operat ion 
i 

Type of acc iden t  No. 

Take-off 
(17%) 

i wershOot 

I 
i 

S t a l l  

Loss of c o n t r o l  

p f r a m e  - Air 

Desc r ip t ion  

Por t  main l and ing  gear  l e g  f o r p i n g  f a i l e d  a s  
a  r e s u l t  of a  propagat ion of a  o rev ious ly  
r e p a i r e d  f a t i g u e  crack.  

Pilot-in-co-nd gave c o n t r o l  of t h e  a i r c r a f t  
t o  a  person not  a u t h o r i z e d  t o  f l y  i t .  

Following an abor t ed  take-off and due t o  
damage t o  t h e  r e v e r s e  t h r u s t  system of No. 2  
eng ine ,  t h e  a i r c r a f t  ove r ran  t h e  runway, then  
h i t  a  steam r o l l e r  and caught F i r e .  

During take-off , impact  wi th  a f u e l  drum on t h e  
runway caused p a r t i a l  d e s t r u c t i o n  of t h e  r i g h t  
e l e v a t o r  t h u s  r ender ing  t h e  a i r c r a f t  uncon- 
t r o l l a b l e  i n  f l i g h t .  i 
Improper loading of t h e  a i r c r a f t  r e s u l t e d  i n  
i n s u f f i c i e n t  e l e v a t o r  e f f e c t i v e n e s s  t o  r e v e r s e  
an  unwanted p i t c h i n g  up motion. L 
Fau l ty  d i s t r i b u t i o n  of t h e  ca rgo  on board t h e  
a i r c r a f t .  r 
The degrada t ion  of a i r c r a f t  s t a b i l i t y  char-  
a c t e r i s t i c s  i n  tu rbu lence  because of abnormal 
l o n g i t u d i n a l  t r i m  component p o s i t i o n s .  L 
The p i l o t  f o r  undetermined reasons  dev ia t ed  
from d e p a r t u r e  course  i n t o  an  a r e s  of r i s i n g  
t e r r a i n  where downdraught a c t i v i t y  and turbu- 
l ence  a f f e c t e d  t h e  c l imb c a p a b i l i t y  of t h e  
a i r c r a f t  s u f f i c i e n t l y  t o  prevent  t e r r a i n  
c l ea rance .  

F a i l u r e  of t h e  wing main s p a r  occurred under 
f l i g h t  l o a d s  as a r e s u l t  of weakness caused 
by f a t i g u e  cracks .  

Flew a t  low a l t i t u d e  over mountainous t e r r a i n  
i n  instrument me teoro log ica l  cond i t ions .  r 

I Continued VFR i n t o  unfavourable  weather.  I 

Type** ' 
of I Vol. I  

Opera- Summary 1 No. t i o n  I 

En r o u t e  
(32%) 

V 0 l .  I1 
Summary 

No. 

V 0 l .  111 
Summary 

N O .  

* Percentages  a r e  based on t h e  t o t a l  number of 1964 a c c i d e n t s  c l a s s i f i e d  - 47 
** S - Scheduled NS - Non-scheduled 

Continued on nex t  page 

15 

Attempted a v i s u a l  landing approach i n  adver se  
weather c o n d i t i o n s  and h i t  high ground a f t e r  
having abandoned t h e  approach and headed f o r  
ano the r  a i r p o r t .  

F l i g h t  was conducted i n  IUC c o n d i t i o n s  a t  an  
a l t i t u d e  unsa fe  f o r  o p e r a t i o n s  of  t h a t  n a t u r e  
through t h e  Husyna (Po tos f )  Pass .  

C o l l i s i o n  w i t h  an  o b s t a c l e  l o c a t e d  35 km t o  
t h e  r i g h t  of t h e  in tended t r a c k  f o r  r easons  
unknown. 

Undetermined. 

C o l l i s i o n  - o b j e c t s  - 1 The p i l o t  cont inued t o  f l y  VFR i n t o  unfavour- 
a b l e  weather  wi th  p r a c t i c a l l y  z e r o  v i s i b i l i t y  

S 

NS 

S 

S 

S 

S 

S 

S 

Loss of c o n t r o l  

due t o  heavy r a i n .  

from a n  in tended 
ab rup t  t u r n  t o  t h e  l e f t  fo l lowing  an eng ine  
overspeed.  

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

The shoo t ing  of t h e  pilot-in-command and co- 

13 

1 0  

11 

16 

2 

6 

7 

1 
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TABLE A.- ACCIDENT CLASSIFICATION - 1964 (based on phase Of operat ion)  (Contd) 

Emergency condi t ions 

I l l  

Impact with ground f o r  u n k n m  reasons during 
- precautionary precautionary landing. 1 En route  11 landing l s I  2 l  

Phase* 
of No. Type of accident  

Operation 

Explosion i n  f l i g h t  

1 Ipine f a i l u r e  due t o  f u e l  exhaustion. I N S I  l I  

1 / I  Fai lu re  t o  maintain s a f e  single-engine speed 
and a l t i t u d e  following f a i l u r e  of the l e f t -  
hand engine. 1 Ns I 

No. 

1 

/ I k o r c e d  landing 1 1 / Ru~ture -of  t he  o i l  pipe which connects the  I NS / 2 1  1 
engine t o  t he  o i l  cboier  forced the  p i l o t  
t o  shut down the  left-hand engine. I IL 

Descript ion 

- 
Violent explosion of cr iminal  o r i g i n  which 
caused the  t a i l  un i t  t o  be to rn  o f f .  

Type** 
Of 

Opera- 
t  ion 

S 

Landing 
( 4 9 % )  

* Percentages 
** S - 

Vol. I 
summary 

NO. 

- 

23 

Vol. I1 
summary 

No. 

Scheduled NS - Non-scheduled Continued on next page 

V 0 l .  I11 
s u m r y  

No. 

2 1 

L 

1 

4 

1 

- 
Ground loop 

Gear collapsed 

Gear r e t r a c t ed  

Heavy landing 

Undershoot 

Overshoot 

Co l l i s i on  - ground 

a r e  based on the  t o t a l  

The a i r s t r i p  was unsui table  f o r  the  operat ion.  

The landing gear l eg ,  weakened by f a t i g u e ,  
f a i l e d  on f i r s t  impact during a  landing. 

Left landing gear col lapsed due t o  t he  
f r a c t u r e  of the  left-hand brace s t r u t  
a t t a ch ing  f  i:ting. 

Starboard landing gear collapsed on landing 
due t o  f a t i e u e  f r a c t u r e  of t he  f ixed head of 
t he  main r e t r a c t i o n  jack. 

Both nose wheels came off  due t o  a  f a t i gue  
f r ac tu r e  i n  the  nose wheel axle.  ' 
The starboard landing gear r e t r a c t ed  because 
the  hydraul ic  change-over valve was i n  the  
"ground test" pos i t ion .  

S 

S 

NS 

S 

S 

S 

Failed t o  counteract t he  e f f e c t  of a  d m -  
draught and t o  r e ac t  co r r ec t l y  t o  a  bounce 
t o  a  height of about 30 f t .  

The p i l o t  l o s t  vifiual reference during a  
landing i n  r ad i a t i on  fog. This resu l ted  i n  
a  heavy landing during which the port  gear 
collapaed. 

NS 

NS 

S 

S 

S 

S 

S 

S 

NS 

3 

19 

25 

18 

The crew abandoned t he  es tab l i shed  approach 
procedure and prematurely prepared t o  land. 

P i l o t  se lec ted  f u l l  f l a p  and reduced p w e r  
too ea r l y  i n  heavy r a i n  and poor v i s i b i l i t y .  

Fa i lu re  of the  pilot-in-command t o  plan and 
execute properly t he  f i n a l  approach. I 

3 

12 

14 

9 

11 

17 

23 

6 

excessive a i r speed ,  
inoperat ive prope l le r  revers ing and insuf- 
f i c i e n t  e f f e c t  of foo t  brake. 

a  landing without 
knowing h i s  pos i t i on  r e l a t i v e  t o  t he  length 
of t he  runway i n  a  s i t u a t i o n  where the  
instrument approach had been missed. 

The cap ta in  deviated from the  g l i d e  s lope 
during an ILS approach. 

1 

1 The a i r c r a f t  got below the  preecribpd a l t i -  
tude l i m i t s  as a r e s u l t  of having deviated 
from the  instrument f l i g h t  ru les .  

17 

15 

4 

number of 1964 acc iden ts  c l a s s i f i e d  - 47 

I 
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TABLE A. -  ACCIDENT CLASSIFICATION - 1964 (based on phase of opera t ion)  (Contd) 

Vol. I11 
sumnary 

NO. 

18  

5 

** S - Scheduled NS - Non-scheduled 

Phase* 
of 

Operat ion 

Landing 
( 4 9 % )  

(Contd) 

Percentages 

No. 
Vol. I1 
summary 

NO. 

Type of accident 

Col l i s ion  - water 

Col l i s ion  - runway 
l i g h t s  

Col l i s ion  - r i s i n g  

S t a l l  

Loss of con t ro l  I* 
a r e  based on the  t o t a l  

No. 

-1 

1 

1 

3 

number 

Type** 
Of 

Opera- 
t ibn 

S 

S 

S 

S 

S 

S 

S 

NS 

Descript ion 

The cause of the  accident  could not be 
determined. 

Loss of d i r e c t i o n a l  con t ro l  during the  landing 
r o l l  because t he  a i r c r a f t  ran i n t o  unexpected 
crosswind gus t s  on a runway where snow had 
considerably diminished t i r e  adherence. 

Fai led t o  i n t e r rup t  v i s u a l  approach i n  t he  
absence of mintmum v i s i b i l i t y  condi t ions  
required f o r  t he  type of Panoeuvre involved. 

Mis in te rpre ta t ion  of the  approach char t  by the 
pilot-in-comeand which resu l ted  i n  a premature 
descent below obs t ruc t ing  t e r r a i n .  

Ta i lp lane  ic ing.  

Loss of con t ro l  on f i n a l  approach due t o  
improper emergency procedure and misuse of 
engine controls .  

The p i l o t  of HK-862 i n i t i a t e d  evasive ac t i on  
which r e su l t ed  i n  l o s s  of control .  

Fa i l u r e  of the  crew t o  use ava i l ab l e  de-icing 
e q u i p r n t  and engine power t o  maintain 
pos i t i ve  con t ro l  of t he  a i r c r a f t  under condi- 
t i o n s  of rapid a i r f r a m  i ce  accre t ion  and 
vor tex  induced turbulence. , 2 2  
of 1964 acc iden ts  c l a s s i f i e d  - 47 

Vol. I 
summary 

No. 

24 

3 

20 

16 

15 

1 4  
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PART I 

SUMMARIES OF AIRCRAFT ACCIDENT REPORTS AS PREPARED BY ZCAO 

No. 1 

P a c i f i c  A i r  Lines.  I ~ c . ,  F a i r c h i l d  F-27, N 2770R. acc iden t  near  San Ramon, 
C a l i f o r n i a ,  on 7 May 1964. C i v i l  Aeronaut ics  Board (U.S.A.) A i r c r a f t  

Accident Repor t ,  F i l e  No. 1-0007, r e l ea sed  2 November 1964. 

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

F l i g h t  773 w a s  a  scheduled domestic  f l i g h t  from Reno, Nevada t o  San F ranc i sco ,  
C a l i f o r n i a ,  v i a  Stockton.  The f l i g h t  t o  Stockton was r o u t i n e ,  and t h e  a i r c r a f t  landed 
t h e r e  a t  0628 hours  PST. The f l i g h t  w a s  t hen  c l e a r e d  by t h e  Oakland A i r  Route T r a f f i c  
Control  Cent re  t o  t h e  San Franc i sco  A i rpo r t  t o  cl imb i n  VFR c o n d i t i o n s  t o  6  000 f t  and t o  
main ta in  6  000 f t .  The c l ea rance  was acknowledged and depa r tu re  was a t  0638 hours .  
During i t s  climb t h e  f l j .gh t  r e p o r t e d  l eav ing  2  000 f t  and was i n s t r u c t e d  by S tock ton  tower 
t o  con t ac t  Oakland ARTCC on 124.2 Mc/s. Af te r  c o n t a c t i n g  Oakland Cent re  t h e  f l i g h t  w a s  
i n s t r u c t e d  t o  main ta in  5  000 f t .  Oakland ARTCC e s t a b l i s h e d  r a d a r  con t ac t  w i th  t h e  a i r -  
c r a f t  6  miles from Stockton,  and at  0643 hours  t h e  f l i g h t  r epo r t ed  r each ing  i t s  a s s igned  
a l t i t u d e  of 5  000 f t .  A t  0645:lO hour s , t he  Oakland ARTCC c o n t r o l l e r  i n s t r u c t e d  t h e  f l i g h t  
t o  t u r n  l e f t  t o  a heading of 235O f o r  a  v e c t o r  t o  t h e  San Franc i sco  f i n a l  approach cou r se .  
A t  0646:49 hours ,  c o n t r o l  of t h e  f l i g h t  was t r a n s f e r r e d  t o  Oakland Approach Cont ro l .  A t  
0647:53 hours ,  t h e  f l i g h t  e s t a b l i s h e d  r a d i o  con tac t  wi th  Oakland Approach Cont ro l ,  who 
t r a n s m i t t e d  a p p r o p r i a t e  c o n t r o l  i n s t r u c t i o n s  and t h e  c u r r e n t  a l t i m e t e r  s e t t i n g  and adv ised  
t h a t  t h e  a i r c r a f t ' s  t r ansmis s ion  was garb led .  A t  0648:15 hours ,  a  h igh-pi tched message 
was heard  and recorded on t h e  Oakland Approach Cont ro l  t ape .  The con ten t  of t h e  message 

- 

was not  c l e a r ;  however, on t h e  b a s i s  of l a b o r a t o r y  a n a l y s i s ,  t h e  most probable  message 
was determined t o  be: "Skippers  sho t .  We're ben sho t .  (I was) T r y ' i n  t a  help."* No 
o the r  t r ansmis s ions  were heard  from t h e  f l i g h t  which disappeared s h o r t l y  t h e r e a f t e r  from 
t h e  r a d a r  scope a t  a po in t  about  18.5 NM from t h e  ~ a k l a n d ~  r a d a r  a n t e n n a  s i t e .  A t  0720 hours,  
t h e  Oakland ARTCC watch supe rv i so r  rece ived  in format ion  t h a t  t h e  wreckage of t h e  a i r c r a f t  
had been loca t ed  on t h e  up-slope of a 25.2' h i l l .  The co-ordinates  of t h e  main c r a t e r  
were 37°45'34'sN, 121°52'24"W and i t s  e l e v a t i o n  640 f t .  The t ime of t h e  acc iden t  was 
approximately 0640 hours  PST. 

* The Board s e n t  t h e  o r i g i n a l  t a p e  t o  t h e  B e l l  Telephone L a b o r a t o r i e s  f o r  f u r t h e r  a n a l y s i s .  
On t h e  b a s i s  of spectrogram comparisons provided by earlier r e c o r d i n g s  known t o  be t h e  
pilot-in-command and co -p i lo t ,  i t  was determined t h a t  t h e  f i n a l  message matched b e s t  t h e  

11 vo ice  of t h e  co-p i lo t .  I was" is shown i n  p a r e n t h e s i s  t o  emphasize t h e  u n c e r t a i n t y  of 
t h e s e  two words. The two u t t e r a n c e s  of "shot"  and t h e  one of "help" a r e  probably  t h e  
most r e l i a b l e  of t h e  s e v e r a l  words of t h e  message. 
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1.2 I n j u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

- 
I n j u r i e s  

F a t a l  

Non-f a t a l  

None 
- 

The a i r c r a f t  was des t royed  by impact. 

1 .4  Other damaqg 

C r e w  

3  

No ob j ec t  o t h e r  t han  t h e  a i r c r a f t  was damaged. 

1.5 Crew informat ion 

Passengers  

41 

The pilot-in-command, aged 52, h e l d  a  v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  c e r t i f i c a t e  
w i th  t y p e  r a t i n g s  i n  DC-3, Mart in 2021404 and F a i r c h i l d  F-27 a i r c r a f t .  He o r i g i n a l l y  
q u a l i f i e d  i n  t h e  F-27 on 10 March 1959 and h i s  l a s t  p ro f i c i ency  check i n  F-27 a i r c r a f t  was 
on 8 September 1963. H e  had flown a  t o t a l  of 20 434 hours ,  of which 2  794 hours  were i n  
F-27 a i r c r a f t .  H i s  p h y s i c a l  q u a l i f i c a t i o n s  were c u r r e n t  and wi thout  wa ivers .  

Others  

The co-p i lo t ,  aged 31, he ld  a  v a l i d  commercial p i l o t ' s  c e r t i f i c a t e  wi th  i n s t r u -  
ment r a t i n g .  H e  o r i g i n a l l y  q u a l i f i e d  i n  t h e  F-27 on 15 A p r i l  1959 and had h i s  l a s t  p r o f i -  
c iency  check on 16 February 1964. He had a  t o t a l  of 6  641 hours  f l y i n g  exper ience ,  which 
included 988 hours  i n  t h e  F-27 a i r c r a f t .  H i s  p h y s i c a l  q u a l i f i c a t i o n s  were a l s o  cu r r en t .  

The t h i r d  crew member aboard was a f l i g h t  a t t e n d a n t .  

1 .6 A i r c r a f t  in format ion  

No mention w a s  made i n  t h e  r e p o r t  of t h e  a i r c r a f t ' s  c e r t i f i c a t e  of a i rwor th ines s .  

The a i r c r a f t  had a  t o t a l  f l i g h t  t i m e  of 10  252 hours computed t o  i ts  last  f l i g h t  
ou t  of Stockton,  C a l i f o r n i a .  F l i g h t  t ime accumulated s i n c e  t h e  l a s t  mid-period i n s p e c t i o n  
on 3  May 1964 was 15 hours .  

A t  Reno t h e  a i r c r a f t  was r e f u e l l e d  wi th  about 264 g a l  of kerosene,  b r ing ing  t h e  
t o t a l  f u e l  a b o a r d - t o  approximately 754 g a l .  No r e f u e l l i n g  took p l ace  a t  Stockton,  where 
on ly  t h e  l e f t  engine was stopped. 

Weight and balance  were computed t o  be w i th in  l i m i t s .  

1 . 7  Meteorological  informat ion 

Weather c o n d i t i o n s  a t  t h e  t i m e  of t h e  acc iden t  were descr ibed  as ove rcas t  sky 
w i th  good v i s i b i l i t y .  
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1 . 8  Aids t o  n a v i g a t i o n  

Not p e r t i n e n t  t o  t h e  acc iden t .  

1 . 9  Cornmunicat i ons  

The f l i g h t  was i n  ;ontac t  w i th  Oakland Approach Con t ro l  u n t i l  0648:15 hou r s  when 
t h e  h igh-pi tched message was t r a n s m i t t e d  by t h e  a i r c r a f t .  The a i r c r a f t ' s  t r a n s m i s s i o n  w a s  
d i s t o r t e d .  

1 .10 Aerodrome and ground f a c i l i t i e s  

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

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

The a i r c r a f t  c a r r i e d  a  f l i g h t  r e c o r d e r  which was recovered i n t a c t  from t h e  
wreckage a l though  it s u s t a i n e d  s eve re  c ru sh ing  damage. 

A readout  of t h e  t a p e  by t h e  C i v i l  Aeronau t ics  Board i n d i c a t e d  t h a t  t h e  f l i g h t  
was normal from take-off a t  0638 hours  u n t i l  about 10  minutes  a f t e r  d e p a r t u r e  from 
Stockton.  The a i r c r a f t  was t hen  c r u i s i n g  a t  5 000 f t  i n d i c a t e d  a l t i t u d e  on a magnet ic  
heading of about  230' and a t  an  a i r s p e e d  of about  213 k t .  The f i r s t  e r r a t i c  i n d i c a t i o n s  
on t h e  t a p e  appeared t o  co inc ide  w i th  t h e  h igh-pi tched t r a n s m i s s i o n  by t h e  co -p i l o t  a t  
0648:15 hours .  A t  t h i s  p o i n t  t h e  f o u r  traces f o r  a l t i t u d e ,  a i r s p e e d ,  heading and accelera- 
t i o n  began t o  make sha rp  excurs ions .  Within  22.5 seconds t h e  a l t i t u d e  t r a c e  i n d i c a t e d  a 
descen t  from 5 300 t o  2 100 f t  ( a  descen t  rate  of approximate ly  9 000 f t / m i n ) ,  t h e  a i r s p e e d  
t r a c e  an  i n c r e a s e  t o  335 k t ,  t h e  heading trace a change t o  approximate ly  265' and t h e  
v e r t i c a l  a c c e l e r a t i o n  t r a c e  a  dec rea se  f i r s t  t o  about  minus 0.4 g and t hen  a n  i n c r e a s e  t o  
p l u s  2.5 g. During t h e  nex t  15  seconds t h e  a l t i t u d e  t r a c e  i n d i c a t e d  a  c l imb t o  avproxi-  
mately 3 200 f t  ( a  c l imb rate of 4 400 f t / m i n ) ,  t h e  a i r s p e e d  trace a dec rea se  t o  approx i -  
mately 265 k t ,  t h e  heading trace a change t o  approximately 285O and t h e  v e r t i c a l  a c c e l e r a t i o n  
cont inued t o  va ry  from p l u s  2.5 g t o  minus 0.4 g. From t h i s  p o i n t  t o  t h e  end of t h e  
recorded t r a c i n g s ,  a l l  traces were abnormal. 

The a i r c r a f t  s t r u c k  t h e  up-slope of a 25.2O h i l l  a t  a  r e l a t i v e  a n g l e  of 90.2'. 
The wreckage w a s  conf ined t o  t h e  east s l o p e  of t h e  800 f t  h i l l  and s t rewn 1 050 f t  up t h e  
s l ope  a long  a 500 f t  width  from t h e  main c r a t e r  on approximate ly  a  270° magnetic  heading.  
The a i r c r a f t ' s  heading a t  impact w a s  245O magnetic.  

1.13 F i r e  - 
No d e t a i l s  on t h e  pos t -crash  f i r e  were con ta ined  i n  t h e  r e p o r t .  

1.14 S u r v i v a l  aspects 

None was mentioned i n  t h e  r e p o r t .  
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1.15 T e s t s  and r e s e a r c h  

P o r t i o n s  of t h e  s e a t  frame tub ing  from t h e  pilot-in-command's s e a t  were 
recovered.  Microscopic examination of t h i s  t ub ing  a t  t h e  Fede ra l  Bureau of I n v e s t i g a t i o n  
(FBI) l a b o r a t o r y  d i s c lo sed  s i l v e r y  m e t a l l i c  smears i n  an  i n d e n t a t i o n  i n  t h e  tubing.  Spec- 
t r o g r a p h i c  a n a l y s e s  of t h e s e  smears revea led  t h e  p resence  of lead and antimony. 'The FBI 
r e p o r t  concluded t h a t  t h e  i n d e n t a t i o n  i n  t h e  t u b i n g  w a s  produced by a b u l l e t .  A l l  human 
remains were X-rayed f o r  meta l ;  no b u l l e t s  o r  unusual  t ypes  of f r a c t u r e s  were found. 
Tox ico log i ca l  s t u d i e s  were e s s e n t i a l l y  nega t ive .  Alcohol de te rmina t ion  on t h e  remains of 
t h e  pilot-in-command was nega t ive .  Spect rographic  examinations were made on specimens of 
human t i s s u e  recovered a t  t h e  c r a sh  s i t e  from t h e  v i c i n i t y  where t h e  remains i d e n t i f i e d  
a s  t h o s e  of passenger Gonzales were found. I n  one specimen, t h e  l ead  p re sen t  i n  t h e  sample 
was markedly e l eva t ed  compared t o  t h e  o t h e r  meta l  components i n  t h e  t i s s u e ,  i n d i c a t i n g  t h a t  
t h e  o b j e c t  caus ing  t h e  wound was l ead  o r  predominantly l ead .  No spec t rograph ic  examina- 
t i o n s  could be made of t h e  pilot-in-command and co-p i lo t  because of t h e  l a c k  of i d e n t i -  
f i a b l e  human remains.  

2. - Analys i s  and Conclusions 

2.1 Analys is  

Both engines  were s e v e r e l y  damaged by impact. Evidence showed t h a t  t h e  r i g h t  
eng ine  was developing power a t  impact 'while t h e  l e f t  eng ine  was n o t .  However, t h e r e  was 
no evidence  t o  i n d i c a t e  t h a t  e i t h e r  powerplant had n o t  been capable  of normal ope ra t i on .  
The asymmetric power cond i t i on  i s  not  deemed unusual  when t h e  cond i t i ons  i n  t h e  cockpi t  
p r i o r  t o  impact a r e  t aken  i n t o  cons ide ra t i on .  A l i k e l y  exp lana t ion  would be a c c i d e n t a l  
l e f t  engine  c o n t r o l  movement by a t  l e a s t  one of t h e  cockp i t  occupants  immediately be fo re  
impact,  r e s u l t i n g  i n  l o s s  of power ou tpu t  and consequent p r o p e l l e r  au to- fea ther ing  a c t i o n  
i n  p rocess  a t  moment of impact. 

The cockpi t  a r e a  was s o  completely des t royed  by impact t h a t  only  fou r  s m a l l  
p i e c e s  of t h e  ins t rument  pane l  were r e t r i e v e d .  

There was no evidence of any f a i l u r e  o r  malfunct ion of t h e  a i r c r a f t  o r  any of 
i t s  components p r i o r  t o  impact. There was no i n - f l i g h t  f i r e  nor evidence of o p e r a t i o n a l  
c a u s a l  f a c t o r s .  

A s ea rch  of t h e  wreckage a r e a  d i s c l o s e d  t h e  presence  of a .357 Smith and Wesson 
Model 27 Magnum revo lve r  SIN S210645, con t a in ing  s i x  empty c a r t r i d g e s  which had been f i r e d  
by t h e  weapon. It had a broken frame, jammed c y l i n d e r ,  and miss ing p i s t o l  g r i p s .  

The gun, wi th  ammunition and a c l ean ing  k i t ,  had been purchased by passenger 
Franc i sco  Paula Gonzales on t h e  evening of 6 May 1964. M r .  Gonzales had advised both f r i e n d s  
and r e l a t i v e s  t h a t  he would d i e  on e i t h e r  Wednesday, t h e  6 t h  of May, o r  Thursday, t h e  
7 th  of May. He r e f e r r e d  t o  h i s  impetlding dea th  on a d a i l y  b a s i s  throughout  t h e  week pre- 
ceding t h e  acc iden t .  On t h e  evening of 6 May, passenger Gonzales depar ted  San Franc i sco  
I n t e r n a t i o n a l  A i rpo r t  aboard a P a c i f i c  A i r  Lines  f l i g h t  f o r  Reno, Nevada, with a r e t u r n  
r e s e r v a t i o n  f o r  F l i g h t  773 on t h e  fo l lowing  morning. Sho r t l y  be fo re  boarding t h e  f l i g h t  
t o  Reno, Gonzales d i sp layed  t h e  gun t o  numerous f r i e n d s  a t  t h e  a i r p o r t  and told one person 
he  in tended t o  shoot  h imse l f .  Various persons  saw Mr. Gonzales board t h e  Pac i f ' -  A i r  L ines  
f l i g h t  a t  San Franc i sco  I n t e r n a t i o n a l  A i rpo r t  on t h e  evening of 6 May, c a r r y i n g  ~ n e  s m a l l  
package which conta ined t h e  gun and ammunition. On t h a t  same evening he  had >:chased two 
insurance  p o l i c i e s  a t  the  San Franc i sco  Ai rpor t  i n  t h e  t o t a l  amount of $105,Gc-. Another 
passenger aboard Gonzales '  f l i g h t  from San Franc i sco  t o  Reno remembered t h a t  Gr>,:zales was 
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c a r r y i n g  a  s m a l l  package and was s e a t e d  i n  t h e  f r o n t  s e a t  beh ind  t h e  ~ i l o t s '  compar tment .  
While a t  Reno, Nevada, M r .  Gonza les  s p e n t  t h e  n i g h t  v i s i t i n g  v a r i o u s  gambl ing  e s t a b l i s h -  
ments .  M r .  Gonza le s  gambled t h a t  n i g h t  and one c a s i n o  employee a s k e d  how h e  w a s  d o i n g , t o  
which Gonza les  r e p l i e d :  ".. . i t  would n o t  make any d i f f e r e n c e  a f t e r  tomorrow". S e v e r a l  
p e r s o n s  r e c a l l e d  t h a t  Gonza les  had a l a r g e  b u l g e  i n  h i s  c l o t h i n g  and o t h e r s  r e p o r t e d  t h a t  
he  was c a r r y i n g  a  s m a l l  package w h i l e  i n  Reno. A j a n i t o r  a t  a gambl ing  c l u b  where  p a s -  
s e n g e r  Gonza le s  w a s  known t o  have  s p e n t  a p a r t  o f  t h e  e v e n i n g  d i s c o v e r e d  a c a r d b o a r d  
c a r t o n  f o r  a  Smith  and Wesson .357 Magnum r e v o l v e r  and a gun c l e a n i n g  k i t  i n  t h e  waste- 
p a p e r  c o n t a i n e r .  Both of t h e s e  i t e m s  were i d e n t i f i e d  by t h e  s e l l e r  a s  p a r t  of  p a s s e n g e r  
Gonza le s '  p u r c h a s e  on t h e  p r e c e d i n g  even ing .  

I n t e r v i e w s  w i t h  r e l a t ives ,  a s s o c i a t e s ,  and a c q u a i n t a n c e s  r e v e a l e d  t h a t  G o n z a l e s  
was d i s t u r b e d  and d e p r e s s e d  o v e r  m a r i t a l  and f i n a n c i a l  d i f f i c u l t i e s  and t h a t  h e  c r i e d  con- 
t i n u o u s l y  d u r i n g  t h e  e v e n i n g  of 5 May 1964. A c r e d i t  check  showed Gonza le s  t o  h a v e  been  
d e e p l y  i n  d e b t  and n e a r l y  h a l f  of  h i s  s a l a r y  w a s  commit ted f o r  l o a n  payments .  

Thorough background i n v e s t i g a t i o n s  were conduc ted  of t h e  o t h e r  o c c u p a n t s  of t h e  
a i r c r a f t ,  i n c l u d i n g  t h e  crew. Those i n v e s t i g a t i o n s  r e v e a l e d  no undue h e a l t h  p rob lems ,  
u n u s u a l  p u r c h a s e s  o r  h o l d i n g s  of i n s u r a n c e ,  o r  i n d i c a t i o n s  of despondency by any o t h e r  
p e r s o n  a b o a r d  t h e  a i r c r a f t  f rom Reno t o  San F r a n c i s c o .  

2 .2  C o n c l u s i o n s  

F i n d i n g s  

The crew were p r o p e r l y  c e r t i f i c a t e d  and q u a l i f i e d  f o r  t h e  f l i g h t .  

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

The a i r c r a f t  and p o w e r p l a n t s  were  m a i n t a i n e d  i n  a c c o r d a n c e  w i t h  e x i s t i n g  P a c i f i c  
A i r  L i n e s  and F e d e r a l  A v i a t i o n  Agency approved  d i r e c t i v e s  and p r o c e d u r e s .  The a i r c r a f t  and 
p o w e r p l a n t s  were  i n  a n  a i r w o r t h y  c o n d i t i o n  p r i o r  t o  t h e  o c c u r r e n c e  of t h i s  a c c i d e n t .  

No e v i d e n c e  of m a l f u n c t i o n  o r  f a i l u r e  of t h e  a i r c r a f t ,  i t s  e n g i n e s  o r  i t s  e q u i p -  
ment was found .  

The f l i g h t  r e c o r d e r  t a p e  i n d i c a t e d  normal  f l i g h t  u n t i l  0648 h o u r s  when a s t e e p  
d e s c e n t  began.  F i f t e e n  s e c o n d s  l a t e r ,  t h e  c o - p i l o t  b r o a d c a s t  h i s  l a s t  h i g h - p i t c h e d  t rans-  
m i s s i o n .  Tha t  t r a n s m i s s i o n  and t h e  f l i g h t  r e c o r d e r  r e c o r d  of a momentary i n t e r r u p t i o n  i n  
t h e  d i v e  2 2  s e c o n d s  a f t e r  i t  began  were t h e  o n l y  i n d i c a t i o n s  of t h e  f l i g h t  c r e w ' s  a c t i o n s  
d u r i n g  t h e  f i n a l  minu te  of f l i g h t .  T h i s  e v i d e n c e  d o e s  n o t  f u r n i s h  s u f f i c i e n t  p a r a m e t e r s  
t o  d e t e r m i n e  t h e  s p e c i f i c  t i m e  p o i n t  a t  which bo th  p i l o t s  became c o m p l e t e l y  i n c a p a c i t a t e d ,  
b u t  i n d i c a t e d  t h e  i m p r o b a b i l i t y  of  p i l o t  s u i c i d e .  

The t o t a l  e v i d e n c e  c l e a r l y  i n d i c a t e d  t h a t  t h e  pilot-in-command and t h e  c o - p i l o t  
were  s h o t  by a  p a s s e n g e r .  A s  a r e s u l t ,  t h e  u n c o n t r o l l e d  a i r c r a f t  began t h e  d e s c e n t  which 
ended i n  impact  w i t h  t h e  h i l l .  

Cause o r  
P r o b a b l e  c a u s e  ( s )  

The p r o b a b l e  cause  of t h i s  a c c i d e n t  was t h e  s h o o t i n g  of t h e  pilot- in-command 
and ct 7 i l o t  by a  p a s s e n g e r  d u r i n g  f l i g h t .  
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3 ,  - Recommendations 

None w e r e  con ta ined  i n  t h e  r epo r t .  

4. - Action t aken  

P r i o r  t o  t h e  acc iden t  (on 1 May 1964) ,  t h e  FAA adopted c e r t a i n  amendments t o  
P a r t s  40, 4 1  and 42 of t h e  C i v i l  A i r  Regula t ions .  These amendments which became e f f e c t i v e  
on 6 August 1964 r equ i r ed  t h a t  t h e  door s e p a r a t i n g  t h e  passenger  c a b i n  from t h e  crew com- 
partment  on a l l  scheduled a i r  c a r r i e r  and commercial a i r c r a f t  must be kept  locked dur ing  
f l i g h t .  An excep t ion  t o  t h e  r u l e  w i l l  be dur ing  land ing  o r  take-off on c e r t a i n  a i r c r a f t  
such a s  t h e  F a i r c h i l d  F-27 where t h e  door l e a d s  t o  a n  emergency passenger e x i t .  

ICAO Ref: AR/846 
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No. 2  

P h i l i p p i n e  A i r  L ines ,  I n c . ,  DHC-3 O t t e r ,  PI-C51, acc iden t  a t  Sibuco P o i n t ,  
Zamboanga d e l  Norte,  P h i l i p p i n e s ,  on 20 May 1964. Report undated,  

r e l e a s e d  by t h e  C i v i l  Aeronaut ics  Admin is t ra t ion ,  Department of 
Pub l i c  Works and Communications. Republic  of t h e  P h i l i p p i n e s .  

1.1 His to ry  of t h e  f l i g h t  

F l i g h t  F26/25 was a  scheduled domestic  f l i g h t  o r i g i n a t i n g  a t  Zamboanga Ai rpo r t  
a t  0650 hours f o r  Siocon, where it landed a t  0730 hours .  Due t o  unfavourable  weather  con- 
d i t i o n q t h e  p i l o t  decided t o  r e t u r n  d i r e c t  t o  Zamboanga i n s t e a d  of f l y i n g  t h e  fo l lowing  
schedule :  Siocon-Liloy-Dipolog-Liloy-Siocon-Zamboanga. A t  a p p r o x i ~ a t e l y  0810 hours  t h e  
a i r c r a f t  took of f  from Siocon. The take-off  and climb were normal,  and no o p e r a t i n g  d i f f i -  
c u l t y  was r epo r t ed  by t h e  p i l o t .  The a i r c r a f t  c rashed a t  Sibuco Po in t  wh i l e  f l y i n g  i n  
heavy r a i n  on a  heading of 2050 towards Zamboanga. The co-ord ina tes  of t h e  acc iden t  s i t e  
were 7015'3"N, 122OOl'E. The acc iden t  occurred a t  approximately 1000 hours .  

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

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

The a i r c r a f t  was des t royed by t h e  impact and ensuing f i r e .  

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

1 . 4  Other damage 

Passengers  

10 

Crew 

1 

- 

No o t h e r  damage was incur red .  

Others  

1 .5  Crew informat ion  

The pilot-in-command, aged 32, was t h e  only crew member aboard.  He h e l d  an 
a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  wi th  r a t i n g s  on t h e  DC-3 and DHC-3 and a  v a l i d  r ad io -  
telephony l i c e n c e .  He had been checked out  on t h e  DC-3 and DHC-3 by CAA check p i l o t s .  He 
had flown a  t o t a l  of 4  163 hours ,  i nc lud ing  342 hours  on t h e  DHC-3 O t t e r .  He had s a t i s -  
f a c t o r i l y  passed a  r o u t e  q u a l i f i c a t i o n  check p r i o r  t o  h i s  assignment a s  DHC-3 c a p t a i n  i n  
t h a t  p a r t  of Mindanao. He q u a l i f i e d  as DHC-3 c a p t a i n  on 22 January  1964. A t  t h e  t i m e  of 
t h e  a c c i d e n t , h i s  medical  c e r t i f i c a t e  was c u r r e n t  w i th  no waivers .  
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1.6 A i r c r a f t  i n £  ormat ion  

The a i r c r a f t  had a  c e r t i f i c a t e  of a i r w o r t h i n e s s  v a l i d  u n t i l  20 August 1964. 

It had undergone a l l  t h e  p e r i o d i c  checks and p rog re s s ive  i n s p e c t i o n s  l a i d  out  
i n  t h e  DHC-3 maintenance manual, and w a s  p rope r ly  r e l ea sed  f o r  t h e  f l i g h t  by a l i c e n s e d  
a i r f r a m e  and engines  mechanic. It had a  t o t a l  f l y i n g  t i m e  of 7 197 hours ,  i nc lud ing  
1 012 hours  s i n c e  t h e  l a t e s t  overhaul .  

The a i r c r a f t  c a r r i e d  a t o t a l  pay load of 742 kg, which was l e s s  t han  t h e  maxi- 
mum pe rmis s ib l e  of 842 kg. 

P r i o r  t o  take-off a t  Zamboanga A i r p o r t ,  t h e  a i r c r a f t  was s e rv i ced  wi th  f u e l  f o r  
7 hours .  

The t ype  of f u e l  be ing used was no t  s t a t e d  i n  t h e  r e p o r t .  

1 . 7  Meteoro log ica l  in£  ormat i on  

The weather  cond i t i ons  p r e v a i l i n g  i n  Western Mindanao were cons idered  unfa- 
vourab le  f o r  VFR f l i g h t s .  There was a  heavy s q u a l l  i n  t h e  v i c i n i t y  of t h e  c r a sh  a r e a  a t  
t h e  t i m e  of t h e  acc iden t .  

1 .8  Aids t o  nav iga t i on  

The a i r c r a f t  was only  r a t e d  f o r  VFR f l i g h t s ,  and t h e r e  were no n a v i g a t i o n a l  
a i d s  aboard. 

1 . 9  Communications 

VHF and HF. 

1.10 Aerodrome and ground f a c i l i t i e s  

Not p e r t i n e n t  t o  t h i s  acc iden t .  

1.11 F l i g h t  r eco rde r s  

Not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

No d e t a i l s  on t h e  s i d e  of t h e  acc iden t  were mentioned i n  t h e  r e p o r t .  

A f i r e  fol lowed impact. 

1.14 S u r v i v a l  aspects 

Two of t h e  passengers  were thrown out  10  f t  from t h e  f i n a l  impact poiat. The 

p i l o t  w a s  found s t r apped  i n  h i s  s e a t .  
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1.15 T e s t s  and r e sea rch  

No in format ion  was con ta ined  i n  t h e  r e p o r t .  

2. - Analys i s  and Conclusions 

2 .1  Analys is  

The a i r c r a f t  h i t  a  molave t r e e  a t  200 f t  AMSL whi le  i n  a l e f t  bank. The l e f t  
wing was severed from t h e  a i r c r a f t  and t h e  l ead ing  edge of t h e  v e r t i c a l  s t a b i l i z e r  was 
s eve re ly  damaged. The nose s e c t i o n  t hen  h i t  ano the r  t r e e  be fo re  f i n a l l y  s e t t l i n g  on t h e  
ground a t  an  approximate 30-degree angle .  The c o n d i t i o n  of t h e  wreckage showed t h a t  t h e  
a i r c r a f t  c o l l i d e d  wi th  t h e  t r e e s  and t e r r a i n  under power. 

From t h e  evidence  ga thered  t h e r e  was nothing t o  i n d i c a t e  t h a t  t h e r e  w a s  m a l -  
f unc t ion ing  of t h e  a j r f r ame  and engine and /or  components. Furthermore,  no  o p e r a t i n g  
d i f f i c u l t y  was r epo r t ed  by t h e  p i l o t  and t h e  sound of t h e  eng ine  w a s \ r e p o r t e d  as normal 
by wi tnesses .  

There was heavy r a i n  and s t r o n g  winds i n  t h e  a r e a  of t h e  c r a s h  a t  t h e  t ime  of 
t h e  acc iden t .  V i s i b i l i t y  was l i m i t e d  t o  almost zero .  Th i s  w a s  most probably  t h e  reason  
t h a t  l e d  t h e  p i l o t  t o  "hugt' t h e  c o a s t l i n e  a t  low a l t i t u d e ,  e s p e c i a l l y  as t h e  a i r c r a f t  w a s  
no t  equipped wi th  s u f f i c i e n t  n a v i g a t i o n a l  ins t ruments  f o r  an IFR f l i g h t .  The p i l o t  must,  
t h e r e f o r e ,  have r e s o r t e d  t o  v i s u a l  f l y i n g ,  fo l lowing  t h e  c o a s t l i n e ,  t o  reach  h i s  d e s t i n a t i o n .  
With almost ze ro  v i s i b i l i t y ,  he  l o s t  t r a c k  of t h e  s h o r e l i n e  and t h e  a i r c r a f t  c o l l i d e d  w i th  
t r e e s  and subsequent ly  s t r u c k  t h e  t e r r a i n .  

The PAL r a d i o  ope ra to r  a t  Zamboanga rece ived  a  b l i n d  garb led  t r a n s m i s s i o n  from 
t h e  p i l o t  a t  approximately 0957 hours .  Presumably t h e  p i l o t  must have a t t empted  t o  r e p o r t  
t h e  bad weather he was in .  The r a d i o  ope ra to r  c a l l e d  up t h e  a i r c r a f t  immediately but 
rece ived  no answer. The acc iden t  might,  t h e r e f o r e ,  .have occur red  s h o r t l y  a f t e r  t h e  t r a n s -  
miss ion w a s  made. 

2.2 Conclusions 

Findings  

The a i r  c a r r i e r ,  t h e  a i r c r a f t  and t h e  p i l o t  were a l l  p r o p e r l y  c e r t i f i c a t e d .  
There w a s  nothing t o  i n d i c a t e  t h a t  t h e  a i r c r a f t  was not  i n  an  a i rwor thy  c o n d i t i o n  p r i o r  t o  
t h e  acc iden t .  It was p rope r ly  loaded. 

The f l i g h t  was conducted a t  a  r e l a t i v e l y  low and unsa fe  a l t i t u d e  over  t h e  jagged 
s h o r e l i n e .  

There was no known eng ine  malfunct ioning o r  ope ra t i ng  d i f f i c u l t y  r e p o r t e d  by 
t h e  p i l o t .  

Due t o  heavy r a i n  t h e r e  was ve ry  l i m i t e d  v i s i b i l i t y ,  a lmost  ze ro ,  a t  t h e  scene  
of t h e  acc iden t .  

The a i r c r a f t  c o l l i d e d  wi th  t r e e s .  

The a i r c r a f t  was t o t a l l y  des t royed  by impact and t h e  f i r e  which fo l lowed.  

There were no su rv ivo r s .  
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Cause o r  
Probable cause ( s )  

The p i l o t  cont inued t o  f l y  VFR i n t o u n f a v o u r a b l e  weather over t h e  jagged shore- 
l i n e  wi th  p r a c t i c a l l y  z e r o  v i s i b i l i t y  due t o  heavy r a i n .  

There w a s  a heavy s q u a l l  a t  t h e  t i m e  and a t  t h e  scene of t h e  acc iden t .  Weather 
c o n d i t i o n s  i n  t h e  Western Mindanao a r e a  dur ing  t h e  day of t h e  acc iden t  were g e n e r a l l y  
unfavourable  f o r  VFR f l i g h t s .  When t h e  p i l o t  took o f f  from Siocon t h e  c e i l i n g  a t  t h e  des- 
t i n a t i o n ,  Zamboanga, w a s  below IFR minima. 

3 .  - Recommendations 

It was recommended t h a t :  

( a )  PAL Otter a i r c r a f t  should be equipped wi th  a n  ADF and a more powerful HF; and 

(b)  PAL should e x e r c i s e  c l o s e r  supe rv i s ion  over p i l o t s  based a t  Zamboanga. 

4. - Action taken  

S h o r t l y  a f t e r  t h e  a c c i d e n t , t h e  CAA suspended t h e  o p e r a t i o n s  of t h e  Otter pending 
compliance wi th  t h e  reconrmendations. . 

ICAO Ref: AR/841 
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No. 3 

C u r t i s s  Wright Super C-46, CF-PWE, acc iden t  a t  Hudson Hope Aerodrome, 
B r i t i s h  Columbia. Canada. on 25 May 1964. Report undated.  S e r i a l  

No. 2264. r e l ea sed  bv t h e  Department of Transpor t .  Canada. 

1. - I n v e s t i n a t i o n  

1.1 His to ry  of t h e  f l i g h t  

The a i r c r a f t  was f l y i n g o n  a scheduled domestic  f l i g h t  from Vancouver I n t e r n a -  
t i o n a l  Ai rpor t  t o  Hudson Hope Aerodrome. During t h e  l and ing  on runway 23 a t  Hudson Hope, 
t h e  main wheels of t h e  a i r c r a f t  touched down 80 f t  a f t e r  t h e  t h r e sho ld  and t h e n  sk ipped ,  
touching down a second 'time about 500 f t  f u r t h e r  up t h e  runway. Th i s  y a s  fo l lowed by a 
second s k i p  and touchdown by t h e  l e f t  wheel 867 f t  from t h e  t h r e sho ld  wi th  a  wheel mark 
apparent  t o  930 f t .  There was no evidence  of con t ac t  by t h e  r i g h t  wheel i n  t h i s  a r e a .  
The l e f t  wheel marks w e r e  a g a i n  apparent  a t  975 f t  and t h e  marks con t inued  u n t i l  t h e  a i r -  
c r a f t  came t o  r e s t .  The r i g h t  wheel made i n t e r m i t t e n t  con t ac t  t o  1 390 f t  from t h e  
t h r e sho ld  and cont inuous  con tac t  from t h a t  p o i n t .  The r i g h t  wheel marks r a n  o f f  t h e  
nor th  s i d e  of t h e  runway on t o  t h e  s o f t  shou lder  1 5 6 3  f t  from t h e  t h r e s h o l d ,  and t h e  
a i r c r a f t  swung v i o l e n t l y  t o  t h e  r i g h t  and assumed a s t e e p  nose down ang le  b e f o r e  f a l l i n g  
back t o  t h e  th ree -po in t  p o s i t i o n .  The a i r c r a f t  came t o  rest 1 980 f t  from t h e  t h r e s h o l d  
f ac ing  3150 magnetic.  The acc iden t  occurred a t  0950 hours PST. The co-ord ina tes  of t h e  
acc iden t  s i t e  were Lat .  56002'N, Long. 121059'W. 

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

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

The a i r c r a f t  was s u b s t a n t i a l l y  damaged. 

I n j u r i e s  

F a t a l  

Non-fatal 

None 

1.4  Other damage 

Passengers  

3 9 

C r e w  

4 -- 

No o b j e c t  o t h e r  t han  t h e  a i r c r a f t  w a s  damaged. 

Others  

1.5 Crew in format ion  

The pilot-in-command was occupying t h e  r ight-hand p i l o t ' s  s e a t  a t  t h e  t i m e  of 
t h e  acc iden t .  He he ld  an  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  wi th  a  C la s s  I ins t rument  
r a t i n g .  He had accumulated a t o t a l  of 12 000 hours  f l y i n g  expe r i ence ,  of which 2 000 hours  
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were on C-46 a i r c r a f t ,  w i t h  60 hours  on t h a t  t y p e  i n  t h e  90 days  p r i o r  t o  t h e  a c c i d e n t .  
He had l anded  a t  t h i s  aerodrome many t i m e s  and was f a m i l i a r  w i t h  i t .  

The c o - p i l o t  occupied  t h e  l e f t -hand  s e a t  and was f l y i n g  t h e  a i r c r a f t  a t  t h e  
t i m e  of t h e  a c c i d e n t .  H e  a l s o  h e l d  a n  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  w i t h  a Class I 
i n s t r u m e n t  r a t i n g .  H e  had f lown a  t o t a l  of 13  000 h o u r s ,  of which 8 :30  h o u r s  were on 
C-46 a i r c r a f t ,  w i t h  5:30 hours  on t h a t  t y p e  i n  t h e  90 days  p r i o r  t o  t h e  a c c i d e n t .  The co- 
p i l o t  had not  landed a t  t h i s  aerodrome p r e v i o u s l y .  H i s  r e c e n t  C-46 e x p e r i e n c e  had been 
ga ined  on ha rd - su r faced  runways hav ing  a width  of 200 f t .  

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

A c e r t i f i c a t e  of a i r w o r t h i n e s s  had been i s s u e d  f o r  t h e  a i r c r a f t .  

The g r o s s  weight  of t h e  a i r c r a f t  and i t s  c e n t r e  of g r a v i t y  were n o t  mentioned 
i n  t h e  r e p o r t .  

The type  of f u e l  b e i n g  used was no t  s t a t e d  i n  t h e  r e p o r t .  

1.7 M e t e o r o l o g i c a l  i n f o r m a t i o n  

The weather  was r e p o r t e d  t o  b e :  sky c l e a r ,  v i s i b i l i t y  u n l i m i t e d ,  t empera tu re  
about  500F and t h e  wind from t h e  nbr thwes t  a t  8 mph. 

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

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

1 .9  Communications 

Not mentioned i n  t h e  r e p o r t .  

1 .10  Aerodrome and ground f a c i l i t i e s  

Hudson Hope Aerodrome is u n l i c e n s e d  and is p r i v a t e l y  o p e r a t e d .  It c o n s i s t s  of 
a g r a v e l - s u r f a c e d  runway o r i e n t e d  on head ings  of 230' and 050° magnet ic  and i s  4 200 f t  
l o n g  by 100 f t  wide.  Its e l e v a t i o n  i s  2  220 f t  AMSL. The g r a v e l  s u r f a c e  of t h e  runway i s  
f i r m  and hard-packed. The edges  a r e  n o t  marked, and t h e  s h o u l d e r s  a t  t h e  t i m e  of t h e  
a c c i d e n t  were s o f t  mud, covered  by a b o u t  2 i n c h e s  of l o o s e  g r a v e l .  The p r e s e n c e  of t h e  
l o o s e  g r a v e l  on t h e  s h o u l d e r s  gave t h e  i m p r e s s i o n  t h a t  t h e  runway w a s  wider  t h a n  i t s  
a c t u a l  dimensions.  T h i s  area had a  spongy f e e l i n g  t o  a pe r son  walk ing  on i t .  

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

Not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

None. 

1.13 F i r e  - 
There  w a s  no f i r e .  
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1 . 1 4  Su rv iva l  a s p e c t s  

None. 

1.15 T e s t s  and r e sea rch  
3 

None. 

2. - Analys i s  and Conclusions 

2 .1  Ana lys i s  

There was no evidence  of any f a u l t  i n  t h e  a i r f r a m e ,  eng ines  o r  c o n t r o l s  p r i o r  
t o  t h e  acc iden t .  

The touchd'own was s l i g h t l y  l e f t  of t h e  runway c e n t r e  l i n e .  A t  about 975 f t  from 
t h e  t h r e sho ld  t h e  a i r c r a f t  began a  smooth curve t o  t h e  r i g h t  which cont inued t o  1 563 f t ,  
where t h e  r i g h t  wheel e n t e r e d  t h e  s o f t  shou lder .  The marks t hen  s t r a i g h t e n e d  out  and r a n  
almost p a r a l l e l  t o  t h e  runway u n t i l  t h e  f i n a l  swing t o  t h e  r i g h t .  

The runway width  and s o f t  shou lde r s  provided l i t t l e  room f o r  e r r o r s  i n  landing.  

2.2 Conclusions 

Findings  

The crew were s a t i s f a c t o r i l y  c e r t i f i c a t e d  and had cons ide rab l e  exper ience .  
However, i t  was t h e  f i r s t  landing f o r  t h e  co-p i lo t  a t  t h i s  a i r p o r t .  

The a i r c r a f t  had a  v a l i d  c e r t i f i c a t e  of a i r c r a f t  had a  v a l i d  c e r t i f i c a t e  of 
a i rwor th ines s .  

There was no evidence  of any f a u l t  i n  t h e  a i r f r a m e ,  eng ines  o r  c o n t r o l s  p r i o r  
t o  t h e  acc iden t .  

During t h e  l and ing  t h e  r i g h t  main wheel of t h e  a i r c r a f t  encountered t h e  s o f t  
shoulder  of t h e  runway, fo l lowing  which t h e  a i r c r a f t  swung v i o l e n t l y  t o  t h e  r i g h t  and 
assumed a  s teepnosedown ang le  be fo re  f a l l i n g  back t o  t h e  th ree -po in t  p o s i t i o n .  

Cause o r  
Probable cause  ( s )  

The a i r s t r i p  was u n s u i t a b l e  f o r  t h e  o p e r a t i o n  of t h i s  t ype  of a i r c r a f t .  

3 .  - Recommendations 

None were con ta ined  i n  t h e  r e p o r t .  

ICAO Ref: AR/866 
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No. 4 

Nor theas t  A i r l i n e s  Inc . ,  Douglas DC-6B, N 8221H,accident a t  La Guardia A i rpo r t ,  
New York, U.S.A.,. on 5 June 1964. C i v i l  Aeronaut ics  Board (U.S.A.) A i r c r a f t  

Accident Report ,  F i l e  No. 1-0005, r e l e a s e d  25 January 1966. 

1.- I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

F l i g h t  715 was a scheduled domestic passenger  f l i g h t  from Lebanon, New Hampshire, 
t o  NewYorkCity v i a  Boston, Massachuset ts .  The t r i p  t o  Boston was r o u t i n e .  A f t e r  crew 
change t h e  a i r c r a f t  depar ted  Boston a t  1133 hours  Eas t e rn  Daylight  Time f o r  La  Guardia 
A i r p o r t  on an  instrument f l i g h t  r u l e s  c l e a r a n c e  and proceeded normally t o  t h e  New York 
a r e a .  The IFR f l i g h t  p lan  was cance l l ed  about 25 miles from L a  Guardia A i rpo r t .  When ove: 
New Rochel le ,  New York, t h e  f l i g h t  con tac ted  La Guardia Tower and was i n s t r u c t e d  t o  r e p o r t  
over  t h e  f i e l d  f o r  l and ing  on runway 31. When about 1; m i l e s  west of t h e  a i r p o r t  a t  an  
a l t i t u d e  of approximately 3 500 f t ,  t h e  a i r c r a f t  w a s  t u r n e d o n  t o t h e d o w n  wind l eg .  The 
La Guardia Tower then  c l e a r e d  t h e  f l i g h t  t o  land on runway 31. Wing f l a p s  were lowered 
t o  t h e  25O p o s i t i o n  on t h e  down w i n d l e g  and t h e  a i r c r a f t  was tu rned  on t o t h e  base  l e g  
approximately two miles sou th  of t h e  a i r p o r t  a t  an a l t i t u d e  of approximately 2 000 f t .  
The p r o p e l l e r s  were t h e n  advanced t o  2 300 rpm, t h e  l and ing  gear  was extended-and t h e  
f l a p s  lowered t o  300. 

A t  an  a l t i t u d e  of approximately 1 000 f t  t h e  f l a p s  were lowered t o  40'. The 
pilot-in-command s t a t e d  t h a t  he  then  n o t i c e d  t h a t  t h e  V i sua l  Approach Slope I n d i c a t o r  
(VASI) l i g h t s  were on and t h a t  both s e t s  of l i g h t  b a r s  were i n d i c a t i n g  whi te .  When t h e  
a i r c r a f t  w a s  a n  e s t ima ted  1& m i l e s  from t h e  approach end of runway 31  a t  an  a l t i t u d e  of 
approximately 600 f t ,  t h e  up wind l i g h t s  were observed t o  change p rog re s s ive ly  from 
p ink  t o  red w i t h  t h e  down wind l i g h t s  remaining c o n s i s t e n t l y  whi te .  The pilot-in-command 
s t a t e d  t h a t  a t  t h i s  po in t  he  decided t o  u t i l i z e  t h e  VASI l i g h t s  t o  e s t a b l i s h  t h e  f i n a l  
approach f l i g h t  pa th .  A s  t h e  a i r c r a f t  approached t h e  runway th r e sho ld  t h e  p i l o t - i n -  
command c a l l e d  f o r  500 of f l a p s .  The co-p i lo t  s t a t e d  t h a t  he t hen  placed t h e  f l a p  s e l e c t o r  
l e v e r  i n  t h e  500 d e t e n t .  The f l i g h t  eng ineer  v e r i f i e d  t h i s  and 0,bserved t h e  f l a p . i n d i c a t o r  
move downward and t h e  h y d r a u l i c  q u a n t i t y  and p r e s s u r e  i n d i c a t o r s  s t a b i l i z e .  ~ h e ~ i i o t - i n -  
command then  f u l l y  r e t a r d e d  engine power a n d  s imul taneously  r a i s e d  t h e  nose of t h e  a i r c r a f t  
t o  reduce  t h e  a i r s p e e d  from 115 k t  t o  t h e  boundary speed of 100 k t .  A s  t h e  a i r c r a f t .  passed 
over t h e  wa te r - r e t a in ing  d i k e  l o c a t e d  ahead of t h e  runway t h r e s h o l d  a ~ ' ~ ~ ~ ' ' ~ w a ~ : l ? ~ r d  o r  
f e l t  by t h e  crew. The a i r c r a f t  continued ahead, i n i t i a l l y  touching do&'oFi--fts reft main 
shock s t r u t  1 164 f t  from t h e  runway th r e sho ld .  The a f t  f u se lqge  se ,c t ion .contacted  t h e  
runway 1 800 f t  from t h e  t h r e sho ld .  The a i r c r a f t  s l i d  down t h e  runway, coming t o  r e s t  j u s t  
o f f  t h e  r i g h t  edge at  a d i s t a n c e  of 3 , 4 0 0  f t  from t h e  t h r e sho ld  on a heading of approxi- 
mately 3250. It was subsequent ly  found t h a t  t h e  e n t i r e  r i g h t  main landing gear  assembly 
had sep,:rated froni t h e  a i r c r a f t  on impact wi th  t h e  d ike .  The gcc iden t  ... ~$&pr?ltr;~p, a t  
1234 hours.  
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1.2 I n j u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

The a i r c r a t t  was s u b s t a n t i a l l y  damaged. 

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

1 .4  Other damage 

Passengers  

39 - 

Crew 

' 4 

Minor damage was incur red  by t h e  wate r - re ta in ing  dike.  

Others  

1 .5  C r e w  informat ion 

The pilot-in-command, aged 43, had a  t o t a l  of 13 661 f l y i n g  hours  w i th  t h e  air- 
l i n e  of which 3  390 hours were i n  DC-6B a i r c r a f t .  H e  he ld  an a i r l i n e  t r a n s p o r t  c e r t i f i c a t e  
wi th  numerous r a t i n g s  among which was t h e  DC-6. H i s  last p r o f i c i e n c y  check i n  t h e  DC-6 
w a s  on 2 A p r i l  1964, and h i s  last  l i n e  check i n  t he  DC-6 was conducted on 6  December 1963. 

The co-p i lo t ,  aged 38, had a  t o t a l  of 6  617 f l y i n g  hours  wi th  t h e  a i r l i n e ,  of 
which 3  390 hours were i n  DC-6B a i r c r a f t .  He he ld  an  a i r l i n e  t r a n s p o r t  c e r t i f i c a t e  w i th  
r a t i n g s  f o r  t h e  DC-3 and Vickers  Viscount 745D. H i s  l a s t  p r o f i c i e n c y  check i n  t h e  DC-6 w a s  
on 8  June 1963. 

The f l i g h t  eng ineer ,  aged 31, had a  t o t a l  of 4 013 hours  a s  f l i g h t  eng ineer  
wi th  t h e  a i r l i n e ,  of which 2 768 hours  were i n  DC-6B a i r c r a f t .  H e  he ld  a  f l i g h t  e n g i n e e r ' s  
c e r t i f i c a t e .  H i s  l a s t  p r o f i c i e n c y  check i n  t h e  DC-6 was on 5  May 1964, and h i s  las t  l i n e  
check i n  t h e  DC-6 w a s  on 8 November 1963. 

They had a l l  s a t i s f a c t o r i l y  passed a f i r s t  c l a s s  FAA f l i g h t  p h y s i c a l  examina- 
t i o n  and had a  r e s t  per iod of over  24 hours  p r i o r  t o  t h e  f l i g h t .  

Also aboard was a s tewardess  who had s a t i s f a c t o r i l y  completed company t r a i n i n g  
on emergency procedures , including evacuat ion.  

1.6 A i r c r a f t  informat ion 

A t  t h e  time of t h e  acc iden t  t h e  a i r c r a f t  had a t o t a l  o p e r a t i o n a l  t ime of 
31  383 hours.  Maintenance had been c u r r e n t  and i n  compliance wi th  FAA requirements .  

The g ros s  weight and t h e  c e n t r e  of g r a v i t y  of t h e  a i r c r a f t  a t  take-off  from 
Boston were computed as being 78 444 l b  and 21.0 per  cen t  mean aerodynamic chord,  both  
w i th in  p rescr ibed  l i m i t s .  The a i r c r a f t ' s  weight and c.g.  were a l s o  w i t h i n  a l lowable  l i m i t s  
a t  t h e  time of t he  acc iden t .  

The type cf f u e l  being used was no t  s t a t e d  i n  t h e  r e p o r t .  
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1 . 7  Meteoroloaical  informat ion 

A t  1238 hours ,  4 minutes a f t e r  t h e  a c c i d e n t ,  t h e  U.S. Weather Bureau a t  La Guardia 
Ai rpor t  recorded a s u r f a c e  weather observa t ion  including:  h igh t h i n  s c a t t e r e d  c louds ,  
v i s i b i l i t y  more than  15 m i l e s ,  temperature 6 5 O ~ ,  dew point35OF, wind 300° a t  1 0  k t ,  a l t i -  
meter s e t t i n g  30.16 inches .  

The acc iden t  occurred dur ing  day l igh t  hours  under sunny sky cond i t i ons .  

1.8 Aids t o  nav iga t ion  

Runway 3 1  a t  L a  Guardia was not  equipped wi th  an instrument landing system. 
However, i t  was served by a  VASI i n s t a l l a t i o n  which cons i s t ed  of twelve l i g h t  source  u n i t s  
ar ranged i n  l i g h t  b a r s  wi th  t h r e e  u n i t s  p laced on each  s i d e  of t h e  runway a t  t h e  800 f t  
mark and t h r e e  on each s i d e  of t he  runway a t  t h e  1 500 f t  mark. (See Figure  4-1) These 
are thedown windandup  wind b a r s  r e s p e c t i v e l y .  The v i s u a l  g l i d e  s lope  r e f e r e n c e  po in t  i s  
midway between t h e  up wind and down wind bars .  

Following t h e  a c c i d e n t ,  Fede ra l  Avia t ion Agency (FAA) Systems Maintenance per -  
sonnel  ground checked t h e  runway 31  VASI i n s t a l l a t i o n  f o r  proper  ope ra t ion  and approach 
e lope  al ignment.  A l l  l i g h t  u n i t s ,  wi th  t h e  excep t ion  of t h e  inboard u n i t  on t h e  r i g h t  s i d e  
downwind bar  which was found a t  a  s e t t i n g  of 2.50, were w i t h i n  proper  to le rances .*  One 
u n i t  out  of t o l e r a n c e  does no t  a f f ~ c t  t h e  o v e r a l l  ope ra t ion  of t F s  system. 

Approximately s i x  hours  a f t e r  t h e  acc iden t  t h e  FAA conducted a f l i g h t  check on 
t h e  VASI i n  which t h e  l i g h t  i n t e n s i t y ,  g l i d e  s l o p e  ang le ,  angular  coverage and o b s t r u c t i o n  
c l ea rances  were inspected.  The r e p o r t  of t h i s  check showed a l l  of t h e s e  i t e m s  t o  be s a t i s -  
f a c t o r y  wi th  a  computed g l i d e  s l o p e  ang le  of 2.90°. 

The on g l i d e  path  c o r r i d o r  o r  'wedge w a s  42 i t  t h i c k  d i r e c t l y  above t h e  d ike  on 
t h e  approach end of runway 31,and t h e  bottom of t h i s  wedge was 38 f t  above t h e  t o p  of t h e  
d ike .  

1.9 Communications 

A l l  a i r /g round  communications were normal. 

1.10 Aerodrome and ground f a c i l i t i e s  

La Guardia A i rpo r t  i s  bounded on t h r e e  s i d e s  by water. Because t h e  s u r f a c e  of 
t h e  a i r p o r t  is loca t ed  a t  a he igh t  nea r ly  l e v e l  w i th  t h e  water, a d i k e  h a s  been cons t ruc t ed  
around t h e  s h o r e l i n e  t o  prevent  f looding.  Th i s  d ike  i s  approximately 250 f t  from t h e  
t h re sho ld  and s t a n d s  approximately 6 f t  above t h e  runway su r f ace .  It h a s  a steel r e t a i n i n g  
w a l l  pa in t ed  wi th  red  and whi te  cross-hatching f a c i n g  t h e  water. 

* The VASI g l i d e  s l o p e  f o r  runway 3 1  is a t t a i n e d  by a d j u s t i n g  each l i g h t  u n i t  t o  a pre- 
determined angula r  s e t t i n g .  S e t t i n g s  a r e  3.130 f o r  the ,  up wind u n i t s  and 2.63O f o r  t h e  
downwind u n i t s .  These d ive rg ing  angula r  s e t t i n g s  produce a  ;edge-shaped band o r  l i g h t  
path.  The c e n t r e  l i n e  of t he  wedge i s  a t  a  t h e o r e t i c a l l y  e f f e c t i v e  v i s u a l  approach 
ang le  of 2.880. From anywhere w i t h i n  t h i s  wedge-shaped band thedown wind l i g h t s  appear 
whi te  and t h e u p  wind l i g h t s  appear red .  
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Runway 31 i s  5 965 f t  long and 150 f t  wide. However, t h e  u s a b l e  l and ing  
leng th  was r e s t r i c t e d  t o  5  813 f t  due t o  c o n s t r u c t i o n  work i n  p r o g r e s s  on t h e  f a r  end of 
t h e  f i e l d  invo lv ing  t h e  use  of p i l e - d r i v e r s  and c ranes .  Th i s  in format ion  was con ta ined  
i n  i s sued  NOTAMS and was a l s o  included i n  tower t r ansmis s ions  t o  l and ing  a i r c r a f t ,  inc lud-  
ing  t h e  s u b j e c t  a i r c r a f t .  

1.11 F l i g h t  r eco rde r  

A f l i g h t  r eco rde r  was not  r equ i r ed  nor was one i n s t a l l e d  i n  t h i s  a i r c r a f t .  

1 .12 Wreckage 

See 1.1. 

1.13 F i r e  - 
There was no f i r e .  

1.14 Su rv iva l  a s p e c t s  

The a i r c r a f t  d i d  not  burn,nor was t h e r e  any major s t ruc tu ra lb reak -up  . a- on impact 
and du r ing  the  ground s l i d e .  A l l  t h e  passengers  l e f t  t h e  a i r c r a f t  v i a  t h e  main cab in  
door w i t h i n  an  e s t ima ted  two minutes.  The evacuat ion was o r d e r l y  and was superv i sed  by 
t h e  s tewardess  and t h e  f l i g h t  eng ineer .  The emergency chu te  was a t t a c h e d  and unfolded;  
however, because t h e  a i r c r a f t  was s o  c l o s e  t o  t h e  ground, i t  could  not  be u t i l i z e d  a s  a n  
a i d  i n  t h e  a i r c r a f t  evacuat ion.  

1.15 T e s t s  and r e s e a r c h  

The wing f l a p  c o n t r o l  va lve  was f u n c t i o n a l l y  t e s t e d  and found t o  be i n  s a t i s -  
f a c t o r y  ope ra t i ng  c o n d i t i o n  except  f o r  s l i g h t l y  exces s ive  i n t e r n a l  leakage wi th  t h e  s l i d i n g  
c o n t r o l  va lve  i n  t h e  n e u t r a l  p o s i t i o n .  However, i t  should be noted t h a t  wi th  system 
p r e s s u r e  being mainta ined,  t h e  f l a p  follow-up l i nkage  would compensate f o r  t h i s  l eakage  
by r e d i r e c t i n g  p r e s s u r e  t o  t h e  a c t u a t o r  down l i n e ,  the reby  main ta in ing  any pre -se lec ted  
f l a p  p o s i t i o n .  

The two-speed f l a p  c o n t r o l  v a l v e  was t e s t e d  and found capable  of p roper  
opera t ion .  

F lap  ex t ens ion  t e s t s  were conducted on t h e  a i r c r a f t  and i t  w a s  found t h a t  maxi- 
mum f l a p  ex t ens ion  a t t a i n e d ,  wi th  t h e  f l a p  s e l e c t o r  l e v e r  i n  t h e  f u l l  down o r  50' p o s i t i o n ,  
was approximately 44O down. 

The p i l o t  and co-p i lo t  a i r speed  i n d i c a t o r s  and a l t i m e t e r s  were t e s t e d  and found 
t o  be s a t i s f a c t o r y  i n  a l l  r e s p e c t s .  

2. - Analys i s  and Conclusions 

2 .1  Analys is  

The pilot-in-command s t a t e d  t h a t  t h e  VASI approach a t h  was i n t e r c e p t e d  on 
f i n a l  approach a t  an  a l t i t u d e  of approximate ly  600 f t , a b o u t  1 f m i l e s  from t h e  t h r e s h o l d .  
He f u r t h e r  s t a t e d  t h a t  t h e  remainder of t h e  approach was made u t i l i z i n g  t h e  VASI, and t h a t  
o n g l i d e  path co lour  i n d i c a t i o n s  were observed up t o  t h e  t ime of impact wi th  t h e  d i k e .  
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S i n c e  t h e  VASI sys t em was o p e r a t i n g  s a t i s f a c t o r i l y  a t  t h e  t i m e  of t h e  a c c i d e n t ,  
a s  de te rmined  by t h e  i n v e s t i g a t i o n ,  t h e  pi lot- in-command's  t e s t i m o n y  t h a t  h e  r e c e i v e d  t h e  
p r o p e r o n  g l i d e  p a t h  c o l o u r  i n d i c a t i o n  is n o t  c o m p a t i b l e ,  and canno t  be  r e c o n c i l e d  w i t h ,  t h e  
a i r c r a f t ' s  s t r i k i n g  t h e  d i k e .  Even i f  t h e  a i r c r a f t  was f lown a t  t h e  lower  l i m i t s  of t h e  
g l i d e p a t h , i . e .  w i t h  t h e  p i l o t ' s  eye  l e v e l  a t  t h e  bot tom of t h e  wedge-shaped band of t h e  
p r o p e r  on g l i d e  p a t h  l i g h t  a r r a y ,  t h e r e  would s t i l l  have been approx ima te ly  24 f t  remain ing  
between t h e  t o p  of t h e  d i k e  and t h e  bot tom of t h e  main l a n d i n g  g e a r .  

T h e r e f o r e ,  t h e  Board b e l i e v e d  t h a t  t h e  pilot-in-command d i d  n o t  p r o p e r l y  u t i l i z e  
t h e  VASI sys t em d u r i n g  t h e  f i n a l  phase  of t h e  approach .  

The a i r c r a f t ' s  f l i g h t  c o n t r o l  sys tem w a s  i n s p e c t e d  and found t o  be  i n t a c t  and 
c a p a b l e  of normal o p e r a t i o n .  

On t h e  b a s i s  of t h e  crew's t e s t i m o n y , i n  which t h e  pilot-in-command s t a t e d  t h a t  
he  c a l l e d  f o r  f u l l  f l a p s  s h o r t l y  b e f o r e  t h e  a i r c r a f t  c o n t a c t e d  t h e  d i k e ,  a s  w e l l  a s  t h e  
f l i g h t  e n g i n e e r ' s  c o n f i r m a t i o n  of t h e  50° f l a p  s e l e c t i o n  b e i n g  accompl ished ,  i t  was 
b e l i e v e d  t h a t  t h e  f l a p s  were i n  t h e  f u l l  down o r  n e a r  f u l l  down p o s i t i o n  a t  t h e  t i m e  of  
impact  w i t h  t h e  d i k e .  However, t h e  f l a p s  were found a t  t h e  20° ex tended  p o s i t i o n  at  t h e  
a c c i d e n t  s i t e  w i t h  t h e  c o c k p i t  f l a p  s e l e c t o r  l e v e r  i n  t h e  f u l l  "up" p o s i t i o n .  T h i s  20' 
f l a p  p o s i t i o n  would have  been a t t a i n e d ,  subsequent  t o  impact ,  e i t h e r  t h r o u g h  t h e  i n a d v e r t e l t  
o r  a c c i d e n t a l  placement of t h e  s e l e c t o r  l e v e r  t o  t h e  "up" p o s i t i o n  o r  th rough  t h e  i n t e r r u p -  
t i o n  of s y s t e m  p r e s s u r e  when t h e  h y d r a u l i c  l i n e s  l e a d i n g  t o  t h e  l e f t  and r i g h t  main l a n d i n g  
g e a r  were r u p t u r e d ,  o r  a combina t ion  of t h e  two. 

C a r e f u l  examinat ion  of t h e  a i r c r a f t ' s  h y d r a u l i c  sys t em f a i l e d  t o  r e v e a l  any 
s i g n i f i c a n t  d e f e c t ,  such as a p p r e c i a b l e  l e a k a g e ,  which might  have  a l lowed a n  unwanted 
p a r t i a l  f l a p  r e t r a c t i o n .  The on ly  p o s i t i v e  e v i d e n c e  of t h e  d e g r e e  of f l a p  e x t e n s i o n  a t  
impact  was t h e  l e f t  i n b o a r d  f l a p  a c t u a t o r  rod ,which  had  a s l i g h t  g r a d u a l  bend w i t h  i t s  
c e n t r e  seven  i n c h e s  f rom t h e  r o d  eye  f i t t i n g  j a m  l o c k i n g  n u t ,  T h i s  damage o c c u r r e d  when 
t h e  a i r c r a f t  c o n t a c t e d  t h e  runway e x e r t i n g  a n  upward f o r c e  on t h e  f l a p s , t h e r e b y  c r e a t i n g  
a compress ive  l o a d  i n  t h e  a c t u a t o r  r o d  g r e a t e r  t h a n  i t s  column s t r e n g t h .  Seven i n c h e s  of  
inboa rd  a c t u a t o r  rod  e x t e n s i o n  c o r r e s p o n d s  t o  20° of f l a p  e x t e n s i o n ;  t h e r e f o r e ,  t h e  f l a p s  
would n e c e s s a r i l y  have been ex tended  more t h a n  20° when t h i s  damage occur red .  

T h e r e f o r e ,  i t  w a s  b e l i e v e d  t h a t  t h e r e  was no change i n  t h e  f l a p  p o s i t i o n  p r i o r  
t o  impact  w i t h  t h e  d i k e  t h a t  would have caused  a n  unexpec ted  l o s s  of a l t i t u d e  o r  t h a t  would 
have been i n  any w a y ' c o n t r i b u t o r y  t o  t h i s  a c c i d e n t .  

It w a s  n o t  de t e rmined  how t h e  s e l e c t o r  l e v e r  r eached  t h e  "up" p o s i t i o n .  The 
o n l y  l o g i c a l  e x p l a n a t i o n  would b e  t h e  i n a d v e r t e n t  o r  a c c i d e n t a l  placement  of  t h e  lever t o  
t h a t  p o s i t i o n  d u r i n g  t h e  c r e w ' s  h u r r i e d  e s c a p e  from t h e  a i r c r a f t .  

In  view of t h e  f o r e g o i n g ,  t h e  Board concluded  t h a t  t h e  a i r c r a f t  w a s  f lown a t  
t o o  low a n  a l t i t u d e  d u r i n g  t h e  f i n a l  p o r t i o n  of t h e  l a n d i n g  approach  t o  a l l o w  r e a s o n a b l e  
c l e a r a n c e  of t h e  d i k e .  

2 .2  Conc lus ions  

The crew were p r o p e r l y  c e r t i f i c a t e d .  
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The a i r c r a f t ' s  weight and c e n t r e  of g r a v i t y  were w i t h i n  t h e  a l l owab le  l i m i t s .  

The meteoro log ica l  c o n d i t i o n s  e x i s t i n g  a t  t h e  t i m e  of t h e  a c c i d e n t  d i d  no t  
c o n t r i b u t e  t o  t h e  acc iden t .  

The V A S I  approach, p a t h  was i n t e r c e p t e d  on f i n a l  approach at  an  a l t i t u d e  of 
about 600 f t  about 1 4  mi les  from the  t h re sho ld  oc runway 31. 

The Board be l ieved  t h a t  t h e  pilot-in-command d i d  no t  p rope r ly  u t i l i z e  t h e  V A S I  
system dur ing t h e  f i n a l  phase of t h e  approach and t h e  a i r c r a f t  s t r u c k  a  d i k e .  

The a i r c r a f t ' s  two main land ing  g e a r s  s epa ra t ed  from t h e  a i r c r a f t  on impact;  
however, t h e  a i r c r a f t  remained r ight-side-up.  

Cause o r  
Probable cause ( 6 )  

. . 
The probable  cause  of t h i s  acc iden t  w a s  t h e  f a i l u r e  of t h e  pilot-in-command t o  

p l a n  and execute  t he  f i n a l  approach proper ly .  

3 .  - Recommendations 

None were conta ined i n  t h e  r e p o r t .  

I C A O  Ref : A R / 8 8 7  
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ACCIDENT TO DC-6B, N 8221H,  OF 
NORTHEAST A I R L I N E S  INC. ,  AT LA 

GUARDIA AIRPORT,  NEW YORK, U.S.A. 

VISUAL A P P R O A C H  SLOPE I N D I C A T O R  [VASI)  
RUNWAY 31 

FIGURE 4-1 



ICAO C i r c u l a r  82-AN/69 2  9  

No. 5 

Trans-Canada A i r  L i n e s ,  V i c k e r s  Viscount  757, CF-THT, a c c i d e n t  a t  T o r o n t o  
I n t e r n a t i o n a l  A i r p o r t ,  O n t a r i o ,  Canada, on 13  June  1964. R e p o r t - u n d a t e d ,  

S e r i a l  No. 2287, t e l e a s e d  by t h e  Department of  T r a n s p o r t ,  Canada. 

1. - I n v e s t i g a t i o n  

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

The a i r c r a f t  d e p a r t e d  Toron to  a t  1440 h o u r s  EST on a  s c h e d u l e d  d o m e s t i c  f l i g h t  
Toronto-Montreal-Toronto. The f l i g h t  f rom Toron to  t o  Mont rea l  w a s  r o u t i n e  e x c e p t  f o r  a 
r a d a r  m a l f u n c t i o n  and a n  i n t e r m i t t e n t  s y n c h r o n i z a t i o n  problem w i t h  No. 2  e n g i n e  which w a s  
n o t  c o n s i d e r e d  s e r i o u s .  The r a d a r  a c c e s s o r y  was changed a t  Mont rea l  qnd t h e  a i r c r a f t  
d e p a r t e d  Mont rea l  a t  1640 h o u r s  on a n  IFR c l e a r a n c e  as F l i g h t  3277. The e n - r o u t e  f l i g h t  
was normal e x c e p t  f o r  t h e  r e c u r r i n g  s y n c h r o n i z a t i o n  problem w i t h  No. 2 e n g i n e .  A f t e r  
r e p o r t i n g  o v e r  t h e  Pe te rborough  i n t e r s e c t i o n ,  s u c c e s s i v e  d e s c e n t  c l e a r a n c e s  were g i v e n  
u n t i l  t h e  a i r c r a f t  w a s  a t  4  000 f t .  With t h e  a i r p o r t  i n  s i g h t ,  f rom a  p o s i t i o n  a b o u t  8 NM 
east of Toron to  A i r p o r t ,  t h e  i n s t r u m e n t  f l i g h t  was c a n c e l l e d  and a v i s u a l  approach  w a s  
made f o r  a  l a n d i n g  on runway 28. 

About 2  m i l e s  east of t h e  runway t h r e s h o l d  on f i n a l  approach  a t  a n  a l t i t u d e  of 
about  700 f t  above a i r p o r t  l e v e l ,  t h e  No. 2 e n g i n e  began t o  s u r g e .  The a i r s p e e d  was 120  
t o  123 k t ,  and t h e  a i r c r a f t  was descend ing  a t  abou t  600 f t l m i n  w i t h  t h e  u n d e r c a r r i a g e  down 
and t h e  f l a p s  set a t  32O. The No. 2  e n g i n e  i n s t r u m e n t s  showed wide f l u c t u a t i o n s  f rom nor- 
m a l  rpm w i t h  a s l i g h t  t o r q u e  v a r i a t i o n  and f a i r l y  s t e a d y  f u e l  f low.  The pilot-in-command 
e x e r c i s e d  t h e  t h r o t t l e  i n  t h e  p r e s c r i b e d  manner,  b u t  t h i s  appea red  t o  a g g r a v a t e  t h e  
s u r g i n g .  He s t a t e d  t h a t  t h e  f u e l  f l o w  i n d i c a t o r  w a s  t h e n  f l u c t u a t i n g  between 0  and 
500 l b l h r .  

The pilot-in-command d e c i d e d  t o  f e a t h e r  No. 2 e n g i n e  b u t  i n a d v e r t e n t l y  s h u t  down 
No. 1 eng ine  by moving t h e  HPC ( h i g h  p r e s s u r e  cock)  back t h r o u g h  t h e  c l o s e d  p o s i t i o n  t o  
t h e  f e a t h e r  p o s i t i o n .  He immediately  a t t e m p t e d  t o  r e l i g h t  No. 1 e n g i n e  and a t  t h e  same 
t i m e  o r d e r e d  t h e  co -p i lo t  t o  f e a t h e r  No. 2  p r o p e l l e r .  The r e l i g h t  a t t e m p t  w a s  u n s u c c e s s f u l .  
The pilot-in-command t h e n  i n c r e a s e d  power on e n g i n e s  Nos. 3 and 4 and devo ted  h i s  a t t e n t i o n  
t o  m a i n t a i n i n g  c o n t r o l  of t h e  a i r c r a f t .  H e  i n s t r u c t e d  t h e  c o - p i l o t  t o  r e l i g h t  No. 1 e n g i n e .  

The c o - p i l o t  made two a t t e m p t s  t o  r e l i g h t  No. 1 e n g i n e  w i t h o u t  s u c c e s s .  Dur ing  
these a t t e m p t s  t h e  s t i c k  s h a k e r  s t a l l  warning o p e r a t e d  twice .  By t h i s  t i m e  t h e  a i r c r a f t  
was about  3  500 f t  s h o r t  of runway 28,  300 f t  above ground and had d e v i a t e d  t o  t h e  l e f t  of 
t h e  runway heading .  The a i r c r a f t  was i n  about  a  20-degree l e f t  bank a t t i t u d e  w i t h  f u l l  r i g h t  
a i l e r o n  and rudder  a p p l i e d .  When ground impact w a s  imminent,  t h e  c o - p i l o t  c l o s e d  Nos. 3  
and 4 t h r o t t l e s  and t h e  pilot-in-command p a r t i a l l y  l e v e l l e d  t h e  wings .  The a i r c r a f t  swung 
t o  t h e  l e f t ,  l o s i n g  a l t i t u d e ,  and s t r u c k  u p s l o p i n g  ground h e a v i l y  w i t h  t h e  l e f t  main w h e e l s  
w h i l e  i n  a l e f t  wing low nose  h i g h  a t t i t u d e .  It c o n t i n u e d  on a  head ing  of  231° magne t i c  
making i n t ' e r m i t t e n t  c o n t a c t  w i t h  t h e  ground f o r  a  d i s t a n c e  of a b o u t  700 f t ,  d u r i n g  which 
i t  s t r u c k  t r e e s  and two snow f e n c e s .  About 900 f t  f r o n  t h e  f i r s t  impac t ,  t h e  l e f t  wing 
began t o  s e p a r a t e  and t h e  a i r c r a f t  s t a r t e d  t o  c u r v e  t o  i h e  l e f t  and c o n t i n u e d  a c r o s s  run-  
way 14-32. The l e f t  wing complete  w i t h  t h e  l e f t  main whee l s  and Nos. 1 and 2  e n g i n e s  
s e p a r a t e d  from t h e  a i r c r a f t  240 f t  west of runway 14-32. The remainder  of t h e  air :  a f t  
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continued t o  t h e  l e f t  and came t o  r e s t  on a  heading of 0760 magnetic,  157 f t  beyond t h e  
detached wing. The d i s t a n c e  t r a v e l l e d  from f i r s t  impact t o  where t he  f u s e l a g e  came t o  
r e s t  was about 1 790 f t .  The acc iden t  occurred a t  1809 hours. The acc iden t  s i te  was 
Lat .  430411N, Long. 7g038'W. 

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

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

The a i r c r a f t  w a s  s u b s t a n t i a l l y  damaged. 

1.4 Other damage 

None repor ted.  

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

1 .5  Crew informat ion 

The pilot-in-command occupied t h e  lef t -hand s e a t  and was f l y i n g  t h e  a i r c r a f t .  
He he ld  an  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  wi th  a C la s s  I instrument r a t i n g  and had 
accumulated a t o t a l  of 10 060 hours  f l y i n g  exper ience .  H i s  t o t a l  exper ience  on Viscount 
a i r c r a f t  amounted t o  117 h o u r s , a l l  of which had been flown i n  t h e  90 days p r i o r  t o  t h e  
acc iden t .  

C r e w  

3 

The co-pi lo t  a l s o  he ld  an  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  wi th  a Class I 
instrument r a t i n g ,  and had accumulated a t o t a l  of 2 657 hours  f l y i n g  exper ience .  H i s  
t o t a l  exper ience  on Viscount a i r c r a f t  was 46 hours ,  a l l  of which had been flown i n  t h e  
90 days p r i o r  t o  t h e  acc iden t .  

Also aboard w a s  one stewardess.  

Passengers  

1 

40 - 

1.6 A i r c r a f t  informat ion 

Others 

A c e r t i f i c a t e  of a i rwor th ines s  had been i s sued  f o r  t h e  a i r c r a f t .  

No mention is made i n  t h e  r e p o r t  a s  t o  t h e  load ing  of t h e  a i r c r a f t  o r  t h e  type 
o r  amount of f u e l  being c a r r i e d .  

1 . 7  Meteorological  informat ion 

Weather w a s  not  considered t o  be a f a c t o r  i n  t h e  acc iden t .  
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1 . 8  Aids t o  nav iga t i on  

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

1 .9 Communications 

Not mentioned i n  t h e  r e p o r t .  

1.10 Aerodrome and ground f a c i l i t i e s  

Not p e r t i n e n t  t o  t h e  acc iden t .  

1.11 F l i g h t  r eco rde r s  

Not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

See paragraph 1.1. 

1.13 F i r e  

Although f u e l  was escap ing  from t h e  a c c i d e n t ,  t h e r e  w a s  no f i r e .  

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

No in format ion  was conta ined i n  t h e  r e p o r t .  

1.15 T e s t s  and r e s e a r c h  

Examination a t  t h e  scene and subsequent exhaus t ive  i n v e s t i g a t i o n  of t h e  Nos. 1 
and 2 eng ines ,  t h e i r  p r o p e l l e r s  and t h e i r  a s s o c i a t e d  systems,  i nc lud ing  t e s t  s t a n d  running 
of t h e  eng ines ,  f a i l e d  t o  r e v e a l  any f a u l t ,  wi th  t h e  excep t ion  of t h e  p i t c h  c o n t r o l  u n i t  
f o r  t h e  No. 2 p r o p e l l e r .  

During d i smant l ing  of t h e  No. 2 p r o p e l l e r  p i t c h  c o n t r o l  u n i t ,  p i e c e s  of a  
1 1  1 1  rubber 0 r i n g  were found i n  t h e  u n i t .  Th i s  m a t e r i a l  could have i n t e r f e r e d  wi th  t h e  h igh  

and low p i t c h  p o r t s .  The u n i t  had been i n s t a l l e d  on 13 October 1963, and had n o t  been 
changed dur ing  the course  of 870 hours  flown s i n c e  i n s t a l l a t i o n .  A number of a i r c r a f t  
snags  concerning engine su rg ing  o r  synchron iza t ion  had been recorded du r ing  t h i s  t ime ,  any 
o r  a l l  of which, i nc lud ing  t h a t  which occurred on t h i s  f l i g h t ,  could  have been t h e  r e s u l t  
of t h e  i n t e r f e r e n c e  noted above. The p o r t i o n  of "0" r i n g  was f o r e i g n  t o  any used i n  t h e  
system and i t s  o r i g i n  was unknown. 

2. - Analys i s  and Conclusions 

2.1 Analys is  

There w a s  no evidence of malfunct ion o r  f a i l u r e  i n  t h e  a i r c r a f t ,  i t s  eng ines  o r  
c o n t r o l s  except  f o r  No. 2 engine. During t h e  i n v e s t i g a t i o n  t h e  on ly  f a u l t  found wi th  t h i s  
engine w a s  t h e  presence  of f o r e i g n  m a t e r i a l  i n  t h e  p i t c h  c o n t r o l  u n i t .  Th i s  f a u l t  could  
account f o r  t h e  su rg ing  observed by t h e  pilot-in-command, but could no t  account  f o r  a  
complete l o s s  of power. 
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The a c t i o n  of e x e r c i s i n g  t h e  t h r o t t l e  when t h e  su rg ing  w a s  no ted  w a s  t h e  proce- 
dure  recommended f o r  a  " p a r t i a l  f lame out".  The t h r o t t l e  i s  snapped s h u t ,  t h e n  opened 
r a p i d l y  t o  t h e  t h r ee -qua r t e r  open p o s i t i o n  and then  c lo sed  again.  T h i s  g i v e s  t h e  engine 
a  s l i g h t  the rmal  shock and would p ropaga te  t h e  f lame from t h e  l i t  t o  t h e  u n l i t  engine  
burners .  Under t h e  c i rcumstances ,  t h e  use  of t h i s  procedure was c o r r e c t .  Fol lowing t h i s  
a c t i o n ,  t h e  h igh  p r e s s u r e  cock was l e f t  i n  t h e  open p o s i t i o n  and t h e  t h r o t t l e  c lo sed .  
The engine remained i n  t h i s  power s i t u a t i o n  u n t i l  t h e  h igh  p r e s s u r e  cock w a s  c l o sed  and 
t h e  ~ r o p e l l e r  f e a t h e r e d  by t h e  co -p i l o t .  

P r i o r  t o  t h e  f e a t h e r i n g  of t h e  No. 2  p r o p e l l e r ,  t h e  pilot-in-command considered  
t h a t  t h e  engine had stopped and t h e  f u e l  f low was i n d i c a t i n g  ze ro .  Unless  t h e r e  was a  
f a u l t  i n  t h e  f u e l  system, z e r o  f u e l  f low could not  be i n d i c a t e d  wi th  t h e  HPC i n  t h e  open 
p o s i t  i o n  and t h e  p r o p e l l e r  r o t a t i n g ,  r e g a r d l e s s  of t h e  t h r o t t l e  p o s i t i o n .  

Reasons f o r  t h e  f a i l u r e  t o  r e l i g h t  No. 1 engine  were sought .  When t h e  p i l o t -  
in-command s h u t  down t h e  No. 1 engine  i n  e r r o r ,  h e  d i d  s o  by moving t h e  HPC back through 
t h e  c lo sed  p o s i t i o n  t o  t h e  f e a t h e r  p o s i t i o n ;  however,the f e a t h e r i n g  bu t t on  w a s  n o t  pushed. 
P l a c i n g  t h e  HPC i n  t h e  f e a t h e r  p o s i t i o n  would shu t  o f f  t h e  f u e l  supply  t o  t h e  eng ine  and 
would i n i t i a t e  a  coarsen ing  of t h e  p r o p e l l e r  p i t c h .  About 5 seconds is r equ i r ed  t o  f e a t h e r  
t h e  p r o p e l l e r  by use of t h e  HPC a lone .  Fea ther ing  a c t i o n  i s  more r a p i d  when t h e  f e a t h e r  
b u t t o n  is used,  a s  i t  o p e r a t e s  an  e l e c t r i c  f e a t h e r i n g  pump. Since  t h e  HPC was only  
momentarily i n  t h e  f e a t h e r  p o s i t i o n ,  t h e  p r o p e l l e r  could no t  have f ea the red  a l though  t h e  
engine  would have flamed ou t .  

The r e l i g h t  a t t empt  by t h e  pilot-in-command was made a f t e r  t h e  HPC had been 
reopened and wi th  t h e  t h r o t t l e  s t i l l  set  f o r  145 l b  of to rque .  When he p u l l e d  t h e  f ea th -  
e r i n g  b u t t o n  t o  apply  i g n i t i o n ,  a  r e l i g h t  should have occurred .  

The second and t h i r d  a t t e m p t s  t o  r e l i g h t  No. 1 engine  were made by t h e  co -p i l o t .  
H e  c a r r i e d  out  a  p o r t i o n  of an  "unfea ther ing  - a i r  r e l i g h t "  d r i l l  and i n  f a c t  c a l l e d  ou t  
t h e  items of t h e  d r i l l  t o  t h e  pilot-in-command on t h e  f i n a l  a t t emp t .  The procedure t h e  
co-p i lo t  in tended t o  c a r r y  out  is  a s  fo l l ows :  

1. Close  HPC (c losed  but  no t  i n  t h e  f e a t h e r e d  p o s i t i o n ) .  
2. Check t h r o t t l e  c losed .  
3 .  P u l l  and hold  t h e  f e a t h e r i n g  but ton .  
4. When rpm i n d i c a t i o n  (approximately 1000 rpm) open HPC . . . e t c .  

The co-pi lo t  d i d  not  g e t  beyond item No. 3: " P u l l  and hold  t h e  f e a t h e r i n g  button". 

A t  t h i s  po in t  i n  t h e  d r i l l ,  t h e  co-pi lo t  was w a i t i n g  f o r  a n  i n d i c a t i o n  on t h e  
No. 1 engine  rpm gauge. S ince  t h e r e  was no apparen t  rpm i n d i c a t i o n ,  he  d i d  no t  reopen t h e  
HPC and t h u s  f u e l  w a s  no t  f e d  t o  t h e  engine  and t h e  r e l i g h t  could no t  occur.  Evidence 
shows t h a t  No. 1 p r o p e l l e r  was windmil l ing  and a l s o  t h a t  t h e  rpm gauge w a s  operable .  
Experiment e s t a b l i s h e d  t h a t  a  s t e ady  rpm i n d i c a t i o n  of 7 200 could have been expected .  
Under t h e  e x i s t i n g  c i rcumstances , the  eng ine  could no t  r e l i g h t  u n t i l  t h e  P C  was opened. 

Techn ica l  examinat ion of t h e  engine  r evea l ed  t h a t  i t  should have been capable  
of r e s t a r t i n g .  Lack of carbon on t h e  i g n i t e r  p lugs  e s t a b l i s h e d  t h a t .  they,hqd been f i r i n g  
d u r i n g  t h e  r e l i g h t  a t t empt .  . . , 

< 2 . :  - , ~. . 

It w a s  determined from w i t n e s s e s '  s t a t emen t s  and from a phatograph oi , t h e  air- 
c r a f t  t aken  about  12 seconds be fo re  impact ,  t h a t  t h e  No. 2 propeileriyq4.-fepthej.ed and 
t h a t  t h e  No. 1 p r o p e l l e r  was windmil l ing.  
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I n  t h e  c o n f i g u r a t i o n  wk.ich e x i s t e d  dur ing  t h e  f i n a l  approach,  w i th  t h e  under- 
c a r r i a g e  down and t h e  f l a p s  set a t  320, t h e  s t a l l i n g  speed would have been about  100 k t ,  
t h e  s t a l l  warning s t i c k  shaker  speed 110 k t ,  and t he  minimum c o n t r o l  speed* 125  k t .  The 
s t i c k  shaker  s t a l l  warning came on twice  d u r i n g  t h e  emergency i n d i c a t i n g  t h a t  t h e  speed 
w a s  around 110 k t ,  w e l l  below t h e  minimum c o n t r o l  speed. 

Evidence from t h e  engine  manufacturer  e s t a b l i s h e s  t h a t  r e l i g h t  a t t e m p t s  should  
no t  have been adve r se ly  a f f e c t e d  by t h e  low a i r s p e e d s  involved.  

Following t h e  ptlot-in-command's a t t empt  t o  r e s t o r e  power t o  No. 1 eng ine ,  
power was i nc r ea sed  on eng ines  Nos. 3 and 4. S ince  t h e  a i r c r a f t  speed w a s  by t h i s  t i m e  
below t h e  minimum c o n t r o l  speed t h e  a i r c r a f t  en t e r ed  a t u r n  t o  t h e  l e f t .  

2.2 Conclusions 

Findings  

(a )  t h e  approach was normal up t o  t h e  t i m e  t h e  s u r g i n g  occur red ;  

(b)  t h e  emergency s i t u a t i o n  was preceded by d i f f i c u l t y  w i t h  t h e  No. 2 eng ine ,  
probably  due t o  t h e  p resence  of f o r e i g n  material i n  t h e  p i t c h  c o n t r o l  u n i t ;  

(c )  t h e  pilot-in-command i n a d v e r t e n t l y  flamed ou t  t h e  No. 1 eng ine  when h e  c l o s e d  
t h e  h igh p r e s s u r e  cock; 

(d)  t h e  No. 1 p r o p e l l e r  was no t  f e a t h e r e d  but  w a s  windmi l l ing ;  

(e)  t h e  r ea son  No. 1 engine f a i l e d  t o  develop power du r ing  t h e  pilot-in-command's 
f i r s t  a t t empt  t o  r e l i g h t  could  no t  be determined;  

( f )  t h e  a i r c r a f t  speed was below t h e  minimum c o n t r o l  speed when t h e  power was added 
t o  eng ines  Nos. 3 and 4 and a t u r n  t o  t h e  l e f t  could no t  be prevented;  

(g)  t h e  two a t t emp t s  by t h e  co-p i lo t  t o  r e s t o r e  power t o  No. 1 eng ine  were f u t i l e  
because t h e  eng ine  could  no t  r e l i g h t  w i th  t h e  h igh  p r e s s u r e  cock i n  t h e  c lo sed  
p o s i t  i o n ;  

(j) no reason  was found why No. 2 engine  could n o t  have produced power b e f o r e  a c t i o n  
was t aken  t o  shu t  i t  down. 

Cause o r  
Probable  cause ( s )  

Loss of c o n t r o l  on f i n a l  approach due t o  improper emergency p rocedures  and 
misuse of eng ine  c o n t r o l s .  

3. - Recommendations 

None were con ta ined  i n  t h e  r e p o r t .  

* Minimum c o n t r o l  speed i n  t h i s  r e p o r t  means t h e  speed below which d i r e c t i o n a l  cc r o l  
cannot be mainta ined f o r  t h e  c o n f i g u r a t i o n  of t h e  a i r c r a f t ,  i . e .  u n d e r c a r r i a g e  down, 
f l a p s  320 extended,  No. 2 p r o p e l l e r  f e a t h e r e d ,  No. 1 p r o p e l l e r  windmi l l ing  and power 
app l i ed  t o  eng ines  Nos. 3 and 4. 

I C A O  Kef :  AR/856 
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No. 6 

C i v i l  A i r  T ranspor t  Co. L td . ,  C-46DM, B-908. acc iden t  a t  T r i a n g l e  V i l l a g e ,  
Taichung, Taiwan, Republic  of China, on 20 June 1964. Report da ted  

30 August 1964, r e l e a s e d  by t h e  C i v i l  Aeronaut ics  Administration, 
Min i s t ry  of Communications. Republic  of China. 

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

The a i r c r a f t  was on a scheduled domestic f l i g h t  a long t h e  fo l lowing  rou t e :  
Taipei-Taichung-Tainan-Makung-Kachsuing-Makung-Tainan-Taichung-Taipei. Between 1738 hours  
l o c a l  t ime and 1740 hours ,  i t  crashed i n  a rice paddy a t  a  p l ace  c a l l e d  San Chiao V i l l age ,  
nor th-nor theas t  of Shui-Nan A i r p o r t ,  Taichung. 

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

1.3 Damage t o  a i r c r a f t  

r 

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

The a i r c r a f t  w a s  des t royed.  

1.4 Other damage 

Crew 

5 

None mentioned. 

1.5 >rew in f  ormat -on 

Passengers  

52 

The pilot-in-command, aged 39, he ld  an  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n  3 with  
r a t i n g s  f o r  multi-engine land inc lud ing  C-46 and DC-4 a i r c r a f t  and ins t ruments .  . e  had 
flown a t o t a l  of 12 453 hou r s ,  i nc lud ing  8 640 hours  as pilot-in-cormnand, 1 481 u r s  a s  
co -p i lo t ,  778 hours  by n igh t  and 1 544 hours  on ins t ruments .  

Others  

1 

The co-p i lo t ,  aged 48, h e l d  a s e n i o r  commercial ~ i l o t ' s  licence wit a t i n g s  
f o r  mult i -engine land and  s e?  i nc lud ing  C-46, C-47, DC-4 and PBY-5A a i r c r a f t  i n s t  ru- 
ments. He had f l o w  . t o t a l  of 14 911 hours.  
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1 , 6  A i r c r a f t  i n fo rma t ion  

The a i r c r a f t  had a  c e r t i f i c a t e  of a i r w o r t h i n e s s  v a l i d  u n t i l  29 October  1 9 6 4 .  
It had logged a  t o t a l  of 19  488 hours .  The a i r c r a f t ' s  g r o s s  weight  a t  t h e  t i m e  of t h e  
a c c i d e n t  was w e l l  w i t h i n  t h e  maximum p e r m i s s i b l e  l i m i t s .  The p o s i t i o n  of t h e  c e n t r e  of 
g r a v i t y  was no t  mentioned i n  t h e  r e p o r t ,  

t 

1 . 7  Me teo ro log i ca l  in fo rmat ion  

The weather  a t  t h e  t i m e  of t h e  a c c i d e n t  w a s  good. Wind v e l o c i t y  was not  h i g h  
and v i s i b i l i t y  w a s  good, 

1 .8  Aids t o  n a v i g a t i o n  

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

1.9 Communications 

No d i f f i c u l t i e s  were r epo r t ed .  

1.10 Aerodrome and ground f a c i l i t i e s  

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

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

 NO^ mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

The wreckage d i s t r i b u t i o n  w a s  on a magnet ic  heading of 280°. Impact marks 
r evea l ed  t h a t  t h e  a i r c r a f t  s t r u c k  t h e  ground i n  a l e f t  wing low and a compara t ive ly  s t e e p  
nose  low a t t i t u d e .  The a i r p l a n e  s t r u c t u r e  w a s  s e v e r e l y  d i s i n t e g r a t e d .  No i n d i c a t i o n  of 
f a t i g u e  c r a c k s  w a s  found, 

1.13 F i r e  - 
No i n d i c a t i o n  of i n - f l i g h t  f i r e  was found. 

Only a few p i e c e s  of t h e  wreckage bore  ev idence  of a r e l a t i v e l y  l i g h t  and s h o r t  
f i r e  a f t e r  t h e  a c c i d e n t .  These were i n  t h e  r i g h t  o u t e r  wing forward of t h e  a i l e r o n ,  t h e  
o u t e r  p a r t  of t h e  l e f t  wing c e n t r e  s e c t i o n ,  t h e  l e f t  s i d e  of t h e  v e r t i c a l  t a i l ,  one p i e c e  
of wreckage compris ing  t h e  o u t e r  s e c t i o n  of t h e  l e f t  e l e v a t o r  and t h e  l a v a t o r y  a r e a  of t h e  
passenger  c ab in ,  

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

A l l  of t h e  53 passenger  s e a t s  and t h e  two s t ewa rdes s  seats were accounted  f o r .  
I n  g e n e r a l ,  t h e  leg s t r u c t u r e s  were buckled and broken due  t o  l o a d s  a c t i n g  t o  t h e  l e f t ,  
downward and forward ,  and w i th  t h e  l e g s  s e p a r a t e d  from t h e  w e d g i t  f i t t i n g s .  Most of the 
seat b e l t s  were unbuckled wi thou t  any n o t i c e a b l e  damage due t o  h i g h  impact l o a d s ,  a l t hough  
s e v e r a l  remained buckled and two w e r e  c u t  through t h e  webbing a f t e r  be ing  mud s p l a t t e r e d .  
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1.15 T e s t s  and r e sea rch  

The r i g h t  and l e f t  e l e v a t o r  t r i m  c a b l e s  were found t o  have f a i l e d  a t  va r ious  
d i s t a n c e s  from t h e  cab l e  drums. Sec t ions  of t h e  c a b l e s  were s e n t  t o  t h e  United S t a t e s  CAB 
i n  o rde r  t o  determine t h e  type  of f a i l u r e .  On 11 J u l y  1964, t h e  fo l lowing  r e p o r t  was 
rece ived  from t h e  CAB: 

I I Cable s e c t i o n s  a r e  s tandard  t w i s t e d  s t e e l  one-eighth inch a i r c r a f t  c ab l e  
seven s t r a n d s ,  seven wires t o  a  s t r a n d .  

Right e l e v a t o r  t r i m  c ab l e  appears  t o  be overload t e n s i o n  f a i l u r e .  No. 
evidence of s i g n i f i c a n t  damage o r  w i r e  f a i l u r e  p r i o r  t o  f a i l i n g  over load.  
Le f t  e l e v a t o r  t r i m  cab le :  e n t i r e  8-inch l eng th  shows s e r i o u s  wear t o  
e x t e n t  t h a t  a l l  exposed wi res  around most of pe r iphery  i n  each t w i s t  
of o u t e r  s t r a n d s  a r e  worn t o  about one h a l f  o r i g i n a l  d iameter .  I n  t h e  
l a s t  h a l f  i nch  preceding r a v e l l e d  end t h e r e  a r e  13 w i r e  ends showing i n  
a  s t r a i g h t  l i n e  a long s ide .  Centre s t r a n d  f a i l e d  i n  pure t e n s i o n  wi th  
no s i g n  of p rev ious  damage o r  wear. I I 

2. - Analys is  and Conclusions 

2 .1  Analys is  

A t  t h e  t ime of t h e  acc iden t  t h e  f l a p s  and t h e  landing gear  were f u l l y  r e t r a c t e d .  
No evidence of pre-crash malfunct ion o r  f a i l u r e  of t h e  a i r c r a f t ,  i t s  eng ines ,  c o n t r o l s  and 
equipment was found. However, seven out  of twenty w i tnes se s  who were near  t h e  s i t e  of t h e  
acc iden t  s t a t e d  t h a t  they heard abnormal loud n o i s e s  be fo re  t h e  c r a sh  occurred.  It w a s  
be l i eved  t h a t  t h i s  was due t o  t h e  overspeeding of one engine.  The impact marks a t  t h e  s i t e  
of t h e  acc iden t  revea led  t h a t  t h e  a i r c r a f t  made a sudden t u r n  t o  t h e  l e f t .  Th i s  was fu r -  
t h e r  confirmed by t h e  test imony of s i x  ou t  of t h e  twenty w i tnes se s .  Kung-Kuan A i r  Force 
Base was l o c a t e d  about 5 mi l e s  west of t h e  acc iden t  s i t e  and Shui-Nan A i r p o r t ,  from which 
t h e  a i r c r a f t  took  o f f ,  was about 6 miles south-southwest of t h e  acc iden t  s i t e .  It w a s  
t h e r e f o r e  concluded that,when t h e  engine  s t a r t e d  overspeed ings the  p i l o t  i n t e n t i o n a l l y  made 
a  sudden t u r n  t o  t h e  l e f t  t o  land a t  one of t h e s e  two a i r f i e l d s ,  but  l o s t  c o n t r o l  of t h e  
a i r c r a f t  dur ing  t h e  t u r n  and crashed.  

2.2 Conclusions 

Findings  

The crew were s a t i s f a c t o r i l y  c e r t i f i c a t e d .  

The a i r c r a f t  had a  v a l i d  c e r t i f i c a t e  of a i r w o r t h i n e s s  and was loaded w i t h i n  t h e  
p e r m i s s i b l e  l i m i t s .  . , 

Weather was not  a f a c t o r  i n  t h e  acc iden t .  . .  , . . - . . .  , I , . -  

The l e f t  engine  oversped. S ince  t h e r e  were two a i r f i e l d s  .tco the left of t h e  
f l i g h t  p a t t e r n ,  t h e  p i l o t  e f f e c t e d  a l e f t  t u r n  which r e s u l t e d  i n  a steap:deascent and t h e  
a i r c r a f t  c rashed t o  t h e  ground. - . -, , . , . .  + -, : . 

. . . -. <:, 

2 - r e , .  I " . I .  - : ~ . , . > . ~  
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Cause o r  
Probable cause ( s )  

About 5 mi les  w e s t  of t h e  acc iden t  s i t e  w a s  Kung-Kuan M i l i t a r y  A i r  Base, S i x  
m i l e s  south-southwest w a s  Shui-Nan Ai rpor t  from where t he  a i r c r a f t  took o f f .  On t h e  r i g h t  
s i d e  of t h e  f l i g h t  p a t t e r n  w a s  a cha in  of mountains. I t  w a s  concluded t h a t ,  when t h e  p i l o t  
found t h a t  t h e  l e i  t engine Gas overspeeding,  he made an ab rup t  l e f t  t u r n  t o  l and  a t  Kung-Kuan 
M i l i t a r y  A i r  Base o r  r e t u r n  t o  Shui-Nan Ai rpo r t .  During t h e  t u r n  he  l o s t  c o n t r o l  of t h e  
a i r c r a f t ,  which crashed t o  t h e  ground. 

3 ,- Recornendat i ons  

The power u n i t  of t h e  l e f t  p r o p e l l e r  had not  y e t  been recovered.  I n  o r d e r  t o  
have t h e  c o r r e c t  b l ade  ang le  measurement of t h e  power u n i t  of t h e  l e f t  p r o p e l l e r ,  i t  i s  
recommended t h a t  t h e  s ea rch  f o r  t h e  power u n i t  be continued.  

7 

During t h e  examination of t he  wreckage some of t h e  con t ro )  c a b l e s  of t h e  a i r -  
c r a f t  were found t o  be s eve re ly  worn out .  Th i s  repea led  some neg l igence  on t h e  p a r t  of 
t h e  owner of t h e  a i r c r a f t ,  C i v i l  A i r  T ranspor t ,  i n  t h e  a i r c r a f t  maintenance. 

C i v i l  A i r  Transpor t  should pay more a t t e n t i o n  t o  p r o f i c i e n c y  checks and t r a i n i n g  
of t h e i r  p i l o t s ,  

TCAO R e f :  A R / 9 1 2  
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No. 7 

United A i r  Lines  Inc. .  Vickers  Viscount 745D. N 7405. acc iden t  near  P a r r o t t s y i l l e ,  
Tennessee, U.S.A., on 9 J u l y  1964. C i v i l  Aeronaut ics  Board (U.S.A.) A i r c r a f t  

Accident Report.  F i l e  No. 1-0033. r e l ea sed  9 June 1966. 

1. - I n v e s t i g a t i o n  

1.1 His tory  of t h e  f l i g h t  

F l i g h t  823 was a scheduled domestic f l i g h t  from Ph i l ade lph ia ,  Pennsylvania,  t o  
H u n t s v i l l e ,  Alabama, wi th  in te rmedia te  s t o p s  a t  Washington, D . C . ,  and Knoxvi l le ,  Tennessee. 
F l i g h t  823 depar ted  Ph i l ade lph ia  a t  1513 h o u r s , a r r i v i n g  a t  Washington, D . C . ,  a t  1554 hours .  
No d i sc repanc ie s  were r epo r t ed  by t h e  crew and no maintenance, o the r  than  s e r v i c i n g ,  was 
r equ i r ed  o r  performed. It depar ted  Washington, D.C. on an  Instrument F l i g h t  Rules (IFR) 
f l i g h t  p l an  a t  1636 hours wi th  an  es t imated  a r r i v a l  t i m e  of 1813 hours  a t  Knoxvil le ,  
Tennessee. The crew repor ted  t o  t h e  A t l a n t a  A i r  Route T r a f f i c  Control  Centre (ARTCC) over 
t h e  Holston Mountain VOR a t  1758:35 hours  and es t imated  t h e i r  a r r i v a l  a t  Knoxville a t  
1821 hours.  

Approximately one minute a f t e rwards ,  t h e  co-pi lo t  reques ted  a c l ea rance  t o  
descend t o  t h e  lowest a v a i l a b l e  a l t i t u d e .  The f l i g h t  was c l ea red  t o  descend t o  and main- 
t a i n  8 000 f e e t .  A t  1802:45 hours  t h e  f l i g h t  cance l led  i ts  IFR c learance .  The c o n t r o l l e r  
o f f e r e d  t o  pas s  c o n t r o l  of t h e  f l i g h t  t o  Knoxville Approach Control  when c l o s e r  i n  and 
advised i t  could s t a y  on t h e  Centre frequency. A t  1802:55 hours  t h e  crew responded t o  t h i s  
t ransmiss ion  with "OK." Th is  was t h e  l a s t  known t ransmiss ion  from t h e  a i r c r a f t .  

The a i r c r a f t ' s  r ada r  t a r g e t  d isappeared from t h e  c o n t r o l l e r ' s  scope a t  
1813:30 hours.  A t  1814 hours ,  a f t e r  wa i t i ng  fou r  sweeps of t h e  r ada r  antenna,  t h e  A t l an t a  
c o n t r o l l e r  c a l l e d  t h e  a i r c r a f t  t o  adv ise  t h a t  he had l o s t  r ada r  con tac t  but  he received no 
r e p l y .  

The a i r c r a f t  w a s  f i r s t  observed by ground wi tnesses  approximately 38 m i l e s  
south-west o f H o l s t o n  Mountain VOR a t  an  es t imated  a l t i t u d e  of 5 000 f e e t  descending. There 
was no v i s i b l e  d i f f i c u l t y  a t  t h a t  time. Numerous ground wi tnes se s  observed t h e  a i r c r a f t  
f l y i n g  a t  what they considered t o  be a very  low a l t i t u d e .  Witnesses es t imated  t h e  a l t i t u d e  
of t he  a i r c r a f t  t o  be from 200-500 f e e t  above t h e  ground a long a l i n e  g e n e r a l l y  p a r a l l e l  t o ,  
but  south  of V16. The l a s t  10 t o  12 miles of t h e  f l i g h t  pa th  were observed by a number 
of ground wi tnesses ,  s e v e r a l  of whom s t a t e d  they  saw smoke of varying d e n s i t y  apparen t ly  
coming from t h e  fu se l age  of t h e  a i r c r a f t .  

A w i tnes s  who observed t h e  a i r c r a f t  from a p o s i t i o n  11 mi les  north-east  of t he  
c r a s h  s i t e  was t h e . f i t s t  t o  r e p o r t  see ing  anything unusual.  She noted a v i o l e t  red  l i g h t  
burning on t h e  fu se l age ,  but  could o f f e r  no p r e c i s i o n  regard ing  i t s  loca t ion .  While she  
could read  t h e  company name on t h e  s i d e  of t he  a i r c r a f t ,  she d i d  not see any smoke. The 
t i m e  was about 1810 hours  and t h e  a i r c r a f t  was es t imated  t o  be at  an a l t i t u d e  of 500 f e e t .  
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The f i r s t  v r i tnes s  t o  r e p o r t  smoke from t h e  a i r c r a f t  w a s  a p p r o x i m a t e l y  f i v e  m i l e s  
I I  fro^ t h e  c r a s h  s c e n e .  He s t a t e d  t h a t  ... smoke w a s  coming o u t  of  t h e  t a i l  p a r t  . . . I 1  and ,, ... t h e r e  were brown s p o t s  l i k e  t h e  p a i n t  w a s  o f f  of i t  a b o u t  half-way back  on t h e  body ... I 1  

Witnesses  about  one m i l e  f a r t h e r  a l o n g  t h e  f l i g h t  p a t h  d i d  n o t  o b s e r v e  a n y t h i n g  u n u s u a l ,  
e x c e p t  t h e  low a l t i t u d e ,  u n t i l  t h e  a i r c r a f t  had p a s s e d t h e m ,  a t  which t i m e  t h e y  o b s e r v e d  
smoke coming from t h e  a i r c r a f t .  

A number of w i t n e s s e s  a b o u t  two miles from t h e  c r a s h  s i t e ,  n e a r  t h e  f l i g h t  p a t h ,  
d i d  o b s e r v e  b l a c k  smoke coming from t h e  a i r c r a f t  f u s e l a g e  n e a r  t h e  wings .  A l a r g e  b l a c k  
o b j e c t ,  l a ter  i d e n t i f i e d  a s .  a  p a s s e n g e r ,  was obse rved  t o  f a l l  away from t h e  a i r c r a f t ,  f o l -  
lowed by dense  b l a c k  smoke. The w i t n e s s e s  s t a t e d  t h a t  t h e  o b j e c t  d i d  n o t  s t r i k e  t h e  t a i l  
of t h e  a i r c r a f t  a f t e r  coming o u t  of  t h e  l e f t  s i d e  ove r  t h e  wing. F a r t h e r  a l o n g  t h e  f l i g h t  
p a t h  a  b r i g h t  o b j e c t ,  l a t e r  i d e n t i f i e d  as t h e  l e f t  No. 9 emergency c a b i n  window, f e l l  f rom 
t h e  a i r c r a f t .  Heavy smoke was s e e n  c o n t i n u i n g  t o  come from t h e  a i r c r a f t .  

While  t h e  m a j o r i t y  of t h e  w i t n e s s e s  d i d  n o t  r e p o r t  s e e i n g  any  f i r e ,  some 
w i t n e s s e s  d i d  r e p o r t  s i g n s  of f i r e  i n  o r  on t h e  a i r c r a f t .  

S h o r t l y  a f t e r  t h e  p a s s e n g e r  and t h e  window f e l l  from t h e  p l a n e  t h e  a i r c r a f t  
nosed up ,  t h e  l e f t  wing went down, t h e  a i r c r a f t  noseddown and c r a s h e d  i n t o  a rocky  wooded 
h i l l s i d e .  

The c r a s h  o c c u r r e d  a p p r o x i m a t e l y  41  n a u t i c a l  miles e a s t - n o r t h e a s t  of  t h e  
Knoxv i l l e  VORTAC and abou t  2 ;  n a u t i c a l  miles n o r t h - e a s t  o f  P a r r o t t s v i l l e ,  Tennessee ,  a t  
approx ima te ly  1815 hours .  The a c c i d e n t  o c c u r r e d  d u r i n g  d a y l i g h t  h o u r s  a t  a n  e l e v a t i o n  o f  
approx ima te ly  1 400 f e e t  m . s . 1 .  

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

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

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

1 . 4  Other  damage 

P r i v a t e  p r o p e r t y  damage w a s  c o n f i n e d  t o  burned trees and ground c o v e r .  

I 

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

* One of t h e  p a s s e n g e r s  d i e d  of  impact  i n j u r i e s  a f t e r  a f r e e  f a l l  f rom t h e  a i r c r a f t ;  h i s  
body w a s  found a b o u t  1 .6  n a u t i c a l  miles from t h e  c r a s h  s i te .  

C r e w  

4 

P a s s e n g e r s  

35* 

O t h e r s  

- 
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1 .5  C r e w  in format ion  . . 

The pilot-in-command, aged 41, he ld  an a i r l i n e  t r a n s p o r t  p i l a  c e r t i f i c a t e  wi th  
t y p e  r a t i n g s  f o r  v a r i o u s  a i r c r a f t  i nc lud ing  t h e  Vickers  Viscount.  H e  had a t o t a l  of 
15 665 hours  f l y i n g  t ime , inc lud ing  1 700 hours  i n  t h e  Viscount .  H i s  last Vlacount p r o f i -  
c iency  t r a i n i n g  was completed on 30 June 1964, i n  t h e  Viscount simulator.. H i s  last  physical  
examination was completed on 4 A p r i l  1964, wi th  no l i m i t a t i o n s .  H e  had a 24-hour off-duty 
pe r iod  p r i o r  t o  h i s  f i r s t  f l i g h t  on 9  J u l y  1964, and had been on du ty  6:19 hou r s  a t  t h e  
t ime of t h e  acc iden t .  

The co -p i lo t ,  aged 37, he ld  an  a i r l i n e  t r a n s p o r t  p i l o t  c e r t i f i c a t e  w i th  a  
Vickers  Viscount r a t i n g .  He had a  t o t a l  of 7  715 hours  f l y i n g  t ime , inc lud ing  2 100 hours  
i n  Viscounts .  He passed a  c o - p i l o t ' s  p r o f i c i e n c y  check i n  t h e  Viscount o n . 7  February 1964, 
and h i s  l a s t  en-route check on 7 J u l y  1964. H i s  last  p h y s i c a l  examina t ion 'vas  completed 
on 1 4  January 1964, wi th  t h e  l i m i t a t i o n  "Holder s h a l l  wear c o r r e c t i n g  g l a s s e s  wh i l e  
e x e r c i s i n g  t h e  p r i v i l e g e s  of h i s  airman c e r t i f i c a t e " .  He had a  25-hour r e s t  pe r iod  before  
r e p o r t i n g  f o r  duty  on 9  J u l y  1964, and had been on du ty  6:19 hours  a t  t h e  t i m e  of t h e  
a c c i d e n t .  

There were a l s o  two s tewardesses  aboard t h e  f l i g h t .  

1 .6  A i r c r a f t  in format ion  

The a i r c r a f t  had flown a  t o t a l  of 23 804 hours  and had undergone a  numbered 
i n s p e c t i o n  (#2)  180 hours  be fo re  t h e  acc iden t .  It had rece ived  a  p r e - f l i g h t c h e c k  s i x  hours  
be fo re  t h e  acc iden t  and an  en-routepre-flight inspection j u s t  p r i o r  t o  take-off from 
Washington. 

A review of t h e  maintenance r eco rds  r evea l ed  t h e r e  were no known d i s c r e p a n c i e s  
when t h e  a i r c r a f t  l e f t  Washington. The records  i n d i c a t e d  t h a t  i t  had been maintained i n  
accordance wi th  e x i s t i n g  a i r l i n e  and FAA approved d i r e c t i v e s  wi th  t h e  excep t ion  of t h e  
d e l e t i o n  of a  t u r b i n e  b lade  i n s p e c t i o n  of No. 2  eng ine  du r ing  t h e  l a s t  b lock overhau l ,  and 
a  similar d e l e t i o n  of an  i n t e r c o o l e r  a i , r  i n l e t  c l ean ing  opera t ion .  The a i r c r a f t  and power- 
p l a n t s  were r e p o r t e d  t o  be a i rwor thy a t  the  t ime of depa r tu re  from Washington. 

The take-off weight  of t h e  a i r c r a f t  was 58 948 l b  and t h e  weight was es t imated  
t o  be  5 1  468 l b  a t  t h e  t i m e  of t h e  c r a sh .  Maximum a l lowable  take-off weight f o r  runway 33 
a t  Washington was 60 600 l b .  The c e n t r e  of g r a v i t y  (c .g . )  l i m i t s  f o r  t h e  f l i g h t  were 
9% Standard Mean Chord (SMC) forward and 26% SMC a f t .  The a i r c r a f t  was w i t h i n  t h e s e  
l i m i t s  a t  take-off and a t  t h e  t ime of t h e  c rash .  

The a i r c r a f t  w a s  loaded wi th  1 0  900 l b  of J e t  A ( s t andard  Kerosene t u r b i n e  
eng ine  f u e l )  a t  take-off and was computed t o  have 6 327 l b  of f u e l  aboard a t  t h e  t ime of 
t h e  c r a sh .  

1 . 7  Meteoro log ica l  in format ion  

The crew was provided wi th  t h e  latest a v a i l a b l e  weather  sequence r e p o r t s  f o r  
t h e i r  r o u t e  b e f o r e  d e p a r t u r e  from Washington. 

The ground w i t n e s s e s  r epo r t ed  t h a t  t h e  weather  i n  t h e  acc iden t  a r e a ,  and a long  
t h e  l a s t  segment of f l i g h t  from Hols ton Mountain, was c l e a r  and calm, wi th  a few high 
s c a t t e r e d  c louds .  The a c c i d e n t  occur red  i n  day VFR c o n d i t i o n s  about 1:40 hours  be fo re  sunse t .  
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Weather was not  considered t o  be a  f a c t o r  i n  t h i s  a c c i d e n t .  

1.8 Aids t o  nav iga t i on  

There were no r epo r t ed  d i s c r e p a n c i e s  of ground o r  a i r b o r n e  n a v i g a t i o n  equipment 
dur ing t h e  f l i g h t .  The a i r c r a f t  came under r a d a r  obse rva t ion  and c o n t r o l  of t h e  A t l a n t a  
A i r  Route T r a f f i c  Cont ro l  ~ e d t r e  a t  1735 hours .  The f l i g h t  was observed on r a d a r  t o  p a s s  
Holston Mountain VOR a t  1757 hours.  Both primary and secondary r a d a r  t a r g e t s  were 
observed u n t i l  they  disappeared a t  1813:30 hours ,  some 15 minutes  a f t e r  pa s s ing  Hols ton 
Mountain VOR. The c e n t r e ' s  r a d a r  had been f l i g h t  checked a s  u s a b l e  down t o  6 000 f t  
m . s . 1 .  a long Vic to r  16  from Holston Mountain VOR t o  t h e  Ottway I n t e r s e c t i o n  39 m i l e s  
south-west of t h e  VOR. Radar beacon t a r g e t s  had been observed a long t h i s  p o r t i o n  of 
V ic to r  16 down t o  a n  a l t i t u d e  of 4 000 f t  m . s . 1 .  The l a s t  a l t i m e t e r  s e t t i n g  g iven  t o  
t h e  crew w a s  29.87 inches  f o r  Knoxvi l le  by A t l a n t a  Centre.  

The KnoxviJle VORTAC w a s  o p e r a t i o n a l  du r ing  t h e  pe r iod  F l i g h t  823 was f l y i n g  
between Holston Mountain and Knoxvil le .  

1.9 Communications 

A i r  t o  ground communications were normal u n t i l  1802:55 hou r s ,  when t h e  las t  
known t r ansmis s ion  from t h e  f l i g h t  was rece ived .  

A l l  subsequent a t t emp t s  by t h e  A t l a n t a  c o n t r o l l e r  t o  c o n t a c t  t h e  f l i g h t  were 
f r u i t l e s s .  

There was no evidence  of a n  emergency o r  any unusual  s i t u a t i o n  i n  any t r a n s -  
miss ion by t h e  crew. 

1.10 Aerodrome and ground f a c i l i t i e s  

Not involved i n  t h i s  acc iden t .  

1.11 F l i g h t  r eco rde r  

The a i r c r a f t  was equipped wi th  a  Lockheed A i r c r a f t  Se rv i ce  model 109C f l i g h t  
r eco rde r ,  ser ia l  No. 578. The r eco rde r  w a s  i n s t a l l e d  i n  t h e  e l e c t r i c a l  compartment below 
t h e  cab in  f l o o r  a t  f u s e l a g e  s t a t i o n  (FS) 389. The r e c o r d e r  s h e l l  was crushed t o  one-half 
i t s  o r i g i n a l  diameter  and had s epa ra t ed  due t o  shear  loads .  The c o n t e n t s  were exposed 
t o  f i r e  which des t royed  t h e  aluminium reco rd ing  tape; No usab l e  in format ion  was a v a i l a b l e .  
Th i s  i s  t h e  f i r s t  recorded i n s t a n c e  of t h e ' d e s t r u c t i o n ,  by f i r e ,  of r eco rd ing  t a p e  i n  a 
Lockheed r eco rde r .  

1.12 Wreckage 

The a i r c r a f t  s t r u c k  on a  45-degree, h e a v i l y  wooded s l o p e  a t  a n  e l e v a t i o n  of 
approximately 1 400 f t  m . s . 1 .  The heading on impact was 135O, t h e  nose was approximate ly  
550 below t h e  hor izon ,  and t h e  bank ang le  was about 450 l e f t  wing down. The wreckage, 
except  t h e  No. 9  emergency window and some sma l l  p i e c e s  from t h e  cab in  i n t e r i o r ,  was con- 
t a i n e d  i n  an  a r e a  300 f e e t  long and 200 f e e t  wide. 
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A 4 t o  8 m i l e  wide ground search  was conducted f o r  53 mi les  back along t h e  
f l i g h t  path  from the  impact s i te.  The No. 9 emergency window, s c raps  of c l o t h  from t h e  
cabin  i n t e r i o r ,  an emergency e x i t  p l aca rd ,  and p a r t s  of a  window s e a l  were l oca t ed  
2 320 f t  on a magnetic bear ing  of 035O from t h e  primary wreckage s i t e .  The cab in  mate- 
r i a l  was s c a t t e r e d  over an a r e a  which extended about 600 f t  from t h e  window. The f r e e - f a l l  
v i c t i m  w a s  l o c a t e d  8 400 f t ,  on a magnetic bear ing  of 030°, from t h e  primary wreckage s i t e .  
A c i g a r e t t e  l i g h t e r  w i t h  a c l e a r  p l a s t i c  f u e l  r e s e r v o i r  7 /8  f u l l  was found near  t h e  body. 
No o t h e r  m a t e r i a l  from t h e  a i r c r a f t  was found a long t h e  f l i g h t  path .  

The a i r c r a f t  wreckage w a s  fragmented and severe  ground f i r e s  burned f o r  s eve ra l  
hours  a f t e r  t h e  acc iden t .  

1.13 F i r e  - 
Both i n - f l i g h t a n d  post  impact f i r e  occurred i n  t h i s  acc iden t .  The e x t e n t  of 

t h e  pos t  impact f i r e  as w e l l  a s  t h e  ex t ens ive  break-up hampered t h e  i n v e s t i g a t i o n  wi th  
r e s p e c t  t o  o r i g i n  and progress  of t he  f i r e .  However, a comprehensive mock-up d i d  permit  
some de te rmina t ions  i n  t h e s e  regards .  

Ground wi tnesses  e s t a b l i s h e d  by observa t ions  of smoke t h a t  t h e r e  w a s  a n  i n - f l i g h t  
f i r e .  Burns and soo t  d e p o s i t s  on t h e  f r e e - f a l l  v i c t i m  and f i r e  damage t o  b i t s  of cab in  
m a t e r i a l  t h a t  f e l l  away from t h e  pos t  impact f i r e  a r e a  l o c a t e d i n - f l i g h t f i r e  i n  t h e  pas- 
senger  cab in  of t h e  a i r c r a f t .  

There w a s  no evidence of in-flightfire i n  t h e  wings, powerplants ,  empennage o r  
i n  t h e  fu se l age  beneath t he  cab in  f l o o r  rearward of t h e  main spa r  (FS-414) and forward of 
FS 335. 

A check of t h e  cargo and stowed pe r sona l  luggage revealed no hazardous materials 
aboard t h e  a i r c r a f t .  

The remaining p o r t i o n  of t h e  fu se l age  beneath t h e  cabin  f l o o r  between FS 335 and 
and FS 414 i s  known as t h e  e l e c t r i c a l  bay. F i r e  damage i n  t h i s  a r e a  was ex t ens ive ,  par- 
t i c u l a r l y  on t h e  l e f t  s i d e .  The ma jo r i t y  of t h e  components were des t royed o r  not  recovered.  
Examination of t h e  recovered e l e c t r i c a l  components d i d  not  r e v e a l  any evidence of a hea t  
genera t ing  f a u l t .  One b a t t e r y  t e rmina l  d i d  show an a r c  produced mark. No evidence of a  
hyd rau l i c  l i n e  l e a k  was found. There was no c o n s i s t e n t  p a t t e r n  d i s c e r n i b l e  
i n  t h i s  a r ea .  Smoke p a t t e r n s  on t h e  main spa r  cap a s  w e l l  a s  soo t  and d i s c o l o u r a t i o n  pa t -  
t e r n s  on s e a t  t r a c k  p i eces  t h a t  were i n s t a l l e d  between FS 335 and FS 414 were g iven  d e t a i l e d  
a t t e n t i o n .  Clean f r a c t u r e  and sc rape  marks nex t  t o  sooted o r  d i sco loured  areas and d i s -  
c o l o u r a t i o n  of s e a t  t r a c k  p i eces  on t h e  unders ide ,  which is exposed i n  t h e  e lec t r ic  bay, 
c o n t r a s t e d  wi th  c l e a n  upper s u r f a c e s  which a r e  i n  t h e  passenger cab in  but  no t  exposed. 

F i r e  damage and smoke p a t t e r n s  were found i n  t h e  passenger cabin:  

- On t h e  l e f t  s i d e  from approximately FS 388 t o  FS 494, under the NO. 4 window, 
t h e r e  was heavy soo t ing  of t h e  shea r  c l e a t s  of t h e  s t r i n g e q  h i c h  Were t i g h t l y  
compressed a g a i n s t  t h e  fu se l age  s k i n  dur ing break-up. Clean (ansooted) breaks 
w e r e  noted i n  t h e  sooted a r e a s  under t h e  window aS w e l l  ah clean'areas where 

-* . 
f l u s h  r i v e t s  had been pu l l ed  from t h e  s t r u c t u r e .  
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- On two ' large s e c t i o n s  of the  l e f t  forward bulkhead, FS 198,  t h e  v i n y l  m a t e r i a l  
t h a t  covers  t h e  top  h a l f  was miss ing but t h e  backing m a t e r i a l  was no t  damaged 
whi le  t h e  bottom h a l f  was h e a v i l y  matted wi th  a  deep soo t  p a t t e r n .  Another 
p i e c e  of d e c c r a t i v e  wa l l  m a t e r i a l  was h e a v i l y  sooted and matted b u t  t h e  
s p l i n t e r e d  edges of t h e  plywood backi~ng were ~ ~ comparat ivelv  c l e a n .  The f r o n t  
wa l l  at tachment bracket  f o r  t h e  b lanke t  r ack  was moderate ly  soo ted  bu t  was 
c l ean  under t h e  r o t a t e d  re inforcement  p l a t e .  Most of t h e  f u s e l a g e  former 
s e c t i o n s  from FS 399 a f t  t o  FS 618 d i sp layed  d i s t i n c t  unsooted a r e a s  t h a t  
were covered by blanket  rack suppor t  b r acke t s  be fo re  break-up. A p o r t i o n  of 
a  soundproof window was recovered coated  on t h e  i n s i d e  wi th  soo t  and a  wh i t e  
depos i t  which was s i m i l a r  t o  t h e  whi te  smoke given o f f  when t h e  v i n y l  cover  
on t h e  l e f t  forward bulkhead i s  burned. The p l a s t i c  window m a t e r i a l  had f low 
marks on i t  which i n d i c a t e d  t h a t  i t  had been heated  t o  approximate ly  626OF, 
whi le  i n  an  up r igh t  pos ic ion .  

- On t h e  k x t e r i o r  w a l l  of t h e  forward l a v a t o r y ,  r i g h t  s i d e  a t  FS 232 and on 
o t h e r  i s o l a t e d  a r e a s  throughout t h e  cab in  i nc lud ing  thel . lower h a l f  of t h e  
No. 9 window, s e v e r a l  p u b l i c  add re s s  system speakers ,  baggage r a c k s  and some 
passenger s e a t s .  

Evidence r evea l ed  t h a t  an  i n - f l i g h t  f i r e  e x i s t e d  i n  t h e  passenger  cab in .  The on ly  
flammable l i q u i d  c a r r i e d  a s  a  p a r t  of t h e a e r o p l a n e a b o v e  t h e  f u s e l a g e  f l o o r  i s  h y d r a u l i c  
f l u i d  i n  a  r e s e r v o i r  l o c a t e d  i n  a  compartment between t h e  carry-on luggage r a c k  and t h e  
l ava to ry .  The r e s e r v o i r  was damaged by impact and f i r e  and was empty. The f i r e  damage 
p a t t e r n  i n  and about t h e  r e s e r v o i r  compartment d i d  not  suppor t  h y d r a u l i c  f l u i d  a s  a  con- 
t r i b u t i n g  f a c t o r  t o  t h e  f i r e .  Another source  of flammable f l u i d  known t o  have been aboard 
t h e  a i r c r a f t  was a  one-gallon can con ta in ing  a  commercial p a i n t  mod i f i e r .  T h i s  can was 
recovered i n  t h e  wreckage a r e a ,  crushed wi th  no evidence  of f i r e  damage t o  e i t h e r  t h e  can 
o r  i t s  paper wrapping. 

The f i r e - f i gh t ingequ ipmen t  aboard t h e  a i r c r a f t  was examined t o  s e e  i f  i t  had 
been used. Three of t h e  fou r  engine  f i r e  b o t t l e  d i scharge  heads were recovered but  none 
showed s i g n s  of having been discharged by e l e c t r i c a l  means. The forward ca rgo  compartment 
C02 e x t i n g u i s h e r  had been f i r e d  e l e c t r i c a l l y .  No p o s i t i v e  de t e rmina t ion  could be made a s  
t o  whether t h e  J a n i t r o l  h e a t e r  compartment C02 e x t i n g u i s h e r s  had been f i r e d .  One of t h e  
two cab in  C02 f i r e  e x t i n g u i s h e r s  had been discharged and a  cab in  water  e x t i n g u i s h e r  had 
been prepared f o r  d i s cha rge ;  however, i t  had not  been expended. 

A f l i g h t  crew walk-around oxygen b o t t l e  was recovered wi th  t h e  c o n t r o l  v a l v e  
open. The rubber  diaphragm i n  t h e  r e g u l a t o r  had b e e n d i s c o l o u r e d b y  smoke. One passenger  

I1  oxygen b o t t l e  was found wi th  t h e  shut-off  va lve  open." A p o r t i o n  of one of t h e  t h r e e  
i n s t a l l e d  f l i g h t  crew f u l l - f a c e  smoke masks w a s  recovered but  t h e r e  w a s  no ev idence  of i t s  
having been i n  use .  

The i n t e r i o r  lock ing  mechanisms f o r  t h e  No. 4 and No. 9 windows on t h e  l e f t  s i d e  
were found i n  t h e  unlocked p o s i t i o n ,  and t h e  c a p t a i n ' s  d i r e c t  v i s i o n  (DV) window was found 
unlocked and p a r t i a l l y  open. The c o - p i l o t ' s  DV window t r a c k  and frame wi th  a t t a c h e d  cockp i t  
l i n e r  showed evidence of h e a t i n g  and soo t ing .  Adjacent p o r t i o n s  of t h e  cockp i t  l i n e r  t h a t  
had been covered be fo re  break-up were c lean .  The window p o s i t i o n  a t  impact could  no t  be 
determined. There was no evidence of an in-flightfire o r i g i n a t i n g  i n  t h e  cockpi t  p o r t i o n  
of t h e  fuse lage .  
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The eng ines ,  unde r f loo r  cargo compartments, and t h e  J a n i t r o l  h e a t e r  a r e  equip- 
ped wi th  f i r e  d e t e c t i o n  systems. The c a p t a i n  of t h e  p rev ious  f l i g h t  i n  t h i s  a i r c r a f t  
t e s t i f i e d  t h a t  he de t ec t ed  no problems wi th  t h e  f i r e  warning systems when he  t e s t e d  them. 

There i s  no smoke d e t e c t i o n  system o t h e r  than  crew sense  of s m e l l  o r  observa t ion  
of smoke i n  t h e  a i r c r a f t .  

I n  normal o?e ra t i on  cab in  a i r  i s  drawn down under t h e  cab in  f l o o r  and c i r c u l a t e d  
back i n t o  t h e  cab in  by t h e  r e c i r c u l a t i n g  f a n  through v e n t i l a t o r s  i n  t h e  cockp i t  and cabin .  
Any smoke genera ted  under t h e  cab in  f l o o r  would be t r a n s f e r r e d  t o  t h e  cab in  and cockpi t  
w i t h i n  seconds where i t  would be seen  o r  smelled by t h e  crew and passengers .  

1 .14 Su rv iva l  a s p e c t s  

Th i s  acc iden t  was non-survivable and no s t u d i e s  were made of t h e  s t r u c t u r e  from 
t h a t  s t andpo in t .  

1.15 T e s t s  and r e sea rch  

The passenger who f e l l  from t h e  a i r c r a f t  e x i t e d  through an emergency window 
over t h e  l e f t  wing. Witnesses who saw him f a l l  s a i d  he d id  no t  s t r i k e  t h e  empennage but  
f e l l  n e a r l y  s t r a i g h t  down. An aerodynamic s tudy  as w e l l  as t h e  body i n j u r y  p a t t e r n  con- 
f i rmed t h e  w i tnes s  observa t ions .  He d ied  of i n j u r i e s  rece ived  on impact wi th  t h e  ground. 
H e  had rece ived  burns  on t h e  hands ,  f a c e  and neck be fo re  dea th  bu t  had only a few carbon 
p a r t i c l e s  i n  h i s  t r a c h e a  and a carbon monoxide l e v e l  of f i v e  pe r  cen t  i n  h i s  blood.* The 
upper p o r t i o n s  of h i s  c l o t h e s  were impregnated wi th  soo t .  . T h e r e  was no evidence  of ground 
f i r e  where t h e  body w a s  recovered.  

The Armed Forces  I n s t i t u t e  of Pathology (AFIP) performed a number of t e s t s  of 
specimens from both crew members and passengers  f o r  t h e  Board. T e s t s  f o r  carbon monoxide 
were not  done on t h e  f l i g h t  crew due t o  a l a c k  of s u i t a b l e  specimens. Passenger t ox i -  
c o l o g i c a l  examination r e s u l t s  were nega t ive ;  no e l e v a t e d  carbon monoxide l e v e l s  were 
found; no s i g n i f i c a n t  amount of a l c o h o l  was found; and tests f o r  methylbromide y i e l d e d  
nega t ive  r e s u l t s .  H i s t o l o g i c a l  examination of t h e  seven recovered r e s p i r a t o r y  t r a c t  
specimens r evea l ed  on ly  a small number of carbon p a r t i c l e s  i n  each.  

Laboratory t e s t s  were made by t h e  Fede ra l  Bureau of I n v e s t i g a t i o n  t o  v e r i f y  
evidence of h e a t  and smoke d e p o s i t s ,  ana lyse  v a r i o u s  d e p o s i t s  on a i r c r a f t  p a r t s  and on 
t h e  f r e e - f a l l  v i c t i m ' s  c l o t h i n g ,  and e v a l u a t e  p o s s i b l e  evidence of sabotage .  No r e s i d u e s  
were found t o  i n d i c a t e  t h a t  a n  exp los ion  occurred aboard t h e  a i r c r a f t .  The r e p o r t s  d i d  
d e s c r i b e  evidence  of cons ide rab l e  h e a t  o r  f i r e  damage and soo t ing  t o  v a r i o u s  components 
w i t h i n  t h e  cab in ,  cockp i t ,  and under t h e  cab in  f l o o r  a f t  of t h e  cargo p i t  and forward of 
t h e  main spa r .  

Laboratory tests were a l s o  conducted by t h e  B r i t i s h  A i r c r a f t  Corporat ion on 
samples of a i r c r a f t . s t r u c t u r e ,  components, and t h e  f r e e - f a l l  v i c t i m ' s  c l o t h i n g .  They con- 
s i s t e d  of exposure t o  u l t r a - v i o l e t  l i g h t ,  X-ray, i n f r a - r ed  and emission spect roscopy,  
microscopic  and v i s u a l  observa t ion .  Evidence of cab in  f i r e  on s e a t s ,  windows, forward 
bulkhead t r i m ,  and t h e  carry-on luggage r a c k  w a s  found. The s i d e  w a l l s  of t h e  carry-on 

* Any concen t r a t i on  of l e s s  t han  10  pe r  cen t  carbon monoxide i s  considered nega t ive .  
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luggage  r a c k  had been exposed t o  t e m p e r a t u r e s  of t h e  o r d e r  .I; 12LdF, and t h e  p l a s t i c  
m a t e r i a l  from a  srju~:d?roof winclow had 1,t:en exposed t o  t,zxper:itur:::, af 626OF. D u p l i c a t i o n  
of h e a t  damage t o  t h e  f r e e - f a l l  v i c t i m ' s  c l o t h e s  w a s  b e s t  o b t a i n e d  by b u r n i n g  and quenching  
a f i r e  of l i g h t e r  f l u i d  i n  a  sample of t h e  m a t e r i a l .  The p r e s e n c e  of b l a c k  d e p o s i t s  on t h e  
bottom of s e a t  t r a c k  samples ,  t a k e n  from a n  a r e a  ove r  t h e  e l e c t r i c a l  bay,  w i t h  none on t h e  
t o p  of t h e  samples ,was n o t e d .  I t  was conc luded ,  however,  t h a t  t h e  d e p o s i t s  had more t h e  
c h a r a c t e r i s t i c s  of l a c q u e r  t h a n  s o o t .  

The N a t i o n a l  Bureau of S t a n d a r d s  p r e p a r e d  a  number of e l e c t r o n  pho tomic rographs  
of carbon specimens t a k e n  from t h e  f r e e - f a l l  window and p a s s e n g e r ' s  c l o t h i n g ,  and from 
v a r i o u s  components of t h e  a i r c r a f t  found a t  t h e  main wreckage s i t e ,  p r i m a r i l y  from under  
t h e  c a b i n  f l o o r  between FS 317 and FS 414. Tests t o  d e t e r m i n e  t h e  e f f e c t s  of v a r i o u s  
t e m p e r a t u r e s  on p a i n t  on p i e c e s  of seat t r a c k  and u n d e r f l o o r  r u n n e r s  t a k e n  from t h e  a i r -  
c r a f t  wreckage were made. Aluminium p a i n t  samples  exposed t o  h e a t  of  less t h a n  400°F f o r  
two minu tes  showed no v i s i b l e  e f f e c t s .  Colour  changes  began a f t e r  e x p o s u r e  f o r  two m i n u t e s  
a t  4000F and b l i s t e r i n g  began i n  two m i n u t e s  a t  4500F. A t  9000F t h e  p a i n t  darkened  t o  
d a r k  brown o r  b l ack .  These r e s u l t s  were used  i n  c o n j u n c t i o n  w i t h  t h e  e l e c t r o n  photo- 
micrographs  t o  s t u d y  v a r i o u s  components of  t h e  a i r c r a f t  f o r  e v i d e n c e ' o f  f i r e  i n  f l i g h t .  
The examina t ion  of t h e  J a n i t r o l  b o t t l e  f i r i n g  s t r i p  was i n c o n c l u s i v e  and no d e t e r m i n a t i o n s  
cou ld  be made r e g a r d i n g  t h e  c o n d i t i o n s  under  which i t  f r a c t u r e d .  

The photomicrographs  of t h e  ca rbon  spec imens  were forwarded  t o  a s p e c i a l i s t  i n  
a n  e f f o r t  t o  d e t e r m i n e  t h e  i d e n t i f i c a t i o n  of t h e  m a t e r i a l  t h a t  produced t h e  s o o t  found on  
t h e  wreckage and t h e  f r e e - f a l l  v i c t i m ' s  c l o t h i n g .  The ca rbon  d e p o s i t s  t a k e n  from b o t h  t h e  
f r e e - f a l l  i t e m s  and u n d e r f l o o r  wreckage a t  t h e  c r a s h  s i t e  were i d e n t i f i e d  as b e i n g  t h e  
produce of incomple te  combustion of s a t u r a t e d  a l i p h a t i c  hydrocarbons .  Examples of t h i s  
t y p e  of f u e l  are k e r o s e n e ,  g a s o l i n e ,  p a r a f f i n ,  h y d r a u l i c  f l u i d ,  l i g h t e r  f l u i d ,  and naph tha .  
Of t h e s e  examples ,  o n l y  k e r o s e n e ,  h y d r a u l i c  f l u i d ,  and l i g h t e r  f l u i d  were known t o  be 
aboa rd  t h e  a i r c r a f t .  The l i g h t e r  f l u i d  w a s  n o t  known t o  be  aboa rd  i n  s u f f i c i e n t  q u a n t i t y  
t o  produce t h e  amount of f i r e  e x p e r i e n c e d .  Kerosene i n  t h e  form of  e n g i n e  f u e l  and h y d r a u l i c  
f l u i d  w a s  a b o a r d  t h e  a i r c r a f t  i n  q u a n t i t y .  

A d d i t i o n a l  s t u d i e s  of t h e  f i r e  damage were made by a s p e c i a l i s t  from t h e  
Massachuse t t s  I n s t i t u t e  of  Technology and tests t o  d e t e r m i n e  t h e  e f f e c t  of  h e a t  on aluminium 
s u r f a c e s  were made under  h i s  d i r e c t i o n .  These  tests i n c l u d e d  t h e  e x p o s u r e  of  numerous 
p a i n t e d  and u n p a i n t e d  spec imens  t o  open f l a m e s  i n  one series and t o  oven h e a t i n g  i n  a n o t h e r  
series. I n  t h e  open f lame tests,  k e r o s e n e ,  h y d r a u l i c  f l u i d  and t u r b i n e  e n g i n e  o i l  were 
used w i t h  b o t h  o x i d i z i n g  and r e d u c i n g  a tmospheres  t o  produce  s o o t  d e p o s i t s  on t h e  test 
specimens.  It w a s  found t h a t  s o o t  w a s  d e p o s i t e d  o n l y  on t h o s e  p o r t i o n s  of spec imens  i n  
t h e  l i n e  of f l ame  impingement. S c r a t c h e s  i n  areas of  l i g h t  s o o t i n g  remained c l e a n  and 
b r i g h t ,  b u t  became d a r k  w i t h  p r o g r e s s i v e l y  h e a v i e r  d e p o s i t s  of  s o o t .  The s o o t  bu i ld -up  i n  
s c r a t c h e s  and c u t s  was a l s o  a f u n c t i o n  of f l ame  impingement a n g l e .  I n  a n o t h e r  series of 
t e s t s ,  i n d i v i d u a l  specimens were d ipped  i n  one of t h e  above-mentioned f l u i d s  p r i o r  t o  
i n s e r t i o n  i n  t h e  oven. They were r e t a i n e d  i n  t h e  oven f o r  f i v e  m i n u t e s  a t  t e m p e r a t u r e s  
r ang ing  from 4 5 0 ' ~  t o  1 OOO°F. Both o x i d i z i n g  and r e d u c i n g  a tmospheres  were used .  I n  
t h e s e  tests p a i n t e d  a l u m i n i u m s u r f a c e s  darkened  p r o g r e s s i v e l y  t o  800°F; above t h i s  tempera- 
t u r e  t h e  d a r k  c o l o u r i n g d i s a p p e a r e d  and t h e  s u r f a c e s  became s i l v e r  g ray .  Between 7000 and 
800° t h e  f l u i d  d e p o s i t s  burned,  l e a v i n g  b l a c k  d e p o s i t s  on a l l  s u r f a c e s .  A t  lower  tempera- 
t u r e s  s c r a t c h e s  and edge c u t s  on spec imens  remained b r i g h t ,  i ndependen t  of  t h e  s u r f a c e  
d i s c o l o u r a t i o n  caused  by t h e  f l u i d s  and o t h e r  d e p o s i t s  on s u r f a c e  f i n i s h e s  on t h e  specimens.  
From t h e s e  tests and comparison w i t h  t h e  u n d e r f l o o r  wreckage of t h e  a i r c r a f t  i t  w a s  con- 
c luded  t h a t  t h e r e  w a s  no p o s i t i v e  e v i d e n c e  of a n  u n d e r f l o o r  f i r e  p r i o r  t o  impact .  
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1 .16  Add i t i ona l  in format ion  

I n v e s t i g a t i o n  of insurance  purchased by passengers  andcrew members d i s c lo sed  
no suspec t  a r e a s .  Nothing unusual  was noted r ega rd ing  t h e  passengers  o r  baggage t h a t  went 
aboard t h e  a i r c r a f t  and t h e r e  was no known hazardous cargo aboard t h e  a i r c r a f t .  

2 .  - Analys i s  and Conclusions 

2 . 1  Ana lys i s  

There was no evidence  of improper a i r c r a f t  maintenance o r  t h a t  t h e  a i r c r a f t  was 
not  a i rwor thy  a t  t h e  t ime of i t s  d e p a r t u r e  from Washington. A l l  major components were 
accounted f o r  a t  t h e  acc iden t  scene and t h e r e  was no evidence of pre-impact s t r u c t u r a l  
f a i l u r e .  The land ing  gear  and f l a p s  were r e t r a c t e d ,  t h e  primary f l i g h t  c o n t r o l  t r i m  
s e t t i n g s  were: a i l e r o n ,  one degree  r i g h t  wing down; e l e v a t o r ,  one degree  nose-down; and 
rudder ,  $ degree ,  nose r i g h t .  There was no evidence  of sabotage  o r  of any malfunct ion o r  
f a i l u r e  of t h e  powerplants  o r  t h e  a i r c r a f t ' s  systems p r i o r  t o  impact.  

Having passed t h e  Holston Mountain VOR, t h e  crew began a normal en-route descei 
i n  VFR c o n d i t i o n s  t h a t  would have brought them i.nto t h e  Knoxvil le  a r e a  a t  a  reasonab le  
a l t i t u d e  t o  manoeuvre f o r  a  landing.  The i r  descen t  was probably normal, i . e . ,  approxi-  
mately 1 0 0 0  f t / m i n  u n t i l  they  cange l led  t h e i r  IFR f l i g h t  p l a n  a t  1802:45 hours .  There was 
no th ing  i n  t h e i r  t r ansmis s ions  t o  i n d i c a t e  any d i f f i c u l t y  a t  t h a t  t i m e .  The a i r c r a f t  should 
have been a t  approximately 11 000 f e e t  and about  24 mi l e s  south-westof Holston Mountain 
when they  cance l l ed  t h e i r  IFR f l i g h t  p lan .  

A t  some t i m e  dur ing  t h e  descen t ,  t h e  a i r c r a f t  dev i a t ed  t o  t h e  sou th  of V16 but  
was proceeding approximately p a r a l l e l  t o  t h e  airway.  The f i r s t  w i tnes s  be l i eved  t o  have 
seen t h e  a i r c r a f t  was 38 n a u t i c a l  miles '  south-west of Holston Mountain. He es t imated  t h e  
a i r c r a f t  t o  be 4 000 f t  (approximately 5 500-6 000 f t  m.s.1.) above t h e  t e r r a i n  and t o  be 
normal a t  t h i s  t i m e .  Three mi l e s  f a r t h e r  a long  t h e  f l i g h t  pa th ,  a t  approximately 1810 hours ,  
t h e  a i r c r a f t  w a s  observed about  500 f t  above t h e  groundsand i t  continued t o  f l y  a t  ve ry  
low a l t i t u d e s  and w e l l  t o  t h e  l e f t  of t h e  airway from t h i s  p o i n t  on t o  t h e  c r a sh  s i t e .  The 
average  r a t e  of descen t  from i n i t i a t i o n  t o  level -off  a t  a n  e s t ima ted  500 f t  above t h e  
ground w a s  about  1 200 f t / m i n  and t h e  average ground speed was 174 k t  from i n i t i a t i o n  of 
t h e  descen t  t o  impact. T h i s  i n d i c a t e d  t h a t  t h e  a i r speed  was reduced from a c r u i s i n g  speed 
of 237 k t  t o  some lower v a l u e  and t h a t  t h e  descen t  was cont inued t o  an  a l t i t u d e  above t h e  
ground lower t h a n  t h a t  normally u t i l i z e d  i n  t r a n s p o r t  ope ra t i on .  

It was be l ieved  t h a t  t h e  crew d i scovered  a f i r e  some t imedur ing  t h e  per iod  
between c a n c e l l i n g  t h e i r  IFR and be fo re  being observed i n  a  descen t  about 4 000 f t  above 
t h e  ground. 

Extens ive  f i r e  damage w a s  found i n  t h e  e l e c t r i c a l  bay. However, t h i s  f a c t  
a lone  cannot be considered s i g n i f i c a n t .  Th i s  a r e a  i n  t h e  Viscount ,  a s  i n  t h e  ma jo r i t y  of 
low wing a i r c r a f t ,  is  i n  c l o s e  proximity  t o  and between t h e  f u e l  tanks .  Thus, i n  a break- 
up, t h . -  is a l i k e l y  a r e a  t o  r e c e i v e  a s u b s t a n t i a l  q u a n t i t y  of t h e  s p i l l e d  f u e l  and the re -  
f o r e  t o  be h e a v i l y  damaged by p o s t  impact f i r e .  Th i s  f i r e  damage p a t t e r n  has  been observed 
i n  many ,..i.dents where p o s t  impact f i r e  occurred.  The somewhat c o n f l i c t i n g  soo t  and 
d i s co lou ra  on p a t t e r n s  observed on c e r t a i n  i s o l a t e d  p i e c e s  from t h e  e l e c t r i c  bay a r e a  
d i c t a t e d  f u  h e r  c o n s i d e r a t i o n s  w i th  r e s p e c t  The only  l i k e l y  source  of 
over temperatu .2  i n  t h i s  compartment i s  a g r o s s  e l e c t r i c a l  f a u l t  t o  ground. The emergency 
procedure  executed by t h e  crew does no t  suppor t  a  g r o s s  e l e c t r i c a l  system malfunct ion.  An 
e l e c t r i c a l  sourcesmoke o r  f i r e  emergency is  combated by t u r n i n g  t h e  emergency power swi tch  
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on and p l ac ing  t h e  b a t t e r y  master  swi tch  and gene ra to r s  o f f .  Equipment t h a t  was o p e r a t i n g  
a t  impact and DME o p e r a t i o n  t o  f i v e  mi l e s  before  impact shows t h i s  p a r t i c u l a r  emergency 
procedure had not  been executed.  H i s t o r i c a l l y ,  under- the-f loor f i r e s  t h a t  have p e r s i s t e d  
t o  a  c a t a s t r o p h i c  s t a g e  have burned through t h e  r e l a t i v e l y  l i g h t  f u s e l a g e  b e l l y  s k i n ,  have 
been observed by w i tnes se s  when p r e s e n t ,  and have l e f t  a  pa th  of p a r t i a l l y  burned d e b r i s  
on t h e  ground. Th is  d i d  not  happen i n  t h i s  case .  F i n a l l y ,  t o  invo lve  t h e  h y d r a u l i c  f l u i d  
i n  an e l e c t r i c  bay f i r e  would have r e q u i r e d  two e s s e n t i a l l y  s imul taneous  f a i l u r e s ,  f l u i d  
leakage and an e l e c t r i c a l l y  induced over temperature  o r  spa rk ing  s i t u a t i o n  f o r  i g n i t i o n .  
Phys i ca l  ev idence  f a i l e d  t o  suppor t  e i t h e r  of t h e s e  occur rences  o r  t h a t  t h e  o r i g i n  of t h e  
f u s e l a g e  f i r e  was i n  t h e  e l e c t r i c a l  bay. 

Burns on t h e  f r e e - f a l l  v i c t i m  and fire-damaged passenger  cab in  m a t e r i a l  found 
remotely from t h e  primary impact and ground f i r e  a r e a  e s t a b l i s h e d  c o n c l u s i v e l y  t h a t  t h e r e  
was an in-flightfire i n  t h e  passenger  cabin .  Evidence of use  of t h e  p o r t a b l e  c a b i n  C02 
e x t i n g u i s h e r  and a t tempt  t o  use  t h e  p o r t a b l e  wate r  e x t i n g u i s h e r ,  t o g e t h e r  w i th  t h e  open 
va lve  of a f l i g h t  crew walk-around oxygen b o t t l e , s u g g e s t e d  t h a t  t h e  co -p i lo t  went back t o  
t h e  cab in  t o  f i g h t  t h e  f i r e  a  few minutes be fo re  t h e  c rash .  Opening r.he ou t f low v a l v e s ,  
t h e  l e f t  s i d e  cockpi t  window, and emergency e x i t s  was probably done i n  connexion wi th  
smoke evacua t ion  e f f o r t s .  

S p i l l  v a l v e s  t o  " s p i l l "  and .d i s cha rge  of C 0 2  i n t o  t h e  baggage compartment a r e  
p rocedura l  i tems t o  combat a  cargo compartment f i r e , a l t h o u g h  t h e  f a c t  t h a t  t h e s e  were 
accomplished w a s  n o t  compatible wi th  t h e  conc lus ion  t h a t  anin-flight fire d i d  no t  o r i g i n a t e  
beneath t h e  cab in  f l o o r .  It w a s  considered l i k e l y  t h a t  a s  t h e  s i t u a t i o n  abtiard t h e  a i r -  
c r a f t  became ve ry  g rave ,  p r e c i s e  check-list items were supplemented by any a c t i o n  t h a t  
o f f e r e d  even a remote p o s s i b i l i t y  of being h e l p f u l .  

The combustible m a t e r i a l  and source  of i g n i t i o n  t h a t  s t a r t e d  t h e  f i r e  were no t  
determined.  

A number of hypotheses  were made t o  e x p l a i n  t h e  l o s s  of c o n t r o l  evidenced by t h e  
f i n a l  manoeuvre and t h e  c r a s h , i n c l u d i n g :  d i s t r a c t i o n  of t h e  p i l o t ;  f a i l u r e  of t h e  f l i g h t  
c o n t r o l  rods  due t o  f i r e  damage; i n c a p a c i t a t i o n  of t h e  p i l o t  by h e a t  and/or  smoke; a  s h i f t  
of load ing  caused by t h e  passengers  moving t o  t h e  a f t  end of t h e  cab in ;  an  o v e r t  a c t  by 
some person aboard t h e  a i r c r a f t ;  o r  any combination of t h e s e ;  however, t h e r e  was no p r o b a t i v e  
evidence a s  t o  t h e  cause  of t h e  f i n a l  manoeuvre. 

2.2 Conclusions 

Find i n ~ s  

The f l i g h t  crew and s tewardesses  were p rope r ly  q u a l i f i e d  and c e r t i f i c a t e d .  

The weight and c.g.  of t h e  a i r c r a f t  were w i t h i n  l i m i t s  a t  take-off  from 
Washington, and on t h e  b a s i s  of known f a c t s ,  computed t o  be w i t h i n  l i m i t s  a t  t h e  t ime of 
t h e  c rash .  

Weather was not  considered t o  be a  f a c t o r  i n  t h e  cause  of t h i s  a c c i d e n t .  

There was no powerplant o r  a i r f r a m e  f a i l u r e  p r i o r  t o  t h e  a c c i d e n t .  

There were no known a i r c r ew  e r r o r s .  
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There was an  i n - f l i g h t  f i r e  i n  t h e  passenger  cabin .  

F i r e  f i g h t i n g a n d  smoke evacua t ion  procedures  were c a r r i e d  ou t  by t h e  crew. 

The f r e e - f a l l  v i c t i m  w a s  exposed t o  h igh  h e a t  and heavy soo t  be fo re  he l e f t  
t h e  a i r c r a f t  through t h e  No. 4 window. He d i d  not  s t r i k e  t h e  t a i l ,  but r ece ived  f a t a l  
i n j u r i e s  due t o  impact wi th  t h e  t r e e s  and ground. 

Soot ing by i n - f l i g h t  f i r e  was caused by incomplete combustion of an  a l i p h a t i c  
hydrocarbon f u e l .  

The Board w a s  unable  t o  i d e n t i f y  t h e  source  of f u e l ,  t h e  i g n i t i o n  p o i n t  of t h e  
f i r e ,  o r  t h e  cause  of t h e  f i n a l  manoeuvre. 

Cause o r  
Probable  cause ( s )  

The probable  cause  of t h i s  acc iden t  was aq  u n c o n t r o l l a b l e i n - f l i g h t  f i r e  of 
undetermined o r i g i n ,  i n  t h e  f u s e l a g e ,  which r e s u l t e d  i n  a l o s s  of c o n t r o l  of t h e  a i r c r a f t .  

3 .  - Recommendations . 
On 1 7  J u l y  1964 t h e  C i v i l  Aeronaut ics  Board (CAB) asked t h e  Fede ra l  Avia t ion  

Agency (FAA) what was t h e  c u r r e n t  s t i t u s  r e l a t i v e  t o  s p e c i f i c  recommendations, made i n  
December 1963, f o r  improving t h e  accuracy and t h e  s u r v i v a b i l i t y  of f l i g h t  r e c o r d e r s  and 
i n  p a r t i c u l a r  of t h e  Lockheed 109-C f l i g h t  d a t a  recorder ,  

Following a s e r i e s o f  s t a t i c  and i n - f l i g h t t e s t s  of t h e  Pyrene Duo Head f i r e  
e x t i n g u i s h i n g  system, i n s t a l l e d  on Viscount f o r  t h e  under f loor  cargo compartment, t h e  CAB 
recommended on 9 October 1964 t h a t  t h e  FAA e v a l u a t e  t h e  des ign  of t h e  Pyrene Duo Head 
Model DCD-10 f i r e  ex t i ngu i she r  and t a k e  such c o r r e c t i v e  a c t i o n  as necessa ry  t o  i n c r e a s e  
i ts  r e l i a b i l i t y  and t o  prevent  r e l e a s e  of C02 i n t o  t h e  cockpi t .  On 1 7  November 1964 t h e  
CAB f u r t h e r  recommended t h a t  a l l  o p e r a t o r s  of Viscount a i r c r a f t  be reques ted  t o  emphasize 
t h e  need f o r  p i l o t s  t o  don smoke masks be fo re  d i s cha rg ing  t h e  lower cargo b i n  C02 cy l inde r  

4. - Action taken  

FAA Airworthiness  d i r e c t i x e  65-1-3 c a l l i n g  f o r  c e r t a i n  mod i f i ca t i ons  of Lockheed 
a i r c r a f t  s e r v i c e  company f l i g h t  r e c o r d e r s  Models 109-C and 109-D, t o  improve t h e i r  sur-  
v i v a b i l i t y , w a s  pub l i shed  on 28 December 1964. 

Two FAA a i r w o r t h i n e s s  d i r e c t i v e s  t o  improve t h e  s u r v i v a b i l i t y  of F a i r c h i l d  
camera and ins t rument  co rpo ra t i on  f l i g h t  r eco rde r  Model F-5424 and United d a t a  c o n t r o l  
f l i g h t  r eco rde r  Model 542 were publ ished r e s p e c t i v e l y  on 20 ~overnber  and 5 December 1964 
a s  a Not ice  of proposed r u l e  making. 

Technical  Standard Order C 51, A i r c r a f t  f l i g h t  r e c o r d e r ,  was r e v i s e d  t o  
i nco rpo ra t e  inc reased  c r a sh  s t r e n g t h  s t anda rds .  

A Not ice  of proposed r u l e  making was expected t o  be r e l e a s e d  on o r  about 
1 October 1964 r e q u i r i n g  t h a t  f l i g h t  r e c o r d e r s  be l oca t ed  i n  a i r c r a f t  a s  f a r  a f t  a s  
p r a c t i c a b l e ,  but not  i n  a p o s i t i o n  where aft-mounted engines  were l i k e l y  t o  crush t h e  
r eco rde r  dur ing  impact. 
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A s  a n  i n t e r i m  p recau t iona ry  measure,Vickers  Armstrong n o t i f i e d  a l l  o p e r a t o r s  
of Viscount a i r c r a f t  equipped wi th  Pyrene cockpi t  C02 system t o  normally d i s cha rge  t h e  
e x t i n g u i s h i n g  agent  i n t o  t h e  lower ca rgo  b i n  and t h e  FAA f u r t h e r  r eques t ed  them t o  re-empha- 
s i z e  t o  t h e i r  p i l o t s  t h e  p o s s i b i l i t y  of C02 l e a k i n g  i n t o  t h e  cockp i t  and t h e  need t o  don 
smoke masks before  d i s cha rg ing  t h e  lower ca rgo  b i n  C02 c y l i n d e r .  

FAA Airworthiness  D i r e c t i v e  65-21-6 c a l l i n g  f o r  overhau l ,  i n s p e c t i o n  and 
t e s t  of c e r t a i n  t y p e s  of Pyrene F i r e  E x t i n g u i s h e r s  on v i s coun t  744, 745D and 810, i n  
accordance wi th  r e v i s e d  requirements ,  was subsequent ly  i s sued  and became e f f e c t i v e  on 
3 October 1965. 

I C A O  Ref: AR/914 
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B r i t i s h  Eagle I n t e r n a t i o n a l  A i r l i n e s  L td . ,  B r i t a n n i a  312, GAOVF,  a c c i d e n t  
a t  Karachi  A i r p o r t ,  P a k i s t a n ,  on 3 1  J u l y  1964. Report undated,  r e l e a s e d  

by t h e  D i r e c t o r  Genera l  of C i v i l  Avia t ion ,  Pak i s t an .  

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

The a i r c r a f t  was on an  i n t e r n a t i o n a l  f l i g h t  from Singapore t o  London v i a  Bombay 
and I s t a n b u l .  A t  Bombay, because of s t r o n g  headwinds f o r e c a s t  on t h e  next  s t a g e  t o  
I s t a n b u l ,  i t  was decided t o  make a  l and ing  a t  Karachi  f o r  r e f u e l l i n g  purposes ,  and t h e  
a i r c r a f t  depar ted  from Bombay a t  1409 hours  GMT, a r r i v i n g  a t  Karachi  a t  1614 hours  GMT 
(2114 l o c a l  t ime) .  The approach and land ing  on runway 28 r i g h t  were normal. Dece l e r a t i on  
i n  t h e  l and ing  r o l l  was accomplished by t h e  use  of brake dwel l  ( l i m i t e d  r eve r se )  p r o p e l l e r  
s e t t i n g s ,  and without  t h e  use  of wheel brakes ;  t h e  a i r c r a f t  then  turned on t o  taxiway 
No. 4 towards t h e  t e r m i n a l  a r e a .  Due t o  a misunderstanding between t h e  tower R / T  ope ra to r  
and t h e  p i l o t s ,  t h e  a i r c r a f t  subsequent ly  tu rned  i n t o  taxiway No. 1 and proceeded westwards 
i n t end ing  t o  t u r n  e v e n t u a l l y  i n t o  taxiway No. 2  towards t h e  t e r m i n a l  a r e a .  During t h i s  
t a x i i n g  per iod  t h e  p i l o t  was i n s t r u c t e d  t o  hold  p o s i t i o n  f o r  o t h e r  t a x i i n g  t r a f f i c  b u t ,  
because only  t h e  inboard eng ines  and s u p e r f i n e  p r o p e l l e r  s e t t i n g s  were being used,  they 
were moving slowly and t h e  o t h e r  a i r c r a f t  had c l e a r e d  t h e  taxiway be fo re  a  h a l t  became 
necessa ry .  About 50 yd b e f o r e  t h e  e n t r y  p o i n t  of taxiway No. 2 , t h e  a i r c r a f t  began t o  
d ive rge  g r a d u a l l y  from t h e  c e n t r e  l i n e  of No. 1 taxiway and e v e n t u a l l y  s t a r t e d  a  g e n t l e  
t u r n  towards t h i s  en t rance .  During t h a t  t u r n  t h e  a i r c r a f t  came t o  a  s t o p  wi thout  any 
a c t i o n  on t h e  p a r t  of t h e  p i l o t s .  There fore ,  they be l ieved  t h a t  t h e  l e f t  wheel had en t e r ed  
s o f t  ground and a p p l i e d  power. The a i r c r a f t  swung almost 90' t o  p o r t  and t h e  p o r t  under- 
c a r r i a g e  l e g  co l l apsed .  The eng ines  were immediately switched of f  and p recau t iona ry  f i r e  
a c t i o n  w a s  a p p l i e d  t o  No. 2  engine .  The acc iden t  occurred a t  1614 hours  GMT. 

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

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

The a i r c r a f t  w a s  s u b s t a n t i a l l y  damaged. 

I n j u r i e s  

F a t a l  

Non-fatal 

None 

Passengers  

111 

Crew 

8  

Others  
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1 .4  Other damage 

None repor ted .  

1 .5  Crew inf  ormat ion 

The p i l o t - i n - c o b a n d ,  aged 57 yea r s ,  h e l d  an  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e .  
He had flown a t o t a l  of 19 300 hours ,  i nc lud ing  a t o t a l  of 2 673 hour s  on B r i t a n n i a s ,  of 
which 2 610 hours  were a s  pilot-in-command. H e  had completed h i s  r o u t e  check on 30 June 
1964. 

The co -p i lo t ,  aged 29, a l s o  had a v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  and 
had flown a  t o t a l  of 5  836 hours ,  inc lud ing  1 936 hours as co-p i lo t  on B r i t a n n i a s .  H e  
completed h i s  l a s t  r ou t e  check on 11 January 1964. 

The f l i g e t  eng ineer ,  aged 41, had f l o w n a  t o t a l  of 3  218 hours ,  a l l  on B r i t a n n i a s .  
H i s  l a s t  r o u t e  check was on 25 June 1964. . . 

The nav iga to r ,  aged 45, had flown a  t o t a l  of 4 861 h o u r s , . i n c l u d i n g  223 hours  
on t h i s  a i r c r a f t  type. 

A l s o  aboard t h e  f l i g h t  were fou r  s tewardesses .  

A l l  e i g h t  crew members had r e c e n t l y  completed t r a i n i n g  i n  emergency procedures  
on Br i t ann ia s .  

1.6 A i r c r a f t  i n£  ormat ion  

The a i r c r a f t  had a  c e r t i f i c a t e  of a i rwor th ines s  v a l i d  u n t i l  30 December 1964. 
It a l s o  had a  c e r t i f i c a t e  of maintenance dated 24 June 1964 v a l i d  f o r  60 days o r  560 f l y i n g  
hours.  A l l  mandatory mod i f i ca t ions  and i n s p e c t i o n s  r e l e v a n t  t o  t h e  undercar r iage  u n i t  had 
been c a r r i e d  ou t .  The p o r t  undercar r iage  l e g  of t h i s  a i r c r a f t  had rece ived  a complete 
overhaul  a t  14 299 hours and 4 003 landings .  It w a s  i n s t a l l e d  on t h e  a i r c r a f t  on 
14 January 1964. On 3  June 1964, du r ing  a 100-hour t r a n s i t  B check, a n  u l t r a s o n i c  check 
of t h e  f o r g i n g  was c a r r i e d  out .  Th i s  check i n d i c a t e d  t h a t  a c r a c k  e x i s t e d  i n  t h e  blend 
r a d i u s  between t h e  l e f t  hand to rque  lug  and t h e  f l a t  f a c e  of t h e  f o r g i n g  b a r r e l .  Th i s  
r a d i u s  w a s  reworked t o  a  maximum depth  of 0.020 i n  and f i n a l  u l t r a s o n i c  tests d i d  no t  
r e v e a l  any apparent  de fec t s .  A t  t h e  t ime of t h e  acc iden t  i t  had flown 15  506 hours  and 
had completed 4  408 landings .  

The a i r c r a f t  was p rope r ly  loaded and trimmed w i t h i n  l i m i t s .  

1 . 7  Meteorological  informat ion 

The weather cond i t i ons  were a s  fo l lows:  

c e i l i n g :  318 a t  1 500 f t  
v i s i b i l i t y :  5.4 NM 
wind speed and d i r e c t i o n :  2500/18 k t  
temperature:  2 9 ' ~  
dew-point: 24OC 
QNH: 999.7 mb 
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1.8 Aids t o  nav iga t ion  

Not p e r t i n e n t  t o  t h e  acc iden t .  

1.9 Communications 

Radiocommunications were normal. 

1.10 Aerodrome and ground f a c i l i t i e s  

The runway used f o r  l and ing ,  25R, and t h e  taxiways concerned (No. 4, No, 1 and 
No. 2) were a l l  adequate ly  l i g h t e d ,  i n  good cond i t i on  and dry .  

1.11 F l i g h t  r eco rde r s  

No informat ion conta ined i n  t h e  r e p o r t .  

1.12 Wreckage 
- 

The major p o r t i o n  of t h e  a i r c r a f t  was undamaged and i n  f u l l y  ope ra t ive  condi t ion.  

P r i n c i p a l  a i r c r a f t  damage w a s  conf ined t o  n a c e l l e s ,  t h e  r e a r  of t h e  p o r t  i n n e r  
wing and t h e  r e a r  spa r  undercar r iage  f i t t i n g s .  There was f u r t h e r  minor fu se l age  and wing 
t i p  damage. 

1.13 F i r e  - 
There was no f i r e .  

1.14 Su rv iva l  a s p e c t s  

The a i r p o r t  emergency s e r v i c e s  a r r i v e d  promptly a t  t h e  scene of t h e  acc iden t  
and provided a s s i s t a n c e  t o  t h e  passengers  and crew i n  l eav ing  t h e  a i r c r a f t .  

1.15 T e s t s  and r e sea rch  

No i n f o r w t i o n  contained i n  t h e  r e p o r t .  

2. - Analysis  and Conclusions 

2.1 Analys i s  

Examination of t h e  wreckage revea led  t h a t  t h e  p o r t  outboard undercar r iage  
t runnion  had broken a t  t h e  a t tachments  t o  t h e  d rag  ang le s ,  and t h e  t runnion  had been 
wrenched rearwards from t h e  s p a r ,  causing buckl ing of t h e  s p a r  web. 

The t o p  fo rg ing  of t h e  p o r t  l e g ,  which combines t h e  at tachment t o  t h e  a i r c r a f t ,  
and t h e  o u t e r  ca s ing  of t h e  l e g  assembly had f r a c t u r e d  i n t o  s e v e r a l  p ieces .  

The inner  l e g  was bent sha rp ly  t o  s t a rboa rd  at  a  po in t  approxiibately s i x  inches  
from i t s  upper end, and t h e  r e t r a c t i o n  j ack  was a l s o  bent .  i 
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Examination of t h e  f r a c t u r e s  sugges ted  t h a t  t h r a e  had p rogressed  upwards from 
tile lower p o r t i o n s  of t he  fo rg ing  and ,  a t  a  po in t  i n  t he  blend r a d i u s  between t h e  o u t e r  
torque  l i n k  lug and t h e  main b a r r e l  of t h e  c a s i n g ,  a nucleus  was apparen t  ( s e e  F igu re s  8-1 
a n d  8 -2) .  

This  i s  considere$  t o  have been t h e  o r i g i n  of t he  f a i l u r e ,  and from t h i s  i t  i s  
p o s s i b l e  t o  e s t a b l i s h  a  sequence of even t s .  The f i r s t  s t a g e  of t h e  f a i l u r e  was t h e  separa-  
t i o n  of t h a t  s e c t i o n  of c a s i n g  which c a r r i e s  t h e  t o r q u e  l i n k  l u g  and t h e  a t tachment  f o r  t h e  
r a d i u s  rod;  t h i s  pe rmi t t ed  misalignment of t h e  bogie r e l a t i v e  t o  t h e  a i r c r a f t .  It a l s o  
produced an e f f e c t i v e  i n c r e a s e  i n  t h e  l eng th  of t h e  r a d i u s  r o d ,  t h u s  a l l owing  t h e  under- 
c a r r i a g e  l e g  t o  t a k e  up a rearward i n c l i n a t i o n  under t h e  i n f l u e n c e  of t h e  a i r c r a f t  we igh t ,  
t h e  geometry of t h e  l e g  a t tachment  t o  t h e  a i r c r a f t ,  and t h e  d r ag  of t h e  misa l igned  bogie.  

The subsequent  a p p l i c a t i o n  of power had t h e  r e s u l t  of t u r n i n g  of t h e  a i r c r a f t  
about t h e  misa l igned bogie  and d i s p l a c e d  leg,and t h i s  e x p l a i n s  t h e  major s e p a r a t i o n  of t h e  
c a s i n g  and t op  f o r g i n g  and t h e  f i n a l  bending and c o l l a p s e  of t h e  now unsupported i n n e r  l e g .  

, . 
Examination of t h e  remaining components of t h e  unde rca r r i age  assembly showed t h a t  

t h e  downlock was s ecu re  and t h e  tires i n  good c o n d i t i o n  excep t  f o r  s l i g h t  s c u f f i n g  r ece ived  
when t h e  bogie  r o l l e d  over .  

The s t a r b o a r d  main unde rca r r i age  remained complete ,  but  t h e  bogie had cracked 
from t h e  i n n e r  boss  of t h e  f r o n t  axle upwards, outwards and rea rwards  towards t h e  c e n t r e  
of t he  bogie beam. Th is  h a s  r ece ived  f u r t h e r  examinat ion and is cons idered  t o  have been t h e  
r e s u l t  of o v e r s t r e s s i n g  du r ing  t h e  a c c i d e n t .  The downlock was s e c u r e  and t h e  wheels  and 
brakes were normal. 

Almost a l l  t h e  w i tne s se s  confirmed t h a t  t h e  l and ing  made by t h e  a i r c r a f t  was 
normal and they d i d  not  f e e l  any bump. The a i r c r a f t  t a x i e d  normally.  There w a s  no ev idence  
t o  e s t a b l i s h  t h a t  t h e  pilot-in-command t a x i e d  f a s t e r  t han  t h e  normal s a f e  l i m i t .  The t u r n s  
made by t h e  a i r c r a f t  du r ing  t a x i i n g  p r i o r  t o  t h e  f i n a l  c o l l a p s e  of t h e  p o r t  unde rca r r i age  
were not very  s t eep .  It w a s ,  t h e r e f o r e ,  concluded t h a t  no undue stresses were imposed on 
bogie whi le  l and ing  and t a x i i n g  a t  Karachi .  

According t o  r e c o r d s ,  t h e  l e f t  l and ing  gea r  had completed a t o t a l  of 4 422  land- 
ings .  The f o r g i n g  was a  s t a n d a r d  lOOOC quenched DTD 683 aluminium a l l o y  component. Th i s  
f o r g i n g  had .02 inches  of material removed from t h e  t o rque  l i n k  area a t  4 301 l and ings  a s  
a  r e s u l t  of t h e  a c t i o n  i n i t i a t e d  a f t e r  the f a i l u r e  of t h e  main l e g  f o r g i n g  on ano the r  
B r i t a n n i a  p rev ious ly .  A t  t h e  t i m e  of t h e  r e p a i r  t h e  l e g  had completed a t o t a l  of 4 301 
landings .  There were no r e p o r t s  of i n c i d e n t s  on t h i s  u n i t  i n  t h e  p e r i o d  s i n c e  r e p a i r .  

From t h e  shape of t h e  f a t i g u e  c r a c k  it was presumed t h a t  t h e  p r ev ious  r e p a i r  
probably d i d  n o t  remove a l l  t h e  o l d  c r a c k ,  a l t hough  it  is accep ted  t h a t  no a p p r e c i a b l e  
r e s i d u a l  u l t r a s o n i c  s i g n a l  remained. It was a l s o  cons idered  ex t remely  improbable t h a t  
such a c r ack  could have been i n i t i a t e d  and propagated  t o  a f a i l u r e  c o n d i t i o n  from a sound 
s u r f a c e  i n  only  1 2 1  l and ings ,  s i n c e  t h e  p r ev ious  d e f e c t  took  over  4 000 l a n d i n g s  t o  
develop.  It w a s ,  t h e r e f o r e ,  concluded t h a t  t h e  p r e s e n t  c r a c k  probably  propagated  from a 
s h o r t  l eng th  of sha l low f a t i g u e  c r a c k  l e f t  over  subsequent  t o  r e p a i r  which d i d  no t  show 
up i n  u l t r a s o n i c  i n s p e c t  ion. 
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2 . 2  Conclusions 

F ind ings  

The crew were s a t i s f a c t o r i l y  c e r t i f i c a t e d .  

The a i r c r a f t  had a  v a l i d  c e r t i f i c a t e  of a i rwor th ines s .  

The p o r t  main l and ing  gear  l e g  fo rg ing  f a i l e d  du r ing  t a x i i n g .  No undue s t r e s s e s  
were imposed on bogie  w h i l s t  l and ing  o r  t a x i i n g  a t  Karachi .  The i n i t i a l  f a i l u r e  was i n  
t h e  lower p o r t i o n  of t h e  main fo rg ing  ca s ing ,  a  c r ack  o r i g i n a t i n g  at  a  nucleus  ad j acen t  t o  
t h e  at tachment l u g  f o r  t h e  upper to rque  arm. The p re sen t  c r a c k  probably propagated from a  
s h o r t  l eng th  of shal low f a t i g u e  c rack  l e f t  over  subsequent t o  r e p a i r  which d i d  no t  show up 
i n  u l t r a s o n i c  i n spec t  ion .  

Cause o r  
Probable  cause ( s )  

P o r t  main l and ing  gear  l e g  fo rg ing  f a i l e d  a s  a  r e s u l t  of a  p ropaga t ion  of a  
p r ev ious ly  r e p a i r e d  f a t i g u e  c rack .  

3 .  - Recommendations 

It was recommended: 

- t h a t  more f requen t  u l t r a s o n i c  i n s p e c t i o n s  be c a r r i e d  out  t o  a l l  l e g s ,  sound 
o r  reworked, t o  d e t e c t  c racks  before  they  propagate  t o o  f a r ;  

- t h a t  a i r c r a f t  on which a  r e p a i r  had prev ious ly  been c a r r i e d  out  should have 
a n  a d d i t i o n a l  s p e c i a l  i n s p e c t i o n  a f t e r  each t e n  l and ings ;  

- t h a t  wh i l e  removing m a t e r i a l  t o  e l i m i n a t e  u l t r a s o n i c  s i g n a l s  more m a t e r i a l  
be removed than  t h e  minimum requ i r ed  f o r  t h e  purpose. 

I C A O  Ref: A ~ / 8 5 4  



FIGURE 8-1 



7 A ICAO C i r c u l a r  82-~N/69 

No. 9 

B r i t i s h  A i r c r a f t  Corporation Ltd.,  BAC 111 S e r i e s  200. GASJD. acc ident  on 
20 August 1964, on Sali 'sbury P l a i n ,  1 m i l e  northwest of T i l shead ,  Wi l t sh i r e ,  
England. C i v i l  AccAdent Report No. ~ ~ / C / 0 7 3  d a t e d  December 1964, r e l eased  

by t h e  Minis t ry  of Aviation. United Kingdom, C.A.P. 222. 

1. - I n v e s t i g a t i o n  

1.1 History of t h e  f  l i p h t  

The a i r c r a f t  took of f  from Wisley aerodrome a t  1438 hours t o  ca r ry  out  s t a l l i n g  
tests with  t h e  c e n t r e  of g r a v i t y  a t  t h e  then  forward l i m i t .  It climbed t o  a l i t t l e  over 
20 000 f t ,where  t h e  f i r s t  run w a s  made i n  t h e  c l e a p  conf igu ra t ion  wi th  power o f f .  The 
a i r c r a f t  was brought t o  t h e  des i r ed  t r i m  speed of 143 k t ,  w i th  undercar r iage  and f l a p s  up 
and with the  engines  a t  i d l i n g  rpm. Speed was then  reduced a t  t h e  r a t e  of approximately 
.75 k t  per  second. A t  t h e  t a r g e t  incidence of 180 t h e  p i l o t  no t iced  a s l i g h t  p i t c h  down 
and, when he t r i e d  t o  mainta in  thg incidence i n  order  t o  assess t h e  amount of nose down 
p i t c h ,  a  smal l  p i t c h i n g  o s c i l l a t i o n  w a s  set up. H e  s t a t e d  t h a t  he  t h e r e f o r e  abandoned the  
test and recovered by r e l ax ing  backward p res su re  on t h e  c o n t r o l  column, which brought t h e  
a i r c r a f t  back t o  t h e  t r i m  speed and lo0  of incidence.  I n  o rde r  t o  a c c e l e r a t e  the  a i r c r a f t  
p r i o r  t o  climbing t o  20 000 f t  aga in  f o r  t h e  next  run, he  pushed forward on t h e  c o n t r o l  
column with  the  power s t i l l  o f f .  During t h e  recovery,  he  gained t h e  impression t h a t  t h e  
e l e v a t o r  response was not normal and t h a t  t h e  a i r c r a f t  might be i n  a s t a b l e  s t a l l .  The 
t a i l  parachute was t h e r e f o r e  streamed although t h e  IAS had by then increased t o  225 k t  and 
incidence w a s  6O. With t h e  parachute  s t i l l  streamed t h e  a p p l i c a t i o n  of upward and a l s o  
forward t h r u s t ,  which were t r i e d  on a number of occasions ,  served only t o  inc rease  t h e  
p i l o t ' s  convict ion t h a t  a  s t a b l e  s t a l l e d  condi t ion  ex i s t ed .  Late i n  t h e  descent  f u l l  f l a p  
and f u l l  power were found f o  reduce t h e  rate of descent  considerably ,  and a wheels-up 
landing was made on undulat ing g r a s s  land,  The acc ident  occurred a t  1456 hours GETT. 

, 
1.2 I n j u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  sus t a ined  r e l a t i v e l y  l i t t l e  damage. 

I n j u r i e s  

F a t a l  

Non-f atal 

None 
L 

1.4 Other damage 

C r e w  

4 

Passengers  

None repor ted.  

Others 

.A 



ICAO C i r c u l a r  82-AN169 5 7 - 

1.5 Crew i n f o r m a t i o n  

Aboard t h e  a i r c r a f t  were a pilot-in-command, a  c o - p i l o t ,  a  s e n i o r  f l i g h t  test  
o b s e r v e r  and a  f l i g h t  test  o b s e r v e r .  

The pilot-in-command, aged 38,  had been a test p i l o t  w i t h  BAC s i n c e  J u l y  1963.  
When he t o o k  up h i s  appointment  w i t h  BAC, he  i n i t i a l l y  f l ewVC10  a i r c r a f t .  I n  December 
1963, he  became p r o j e c t  p i l o t  on t h e  One-Eleven and had s i n c e  f lown a b o u t  250 h o u r s  i n  
t h a t  t ype .  H e  made t h e  f i r s t  f l i g h t  i n  G-ASJD on 6  J u l y  1964 and had been engaged i n  
a lmost  a l l  t h e  f l y i n g  of i t  s i n c e .  H e  had f lown t h e  a i r c r a f t  on t h e  s i x  p r e v i o u s  s t a l l i n g  
f l i g h t s ,  which were t h e  f i r s t  s t a l l i n g  t e s t s  conducted  on t h e  t y p e  s i n c e  t h e  s t a b l e  s t a l l  
c o n d i t i o n  which l e d  t o  t h e  a c c i d e n t  of G-ASHG i n  October  1963. H i s  log-books show a t o t a l  
f l y i n g  e x p e r i e n c e  of 5 400 h o u r s  and t h a t  h e  had f lown e v e r y  month i n  t h e  f i v e - y e a r  p e r i o d  
he had been a  c i v i l i a n  t e s t  p i l o t .  H e  h e l d  a p r i v a t e  p i l o t ' s  l i c e n c e  v a l i d  u n t i l  1 5  J a n u a r y  
1966; it i n c l u d e d  a n  i n s t r u m e n t  r a t i n g  and w a s  endorsed  i n  Group C f o r  Dart H e r a l d ,  VC 1 0 ,  
D f i  114 and BAC One-Eleven a i r c r a f t .  

. . 
The c o - p i l o t ,  aged 41,  had been a test  p i l o t  w i t h  BAC s i n c e  1954. He had f lown 

- 

w i t h  t h e  pilot-in-command on many o c c a s i o n s  b e f o r e ,  b u t  t h i s  w a s  h i s  f i r s t  f l i g h t  i n  t h i s  
p a r t i c u l a r  a i r c r a f t  and a l s o  h i s  f i r s t  e x p e r i e n c e  of s t a l l i n g  i n  t h e  t y p e .  H e  had  been 
d e t a i l e d  f o r  t h i s  f l i g h t  o n l y  on t h e  day of t h e  a c c i d e n t  and f o r  t h i s  r e a s o n  w a s  n o t  p r e s e n t  
a t  t h e  pre-f  l i g h t '  b r i e f  i n g  w i t h  t h e  o t h e r  members of t h e  crew. H i s  t o t a l  f l y i n g  e x p e r i e n c e  
amounted t o  7 458 h o u r s ,  of which 1 9  h o u r s  were i n  command and 16:30  h o u r s  were as c o - p i l o t  
of One-Elevens. He h e l d  a p r i v a t e  p i l o t ' s  l i c e n c e  v a l i d  u n t i l  14 October  1964. It i n c l u d e d  
an ins t rumen t  r a t i n g  and w a s  endorsed  i n  Group C f o r  V i s c o u n t ,  DH 114,  Vanguard and One- 
Eleven a i r c r a f t .  

1 .6  A i r c r a f t  i n fo rma t  i o n  

The a i r c r a f t  made i t s  f i r s t  f l i g h t  on 6  J u l y  1964 and had completed 3 8  t e s t  
f l i g h t s  i n v o l v i n g  47:35 h o u r s  f l y i n g .  A c e r t i f i c a t e  of  s a f e t y  f o r  f l i g h t  had been  com- 
p l e t e d  on t h e  day of t h e  a c c i d e n t .  A 55-minute f l i g h t  made i n  t h e  morning was f o l l o w e d  by 
a  between-f l i g h t  i n s p e c t  i on .  

For  t h e  s u b j e c t  f l i g h t  ( f l i g h t  3 9 ) ,  t h e  t o t a l  we igh t  of t h e  a i r c r a f t  a t  t ake -o f f  
was 69 890 l b ,  w e l l  unde r  t h e  maximum p e r m i s s i b l e  of  73 500 l b .  The c e n t r e  of  g r a v i t y  w a s  
a t  0.15 s t a n d a r d  mean chord  (SMC), a f t  of t h e  SMC l e a d i n g  e d g e ,  t h e  most fo rward  p o s i t i o n  
f o r  which t h e  a i r c r a f t  w a s  t h e n  c l e a r e d .  The d e s i g n  r ange  of t h e  c e n t r e  of g r a v i t y  was 
0 . 1 1  t o  0 . 4 1  SMC. 

The t y p e  of f u e l  b e i n g  used  w a s  n o t  s t a t e d  i n  t h e  r e p o r t .  

The a i r c r a f t  had a modi f i ed  wing l e a d i n g  edge  and power-operated e l e v a t o r s ,  
i n t r o d u c e d  f o l l o w i n g  t h e  a c c i d e n t  t o  t h e  p r o t o t y p e  G-ASHG.* The purpose  o f  t h e  wing l e a d i n g  
edge m o d i f i c a t i o n  was t o  improve t h e  p i t c h  down c h a r a c t e r i s t i c s  i n  t h e  s t a l l ;  i n  conjunc-  
t i o n  w i t h  t h i s  change,  t h e  wing f e n c e s  were moved f u r t h e r  i n b o a r d .  

For  t h e  s t a l l i n g  t es t s ,  t h e  f o l l o w i n g  emergency r e c o v e r y  p r o v i s i o n s  were made: 

( a )  A 13-foot  d i a m e t e r  r i n g  s l o t  p a r a c h u t e  w i t h  a n  80-foot  s t r o p  w a s  c a r r i e d  i n  a 
hous ing  mounted on a  s p e c i a l  g a n t r y  a t  t h e  t a i l  cone.  The a t t a c h m e n t  i n c o r -  
p o r a t e d  a  weak l i n k  des igned  t o  f a i l  a t  a l o a d  of  32 100 l b ,  e q u a l  t o  t h e  

* See Accident  D i g e s t  No. 1 5 ,  Volume 11, Summary No. 7. 
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estimated s t eady  pa rachu t e  d r ag  wi th  no je t  e f f e c t  a t  244 kt, .The purpose of 
t t ~ r  parachu te  was t o  g ive  a powerful nose down p i t c h i n g  moment-if  h igh  ang l e s  
of i nc idence  were reached.  

(b)  A s p e c i a l  mod i f i ca t i on  t o  t h e  engine  r e v e r s e  t h r u s t  cascades  w a s  incorpora ted .  
The  upper cascades  were p a r t i a l l y  blanked o f f  and t h e  lower ce scades . t u rned  so  
t h a t ,  by s e l e c t i n g  r e v e r s e  t h r u s t ,  an  upward t h r u s t  component of 44% of  t h e  
g r o s s  t h r u s t  a p p r o p r i a t e  t o  t h e  c o n d i t i o n s  could be ob ta ined  f r -  each engine ,  
t h u s  g i v i n g  a powerful  nose down p i t c h i n g  moment t o  the aircraft. 

The upper wing s u r f a c e s  were t u f t e d  and f o u r  c i n e  cameras were used t o  f i l m  t h e  behaviour 
of t h e  t u f t s  dur ing  each s t a l l .  

Among s p e c i a l  f l i g h t  test  i n s t rumen t s  were two inc idence  i n d i c a t o r s  a longs ide  
each o t h e r  i n  t h e  lower lef t -hand co rne r  of t h e  f i r s t  p i l o t ' s  ins t rument  pane l ,  f ed  from 
s e p a r a t e  vane sou rce s  and showing body i nc idence  up t o  45O, a p i t c h  ang l e  i n d i c a t o r  
cover ing  t h e  range 50 nose down t o  20' nose-up, and e l e v a t o r  ang l e  i n d i c a t o r s  showing por t  
and s t a r b o a r d  e l e v a t o r  p o s i t i o n s .  

1.7 Me teo ro lop i ca l  in fo rmat ion  

Observa t ions  of t he  weather  i n  t h e  a r e a  a t  t h e  t i m e  of t h e  a c c i d e n t  by t h e  
me teo ro log i ca l  o f f i c e  a t  Boscombe Down were: 

wind : 060°/7 k t  

v i s i b i l i t y :  16 NM 

weather :  n i l  

c loud : 318 cumulus at  3 000 f t ;  4 /8  s t ra tocumulus  at  4 000 i t ;  
718 c i r r o s s t r a t u s  a t  25 000 f t  

The p i l o t  s t a t e d  t h a t  t h e  c i r r o s t r a t u s  cloud was about 23 000-24 000 f t ;  t h e  ho r i zon  was 
no t  c l e a r l y  de f ined  a t  t h e  tes t  a l t i t u d e  when f l y i n g  i n  a  wes t e r l y  d i r e c t i o n ,  due t o  haze  
and t h e  e f f e c t  of t h e  sun s h i n i n g  through t h e  c i r r o s t r a t u s  l a y e r .  

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

Not p e r t i n e n t  t o  t h i s  a cc iden t .  

1.9 Communications 

No d i f f i c u l t i e s  were repor ted .  

1.10 Aerodrome and ground f a c i l i t i e s  

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

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

I n  a d d i t i o n  t o  t h e  f l i g h t  r e c o r d e r s  f i t t e d  f o r  a c c i d e n t  i n v e s t i g a t i o n  purposes ,  4 
t h e  a i r c r a f t  had i ts  normal tes t  f l i g h t  au tomat ic  record ing  equipment s o  t h a t  a  comprehen- 
s i v e  record  of t h e  f l i g h t  was a v a i l a b l e .  There was a l s o  a  v o i c e  r eco rde r ;  u n f o r t u n a t e l y ,  1 

1 
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t h e  r eco rd ing  was ga rb led  i n  many p l a c e s  due t o  t h e  incomplete e r a s u r e  of t h e  r e c o r d  of a 
p r ev ious  f l i g h t  and added only  a l i t t l e  t o  t h e  in fo rmat ion  a v a i l a b l e  from o t h e r  sou rce s .  
A t i m e  h i s t o r y  of t h e  more s i g n i f i c a n t  r eco rde r  d a t a  f o r  t h e  250-second p e r i o d  b e f o r e  
touchdown i s  g iven  i n  F igu re  9-1 and h a s  been completed by r e f e r e n c e  t o  a l l  t h e  r e c o r d e r s .  
The r eco rd  of p i t c h  and e l e v a t o r  s t i c k  f o r c e  f o r  t h e  p e r i o d  d u r i n g  which t h e  normal test 
r e c o r d e r s  were switched o f f  w a s  unreadable ;  t h e  gap i n  t h e  p i t c h  r eco rd  h a s  been f i l l e d  
from c a l c u l a t i o n ,  but  t h i s ' c o u l d  no t  be done i n  r e s p e c t  of e l e v a t o r  s t i c k  f o r c e .  

1 .12 Wreckage 

During t h e  ground s l i d e  t h e  f l a p s  and bottom of t h e  f u s e l a g e  r e c e i v e d  s u b s t a n t i a l  
damage; o the rwise  t h e  damage w a s  s u p e r f i c i a l  and l a r g e l y  r e s t r i c t e d  t o  t h e  unde r s ide  of t h e  
wings. 

1.13 F i r e  - 
There  w a s  no f i r e .  

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

No in format ion  was con ta ined  i n  t h e  r e p o r t .  

1.15 T e s t s  and r e s e a r c h  

No tests were mentioned i n  t h e  r e p o r t .  

2. - Ana lys i s  and Conclus ions  

2 .1  Ana lys i s  

The comprehensive r eco rd  of t h e  f l i g h t  a v a i l a b l e  from t h e  au toma t i c  d a t a  
record ing  equipment and t h e  photographic  r eco rd  of t h e  wing t u f t i n g  behaviour  showed t h a t  
t h e  a i r c r a f t  made a complete recovery  from t h e  s t a l l .  There w a s  no th ing  i n  t h e  time 
h i s t o r y  t o  sugges t  t h e  r i s k  of a s t a b l e  s t a l l  developing and c a r e f u l  a n a l y s i s  of a l l  t h e  
evidence  confirmed t h a t  t h e  a i r c r a f t  behaved i n  a complete ly  normal manner up t o  t h e  
s t reaming of t h e  pa rachu te .  Subsequent ly ,  t h e  on ly  unusua l  f e a t u r e s  were t h o s e  due t o  
t h e  pa rachu t e ,  and t o  t h e  v e r t i c a l  t h r u s t  when t h i s  was app l i ed .  It was clear t h a t  t h e  
f o r e  and a f t  o s c i l l a t i o n  and t h e  w h i r l i n g  of t h e  inboard t u f t i n g  n o t i c e d  by t h e  second 
observer  occur red  d u r i n g  t h e  p e r i o d  225-235 seconds b e f o r e  touchdown, when the i n c i d e n c e  
w a s  about  150 i n  t h e  f i n a l  s t a g e  of t h e  s t a l l  recovery.  H i s  r e c o l l e c t i o n  t h a t  some of t h e  
t u f t i n g  on t h e  wing may have been w h i r l i n g ,  e i t h e r  j u s t  b e f o r e  o r  j u s t  a f t e r  t h e  pa r achu t e  
was s treamed,  cou ld  no t  be checked a g a i n s t  a f i l m  r eco rd  of t h e  t u f t i n g  behaviour  because 
f i l m i n g  ceased when t h e  s e n i o r  obse rver  swi tched o f f  t h e  camera a f t e r  t h e  s ta l l  recovery .  
However, a f t e r  t h e  pa rachu te  was s t reamed,  t h e  a i r c r a f t  came c l o s e  t o  a s t a l l  on a t  least 
two occas ions  when a CL was reached which was c l o s e  t o  t h e  expec ted  CL maximum f o r  t h e  
p r e v a i l i n g  f l i g h t  cond i t i on ;  w h i r l i n g  of t h e  t u f t i n g  on t h e s e  occas ions  may w e l l  account  
f o r  h i s  r e c o l l e c t i o n .  

Examination of t h e  t i m e  h i s t o r y  and t h e  vo i ce  r e c o r d i n g  f o r  t h e  p e r i o d  cove r ing  
t h e  approach t o  t h e  s t a l l  shows t h a t ,  a t  t h e  moment when t h e  p i l o t  s a i d  on t h e  in te rcom 
t h a t  he  was " leaving '  it a t  18O incidence" ,  t h e  a i r c r a f t  was a t  t h e  t h i r d  peak of i nc idence ,  
an  o s c i l l a t i o n  having a r i s e n  from t h e  a t t emp t  t o  ma in t a in  t h e  t a r g e t  inc idence .  Although 
p r e s s u r e  on t h e  s t i c k  was t hen  r e l a x e d ,  t h e  t i m e  h i s t o r y  shows t h a t  f o r  t h e  nex t  1 2  seconds  
t h e r z  w a s  s t i l l  a p u l l  f o r c e  rang ing  between 20 and 40 l b .  During t h i s  p e r i o d  t h e  f o l -  
l o w i ~ g  occurred:  
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(a)  an  up e l e v a t o r  ang le  of some 50 was mainta ined;  

(b) IAS increased  t o  143 k t ;  

(c)  an i n i t i a l  nose down p i t c h  t o  7O became 5O nose-up; 

(d)  normal a c c e l e r a t i o n  was approximately 1.2 g ;  

(e)  incidence f e l l  i n i t i a l l y  t o  100 then  r e tu rned  t o  around 150, and remained 
t h e r e  f o r  some 7 seconds dur ing which t h e r e  w a s  p a r t i a l  d i s r u p t i o n  of t h e  
wing t u f t i n g ;  and 

( f )  a l t i t u d e  decreased at  some 3 000 fpm. 

A t  t h e  end of t h e  12-second pe r iod ,  t h e  e l e v a t o r  s t i c k  f o r c e  was reversed over a per iod of 
6 seconds t o  become a push of 70 l b ,  dropping t o  50 l b  2 seconds l a t e r .  

The p i l o t  s t a t e d  t h a t  he pushed forward when he  wanted t o  a c c e l e r a t e  t h e  a i r -  
c r a f t  f o r  t h e  cl imb back t o  20 000 f t .  The e f f e c t  of t h e  push f o r c e  was normal i n  t h a t  
both  inc idence  and p i t c h  decreased,  normal a c c e l e r a t i o n  (g)  decreased t o  below u n i t y ,  t h e  
IAS increased  s t e a d i l y  and, i n  t h e  power-off d ive  t h a t  ensued, t h e  r a t e  of descent  
increased  t o  about  6 000 fpm be fo re  t h e  parachute  w a s  streamed. It was immediately a f t e r  
applying t h i s  push f o r c e  t h a t  t h e  p'ilot became concerned about t h e  a i r c r a f t ' s  behaviour - 
he w a s  not  s a t i s f i e d  t h a t  t h e  p i t c h  response was normal o r  c o r r e c t ,  r e l a t i n g  i t  t o  e x t e r n a l  
r e f e r e n c e  r a t h e r  t h a n  ins t ruments .  It seems p o s s i b l e ,  however, t h a t  t h e  per iod  prev ious  
t o  t h i s ,  when incidence w a s  he ld  a t  15O, may have con t r ibu t ed  t o  t h e  p i l o t ' s  doubts.  He 
s t a t e d  a f t e r  t h e  acc iden t  t h a t  he recovered from t h e  s t a l l  by r e l a x i n g  t h e  p re s su re  on t h e  
c o n t r o l  column. This  would be c m i s t e n t  w i th  recovery having been i n i t i a t e d  a t  about 
240 seconds be fo re  touchdown, a t  t h e  t h i r d  peak of inc idence  and s i m i l a r  t o  h i s  p r a c t i c e  
on prev ious  f l i g h t s  of recover ing from t h e  s t a l l  by r e l a x i n g  p r e s s u r e  on t h e  c o n t r o l  column 
r a t h e r  than  pushing forward. The p i t c h  up and t h e  con t inua t ion  of t h e  a i r c r a f t  i n  a near- 
s t a l l e d  cond i t i on  a f t e r  t h e  apparent  i n i t i a t i o n  of recovery some seconds prev ious ly  might 
w e l l  have made t h e  p i l o t  r e c e p t i v e  t o  t h e  p o s s i b i l i t y  of a s t a b l e  s t a l l .  

The a s s i s t a n c e  of t h e  Royal A i r  Force I n s t i t u t e  of Avia t ion  Medicine (I.A.M.) 
was sdught on t h e  ques t ion  of why the  p i l o t  mi s in t e rp re t ed  t h e  behaviour of h i s  a i r c r a f t  
i n  t h e  way he d id .  A f t e r  cons ide ra t ion  of a l l  r e l e v a n t  evidence and o r a l  examination of 
t h e  p i l o t ,  t h e  I.A.M. concluded t h a t  t h e  h i s t o r y  of t h e  i nc iden t  c l o s e l y  resembled c a s e s  
of l o s s  of c o n t r o l  r e s u l t i n g  from va r ious  forms of d i s o r i e n t a t i o n ,  which a r e  no t  i n f r equen t ,  
p a r t i c u l a r l y  those  which commence wi th  an  i l l u s i o n  of some kind.  There w a s ,  i n  t h i s  ca se ,  
s u f f i c i e n t  evidence t o  s t a t e  t h a t  an i l l u s i o n  occurred a t  228-225 seconds be fo re  touchdown 
and t h a t  i t  w a s  s u f f i c i e n t l y  compulsive t o  a c t  a s  a t r i g g e r  t o  t h e  subsequent a c t i o n .  When 
t h e  p i l o t  pushed forward on t h e  c o n t r o l  column, he t r a n s f e r r e d  from h i s  ins t ruments  t o  a 
v i s u a l  r e f e r ence .  A t  t h e  same t i m e  t h e r e  was a recorded change of normal a c c e l e r a t i o n  
from 1.2 g t o  0.7 g ,  i . e .  a nega t ive  increment of 0 ;5  g which would have been exaggerated 
a t  t h e  p i l o t ' s  p o s i t i o n  due t o  i t s  d i s t a n c e  forward of t h e  c e n t r e  of g rav i ty .  The p i l o t  
s t a t e d  t h a t  he was 'conscious of no v i s u a l  r e f e r e n c e  t o  t h e  a i r c r a f t  nose,  t h e  ground o r  
t h e  wings, and i t  seemed probable t h a t  h i s  a c t u a l  v i s u a l  r e f e r ence  would have been t h e  
lower cockpi t  coaming. Under t h e s e  c i rcumstances ,  he would have experienced an  i l l u s i o n  
of t h e  same g e n e r a l  kind a s  t h a t  experienced i n  an  e l e v a t o r  but  it would have been more 
ak in  t o  t h e  ocu lograv ic  i l l u s i o n ,  i n  which a t  t h e  beginning t h e r e  was an upward movement 
of t h e  v i s u a l  scene followed by a change i n  d i r e c t i o n  of t h e  perceived v e r t i c a l .  Th i s  
would have been much s t r o n g e r  t han  t h e  e l e v a t o r  i l l u s i o n ,  and t h e  lower cockpi t  coaming 
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frame would have appeared t o  t i l t  upwards, g iv ing  him the  s e n s a t i o n  t h a t  t h e  p i t c h  response  
was not  normal o r  c o r r e c t .  T h e r e a f t e r ,  t h e  ensuing r i s e  i n  a i r speed  of some 2.6 k t  pe r  
second would have tended t o  main ta in  t h e  i l l u s i o n  by g iv ing  a s e n s a t i o n  of nose-up a t t i -  
tude  which would have cance l led  o t h e r  i n d i c a t i o n s  of nose down a t t i t u d e .  The i l l u s i o n  
which t h e  I.A.M. concluded t h e  p i l o t  exper ienced would have been f o s t e r e d  by f a t i g u e ,  of 
which t h e  p i l o t  might not  have been aware, and by ' s e t ' .  The l a t t e r  i s  a term used i n  
exper imenta l  psychology meaning t h a t  i f  t h e r e  a r e  two p o s s i b l e  responses  t o  a  g iven  sensa-  
t i o n  o r  sensory s t imu lus ,  t h e  person concerned would be more prone t o  choose t h e  one which 
accords  t o  t h a t  ' set ' .  It was known t h a t :  

( a )  t h e  p i l o t  had had no r e a l  b reak  from t e s t  f l y i n g  s i n c e  he  took up h i s  f i r s t  
c i v i l i a n  t e s t  p i l o t  pos t  some f i v e  y e a r s  ago,  and r e c e n t l y  t h e  i n t e n s i t y  of h i s  
t e s t  f l y i n g  had i nc rea sed ,  a l though  he  himself  was q u i t e  happy about t h i s  and 
f e l t  no ill e f f e c t s ;  

(b) whi le  with 'Handley Page L td . ,  he had needed t o  use  a n  a n t i - s p i n  pa rachu te  t o  
recover  from a s p i n  which developed from a sudden uncon t ro idab l e  p i t c h  up 
du r ing  a t e s t  f l i g h t  i n  a V i c t o r  bomber; and 

(c )  BAC had taken  g r e a t  c a r e  t o  prevent  t h e  occurrence  of a  f u r t h e r  a c c i d e n t ;  t h e  
i n s t r u c t i o n s  g iven f o r  t h e  conduct of t h e  s t a l l i n g  t e s t s  and t h e  need f o r  
immediate use  of t h e  emergency dev i ce s ,  should these,  be r e q u i r e d ,  amounted t o  
a  cond i t i on ing  which could conceivably  r e s u l t  i n  a  r e f l e x  a c t i o n  i f  doubt a r o s e  
i n  h i s  mind. 

1 The I.A.M. considered t h a t  a  set '  towards t h e  occurrence  of a  s t a b l e  s t a l l  was apparen t  
from t h e  evidence  of t h e  p i l o t ' s  p rev ious  V ic to r  expe r i ence ,  and t h e  c o n d i t i o n i n g  of h i s  
mind over a leng thy  per iod  t o  t h e  p o s s i b i l i t y  of e n t e r i n g  a s t a b l e  s t a l l  and t h e  suddenness 
of i t s  onset .  

Although t h e  e f f e c t s  of t h e  t a i l  pa rachu te  and of forward and upward t h r u s t  were 
c o n s i s t e n t  wi th  what would be expected having regard  t o  t h e  IAS and inc idence  record  and 
t h e  s t a b i l i z i n g  e f f e c t  of t h e  parachute ,  i t  seemed c l e a r  t h a t  t h e  p i l o t  had become con- 
v inced of t h e  e x i s t e n c e  of a  s t a b l e  s t a l l  and t h e  r e l a t i v e l y  small ( t o  him) changes of 
p i t c h  induced by t h e  parachute  and upward t h r u s t  were i n t e r p r e t e d  a s  t h e  i n e f f e c t i v e n e s s  
of t h e s e  dev i ce s  i n  reducing t h e  incidence .  I f  t h e  parachute  had been j e t t i s o n e d ,  t h e  
a i r c r a f t  could  have been flown away normally,  bu t  i t  appeared t h a t  t h e  stress c o n d i t i o n  
induced by t h e  convic t ion  t h a t  t h e  a i r c r a f t  had en t e r ed  a s t a b l e  s t a l l  from which i t  had 
not  recovered r u l e d  out  any l o g i c a l  thought  p rocess .  

During t h e  i n v e s t i g a t i o n ,  c o n s i d e r a t i o n  was g iven t o  t h e  d u t i e s  of t h e  co-p i lo t  
and t h e  e x t e n t  t o  which he might have been expected t o  i n f l u e n c e  c o r r e c t i o n  of t h e  assump- 
t i o n  t h e  p i l o t  had made. Although he was s u r p r i s e d  when t h e  p i l o t  s a i d  t h e  a i r c r a f t  was 
i n  a  s t a b l e  s t a l l ,  he n e v e r t h e l e s s  accepted h i s  s t a tement  of t h e  p o s i t i o n  and streamed t h e  
parachute  when i n s t r u c t e d  t o  do so.  Although t h e  a i r s p e e d  in format ion  might have g iven  
reason f o r  s t ronge rdoub t  on h i s  p a r t ,  t h e  inc idence  gauges which were l o c a t e d  on t h e  l e f t -  
hand s i d e  of t h e  p i l o t ' s  pane l  could not  e a s i l y  be read by him; nor  was he i n  a  p o s i t i o n  
t o  ques t i on  t h e  p i l o t ' s  i n t e r p r e t a t i o n  of t h e  response  t o  t h e  p r e s s u r e  he e x e r t e d  on t h e  
c o n t r o l  column. R e s p o n s i b i l i t y  f o r  t h e  conduct of t h e  t e s t  l a y  e n t i r e l y  w i th  t h e  p i l o t ,  
and t h e  d u t i e s  of t h e  co-p i lo t  were, i n  essence ,  t o  do what he  w a s  t o l d ;  t h e  co-p i lo t  
cannot t h e r e f o r e  be c r i t i c i s e d  f o r  l a c k  of a c t i o n ,  a l though  some o t h e r  p i l o t s  might not  
perhaps s o  r e a d i l y  have accepted t h e  p i l o t ' s  assessment  of t h e  s i t u a t i o n .  
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2 .2  Conclusions 

F ind ings  

The p i l o t  and co-pi lo t  were p roper ly  l i c e n s e d  and were exper ienced i n  exper i -  
mental  f l i g h t  t e s t  work. 

The a i r c r a f t  w a s  f l y i n g  i n  accordance w i th  t h e  B Condi t ions  of t h e  A i r  Naviga- 
idn o r d e r ,  1960; i t  had been c e r t i f i e d  a s  s a f e  f o r  t h e  f l i g h t  and w a s  properly '  loaded.  

No evidence of pre-crash  malfunct ion o r  d e f e c t  was found i n  t h e  a i r c r a f t .  

When t h e  p i l o t  pushed t h e  c o n t r o l  column forward a f t e r  t h e  s t a l l i n g  run t h e  
a i r c r a f t  responded normally,  r e s u l t i n g  i n  a marked r educ t ion  of normal a c c e l e r a t i o n  (g) .  

Although t h e  a i r c r a f t ' s  behaviour and ins t rument  in format ion  i n d i c a t e d  other-  
w i s e ,  t h e  p i l o t  be l i eved  t h e  a i r c r a f t  t o  be developing a s t a b l e  s t a l l e d  cond i t i on ,  and 
streamed t h e  t a i l  parachute .  

The nose down p i t c h  due t o  t h e  t a i l  pa rachu te  was small because t h e  ang le  of 
inc idence  w a s  low. . 

Had t h e  t a i l  parachute  been j e t t i s o n e d  du r ing  t h e  descen t ,  t h e  f l i g h t  could  
have been continued normally.  

Cause o r  
Probable  cause ( s )  

During a s t a l l i n g  test t h e  p i l o t  streamed t h e  t a i l  pa rachu te  under t h e  er roneous  
impress ion t h a t  t h e  a i r c r a f t  w a s  i n  a s t a b l e  s t a l l ;  a n  emergency land ing  was n e c e s s i t a t e d  
by t h e  r e t e n t i o n  of t h e  t a i l  parachute .  

3.- Recommendations 

None were con ta ined  i n  the r epo r t .  

TCAO Ref : AR/ 864 

Forced landing 
P i l o t  - improper i n - f l i g h t  planning 
P i l o t  was under t h e  erroneous 

impression '  t h a t  t h e  a i r c r a f t  was 
i n  a s t a b l e  s t a l l  
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No. 10 

Empress Se rv i c io s  A6reos Cochabamba. C-47, CP-680, acc iden t  on Huayna 
Hil l .Potosf .  Bo l iv i a ,  on 22 August 1964. Report dated 27 January 

1965, r e l e a s e d  by t h e  D i r e c t o r a t e  General of 
C i v i l  Avia t ion.  Bol iv ia .  

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i p h t  

The a i r c r a f t  took o f f  from E l  A l to  A i r p o r t ,  La Paz a t  1212 hours* on a f l i g h t  
t o  Tipuani  and r e t u r n .  It was a  non-scheduled domestic f l i g h t .  The f l i g h t  had been 
planned f o r  e a r l i e r  i n  t h e  day but  was delayed because of bad weather over  t h e  C o r d i l l e r a  
and over Tipuani .  Af t e r  t a k e - o f f s t h e  La Paz c o n t r o l  tower rece ived  t h e  l a s t  message from 
t h e  a i r c r a f t ,  which r epo r t ed  t h a t  i t  would leave  t h e  c o n t r o l  zone a t  1222 hours.  It w a s  
t hen  au thor ized  t o  change t o  en-route frequency. A s  t h e  a i r c r a f t  f a i l e d  t o  reach Tipuani  
a t  t h e  es t imated  t i m e  of l and ing ,  t h e  a p p r o p r i a t e  emergency phases were dec la red .  The 
wreckage of t h e  a i r c r a f t  was subsequent ly  found on t h e  fo l lowing day on a peak on t h e  
n o r t h  s i d e  of Huayna H i l l .  

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

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  w a s  completely des t royed.  

1.4 Other damage 

No o t h e r  damage w a s  incur red .  

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

1.5 C r e w  informat ion 

The pilot-in-command, aged 36 y e a r s ,  was t h e  ho lder  of a commercial p i l o t ' s  
l i c e n c e  which was renewed on 27 J u l y  1964. H i s  f l y i n g  exper ience  w a s  not s t a t e d  i n  t h e  
r e p o r t .  H i s  p h y s i c a l  f i t n e s s  c e r t i f i c a t e  w a s  v a l i d  u n t i l  1 7  May 1965. 

C r e w  

2 

-- 

* The r e p o r t  d i d  no t  i n d i c a t e  whether t h e  times a r e  g iven i n  GMT o r  i n  l o c a l  t i m e .  

Passengers  

2  

Others 
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The co-p i lo t ,  aged 29 y e a r s ,  was t h e  ho lder  of a  p r i v a t e  ~ i l o t ' s  l i c e n c e .  H i s  
f l y i n g  exper ience  was not  s t a t e d  i n  t h e  r e p o r t .  H i s  p h y s i c a l  f i t n e s s  c e r t i f i c a t e  was 
v a l i d  u n t i l  3 June 1965. 

1.6 A i r c r a f t  informat ion 

A c e r t i f i c a t e  of a i rwor th ines s ,  da ted  27 J u l y  1964, w a s  i s sued  f o r  t h e  a i r c r a f t .  
The most recen t  100-hour maintenance of t h e  a i r f r ame  was c a r r i e d  ou t  on 1 7  August 1964. 
The 50-hour maintenance t o  No. 1 engine  was c a r r i e d  out  on 2  August 1964 and t o  No. 2  
engine on 8  August 1964. 

The a i r c r a f t  was loaded w i t h i n  p re sc r ibed  l i m i t s .  

The type  of f u e l  being used w a s  no t  s t a t e d  i n  t h e  r e p o r t .  

1 . 7  Meteorological  ' i n £  ormation 

The f l i g h t  was dispatched wi th  t h e  fo l lowing weather in format ion  from t h e  a i r -  
l i n e ' s  meteoro log ica l  o f f  i c e  a t  Tipuani :  

"1100 hours - wind calm, un l imi ted  v i s i b i l i t y ,  p r e sen t  weather  ove rcas t  
218 s t r a t u s  a t  1 300 m, 318 s t ra tocumulus  a t  1 500 m, 2 /8  cumulus a t  1 500 m ,  
1 / 8  altocumulus a t  2 000 m. Runway OK, Caugally pas s  un f lyab le .  S t r a t o -  
cumulus and s t r a t u s ,  Paniagua p a s s  f l y a b l e .  I I 

The weather over  t h e  C o r d i l l e r a  d i d  no t  permit  VMC f l i g h t  because of cloud and 
p r e c i p i t a t i o n  cond i t i ons ,  e s p e c i a l l y  through t h e  Huayna pass.  

1 .8  Aids t o  nav iga t ion  

They were not mentioned i n  t h e  r e p o r t .  

1.9 Communications 

The a i r c r a f t ' s  communication systems were func t ion ing  normally,  and no com- 
munications f a i l u r e  was noted on t h e  v a r i o u s  r a d i o  f requenc ies .  

1.10 Aerodrome and ground f a c i l i t i e s  

Not p e r t i n e n t  t o  t h e  acc iden t .  

1.11 F l i g h t  r eco rde r s  

They were not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

The acc iden t  s i t e  was 35 km due n o r t h  of La Paz. 

The p o r t i o n  involving t h e  nose and l e f t  s i d e  of t h e  a i r c r a f t  w a s  t o t a l l y  des-  
t royed  and s h a t t e r e d  i n t o  fragments which, a long wi th  t h e  l e f t  eng ine ,  were embedded i n  
t h e  rock. 
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1.13 F i r e  - 
A f i r e  burned only b r i e f l y  because of t h e  r a i n  and snow which were f a l l i n g .  

1.14 Surv iva l  a s p e c t s  

Not mentioned i n  t h e  r e p o r t .  

1.15 Tests and r e sea rch  

No mention was made i n  t h e  r epor t  of any t e s t s  o r  research .  

2. - Analysis  and Conclusions 

2.1 Analysis  

The A i r  Regulat ions requi red  t h a t  a i r c r a f t ,  such a s  t h e  C-47, with a c r i t i c a l  
ope ra t ion  c e i l i n g ,  when on northbound f l i g h t s  from La, Paz, c r o s s  t h e  C o r d i l l e r a  i n  VMC 
through t h e  ra i lway pas s ,  which is d i f f e r e n t  from t h e  Huayna Pass. - 

From t h e  l o c a t i o n  and p o s i t i o n  of t h e  w r e c k a g c i t  w a s  p o s s i b l e  t o  e s t a b l i s h  
t h a t  t h e  a i r c r a f t  was f l y i n g  northwards a t  a heading comprised between 360° and 30° when 
i t  s t r u c k  t h e  summit of t h e  Huayna H i l l  a t  an  e l e v a t i o n  of about 1 5  000 t o  15 500 f t  and 
wi th  a speed of about 140 t o  150 mph. The Commission be l ieved  t h a t  a t  t h e  t i m e  of t h e  
acc iden t  t h e  weather cond i t i ons  i n  t h e  a r e a  were not favourable  and t h a t  t h e  f l i g h t  was 
being conducted i n  IMC a t  about 15 500 f t .  The a i rc ra f t . ,was ,  t h e r e f o r e ,  execut ing an  
unsafe  instrument procedure i n  a narrow pass,two k i lomet res  wide, and a t  a n  inadvisab le  
he igh t .  Furthermore, it was e s t a b l i s h e d  t h a t  a t  t h e  time of t h e  acc iden t  t h e r e  w a s  severe  
tu rbu lence  i n  t h e  area .  Therefore ,  t h e  p i l o t  probably experienced severe  g u s t s  which 
caused him t o  approach dangerously c l o s e  t o  t h e  h i l l s i d e  and he f i n a l l y  f lew i n t o  it. 

Also on t h e  day of t h e  a c c i d e n h t h e  weather r e p o r t s  mentioned a low pressure  
a r e a  i n  t h e  nor thern  C o r d i l l e r a  and t h i s  could have a f f e c t e d  t h e  a l t i m e t e r  reading i n  t h e  
a i r c r a f t  . 
2.2 Conclusions 

Findings  

The crew members were proper ly  q u a l i f i e d .  

The a i r c r a f t  had a v a l i d  c e r t i f i c a t e  of a i rwor th iness .  The maintenance ser- 
v i c e s  had been c a r r i e d  ou t  i n  a perfunctory manner, and t h e  a i r l i n e  had no f ixed  po l icy  
regard ing  maintenance s e r v i c e .  The requi red  maintenance manual was not  produced f o r  
approval .  

A VFR f l i g h t  p l an  w a s  prepared i n d i c a t i n g  a c r u i s i n g  a l t i t u d e  of 1 5  500 f t .  
Th is  was con t r a ry  t o  t h e  r e g u l a t i o n s  i n  fo rce ,  as t h e  obs t ac l e  c learance  l i m i t  w a s  not  
observed; a l s o ,  weather cond i t i ons  d i t  not  favour VFR operat ions .  The a i r l i n e  was us ing 
meteorological  information provided by its own r a d i o  s t a t i o n  a t  Tipuani ,  whereas it could 
have provided t h e  p i l o t  with more up-to-date informat ion us ing t h e  r e p o r t s  from t h e  
o f f i c i a l  MET s t a t i o n  under t h e  superv is ion  of t h e  DGCA. Those r e p o r t s  i nd ica t ed  weather 
cond i t i ons  around t h e  e s t a b l i s h e d  minima. 
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Cause o r  
P robab le  cause  ( s )  

The f l i g h t  w a s  conducted  i n  IMC c o n d i t i o n s  a t  a n  a l t i t u d e  u n s a f e  f o r  o p e r a t i o n s  
of t h a t  n a t u r e  th rough  t h e  Huayna Pass .  

3 3.-  Recommendations 

It was recommended t h a t  t h e  a i r l i n e :  

(1) o r g a n i z e  a b e t t e r  s a f e t y  s e r v i c e  f o r  i t s  o p e r a t i o n s ;  

( 2 )  i n s t i t u t e  a n  a d e q u a t e  sys t em f o r  g u a r a n t e e i n g  t h a t  f l i g h t  r e g u l a t i o n s  are 
obse rved ;  

(3)  r e o r g a n i q e  i t s  i n a d e q u a t e  main tenance  s e r v i c e ,  l a y i n g  down and implement ing  
a p p r o p r i a t e  p o l i c y .  . 

ICAO Ref:  AR/901 
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No. 11 

Viaciio A6rea Sao Paulo S.A., Viscount 701, PP-SRR, acc iden t  on P i c o  da Caledonia,  
15  km southwest of Nova Fr iburgo ,  Rio de  J a n e i r o  S t a t e ,  B r a z i l ,  on 4  ~ e ~ t e m b e r  

1964. Report r e l e a s e d  by t h e  Department of Avia t ion  of B r a z i l  
(SIPAER) on 15 December 1964. 

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

The a i r c r a f t  was f l y i n g  a  scheduled domestic  f l i g h t  from Rec i fe  t o  Rio d e  J a n e i r o  
w i th  i n t e rmed ia t e  s t o p s  a t  Salvador and V i t o r i a .  A t  1553 hours  GMT, t h e  a i r c r a f t  took off  
from Salvador f o r  Rio de  J a n e i r o , w i t h  c l e a r a n c e  t o  f l y  a t  4  200 m on Airway Green 1 and 
t o m a k e a n  in t e rmed ia t e  s t o p  a t  V i t o r i a .  Over Caravelas  t h e  p i l o t  r eques ted  permiss ion t o  
change a l t i t u d e  t o  1 800 m without  i n d i c a t i n g  h i s  reason  f o r  doing so .  Rio Area Cont ro l  
Centre  modified t h e  f l i g h t  p l an  but  a s  Radio S t a t i o n  Caravelas  d id  no t  o b t a i n  con tac t  wi th  
t h e  a i r c r a f t ,  t h e  l a t t e r  maintained i ts  a l t i t u d e  a s  f a r  a s  V i t o r i a .  A t  1845 hours  GMT t h e  
a i r c r a f t  took of f  from V i t o r i a ,  c l i p b i n g  on ins t ruments ,  and then informed Guarapar i  t h a t  
i t  had reached t h e  a l t i t u d e  of 1 800 m. A t  1910 hours  GMT, i t  r epo r t ed  over  Campos above 
t h e  clouds.  A t  1922 hours  GMT, i t  r epo r t ed  over Maca6 and e s t ima ted  a r r i v a l  a t  Rio Bonito 
a t  1934 hours GMT. A t  1933 hours  GMT, t h e  a i r c r a f t  r epo r t ed  i ts  p o s i t i o n  a s  Rio Bonito, 
1 800 m i n  instrument meteoro log ica l  c o n d i t i o n s  and was i n s t r u c t e d  by Rio ACC t o  main ta in  
a l t i t u d e ,  head f o r  "Quebec" and pass  t o  approach c o n t r o l .  The r e a l  p o s i t i o n  a t  t h a t  t i m e  
was r econs t ruc t ed  a s  being over t h e  c i t y  of Nova Fr iburgo  a t  a  d i s t a n c e  of 43 km from 
Rio Bonito ( s eeF igu re  11-1). Some 30 seconds l a t e r  ( a t  1934 hours  GMT) t h e  a i r c r a f t ,  f l y i n g  
i n  I M C ,  c rashed on t h e  w e s t  s l o p e  of P i co  da Caledonia a t  a p o i n t  l oca t ed  22O19'S - 4 2 ' 3 3 ' ~  
and a t  a n  e l e v a t i o n  of approximately 1 950 m. 

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

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

The a i r c r a f t  w a s  des t royed.  

1.4 Other damage 

There w a s  no o t h e r  damage. 

Others  

2 

Passengers  

34 

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

C r e w  

5  
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1 . 5  Crew informat ion 

The pilot-in-command was a f i r s t - c l a s s  r e s e r v e  o f f i c e r  of t h e  B r a z i l i a n  A i r  Force  
and had cons iderab le  exper ience  on t h e  rou te .  H i s  ins t rument  r a t i n g ,  c e r t i f i c a t e  of medical  
f i t n e s s  and equipment r a t i n g  were a l l  up t o  d a t e .  H e  had flown a t o t a l  of 6 787 hour s  a s  
pilot-in-command, i nc lud ing  284 hours  n igh t  f l y i n g  and 588 hours  ins t rument  f l y i n g .  H i s  
t o t a l  exper ience  as p i l o t - i n - c o d a n d  on Viscount 701 a i r c r a f t  amounted t o  428 hours .  

The co-p i lo t  had flown a t o t a l  of 5  945 hours ,  i nc lud ing  1 494 hour s  ins t rument  
f l y i n g .  H i s  t o t a l  exper ience  as.pilot-in-command amounted t o  2  972 hour s ,  i nc lud ing  
433 hours on Viscount 701 a i r c r a f t .  H i s  instrument r a t i n g ,  c e r t i f i c a t e  of medical  f i t n e s s  
and c o - p i l o t ' s  r a t i n g  f o r  t h e  a i r c r a f t  were up t o  da t e .  Most of h i s  f l y i n g  expe r i ence  w a s  
on DC-3s, and t h e r e f o r e  h i s  exper ience  on t h e  p a r t i c u l a r  r o u t e  w a s  r e l a t i v e l y  s m a l l  s i n c e  
it  was only flown by Viscount 701s. 

Both p i l o t s  had, cons ide rab le  f l y i n g  exper ience  and were. cons idered  by t h e i r  col -  
leagues  as a t t e n t i v e  and d i s c i p l i n e d  p i l o t s .  Their  r e c e n t  f l y i n g  act ivi t ies  and hours  of 
work were p e r f e c t l y  normal, and f a t i g u e  was excluded a s  a  p o s s i b l e  f a c t o r  ' i n  t h e  a c c i d e n t .  

1.6 A i r c r a f t  i n£  ormat i o n  

The a i r c r a f t  had flown a t o t a l  of 17 165 hours ,  i n c l u d i n g  1 4 9 4  hour s  s i n c e  t h e  
l a s t  overhaul .  No informat ion on t h e  a i r c r a f t ' s  c e r t i f i c a t e  of a i r w o r t h i n e s s  w a s  g iven  i n  
t h e  r e p o r t ,  bu t  it appeared t h a t  t h e  a i r c r a f t  and i t s  equipment had been p r o p e r l y  mainta ined.  

On a r r i v a l  i n  B r a z i l ,  where r a d i o  d i r ec t ion - f  ind ing  equipment is t h e  b a s i c  navi-  
g a t i o n a l  a i d ,  t h e  a i r c r a f t  posed v a r i o u s  problems f o r  t h e  p i l o t s .  The t r o p i c a l  c l i m a t e  and 
g e n e r a l l y  low s t r e n g t h  of r a d i o  beacons a f f e c t e d  adve r se ly  t h e  e f f i c i e n c y  of t h e  equipment. 
The company's s e r v i c i n g ,  a f t e r  v a r i o u s  p recau t ionary  measures,  r e s u l t e d  i n  t h e  ADF equipment 
a t t a i n i n g  s a t i s f a c t o r y  e f f i c i e n c y  f o r  t h e  approach opera t ion .  Never the less ,  as f a r  as 
nav iga t ion  was concerned, t h e  bear ings  remained d e f i c i e n t  a t  a d i s t a n c e  from t h e  r a d i o  
beacon. Another f a c t o r  w a s  t h e  behaviour of t h e  a i r c r a f t  when t r a v e r s i n g  co ld  f r o n t s  a t  
h igh  a l t i t u d e s .  On a  number of occas ions ,  r a d a r  f a i l u r e  p laced t h e  p i l o t s  i n  a d i f f i c u l t  
s i t u a t i o n .  I n  o rde r  t o  overcome t h a t  d e f i c i e n c y , t h e  p i l o t s  p r e f e r r e d  t o  c r u i s e  at t h e  
lowest a l t i t u d e s  p o s s i b l e  whenever t h e r e  w a s  a f r o n t  t o  t r a v e r s e  a l though  t h i s  tended t o  
d iminish  t h e  endurance. - 

These f a c t o r s  exp la ined  c e r t a i n  a s p e c t s  of t h e  a c c i d e n t ,  such a s  t h e  change of 
a l t i t u d e  and t h e  f a c t  t h a t  t h e  a i r c r a f t  w a s  no t  on t h e  Maca6 r a d i o  beacon. 

The a i r c r a f t ' s  weight and c e n t r e  of g r a v i t y  were w i t h i n  limits a t  take-off  and 
t h e r e  w a s  no change by t h e  t i m e  t h e  impact occurred.  

The type of f u e l  being used w a s  no t  s t a t e d  i n  t h e  r e p o r t .  

1.7 Meteorological  i n f o m a t i o n  

There was a co ld  f r o n t  between Caravelas  and V i t o r i a  and a c loud cover  of 8 / 8  
i n  t h e  a r e a  from Santa Cruz t o  Caravelas.  

1.8 Aids t o  nav iga t ion  

A l l  NDBs between V i t o r i a  "VT" and Quebec "Q" and a l s o  t h e  Marica VOR "VTA" were 
ope ra t ing  normally. The r ada r  a t  Rio w a s  not  i n  ope ra t ion ;  however, even i f  i t  had been 
ope ra t ing  it  could not  have prevented t h e  acc iden t .  
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1.9 Communications 

No communications d i f f i c u l t i e s  w e r e  repor ted.  

1.10 Aerodrome and ground f a c i l i t i e s  

Not p e r t i n e n t  t o  t h e  acc ident .  

1.11 F l i g h t  recorders  

Not mentioned i n  t h e  r epor t .  

1.12 Wreckage 

The poin t  of impact w a s  on t h e  west s lope  of Pico da Caledonia a t  an  e l e v a t i o n  
of 1 950 m, i.e. 300 m below t h e  summit. The a i r c r a f t  c o l l i d e d  at  t h a t  po in t ,  f l y i n g  hori-  
z o n t a l l y  a t  a  magnetic heading of 257O and a t  a n  angle  of 67O t o  t h e  s u r f a c e  of - t h e  uiounrain. 

The f o r c e  of t h e  impact caused t h e  a i r c r a f t  t o  d i s i n t e g r a t e ,  s c a t t e r i n g  wreckage 
over an oval-shaped a r e a ,  t h e  h o r i z o n t a l  a x i s  of which formed a n  angle  of 68O wi th  t h e  
f l i g h t  pa th  of t h e  a i r c r a f t .  The s h o r t e s t  r a d i u s  of t h a t  area measured 15 m, i t s  longest  
r a d i u s  ( i n  t h e  d i r e c t i o n  of t h e  f l i g h t  path) 200 m,  and t h e  median r a d i u s  measured 75 m, 

1.13 Fire 

There w a s  no f i r e .  

1.14 Surv iva l  a s p e c t s  

None given i n  t h e  r epor t .  

1.15 Tests and research  

None mentioned i n  t h e  r epor t .  

2. - Analysis  and Conclusions 

2 .1  Analysis  

Due t o  t h e  degree of d e s t r u c t i o n  of t h e  a i r c r a f t ,  l i t t l e  information could be 
gained frdm t h e  examination of t he  wreckage. Only t h r e e  instrument d i a l s  were found, and 
nothing was learned  from t h e i r  examination. It w a s  es t imated t h a t  t h e  speed a t  t h e  time of 
impact was about 495 km/h. No i n d i c a t i o n  of i n - f l i g h t  f a i l u r e  o r  malfunction i n  the  a i r -  
c r a f t  o r  i ts equipment w a s  found. 

A l l  f a c f o r s  p e r t a i n i n g  t o  t h e  f l i g h t  from Recife  t o  Rio de  J a n e i r o  were recon- 
s t r u c t e d .  The rou te  segment Recife-Salvador was flown a t  3 600 m and was uneventful .  The 
r o u t e  segment Salvador-Vitoria w a s  flown a t  4 200 m y  d e s p i t e  t h e  f a c t  t h a t  over Caravelas 
t h e  a i r c r a f t  had requested permission t o  change a l t i t u d e  t o  1 800 m. As t h e  approval  f o r  
t h e  new a l t i t u d e  took 36 minutes t o  reach Caravelas,  i t  had not been poss ib l e  t o  reach the  
a i r c r a f t  by VHF and it  continued t o  f l y  a t  4  200 m according t o  the  p o s i t i o n  r epor t  over 
P ra i a .  I n  V i t o r i a  no d e f i c i e n c i e s  were repor ted  by t h e  p i l o t s .  The a r r i v a l  a t  and the  
depa r tu re  from V i t o r i a  were made i n  IMC.  The climb t o  en-route a l t i t u d e  was c a r r l e d  out  
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accord ing  t o  climb procedure  No. 2. The amount of cloud i n  t h e  a r e a  a s  f a r  a s  Rio l e f t  no 
doubt t h a t  t h e  p i l o t s  had t o  f l y  i n  I M C .  It was e s t a b l i s h e d  t h a t  t h e  a i r c r a f t ' s  ADF equip-  
ment had no t  given r i s e  t o  complaints  s i n c e  19 August. A d e f e c t  i n  t h e  p r e s s u r i z a t i o n  
system was excluded i n  view of t h e  f a c t  t h a t  t h e  a i r c r a f t  was s t i l l  f l y i n g  a t  4 200 m 
a f t e r  i t  had reques ted  permiss ion t o  change a l t i t u d e  and t h a t  no th ing  was r e p o r t e d  t o  t h e  
maintenance a t  V i t o r i a .  

It was concluded t h a t  t h e  r e q u e s t  t o  change a l t i t u d e  over  Carave las  was no t  
made f o r  t e c h n i c a l  r ea sons  but  w a s  made i n  connexion wi th  t h e  p resence  of t h e  co ld  f r o n t  
and t h e  a s s o c i a t e d  tu rbu lence .  

I n  view of t h e  a i r c r a f t ' s  c h a r a c t e r i s t i c s ,  t h e  Commission w a s  unab le  t o  under- 
s t and  why t h e  f l i g h t  was cont inued towards Rio de  J a n e i r o  a t  1 800 m. The a l t i t u d e  of 
4 200 m w a s  vacan t ,  and t h e r e  w a s  no d i f f i c u l t y  i n  o b t a i n i n g  permiss ion  f o r  t h a t  a l t i t u d e .  

It was considered t h a t  t h e  ADF func t ioned  normally but  t h a t  a  good bea r ing  from 
Maca6 might not  have been obta ined.  , 

, . 
When t h e  a i r c r a f t  passed over  Campos i t  w a s  on t op  of a  c loud bank. However, 

t h e  l a y e r  of cloud w a s  of a type  which must have made i t  p o s s i b l e  f o r  t h e  p i l o t s  t o  see t h e  
r i v e r  Para fba  and t h e  c i t y .  

Bearing i n  mind t h e  t y p e  of nav iga t i on  ins t ruments  used by t h e  Viscount  701, it 
would be d i f f i c u l t  t o  assume t h a t  a  m a l f u n c t i o n o f  t h e  i n s t rumen t s  might have r e s u l t e d  i n  
a n  er roneous  heading. 

A mean wind speed of 10  k t  p r e v a i l e d  i n  t h e  e n t i r e  a r e a  and,  consequent ly ,  t h i s  
f a c t o r  could no t  have caused t h e  d e v i a t i o n  which took  p l a c e  on t h e  r o u t e  segment Campos-Maca6. 

Evidence s u g g e s t e d t h a t  t h e  au tomat ic  p i l o t  d i d  not  p l a y  any p a r t  i n  t h e  a c c i d e n t .  

According t o  t h e  o p e r a t i n g  r u l e s  of t h e  company, t h e  pilot-in-command should  
have been f l y i n g  t h e  a i r c r a f t  a t  t h e  t i m e  of t h e  acc iden t .  

The P i co  da Caledonia and t h e  ad j acen t  mountains have e r roneous  spo t  e l e v a t i o n  
i n d i c a t i o n s  on t h e  a i r  n a v i g a t i o n  c h a r t s .  The a l t i m e t e r s  were found a t  a  s e t t i n g  o f 1  013 mb 
and i n d i c a t e d  approximately 1 800 m. The a i r c r a f t  had n o t  y e t  s t a r t e d  t h e  descen t .  

The NDB of Rio Bonito f r e q u e n t l y  has  no i d e n t i f i c a t i o n .  

It is l i k e l y  t h a t  t h e  p i l o t s  s i g h t e d  Nova F r ibu rgo  and gave t h e i r  p o s i t i o n  a s  
being over Rio Bonito. Th i s  could  have happened i n  view of t h e  f a c t  t h a t  t h e y  had no 
i n d i c a t i o n  from t h e  r a d i o  d i r e c t i o n - f i n d e r  and t h a t  t h e  e s t ima ted  t i m e  over  Rio Boni to  was 
only one minute a f t e r  t h e  a c t u a l  t i m e  a t  which t hey  r epo r t ed .  I n  t h e  e x p e c t a t i o n  of be ing  
over Rio B o n i t o , i t  i s  p o s s i b l e  t h a t  d e s p i t e  t h e  topography t h e  p i l o t s  mistook Nova F r ibu rgo  
f o r  Rio Bonito through t h e  clouds.  

2 . 2  Conclusions 

Findings  

Both p i l o t s  had cons ide rab l e  f l y i n g  exper ience  both i n  VMC and IMC. 

The a i r c r a f t ,  i t s  eng ines  and equipment had been p r o p e r l y  main ta ined .  
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No i n d i c a t i o n  of malfunction o r  f a i l u r e  of t h e  a i r c r a f t  o r  i t s  equipment w a s  
found . 

From t h e  r econs t ruc t ion  of t h e  f l i g h t ,  i t  was concluded t h a t  t h e  a i r c r a f t  had 
devia ted  35 km t o  t h e  r i g h t  of i ts normal r o u t e  and as a r e s u l t  of t h i s  s t r u c k  t h e  mountain 
i n  a nea r ly  h o r i z o n t a l  a t t i t u d e .  

Nothing w a s  found which ind ica t ed  t h e  reason f o r  t h i s  dev ia t ion ;  however, it was 
bel ieved t h a t  t h e  p i l o t s  mistook Nova Friburgo f o r  P io  Bonito through t h e  clouds.  

Cause o r  
Probable cause(s )  

C o l l i s i o n  with  an o b s t a c l e  loca ted  35 km t o  the  r i g h t  of t h e  intended t r a c k ,  f o r  
reasons  unknown. 

3. - Recommendations 

The Di rec to ra t e  of C i v i l  Aviat ion should s tudy t h e  p o s s i b i l i t y  o p r e q u i r i n g  t h a t  
r ada r  be c a r r i e d  as e s s e n t i a l  equipment by a l l  commercial a i r c r a f t  wi th  speeds of aver 
400 km/hr t o  f a c i l i t a t e  f l y i n g  through f r o n t s  and as a n  a i d  t o  navigat ion.  

The D i r e c t o r a t e  of c i v i l  Aviat ion and those  i n  charge of a i r l i n e  opera t ions  
should inc rease  t h e  use  of VOR and ILS among a i r  crews, not  only i n  re-checks but  a l s o  i n  
normal operat ion.  

The D i r e c t o r a t e  of Avia t ion  Routes should s tudy t h e  p o s s i b i l i t y  of augmenting 
t h e  power of t h e  PlacaG and Rio Bonito non-direct ional  r a d i o  beacons a s  w e l l  a s  t h e  Route 
Serv ice  of t h e  3rd Area Zone t o  improve t h e  a s s i s t a n c e  a s  f a r  a s  t ransmiss ion  of t h e  iden- 
t i f i c a t i o n  of t h e  Rio Bonito NDB i s  concerned, and of equipping a l l  towers,  approach c o n t r o l  
o f f i c e s ,  radar  and a r e a  c o n t r o l  c e n t r e s  with recording equipment. 

The a i r l i n e  should examine t h e  a i r  naviga t ion  c h a r t s ,  completion of which i s  
t o  be l e f t  t o  t h e  p i l o t s .  

The a i r l i n e  should avoid,  as f a r  as i s  p o s s i b l e ,  t h a t  i t s  turboprop a i r c r a f t  
request  permission t a  change t o  lower a l t i t u d e s  un le s s  a n  emergency e x i s t s ,  i n  which case  
information on t h e  emergency s h a l l  be given i n  t h e  message. 

The a i r l i n e  should i n s t r u c t  t h e  a i r  crews t o  r epor t  a l l  i n c i d e n t s  i n  order  t h a t  
t h e  la t ter  may be f u l l y  analysed and t h e  necessary informat ion be obtained from them, and 
t o  adhere t o  the communication t r a f f i c  r u l e  which r e q u i r e s  a minimum of 10 minutes when i n  
d i r e c t  contac t  wi th  t h e  area c o n t r o l  c e n t r e ,  o r  20 minutes when contac t  e x i s t s  through o ther  
s t a t i o n s ,  as t h e  t i m e  preceding a reques t  f o r  permission t o  change t h e  f l i g h t  p lan.  

For modi f ica t ions  of t he  f l i g h t  p lan ,  contac t  should be e s t a b l i s h e d  whenever 
poss ib l e  d i r e c t l y  on VHF o r  HF wi th  t h e  area c o n t r o l  c e n t r e s ,  t h u s  avoiding delay i n  messages. 

The D i r e c t o r a t e  of Aviat ion Routes and t h e  competent a u t h o r i t i e s  s h o u l d c o -  
o rd ina te  t h e i r  e f f o r t s  t o  c o r r e c t  t h e  spot  e l e v a t i o n s  of t h e  Pico da Caledonia and nearby 
mountains and t o  v e r i f y  t h e  r e l i e f  of o the r  mountains i n  Braz i l .  

ICAO Ref : AR/861 



ACCIDENT TO VISCOUNT 7 0 1 ,  PP-SRR, OF VIACAO AEREA SAO PAULO, S . A . ,  ON P I C 0  DA CALEDONIA, BRAZIL. 
4 SEPTEMBER 1964 
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No. 12 

Libyan Avia t ion  Company Ltd . ,  C-47,  N 330, acc iden t  a t  I d r i s  A i r p o r t ,  Libya, 
on 8  September 1964. Report dated 5 November 1964, r e l ea sed  by t h e  
Department of C i v i l  Avia t ion .  Min is t ry  of C o m u n ~ c a t i o n s .  Libya. 

1. - I n v e s t i p a t i o n  

1.1 His tory  of t h e  f l i g h t  

The a i r c r a f t  was on a  non-scheduled domestic  f l i g h t  from E3-92 29028'N - 1 8 0 2 6 ' ~  
an o i l  camp d e s e r t  landing s t r i p )  t o  I d r i s  A i r p o r t ,  T r i p o l i ,  c a r ry ing  2  crew members and 
12 passengers .  The approach t o  land on runway 36 a t  I d r i s  Ai rpor t  w a s  nor-1 and t h e  a i r -  
c r a f t  touched down a t  1132 hours a t  t h e  beginning of t h e  runway. Shor t l y  a f t e r  touchdown, 
t h e  l e f t  wing lowered and t h e  a i r c r a f t  s t a r t e d  vee r ing  t o  t h e  l e f t .  Power was app l i ed  t o  
t h e  l e f t  engine  toge the r  w i th  t h e  r i g h t  a i l e r o n  bu t ,  wi th , the  decreaee  of ro l l -ou t  speed,  
t h e  l e f t  wing continued t o  lower. The p i l o t  bel ieved t h a t  t h e r e  w a s  a  f l a t  t i r e ,  so  he  
r e t a rded  t h e  l e f t  t h r o t t l e  and c u t  o f f  a l l  power. ~ h e 6  t h e  l e f t  wing came i n t o  con tac t  wi th  
t h e  ground and t h e  a i r c r a f t  r o l l e d ' o f f  t h e  runway, and came t o  a  s t o p  some 20 PI from t h e  
runway edge and about 850 m from t h e  runway th resho ld .  

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

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

The a i r c r a f t  w a s  s u b s t a n t i a l l y  damaged. 

1.4 Other d a m a ~ e  

None mentioned i n  t h e  r e p o r t .  

1.5 C r e w  i n f o M t i o n  

The pilot-in-command h e l d  an  a i r l i n e  t r a n s p o r t  p i l o t ' s  c e r t i f i c a t e  w i th  va r ious  
r a t i n g s ,  i nc lud ing  one f o r  t h e  DC-3. H e  had flown a  t o t a l  of 11 287 hours  inc lud ing  
6  366 hours  on DC-3, of which 95 hours  had been flown dur ing  t h e  l a s t  90 days. 

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

-- 
C r e w  

2  
-- 

Passengers  

12 

Others  



The co-pi lo t  h e l d  a  commercial ~ i l o t ' s  l i c e n c e  wi th  no s p e c i a l  r a t i n g  f o r  t h e  
DC-3. He had flown a  t o t a l  of 3  449 hours  i nc lud ing  294 hours  on DC-3, a l l  of which were 
flown dur ing t h e  l a s t  90 days. 

1.6 A i r c r a f t  informat ion 

A c e r t i f i c a t e  of a i r w o r t h i n e s s  was i s sued  f o r  t h e  a i r c r a f t  on 26 A p r i l  1963. 
The a i r c r a f t  had flown a  t o t a l  of 16 940 hours ,  i nc lud ing  91  hour s  s i n c e  t h e  l a t e s t  inspec- 
t i o n  on 15  J u l y  1964. 

The weight and c e n t r e  of g r a v i t y  were no t  mentioned i n  t h e  r e p o r t .  

The type  of f u e l  being used w a s  no t  s t a t e d  i n  t h e  r e p o r t .  

1.7 Meteorological  informat ion 

S ix  minutes a f t e r  t h e  a c c i d e n t ,  t h e  weather  c o n d i t i o n s  were .as  fo l lows:  

wind: 010°/10 k t  

v i s i b i l i t y :  40 km 

clouds:  n i l  

QNH: 1 018 mb 

1 .8  Aids t o  nav iga t ion  

No in format ion  w a s  provided i n  t h e  r e p o r t .  

1.9 Communications 

Not p e r t i n e n t  t o  t h e  acc iden t .  

1.10 Aerodrome and ground f a c i l i t i e s  

The runway i n  use  w a s  36/18. It was 2  224 m long and 45 m wide. 

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

Not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

A t  about 350 m from t h e  runway th re sho ld  and s l i g h t l y  t o  t h e  r i g h t  of t h e  c e n t r e  
l i n e , h a l f  of t h e  clamp a t t a c h i n g  t h e  brake hose  a t  t h e  r e a r  of t h e  b race  s t r u t  and p a r t  of 
t h e  main support  of t h e  o i l  coo le r  were found. 

1.13 F i r e  - 
There was no f i r e .  

1.14 Surv iva l  a s p e c t s  

The passengers  and crew evacuated t h e  a i r c r a f t  s a f e l y .  
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1.15 T e s t s  and r e s e a r c h  

No in format ion  was con ta ined  i n  t h e  r e p o r t .  

2. - Analys i s  and Conclusions 

2.1 Ana lys i s  

The b r ace  s t r u t  a t t a c h i n g  f i t t i n g  f r a c t u r e d .  The f r a c t u r e  was l o c a t e d  a t  t h e  
f i r s t  b o l t  h o l e  of t h e  upper arm of t h i s  f i t t i n g .  The lower arm of t h i s  f i t t i n g  d i d  not  
show any s i g n  of damage. The p o r t i o n  of t h e  upper  a r m  f i t t i n g  s t a y i n g  i n  t h e  upper channel  
was s t i l l  f i x e d  c o r r e c t l y .  The lower channel  w a s  no t  damaged and two p o r t i o n s  of b o l t  were 
found i n  t h e  second and f o u r t h  ho l e s .  The f o u r  h o l e s  of t h e  lower arm of t h e  f i t t i n g  were 
f r e e  and clear. 

2.2 Conclus ions  

F ind ings  

The crew w a s  p rope r ly  l i c e n s e d ;  however, t h e  co-p i lo t  had no r a t i n g  f o r  t h i s  
t y p e  of a i r c r a f t .  

The a i r c r a f t  had a v a l i d  c e r t i f i c a t e  of a i rwor th ine s s .  Its weight  and c e n t r e  
of g r a v i t y  were not  mentioned i n  t h e  r e p o r t .  

During t h e  l and ing  r o l l ,  t h e  l e f t  l and ing  gea r  co l l apsed  due t o  t h e  f r a c t u r e  of 
t h e  lef t -hand b race  s t r u t  a t t a c h i n g  f i t t i n g .  

Cause o r  
Probab le  cause (s )  

The a c c i d e n t  w a s  a t t r i b u t e d  t o  t h e  f r a c t u r e  of t h e  lef t -hand b race  s t r u t  
a t t a c h i n g  f i t t i n g .  The r ea son  f o r  t h e  f r a c t u r e  w a s  no t  determined. .I t  appeared t h a t  t h e  
f i t t i n g  might have  been p r e v i o u s l y  cracked and that  a p r o g r e s s i v e  f a i l u r e  occurred .  

It w a s  recommended t h a t  a n  i n s p e c t i o n  sys tem be e s t a b l i s h e d  t o  ensure  t h a t  t h e  
b r ace  s t r u t  f i t t i n g  is t i g h t l y  secured.  

ICAO Ref: ~ ~ 1 8 4 2  
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No. 13  

Aerovfas Nacionales de Colombia, Douglas C-47. HK-319, accident  a t  Mandinga Ai rpor t ,  
Municipality of Condoto.'Department of Choc6. Colombia. on 15 September 1964. 

Report dated 11 December 1964, re leased by t he  A i r  Safety Division, 
Administrative Department of C i v i l  Aeronautics. Colombia. 

1. - Invest  i ga t i on  

1.1 History of t he  f l i g h t  

The a i r c r a f t  had ar r ived  a t  Condoto from Medellfn a t  1648 hours GMT on a non- 
scheduled domestic cargo f l i g h t  with two crew members aboard. The unlpading of 2 565 kg of 
cargo then took place and 9 metal  drums of graphi te  o i l ,  each weighing"246 kg, were loaded 
o n t o t h e  a i r c r a f t .  Their t o t a l  weight was 2 214 kg. These were d i s t r i b u t e d  i n  t h e  f r e i g h t  
hold of t he  a i r c r a f t  as d i rec ted  by the  d ispatcher  and secured with agave f i b r e  cords of 
the type usual ly  used by Avianca f o r  lashing cargo. No r e fue l l i ng  was necessary. After  
signing the  weight and balance sheehwhich showed a t o t a l  take-off weight of 11 045 kg 
( 1  157 kg below the  maximum authorized weight), the  pilot-in-command went aboard with t he  
co-pilot and s t a r t e d  the  engines. The a i r c r a f t  took off  from runway 27 a t  1740 hours f o r  
Medellln and reported north of Condoto on v i s u a l  climb and changed over t o  en-route frequency. 
Five minutes l a t e r ,  the pilot-in-command requested permission t o  r e t u r n  t o  t he  aerodrome a s  
the a i r c r a f t  was badly loaded. Permission was granted and t he  following landing i n s t ruc t i ons  
were given t o  him. "Approach l e f t ,  runway 27, wind S W / ~  k t ,  QNH 29.92". The a i r c r a f t  wae 
seen passing over the a i r p o r t ,  making a l e f t  tu rn  and coming t o  land on runway 27. Everything 
appeared normal during these  manoeuvres. A t  1750 hours, t he  a i r c r a f t  reported on f i n a l  
approach. It was seen t o  touch down, bounce twice and then acce l e r a t e  and climb sharply.  
Shortly t he r ea f t e r  i t  crashed on its l e f t  wing, facing roughly the  d i r ec t i on  of landing, and 
came t o  rest within the a i r f i e l d  42.80 m from the  south edge of runway 27, 725 m from the  
threshold and 480 m from the  runway end. The accident  occurred a t  approximately 1751 hours. 

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

13 Damage t o  a i r c r a f t  

The a i r c r a f t  w a s  destroyed. 

I n j u r i e s  

Fa t a l  

Non-fatal 

None 

Crew 

2 

- 
- 

Passengers 

- 
- 
- 

- 

Others 

- 
- 

. 
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1 . 4  Other damage 

None repor ted .  

1 .5  C r e w  informat ion 

Both crew members he ld  v a l i d l i c e n c e s  and medical c e r t i f i c a t e s .  The p i lo t - in -  

command w a s  wearing s p e c t a c l e s  a t  t h e t i m e  of t h e  acc ident  as requi red .  No o ther  informa- 
t i o n  w a s  contained i n  t h e  r e p o r t  rece ived .  

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

No mention is made i n  t h e  r e p o r t  of t h e  c e r t i f i c a t e  of a i rwor th iness .  However, 
t h e  a i r c r a f t  had been r e g u l a r l y  maintained i n  conformity wi th  ae ronau t i ca l  s tandards .  

According t o  the  weight and balance shee t  prepared by t h e  d i spa tche r  a t  Condoto, 
t h e  weight of t h e  a i r c r a f t  a t  take-off was wi th in  l i m i t s .  The c e n t r e  of g r a v i t y  l o c a t i o n  
is discussed i n  2.1. - 

On take-off from Condoto, t h e  a i r c r a f t  w a s  ca r ry ing  277 ga l lons  of f u e l .  The 
type  of f u e l  c a r r i e d  was not  s t a t e d  i n  t h e  r e p o r t .  

1 . 7  Meteorological  information 

A t  t h e  t i m e  of t h e  acc iden t ,  weather condi t ions  a t  Condoto were good and s u i t a b l e  
f o r  t h e  ope ra t ion  of a i r c r a f t .  The acc ident  occurred iq day l igh t .  

1.8 Aids t o  nav iga t ion  

Not p e r t i n e n t  t o  t h i s  acc ident .  

1 .9  Communications 

Communications between t h e  a i r c r a f t  and ground s t a t i o n s  were normal. 

1.10 Aerodrome and ground f a c i l i t i e s  

The runway a t  Condoto w a s  1 215 m i n  length ,  and t h e r e  were no obs t ruc t ions  a t  
t h e  approaches. It had a smooth sur face .  

1.11 F l i g h t  r eco rde r s  

Not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

The wreckage of t h e  l e f t  wing and of e i g h t  of t h e  o i l  drums w a s  found on t h e  
edge of a  d i t c h ,  p a r a l l e l  t o  runway 27. I n  t h e  d i t c h  p a r t  of t h e  l e f t  cockpi t  window, p a r t  
of t h e  p i l o t ' s  headset  and s p e c t a c l e s ,  t h e  d i a l  of one a l t i m e t e r  a n d ' t h e  left p r o p e l l e r  were 
found. The rest of t h e  wreckage was submerged i n  the  ad jo in ing  pond 3 metres deep i n  p laces .  
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1.13 Fire 

F i r e  broke out  fol lowing t h e  acc ident .  

1.14 Surv iva l  aspects 

Both crew members we're found s t i l l  s t rapped i n  t h e i r  seats, which had been t o r n  
out  from' t h e  cockpi t  f l o o r .  

1.15 Tests and r e sea rch  

None were mentioned i n  t h e  r e p o r t .  

2. - Analysis  and Conclusions 

2 . 1  Analysis  

No evidence of malfunction o r  f a i l u r e  of t h e  a i r c r a f t  o r  i t s  'engines p r i o r  t o  t h e  
acc ident  was found. According t o  the  f l i g h t  p lan ,  9 metal drums Of g r a p h i t e  o i l ,  each of 
them being 90 cm long, 63 cm i n  diameter and weighing 246 kg, were loaded a t  Condoto. 

According t o  t h e  weight and balance shee t  f i l l e d  by t h e  d i s p a t c h e r ,  t h e  cargo  
w a s  d i s t r i b u t e d  a s  fol lows i n  t h e  a i r c r a f t :  

Compartment 

B and C 
D 
E 
F 
G 

Weight 
(kg) 

This ,  added t o  t h e  b a s i c  opera t ing  weight ,  p l u s  f u e l  weight ,  gave a t o t a l  a i r c r a f t  
weight of 11 045 kg, i .e .  1 157 kg l e s s  than  t h e  maximum permit ted take-off weight of 
1 2  202 kg. 

The d i s p a t c h e r ' s  r e p o r t  a f t e r  t h e  acc iden t  s t a t e d  t h a t  t h e  a c t u a l  load ing  was: 
4 drums i n  compartment D ,  i .e. 984 kg; 2 drums i n  E, i .e .  492 kg; 1 drum i n  F, i.e. 246 kg 
and 2 drums i n  G ,  i .e. 492 kg. Assuming t h a t  t h e s e  w e r e  t h e  f a c t s ,  t h e  c e n t r e  of g r a v i t y  
would have been a t  27% of t h e  MAC, ve ry  near  t o  t h e  C-47's a f t  l i m i t  of 28%. 

Furthermore, when asked t o  say  from memory, p r i o r  t o  w r i t i n g  h i s  r e p o r t ,  how h e  
placed t h e  drums, t h e  d i spa tche r  s t a t e d  t h a t ,  commencing a t  t h e  cargo  door and proceeding 
upwards, he  pu t  3 drums f i r s t ,  then one, then 2 and then  3, because one had f a i l e d  t o  go 
through t h e  door of t h e  forward compartment. I f  t h i s  w a s  t h e  case, t h e r e  were 3 drums i n  
compartment G ,  i .e. 738 kg i n s t e a d  of t h e  590 kg f o r  which it i s  designed,  and n o t  only  was 
compartment G heav i ly  overweight but t h i s  would have c r e a t e d  a t a i l  heavy moment i n  t h e  
a i r c r a f t .  

It was a l s o  found t h a t  three-eighths  of an inch f i b r e  cords ,  some new, some o l d ,  
were used t o  secure  t h e  cargo and t h a t  t h e s e  heavy drums w e r e  placed on t h e  f l o o r  (two of 
them i n  compartment E ,  poss ib ly  l y i n g  down on t h e i r  s i d e ) ,  without c r a d l e s  o r  any o t h e r  
attachment than those  cords.  
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It was concluded t h a t , t h e  l a s h i n g s  of t h e  ca rgo  being inadequa te ,  a  l i g h t  t u r n  o r  
p i t c h  up be fo re  l and ing ,  o r  b o u n c e s d u r i n g  t h e  l and ing ,  might have caused a displacement of 
t h e  ca rgo  t o  t h e  rear. A missed approach procedure  a t tempted i n  t h e s e  c o n d i t i o n s  might have 
caused a f u r t h e r  d isplacement  of t h e  ca rgo  t o  t h e  r e a r  and t h e  s h i f t i n g  of t h e  c e n t r e  of 
g r a v i t y ,  r e s u l t i n g  i n  an  e x c e s s i v e  a n g l e  of a t t a c k  and a l o s s  of a i r s p e e d  which t h e  p i l o t s  
were unable  t o  c o n t r o l .  

2.2 Conclusions 

Findings  

The crew h e l d  v a l i d  l i c e n c e s  and medical  c e r t i f i c a t e s .  

The a i r c r a f t ' s  c e r t i f i c a t e  of a i r w o r t h i n e s s  w a s  n o t  mentioned i n  t h e  r e p o r t .  The 
a i r c r a f t  had been r e g u l a r l y  mainta ined.  

Weather c o n d i t i o n s  d i d  n o t  p l a y  a p a r t  i n  t h e  acc iden t .  

The a i r c r a f t  had been improperly loaded by t h e  d i s p a t c h e r ,  who d i d  n o t  have an  
a p p r o p r i a t e  l i c e n c e ,  but  was du ly  exempted of having one. The co rds  used t o  l a s h  t h e  cargo 
were u n s u i t a b l e  and permi t t ed  displacement of t h e  cargo.  

The p i l o t  d i d  n o t  make'a proper  check of t h e  ca rgo  be fo re  s i g n i n g  t h e  weight  and 
balance  mani fes t  and commencing t h e  f l i g h t .  

Displacement of t h e  ca rgo  towards t h e  rear caused an  exces s ive  s h i f t  of t h e  c e n t r e  
of g r a v i t y  and a dangerous nose-up a t t i t u d e  a t  t h e  start  of t h e  missed approach procedure.  A 
l o s s  of a i r s p e e d  r e s u l t e d .  

Cause o r  
Probab le  cause(s )  

The prime cause  of t h e  acc iden t  w a s  e r r o r  of o t h e r  pe rsonne l  inasmuch a s  t h e  
sequence of e v e n t s  l e a d i n g  up t o  t h e  acc iden t  w a s  i n i t i a t e d  by f a u l t y  d i s t r i b u t i o n  of t h e  
ca rgo  on board t h e  a i r c r a f t .  

3.- Recommendations 

It w a s  recommended: 

(1)  t h a t  when drums more t han  60 cm h igh  are c a r r i e d  on a i r c r a f t ,  they  s h a l l  be l a i d  
f l a t  on a non-s l ip  s u r f a c e  and secured w i th  chocks, c r a d l e s  and o t h e r  s p e c i a l  
dev i ce s  ; 

(2) t h a t  steel c a b l e s  s h a l l  be used t o  u n i t e  t h e  s t a p l e s  i n  t h e  f l o o r  of a i r c r a f t ,  t o  
f a c i l i t a t e  s e c u r e  anchor ing and d i s t . r i b u t i o n  of t h e  l a s h i n g s  and g i v e  them g r e a t e r  
s t r e n g t h ;  

(3)  t h a t  sisal o r  hemp co rds  n o t  less than  h a l f  an  i nch  t h i c k  o r  similar n e t t i n g  s h a l l  
be used t o  f a s t e n  cargo t o  t h e  f l o o r  from above; 
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( 4 )  that all persons dispatching aircraft shall have received special instruction 
and possess a dispatcher's or assistant dispatcher's licence; 

(5) that aircrews pay more attention to, and make representations concerning damage, 
irregularities or other circumstances which may present a hazard in flight, 
whenever possible; ,, 

(6) that, wherever an aerodrome has a radio operator or traffic control officer, he 
and his equipment shall be placed in a control tower or other structure from 
which he has a clear view of the runways and surrounding area. 

ICAO Ref: AR/899 
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No. 14 

Turkish  A i r l i n e s  Inco rpo ra t ed ,  Viscount 794, TC-SEC, acc iden t  a t  T e l  ~ v i v  
(Lod A i r p o r t ) ,  I s r a e l ,  on 23 September 1964. Report undated.. r ece ived  

from t h e  Min i s t ry  of Communications, Turkey. 

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

F l i g h t  TK-937123 was a  scheduled i n t e r n a t i o n a l  f l i g h t  from T e l  Aviv t o  Ankara 
and I s t a n b u l .  It took off  from runway 30 a t  1109 hours  GMT c a r r y i n g  f o u r  crew members. 
The number of passengers  aboard was not  s t a t e d  i n  t h e  r e p o r t .  A t  1117 hours ,  No. 1 
gene ra to r  f a i l u r e  warning lamp came on, t h e  r e s e t  bu t ton  was depressed ,  t h e  ammeter's 
p o i n t e r  then  moved t o  maximum and t r i p p i n g  w a s  c a r r i e d  o u t .  F ive  minutes l a t e r ,  t h e  same 
s e t  of c i rcumstances  occurred t o  No. 3 genera to r  and changing t h e  p o s i t i o n  of t h e  ove rvo l t  
swi tches  d i d  no t  h e l p  e i t h e r .  The s teward was then  t o l d  t o  swi tch  o f f  h i s  e l e c t r i c a l  equip- 
ment; t h e  au tomat ic  p i l o t ,  No. 2 VHF, No. 2 VOR and HF were a l s o  switched o f f .  A t  1135 hours  
t h e  eng ines '  n o i s e  i nc rea sed  and t h e  crew, b e l i e v i n g  t h a t  a l l  engines  had s topped,  switched 
t h e  boos t e r  pumps ON. The i n v e r t e r  f a i l u r e  warning lamp then  came on, t h e  swi tch  was moved 

I t  t o  t h e  emergency" p o s i t i o n  and t h e  pilot-in-command decided t o  r e t u r n  t o  Lod Ai rpo r t .  The 
i n v e r t e r  f a i l u r e  warning lamp cont inued t o  o p e r a t e  and s o m e  t ime l a t e r  a l l  r a d i o  equipment 
ceased t o  ope ra t e .  

The a i r c r a f t  was flown back t o  Lod Ai rpo r t  i n  VMC and passed over t h e  c o n t r o l  
tower a t  an  a l t i t u d e  of 1 200 f t .  The pilot-in-command ordered t h e  co-p i lo t  t o  extend t h e  
l and ing  gea r ;  then,he  r e a l i z e d  t h a t  t h e  landing gear  would not  ope ra t e  because of t h e  
e l e c t r i c a l  f a i l u r e  and,  t h e r e f ~ r e ~ r e q u e s t e d  t h e  co-p i lo t  t o  use  t h e  emergency procedure f o r  
ex tend ing  it. The co-p i lo t  w a s  unable t o  remove t h e  p i n  from t h e  s e l e c t o r  v a l v e  and t r i e d  
t o  implement i t e m  No. 3 of t h e  undercar r iage  emergency check l i s t .  The by-pass v a l v e  having 
been opened, t h e  change-over v a l v e  was brought t o  t h e  emergency p o s i t i o n  and pumping was 
s t a r t e d .  During t h a t  t ime t h e  a i r c r a f t  was c i r c l i n g  over runway 29 a t  a n  a l t i t u d e  of 400 
t o  500 f t .  

When t h e  co -p i lo t  informed t h e  pilot-in-command t h a t  t h e  pump handle  w a s  s t u c k ,  
he  was t o l d  t o  check t h e  mechanical lock ing  i n d i c a t o r s  on t h e  wings. He r epo r t ed  t h a t  both 
main g e a r s  mechanical  lock ing  i n d i c a t o r s  were p ro t rud ing  but  no t  t h e  nose wheel mechanical 
locking i n d i c a t o r .  The pilot-in-command l e f t  t h e  c o n t r o l s  t o  t h e  co-p i lo t  and checked t h e  
procedures  c a r r i e d  ou t .  He found t h a t  t h e  h y d r a u l i c  manual pump was s t u c k  and t h a t  a l l  
o p e r a t i o n s  had been f u l f i l l e d  i n  accordance wi th  t h e  check l i s t  on t h e  h y d r a u l i c  pane l .  

Consider ing t h a t  t h e  nose wheel mechanical  lock ing  i n d i c a t o r  might no t  be 
p r o t r u J i n g  because of a  f a i l u r e  of t h e  i n d i c a t o r  i t s e l f ,  t h e  pilot-in-command decided t o  
f i n d  out  whether t h e  nose wheel was extended by land ing  on t h e  two main wheels and lowering 
p r o g r e s s i v e l y  t h e  nose down t o  t h e  normal l e v e l .  Should t h i s  prove t h a t  t h e  n o s e w h e e l  w a s  
no t  completely extended,  he  would climb and f l y  u n t i l  most of t h e  f u e l  w a s  burned. The two 
main wheels  con t ac t ed  t h e  runway around 30 m a f t e r  t h e  runway t h r e s h o l d ,  t hen  t h e  p i l o t - i n -  
command lowered t h e  nose t o  t h e  e s t ima ted  ang le  a t  which t h e  nose wheel should have touched 
t h e  ground; f i n d i n g  out  t h a t  t h e  nose wheel was not  lowered, he  climbed. As t h e  a i r c r a f t  
was cl imbing he n o t i c e d  t h a t  t h e  l and ing  gea r s  were ex t end ing ,  s o  he  asked t h e  s teward t o  
pump. Th i s  was done and t h e  handle  of t h e  h y d r a u l i c  pump got  s t u c k  again .  It was assumed 
t h a t  t h e  nose wheel :,. locked down and a  second land ing  was i n i t i a t e d .  
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The a i r c r a f t , h e a d e d  f o r  No. 3 rutlway and a green s i g n a l  was f i r e d  from t h e  
ground when t h e  a i r c r a f t  was about 500 o r  600 m away from t h e  runway t h r e s h o l d .  The a i r -  
c r a f t  landed on i t s  main wheels approximately 20 m a f t e r  t h e  runway t h r e s h o l d ,  and around 
1227 hours  t h e  nose wheel came i n t o  c o n t a c t  wi th  t h e  runway. A f t e r  a  l and ing  r o l l  of 
1 400 t o  1 500 m,the a i r c r a f t  s t a r t e d  t o  i n c l i n e  t o  t h e  r i g h t .  The pilot-in-command 
thought t h a t  t h e  shock absorber  had co l l apsed  and f e a t h e r e d  t h e  engines .  The a i r c r a f t  
went o f f  t h e  runway and stopped,  approximately 15 t o  20 m t o  t h e  r i g h t  of t h e  runway, 
l y i n g  on i ts  s t a rboa rd  wing. 

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

1.3 Damage t o  a i r c r a f t  

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

The a i r c r a f t  w a s  s u b s t a n t i a l l y  damaged. 

The s t a rboa rd  landing gear  had co l l apsed  and t h e  a i r c r a f t  w a s  l y i n g  on i t s  
s t a r b o a r d  wing. The l ead ing  edge and t h e  unders ide  of t h e  s t a r b o a r d  wing, as w e l l  as t h e  
a i l e r o n  and f l a p ,  were damaged. The p r o p e l l e r s  and n a c e l l e s  of Nos. 3 and 4 eng ines  were 
a l s o  damaged. 

C r e w  

4 
-- 

1.4 Other d a m a s  

There w a s  no o t h e r  damage. 

Passengers  

* 

1.5 C r e w  informat ion 

Others  

. . 

The pilot-in-command, aged 38, he ld  an  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e .  H i s  
l a s t  t e c h n i c a l  check w a s  on 21 June 1964. H e  had flown a t o t a l  of 4 219 hours ,  i n c l u d i n g  
3 987 hours on Viscount a i r c r a f t .  Hehad flown 218 hours  dur ing t h e  last  90 days. 

The co -p i lo t ,  aged 31, a l s o  he ld  an  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  v a l i d  
u n t i l  1 A p r i l  1965. H i s  last  t e c h n i c a l  check w a s  on 2 A p r i l  1964. He had f l o w n r a  t o t a l  
of 1 878 hours ,  inc lud ing  1 080 hours  on Viscounts .  H e  had flown 237 hours  du r ing  t h e  las t  
90 days. 

The steward w a s  32 y e a r s  o ld .  No o t h e r  informat ion concerning him was con ta ined  
i n  t h e  r e p o r t .  

Also aboard was a s tewardess ,  22 y e a r s  o ld .  

* The number of passengers  aboard was not  s t a t e d  i n  t h e  r e p o r t .  The passenger  c a p a c i t y  of 
t h e  a i r c r a f t  was 52 persons .  
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1.6 A i r c r a f t  in format ion  

The d a t e  of exp i ry  of t h e  a i r w o r t h i n e s s  c e r t i f i c a t e  was no t  conta ined i n  t h e  
r e p o r t .  The a i r c r a f t  had flown a t o t a l  of 9 311 hours  and i t s  last check was on 9 January 
1964. The 150-hour maintenance check w a s  c a r r i e d  out  on 13 September 1964. 

The a i r c r a f t ' s  weight  and c e n t r e  of g r a v i t y  were no t  mentioned i n  t h e  r e p o r t .  

The type  of f u e l  being used was no t  s t a t e d  i n  t h e  r e p o r t .  

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

The f o r e c a s t  f o r  Lod Ai rpo r t  between 0900 and 1600 hours  was a s  fo l lows:  

wind: 280°/15 k t  v i s i b i l i t y :  20 km clouds:  418 cumulus and s t r a t o -  
cumulus a t  3 000 f t  

F o r e c a s t s  were a l s o  provided f o r  Nicosia ,  Ankara and I s t a n b u l .  

1.8 Aids t o  nav iga t ion  

Not p e r t i n e n t  t o  t h e  acc iden t .  

1.9 Communications 

Communications were normal u n t i l  t h e  i n v e r t e r  f a i l e d  a t  1135 hours.  T h e r e a f t e r ,  
t h e  decay of - t h e  electric supply made commundcations impdssible.  

1.10 Aerodrome and e;round f a c i l i t i e p  

Not p e r t i n e n t  t o  t h e  acc iden t .  

1.11 F l i g h t  r eco rde r s  

None mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

The a i r c r a f t  stopped 20 m o f f  runway 30 a t  T e l  Aviv (Lod Ai rpo r t ) .  

There w a s  no f i r e .  

1.14 Su rv iva l  a s p e c t s  

No informat ion was conta ined i n  t h e  r e p o r t .  

1.15 T e s t s  and r e sea rch  

The e l e c t r i c a l  system w a s  t e s t e d  a f t e r  t h e  acc iden t  w i t h t h e  engines  running.  
The ou tpu t  v o l t a g e s  of t h e  gene ra to r s  were 0 v o l t  on No. 1 gene ra to r  and 27 v o l t s  on 
Nos. 2,  3 and 4 gene ra to r s .  The warning lamps of Nos. 1 and 3 gene ra to r s  were operat ing ' ,  
t hose  of Nos. 2 and 4 were no t .  
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The i n v e r t e r  warning lamp was a l s o  o p e r a t i n g  a l though  t h e  ou tpu t  v o l t a g e  was 
normal. 

The e q u a l i z e r  v o l t a g e s  of t h e  g e n e r a t o r s  were found t o  be 0 v o l t  f o r  Nos. 1 
and 4 g e n e r a t o r s ,  0.85 v o l t  f o r  No. 2 gene ra to r  and 0.24 v o l t  f o r  No. 3 g e n e r a t o r .  

The h y d r a u l i c  system was a l s o  t e s t e d  both  e l e c t r i c a l l y  and manually: no th ing  
abnormal was found. However, it was noted t h a t  t h e  l and ing  g e a r s  being extended and 

I I locked when t h e  change-over v a l v e  was moved from t h e  emergency'' t o  t h e  "ground test" 
p o s i t i o n ,  t h e  l and ing  g e a r s  were f r e e d  from t h e  locked p o s i t i o n  i n  t h e  fo l l owing  o r d e r :  
s t a rboa rd  gea r ,  p o r t  gear  and nose gear .  

2 .  - Analys i s  and Conclusions 

2 . 1  Ana lys i s  

The gene ra to r s  went o f f  l i n e  because t h e i r  e q u a l i z e r  and ou tpu t  v a l v e s  were 
not  func t ion ing  proper ly .  The b a t t e r i e s  t hen  became weak s i n c e  t hey  ha'd t o  meet a l l  t h e  
DC c u r r e n t  requirements  i n  t h e  a i r c r a f t .  

No. 1 gene ra to r  went o f f  l i n e  because i t s  e q u a l i z e r  and ou tpu t  v o l t a g e  d i d  n o t  
have t h e i r  p roper  va lues .  When t h e  ad jus tments  of t h e  e q u a l i z e r  and ou tpu t  v o l t a g e s  were 
c o r r e c t e d ,  No. 1 gene ra to r  opera ted  normally.  

No. 2 gene ra to r  had t r i p p e d  a u t o m a t i c a l l y  because t h e  o t h e r  g e n e r a t o r s  were not  
on l i n e  and, consequent ly ,  No. 2 gene ra to r  had t o  supply a  load of over  200 amperes through 
t h e  thermal  c i r c u i t  b reaker .  The gene ra to r  f a i l u r e  warning lamp d i d  not  o p e r a t e  because 
t h e  f i l amen t  of t h e  lamp was broken and,  t h e r e f o r e ,  t h e  p i l o t  thought  t h a t  t h e  g e n e r a t o r  was 
opera t ing .  The ammeter and t h e  c i r c u i t  of No. 2 gene ra to r  were i n  o rde r .  A f t e r  t h e  
e q u a l i z e r  and t h e  ou tpu t  v o l t a g e s  of No. 2 gene ra to r  had been t e s t e d  and a d j u s t e d ,  No. 2 
gene ra to r  and t h e  c i r c u i t  the reof  opera ted  normally.  

No. 3 gene ra to r  went o f f  l i n e  a u t o m a t i c a l l y  because i t s  e q u a l i z e r  v o l t a g e  was 
0.25 v o l t  and i t s  ou tpu t  v o l t a g e  was 2 2  v o l t s .  When i t  was r e s e t ,  t r i p p i n g  was i n e v i t a b l e  
due t o  t h e  f a c t  t h a t  t h e  b a t t e r i e s  were t o o  weak, and a n  excess  c u r r e n t  was be ing  t a k e n  
from No. 3 gene ra to r  s i n c e  i t  w a s  t h e  only  gene ra to r  on l i n e .  No. 3 gene ra to r  and i t s  
c i r c u i t  r e tu rned  t o  normal a f t e r  adjustment  of i ts e q u a l i z e r  and ou tpu t  v o l t a g e s .  

Although t h e  ou tpu t  v o l t a g e  of No. 4 gene ra to r  w a s  27 v o l t s  and i t s  e q u a l i z e r  
v o l t a g e  was 0 v o l t ,  t h e  gene ra to r  f a i l u r e  warning lamp d i d  not  o p e r a t e  because i t s  c a b l e  
was broken a t  No. 3 con tac t  of t h e  c o n t a c t o r  a u x i l i a r y  r e l a y  and a l s o  because t h e  d i f -  
f e r e n t i a l  r e l a y  of No. 4 gene ra to r  was d e f e c t i v e .  A f t e r  t h e  g e n e r a t o r  d i f f e r e n t i a l  r e l a y  
had been changed and t h e  connexion t o  t h e  a u x i l i a r y  c o n t a c t o r  r e l a y  had been r e p a i r e d ,  t h e  
c i r c u i t  r e tu rned  t o  normal fo l lowing  adjus tment  of t h e  e q u a l i z e r  and ou tpu t  v o l t a g e s .  The 
ammeter of No. 4 gene ra to r  w a s  i n  o rde r .  

The i n v e r t e r  f a i l u r e  warning lamp opera ted  because t h e  i n v e r t e r  t o r q u e  swi tch  
was d e f e c t i v e .  The i n v e r t e r  and i t s  c i r c u i t  opera ted  normally a f t e r  repxacement of t h e  
i n v e r t e r  t o rque  swi tch .  

When t h e  l and ing  gear  s e l e c t o r  w a s  pu t  t o  t h e  "down" p o s i t i o n ,  t h e  e l e c t r i c  
power was i n s u f f i c i e n t  and could no t  o p e r a t e  t h e  l and ing  gea r  s e l e c t o r  a c t u a t o r .  
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When t h e  emergency procedure  was c a r r i e d  o u t ,  i t  w a s  imposs ible  t o  t a k e  out  t h e  
p i n  which connected t h e  l and ing  gear  s e l e c t o r  a c t u a t o r  t o  t h e  va lve  because i t  had been 
s e a t e d  t o o  t i g h t l y  i n  i t s  p lace .  

When t h e  co-p i lo t  checked t h e  mechanical lock ing  i n d i c a t o r s  of t h e  l and ing  gea r s ,  
he  found both main g e a r s  locked bu t  not  t h e  nose wheels. Th i s  was normal s i n c e  t h e  nose 
wheel would extend l a t e r  t h a n  t h e  main l and ing  gears .  

The second land ing  was s t a r t e d  when t h e  t h r e e  mechanical lock ing  i n d i c a t o r s  
i n d i c a t e d  t h a t  t h e  l and ing  g e a r s  were extended and locked. 

A t  t h e  end of t h e  l and ing  t h e  s t a rboa rd  l and ing  gear  co l l apsed .  The h y d r a u l i c  
emergency change-over va lve  was found on "ground t e s t " .  The Board be l i eved  t h a t  i t  had 

11 been moved f o r  unknown reason from t h e  emergency" p o s i t i o n  t o  t h e  "ground test" p o s i t i o n  
du r ing  t h e  landing.  Consequently,  t h e  back p r e s s u r e ,  c r e a t e d  i n  s p i t e  of t h e  f a c t  t h a t  t h e  
by-pass cock was f u l l y  open, fo r ced  t h e  a c t u a t o r  p i s t o n s  of t h e  landing gear  t o  t h e  "up" 
p o s i t i o n  and moved t h e  p i s ton .  

S ince  t h e  s h u t t l e  v a l v e s ,  which s e p a r a t e  t h e  emergency and normal p r e s s u r e  l i n e s ,  
c lo sed  t h e  normal p r e s s u r e  l i n e  b e f o r e  t h e  emergency l i n e ,  t h e  h y d r a u l i c  f l u i d  completed i t s  
r e t u r n  through t h e  emergency change-over va lve  and f r e e d  t h e  l and ing  gear  from t h e  locked 
p o s i t  ion .  . 
2 . 2  Conclusions 

F ind ings  

The crew were p rope r ly  l i c ensed .  

The a i r c r a f t ' s  c e r t i f i c a t e  of a i r w o r t h i n e s s  was no t  mentioned i n  t h e  r e p o r t  nor  
w e r e  i t s  weight  and c e n t r e  of g r a v i t y .  

S h o r t l y  a f t e r  t a k i n g  of f  from Lod A i r p o r t ,  d e f i c i e n c i e s  were noted i n  t h e  a i r -  
c r a f t ' s  e l e c t r i c a l  system and it w a s  decided t o  r e t u r n  t o  Lod Ai rpo r t .  

The g e n e r a t o r s  of t h e  a i r c r a f t  f a i l e d  because of improper ad jus tments ,  a  broken 
connexion and a d e f e c t i v e  r e l a y .  Also, improper i n d i c a t i o n  of t h e  i n v e r t e r  f a i l u r e  lamps 
w a s  caused by a  d e f e c t i v e  i n v e r t e r  t o rque  switch.  

Due t o  t h e  f a i l u r e  of t h e  e l e c t r i c a l  system, emergency procedure  had t o  be used 
f o r  ex tend ing  t h e  l and ing  g e a r s  and some d i f f i c u l t i e s  were exper ienced i n  doing so.  During 
t h e  l a n d i n g , t h e  s t a r b o a r d  l and ing  gear  c o l l a p s e d  because t h e  h y d r a u l i c  change-over v a l v e  
had been moved from t h e  "emergency" p o s i t i o n  t o  t h e  "ground test" p o s i t i o n .  

Cause o r  
Probable  cause  ( s )  

None s p e c i f i c a l l y  mentioned i n  t h e  r e p o r t .  
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With regard  t o  t h e  e l e c t r i c a l  f a i l u r e s  

I. During f l i g h t  
7 

( a )  The gene ra to r  f a i l u r e  w a n i n g  lamps and t h e  ammeters t he reo f  shou ld  be 
checked f r e q u e n t l y  . 

(b) I n  c a s e  of f a i l u r e  of one g e n e r a t o r ,  recommendations i n  sub-paragraph ( a )  
above should be implemented more o f t e n ,  a s  w e l l  a s  t h e  p r i n c i p l e s  set f o r t h  
i n  t h e  c h e c k - l i s t .  

( c )  I n  c a s e  t o o  much supply  i s  taken  from t h e  g e n e r a t o r s  due t o  t h e  f a i l u r e  of 
t h e  b a t t e r i e s ,  t h e  b a t t e r y  master  swi tch  should be moved t o  t h e  "off"  p o s i t i o n  
and t h e v f l i g h t  should  be c a r r i e d  on wi th  t h e  g e n e r a t o r s  on ly  t o  t h e  n e a r e s t  
a i r p o r t .  % . . 

(d)  The b a t t e r i e s  should  be checked under load.  

11. During t h e  ground t e s t s  

(a)  When t h e  g e n e r a t o r s  and t h e  c i r c u i t s  t he reo f  a r e  be ing  checked, Chapter  75, 
Sec t i on  2  of t h e  Viscount maintenance manual should  be s t r i c t l y  observed. 

With regard  t o  t h e  h y d r a u l i c  f a i l u r e  

(1)  In  h y d r a u l i c  emergency c a s e s ,  t h e  p i l o t  i n  charge  of t h e  h y d r a u l i c  cupboard 
should immediately c o n t a c t  t h e  pilot-in-command through t h e  in terphone.  The 
m a t t e r  should be e n t e r e d  i n  t h e  emergency check list. 

(2) A s p e c i a l  dev ice  should  be f i t t e d  t o  t h e  h y d r a u l i c  cupboard door  i n  o r d e r  
t h a t  it would no t  c l o s e  by i t s e l f  once i t  is opened. 

(3) The h y d r a u l i c  emergency i n s t r u c t i o n s  should be  pu t  on t h e  h y d r a u l i c  cupboard 
door.  

( 4 )  Automatic i l l u m i n a t i o n  of t h e  h y d r a u l i c  pane l  should  be provided when t h e  
h y d r a u l i c  cupboard door is opened. 

( 5 )  A s p e c i a l  dev i ce  should be made i n  o r d e r  t h a t  t h e  h y d r a u l i c  emergency v a l v e  
w i l l  not  move from t h e  emergency p o s i t i o n  when n o t  r equ i r ed .  

( 6 )  Some means must be  found t o  t a k e  t h e  h y d r a u l i c  s e l e c t o r  a c t u a t o r  p i n  o u t  
e a s i l y .  

( 7 )  A h y d r a u l i c  p r e s s u r e  gauge must be f i t t e d  t o  t h e  o u t l e t  of t h e  h y d r a u l i c  
manual pump b e f o r e  t h e  change-over v a l v e  i n  a  way t o  be s een  from t h e  
h y d r a u l i c  cupboard. 

(8) The land ing  gear  mechanical i n d i c a t o r s  should  be p a i n t e d  w i th  some f l u o r e s c e n t  
p a i n t  i n  o rde r  t h a t  they  can be seen even a t  n i g h t .  

ICAO Re f :  A R / 8 7 6  
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No. 15 

Caledonian Airways (Prestwick) Ltd., DC-7C, G-ASID, acc ident  a t  ~ e s i l k o y / ~ s t ? a n b u l  
Ai rpor t .  Turkey, on 2 8  September 1964. Report undated. r e l eased  by t h e  

Turkish Minis t ry  of Communications. Published by t h e  Minis t ry  of 
Aviat ion,  United Kingdom, C.A.P. 237. 

1. - I n v e s t i g a t i o n  

1.1 History of t h e  f l i g h t  

F l i g h t  355 was a scheduled i n t e r n a t i o n a l  f l i g h t  from London t o  Singapore wi th  a 
r e f u e l l i n g  s t o p  planned a t  Yes i lkoy/ l s tanbul  Ai rpor t .  It took of f  from Gatwick on 
27 September a t  2215 hours GMT on an IFR f l i g h t  plan.  The l a s t  p a r t  of t h e  f l i g h t  w a s  
conducted a t  17 000 f t .  Af te r  pass ing  t h e  Tekirdag NDB/VOR s t a t i o n  severe  turbulence was 
encountered,  t h e  speed w a s  reduced from 180 k t  t o  160 k t ,  and t h e  ETA w a s  changed. 

While approaching t h e  I s t a n b u l  r a d i o  range, t h e  a i r c r a f t  w a s  c l ea red  t o  descend 
t o  4 000 f t .  A f t e r  commencing t h e  descent  and upon encountering severe  tu rbulence  wi th  
heavy r a i n ,  t h e  p i l o t  considered d i v e r t i n g  t h e  f l i g h t  t o  Ankara/Esenboga, t h e  a l t e r n a t e  
aerodrome on t h e  f l i g h t  p lan ,  bu t  he  decided t o  land a t  I s t a n b u l  upon hear ing  a B r i t i s h  
Eagle a i r c r a f t  r e p o r t  t o  t h e  tower t h a t  t h e  base of cloud.was 1 000 f t .  The a i r c r a f t  was 
c l ea red  t o  approach runway 24 and t h e  p i l o t  extended t h e  landing gear ,  s e l e c t e d  40-degree 
f l a p  and l e f t  t h e  range s t a t i o n  outbound a t  4 000 f t .  

A f t e r  completing t h e  instrument p a t t e r n ,  t h e  a i r c r a f t  continued descending 
inbound t o  t h e  range t o  1 5 0 0  f t .  Turbulence became moderate, but  heavy r a i n  continued. 
While t h e  co-pi lot  w a s  t r y i n g  t o  l o c a t e  t h e  runway l i g h t s  through t h e  d i r e c t  v i s i o n  panel ,  
t h e  pilot-in-command was busy f l y i n g  on ins t ruments .  The windscreen wipers were i n e f f e c t i v e  
i n  c l e a r i n g  t h e  heavy r a i n  of f  t h e  windows. A f t e r  pass ing  t h e  range s t a t i o n ,  t h e  a i r c r a f t  
f l ew approximately 75 t o  80 seconds, descending t o  500 f t  a t  a heading of 2400. A t  t h a t  
moment, t h e  co-pilot  s a w  t h e  runway l i g h t s  t o  t h e  r i g h t  and ahead and repor ted  t h i s  t o  t h e  
pilot-in-command; however, t h e  pilot-in-command d i d  no t  see t h e  l i g h t s  and c a l l e d  out  over- 
shoot procedure - f u l l  power, f l a p s  up t o  20° and gear  up. The tower asked t h e  p i lo t - in -  
command h i s  i n t e n t i o n s  and whether he  would t r y  a VFR landing o r  not .  

Upon request  of t h e  pilot-in-command, t h e  a i r c r a f t  was c l e a r e d  t o  t h e  range f o r  
a second descent .  When t h e  a i r c r a f t  crossed t h e  range s t a t i o n  outbound a t  2 000 f t  f o r  t h e  
second descent ,  VHF communication w a s  l o s t  because of a power f a i l u r e  i n  the  tower t rans-  
mitter and d i d  not  come back u n t i l  t h e  procedure tu rn .  The descent ,  a f t e r  t he  procedure 
t u r n ,  developed normally and t h e  range s t a t i o n  w a s  passed a t  1 500 f t ;  t h e  gear  w a s  extended 
and t h e  f l a p s  set tp 400. The a i r c r a f t  continued descending a t  a rate of 300  t o  700 f t /min.  
During t h e  descent ,  l i g h t n i n g  and heavy turbulence  were experienced. 

A t  t h e  last s t a g e  of t h e  descent  t o  500 f t ,  heading 248O, t h e  CO-pilot saw t h e  
runway l i g h t s  and repor ted  t o  t h e  tower t h a t  t h e  a i r c r a f t  w a s  on f i n a l ;  a t  t h e  same t i m e  
t h e  pilot-in-command saw t h e  runway l i g h t s ,  made a s l i g h t  r i g h t  c o r r e c t i o n  t o  l i n e  up the  
a i r c r a f t  and ordered f u l l  f l a p  and a power reduc t ion  t o  20" b o ~ s t .  H i s  o rde r  w a s  c a r r i e d  
out  by t h e  f l i g h t  engineer.  
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Upon f e e l i n g  t h e  a i r c r a f t  s i n k i n g  q u i c k l y ,  when t h e  c learway,  s h o r t  of t h e  run- 
way, was s een ,  t h e  pilot-in-command ordered  more power. A power i n c r e a s e  could  no t  be 
obta ined because a t  t h a t  moment t h e  l e f t  main g e a r  s t r u c k  t h e  ground i n  l i n e  w i t h  t h e  run- 
way and 72 m s h o r t  of t h e  t h r e s h o l d .  The r i g h t  c e n t r a l  wing h i t  t h e  upper  b a r  of t h e  ILS  
s c r e e n  fol lowed by t h e  two p o r t  eng ines  h i t t i n g  t h e  ground. The a i r c r a f t ,  wi thou t  changing 
d i r e c t i o n ,  made a second touchdoyn w i t h  t h e  r i g h t  main gear  and nose  wheel  a f t e r  bouncing 
14 m from t h e  f i r s t  impact p o i n t .  A t  t h i s  t i m e  t h e  b l ades  from t h e  l e f t  p r o p e l l e r s  were 
broken and thrown o f f .  The l e f t  main gea r  was broken o f f  and t h e  nose  wheel c o l l a p s e d .  
F i r s t  t h e  p o r t  eng ines  and later t h e  l e f t  wing d i s i n t e g r a t e d .  The f u s e l a g e  skidded a l o n g  
a heading of 235O, 260 m down t h e  runway, s l i g h t l y  t o  t h e  l e f t  and came t o  rest. F i r e  
s t a r t e d  and developed on t h e  broken l e f t  wing and i n  t h e  damaged r i g h t  f u e l  t a n k s .  The 
acc iden t  occur red  at  0450 hours .  

1.2 I n j u r i e s  t o  pe rsons  

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  w a s  des t royed  by impact and f i r e .  

I n j u r i e s  

F a t a l  

Non-fatal  

None 

1.4 Other  damage 

C r e w  

8 

Passengers  

1 

88 

The ILS  s c r e e n  was demolished. 

Others  ': 
- 

1.5 C r e w  in format ion  

The pilot-in-command, aged 39, h e l d  a n  a i r l i n e  t r a n s p o r t  p i l o t ' s  licence w i t h  a n  
ins t rument  r a t i n g  and a r a t i n g  f o r  DC-7C a i r c r a f t .  He  had f lown a t o t a l  of 9 530 h o u r s ,  
i n c l u d i n g  227 hours  flown d u r i n g  t h e  last 90 days.  

The co-pi lo t ,  aged 46, h e l d  a commercial p i l o t ' s  l i c e n c e  w i t h  an  ins t rument  r a t i n g  
f o r  DC-7C a i r c r a f t .  H e  had flown 1 811 hours ,  i n c l u d i n g  311 hours  d u r i n g  t h e  last 90 days.  

The f l i g h t  eng inee r ,  aged 37,  h e l d  a f l i g h t  e n g i n e e r ' s  l i c e n c e  and a DC-7C r a t i n g .  
H e  had f lown a t o t a l  of 6 896 hou r s ,  i n c l u d i n g  245 h o u r s  d u r i n g  t h e  las t  90 days. A l l  f l i g h t  
crew members had v a l i d  medical  c e r t i f i c a t e s .  

Informat ion concerning t h e  o t h e r  f i v e  crew members aboard  was not i nc luded  i n  
t h e  r e p o r t .  

1.6 A i r c r a f t  i n f  ormat i o n  

The a i r c r a f t  had a c e r t i f i c a t e  of a i r w o r t h i n e s s  v a l i d  u n t i l  6 January  1965, and 
a c e r t i f i c a t e  of maintenance v a l i d  u n t i l  1 November 1964. 
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It had flown a  t o t a l  of 20 668 hours ,  inc lud ing  1 901 hours  s i n c e  i t s  l a s t  over- 
hau l .  The in spec t ion  of t h e  log-book showed t h a t  t h e  p e r i o d i c  checks and maintenance had 
been performed proper ly  i n  accordance with the  approved maintenance schedule.  

The a i r c r a f t ' s  weight a t  t h e  t i m e  of t h e  acc iden t  was 46 1 1 7  kg approximately 
and i t s  c e n t r e  of g r a v i t y  was w i t h i n  l i m i t s .  

The type  of f u e l  being used was not  s t a t e d  i n  t h e  r epor t .  

1.7 Meteorological  informat ion 

A t  t h e  t ime of t h e  acc iden t  t h e  weather w a s  as fol lows:  

clouds:  418 f r a c t o s t r a t u s  600 f t ,  6 /8  s t ra tocumulus  2  500 f t ,  
3 /8  cumulonimbus 3 000 f t ,  8 / 8  a l t o s t r a t u s  8  000 f t  

v i s i b i l i t y :  2 km 
wind speed: 210/10 k t  
temperature:  1 6 ' ~  
weather : thunderstorm and heavy r a i n  

This  weather observa t ion  was repor ted  t o  t h e  p i l o t .  

1 .8  Aids t o  nav iga t ion  

Tekirdag NDB/VOR and I s t a n b u l  RNG were used. In spec t ion  of t h e  r e l evan t  log- 
books ind ica t ed  t h a t  t h e s e  f a c i l i t i e s  had been f l ight-checked,  p e r t i n e n t  NOTAM had been 
i s sued  w i t h i n  s u f f i c i e n t  time and t h e  a i d s  were opera t ing  normally. 

Aids aboard t h e  a i r c r a f t  were as fol lows:  ADF equipment, ILS/VOR equipment, 
marker r e c e i v e r ,  a i r b o r n e  search  r a d a r ,  r ada r  a l t i m e t e r  and Loran. The n a v i g a t i o n a l  a i d s  
of t h e  a i r c r a f t  were i n  good cond i t i on  and were ope ra t ing  normally before  t h e  acc iden t .  

1.9 Communications 

The communications equipment i n  t h e  a i r c r a f t  was ope ra t ing  normally and r o u t e  
and approach communication was conducted properly.  

Before t h e  second approach t o  ~ e s i l k o y / ~ s t a n b u l  Ai rpor t  was commenced, t h e  
tower VHF t r a n s m i t t e r  was unserv iceab le  f o r  3 t o  4 minutes due t o  an electr ical  power I 

f a i l u r e .  Communication between the  a i r c r a f t  and t h e  tower was r e s t o r e d  when t h e  emergency 
gene ra to r s  were connected and remained normal u n t i l  t h e  t i m e  of t h e  acc iden t .  I 

1.10 Aerodrome and ground f a c i l i t i e s  

The concre te  runway 24 was 7 546 f t  long and 197 f t  wide. The clearway from 
t h e  th re sho ld  extends  68 m wi th  a 2.30% s lope  without  o b s t r u c t i o n ,  The remaining p a r t  has  
a r a t h e r  s t e e p e r  s lope.  

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

Not mentioned i n  t h e  r epor t .  
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1.12 Wreckage 

From the  po in t  of f i r s t  impact t he  a i r c r a f t  s t a r t e d  t o  d i s i n t e g r a t e  w i t h i n  a n  
a r e a  approximately 60 by 300 m. The s ta rboard  engines  and wing remained a t t a c h e d  t o  t h e  
fuse lage .  

1.13 F i r e  - 
The p o r t  wing became detached and caught f i r e  on t h e  f i r s t  impact and came t o  

r e s t  on t h e  runway 170 m f u r t h e r  on. The fuse l age  skidded along t h e  runway wi th  t h e  s t a r -  
board wing and engines  s t i l l  a t tached .  The f i r e  developed mostly on t h e  s t a r b o a r d  c e n t r a l  
wing. The f i r e  w a s  s t a r t e d  when f u e l  s p i l l e d  on t h e  ho t  engine exhaust  p i p e s  a f t e r  t h e  f i r s t  
impact when both inboard f u e l  t anks  were t o r n  open. 

Ai rpor t  f i r e - f i g h t i n g  personnel  and equipment 

Personnel  

1 chief  
3  c h i e f s  of team 
35 firemen 
15  d r i v e r s  

Equipment 

2  Ford rescue  t r u c k s  (300 l b  dry chemical) 
2  Thames t anke r s  ( 4  000 l i t res water)  
2 Cordox rescue and f  i re-f  i g h t i n g  t r u c k s  

(600 ga l lons  water and 42 ga l lons  foam) 
1 GMC tanker  (2 000 litres water )  
2 ambulances 

A l l  t hese  v e h i c l e s  were equipped wi th  two-way r a d i o  and were used f o r  f i r e - f i g h t i n g  and 
rescue operat  ions.  

Number of personnel  on duty a t  t h e  t i m e  of t h e  acc ident  

1 team chief  
1 a s s i s t a n t  t o  t h e  team ch ie f  
2  f i r e - f i g h t i n g  se rgean t s  
1 f i r e - f i g h t i n g  co rpora l  
6 f i r e - f i g h t i n g  s o l d i e r s  
9  f i r e - f  i gh t ing  d r i v e r s  

1.14 Surv iva l  a s p e c t s  

Immediately a f t e r  t h e  evacuat ion o rde r  was given by t h e  pilot-in-colmnand, t h e  
f r o n t  crew door and a  r e a r  cab in  emergency exi t  were opened and evacuat ion commenced. During 
t h i s  per iod t h e  f i r e - f i g h t i n g  s e r v i c e  of t h e  a i r p o r t  a r r i v e d  and, whi le  g e t t i n g  t h e  f i r e  
under c o n t r o l ,  helped t h e  passengers t o  evacuate  t h e  burning a i r c r a f t .  

1.15 Tests and research  

The i n v e s t i g a t i o n  team w a s  of t h e  opinion t h a t  l abora to ry  tests o r  any o t h e r  
s p e c i a l  examination of any p a r t  w e r e  not necessary.  
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2. - Ana lys i s  and Conclusions 

2 .1  Ana lys i s  

The examinat ion  of t h e  wreckage showed t h a t  t h e r e  w a s  no mal func t ion ing  o r  
f a i l u r e  of t h e  a i r f r a m e ,  eng ines ,  p r o p e l l e r s ,  wings and a c c e s s o r i e s  p r i o r  t o  the. a c c i d e n t .  
A t  t h e  t i m e  of t h e  a c c i d e n t  t h e  eng ines  were developing power. 

The a i r c r a f t  h i t  t h e  ground wi th  i t s  l e f t  main l and ing  gea r  a t  a  po in t  72 m 
b e f o r e  t h e  t h r e s h o l d  and 2.5 m below t h e  runway s u r f a c e  l e v e l .  The mark from t h e  l e f t  main 
g e a r  was 7.5 m long  and f a i r l y  deep. The mark from t h e  r i g h t  main gea r  s t a r t e d  4 m a f t e r  
t h e  commencement of t h e  mark from t h e  l e f t  g e a r  and con t inued  f o r  12 m. 

There  were f o u r  p r o p e l l e r  s l a s h e s  s t a r t i n g  1.5 m a f t e r  t h e  end of t h e  l e f t  main 
gea r  marks, p a r a l l e l i n g  each o t h e r  and 60 cm a p a r t ,  and 3.5 m t o  t h e  l e f t  of t h e s e  s l a s h e s  
w e r e  f o u r  o t h e r  p r o p e l l e r  s l a s h e s  (55 c m  between t h e  f i r s t  two and 70 c m  between t h e  l a s t  
two s l a s h e s ) .  

A t r a c e  from t h e  nose wheel s t a r t e d  30 m be fo re  t h e  t h r e s h o l d .  T h i s  was f o l -  
lowed, 4 m f u r t h e r  on, by t h e  start of ano the r  t r a c e  from t h e  r i g h t  main l and ing  gear .  
These traces, p a r a l l e l  t o  t h e  c e n t r e  l i n e  of t h e  runway, cont inued t o  t h e  t h r e s h o l d  and 
became deeper .  

There was a l s o  a deep c u t  from a p r o p e l l e r  b l ade  on t h e  ILS d e t e c t o r  box which 
was pe rpend i cu l a r  t o  t h e  l and ing  gea r  trace. The ILS d e t e c t o r  box is l o c a t e d  1.3 m a f t e r  
t h e  start of t h e  r i g h t  main l and ing  g e a r  trace, and i t s  h e i g h t  is 60 cm. 

On t h e  runway a metal trace from t h e  nose wheel r i m  was s een ,  wi thou t  i n t e r r u p -  
t i o n ,  from t h e  t h r e s h o l d  t o  t h e  p o i n t  where t h e  a i r c r a f t  came t o  rest. No o t h e r  trace 
appeared on t h e  runway o r  on t h e  t e r r a i n .  

2.2 Conclus ions  

F ind ings  

The crew was p r o p e r l y  l i c e n s e d  and a u t h o r i z e d  t o  c a r r y  ou t  t h e  f l i g h t .  

The a i r c r a f t  had a v a l i d  c e r t i f i c a t e  of a i r w o r t h i n e s s .  Its maintenance and 
i n s p e c t i o n  had been p r o p e r l y  performed. 

The weight and c e n t r e  of g r a v i t y  of t h e  aircraft were w i t h i n  the s p e c i f i e d  
l i m i t s .  

No mechanical  mal func t ion ing  o r  abnormal i ty  of any k ind  had been r epo r t ed  dur ing  
t h e  f l i g h t  up t o  t h e  t i m e  of t h e  a c c i d e n t .  

A l l  ground equipment and n a v i g a t i o n a l  a i d s  were o p e r a t i n g  normally.  

The air-ground communications recorded  showed t h a t  t hey  had been conducted nor- 
mal ly  i n  accordance w i t h  t h e  r e g u l a t i o n s .  Upon h e a r i n g  t h e  r e p o r t  of t h e  cloud base  of 
1 000 f t  from t h e  B r i t i s h  Eagle a i r c r a f t ,  t h e  pilot-in-command decided t o  make a n  a t t empt  
t o  land.  
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A f t e r  t h e  f i r s t  approach t h e  a i r c r a f t  overshot .  Due t o  heavy r a i n ,  t h e  runway 
l i g h t s  could not be seen by t h e  pilot-in-command and t h e  a i r c r a f t  was t o  t h e  l e f t  of t h e  
runway c e n t r e  l i n e .  

On t h e  second approach, t h e  a i r c r a f t  was s l i g h t l y  t o  t h e  l e f t .  The p i l o t - i n -  
command made a c o r r e c t i o n  and decided t o  land. 

I 

Due t o  t h e  heavy r a i n  t h e  v i s i b i l i t y  was poor. Poss ib ly ,  t h e  pilot-in-command 
could not c o n t r o l  h i s  h e i g h t ;  it i s  a l s o  p o s s i b l e  t h a t  d i s t o r t i o n  caused by water  on t h e  
windscreen gave him a f e e l i n g  of being t o o  high and he c a l l e d  f o r  f u l l  f l a p  and 20" boost .  
Immediately before  t h e  impact,  the'pilot-in-command ordered f u l l  power t o  prevent  under- 
shoot ing.  

The a i r c r a f t  s t r u c k  t h e  ground i n  a s l i g h t  l e f t  bank a t t i t u d e ,  72 m b e f o r e  t h e  
runway wi th  t h e  l e f t  main gear .  

Cause o r  
I 

Probable cause  ( s )  

The probable  causes  of t h i s  acc iden t  a r e :  

(a)  During t h e  l a s t  approach, t h e  p i l o t  was t o o  e a r l y  i n  s e l e c t i n g  f u l l  f l a p  and 
reducing t h e  power. 

(b) Due t o  heavy r a i n  and poor v i s i b i l i t y ,  t h e  he igh t  could no t  be c o n t r o l l e d  
p r e c i s e l y .  

(c)  The o rde r  f o r  f u l l  power was given t o o  l a t e ;  t h i s  c r e a t e d  t h e  undershoot 
condi t ion.  

Contr ibutory  f a c t o r s  

Probably t h e  r a i n  formed a l a y e r  of water  on t h e  windshie ld  which r e f r a c t e d  t h e  
l i g h t  and caused t h e  th resho ld  t o  be seen n e a r e r  than  it was; a d d i t i o n a l l y ,  t h e  r a i n  was s o  
heavy t h a t  t h e  wipers ,  which were opera t ing  normally,  could not  s a t i s f a c t o r i l y  wfppe t h e  
windshie ld  f o r  c l e a r  v i s i o n .  

3. - Recommendations 

None were conta ined i n  t h e  r epor t .  

ICAO Ref: AR/867  
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No. 16 

Union des Transports Agriens, Douglas DC-6, F-BHMS, accident a t  " E l  Goter6nW, 
Trevelez (Granada), Spain, on 2 October 1964. Report dated 16 February 

1965. re leased by t he  Sub-secretar ia t  f o r  C i v i l  Aviation, Spain. 

1. - Inves t ina t  ion 

1.1 History of t h e  f l i g h t  

The a i r c r a f t  was f l y ing  a scheduled i n t e rna t i ona l  passenger f l i g h t  from P a r i s  t o  
Marse i l les ,  Palma de Mallorca and Port-Etienne. The t r i p  t o  Palma was uneventful  and, 
following rece ip t  of t he  l a t e s t  meteorological information ava i l ab le ,  the a i r c r a f t  took off 
from runway 27 f o r  Port-Etienne a t  0314 hours GMT. According t o  i t s  f l i g h t  p lan  t he  a i r -  
c r a f t  was t o  check with the  following while en route:  a rea  con t ro l  cent res  a t  Barcelona, 
Sev i l l e ,  Casablanca and Dakar and t he  con t ro l  tower a t  Port-Etienne. A t  0339 hours, i t  
advised Palma cont ro l  tower t h a t  it was over Ib iza .  It reported t o  Barcelona FIR t h a t  i t  
had crossed the  FIR boundary a t  0401 hours a t  f l i g h t  l e v e l  100. A t  0353 hours, it reported 
t o  Sev i l l e  FIR t h a t  it was est imating t he  FIR boundary a t  0401 a t  f l i g h t  l e v e l  100 and 
Los Alcazares a t  0415 hours. A t  0420 hours, i t  reported having passed Los Alcazares i n  
c l e a r  sk i e s  a t  0415 hours, es t imating abeam Malaga a t  0500 hours, overhead Tanger a t  0524, 
and Port-Etienne a t  1020 hours. This was t he  l a s t  communication from the  f l i g h t .  Sev i l l e  
FIR t r i e d  subsequently, without success,  t o  contact  the  a i r c r a f t .  The a i r c r a f t  h i t  a moun- 
t a i n  a t  0445 hours. 

1.2 I n i u r i e s  t o  persons 

1.3' Damage t o  a i r c r a f t  

The a i r c r a f t  was completely destroyed. 

1.4 Other damage 

No ob jec t s  o ther  than t he  a i r c r a f t  were damaged. 

I n j u r i e s  

Fa t a l  

Non-f a t a l  

None 
* 

1.5 C r e w  information 

The pilot-in-command held an a i r l i n e  t r anspor t  p i l o t ' s  l icence  and a navigator 's  
l icence.  He had flown a t o t a l  of 10 964 hours. 

Crew 

7 

Passengers 

73 

A 

Others 
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No information was contained i n  the  repor t  concerning the  o the r  crew members on 
t he  subject  f l i g h t .  

1.6 Ai rc ra f t  inf ormation 

The a i r c r a f t  had a : c e r t i f i c a t e  of a i rworthiness .  It had flown a t o t a l  of 
29 620 hours,  including 16 119 hours s ince  iCs l a s t  overhaul. 

The times on i t s  four  engines were a s  follows: 

(Hours) 

Tota l  time flown: 24 892 11 698 18 330 19 116 

Since l a s t  overhaul: 871 922 1 493 695 

1 .7  Meteorological information 

The following a r e  the  weather condi t ions which ex i s t ed  a t  Granada around t h e  
time of t he  accident:  

wind: calm 
hor izon ta l  v i s i b i l i t y :  10 t o  15 km, l i g h t  haze, c l e a r  s k i e s  
QNH: 1 025.2 mb 
QFE: 1 017.9 mb 

1.8 Aids t o  navigation 

Navigation a i d s  aboard t he  a i r c r a f t  and along i t s  rou te  a r e  not mentioned i n  
the  repor t .  

1.9 Communications 

Communications were normal u n t i l  0420 hours. No f u r t h e r  message was received 
from the  a i r c r a f t  a f t e r  t h a t  time. 

1.10 Aerodrome and ground f a c i l i t i e s  

Not per t inent  t o  the accident.  

1.11 Fl igh t  recorders  

The f l i g h t  recorder was recovered and sent  t o  P a r i s  by t he  French.Board.of 
Inquiry. No f u r t h e r  information was forthcoming.* .. 

1.12 Wreckage 

The debr i s  were sca t t e red  over a wide a rea  of t he  mountain. The a i r c r a f t ,  i t s  
engines and p rope l l e r s  were completely destroyed. 

* Secre ta r i a t  Note: Subsequent enqui r ies  ind ica te  t ha t  no information could be obtained. 
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1.13 F i r e  - 
No mention of f i r e  was made i n  the  r e p o r t .  

1.14 Surv iva l  a s v e c t s  

No informat ion w a s  contained i n  t h e  r e p o r t .  

1.15 T e s t s  and research  

No information w a s  contained i n  the  r e p o r t .  

2. - Analysis  and Conclusions 
A 

2.1 Analysis  

No ins t ruments  o r  assemblies were found on which a t e c h n i c a l  i n v e s t i g a t i o n  could 
be based. Poss ib le  causes  of t h e  acc ident  could,  t h e r e f o r e ,  not  be determined. 

It is bel ieved t h a t  a f t e r  Los Alcazares (0415 hour s ) ,  t h e  a i r c r a f t  headed f o r  
Tanger, dev ia t ing  s l i g h t l y  from t h e  planned rou te  which w a s  25 km away from t h e  scene of 
t h e  acc ident  and a t  a l t i t u d e s  whicH were wi th in  t h e  e s t a b l i s h e d  s a f e t y  margin. 

The d i f f e r e n c e  between t h e  Los Alcazares  - Tanger r o u t e  and t h e  Los Alcazares - 
s i te  of t h e  acc ident  rou te ,  exceeds 5O. Since t h e  automatic p i l o t  e r r o r  is p l u s  o r  minus 
10, t h e  remaining 40 may have been caused by wind o r  some.,other undiscovered e r r o r .  

2.2 Conclusions 

Findinns 

I 
The pilot-ip-command he ld  an a i r l i n e  t r a n s p o r t  p i l o t ' s  l i cence  and had con- 

s i d e r a b l e  f l y i n g  experience.  

The a i r c r a f t  had a c e r t i f i c a t e  of a i rwor th iness .  

A t  t h e  time of last  contac t  w i t h  t h e  a i r c r a f t  it was f l y i n g  i n  clear s k i e s .  

The a i r c r a f t  dev ia ted  from t h e  f l i g h t  p l a n  bu t  f lew a t  a l t i t u d e s  w i t h i n  t h e  
e s t a b l i s h e d  s a f e t y  margin, then  s t r u c k  a mountain. The reason f o r  t h e  dev ia t ion  from t h e  
planned rou te  could not be determined. i 

< 

Cause o r  
Probable cause ( s l  

The cause of t h e  acc ident  w a s  no t  determined. 

3. - Recommendations 

None were contained i n  t h e  r epor t .  

ICAO Ref: AR/862 
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No. 1 7  

B r i t i s h  Midland Airways Ltd., Dakota C-47. G-AGJV. accident  a t  Derby 
(Burnaston) Airpor t ,  England, on 14 October 1964. C i v i l  Accident 

Report No. E ~ / ~ / 0 7 8 ,  dated October 1965, re leased by t he  
Ministry of Aviation,  UnitedKingd0m.C.A.P. 247. 

1. - Inves t iga t ion  

1.1 History of t h e  f l i g h t  

The a i r c r a f t  was on a  non-scheduled i n t e rna t i ona l  f l i g h t  from Hamburg, Germany, 
t o  Derby, England. I t ' t o o k  off from Hamburg a t  1759 hours GMT carry ing  2 crew members and 
36 passengers. The estimated time of a r r i v a l  a t  Derby was 2059 hours.!: The a i r c r a f t  was 
cleared f o r  a  v i s u a l  approach t o  runway 10 during which v i s i b i l i t y  de t e r i o r a t ed .  The p i l o t -  
in-command l o s t  s igh t  of t he  threshold sodium l i g h t s  and took overshoot a c t i on  from a height 
of 400 t o  600 f t .  The pilot-in-command then informed the  c o n t r o l l e r  t h a t  he would make an 
approach t u  runway 28 and requested t h a t  yellow Very l i g h t s  be f i r e d  from t h e  threshold .  
However, t h e  a i r c r a f t  made the  approach before t he  ground s t a f f  w a s  i n  pos i t i on  and t h i s  
r e su l t ed  i n  a  second overshoot, the  pilot-in-command es t imat ing  t h a t  he  was too  high t o  
carry out a  landing. The a i r c r a f t  was then posi t ioned f o r  a  longer v i s u a l  approach t o  run- 
way 28, but t h i s  again resu l t ed  i n  overshoot procedure from about 600 f t .  The a i r c r a f t  was 
again posit ioned f o r  another long v i s u a l  approach t o  runway 28. The c o n t r o l l e r  advised t h e  
a i r c r a f t  t h a t  t h e  v i s i b i l i t y  was de t e r i o r a t i ng  and t he r e  were fog patches on t h e  aerodrome. 

This last approach w a s  commenced from approximately 4 m i l e s  a t  a height  of about 
1 000 f t  and w a s  monitored i n  t he  a i r c r a f t  with t h e  Decca Navigator and t h e  Derby NDB. 
When about 1 .5  miles from the  threshold a t  a height of 700-800 f t ,  t h e  pilot-in-command 
requested Very l i g h t s  because t h e  runway l i g h t s  were not v i s i b l e .  Three quar te r s  of a mile 
from t h e  threshold a t  500-600 f t ,  t he  pilot-in-conmnand saw Very l i g h t s  and t h e  i n i t i a l  t h i r d  
t o  one ha l f  of the runway l igh t ing .  B e  was informed by the  c o n t r o l l e r  t h a t  t he  f i r s t  goose- 
neck f l a r e s  of t he  runway were being obscured by fog. A t u r n  t o  t h e  r i g h t  w a s  made t o  a l i g n  
the  a i r c r a f t  with t he  runway and, with i t s  landing l i g h t s  on, it crossed t he  threshold i n  
the landing configurat ion a t  a  speed of about 85 k t .  The pilot-in-command s a i d  t h a t  a t  t h i s  
time about t h r ee  quar te r s  of the  runway l i g h t i n g  was v i s i b l e .  Immediately a f t e r  t he  i n i t i a l  
touchdown the  a i r c r a f t  ballooned, en te r ing  r ad i a t i on  fog a t  t h e  same time. The p i lo t - in-  
command l o s t  v i s u a l  reference and t he  a i r c r a f t  s t r uck  t he  ground heavi ly ,  causing t h e  por t  
undercarriage l eg  t o  collapse.  The a i r c r a f t  then ran  i n t o  a  fence and a  d i t c h  on t h e  
south-west boundary of t he  aerodrome. The accident happened a t  2121 hours GMT. 

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

I n j u r i e s  

Fa t a l  

Non-fatal 

None 

Crew 

2 

Passengers 

3 6 
- 

Others 

- 
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1.3 Damape t o  a i r c r a f t  

The a i r c r a f t  was subs t an t i a l l y  damaged. 

1.4 Other damage 

The a i r c r a f t  ran  i n t o  a fence. 

1 .5  Crew in£ ormat ion 

The pilot-in-command, aged 39, held a v a l i d  a i r l i n e  t r anspor t  p i l o t ' s  l icence  
endorsed i n  Group 1 f o r  Dakota C-47 a i r c r a f t .  H i s  t o t a l  f l y ing  experience a t  t h e  time of 
the  accident was 8 695 hours, of which 3 700 hours were a s  pilot-in-command of Dakota C-47 
a i r c r a f t .  He had flown 291 hours i n  t h e  90 days preceding t he  accident.  

The co-pi lot ,  aged 29, held a v a l i d  commercial p i l o t ' s  l icence  endorsed i n  
Group 2 f o r  Dakota C-47 a i r c r a f t  and a current  instrument ra t ing .  A t  the time of the  acci-  
dent h i s  t o t a l  f l y ing  experience amounted t o  803 hours,  including 545 hours a s  c6-pilot of 
Dakota C-47 a i r c r a f t .  Re had flown 271 hours i n  t h e  90 days preceding t he  accident .  

1.6 Ai rc ra f t  in£ oxmat ion  

The a i r c r a f t  had a v a l i d  ' c e r t i f i c a t e  of a i rworthiness .  It had been maintained 
t o  an  approved maintenance schedule and had a current  c e r t i f i c a t e  of maintenance. The a i r -  
c r a f t  had flown a t o t a l  of 26 656 hours, including 63 hours s ince  the  l a s t  Check 2 
inspect  ion. w 

The load sheet  showed 35 passengers were on board and t h a t  t he  a i r c r a f t  was a t  
i ts maximum permissible take-off weight. I n  f a c t ,  36 passengers were ca r r i ed  and, con- 
sequently,  it appears t h a t  t h e  maximum t o t a l  weight authorized f o r  take-of f was exceeded. 
The landing weight and cen t re  of g rav i ty  were within t he  permitted l i m i t s .  

Before departure  from Hamburg, t he  f u e l  tanks contained 340 gal lons  of f ue l .  
The type of f u e l  being used was not s t a t ed  i n  t he  report .  

1.7 Meteorological in£ onnation 

Before departure  from Hamburg, t h e  pilot-in-command and t h e  co-pilot received 
weather b r i e f i ng  at t he  meteorological o f f i ce .  No landing fo recas t  was ava i l ab le  f o r  Derby 
but t he  forecas t  f o r  t h e  a l t e r n a t e ,  Birmingham, gave v i s i b i l i t y  not l e s s  than 2 km i n  smoke 
haze. Weather information f o r  Derby was obtained i n  f l i g h t  a t  2010 hours and again a t  
approximately 2045 hours; both r epo r t s  indicated:  

sur face  wind: calm 
v i s i b i l i t y :  2 km, no cloud 

The Derby area fo recas t  issued by Birmingham meteorological o f f i c e  a t  1420 hours 
f o r  t h e  per iod 1500 t o  2100 hours d id  not ind ica te  fog between these  times, but it included 
an outlook u n t i l  1200 hours  t h e  following day t h a t  fog could be expected around dawn. An 
amendment issued a t  2000 hours f o r  t he  a rea  5 NM radius  of Biwingham s t a t e d  t h a t  fog patches 
were l i k e l y  where t h e  sky w a s  clear and t h a t  v i s i b i l i t y  would f a l l  t o  500 m i n  patches by 
2300 hours. This  amendment was passed by telephone a t  2005 hours t o  t he  Derby air  t r a f f i c  
con t ro l l e r ,  who vas a l s o  informed t h a t  fog patches might a f f e c t  Derby Aerodrore if the  sky 
cleared.  
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Derby Aerodrome. had no meteorological  o f f i c e ,  and t h e  meteoro logica l  f a c i l i t i e s  
i n  use were t h e  sub jec t  of c r i t i c i s m  i n  a ~ e t e o r o l o g i c a l  Of f i ce  i n s p e c t o r ' s  r e p o r t  fo l lowing  
a v i s i t  t o  t h e  aerodrome on 17 March 1964. This  r e p o r t  commented on t h e  inadequacy of t h e  
meteorological  obse rva t iona l  work c a r r i e d  out  a t  t h e  aerodrome and t h e r e  w a s  no evidence 
t h a t  any improvement had r e s u l t e d  by t h e  t i m e  of t h e  acc ident .  There w a s  no system a t  t h e  
a i r p o r t  f o r  measuring runway v i s u a l  range. 

According t o  testimony of t h e  ground s t a f f ,  who were s e n t  t o  t h e  th re sho ld  of 
runway 28, when they a r r i v e d ,  t h e  l i g h t s  of t h e  c o n t r o l  tower were h a r d l y  v i s i b l e  and t h e  
v i s i b i l i t y  a long t h e  runway w a s  es t imated  t o  be 200 t o  300 yd. A t  t h e  time of t h e  last 
approach, v i s i b i l i t y  had d e t e r i o r a t e d  f u r t h e r  and t h e  l i g h t s  of t h e  c o n t r o l  tower were not  
v i s i b l e  anymore. The v i s i b i l i t y  w a s  es t imated  t o  be between 30 and 100 yd. 

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

There w a s  an  NDB a t  Derby. 
.,. . 

1.9 Communications 

No d i f f i c u l t i e s  were mentioned i n  t h e  r epor t .  
~. 

1.10 Aerodrome and ground f a c i l i t i e s  

A t  t h e  time of t h e  acc iden t ,  t h e  aerodrome was operated by B r i t i s h  Midland 
Airways Ltd. It had t h r e e  g r a s s  runway s t r i p s ;  t h e  Longest 10128 ( 1  094 m) w a s  i n  use  on 
t h e  n igh t  of t h e  acc ident .  The runway l i g h t i n g  cons i s t ed  of two p a r a l l e l  rows of 12 goose- 
neck f l a r e s  150 f t  a p a r t ,  t h e  i n t e r v a l  between t h e  f l a r e s  i n  each row being 300, <t. A red 
boundary l i g h t  w a s  pos i t ioned  a t  each end of t h e  runway. Two sodium l i g h t s  were l o c a t e d  
at  t h e  th reshold  of runway 10 but  t h e r e  were none f o r  runway 28; t h e r e  w a s  no approach 
l i g h t i n g  se rv ing  e i t h e r  runway, and it had been t h e  p r a c t i c e  t o  f i r e  Very l i g h t s  from t h e  
runway threshold  i n  cond i t ions  of poor v i s i b i l i t y .  Angle of approach i n d i c a t o r s  were not  
i n  p o s i t  ion on t h e  n i g h t  of t h e  acc ident  and t h e  aerodrome i d e n t i f i c a t i o n  beacon w a s  no t  
i n  use;  t hese  two f a c i l i t i e s ,  which had been unserv iceable  f o r  some t i m e ,  were among t h e  
necessary requirements when t h e  aerodrome l i c e ~ ~ e  was issued but  t h e i r  u n s e r v i c e a b i l i t y  
w a s  not considered t o  have had any d i r e c t  bear ing on t h e  acc ident .  

The c o n t r o l  tower w a s  15 f t  h igh  and s i t u a t e d  on t h e  n o r t h  s i d e  of t h e  aerodrome, 
ad jacent  t o  t h e  edge of t h e  a i r p o r t  bu i ld ings .  When viewed from t h e  c o n t r o l  tower, run- 
way 28 runs  from l e f t  t o  r i g h t  and i ts threshold  w a s  about 380 yd away. The nearest po in t  
of t he  runway w a s  about 140 yd from t h e  c o n t r o l  tower. There were no v i s i b i l i t y  l i g h t s  of 
known candle  power f o r  use  i n  e s t ima t ing  n i g h t  v i s i b i l i t y ;  t h e  l i g h t s  of Wi l l ing ton  power 
s t a t i o n ,  1.2 milessouth-east  of t h e  c o n t r o l  tower were used f o r  t h i s  purpose. 

Two a i r  t r a f f  i c  c o n t r o l l e r s  were employed a t  t h e  a i r p o r t  by B r i t i s h  Midland 
Airways Ltd. The c o n t r o l l e r  on watch a t  t he  t ime of t h e  acc ident  had commenced duty a t  
0630 hours; h e  d i d  no t  possess  a meteorological  observer ' s  c e r t i f i c a t e .  There w a s  no R/T 
recording equipment and no R/T l o g  had been kept  by t h e  duty c o n t r o l l e r .  The company ATC 
i n s t r u c t i o n s  s t a t e d  t h a t  a  l o g  must be kept  but  added t h a t ,  s i n c e  s a f e t y  of a i r c r a f t  i s  of 
primary importance, c o n t r o l  must not  s u f f e r  a s  a r e s u l t  of log keeping. 

1.11 F l i g h t  recorders  

Not mentioned i n  t h e  r e p o r t .  
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1.12 Wreckage 

Inspection a t  the  scene t he  following morning showed the  a i r c r a f t  had been 
brought t o  a s top on t he  south-west boundary of the  aerodrome. It had ca r r i ed  forward a 
wire mesh fence and stopped when the  s tarboard wheel ran  i n t o  a d i tch .  The port  under- 
ca r r i age  was re t rac ted  and t he  wheel was r e s t i n g  on t h e  bank of the  d i t ch ,  thus maintaining 
the a i r c r a f t  i n  a l e v e l  a t t i t u d e .  The por t  p rope l l e r  blades were bent backwards by s t r i k i n g  
the ground; one blade of t h e  s tarboard propel ler  was buried i n  the  bank. Examination of 
the  a i r c r a f t  a f t e r  removal showed t h a t  the  por t  undercarriage had collapsed due t o  t he  
f a i l u r e  of t he  r e a r  brace attachment lug. This f a i l u r e  had allowed the  undercarriage t o  
col lapse  i n t o  t h e  wheel bay i n  a forward d i rec t ion .  

1.13 F i r e  - 
There was no f i r e .  

1.14 Survival aspects  

No information was contained i n  t he  repor t .  

1.15 Tests and research 

No information was contained i n  t he  repor t .  

2. - Analysis and Conclusions 

2.1 Analvsis 

The relevant  company weather minima f o r  Derby Airport  were: 

Runway Aid - C r i t i c a l  Height 

10 NDB 600 f t  
10  Decca 600 f t  
28 Decca 650 f t  
Dakota Circ l ing  Minima 650 f t  

Runway Visual Range 

The following information was a l s o  ext rac ted  from the  companyi s operat ions manual: 

"Under IMC where RVR is passed whi ls t  i n  the holding pa t t e rn  o r  
preparatory t o  landing using an instrument approach, t he  holding pa t t e rn  
must not be vacated or  an approach t o  land commenced whenever t h a t  RVR i s  
below t h e  Company Minima a s  published i n  t h i s  opetat ions manual.'' 

"At a i r£  i e l d s  where an RVR is not ava i l ab le ,  then the  meteorological 
v i s i b i l i t y  as passed w i l l  be subs t i t u t ed  f o r  t he  RVR l i m i t s  a s  published 
i n  t h i s  manual." 

The a c t u a l  weather f o r  Derby passed t o  the a i r c r a f t  before the  i n i t i a l  approach 
indicated condi t ions which were above t h e  Company's weather minima. . During the  f i r s t  
approach, t h e  pilot-in-command l o s t  s i gh t  of the  threshold l i g h t s  and the  exis tence of 
shallow ground fog was noticed i n  the a i r c r a f t ' s  landing l i g h t  beams by the  con t ro l l e r .  
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During the  t h i r d  approach,  t h e  pilot-in-command w a s  informed t h a t  v i s i b i l i t y  w a s  dec reas ing  
and,  dur ing  t h e  f i n a l  approach, he  was aga in  informed of t h i s  and t h a t  t h e r e  were fog  pa t -  
ches on t h e  aerodrome a l though t h e i r  l o c a t i o n  w a s  no t  g iven;  t h e  f a c t  t h a t  they were 
a f f e c t i n g  t h e  runway i n  use was,however, i m p l i c i t  i n  t h e  informat ion t h a t  t h e  ground s t a f t  
a t  t h e  runway th re sho ld  probably could no t  see t h e  c o n t r o l l e r ' s  A l d i s  lamp s i g n a l s  because 
of t h e  fog  pa tches .  Although t h e  c o n d i t i o n s  a s s o c i a t e d  wi th  r a d i a t i o n  fog  a t  n i g h t  a r e  
very  decep t ive ,  t h i s  matter h a s  been t h e  s u b j e c t  of many warnings and much p u b l i c i t y  and i s  
a phenomenon w e l l  known t o  p i l o t s .  The informat ion about t h e  d e t e r i o r a t i o n  of v i s i b i l i t y  
and t h e  e x i s t e n c e  of fog  pa tches  g iven  t o  him by t h e  c o n t r o l l e r  and h i s  expe r i ence  d u r i n g  
t h e  abandoned approaches t o  land should have a l e r t e d  t h e  pilot-in-command t o  t h e  p o s s i b i l i t y  
t h a t  runway v i s i b i l i t y  cond i t i ons  might be decep t ive  and cause  d i f f i c u l t y ;  t h i s  should  i n  
t u r n  have l e d  him t o  cons ider  d ive r s ion .  

It is apparent  from t h e  evidence t h a t  r a d i a t i o n  fog  developed over  t h e  aerodrome, 
and t h a t  t h e  h o r i z o n t a l  v i s i b i l i t y  from t h e  c o n t r o l  tower by r e f e r e n c e  t o  Wi l l i ng ton  Power 
S t a t i o n  l i g h t s  bore no r d l a t i o n s h i p  t o  t h a t  on t h e  runway. The advantage of measuring 
v i s i b i l i t y  i n  t h e  form of RVR on t h e  runway when minimal c o n d i t i o n s  app l$ - ,pa r t i cu l a r ly  i f  
t h e  p o s s i b i l i t y  of r a d i a t i o n  fog  developing exis ts ,  i s  obvious,  and s t a n d a r d i z a t i o n  of such 
a  p r a c t i c e  would h e l p  t o  avoid a c c i d e n t s  l i k e  t h i s .  A t t e n t i o n  i s  drawn t o  t h e  r e p o r t  on a  
similar acc iden t  which occurred at Blackpool on 25 January 1963 (C.A.P. 196)*, i n  which a 
recommendation w a s  made on t h e  measurement of RVR i n  c o n d i t i o n s  of low v i s i b i l i t y  a t  aero-  
dromes where p u b l i c  t r a n s p o r t  ope ra t ions  t a k e  p lace .  

The l i g h t s  d i sp l ayed  a t  Derby on t h e  n i g h t  of t h e  acc iden t  d i d  no t  meet t h e  
requirements of paragraph 124 of C.A.P. 168 - The Licens ing  of Aerodromes. Although t h e  
de f i c i ency  i n  r e spec t  of v i s u a l  approach gu idance  i s  iiot considered t o  have been a d i r e c t  
c o n t r i b u t o r y  f a c t o r  i n  t h e  a c c i d e n t ,  i t  r e f l e c t s  adve r se ly  on t h e  o p e r a t o r ,  s i n c e  B r i t i s h  
Midland Airways Ltd. w a s  a l s o  r e spons ib l e  f o r  t h e  ope ra t ion  of t h e  aerodrome and t h u s  had 
a  measure of d i r e c t  c o n t r o l  over  t h e  f a c i l i t i e s  provided f o r  i ts  a i r c r a f t  o p e r a t i o n s .  

2.2 Conclusions 

Findings  

The p i l o t s  were p rope r ly  l i censed .  

The a i r c r a f t  w a s  maintained i n  accordance wi th  an  approved maintenance schedule .  

The maximum t o t a l  weight au tho r i zed  f o r  take-off w a s  exceeded, but  t h i s  had no 
bear ing  on t h e  acc iden t .  

The a i r c r a f t  encountered r a d i a t i o n  fog  du r ing  land ing  caus ing  t h e  p i l o t  t o  l o s e  
v i s u a l  re fe rence .  

Ove r s t r e s s ing  of t h e  r e a r  b race  at tachment l u g  dur ing  a heavy l and ing  on t h e  
p o r t  wheel caused t h e  p o r t  undercar r iage  t o  co l l apse .  

The l a c k  of adequate v i s u a l  approach guidance increased  t h e  p i l o t ' s  d i f f i c u l t i e s  
but had no d i r e c t  bear ing  on t h e  cause  of t h e  acc iden t .  

* See ICAO C i r c u l a r  78-ANl66, Volume I ,  A i r c r a f t  Accident Diges t  No. 15,  Summary No. 2 
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Runway v i s u a l  range,  i f  i t  had been a v a i l a b l e ,  would probably have i n d i c a t e d  
t h a t  c o n d i t i o n s  were below minima. 

The d i f f i c u l t i e s  encountered by t h e  p i l o t  du r ing  t h e  abandoned approaches ,  and 
t h e  in format ion  given t o  him on t h e  e x i s t e n c e  of f o g  pa t ches ,  should have i n d i c a t e d  t o  him 
t h a t  i t  would be prudent  t o  d i v e r t .  

Cause o r  
Probable  cause ( s )  

The a i r c r a f t  s t r u c k  t h e  ground h e a v i l y ,  caus ing  t h e  p o r t  unde rca r r i age  t o  col-  
l a p s e ,  a f t e r  t h e  p i l o t  l o s t  v i s u a l  r e f e r e n c e  du r ing  a  l and ing  i n  r a d i a t i o n  fog.  

3. - Recommendat i o n s  

None was con ta ined  i n  t h e  r e p o r t .  

ICAO Ref : AR/ 885 
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No. 18 

Bonanza A i r  L ines  Inc . ,  F a i r c h i l d  F-27A, N 7 4 5 ~ . .  a c c i d e n t  a t  L a s  Vegas, 
Nevada, USA on 15  November 1964. C i v i l  Aeronau t ics  Board (USA) A i r c r a f t  

Accident Report, F i l e  No. 1-0066 r e l e a s e d  19 November 1965. 

1. - I n v e s t i g a t i o n  

1.1 His to ry  of t h e  f l i g h t  

F l i g h t  114  was a scheduled domest ic  f l i g h t  between Phoenix,  Ar izona,  and 
L a s  Vegas, Nevada, w i th  i n t e r m e d i a t e  s t o p s  a t  P r e s c o t t  and Kingman, Arizona.  The f l i g h t  
depar ted  Phoenix at  1920 hours  P a c i f i c  Standard T i m e  w i th  an  Ins t rument  F l i g h t  Rules  ( IFR)  
c l ea r ance  from ~ h o e n k x  t o  L a s  Vegas v i a  V ic to r  Airway 105, a t  1 0  000 f t .  The f l i g h t  d i d  
no t  a t t empt  t o  l and  a t  Kingman and P r e s c o t t  because of below minima b e a t h e r  and a i r p o r t  
cond i t i ons .  While en r o u t e  t o  Las Vegas t h e  f l i g h t  r eques t ed  and was c l e a r e d  t o  c l imb t o  
and c r u i s e  a t  14  000 f t .  A t  2010 hours  Los Angeles ARTCC i s s u e d  a descen t  c l e a r a n c e  t o  
10  000 f t .  The f l i g h t  acknowledged t h e  c l e a r a n c e  and r epo r t ed  l e a v i n g  14  000 f t .  

One minute later ARTCC i n s t r u c t e d  t h e  f l i g h t  t o  t u r n  l e f t  t o  a heading of 260°, 
t o  expec t  a VOR/DME-3 approach and t o  c o n t a c t  Las Vegas Approach C o n t r o l  on 121.1 MC/S.  

T h i s  was acknowledged by t h e  f l i g h t .  

A t  2012:48 hou r s  Las Vegas Approach Cont ro l  r e p o r t e d  r a d a r  c o n t a c t  w i t h  t h e  
f l i g h t  f i v e  m i l e s  west of Willow Beach In t e r s ec t i on , and  passed t h e  c u r r e n t  Las Vegas 
altimeter s e t t i n g .  

A t  2013:17 hou r s  Las Vegas Approach Cont ro l  b roadcas ted  t h e  fo l l owing  message: 
" A l l  a i r c r a f t  on approach c o n t r o l  f requency copy, t h e  z e r o  f o u r  one two s p e c i a l  weather  
obse rva t i on ,  i n d e f i n i t e  c e i l i n g  s i x  hundred, sky obscured v i s i b i l i t y  f i v e ,  l i g h t  snow, 
over." Within seconds t h i s  s p e c i a l  weather  r e p o r t  was amended t o  " v i s i b i l i t y  s o u t h  one 
m i l e .  11 

A t  2014:05 hours  t h e  f l i g h t  was t u rned  t o  a heading of 245O and a t  2015:13 hou r s  
i t  was c l e a r e d  t o  descend t o  and ma in t a in  9 000 f t .  It r e p o r t e d  l e v e l  a t  9 000 f t  a t  
2017 : 23 hours .  

S h o r t l y  t h e r e a f t e r  t h e  f l i g h t  was adv i sed  t h a t  t h e  v i s i b i l i t y  had lowered t o  
two miles i n  l i g h t  snow and a t  2018:26 hou r s  t h a t  t h e  v i s i b i l i t y  was now one m i l e  i n  l i g h t  
snow. 

Approximately two minutes  later t h e  f l i g h t  was c l e a r e d  t o  descend t o  and main- 
t a i n  7 000 f t  a l t i t u d e .  

A t  2019:57 hours  t h e  f l i g h t  w a s  adv i sed  t h a t  t h e  v i s i b i l i t y  had dropped t o  
4 m i l e  and i n s t r u c t e d  t o  t u r n  t o  2900 s h o r t l y  t h e r e a f t e r .  

A t  2020:53 hours  L a s  Vegas Approach Con t ro l  broadcas ted  t h e  la tes t  weather  
obse rva t ion :  i n d e f i n i t e  c e i l i n g  f i v e  hundred, sky obscured, v i s i b i l i t y  4 l i g h t  snow. 
Sho r t l y  t h e r e a f t e r  t h e  f l i g h t  w a s  i n s t r u c t e d  t o  t u r n  r i g h t  t o  a heading of t h r e e  s i x  z e r o ,  
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informed t h a t  i t s  r a d a r  p o s i t i o n  was 18 miles south  of t h e  VORTAC and was c l e a r e d  f o r  a  
VOR/DME-3 approach t o  c r o s s  t h e  15 m i l e  f i x  a t  o r  above seven thousand f e e t .  The f l i g h t  
acknowledged t h e s e  i n s t r u c t i o n s  a s  i t  had a l l  p rev ious  communications from Las Vegas Tower. 

A t  2022:53 hours  Approach Cont ro l  adv i sed  t h e  f l i g h t  t h a t  ano the r  F-27 ahead 
of i t  had missed i t s  approach. 

A t  2024:20 hours  t h e  f l i g h t  r eques ted  t h e  l a t e s t  wind cond i t i ons .  Th i s  informa- 
t i o n  was no t  g iven t o  t h e  f l i g h t .  A t  2024:55 hours  a  t r ansmis s ion  "F l igh t  one fou r t een"  - ~. . 
ended a b r u p t l y  . -~ . ~ - a s  d i d  t h e  sound, of .the t r a n & i t t e ;  c a r r i e r  wave.  his "as the '  las ;  , ,,.- .., . 
communication from t h e  f l i g h t .  Radar con t ac t  was l o s t  a t  2025:05 hours  fo l lowing  an 
adv i so ry  from approach c o n t r o l  t h a t  t h e  f l i g h t  w a s  pa s s ing  t h e  1 0  m i l e  f i x .  

It was subsequent ly  found t h a t  t h e  a i r c r a f t  had c rashed  9.7 n a u t i c a l  m i l e s  from 
t h e  Las Vegas VORTAC on t h e  196O r a d i a l .  The wreckage, conf ined  t o  a n  a r e a  approximate ly  
1 200 f t  long  and 300 f t  wide, was found on t h e  sou the rn  s l o p e  of a 3  602 f t  rise a t  e leva-  
t i o n s  from 3 575 f t  up t o  t h e  crest. Some p o r t i o n s  of t h e  wreckage sprayed over  t h e  c r e s t  
and came t o  rest on t h e  n o r t h e r n  s l o p e  a t  an  e l e v a t i o n  of 3  570 f t .  

1.2 I n j u r i e s  t o  pe rsons  

1.3 Damage t o  a i r c r a f t  

I n j u r i e s  

F a t a l  

Non-fatal  

None 

The a i r c r a f t  was des t royed  on impact. 

1 .4 &her  damage 

C r e w  

3  

-- 

There w a s  no damage t o  o t h e r  p roper ty .  

1 .5 C r e w  i n f o m a t i o n  

Passengers  

2  6  

- 

The pilot-in-command, aged 41, h e l d  an  a i r l i n e  t r a n s p o r t  p i l o t  c e r t i f i c a t e  w i th  
ae rop l ane  s i n g l e  and mult i -engine l and ,  ins t rument  and F-27 r a t i n g s .  He  a l s o  h e l d  a v a l i d  
f l i g h t  i n s t r u c t o r ' s  c e r t i f i c a t e .  I n e a c h  of t h e  eix-month p r o f i c i e n c y  checks  from 1961 t o  
t h e  last  check on 8 August 1964, h e  w a s  graded average  t o  above average.  He had passed a 
l i n e  check on 22-25 December 1963, and was scheduled  f o r  a r e c u r r e n t  check b e f o r e  
30 November 1964. Company r e c o r d s  i n d i c a t e d  t h a t  h e  had r e c u r r e n t  t r a i n i n g  on 8 A p r i l  

Others  
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1964, 4 June 1964, 3 September 1964, and 4 November 1964. The a i r l i n e  Opera t ions  T ra in ing  
Manual provided,  among o the r  t h i n g s ,  t h a t  each type r a t e d  p i l o t  w i l l  have a minimum of 
t h r e e  hours '  p r a c t i c e  and necessary  i n s t r u c t i o n s  i n  t h e  s y n t h e t i c  t r a i n e r  a t  each six-month 
check per iod.  VOR approaches were conducted i n  t h e  course  of p r a c t i c e  i n  t h e  s y n t h e t i c  
t r a i n e r  bu t  t h e  t r a i n e r  w a s  no t  equipped f o r  DME t r a i n i n g .  On 8 J u l y  1964, d u r i n g  a s ix -  
month f l i g h t  p ro f i c i ency  check, a VOR/DME-1 approach t o  L a s  Vegas was accomplished satis- 
f a c t o r i l y  by t h e  pilot-in-command: This  w a s  t h e  only  check were a VORIDME approach w a s  
l i s t e d .  

H i s  l a s t  p h y s i c a l  examination f o r  a f i r s t - c l a s s  medical  c e r t i f i c a t e  was completed 
on 28 September 1964. There were no l i m i t a t i o n s .  H e  had flown a t o t a l  of 11 072:49 hours ,  
inc lud ing  4 057:23 hours  i n  F-27 a i r c r a f t .  In t h e  p a s t  90 days he  had flown 239:45 hours  
of which 9 hour s  were instrument t i m e .  I n  t h e  p a s t  30 days he  had flown 63:41 hours  of 
which 3:15 hours were instrument t i m e .  On t h e  day of t h e  acc iden t  he  tiad accumulated 4 hour s  
and 38 minutes f l i g h t  t i m e  and 8 hours  duty  time. 

, 
The co-p i lo t ,  aged 26, h e l d  a commercial p i l o t  c e r t i f i c a t e  w i t h  ae rop lane  

s i n g l e  and multi-engine land and ins t rument  r a t i n g s .  H e  a l s o  h e l d  a f l igh 'k i n s t r u c t o r ' s  
c e r t i f i c a t e .  Company records  r e l a t i n g  t o  t r a n s i t i o n  and ins t rument  checks,  p i l o t  evalua-  
t i o n  r e p o r t s ,  and co-pilot  surveys  c o n s i s t e n t l y  r a t e d  him a s  above average  i n  f l y i n g  
a b i l i t y .  Grades on VOR procedures were l i s t e d  as average.  A 6-month check g iven  him on 
15 June 1964, which included a DME check, l i s t e d  h i s  performance as "average." H i s  last 
phys i ca l  examination f o r  a f i r s t - c l a s s  medical  c e r t i f i c a t e  was admin is te red  on 22 August - 
19h4.  h here were i o  waivers.+ had accumulated a t o t a l  of 3249:41 hour s  of f l y i n g  t i m e ;  of 
which 811:41 hours  were i n  F-27 a i r c r a f t ;    is t o t a l  f l i g h t  t i m e  fo= 1 5  Noireiuber 1963- was 
4 hours  and 38 minutes whi le  h i s  on-duty time w a s  8 ' h o u r s  1 ldinute a t  t h e  time of t h e  
acc iden t .  

Operat ions  personnel  who wi tnessed t h e  d e p a r t u r e  of t h e  f l i g h t  from Phoenix 
i n d i c a t e d  t h a t  t h e  pilot-in-cormnand w a s  occupying t h e  l e f t  seat and t h e  co-p i lo t  t h e  r i g h t  
s e a t  a s  t h e  a i r c r a f t  depar ted .  

There w a s  a l s o  a s tewardess  aboard t h e  a i r c r a f t .  

1 .6  A i r c r a f t  in£  ormation 

Maintenance r eco rds  revea led  t h a t  t h e  a i r c r a f t  was p r o p e r l y  i n spec t ed  and main- 
t a ined  i n  accordance wi th  exist ing-FAA spec i f i ca t i ox t s  and a i r l i n e  procedures.  It had . been - 
r e l ea sed  as a i rwor thy  on t h e  day of t h e  acc iden t .  There w a s  no maintenance r e q u i r e d  on 
t h e  a i r c r a f t  p r i o r  Co t h e  f l i g h t  and no d i s c r e p a n c i e s  were r e p o r t e d  du r ing  t h e  f l i g h t .  

The g ros s  weight a t  take-off ,  35 909 l b ,  w a s  w e l l  under t h e  a u t h o r i z e d  maximum 
of 39 400 lb,and t h e  c e n t r e  of g r a v i t y  (c.g.) was w i t h i n  a l lowable  l i m i t s .  

The a i r c r a f t  w a s  being opera ted  on MIL-J-5624F kerosene f u e l .  

1 . 7  Meteorological  informat ion 

The U.S. Weather Bureau f o r e c a s t  i n d i c a t e d  low c louds ,  snow and l i g h t  i c i n g  
condi t ions  i n  t h e  Las Vegas a r e a  f o r  t h e  pe r iod  dur ing which t h e  f l i g h t  would be on' approach: 
P i l o t  r e p o r t s  frdm a i r c r a f t  i n  t h e  a r e a  near  t h e  t i m e  of t h e  acc iden t  r - e f l e i t ed  ins t rument  
condi t ions  below 13  000 f t ,  l i g h t  t o  moderate i c i n g ,  l i g h t  t o  moderate t u rbu lence  and snow. 
Weather observa t ions  made a t  L a s  Vegas nea r  t h e  t i m e  of t h e  acc iden t  r e f l e c t e d  low c e i l i n g s ,  
v i s i b i l i t y  4 mile  i n  moderate snow. Weather informat ion provided t o  t h e  f l i g h t  crew a t  
Phoenix included t h e  prognosis  of t h e  r e g i o n a l  f o r e c a s g  but  t h e  p e r t i n e n t  a r e a  f o r e c a s t  
and SIGMET a d v i s o r i e s  were omit ted .  However, Las Vegas Approach Cont ro l  informed t h e  f l i g h t  
of each s i g n i f i c a n t  change i n  t e rmina l  weather condi t ions .  

The acc iden t  occurred a t  n igh t  dur ing asnow storm. 
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1.8 Aids t o  n a v i ~ a t i o n  

Primary naviga t ion  on an instrument approach t o  Las Vegas was e f f e c t e d  by the  
use of t h e  Las Vegas VORTAC, wi th  DME providing d i s t a n c e  from t h e  s t a t i o n .  Surve i l lance  
radar  a d v i s o r i e s  on azimuth and d i s t a n c e  served a s  a double check on t h e  primary system. 
The DME monitor panel  a t  Las Vegas was loca ted  i n  t h e  F l i g h t  Service  S t a t i o n  (FSS) approxi- 
mately one m i l e  from t h e  opera t ing  p o s i t i o n  of t h e  Las Vegas approach c o n t r o l l e r .  Because 
of t h i s  and t h e  1 a c k . d  r e p e a t e r  alarm i n  t h e  tower, t h e  Las Vegas tower c o n t r o l l e r  could 
only assume t h a t  t he  primary nav iga t iona l  dev ice  was func t ion ing ,  un le s s  advised otherwise 
by t h e  t h e  FSS o r  a i r c r a f t  us ing t h e  system. A t  2029 hours  another  f l i g h t  repor ted  t h a t  
i t  had l o s t  t h e  Las Vegas DME, a n d a t  2035 hours  a second one repor ted  t h a t  it was not  
r ece iv ing  d i s t a n c e  information. These r e p o r t s  were re layed  t o  t h e  FSS. Af t e r  a  check 

. . .  
was . made, . the_ system - w a s  - declared . - t o  . - . ~  bemal func t i6n&ng .a t  2035 hours,  i .e. 10  minutes a f t e r  
t h e  t i m e  of t h e  accident .  A der iod  of t i m e  of unknown dura t ion  e lapsed . - before  the  tower had 
knowledge t h a t  t h e  primary nav iga t iona l  device  had malfunctioned . 
1.9 Communications 

A t  2024:20 F l i g h t  114 t r ansmi t t ed  t h e  fol lowing message: "And one fou r t een  
request  t h e  latest wind." This  reques t  w a s  made a t  t h e  same t i m e  t h a t  t h e  L a s  Vegas 
approach c o n t r o l l e r  and t h e  l o c a l  c o n t r o l l e r  wereco-ord ina t ingwi th  each o the r  by i n t e r -  
phone. Consequently t h e r e  was no response t o  t h e  reques t  a t  t h a t  t i m e .  

A t  2024:55 F l i g h t  114 t r ansmi t t ed  t h e  fol lowing message: " ( u n i n t e l l i g i b l e )  
f l i g h t  one fou r t een  is." The t ransmiss ion then ended abrupt ly .  

The L a s  Vegas approach c o n t r o l l e r  a t  2025:05 advised F l i g h t  114 as follows: 
I t  Bonanza fou r t een  pass ing t h e  one zero  m i l e  f i x  remain on frequency." There was no 
acknowledgement. Radar contac t  was l o s t  fol lowing t h e  issuance of t h i s  advisory.  

1.10 Aerodrome and ground f a c i l i t i e s  

E leva t ion  of McCarran a i r p o r t  i s  2 171 f t .  

1.11 F l i g h t  recorder  

A F a i r c h i l d  f l i g h t  recorder  was i n s t a l l e d  i n  t h e  a i r c r a f t .  The s t a t i c  p o r t s  
f o r  t h e  f l i g h t  recorder ,  a l t i t u d e  and a i r speed  ins t ruments  were loca ted  on t h e  same panel .  
The recorder  t ape  was recovered i n t a c t .  Readout i nd ica t ed  compa t ib i l i t y  wi th  t h e  
c learances  and i n s t r u c t i o n s  t o  the  15 m i l e  DME f i x .  A t  approximately t h e  15  mile DME f i x ,  
t h e  f l i g h t  commenced a  descent  from approximately 7  000 f t  AMSL which continued wi th  no 
i n d i c a t i o n  of level-off  except f o r  a few seconds a t  3 700 f t  AMSL. Af te r  t h i s  momentary 
leve l -of f ,  t h e  a i r c r a f t  continued i t s  descent  u n t i l  it crashed a t  approximately 3  515 f t  
AMSL. (See f i g u r e  18-1). 

1.12 Wreckage 

The i n i t i a l  impact occurred on a rocky ledge a t  an e l e v a t i o n  of 3  575 f t .  Both 
main gea r s  were i n  t h e  extended p o s i t i o n  and were t o r n  from the  a i r c r a f t .  The fuse l age  
bottom a n t i - c o l l i s i o n  l i g h t  assembly s t r u c k  a ledge a t  an e l e v a t i o n  of 3  578 f t  and w a s  
followed immediately by impact of t he  lower fuse l age  and p rope l l e r s .  The f i r s t  p rope l l e r  
impact marks found a t  an e l e v a t i o n  of 3  580 f t  i nd ica t ed  t h a t  t h e  a i r c r a f t  bas  i n  a  near  
l e v e l  a t t i t u d e  on a  magnetic heading of 20°. 
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1.13 F i r e  

There was no major f i r e  on impact nor was t h e r e  any evidence of f i r e  i n  f l i g h t .  

1 .14  Su rv iva l  a s p e c t s  

The wreckage o f ' t h e  a i r c r a f t  was not  l oca t ed  u n t i l  dawn on t h e  morning of 
16 November 1964. S t r u c t u r a l  deformation and d i s i n t e g r a t i o n  throughout t h e  occupiab le  
a r e a s  of t h e  fu se l age  precluded t h e  s u r v i v a l  of any occupant.  Anatomical examinat ion 
revea led  t h a t  a  ma jo r i t y  of passengers  had sus t a ined  s k u l l  f r a c t u r e s .  During and f o l -  
lowing t h e  p r i n c i p a l  impact a l l  20 double passenger s e a t s  were t o r n  from t h e i r  r e s p e c t i v e  
a t tachments  and thrown f r e e  of t h e  wreckage. Attachment f a i l u r e s  occurred e q u a l l y  from 
l e g  shea r ing  a t  t h e  weld p o i n t s  on t h e  seat frames, s e a t  l e g s  t o  f l o o r  a t t a c h  f i t t i n g  
f a i l u r e s ,  and f l o o r  a t t a c h  f i t t i n g s  p u l l i n g  through t h e  honeycomb type  cab in  f l o o r i n g .  

1.15 T e s t s  and r e sea rch  

No s p e c i a l  t e s t s  o r  r e sea rch  were r equ i r ed .  , . 

1.16 VOR/DME approach c h a r t  

I n  accomplishing a DME-3 approach t o  Las Vegas t h e  crew would have r e f e r r e d  t o  
a  Jeppesen approach c h a r t  ( s e e  f i g u r e  18-2) which w a s  used by t h e  a i r l i n e .  The upper por- 
t i o n  of t h e  c h a r t  - t h e  p l an  view - l i s t e d  a s e r i e s  of f i x e s  a t  15,  10 ,  6 and 3 miles and 
t h e  minimum a l t i t u d e s  between t h e s e  f i x e s . ,  The minimum a l t i t u d e  l i m i t a t i o n s  were po r t r ayed  
a s  6 000 f t  between t h e  1 5  and 10 mile DME f i x ,  4 300 f t  between t h e  1 0  and 6 m i l e  f i x ,  
and 3 100 f t  between t h e  6 and 3 m i l e  f i x .  

A p r o f i l e  view d isp layed  o n . t h e  lower h a l f  of t h e  c h a r t  dep ic t ed  t h e  l a s t  
3 mi les  of t h e  approach as a l e v e l  a l t i t u d e  of 3 100 f t  i n t o  t h e  3 mi le  f i x  t h e n  a descen t  
t o  2 800 f t  t o  t h e  2 m i l e  f i x ,  and f i n a l l y  a descen t  t o  au tho r i zed  minimum a l t i t u d e  a t  t h e  
a i r p o r t .  The 3 100 f t  dep ic ted  on t h e  p r o f i l e  view of t h e  c h a r t  w a s  i n d i c a t e d  by numbers 
which were approximately twice  t h e  s i z e  of t h e  numbers shown on t h e  p l a n  view. 

2 .  - Analys i s  and Conclusions 

2.1 Analys is  

A f t e r  pas s ing  t h e  15 m i l e  DM. f i x  t h e  a i r c r a f t  commenced a normal descen t  which 
continued u n t i l  it s t r u c k  high t e r r a i n  a t  an  a l t i t u d e  of approximately 3 600 f t  AMSL. From 
a d e t a i l e d  examination of t h e  wreckage, i t  w a s  determined t h a t  t h e  a i r c r a f t ' s  powerplant ,  
c o n t r o l s ,  and systems were ope ra t ing  normally p r i o r  t o  i n i t i a l  impact.  No ev idence  of 
i n c a p a c i t a t i o n  of t h e  crew w a s  found. 

Because of t h e  f o r e c a s t  f o r  i c i n g  cond i t i ons ,  t h e  p o s s i b i l i t y  of i c e  accumula- 
t i o n  on t h e  s t a t i c  p o r t  pane ls  and consequent ia l  er roneous  a l t i t u d e  and a i r s p e e d  informa- 
t i o n  was considered.  Since  t h e  f l i g h t  r eco rde r  s t a t i c  p o r t  w a s  l o c a t e d  on t h e  same pane l  
a s  t h e  a l t i t u d e  and a i r speed  p o r t s ,  i c e  accumulation on one and not  t h e  o t h e r  would be 
h igh ly  improbable. Therefore ,  a s  t h e r e  was no evidence of i c e  accumulat ion r e f l e c t e d  i n  
t h e  readout  of t h e  f l i g h t  r eco rde r  t ape ,  i t  w a s  be l ieved  t h a t  i c e  w a s  no t  a  f a c t o r .  Th i s  
was s u b s t a n t i a l l y  confirmed by t h e  readout  of t h e  f l i g h t  recorder  t ape  which showed a h igh  
degree of compa t ib i l i t y  wi th  t h e  con f igu ra t ion  and f l i g h t  regime of t h e  f l i g h t  du r ing  i ts  
approach up t o  t h e  po in t  of impact. Add i t i ona l ly ,  ano ther  f l i g h t  immediately ahead d i d  no t  
exper ience  any i c ing .  
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The p o s s i b i l i t y  t h a t  t h e  f l i g h t  rece ived  er roneous  DME i n d i c a t i o n s  was a l s o  
cons idered .  A c o r r e l a t i o n  of t h e  f l i g h t  r eco rde r  d a t a  and t h e  communication t a p e s  showed 
t h a t  t h e  f l i g h t  had j u s t  passed t h e  15 mi le  DME f i x  when it r epo r t ed  l eav ing  7 000 f t .  
T h i s  would i n d i c a t e  t h e  r e c e p t i o n  of c u r r e n t  DME in format ion  a t  t h e  t ime.  Support ing t h i s  
conc lus ion ,  t h e  mileage i n d i c a t o r s  of t h e  DME module were recovered from t h e  wreckage and 
were found s e i z e d  a t  9.60 and 9.65 NM,from impact damage; t h i s  corresponded t o  t h e  d i s t a n c e  
from t h e  c r a sh  s i t e  t o  t h e  Las Vegas VORTAC,which was measured a s  being approximately 
9.7 NM. Furthermore, o t h e r  a i r c r a f t  u s ing  t h e  n a v i g a t i o n a l  f a c i l i t i e s  a t  t h a t  t ime d id  
not  r e p o r t  any d i s c r e p a n c i e s  p r i o r  t o  t h e  time of t h e  acc iden t .  Th i s  suppor ted  t h e  f a c t  
t h a t  t h e  DME w a s  ope ra t i ng  a t  t h e  t i m e .  

Based on t h e  a v a i l a b l e  ev idence , t he re  appeared t o  be two p o s s i b i l i t i e s  f o r  
exp l a in ing  why t h e  f l i g h t  went below t h e  minimum s a f e  a l t i t u d e .  One would be t h a t  t h e  
descent  of F l i g h t  114 below 6 000 f t  was u n i n t e n t i o n a l .  Th i s  would suppose t h a t :  

(1)  The crew was aware of t h e  6  000 f t  minimum a l t i t u d e  between t h e  15  and 10  mi le  
f i x e s  and in tended t o  l e v e l  o f f  upon reach ing  i t ;  

(2)  The i r  a t t e n t i o n  was d i v e r t e d  from a l t i t u d e  c o n s i d e r a t i o n  f o r  a  pe r iod  of 
two minutes o r  more a f t e r  i n i t i a t i n g  t h e  descen t ;  and 

(3) Nei ther  p i l o t  p a i d  any a t t e n t i o n  t o  t h e  a l t i m e t e r s .  

S ince  a r a t e  of descen t  of 1 500 fpm w a s  common i n  t h e  a i r l i n e  o p e r a t i o n  of 
t h e  F-27, i t  w a s  u n l i k e l y  t h a t  both p i l o t s  would have ignored a l t i m e t e r  i n d i c a t i o n s  f o r  a  
pe r iod  of two minutes when i t  would have been t h e i r  i n t e n t i o n  t o  l e v e l  o f f  i n  approximately 
30 seconds a f t e r  s t a r t i n g  t h e  descen t .  There was no evidence  of any d i s t r a c t i o n ,  and t h e  
con tac t  wi th  approach c o n t r o l  a t  2024:20 hours  appeared completely r o u t i n e .  The f l i g h t  
r eco rde r  showed r a t h e r  p r e c i s e  p r i o r  compliance wi th  a l t i t u d e  requirements  throughout t h e  
f l i g h t .  The records  of both p i l o t s  wi th  r e s p e c t  t o  Company checks, FAA en-route inspec-  
t i o n s ,  and prev ious  employment r e c o r d s  argued a g a i n s t  t h e  p r o b a b i l i t y  t h a t  both p i l o t s  
would have ignored t h e  descent  f o r  s o  long a  per iod  a t  t h i s  s t a g e  of t h e  approach i f  t h e i r  
i n t e n t i o n  had been t o  l e v e l  o f f  a t  6  000 it. 

There fore ,  t h e  Board d i d  not  accep t  t h e  conclus ion t h a t  t h e  descent  of t h e  f l i g h t  
t o  3 600 f t  was u n i n t e n t i o n a l .  

Evidences i n d i c a t e d  t h a t  t h e  descen t  below t h e  6  000 f t  l e v e l  a t  some 3 mi le s  
and two minutes p r i o r  t o  reach ing  t h e  10  m i l e  f i x  w a s  i n t e n t i o n a l .  T h i s  w a s  s u b s t a n t i a t e d  
by t h e  ve ry  un i fo rm,  cont inuous  and normal descen t  shown by t h e  f l i g h t  r eco rde r  and t h e  
crew's  apparen t  l a c k  of concern f o r  anything but t h e  wind cond i t i ons  t h a t  they  could expect  
on l and ing ,  a t  a t i m e  when they  were a l r eady  n e a r l y  2 000 f t  below t h e  p r e s c r i b e d  minimum 
a l t i t u d e  f o r  t h e i r  p o s i t i o n .  It was h igh ly  u n l i k e l y  t h a t  both p i l o t s  would have descended 
some 2  400 f t  below t h e  minimum a l t i t u d e  i n  mountainous t e r r a i n  i f  t hey  had been aware of 
t h e  a l t i t u d e  l i m i t a t i o n s  imposed. On t h e  con t r a ry ,  i f  they  were unaware of t h e  6  000 f t  
minimum t o  t h e  1 0  mile f i x  and t h e  subsequent a l t i t u d e  l i m i t a t i o n  of 4  300 f t  u n t i l  pass ing  
t h e  6 m i l e  f i x ,  a descen t  t o  some lower a l t i t u d e ,  which t hey  be l i eved  t o  be s a f e ,  could  be 
expected.  Such a  descent  was i n d i c a t e d  by t h e  f l i g h t  r eco rde r  down t o  about 3 750 f t ,  a t  
which t i m e  a level -off  was shown f o r  a pe r iod  of approximately 8 t o  12 seconds b e f o r e  t h e  
descen t  was a g a i n  continued.  Based upon prev ious  a l t i t u d e  i n d i c a t o r s ,  t h e  a l t i t u d e  ind ica -  
t i o n  i n  t h e  cockp i t  would have been 150 f e e t  h ighe r  t h a n  shown by t h e  r eco rde r ;  i.e., t h e  
altimeter would have read 3 900 f t .  Th i s  would be c o n s i s t e n t  wi th  an  in tended descen t  t o  
some predetermined a l t i t u d e  less t h a n  4 000 f t ,  and a break  i n  t h e  r a t e  of d e s c e n t . i n  
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a n t i c i p a t i o n  of reach ing  the  preselected a l t i t u d e ,  T h i s  c o u l d  have been  brought about by 
a m i s i n t e r p r e t a t i o n  of t h e  instrument approach chart .  I n  considering this p o s s i b i l i t y ,  
t h e  following i n t e r r e l a t e d  and cont r ibutory  factors  wEre examined: 

(I) The VOR/DME-3 procedure which became ef fec t ive  on 3 ilcrober 1964 w a s  rela- 
t i v e l y  new, Weather condi t ions  a t  L a s  Vegas between the e f f e c t i v e  da te  of 
this procedure and the  date of the  accident  were  such t h a t  instrument approaches 
had not been necessary. Accordingly, t h e  n i g h t  of the accident  was t h e  f i rs t  
occasion f o r  the crew to use this new instrument approach procedure. 

(2 )  The  a i r l i n e ' s  l i n k  t r a i n e r  was not set up t o  give DME p r a c t i c e  and the on ly  
t r a i n i n g  on DME approaches was received during proffciency checks. The records 
of t h e  crew fox the  t h r e e  years  preceding the accident  revealed the execution 
of severa l  VOR, ADF and ILS approach procedures. Howevex, t h e  check i n  J u l y  
1964 was t h e  only one during which a DME approach w a s  executed. T h i s  was due 
t o  the f a c t  that ?he airline bare ly  m e t  t he  deadl ine of 31 December 1963 f o r  
the installation of DME equipment i n  turbo-prop a i r c r a f t ,  

k 
t 

(3) The p r o f i l e  s e c t i o n  of approach c h a r t  displayed no information f o r  t h e  segment 
of the  approach between the  1 5  m i l e  f i x  and the 6 mile f i x ,and  a s o l i d  hori -  
zon ta l  l i n e  between t h e  6 m i l e  f i x  *and t h e  3 mile f i x ,  with an a l t i t u d e  of 
3 100 f t .  Further ,  t h e  s o l i d  l i n e  was defined i n  t h e  Chart Legend as "Fl ight  
path," which implied t h a t  a descent t o  3 100 f t  was proper once t h e  fix to 
which the  f l i g h t  has  been cleared i s  reached. 

With the exception of t h e  TIME approaches a t  Las Vegas, a l l  approach c h a r t s  used 
by the a i r l i n e  f o r  all ternnfnals it w a s  r egu la r ly  serv ing  showed c r i t i c a l  
descent information i n  t h e  p r o f i l e  s e c t i o n  of t h e  c h a r t .  Pi lots  conducting a 
DM33 approach a t  Las Vegas were t h e r e f o r e  required t o  use a cha r t  which, while 
s imi la r  i n  appearance, displayed c r i t i c a l  descent information i n  a manner 
e n t i r e l y  d i f f e r e n t  from all t h e  other c h a r t s  used f o r  a l l  o the r  approaches 
( including those f o r  conventional  VOR approaches a t  L a s  v igas )  . 
Prior t o  t h e  t r a n s f e r  of c o n t r o l  from L a s  Vegas Centre t o  Las Vegas Approach 
Control, t h e  flight had been advised t o  expect a VOR/DME-2 approach. However, 
a t  about 2012 hours,  the f l i g h t  was advised t o  expect a VOR/DME-3 approach. 
The crew had approximately 9 minutes t o  study t h e  VOR/DME-~ approach cha r t  
p r i o r  t o  s t a r t i n g  t h e  a c t u a l  approach. During this 9 minutes t h e  f l i g h t  was 
given 7 i n s t r u c t i o n s  r e l a t i n g  t o  changes i n  heading or  a l t i t u d e ,  and was i n  
contact  with t h e  tower on 16 occasions f o r  t h i s  and o the r  information r e l a t i n g  
t o  i ts approach, i ts a i rspeed  on f i n a l ,  and t h e  r ap id ly  d e t e r i o r a t i n g  weather 
condi t ions ,  During t h i s  same period t h e  crew would a l s o  have been accamplishfng 
the pre-landing check, 

The f l i g h t  recorder  readout showed t h a t  from t h e  time t h e  f l i g h t  was turned over 
t o  Las Vegas Approach Control  a t  about 2012 hours u n t i l  2018 hours t h e  a i r c r a f t  
was encountering l i g h t  turbulence,  Since t h e  a i r c r a f t  was not equipped with an 
a u t o p i l o t ,  i t  would have been necessary f o r  one crew m e m b e r  t o  devote p r a c t i -  
c a l l y  h i s  e n t i r e  a t t e n t i o n  t o  flying t h e  a i r c r a f t ,  In  v i e w  of t h i s ,  i t  was 
concluded t h a t  t h e r e  was l i t t l e  uninterrupted t i m e  i n  which t h e  pilot-in-command 
could f a m i l i a r i z e  himself with the approach procedure d e t a i l s ,  
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2.2 Conclusions 

F ind ings  

The f l i g h t  was p rope r ly  d ispatched.  

The crew was p rope r ly  c e r t i f i c a t e d  and no evidence was found of i n c a p a c i t a t i o n .  

The a i r c r a f t ' s  powerplants ,  a i r f r ame  c o n t r o l s ,  and systems were ope ra t ing  nor- 
mally p r i o r  t o  impact. 

No i c i n g  problem was encountered and a l l  n a v i g a t i o n a l  instruments,  both ground 
and air,were ope ra t ing  normally. 

The descent  below p re sc r ibed  minimum a l t i t u d e  w a s  i n t e n t i o n a l .  The crew were 
not  cognizant  of t h e  l i m i t i n g  a l t i t u d e s  s p e c i f i e d  f o r  a  DME-3 approach and were t h e r e f o r e  
not  aware of a premature descen t .  

The VOR/DME approach c h a r t s  f o r  Las Vegas p o r t r a y  t h e  descent  informat ion i n  a  
manner d i f f e r e n t  from a l l  o t h e r  approach c h a r t s  used by Bonanza A i r  Lines,which could have 
l e d  t o  m i s i n t e r p r e t a t i o n  i f  t h e  c h a r t s  were consul ted  s u p e r f i c i a l l y .  

Cause o r  
Probable  cause ( s )  

The probable  cause  of t h i s  acc iden t  was t h e  m i s i n t e r p r e t a t i o n  of t h e  approach 
c h a r t  by t h e  pilot-in-command which r e s u l t e d  i n  a  premature descent  below o b s t r u c t i n g  
t e r r a i n .  

3. - Recommendations 

On 25 November 1964, t h e  C i v i l  Aeronaut ics  Board by let ter  t o  t h e  Federa l  
Avia t ion  Agency recommended "That t h e  d e p i c t i o n  of a l t i t u d e  r e s t r i c t i o n  on t h e  p l an  view 
of t h e  approach p l a t e s  be included on t h e  extended p r o f i l e  of such p l a t e s  i n  o rder  t o  more 
c l e a r l y  i d e n t i f y  c r i t i c a l  he igh t  above t h e  t e r r a i n .  I I 

The Federa l  Avia t ion Agency r e p l i e d  on 16 December 1964, and i t s  le t te r  pointed 
out  t h a t  t h e  p r o f i l e  and t h e  p l an  view s e c t i o n s  of t h e  approach p l a t e  a r e  t o  be  read  
t o g e t h e r  and t h a t  a p i l o t  should  not execute  an  approach by an  independent r e f e r e n c e  t o  
e i t h e r  view. 

The let ter  a l s o  i n d i c a t e d  t h a t  t h e  FAA had a s tand ing  committee on c h a r t i n g  and 
an  i n v i t a t i o n  w a s  extended t o  t h e  C i v i l  Aeronaut ics  Board t o  have a  r e p r e s e n t a t i v e  s i t  wi th  
t h i s  committee. The C i v i l  Aeronaut ics  Board accepted t h e  i n v i t a t i o n  and was represen ted  a t  
s e v e r a l  meetings of t h e  Subcommittee on Instrument Approach Char t s  of t h e  FAA F l i g h t  
Informat ion Advisory Committee. A unanimous recommendation of t h e  subcommittee was t o  
exten6 t h e  approach t r a c k  i n  t h e  p r o f i l e  t o  a t  l e a s t  t e n  m i l e s .  The work of t h e  Committee 
i s  cont inu ing .  

I C A O  Ref: AR/879 
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No. 19 

Trans World A i r l i n e s  Inc . ,  i l o e i n ~  707-331, N 769TW, acciderl t  a t  Leonardo da  V inc i  
A i r p o r t ,  Fiumicino. Rome. ' I t a l y .  on 23 November 1964. Report da t ed  January  1966. 

r e l e a s e d  by t h e  Min i s t ry  of Transpor t  and C i v i l  Av ia t i on ,  Rome, I t a l y .  

1. - I n v e s t i g a t i o n  

1.1 Hi s to ry  of t h e  f l i g h t  

F l i g h t  800 was a  scheduled i n t e r n a t i o n a l  f l i g h t  from Rome, I t a l y  t o  Athens,  
Greece. I t  depar ted  t h e  pa rk ing  a r e a  a t  1300 hours  GMT with  t h e  co-p i lo t  a t  t h e  c o n t r o l s  
and t h e  take-off  run  on ;unway 25 s t a r t e d  a t  1307 hours .  The a i r c r a f t  bad reached a speed 
above 80 k t  when t h e  pilot-in-command n o t i c e d  t h a t  t h e  No. 4 engine  p r e s6u re  r a t i o  gauge 
was read ing  1 ( z e r o  t h r u s t )  and,  immediately t h e r e a f t e r ,  t h e  amber l i g h t  i n d i c a t i n g  t h r u s t  
r e v e r s a l  of No. 2  eng ine  came on. Since  t h e  speed was s t i l l  below V1 f o r  t h e  we igh t s  and 
runway c o n d i t i o n s ,  he  decided t o  a b o r t  take-off  and took over  t h e  c o n t r o l s  t o  c a r r y  ou t  t h e  
r equ i r ed  manoeuvre. The tower was adv i sed  of t h i s  d e c i s i o n  when t h e  a i r c r a f t  had reached 
a  po in t  800 t o  900 m a f t e r  t h e  t h r e s h o l d .  The a i r c r a f t  s t a r t e d t o  d e c e l e r a t e b u t  a t  a much 
slower r a t e  t han  expec ted ,  and a t  t h e  same t i m e  veered  s t r o n g l y  t o  t h e  r i g h t  w i t h  t h e  r e s u l t  
t h a t  t h e  r i g h t  l and ing  g e a r  was g r az ing  t h e  runway edge. Reverse t h r u s t  on t h e  two r i g h t  
eng ines  was reduced i n  an  a t t empt  t o  b r i n g  t h e  a i r c r a f t  back t o  t h e  c e n t r e  Line. The air- 
c r a f t  cont inued t r a v e l l i n g  beyond t h e  d e c l a r e d  runway l i m i t  and s t r u c k  w i th  No. 4  eng ine  a  
pavement r o l l e r  which w a s  be ing used f o r  maintenance work on taxiway 16/34 i n  a n  a u t h o r i z e d  
a r ea .  A f t e r  t r a v e l l i n g  a f u r t h e r  260 m, t h e  a i r c r a f t  came t o  a  s t o p  w i th  f i r e  on board. 
A f t e r  a  series of exp los ions ,  it w a s  engu l fed  i n  f lames  and complete ly  des t royed .  The 
a c c i d e n t  occurred  a t  1309 h o u r s  GMT. 

1 .2  I n j u r i e s  t o  pe rsons  

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

The a i r c r a f t  w a s  completely des t royed .  

1.4 Other  damage 

There w a s  no o t h e r  damage. 

I n j u r i e s  

F a t a l  

Non-fatal  

None 

C r e w  

5 

5 

1 

Passengers  

44 

15  

3  
- 

Others  
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1 . 5  Crew i n f o r m a t i o n  

The pilot-in-command, aged 44,  h e l d  a  p i l o t ' s  l i c e n c e  f o r  commercial  s i n g l e  and 
mul t i - eng ined  l and  and sea p l a n e s  and r a t i n g s  f o r  s e v e r a l  t y p e s  of a i r c r a f t  i n c l u d i n g  t h e  
Boeing 707. He had been a  pilot-in-command of j e t  a i r c r a f t  s i n c e  May 1960. H i s  l a s t  emer- 
gency p r o c e d u r e  p r a c t i c e  w a s  on 1 6  October  1964 and h i s  las t  i n - f l i g h t  check  was on 
1 4  October  1964. H e  had f lown a  t o t a l  of 17  408 h o u r s  i n c l u d i n g  2  617 h o u r s  on t h e  
Boeing 707, of which 132 h o u r s  were f lown w i t h i n  t h e  l a s t  90 d a y s .  H e  had n o t  been in -  
vo lved  i n  any p r e v i o u s  a c c i d e n t s .  

The c o - p i l o t ,  aged 46 y e a r s ,  h e l d  a p i l o t ' s  l i c e n c e  f o r  commercial  mul t i -engined  
l a n d  p l a n e s .  H i s  las t  emergency p r o c e d u r e  p r a c t i c e  was on 13 March 1964 and h i s  l a s t  i n -  
f l i g h t  check  w a s  on 11 March 1964. H e  a l s o  had s e v e r a l  r a t i n g s  i n c l u d i n g  one f o r  t h e  
Boeing 707. H e  had f lown a  t o t a l  of  1 7  419 h o u r s  i n c l u d i n g  1 269 h o u r s  on t h e  Baeing 707, 
of which 108  h o u r s  were f lown w i t h i n  t h e  l a s t  90 days .  H e  had n o t  been i n v o l v e d  i n  any 
p r e v i o u s  a c c i d e n t s .  

The second o f f i c e r ,  aged 4 1  y e a r s ,  a l s o  h e l d  a l i c e n c e  f o r  commercial  m u l t i -  
eng ined  a i r c r a f t  w i t h  v a r i o u s  r a t i n g s  i n c l u d i n g  t h e  Boeing 707. He had f lown a t o t a l  of 
9  928 h o u r s  i n c l u d i n g  1 920 h o u r s  on t h e  Boeing 707, of which 43 h o u r s  were f lown w i t h i n  
t h e  las t  90 days .  

The e n g i n e e r ,  aged 47 ykars,  h e l d  a f l i g h t  e n g i n e e r ' s  l i c e n c e  f o r  mul t i -engined  
a i r c r a f t  i n c l u d i n g  j e t s ,  and a r a t i n g  f o r  t h e  Boeing 707. H e  had f lown a t o t a l  of 
1 4  231 h o u r s ,  i n c l u d i n g  1 308 h o u r s  on t h e  Boeing 707. 

A l l  f l i g h t  crew members had t h e i r  last  m e d i c a l  e x a m i n a t i o n  i n  t h e  last  s i x  months 
and were m e d i c a l l y  f i t  w i t h  no r e s t r i c t i o n s .  

The c a b i n  crew c o n s i s t e d  of  a s t eward  and 5 h o s t e s s e s ;  n e a r l y  a l l  of them had 
t h e i r  l a s t  emergency p r o c e d u r e s  t r a i n i n g  and p r a c t i c e  i n  1963. 

One e x t r a  crew member w a s  on board .  

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

The a i r c r a f t  had a v a l i d  c e r t i f i c a t e  of a i r w o r t h i n e s s .  A l l  p e r i o d i c  checks  and 
o v e r h a u l s  had been e f f e c t e d  a t  t h e  p r e s c r i b e d  p e r i o d s .  

On 20 J u l y  1964,  t h e  Kollsman EPR t r a n s d u c e r  No. 2166 w a s  t a k e n  o f f  f rom a n o t h e r  
a i r c r a f t  because  of a  sudden f a l l i n g  of t h e  r e a d i n g  t o  1 ( z e r o  t h r u s t ) .  It was o v e r h a u l e d ,  
checked and i n s t a l l e d  on No. 4  e n g i n e  of t h e  s u b j e c t  a i r c r a f t  on 7  August 1964. No malfunc- 
t i o n  was r e p o r t e d .  

The we igh t  and c e n t r e  of g r a v i t y  were w i t h i n  p e r m i s s i b l e  l i m i t s .  

The a i r c r a f t  c a r r i e d  a t o t a l  of 6 1  500 l b  of J P  4  f u e l .  

1.7 Met ;oro logica l  i n f o r m a t i o n  

l T l ? t  a f t e r  t h e  a c c i d e n t  a  s p e c i a l  wea the r  r e p o r t  w a s  i s s u e d  a t  F iumic ino .  The 
w e a t h e r  coni l ; , - ions  had no b e a r i n g  on t h i s  a c c i d e n t .  The s u r f a c e  wind was calm (230013 k t ) ,  
and t h e  a v e r a g e  v i s i b i l i t y  w a s  good ( I &  km) a l t h o u g h  s l i g h t l y  hazy.  
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1 . 8  Aids t o  n a v i ~ , a t i o n  

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

1 .9 Communications 

I n  accordance wi th  c u r r e n t  procedures ,  t h e  a i r c r a f t  had mainta ined con t inuous  
radiote lephony con tac t  wi th  t h e  Fiumicino tower du r ing  t a x i i n g  and f o r  take-off  c l e a r a n c e .  
A l l  communications were conducted i n  t h e  Engl ish  language and i n  t h e  p r e s c r i b e d  phraseology 
both by t h e  f l i g h t  crew and by t h e  tower c o n t r o l l e r s .  The VHF equipment of t h e  a i r c r a f t  
opera ted  normally up t o  t h e  t ime of t h e  a c c i d e n t .  

1 .10 Aerodrome and ground f a c i l i t i e s  

Runway 16/34 was u sab l e  over i t s  e n t i r e  l e n g t h  but  taxiway 16/34 was no t  u sab l e  
because of cons t ruc t ion 'work  ( s e e  F igure  19-1). 

. . 

The l eng th  of runway 25 from which t h e  a i r c r a f t  took of f  was reduced from 2 220 
t o  2  000 m because t h e  t h r e s h o l d  of runway 07 had been d i s p l a c e d  t o  ensu re  normal t r a f f i c  
on t h e  runway du r ing  r e s u r f a c i n g  i n  t h e  work a r e a .  

C l a s s  I NOTAM No. 1699 was i s sued  on 2 1  September 1964, g i v i n g  n o t i c e  of t h e  
r educ t ion  i n  l e n g t h  of runway 25 f o r  a  pe r iod  of 60 days  as from 23 September 1964; a  sub- 
sequent  NOTAM No. 2138, i s sued  on 20 November 1964, adv ised  t h a t  t h i s  pe r iod  had been 
extended a  f u r t h e r  15  days. 

A t  t h e  t i m e  of t h e  a c c i d e n t ,  a  power r o l l e r  was l oca t ed  on taxiway 16/34,  301 m 
beyond t h e  dec l a r ed  l i m i t  of runway 25 and 46 m n o r t h  of t h e  c e n t r e  l i n e  of runway 25. It 
was moving northward and i ts  he igh t  above t h e  ground w a s  2.65 m ,  which w a s  below t h e  1 /50  
g rad i en t  of t h e  take-off  climb s u r f a c e  s p e c i f i e d  i n  t h e  ICAO Standards  i n  Annex 14. Another 
p i e c e  of c o n s t r u c t i o n  equipment,  sma l l e r  i n  h e i g h t  (2.36 m) , was a l s o  on taxiway 16/34,  
moving northward, a t  approximately t h e  same d i s t a n c e  beyond t h e  dec l a r ed  l i m i t  of runway 25. 
Th i s  p i e c e  of equipment was a l s o  below t h e  take-off  su r f ace .  

The s u r f a c e  of t h e  runway w a s  dry .  

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

The a i r c r a f t  was equipped wi th  a  Lockheed f l i g h t  r e c o r d e r .  The r e c o r d e r  was 
s e n t  t o  t h e  C i v i l  Aeronaut ics  Board i n  Washington f o r  g r aph ic  and numerica l  t r a n s c r i p t i o n  
of t h e  d a t a  recorded.  The Boeing Company a l s o  i s sued  a  document concerning t h e  s tudy  of 
t r a n s c r i b e d  d a t a  from t h i s  f l i g h t  r eco rde r .  

1.12 Wreckage 

The a i r c r a f t  came t o  a  s t o p  a t  t h e  i n t e r s e c t i o n  of runways 7/25 and 16/34,  n e a r  t h e  
ex t ens ion  of t h e  n o r t h  edge of runway 7/25, on a  heading of 2500 and wi th  t h e  eng ines  i n  l i n e  
wi th  t h e  c e n t r e  l i n e  of runway 16/34. 

The main p a r t ,  c o n s i s t i n g  of t h e  f u s e l a g e ,  wings,  t a i l  assembly, eng ine  n a c e l l e s ,  
landing gear  e t c . ,  was l y i n g  a t  t h e  2  250 m p o i n t  ( ex t ens ion  of runway 25). 
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Upon coming t o  a  s t o p ,  t h e  a i r c r a f t  was r e s t i n g  on i t s  land ing  gear  and was 
s t i l l  p r a c t i c a l l y  i n t a c t ,  except  f o r  t h e  l e f t  nose wheel which had come of f  approximately 
50 m be fo re  t h e  s topp ing  p o i n t ,  and No. 4 engine and n a c e l l e ,  which were damaged by impact 
wi th  t h e  r o l l e r .  

Immediately a f t e r  t h e  s t o p ,  f i r e  and subsequent exp los ions  des t royed  and burnt  
t h e  c e n t r e  p a r t  of t h e  f u s e l a g e  and t h e  wings. Following t h e  exp los ion  of No. 3 f u e l  t ank  
and of t h e  c e n t r e  t a n k ,  s e v e r a l  fragments  of t h e s e  t anks  were p r o j e c t e d  i n t o  t h e  surrounding 
a r e a ,  and t h e  wings and f u s e l a g e  subsided on t h e  runway pavement a f t e r  c o l l a p s e  of t h e  
l and ing  gea r ;  t h e  forward p a r t  of t h e  f u s e l a g e  dropped and r o t a t e d  t o  t h e  l e f t ,  t h e  c e n t r e  
p a r t  of t h e  f u s e l a g e ,  i . e .  t h e  passenger  cab in ,  w a s  completely des t royed.  The a f t  s e c t i o n  
of t h e  f u s e l a g e ,  wi th  t h e  t a i l  assembly s t r u c t u r e ,  w a s  cons iderab ly  f i r e  damged, p a r t i c u -  
l a r l y  on t h e  r i g h t  s i d e ,  but remained u p r i g h t .  

1.13 F i r e  - 
When t h e  a i r c r a f t  h i t  t h e  power r o l l e r ,  f u e l  leaked from t h e  vent  scoop of t h e  

r i g h t  wing t i p  and t h e  rup tured  f u e l  f eed  p i p e s  t o  No. 4  engine .  These l e a k s  s t a r t e d  t h e  
f i r e  and a series of exp los ions  fol lowed.  The f i r e  t h e n  engul fed  t h e  a i r c r a f t  and des t royed  
i t .  

A cons ide rab l e  amount o f ' f i r e - f i g h t i n g  equipment w a s  s e n t  t o  t h e  scene of t h e  
a c c i d e n t ,  v i z  : 

3 wate r  foam v e h i c l e s ,  2 water t ank  t r u c k s ,  3  f i r e  t r u c k s ,  1 dry  chemical  
t r u c k ,  1 t r a i l e r  t r u c k ,  1 re scue  v e h i c l e ,  1 t r u c k ,  7 complete p r o t e c t i v e  
s u i t s ,  16 a s b e s t o s  s h e e t s  and 6 r e scue  rope$. 

Also,  t h e  fo l l owing  equipment w a s  d i spa tched  from Rome and v i c i n i t y :  

8 v e h i c l e s ,  1 t r a v e l l i n g  c r ane ,  1 f i r e - l a d d e r  v e h i c l e ,  1 j eep ,  1 r a d i o  c a r  
and 1 t ruck .  

F i f t y - t h r e e  a i r p o r t  f i remen and fo r ty -n ine  f i remen from Rome and v i c i n i t y  took 
p a r t  i n  f i g h t i n g  t h e  f i r e .  

The a i r p o r t  f i r e - f i g h t i n g  squad w a s  a l e r t e d  by t h e  tower w i t h i n  seconds a f t e r  
t h e  a i r c r a f t  came t o  a  s t o p  and reached t h e  scene of t h e  acc iden t  approximately 3:45 minutes 
l a t e r .  The rest of t h e  f i r e e q u i p m e n t a r r i v e d  1 minute later. Within t h r e e  minutes ,  t h e  
f i r e  w a s  brought under c o n t r o l ;  a f t e r  20 minutes ,  t h e  f i r e  w a s  p r a c t i c a l l y  ex t ingu ished .  

For t h e  next  t h r e e  hours ,  f i remen cont inued t o  douse t h e  a i r c r a f t  w i th  water 
spray i n  o rde r  t o  coo l  t h e  wreckage. 

The r a p i d  i n t e r v e n t i o n  of t h e  f i r e - f i g h t i n g  s e r v i c e s  pe rmi t t ed  removal of t h e  
s u r v i v o r s  t h a t  were i n  t h e  f i r e  a r e a ,  and prevented t h e  f lames  from spread ing  t o  o t h e r  
unexploded t a n k s ,  from which 14 400 l i tres of f u e l  were subsequent ly  removed. 

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

The exp los ion  of some of t h e  f u e l  t anks ,  t h e  most v i o l e n t  occu r r ing  about 
20 seconds a f t e r  t h e  a i r c r a f t  came t o  r e s t ,  and t h e  ve ry  r a p i d  propagat ion of t h e  v i o l e n t  
f i r e  r e s u l t e d  i n  p r a c t i c a l l y  i n s t a n t  dea th  t o  t h e  passengers  who remained i n  t h e  a i r c r a f t  
o r  on t h e  ground near  i t .  
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On t h e  b a s i s  of s t a t emen t s  by s u r v i v o r s  and by o t h e r  w i t n e s s e s  on t h e  ground, i t  
was e s t a b l i s h e d  t h a t  t h e  passengers  made use  of a l l  r e g u l a r  and emergency e x i s t s  on t h e  
l e f t  s i d e  of t h e  a i r c r a f t ,  and of t h e  cockpi t  e x i t  and t h e  forward and a f t  s e r v i c e  doors  on 
t h e  r i g h t  s i d e  a s  fo l lows :  

l e f t  s i d e  > r i g h t  s i d e  

crew cockpi t  e x i t  2 
forward e x i t  13 
emergency e x i t  t o  

t h e  wing 9 
a f t  door e x i t  11 

crew cockp i t  e x i t  1 
forward e x i t  4  
emergency e x i t  

on t o  t h e  wing - 
a f t  door e x i t  4  

Some passengers  used t h e  escape  ropes ,  but  i t  d i d  not  appear  t h a t  t h e  c h u t e s  were 
used. The l e f t  forward door chu te  w a s  des t royed  by t h e  exp los ion  whi le  i t  w a s  be ing  p laced  
i n  p o s i t i o n .  The l e f t  a f t  door chu te  was removed from i t s  c o n t a i n e r  but could  no t  be p laced  
i n  p o s i t i o n  because of t h e  smoke and f i r e .  

1.15 T e s t s  and r e sea rch  

I n v e s t i g a t i o n s ,  t e s t s  and ana lyse s  of t h e  eng ines ,  p a r t s  of t h e  l and ing  g e a r  and 
o t h e r  components of t h e  a i r f r ame  and systems were conducted at  Fiumicino A i r p o r t ,  a t  t h e  
Labora to r i e s  of t h e  M i l i t a r y  Avia t ion  i n  Rome, of A l i t a l i a  a t  Fiumicino,  of A l f a  Romeo a t  
Naples and at  t h e  FAA, TWA and Boeing Cent res  i n  t h e  U.S.A. 

It was determined t h a t  a l l  f o u r  eng ines  were o p e r a t i n g  u n t i l  t h e  t i m e  t h e y  were 
shu t  o f f  by t h e  pilot-in-command. However,evidence revea led  t h a t  t h e  fo l l owing  d i s c r ep -  
a n c i e s  e x i s t e d  i n  t h e  t h r u s t  r e v e r s i n g  system of No. 2 eng ine  be fo re  t h e  exp los ions :  

- detachment of t h e  compressed a i r  hose of t h e  pneumatic system f o r  No. 2 
engine r e v e r s e r ,  through loosen ing  of t h e  B nut  connexion t o  t h e  s h u t t l e  
va lve .  

- i n c o r r e c t  c a l i b r a t i o n  of t h e  microswitch i n  No. 2 r e v e r s e  t h r u s t  gauge cir- 
c u i t ,  wi th  t r a v e l  f o u r  t imes  less t h a n  t h e  p r e s c r i b e d  va lue .  

The r u l e s  f o r  baulked take-off on t h e  Boeing 707/331 are based on t h e  assumption 
t h a t  t h e  p i l o t  ' s r e a c t  ion t ime ( e l aps ing  between awareness of mal func t ion  and complet ion of 
p r e s c r i b e d  manoeuvres) has  a t o t a l  v a l u e  of 3.44 seconds,  d iv ided  i n t o  2 seconds of r e a c t i o n  
t i m e  and 1.44 seconds f o r  complet ion of t h e  manoeuvre by means of t h e  c o n t r o l s .  T h i s  sup- 
poses  t h a t  t h e  take-off is  i n i t i a t e d  and abo r t ed  by t h e  pilot-in-command, whereas i n  t h e  
p re sen t  c a s e  take-off  was i n i t i a t e d  by t h e  co-p i lo t  but  abo r t ed  by t h e  pilot-in-command. 

Since  a  t i m e  l a p s e  of 3.44 seconds was considered i n s u f f i c i e n t  i n  such c i r -  
cumstances,  a number of tests were conducted on one of t h e  Boeing 7071331 s i m u l a t o r s  
i n s t a l l e d  at  t h e  TWA t r a i n i n g  c e n t r e  at Kansas C i t y ,  U.S.A. , wi th  t h e  p a r t i c i p a t i o n  of a 
q u a l i f i e d  member of t h e  Board of Inqu i ry .  

The r e s u l t s  l e d  t o  t h e  conc lus ion  t h a t ,  whi le  t h e  r e a c t i o n  t i m e  i n  t h e  s p e c i f i c a -  
t i o n  i s  adequate  i n  t h e  c a s e  of take-off  i n i t i a t e d  and abo r t ed  by t h e  pilot-in-command, i t  
is i n s u f f i c i e n t  when o p e r a t i o n s  a r e  i n i t i a t e d  by t h e  co-p i lo t  and a b o r t e d  by t h e  p i l o t - i n -  
command . 
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It was found t h a t  t h e  average t ime,  counted from t h e  appearance of t h e  amber 
r e v e r s e  t h r u s t  warning l i g h t ,  f o r  i n t e r v e n t i o n  by t h e  pilot-in-command and completion of 
t h e  manoeuvre (excluding a p p l i c a t i o n  of r e v e r s e  t h r u s t )  w a s  about 5 seconds. 

I n  t h e  speed range from 80 t o  124 k t ,  t he  f l i g h t  recorder  shows an average 
a c c e l e r a t i o n  v a l u e  of approximately 5 k t  pe r  second,  s o  t h e  speed i n c r e a s e  i n  t h e  5 seconds 
preceding t h e  peak of 131  k t  had amounted t o  about 25 k t  (not  count ing delayed engine 
response)  . 

The speed a t  t h e  time of t h e  d e c i s i o n  t o  a b o r t  can t h e r e f o r e  reasonably  be 
const rued as about 106 k t  (131 - 25). 

The p o i n t  a t  which tower personne l  observed t h e  a i r c r a f t  a t  t h e  moment when t h e  
d e c i s i o n  t o  a b o r t  was communicated, when compared wi th  t h e  speed-distance c h a r t  drawn from 
f l i g h t  r eco rde r  d a t a ,  approximately confirms t h e  o rder  of magnitude of t h e  speed a s  com- 
puted by t h e  Board. 

2. - Analys i s  and Conclusions 

2.1 Analys i s  

The take-off was s t a r t e d , b y  t h e  co-pi lo t  whi le  t h e  pilot-in-command used h i s  
l e f t  hand on t h e  nose s t e e r i n g  a t  t h e  lower speeds. During t h e  f i r s t  phase of t h e  take-off 
run ,  t h e  pilot-in-command handled t h e  EPR (engine p re s su re  r a t i o )  f i n e  t r i m  c o n t r o l s .  On 
reaching 80 k t ,  t h e  co-p i lo t  took  over t h e  nose s t e e r i n g  c o n t r o l  from t h e  pilot-in-command 
as p re sc r ibed  i n  t h e  a i r l i n e ' s  B-707 ope ra t ions  manual. 

A few seconds a f t e r  pas s ing  80 k t ,  t h e  pilot-in-command observed t h a t  t h e  EPR 
read ing  ( f o r  No. 4 engine)  w a s  almost  on t h e  f i g u r e  1 (ze ro  t h r u s t ) .  

The pilot-in-command's d i r e c t  read ing  of No. 4 ins t ruments ,  t h e  l a c k  of any 
f e e l i n g  of decrease  i n  a c c e l e r a t i o n  o r  of yawing moment, t h e  a c c e l e r a t i o n  record ing ,  and 
t h e  t e c h n i c a l  examination of No. 4 engine  a l l  l e a d  t o  t h e  conclus ion t h a t  t h e  engine  was 
ope ra t ing  normally. 

Technical  examination of t h e  r e t r i e v e d  p a r t s  of No. 4 EPR system f a i l e d  t o  
e s t a b l i s h  t h e  cause of malfunction.  

While t h e  pilot-in-connnand w a s  checking No. 4 ins t ruments ,  t h e  amber warning 
l i g h t  f o r  No. 2 reverse t h r u s t  went on ( t hese  l i g h t s  a r e  designed t o  appear when t h e  r e v e r s e  
t h r u s t  c l amshe l l  doors  l eave  t h e  "stowed pos i t i on" ) .  

The t r a n s c r i b e d  f l i g h t  recorder  d a t a  showed s teady  a c c e l e r a t i o n  and cons tan t  
heading even a f t e r  t h e  warning l i g h t  went on, and it  was concluded t h a t ,  whatever t h e  cause 
of t h e  l i g h t i n g  (wrong s e t t i n g  of microswitch,  probable  s l ight-  movement of c l amshe l l  doors 
due t o  p r e s s u r e  l o g s  i n  t h e  system e t c . ) ,  t h e  take-off t h r u s t  of No. 2 engine  w a s  l a r g e l y  
unimpaired. 

The pilot-in-command, a f t e r  a quick check of t h e  p o s i t i o n s  of t h e  c o n t r o l s  and 
faced  wi th  i n d i c a t i o n s  of malfunct ion of two eng ines ,  decided t o  a b o r t  t ake-of f ,  a d e c i s i o n  
which was i n  accordance wi th  o p e r a t i o n a l  procedures  and was p r o f e s s i o n a l l y  c o r r e c t .  
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The pilot-in-command l a t e r  s t a t e d  t h a t  he cou ld  n o t  t e l l  t h e  i n d i c a t e d  a i r s p e e d  
a t  which he took t h a t  d e c i s i o n  because he was busy checking t h e  eng ine  i n s t rumen t s  a t  t h e  
t i m e .  He cons idered ,  however, t h a t  t h i s  speed was between t h e  80 k t  mentioned above and 
124 k t  corresponding t o  computed Vl; he suggested  an es t imated  va lue  of about 100 k t .  A s  
i nd i ca t ed  i n  paragraph 1.15 above, t h e  speed reached by t h e  a i r c r a f t  when t h e  d e c i s i o n  t o  
abo r t  t h e  take-off  was t aken  was computed t o  have been i n  t h e  o rde r  of 106 k t .  

The sequence of a c t i o n s  f o r  d i s c o n t i n u i n g  take-off  was r e c o n s t r u c t e d  on t h e  
b a s i s  of t h e  pilot-in-i:ommand's s t a t emen t s  and o t h e r  test imony.  Power r e d u c t i o n ,  brake 
a p p l i c a t i o n ,  r a i s i n g  of s p o i l e r s  and a p p l i c a t i o n  of r e v e r s e  t h r u s t  were completed i n  
accordance wi th  t h e  o p e r a t i o n s  manual procedures  and were adequate f o r  a b o r t i n g  take-off  
a t  a  speed w e l l  below V1. 

The t ime-dis tance  speed c h a r t s  t r a n s c r i b e d  from t h e  r e c o r d e r  showed t h a t  t h e  
t ime t a k e n  t o  d e c e l e r a t e  from 131  t o  123 k t  was about  9 seconds,  which i s  cons ide rab ly  more 
t han  t h e  s p e c i f i e d  t ime f o r  t h e  same d e c e l e r a t i o n .  Th i s  could be exp la ined  by adding t h e  
t imes  r equ i r ed  t o  complete a b o r t  p rocedures ,  which were i n i t i a l l y  conducted wi thou t  h a s t e ,  
t o  r eve r se  t h e  t h r u s t  (about 2.5 seconds)  and t o  expec t  t h e  i nc rea sed  keverse  rpm of t h e  
eng ines  wi th  t h e  r e s u l t i n g  b rak ing  e f f e c t .  

However, when t h a t  e f f e c t  should  have been f e l t ,  t h e  d e c e l e r a t i o n  d i d  not  
i n c r e a s e  and t h e  a i r c r a f t  s t a r t e d  t o  yaw t o  t h e  r i g h t .  

The probable  causes  of t h i s  could  have been of an  aerodynamic o r  mechanical  
n a t u r e ,  s i n c e  weather  and ground c o n d i t i o n s  were excluded (3 k t  wind a t  ground l e v e l  and 
dry  runway). 

The rudder  could not  have spontaneously  assumed a n  abnormal p o s i t i o n .  T h i s  was 
confirmed by t h e  f a c t  t h a t  t h e  pilot-in-command d i d  no t  mention any anomaly and t h a t  t h e  
post-crash t e s t s  revea led  t h a t  t h e  rudder  h y d r a u l i c  c o n t r o l  was ope ra t i ng .  Furthermore,  
i f  i t  had occur red ,  i t  would not  e x p l a i n  t h e  l a c k  of d e c e l e r a t i o n  a f t e r  t h e  a p p l i c a t i o n  of 
r e v e r s e  t h r u s t .  

Invo lun ta ry  d i f f e r e n t i a l  use  of t h e  b rakes  o r  mal func t ion  of t h e  brake system on 
t h e  r i g h t  l and ing  gear  w e r e  r e j e c t e d .  The well-marked t r a c k s  on t h e  ground i n d i c a t e d  
pronounced and continuous a p p l i c a t i o n  of l e f t  b rakes  whereas t h e r e  were but few t r a c e s  of 
braking on t h e  r i g h t ,  t h u s  g i v i n g  proof of a c t i o n  t o  c o r r e c t  t h e  yaw t o  t h e  r i g h t .  

Furthermore,  t e c h n i c a l  examinat ion of t h e  p a r t s  r e t r i e v e d  showed t h a t  t h e  
r o t a t i n g  brake d i s c s  were e n t i r e ,  wi th  no t r a c e  of s e i z i n g .  

The p e r s i s t e n c e  of t h e  yawing e f f e c t  and t h e  s imul taneous  and p e r s i s t e n t l y  slow 
d e c e l e r a t i o n ,  l e d  t o  t h e  assumption of a n  asymmetry i n  t h e  reversed  t h r u s t s .  

The pilot-in-command dec l a r ed  t h a t  t h e  r e v e r s i n g  manoeuvre w a s  normal and d i f -  
f e r e n c e s  i n  t h e  s e t t i n g  of t h e  r e v e r s e  c o n t r o l s  would have on ly  produced a s l i g h t  asyametry 
of t h r u s t ,  r e s u l t i n g  i n  a s l i g h t  yaw wi th  a d e c e l e r a t i o n  almost  normal. . 

Only an  asymmetry due t o  mal func t ion  of t h e  a c t u a t i n g  system of t h e  c l amshe l l  
doors of one of t h e  two l e f t  eng ines  producing forward t h r u s t  can e x p l a i n  bo th  t h e  ampl i tude  
of t h e  yaw and t h e  l a c k  of d e c e l e r a t i o n .  
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The r eve r se  t h r u s t  system i s  s o  designed a s  t o  exclude t h e  p o s s i b i l i t y  of an  
i n c r e a s e  i n  rpm beyond a c e r t a i n  l i m i t  if t h e  r e v e r s e  c o n t r o l s  have not  been s e t  beyond a  
s a f e t y  p o s i t i o n  c a l l e d  i n t e r l o c k  p o s i t i o n ,  and f u l l  r e v e r s e  occurs  only i f  t h e  c l amshe l l  
doors  a r e  almost  completely c l o s e d ,  s o  a s  t o  guaran tee  t h a t  t h e  t h r u s t  w i l l  i n  any c a s e  be 
reversed ;  however, t h r e e  c a s e s  have been recorded of t e c h n i c a l  d i f f i c u l t i e s  i n  pass ing  t h e  
i n t e r l o c k  p o s i t  ion ,  wi th  r e s u l t i n g  forward t h r u s t .  

The t e c h n i c a l  examination of t h e  l e f t  engines  revea led  t h a t  t h e  B nu t  t h a t  
should have jo ined t h e  s h u t t l e  v a l v e  t o  t h e  d u c t s  of t h e  c y l i n d e r s  a c t u a t i n g  t h e  c l amshe l l  
doors of No. 2 eng ine  had completely s epa ra t ed ,  t h u s  caus ing a  t o t a l  l o s s  of pneumatic 
p r e s s u r e  i n  t h e  system. A s  a  r e s u l t ,  No. 2 engine  was developing forward t h r u s t .  I n  com- 
pu t ing  t h a t  t h r u s t ,  t h e  fo l lowing  f a c t s  were t aken  i n t o  account:  

- t h e  pilot-in-command r epo r t ed  e x c e p t i o n a l  s t e e r i n g  d i f f i c u l t y  due t o  t h e  
s t r o n g  and p e r s i s t e n t  d r i f t  t o  t h e  r i g h t ;  

- d i f f i c u l t i e s  were a l s o  noted by t h e  nav iga to r  and t h e  f l i g h t  d i s p a t c h e r ;  

- t h e  t r a c k s  on t h e  runway i n d i c a t e d  an  i n t e n s e  asymmetrical  b rak ing  a c t i o n  
app l i ed  almost s o l e l y  t o  t h e  l e f t  l and ing  g e a r ,  a s  w e l l  a s  v i o l e n t  c o r r e c t i v e  
a c t i o n  app l i ed  t o  t h e  nose  wheels;  

- t h e  t r a c k s  of t h e  l a t tk r  showed t h a t  t h e i r  v e r t i c a l  axis  was almost c o n s t a n t l y  
o r i e n t e d  t o  t h e  l e f t  i n  r e l a t i o n  t o  t h e  d i r e c t i o n  of motion; 

- t h e  r e s u l t i n g  p e r s i s t e n t  s t r e s s e s  caused s t r u c t u r a l  f a i l u r e s  s u f f i c i e n t  t o  
cause  break-off of t h e  l e f t  nose wheel,  which was found about  50 m behind 
t h e  p o i n t  where t h e  a i r c r a f t  came t o  a  s t o p ;  

- a p p l i c a t i o n  of r e v e r s e  t h r u s t  t o g e t h e r  wi th  t h e  pronounced use  of t h e  b rakes  
(even though asymmetrical  and t h e r e f o r e  p a r t i a l )  should have stopped t h e  a i r -  
c r a f t  w i t h i n  t h e  dec l a r ed  runway l i m i t ;  

- t h e  550 m t r a v e l l e d  by t h e  a i r c r a f t  beyond t h e  dec l a r ed  runway l i m i t  i s  con- 
s i s t e n t  wi th  a  cons ide rab l e  forward f o r c e  counte rac ted  only by a  p a r t i a l  
braking a c t i o n ;  

- t h e  pilot-in-command s t a t e d  t h a t  he  had c o r r e c t l y  switched t h e  c o n t r o l s  beyond 
t h e  i n t e r l o c k  p o s i t i o n  and app l i ed  f u l l  r e v e r s e  t h r u s t .  

The s e r i e s  of computations made both i n  I t a l y  and i n  t h e  United S t a t e s  by d i f -  
f e r e n t  methods f a i l e d  t o  e s t a b l i s h  e x a c t l y  t h e  amount of forward t h r u s t ,  owing t o  t h e  many 
v a r i a b l e s  involved.  However, on t h e  b a s i s  of t h e  above f a c t o r s ,  and i n  view of t h e  p i l o t -  
in-command's long f l y i n g  exper ience ,  it seems l i k e l y  t h a t  t h e  forward t h r u s t  developed by 
No. 2 eng ine  w a s  probably  c l o s e  t o  maximum. T h i s  would e x p l a i n  t h e  e x c e p t i o n a l  e f f o r t s  
r equ i r ed  of t h e  pilot-in-command i n  t a k i n g  c o r r e c t i v e  a c t i o n s  which, however, were not  
s u f f i c i e n t  t o  avoid  impact of No. 4 engine  w i th  t h e  power r o l l e r  l oca t ed  301 m a f t e r  t h e  
d i sp laced  end of runway 25. 

A t  impact,  t h e  f u e l  f e e d  p i p e s  t o  No. 4 engine  were rup tured  nea r  t h e  h igh  pres-  
s u r e  pumping and f u e l  flow r e g u l a t i n g  system, and t h e  e l e c t r i c  gene ra to r  of No. 4 engine  
w a s  t o r n  o f f .  The boos t e r  pump be ing  i n  o p e r a t i o n ,  t h e  f u e l  escaped a t  a rate which w a s  
e s t imated  t o  be of about  30 gal /min and i g n i t e d .  The gene ra to r  s e l e c t o r  switch on t h e  
e n g i n e e r ' s  pane l  being s e t  on p o s i t i o n  4 ,  a s  p r e sc r ibed  i n  t h e  ope ra t i ons  manual, t h e  power 
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immediate i n d i c a t i o n  of f i r e  co t h e  c rex .  :the:] t h e  crew became aware of t h e  f i r e  and took  
remedial  a c t i o n ,  t h e  f i r e  had a l r e a d y  developed beyond c o n t r o l .  The manner i n  which t h e  
f i r e  propagated was t r a c e d  through evidence  and i t  was concluded t h a t  t h e  f i r s t  exp los ion  
occurred i n  No. 3 f u e l  t ank ,  t h e  second exp los ion ,  which was t h e  most v i o l e n t ,  i n  t h e  
c e n t r a l  f u e l  t ank  (No. 2 tank? and t h e  t h i r d  exp los ion  i n  No. 1 r e s e r v e  tank.  

2 . 2  Conclusions 

Findings  

On t h e  b a s i s  of t h e  fo rego ing  i t  was concluded t h a t :  

- t h e  crew he ld  t h e  r equ i r ed  l i c e n c e s ;  

- t h e  a i r c r a f t  had been dec l a r ed  a i rwor thy ;  
. . 

- f l i g h t  p lanning was complete and i n  accordance wi th  r e g u l a t i o n s ;  

- t h e  pilot-in-command ac t ed  i n  accordance wi th  t h e  p r e s c r i p t i o n s  i n  t h e  
o p e r a t i o n s  manual; 

- on t h e  Boeing 7071331, t h e  in format ion  supp l i ed  by t h e  r e v e r s e  t h r u s t  sys tem 
warning l i g h t  r ega rd ing  t h e  p o s i t i o n  of t h e  c l amshe l l  doors  is inadequa te ;  i n  
t h e  s u b j e c t  c a s e ,  i t  was out  of s e t t i n g ;  

- t h e  'take-off d a t a  i n  p r e s e n t  manuals apply and a r e  v a l i d  on ly  i n  t h e  c a s e  of 
manoeuvres conducted by t h e  pilot-in-command i n  person ;  

- i n  t h e  manual, abo r t ed  take-off i s  not  considered a n  emergency manoeuvre; 

- a c c e l e r a t i o n  of t h e  a i r c r a f t  w a s  normal; 

- t h e  d e c i s i o n  t o  a b o r t  take-off was t aken  b e f o r e  reach ing  V1; 

- t h e  t h r u s t  r e v e r s i n g  system on No. 2 engine w a s  impaired,  and t h a t  eng ine  
t h e r e f o r e  cont inued t o  supply  forward and asymmetrical  t h r u s t  d u r i n g  t h e  
d e c e l e r a t i o n  phase;  

- i t  is c e r t a i n  t h a t  t h e  pilot-in-command moved a l l  f o u r  l e v e r s  beyond t h e  
i n t e r l o c k  p o s i t i o n ;  

- d e c e l e r a t i o n  was slower t han  expected and i r r e g u l a r ;  

- t h e  a i r c r a f t  was submit ted  t o  pronounced and cont inuous  yawing moment; 

- t h e  a i r c r a f t  t r a v e l l e d  beyond t h e  dec l a r ed  runway l i m i t ,  t h e r e a f t e r  h i t t i n g  
wi th  No. 4 engine a  power r o l l e r  ope ra t i ng  i n  a  work a r e a  a u t h o r i z e d  i n  
accordance wi th  I C A O  Standards ;  

- f u e l  s p i l l e d  from t h e  ven t  scoop i n  t h e  r i g h t  wing, a d m i t t i n g  f i r e  i n t o  t h e  
system; 

- the  f i r e  warning dev ice  f a i l e d  t o  o p e r a t e ;  
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- t h e  exp los ions ,  which occurred ve ry  s h o r t l y  a f t e r  t h e  a i r c r a f t  s topped,  were 
followed by a f i r e  of v a s t  p ropo r t i ons ;  

- t h e  b igges t  exp los ion  occurred i n  t h e  c e n t r e  f u e l  t ank ;  

- t h e  emergency e x i t s  t o  t h e  wings of t h e  Boeing 7071331 were d i f f i c u x t  t o  open 
and use  because of t h e  s e a t s ;  

- t h e r e  were d i f f i c u l t i e s  i n  u s ing  t h e  escape chu te s ;  

- r e scue  u n i t s  from two d i f f e r e n t  s t a t i o n s  reached t h e  scene approximately 3 t o  
5 minutes a f t e r  t h e  a i r c r a f t  s topped.  

Cause o r  
Probable  cause ( s )  

Damage t o  t h e  r e v e r s e  t h r u s t  system of No. 2 engine ,  not  d i s c e r n i b l e  by means of 
cockpi t  ins t ruments ,  and c o n s i s t i n g  i n  t h e  d i sconnec t ion  of a  duct  wi th  r e s u l t i n g  l a c k  of 
p r e s s u r e  i n  t h e  pneumatic c lamshe l l  door a c t u a t i n g  mechanism. 

This  mal func t ion  allowed t h e  development of cons ide rab l e  forward t h r u s t  by No. 2 
11 engine  even though t h e  f o u r  l e v e r s  were i n  t h e  reverse"  p o s i t i o n .  

Rupture of f u e l  f eed  t u b e  t o  No. 4 engine  by impact wi th  a  power r o l l e r ,  and 
r e s u l t i n g  i g n i t i o n  of s p i l l e d  f u e l .  

F a i l u r e  of su rge  t a n k  d ra inage  because of a blocked v a l v e ,  f o r c i n g  t h e  f u e l  out  
through t h e  ven t  scoop and p e r m i t t i n g  a c c e s s  of f i r e  t o  t h e  wing. 

Presence  of f u e l - a i r  vapour,  formed i n  t h e  t anks  i n  exp los ive  p ropo r t i ons ,  which 
caused t h e  exp los ions  when i g n i t e d .  

3 .  - Recommendations 

Ope ra t i ona l  recommendations 

It w a s  recommended t h a t :  

- a i r w o r t h i n e s s  and o p e r a t i o n a l  s t a n d a r d s  be developed f o r  t ake-of f s  performed 
by t h e  co -p i lo t ;  

- abor ted  take-off procedures be included i n  t h e  emergency procedures  f o r  
p r a c t i c a l  purposes;  

Technica l  recommendations 

- a system be i n s t a l l e d  t o  i n d i c a t e  t h e  succes s ive  p o s i t i o n s  of t h e  r e v e r s e  
t h r u s t  c l amshe l l  doo r s ;  

- checking f o r  t i g h t n e s s  of a l l  connexions i n  t h e  pneumatic t h r u s t  r e v e r s i n g  
system be p r e s c r i b e d ;  

- c o n s i d e r a t i o n  be g iven t o  a  mod i f i ca t i on  whereby t h e  f i r e  warning system 
would be fed  i n  p a r a l l e l  by a l l  sou rces  of e l e c t r i c  energy a v a i l a b l e  on board; 
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- s t u d i e s  be conducted r ega rd ing  systems designed t o  e l i m i n a t e  t h e  danger  of 
exp los ion  i n  f u e l  systems and t h e  e n t r y  of f i r e  through v e n t i l a t i o n  o u t l e t s ;  

- t h e  e f f i c i e n c y  of t h e  d r a inage  system of t h e  f u e l  su rge  t a n k s  be improved; 

- t h e  emergency e x i t s  t o  t h e  wings be made more r e a d i l y  a c c e s s i b l e ;  and t h a t  a 
more r a p i d  and les$ d i f f i c u l t  method of use  of escape  c h u t e s  be developed.  

ICAO Ref: ARl893 

Comments by t h e  United S t a t e s  of America ( S t a t e  of R e g i s t r y )  

The Na t iona l  T r a n s p o r t a t i o n  S a f e t y  Board, a s  t h e  agency of pr imary i n t e r e s t  i n  
t h i s  a c c i d e n t  a t  Leonardo da V inc i  A i r p o r t ,  F iumicino,  Rome, I t a l y  on 23 November 1964 h a s  
reviewed t h e  I t a l i a n  r e p o r t  and wishes  t o  make known t h a t  i t  n e i t h e r  approves  nor  d i s app roves  
t h e  r e p o r t .  

The United S t a t e s  wishes  t o  observe  t h a t  s i n c e  t h e  No. 2  r e v e r s e  i n t e r l o c k  sys-  
t e m  w a s  found i n t a c t  du r ing  t h e  i n v e s t i g a t i o n ,  t h e  worst  p o s s i b l e  e f f e c t  from t h e  o p e r a t i o n  
of t h e  PS4 l i n e  i n  t h e  No. 2 r e v e r s e  system would no t  nega t e  t h e  d e s i g n  s a f e t y  f e a t u r e s  of 
t h e  i n t e r l o c k  system. These f e a t u r e s ,  t o g e t h e r  w i t h  t h e  c l a m s h e l l  door de s ign ,  l i m i t  t h e  
t h r u s t  developed t o  s a f e  v a l u e s  i n  t h e  even t  of any s i n g l e  f a i l u r e / m a l f u n c t i o n  i n  t h e  
r e v e r s e  system. 
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No. 20 

B. I .A .S . ,  DC-4, 00-DEP, a cc iden t  a t  S t a n l e y v i l l e  A i r p o r t ,  Democratic 
Republic of t h e  congo, on 29 November 1964. Report da t ed  23 December 
1964, by t h e  Aeronaut ics  Adminis t ra t ion ,  Min i s t ry  of Communications, 

Democratic Republic of t h e  Congo. 

1. - I n v e s t i g a t i o n  

1.1 His tory  of t h e  f l i g h t  

The a i r c r a f t , w a s  c h a r t e r e d  by A i r  Congo and was c a r r y i n g  ou t  a non-scheduled 
domestic f l i g h t  Kamina-Stanleyville-Kamina. Eleven passengers  embarked at  S t a n l e y v i l l e  and 
t h e  a i r c r a f t  s t a r t e d  i t s  take-off run  a t  1920 hours  l o c a l  t ime.  A f t e r  approximately  900 m 
t h e  p i l o t  suddenly s a w ,  i n  t h e  darkness ,  a n  empty f u e l  drum on t h e  runway. I n  an  a t t empt  
t o  avoid i t ,  he veered l e f t  by braking v i o l e n t l y  on t h e  l e f t  wheels .  I n  s p i t e  of t h i s  
manoeuvre, t h e  nose wheel h i t  t h e  drum. , T h e  forward p a r t  of t h e  a i r c r a f t  w a s  l i f t e d  o f f  
t h e  ground, a ided  perhaps by t h e  p i l o t ' s  manoeuvre i n  a t t empt ing  take-of f .  By t h a t  t i m e ,  
t h e  a i r c r a f t  had a t t a i n e d  a speed a t  which take-off would have been p o s s i b l e  under normal 
condi t ions .  Unfor tuna te ly ,  fo l lowing  t h e  shock t h e  drum bounced, f e l l  back on t h e  runway, 
bounced aga in  and t h e  a i r c r a f t  i n  a nose h igh  a t t i t u d e  caught t h e  drum wi th  t h e  r i g h t  
s t a b i l i z e r .  P a r t  of t h e  s t a b i l i z e r  was t o r n  away and f e l l  on t o  t h e  runway whi le  t h e  drum 
was to s sed  on t o  t h e  edge of t h e  clearway. The a i r c r a f t  cont inued f u r t h e r ,  now d e f l e c t e d  
t o  t h e  r i g h t  by t h e  unbalanced r i g h t  s t a b i l i z e r ,  which was probably completely d i s t o r t e d .  
The crew immediately r e t r a c t e d  t h e  l and ing  gear .  A f t e r  being a i r b o r n e  about 500 m ,  t h e  
a i r c r a f t ,  out  of v e r t i c a l  c o n t r o l ,  d ived i n t o  t h e  clearway a t  an  ang le  of about  300, bounced 
up, f e l l  back 50 m f a r t h e r ,  skidded on i ts  b e l l y  and f i n a l l y  came t o  a s t o p  a f t e r  a swing 
of 900 t o  t h e  r i g h t .  During t h a t  swing, t h e  passengers  i n  t h e  r e a r  of t h e  cab in  were thrown 
out  of t h e  a i r c r a f t  through t h e  torn-off  cargo door and through t h e  open cab in  door.  F i r e  
broke out immediately a f t e r  t h e  a i r c r a f t  came t o  a s top .  The a c c i d e n t  occurred on t h e  
no r th  clearway of runway 28, about 150 m from t h e  runway end. 

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

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  w a s  completely des t royed.  

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

Crew 

3 

Passengers  

3 

8 

> 

Others  
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1 .4  Other damage 

There was no o t h e r  damage. 

1.5 Crew informat ion 

The pilot-in-command, aged 37, he ld  a n  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  wi th  
r a t i n g s  f o r  t h e  DC-4 and DC-6 a i r c r a f t  a s  w e l l  a s  instrument and n i g h t  f l y i n g  r a t i n g s .  He 
had flown a t o t a l  of about  14 000 hours ,  i nc lud ing  167 hours  dur ing  t h e  last 90 days. 
H i s  l a s t  medical  examination w a s  on 21 May 1964. 

The co-p i lo t ,  aged 31, a l s o  h e l d  a v a l i d  a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  wi th  
r a t i n g s  f o r  DC-4 and C-54 type  a i r c r a f t  a s  w e l l  as instrument and n igh t  f l y i n g  r a t i n g s .  
H e  had flown a t o t a l  of 319 hours du r ing  t h e  l a s t  90 days. 

No informat ion regard ing  t h e  f l i g h t  eng ineer  was given i n  t h e  r e p o r t .  

1.6 A i r c r a f t  i n£  ormation 

The a i r c r a f t  had a v a l i d  c e r t i f i c a t e  of a i rwor th ines s .  By 29 November 1964, it 
had flown a t o t a l  of 48 113 hours.  It had undergone a 2 000-hour type I11 overhaul  a t  
47 561 hour s ,  and t h e  last  p e r i o d i c  l50-hour check had been made on 20 November 1964 a t  
48 024 hours.  Da i ly  and p r e - f l i g h t  i n s p e c t i o n s  had been c a r r i e d  out  r e g u l a r l y  by q u a l i f i e d  
personnel .  The l a t e s t  f l i g h t  r eco rds  gave no informat ion of i r r e g u l a r i t i e s  t h a t  might have 
a f f e c t e d  f l i g h t  performance. 

On take-of f ,  t h e  a i r c r a f t ' s  t o t a l  weight was 25 068 kg which was less than  t h e  
maximum a l lowable  weight of 33 500 kg. 

Based on t h e  6 hours '  endurance dec l a r ed  by t h e  p i l o t ,  t h e  a i r c r a f t  c a r r i e d  
approximately 6 000 l i t res  of f u e l .  The type  of f u e l  being used was not  s t a t e d  i n  t h e  
r e p o r t .  No load shee t  was i s sued  p r i o r  t o  t h e  s u b j e c t  f l i g h t .  

1.7 Meteorological  informat ion 

Because of t h e  d i s o r g a n i z a t i o n  of aerodrome s e r v i c e s  on t h e  day of t h e  a c c i d e n t ,  
t h e  meteoro log ica l  observa t ion  c e n t r e  w a s  not  opera t ing .  According t o  w i tnes se s ,  t h e  
v i s i b i l i t y  w a s  good at  t h e  t i m e  of t h e  acc iden t , t he  sky w a s  c l e a r  and t h e  wind from t h e  
w e s t  w a s  l i g h t .  The barometr ic  p r e s s u r e  a t  aerodrome l e v e l  w a s  1 018 mb. 

1.8 Aids t o  nav ipa t ion  

The a i r c r a f t  was equipped wi th  t h e  s tandard  ins t ruments  p re sc r ibed  f o r  i t s  
ca tegory  i n  ope ra t ing  condi t ion .  

1 .9  Communications 

No communications d i f f i c u l t i e s  were mentioned i n  t h e  r e p o r t .  

1.10 Aerodrome and ground f a c i l i t i e s  

The l i g h t i n g  of t h e  runway and t h e  taxiways was very  d e f i c i e n t ;   or^; a few 
l i g h t s  remained, t h e  o t h e r s  were rep laced  by kerosene lamps. 
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1.11 F l i g h t  r eco rde r s  

Not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

P a r t  of t h e  r i g h t  i t a b i l i z e r  was found on t h e  take-off  runway about  1 200 m 
from its end. The d i s t a n c e  between t h e  p o i n t  from which t h e  take-off  run  probably  s t a r t e d  
and t h e  f i r s t  a i r c r a f t  impact marks on t h e  ground was approximately 1 410 m. The d i s t a n c e  
between t h e s e  impact marks and t h e  po in t  where t h e  a i r c r a f t  f i n a l l y  came t o  r e s t  was 200 m. 

1.13 F i r e  

The a i r c r a f t  was completely des t royed by post-impact f i r e .  

The a i r c r a f t  was equipped wi th  a  warning dev ice  and f i r e  e x t i n g u i s h i n g  sys tem 
on each engine  a s  w e l l  a s  i n  t h e  two baggage holds .  There were a l s o  hand e x t i n g u i s h e r s  i n  

? 

t h e  cockpi t  and i n  t h e  passenger cabin .  T h i s  equipment could not  be used,  however, because 
of t h e  e x t e n t  of damage t o  t h e  a i r c r a f t  a s  soon a s  i t  f i r s t  h i t  t h e  ground. 

1 .14  Su rv iva l  a s p e c t s  

Nine of t h e  passengers  s e a t e d  i n  t h e  rear of t h e  cab in  were thrown ou t  of t h e  
a i r c r a f t  through t h e  torn-off  cargo door and through t h e  open cab in  door and were i n j u r e d  
t o  v a r i o u s  degrees.  One of them d i e d  from burns i n  h o s p i t a l .  

1.15 T e s t s  and r e sea rch  

No informat ion w a s  conta ined i n  t h e  r e p o r t .  

2. - Analys i s  and Conclusions 

2.1 Analys i s  

The engines  were s o  badly damaged by t h e  pos t -c rash  f i r e  t h a t  it w a s  imposs ib le  
t o  determine t h e i r  c o n d i t i o n  o r  performance a t  t h e  t i m e  of t h e  a c c i d e n t .  However, examina- 
t i o n  of t h e  p r o p e l l e r  r evea l ed  t h a t  t h e  eng ines  were a t  f u l l  power on f i r s t  impact (b l ade  
t i p s  bent  forward) and t h a t  power was reduced, e i t h e r  consc ious ly  o r  i n v o l u n t a r i l y ,  b e f o r e  
t h e  second impact (backward t w i s t  of t h e  b l ades  r i g h t  down t o  t h e i r  base) .  It w a s ,  t h e r e -  
f o r e ,  concluded t h a t  t h e  fou r  eng ines  were i n  p e r f e c t  o p e r a t i n g  c o n d i t i o n  at  t h e  t i m e  of 
t h e  acc iden t .  

It w a s  a l s o  concluded t h a t ,  a f t e r  a v a i n  a t t empt  t o  remain a i r b o r n e  fo l lowing  a 
take-off performed a t  c r i t i c a l  speed,  t h e  crew, i n t e n t i o n a l l y  o r  unconsciously ,  reduced t h e  
engine  power a f t e r  t h e  f i r s t  impact wi th  t h e  ground i n  an a t t empt  t o  l e s s e n  t h e  damage. 

Examination of t h e  a i r f r ame  wreckage revea led  t h a t  t h e  f l a p s  were i n  t h e  take-off  
p o s i t i o n  (15O) and t h a t  t h e  f l i g h t  c o n t r o l  cab l e s  were not  broken a t  t h e  t i m e  of t h e  a c c i d e n t .  

A l a r g e  p o r t i o n  of t h e  r i g h t  s t a b i l i z e r  w a s  found on t h e  runway. It was g r e a t l y  
d i s t o r t e d  and i ts  l ead ing  edge bore  an  imprint  of a  c y l i n d e r  o b j e c t .  Th is  impr in t  had been 
caused by a  f u e l  drum which w a s  found on t h e  edge of t h e  clearway. 
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Thi s  f u e l  drum was one of t h e  many drums which had been p rev ious ly  o b s t r u c t i n g  
t h e  runway and which were removed t o  t h e  edges of t h e  runway when t h e  aerodrome was 
recap tured  by t h e  r e g u l a r  army. Th i s  drum was probably  blown on t o  t h e  runway by ano the r  
a i r c r a f t  which took off  s h o r t l y  before .  For o p e r a t i o n a l  reasons ,  t h e  a i r c r a f t  were t a k i n g  
of f  wi th  no l i g h t s  whatsoever and were guided on ly  by t h e  few runway l i g h t s  s t i l l  opera t ing .  

2 . 2  Conclusions 

F ind ings  

The crew were p rope r ly  l i c e n s e d  f o r  t h e  a i r c r a f t  type .  The pilot-in-command had 
cons ide rab l e  f l y i n g  exper ience  on t h i s  t y p e  of a i r c r a f t  and was f u l l y  q u a l i f i e d  f o r  t h e  
f l i g h t .  

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

A i r c r a f t  maintenance had been performed by q u a l i f i e d  personne l  i n  accordance 
w i t h  c u r r e n t  manuals and wi th  t h e  s t anda rd  p re sc r ibed  by t h e  manufacturer .  

The weight  of t h e  a i r c r a f t  a t  take-off was w e l l  under t h e  maximum pe rmis s ib l e  
take-off weight and t h e  c e n t r e  of g r a v i t y  w a s  w i t h i n  l i m i t s .  

The meteoro log ica l  c o n d i t i o n s  were favourable .  

The c o n d i t i o n  and o p e r a t i o n  of t h e  a i r c r a f t  ins t ruments  were not  determined 
because they were t o t a l l y  des t royed  by f i r e .  

The r a d i o  equipment w a s  ope ra t i ve .  

The a i r c r a f t  was provided wi th  f i r e  p r even t ion  equipment, which was of no use  
because i t  w a s  des t royed  b e f o r e  f i r e  broke out .  

No informat ion could be drawn from t h e  eng ines  themselves.  However, t h e  condi- 
t i o n  of t h e  p r o p e l l e r s  showed t h a t  t h e  eng ines  were ope ra t i ng  normally and a t  f u l l  power 
on f i r s t  impact wi th  t h e  ground. 

Examination of t h e  a i r f r ame  r evea l ed  t h a t  t h e  acc iden t  can be a s c r i b e d  t o  l o s s  
of c o n t r o l  through p a r t i a l  d e s t r u c t i o n  of t h e  r i g h t  s t a b i l i z e r  and probable  d i s t o r t i o n  of 
t h e  e l e v a t o r .  These were caused by c o l l i s i o n  du r ing  take-off  wi th  a n  empty f u e l  drum on 
t h e  runway. 

Cause o r  
Probable  cause  (s) 

The acc iden t  w a s  brought about  by impact wi th  a f u e l  drum which caused p a r t i a l  
d e s t r u c t i o n  of t h e . r i g h t  e l e v a t o r ,  t h u s  r ende r ing  t h e  a i r c r a f t  u n c o n t r o l l a b l e  i n  f l i g h t .  

3 .  - Recommendations 

None were con ta ined  i n  t h e  r e p o r t .  

ICAO R e f :  A R / 8 8 9  
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No. 21 - 
Abaroa A i r l i n e s ,  Douplas C-47, CP-639, acc iden t  a t  Paso Huayna P o t o s i ,  

B o l i v i a ,  on 8 December 1964. Repor t .unda ted ,  r e l e a s e d  by t h e  
D i r e c t o r a t e  General  of C i v i l  Avia t ion ,  Min i s t ry  of P u b l i c  

Works and Communications, Bol iv ia .  

1. - I n v e s t i g a t i o n  

1.1 His tory  of t h e  f l i g h t  

The a i r c r a f t  was on a  scheduled domestic f l i g h t  from Caranavi  A i rpo r t  t o  L a  Paz 
v i a  Tipuani .  It a r r i v e d ' a t  T ipuani  a t  0913 hours  Bol iv ian  t ime ,  c a r r y i n g  a  crew of t h r e e ,  
a  supernumerary crew member and a  passenger  f o r  La Paz. A t  T ipuani ,  e ldven  a d u l t  passengers  
and a  baby boarded t h e  a i r c r a f t .  Departure from Tipuani  was a t  0934:36 hours  and t h e  
es t imated  t i m e  of a r r i v a l  a t  La Paz was 1010 hours.  The l a s t  communication w i t h  T ipuan i  
c o n t r o l  was made a t  1002 hours  when it reques ted  permiss ion t o  change t o  t h e  f requency of 
t h e  La Paz aerodrome c o n t r o l  zone. When t h e  a i r c r a f t  d id  not  e n t e r  t h e  c o n t r o l  zone w i t h i n  
t h e  normal five-minute t ime,  an  emergency w a s  dec l a r ed  a t  1022 hour s ,  and at  1048 hour s  i t  
was l e a r n t  from t h e  M i l l u n i  b roadcas t ing  s t a t i o n  t h a t  t h e  a i r c r a f t  had been seen  exploding 
i n  t h e  a i r  and f a l l i n g  t o  e a r t h  n e a r  t h e  cemetery of t h a t  mining a r e a .  A t  1121 hour s  t h e  
d i s a s t e r  was confirmed by ano the r  a i r c r a f t ,  CP-621, whrch was f l y i n g  over  t h e  area. The 
s i t e  of t h e  acc iden t  w a s  16°21 '00"~ ,  68°10'00"W, a t  an e l e v a t i o n  of 14 000 t o  14 500 f t .  

1.2 I n i u r i e s  t o  persons  

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  w a s  t o t a l l y  des t royed.  

I n j u r i e s  

F a t a l  

Non-f a t a l  

None . 

1.4 Other damage 

C r e w  

4  

Passengers  

13 

There was no o t h e r  damage. 

Others  

1.5 C r e w  informat ion 

The pilot-in-command, aged 40, he ld  an a i r l i n e  t r a n s p o r t  p i l o t ' s  l i c e n c e  w i t h  a  
multi-engine r a t i n g .  H e  had flown a t o t a l  of 5  161  hours  a s  pilot-in-command of C-47, 
YC-125, B-17 and PV-2 a i r c r a f t ,  i n  a d d i t i o n  t o  941 hours on single-engined a i r c r a f t  and 
1 3 6 7  hours on Beechcraft  AT-7 (twin-engine& a i r c r a f t )  a s  A i r  Force p i l o t .  
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During t h e  30 days preceding the  accident ,  he hadf lown 69 hours. He passed h i s  
last medical examination on 25 Ju ly  1964 and had a v a l i d  medical c e r t i f i c a t e .  

The co-pi lot ,  aged 25, held a na t i ona l  l icence  va l ida ted  on an Argentine p r iva t e  
p i l o t ' s  l icence.  H e  had flown a t o t a l  of 720 hours,  including 625 hours a s  co-pilot  on C-47 
and C-46 a i r c r a f t .  He had flown 63 hours during the  preceding 30 days. He passed h i s  l a s t  
medical examination on 5 Ju ly  1964 and had a v a l i d  medical c e r t i f i c a t e .  

The f l i g h t  engineer had 1 7  yea rs  of continuous experience i n  avia t ion .  

The supernumerary crew member was a genera l  of the  A i r  Force and manager of the  
a i r l i n e .  H e  was 49 years  old and held an a i r l i n e  t r anspor t  p i l o t ' s  l i cence  ra ted  f o r  twin- 
engined a i r c r a f t .  

1.6 A i r c r a f t  information 

The a i r c r a f t ' s  c e r t i f i c a t e  of a i rworthiness  was v a l i d  u n t i l  4 January 1965. 

The a i r c r a f t  had flown a t o t a l  of 1 7  007 hours, including 1393 hours s ince  l a s t  
overhaul. The a i r c r a f t  had been properly maintained. 

A t  t he  time of take-off from Tipuani, t h e  a i r c r a f t ' s  gross  weight was 9 721 kg. 
The load and t r i m  sheet  ' f o r  t h i s  f l i gh t '  was not signed by t he  co-pilot.  

The a i r c r a f t  cg r r i ed  180 gal lons  of f u e l  weighing 490 kg. The type of f u e l  was 
not mentioned i n  t h e  report .  

1 . 7  Meteorological information 

The weather condi t ions a l l  along t h e  rou te  were favourable f o r  f l y i n g  i n  VMC. 

1.8 Aids t o  navigat ion 

Not pe r t inen t  t o  t h e  accident.  

1.9 Communications 

Communications between t he  a i r c r a f t  and ground s t a t i o n s  were normal. 

1.10 Aerodrome and ground f a c i l i t i e s  

Not pe r t inen t  t o  t he  accident.  

1.11 Fl igh t  recorders  

Not mentioned i n  t he  repor t .  

1.12 Wreckage 

The wreckage of the  a i r c r a f t  was s ca t t e r ed  along an a rea  1 0 7 0  m long a t  a t r u e  
heading of 2100 (see Figure 21-1) and was d i s t r i bu t ed  a s  follows: 

Area 1: Close t o  t he  Mil luni  cemetery small paint f l akes  (4" x t")  were found 
s ca t t e r ed  over an a rea  of 200-m radius.  They were i d e n t i f i e d  a s  
belonging t o  the  t a i l  un i t  and t a i l  cone. 



Area 2: iippri)xima+el;: 50 m f u r t h e r  o r ~ ,  a t  t he  top of the f i r s t  ri-t: i n  t h e  
ground, hundreds of small fragments of aluminium and p a i n t  f l a k e s  
(t" x $"' were found. They w e r e  a l l  i d e n t i f i e d  a s  belonging t o  t h e  
rudder.  

Area 3: Another 50 m f u r t h e r  on, hundreds of me ta l  f ragments  rang ing  from b i t s  
h a l f  an  inch  i n  d iameter  t o  p a r t s  2 t o  3.5 f t  long were s c a t t e r e d  over  
an area of 150-m r a d i u s .  They w e r e  a l l  i d e n t i f i e d  a s  belonging t o  t h e  
r e a r  p a r t  of t h e  f u s e l a g e  and t o  t h e  t a i l  u n i t .  

Area 4: About 400 m f u r t h e r  on, t h e  h o r i z o n t a l  and v e r t i c a l  t a i l p l a n e s ,  t h e  
f l i g h t  deck escape  ha t ch  and t h e  r e a r  ca rgo  door were found i n  an a r e a  
of 50-m rad ius .  

Area 5: An a r e a  approximately 300 m long,  where no wreckage was found. 
, 

Area 6: An a r e a  of approximately 300 sq. m i n  which t h e  mainlwreckage of t h e  
a i r c r a f t  w a s  l o c a t e d ,  i nc lud ing  t h e  wings and a i l e r o n s ,  t h e  eng ines  
and p r o p e l l e r s ,  p i e c e s  of t h e  fu se l age  and t h e  c e n t r a l  wing s e c t i o n ,  
and t h e  l and ing  gear .  

Area 7: A t  t h e  t op  of t h e  l a s t  r i s e  i n  t h e  ground, t h e  upper p a r t  of t h e  fuse-  
l age  and t h e  h e a t i n g  duct  of t h e  passenger  cab in  were found. The t a i l  
s k i d  was l o c a t e d  f u r t h e r  down, 5 m from t h e  road t o  L a  Paz. 

1.13 F i r e  

F i r e  broke ou t  a f t e r  impact. S ince  t h e  traces l e f t  by most of t h e  f i r e  had n o t  
caused any s i g n i f i c a n t  f u s i n g  of meta l  p a r t s ,  i t  was be l ieved  t h a t  t h e  remaining f u e l ,  
e s t imated  a t  130 g a l l o n s ,  exploded when t h e  a i r c r a f t  h i t  t h e  ground. 

1 .14  Su rv iva l  a s p e c t s  

There were no su rv ivo r s .  

1.15 Tests and r e s e a r c h  

Numerous fragments of aluminium p l a t i n g ,  showing t h e  d i s t o r t i o n  r e s u l t i n g  from 
explos ion ,  were c o l l e c t e d  i n  o rder  t o  a s c e r t a i n ,  as f a r  a s  p o s s i b l e ,  what t ype  of e x p l o s i v e  
could have l e d  t o  t h e  d i s i n t e g r a t i o n  of t h e  s t a r b o a r d  s i d e  of t h e  fu se l age .  

T e s t s  c a r r i e d  out  i n  t h e  Bol iv ian  P o l i c e  l a b o r a t o r i e s  r evea l ed  t h e  p resence  of 
sodium n i t r a t e  and r e s i d u e s  of o t h e r  explosion-uroducing subs tances .  

2. - Analys i s  and Conclusions 

2.1 Analys is  

From t h e  d i s t r i b u t i o n  p a t t e r n  of t h e  wreckage, i t  was determined t h a t  t h e  t a i l  
u n i t  was t o r n  from t h e  a i r c r a f t  a t  an es t imated  he igh t  of 1 500 f t  above t h e  ground. The 
s t a b i l i z e r s  and e l e v a t o r s ,  t h e  f i n ,  t h e  rudder and t h e  r e a r  door of t h e  ho ld  were a l l  found 
i n  one p i e c e  and no evidence of i n - f l i g h t  damage was found on them. Examination of t h e  
main p a r t  of t h e  wreckage, which w a s  l oca t ed  300 m f a r t h e r  t han  t h e  t a i l  u n i t  wreckage, 
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r evea l ed  t h a t  t h e  wings,  t o g e t h e r  w i t h  t h e i r  a i l e r o n s  and t a b s ,  and t h e  f l a p s  were i n t a c t  
p r i o r  t o  t h e  impact of t h e  a i r c r a f t  w i th  t h e  ground i n  a n e a r l y  v e r t i c a l  a t t i t u d e .  Also 
t h e  d i s t a n c e  between t h e  2-f t  deep c r a t e r s  i n  which t h e  eng ines  and t h e i r  p r o p e l l e r s  were 
found i n d i c a t e d  t h a t  t hey  were s t i l l  i n  p o s i t i o n  a t  t h e  t i m e  of impact.  

During t h e  examinat ion  of t h e  wreckage, it w a s  found t h a t  t h e  e n t i r e  p o r t  s i d e  
of t h e  f u s e l a g e  w a s  p e r f e c t l y  i d e n t i f i a b l e ,  but  t h a t  a l a r g e  p o r t i o n  of t h e  s t a r b o a r d  s i d e  
between s t a t i o n  623 and s t a t i o n  294, as w e l l  as p a r t  of t h e  pa s senge r s '  and f r e i g h t  com- 
partment  f l o o r ,  had complete ly  d i s i n t e g r a t e d .  

Evidence showed t h a t  t h e  d i s i n t e g r a t i o n  s t a r t e d  a t  a p o i n t  behind t h e  passenger  
c a b i n ,  i n  a n  a r e a  a d j a c e n t  t o  t h e  t o i l e t ,  and t h a t  i t  w a s  due t o  a n  exp los ion .  

Seven days a f t e r  t h e  a c c i d e n t ,  t h e  p o l i c e  found a  2-inch p i e c e  of burn t  ou t  
dynamite f u s e  amongst t h e  main wreckage, ano the r  p i e c e  approximate ly  4-inch long and no t  
bu rn t  i n  t h e  a r e a  of g r e a t  d i s p e r s i o n  and a l s o  fragments  of s o l i d i f i e d  cement. 

Nothing could j u s t i f y  t h e  p resence  of t h i s  m a t e r i a l ,  which forms p a r t  of an 
e x p l o s i v e  dev i ce ,  i n  t h e  acc iden t  area. 

2.2 Conclus ions  

F i n d i n g s  

The crew were adequa t e ly  c e r t i f i c a t e d  f o r  t h e i r  d u t i e s .  

The c e r t i f i c a t e  of a i r w o r t h i n e s s  w a s  v a l i d  and up t o  d a t e .  The maintenance 
p rocedures  p r e s c r i b e d  f o r  t h e  a i r c r a f t  had been c a r r i e d  ou t .  The a i r c r a f t  w a s  p r o p e r l y  
d i spa t ched .  

The weather  c o n d i t i o n s  were good. 

No trace of s t r u c t u r a l  o r  component f a i l u r e  of t h e  a i r c r a f t  was found t h a t  might 
have caused t h e  a c c i d e n t .  

It w a s  proved beyond any doubt t h a t  t h e  t a i l  u n i t  of t h e  a i r c r a f t ,  c o n s i s t i n g  of 
s t a b i l i z e r ,  e l e v a t o r s , ' f i n ,  rudder  and rear f r e i g h t  door had been t o r n  o f f  t h e  a i r c r a f t  
wh i l e  it w a s  s t i l l  f l y i n g  normally on de scen t  t o  t h e  aerodrome of d e s t i n a t i o n .  

Examination of a l l  t h e  c o l l e c t e d  p i e c e s  r e v e a l e d  t h a t  t h i s  was due t o  sudden 
d i s i n t e g r a t i o n  caused by an  exp los ion .  

The d isappeance  of a l a r g e  p o r t i o n  of t h e  s t a r b o a r d  s i d e  of t h e  f u s e l a g e ,  t h e  
b reak ing  up of t h e  me ta l  p a r t s  i n d i c a t e d  t h a t  t h e  cause  was an  exp los ion  w i t h i n  t h e  a i r c r a f t .  

P a r t s  of e x p l o s i v e s  were found such a s  dynamite f u s e s  and p i e c e s  of s o l i d i f i e d  
cement. 

Cause o r  
Probable  cause  ( s )  

A v i o l e n t  exp lo s ion  of c r i m i n a l  o r i g i n  i n s i d e  and a t  t h e  r e a r  of t h e  a i r c r a f t  
dur ing  f l i g h t ,  which caused t h e  t a i l  u n i t  t o  be t o r n  o f f .  
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3 .  - Recommendat i ons  

The r e p o r t  of t h e  t e c h n i c a l  i n v e s t i g a t i o n  proves  t h a t  t h e  acc iden t  was of 
c r imina l  o r i g i n .  It is recommended t h a t  t h i s  r e p o r t  be t r a n s m i t t e d  t o  t h e  p o l i c e  au thor -  
i t ies  t o  a s c e r t a i n  whether t h e  au tho r  o r  a u t h o r s  of t h e  a c t  were a c t u a l l y  on board t h e  
a i r c r a f t .  

ICAO R e f :  AR/900 
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Path of a i r c r a f t  

/ 

KEY TO WRECKAGE 

1 Tail-skid found 5 met res  from road t o  11 Centre  wing s e c t i o n ,  s t a r b o a r d  wing 
La Paz 12 Hor izon ta l  t a i l  p lane ,  t a i l  cone 

2 Heating duc t  of passenger cabin and 
f r e i g h t  compartment 13 Fin 

3 1.80 x 140 p iece  of upper fuse lage  
14 Rudder 

4 Leading edge of p o r t  wing 
15 F l i g h t  deck escape hatch 

5 Wing t i p ,  fuse lage  wreckage 
16 Rear l e a f  of main f r e i g h t  door 

17 Por t ion  of t a i l  hanging on h igh  tew . 6 Por t  wing wire 
CONTOUR LINES EVERY 50 m (APPROX.) 7 Wing t i p  

18 Pa in t  f l a k e s  
8 Engine c r a t e r s  

19 Metal fragments from t a i l  f l u a h *  
9 Prope l le r  b lades  broken a t  t h e  hub 20 Hundreds of fragments of  a l e  a d  

10 Centre wing s e c t i o n ,  engines wings, small  f l a k e s  of p a i n t  identif* 
a i l e r o n s ,  wheels, f o r e  landing gear ,  coming from t a i l  u n i t  and co* 
gas tanks,  e t c .  found s c a t t e r e d  over  
an 80-m r a d i u s  

A 

FIGURE 21-1 
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Fleming; A i r  System Transpor t  (FAST).  Douglas DC-3, PI-C569, acc iden t  a t  B a r r i o  
Camansi Norte.  Numancia, Aklan, P h i l i p p i n e s ,  on 21 December 1964. Report 
da ted  1 0  May 1965, r e l ea sed  by t h e  A i r c r a f t  Accident I n v e s t i g a t i o n  Board, 

C i v i l  Aeronaut ics  Adminis t ra t ion ,  Department of P u b l i c  Works and 
Communications, Republic of t h e  P h i l i p p i n e s .  

1. - I n v e s t i g a t i o n  

1.1 His tory  of t h e  f l i g h t  

The a i r c r a f t  was on a  non-scheduled f l i g h t  from Kalibo t o  Manila.  It took  o f f  
from runway 05 a t  1740 hours P h i l i p p i n e  l o c a l  t ime and t h e  co -p i lo t  t e s t i f i e d  t h a t  t h e  
take-off was normal and a l l  engine  ins t ruments  were i n d i c a t i n g  w i t h i n  normal o p e r a t i n g  
range throughout t h e  take-off and du r ing  t h e  i n i t i a l  climb. He f u r t h e r  t e s t i f i e d  t h a t  
approximately 20 minutes a f t e r  t ake-of f ,  s eve re  v i b r a t i o n  and m i s s e s ,  d ec reas ing  o i l  pres-  
s u r e  and i n c r e a s i n g  o i l  temperature  of t h e  lef t -hand engine ,  were noted as t h e  a i r p l a n e  
was cl imbing t o  2  200 f t .  The lef t -hand engine was shu t  down, i t s  p r o p e l l e r  f e a t h e r e d ,  
and s h o r t l y  a f t e r  t h e  pilot-in-command r eve r sed  course  and descended wi th  t h e  i n t e n t i o n  of 
l and ing  a t  e i t h e r  Kalibo o r  Roxas A i rpo r t s .  Ne i ther  a i r p o r t  w a s  r a t e d  f o r  n i g h t  o p e r a t i o n s .  
The f l i g h t  proceeded t o  Kalibo. P r e c i p i t a t i o n  w a s  encountered on t h e  way and t h e  v i s i b i l -  
i t y  was s o  poor t h a t  t h e  crew f a i l e d  t o  make v i s u a l  con tac t  wi th  Kal ibo Ai rpo r t .  A t  
1823 hours ,  a cl imb t o  2  000 f t  was a t tempted t o  c l e a r  t h e  t e r r a i n  on t h e  way t o  Bacolod 
A i r p o r t ,  t h e  n e a r e s t  a i r p o r t  a v a i l a b l e  f o r  n igh t  ope ra t ions .  However, w i t h  MET0 power on 
the  remaining eng ine ,  t h e  a i r c r a f t  no t  only f a i l e d  t o  cl imb but a l s o  f a i l e d  t o  ma in t a in  
a l t i t u d e  wi th  t h e  a i r s p e e d  dec reas ing  t o  80 mph. Seve ra l  a t t empt s  t o  cl imb were made but  
were d i scont inued  due t o  p r e - s t a l l  warning. A t  1835 hours  w i th  500 f t  a l t i t u d e ,  t h e  
pilot-in-command decided t o  d i t c h  and warned t h e  passengers  accord ing ly .  A t  1839 hours ,  
t h e  d i t c h i n g  was a t tempted but  t h e  a i r p l a n e  c o l l i d e d  wi th  coconut t r e e s  l o c a t e d  approxi-  
mately 500 f t  from t h e  Ba r r io  Camansi Norte s h o r e l i n e  and crashed on t h e  muddy bed of a n  
abandoned f ishpond on a heading of 300°, approximately 160 f t  from t h e  p o i n t  of i n i t i a l  
c o l l i s i o n .  The acc iden t  occurred around 1840 hours.  

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

1.3 Damage t o  a i r c r a f t  

The a i r c r a f t  was s u b s t a n t i a l l y  damaged. 

I n j u r i e s  

F a t a l  

Non-f a t a l  

None 

C r e w  

1 

2  

Passengers  

16 

2  0  

Others  
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1 .4  Other damage 

There was no o t h e r  damage. 

1.5 Crew informat ion 

The pilot-in-command, aged 37, he ld  a  c u r r e n t l y  v a l i d  s e n i o r  cormnercial p i l o t ' s  
l i c e n c e  wi th  a  r a t i n g  f o r  DC-3 a i r p l a n e s  and an  instrument r a t i n g .  He had a  t o t a l  f l y i n g  
time of approximately 6  000 hours ,  of which approximately 2  000 hours  were on t h e  DC-3. 
H i s  medical c e r t i f i c a t e  was c u r r e n t  but  r equ i r ed  t h a t  he  wear c o r r e c t i n g  l e n s e s  whi le  
execut ing t h e  p r i v i l e g e s  of h i s  l i c ence .  He w a s  not  wearing them at  t h e  t i m e  of t h e  
acc iden t .  

The co -p i lo t ,  aged 32, he ld  a c u r r e n t l y  v a l i d  commercial p i l o t ' s  l i c e n c e  wi th  
r a t i n g s  on L-4, L-5 and DC-3 a i r c r a f t .  He had a  t o t a l  f l y i n g  t i m e  of approximately 
1 000 hours. I n  November 1964 a f t e r  undergoing 5 days company t r a n s i t i o n  f o r  t h e  DC-3 
a i r p l a n e , h e  was h i r e d  a s  a  DC-3 f i r s t  o f f i c e r .  H i s  medical c e r t i f i c a t e  was cu r r en t  without  
l i m i t a t i o n s .  

On t h e  day of t h e  a c c i d e n t ,  both t h e  pilot-in-command and t h e  co-pi lo t  had 
flown 7:45 hours on t h a t  same a i r c r a f t  before  depa r t i ng  Kalibo. 

The t h i r d  crew member aboard w a s  a f l i g h t  a t t endan t .  

1.6 A i r c r a f t  informat ion 

The a i r c r a f t  had a  c u r r e n t l y  v a l i d  c e r t i f i c a t e  of a i rwor th iness .  

The a i r c r a f t  log-book showed f requen t  malfunct ioning of t h e  l e f t  engine s i n c e  
i t  w a s  i n s t a l l e d  on t h e  a i r c r a f t  and f requen t  d i s c r epanc i e s  on t h e  r i g h t  engine  dur ing t h e  
l a s t  month. 

On t h e  day p r i o r  t o  t h a t  of t h e  a c c i d e n t ,  s i g n i f i c a n t  d i s c r epanc i e s  were logged 
by t h e  f i r s t  crew which f lew t h e  a i r c r a f t .  These included 100 rpm drops on one magneto, 
on both eng ines ,  and r equ i r ed  immediate c o r r e c t i v e  a c t i o n .  Maintenance work w a s  performed 
a f t e r  t h e  f l i g h t ;  however, on t h e  fo l lowing f l i g h t  c a r r i e d  out by ano ther  crew, some 
s i g n i f i c a n t  d i s c r epanc i e s  on t h e  l e f t  engine were aga in  logged. No c o r r e c t i v e  a c t i o n  was 
taken;  however, a  company a i r c r a f t  and engine mechanic r e l ea sed  t h e  a i r c r a f t  f o r  f l i g h t .  

On t h e  day of t h e  acc iden t  and presumably dur ing  t h e  f l i g h t  p r i o r  t o  t h e  ill- 
f a t e d  one, t h e  pilot-in-command logged aga in  d i s c r epanc i e s  on t h e  l e f t  engine ( inc lud ing  a  
300 rpm drop on t h e  r i g h t  magneto) and on t h e  landing l i g h t s .  However, no c o r r e c t i v e  a c t i o n  
was taken. No maintenance o r  r e f u e l l i n g  was c a r r i e d  out a t  Kalibo. 

It w a s  a l s o  found dur ing t h e  i n v e s t i g a t i o n  t h a t  t h e  maintenance r eco rds  were 
badly kept .  The t o t a l  t ime of t h e  l e f t  engine s i n c e  l a s t  overhaul  appeared on t h e  log-book 
a s  122:36 hours  when i t  should have read 717:23 hours ,  and t h a t  of t h e  r i g h t  engine a s  
676:05 hours i n s t e a d  of 1 076:45 hours.  

The pay load of the  a i r p l a n e  was 4  672.2 l b ,  w e l l  below t h e  a l lowable  5 737 l b .  
The maximum g ros s  weight and t h e  c e n t r e  of g r a v i t y  a t  take-off  were determined t o  be w i th in  
t h e  a l lowable  l i m i t s .  
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The f u e l  and o i l  on board were 275 and 47 g a l l o n s  r e s p e c t i v e l y .  The t ype  of 
f u e l  being used was not  s t a t e d  i n  t h e  r e p o r t .  

1 . 7  Meteorolopical  informat ion 

The acc iden t  occurred i n  darkness ,  and p r e c i p i t a t i o n  and poor v i s i b i l i t y  
p r eva i l ed  over Kalibo a t  t h a t ' t i m e .  

1.8 A i d s  t o  nav iga t i on  

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

1.9 Communications 

There were no communications d i f f i c u l t i e s .  When t h e  emergency occu r r ed ,  t h e  
co-pi lo t  made a  b l i n d  t r ansmis s ion  on 118.1 M C / S ,  d e c l a r i n g  t h e  emergency. A t  t h a t  t i m e ,  
t h e  a i r c r a f t  w a s  f l y i n g  a t  a n  a l t i t u d e  of approximately 1 100 f t  over  Few Washington 
( 7  m i l e s  east of Kal ibo) .  Th i s  t r ansmis s ion  was f i r s t  r ece ived  around '1817 hours  by 
another  a i r c r a f t ,  which t h e n  s t a r t e d  t o  r e l a y  a l l  radiocommunications between t h e  a i r c r a f t  
and Romblon r a d i o  s t a t i o n .  The last t r ansmis s ion  from t h e  a i r c r a f t  was rece ived  a t  
1839 hours  when i t  announced t h a t  i t  was t r y i n g  t o  d i t c h .  

1.10 Aerodrome and ground f a c i l i t i e s  

No in format ion  was con ta ined  i n  t h e  r e p o r t .  

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

Not mentioned i n  t h e  r e p o r t .  

1.12 Wreckage 

The acc iden t  occurred about 8 mi l e s  northwest  of Kal ibo A i r p o r t .  

1.13 F i r e  - 
There was no f i r e .  

1.14 Su rv iva l  a s p e c t s  

The pilot-in-command was thrown out  of t h e  a i r c r a f t  40 f t  forward,  when t h e  l e f t  
s i d e  of the  nose s e c t i o n  h i t  a  coconut t r e e .  

The passengers  evacuated t h e  a i r c r a f t  through t h e  opening c r e a t e d  by a break  a t  
t h e  per iphery  of t h e  f u s e l a g e ,  forward of t h e  main door.  A l l  t h e  emergency e x i t s  were found 
c lo sed .  The lef t -hand e x i t s  were found saf  e - t i ed .  

1.15 T e s t s  and r e s e a r c h  

The l e f t  engine was subsequent ly  s t r i p p e d  and sub j ec t ed  t o  t e c h n i c a l  examination.  
A l l  t h e  f r o n t  row p i s t o n s  were s t u c k  f r o z e n  i n  t h e i r  r e s p e c t i v e  c y l i n d e r s  and d i s t o r t e d  
apparen t ly  by high temperature .  The f r o n t  master  rod and a l l  t h e  f r o n t  connect ing rods  were 
broken and t h e  f r a c t u r e d  ends were f u r t h e r  deformed by repea ted  pounding. 
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A l l  t h e  r e a r  row p i s t o n s ,  c y l i n d e r s  and connect ing rods  were found normal. 

The r i g h t  engine was l i k e w i s e  s tr ip-examined and was found normal. 

2 .  - Analys i s  and Conclusions 

2.1 Analys is  

According t o  t h e  IFR f l i g h t  p l a n ,  t h e  a i r c r a f t  should  have climbed a f t e r  take- 
o f f  s o  a s  t o  reach 6 000 f t  over Romblon, which i s  25 minutes  f l i g h t  t ime  from Kalibo.  
According t o  t h e  DC-3's performance curves ,  t h e  a i r c r a f t  should have been capab le ,  wi th  
t h e  load  c a r r i e d ,  of reach ing  6 000 i t  a l t i t u d e  20 minutes a f t e r  t ake-of f .  Furthermore,  
i t  should have been a b l e  t o  main ta in  o r  c l imb t o  3 000 it  a l t i t u d e  on one engine .  The 
f a i l u r e  of t h e  a i r p l a i n e  t o  reach 6 000 i t  a l t i t u d e  20 minutes a f t e r  take-off suggested  
t h a t  both eng ines  were not  d e l i v e r i n g  t h e i r  r a t e d  power. Th i s  was a l s o  s u b s t a n t i a t e d  by 
t h e  f a c t  t h a t  t h e  a i r c r a f t  could  not  ma in t a in  i ts  a l t i t u d e  w i th  t h e  l e f t  p r o p e l l e r  
f e a t h e r e d ,  d e s p i t e  a p p l i c a t i o n  of MET0 power on t h e  r i g h t  engine .  The apparent  f a i l u r e  
of t h e  r i g h t  engine t o  d e l i v e r  t h e  d e s i r e d  power l i m i t e d  t h e  courses  of a c t i o n  a v a i l a b l e  
t o  t h e  f l i g h t  crew. The cont inuous  l o s s  of a l t i t u d e  l e f t  no o t h e r  cho ice  f o r  t h e  crew but 
t o  make an  emergency land ing .  However, s t r i p  examination of t h e  r i g h t  engine d i d  not  
r e v e a l  any d e f i c i e n c y  and t h e  Board could not  f a c t u a l l y  determine why i t  was imposs ible  t o  
main ta in  a l t i t u d e  a f t e r  t h e  f a i l u r e  of t h e  l e f t  engine .  

2.2 Conclusions 

Findings  

The crew were p rope r ly  c e r t i f i c a t e d  f o r  t h e  f l i g h t .  

The a i r c r a f t  had a v a l i d  c e r t i f i c a t e  of a i r w o r t h i n e s s .  Malfunct ioning of both 
eng ines  were r epo r t ed  on s e v e r a l  occas ions .  Also some d i s c r e p a n c i e s  i n  t h e  maintenance 
records  of t h e  a i r c r a f t  were found dur ing  t h e  i n v e s t i g a t i o n .  The g r o s s  weight and c e n t r e  
of g r a v i t y  were w i t h i n  l i m i t s .  

P r e c i p i t a t i o n  and poor v i s i b i l i t y  p r e v a i l e d  over  Kalibo a t  t h e  t ime of t h e  
acc iden t .  

S t r i p  examination of t h e  l e f t  engine  revea led  t h a t  a l l  f r o n t  row p i s t o n s  had 
s e i zed  i n  f l i g h t  and t h a t  t h e  f r o n t  master  rod and a l l  f r o n t  connect ing rods  were broken. 
S t r i p  examination of t h e  r i g h t  engine d id  not  r e v e a l  any d i s c r e p a n c i e s  and no reasons  were 
found t o  e x p l a i n  why t h e  a i r c r a f t  was unable t o  main ta in  i t s  a l t i t u d e  wi th  t h e  l e f t  engine 
f e a t h e r e d  and t h e  r i g h t  engine on MET0 power. 

Cause o r  
Probable  cause  (s )  

The Board determined t h a t  t h e  probable  cause of t h e  a c c i d e n t  was f a i l u r e  t o  
main ta in  s a f e  s ingle-engine  speed and a l t i t u d e  fo l lowing  f a i l u r e  of t h e  l e f t  engine .  

The p r e c i p i t a t i o n  and poor v i s i b i l i t y  p r e v a i l i n g  at  t h e  t i m e  of t h e  acc iden t  
over Kal ibo and i t s  v i c i n i t y  and t h e  f a i l u r e  on t h e  p a r t  of t h e  maintenance pe r sonne l  t o  
t a k e  a c t i o n  t o  c o r r e c t  d i s c r e p a n c i e s  logged i n  t h e  a i r c r a f t  log-book, i n d i v i d u a l l y  o r  
c o l l e c t i v e l y  c o n t r i b u t e d  t o  t h e  cause  of t h e  acc iden t .  
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3. - Recommendations 

After the investigation, the Board recommended a review of the maintenance 
practices of FAST. The Director, upon the recommendation of the Aviation Safety Regula- 
tions Division, directed FAST to stop top-overhauling its engines after it was factually 
determined that their facilities were inadequate. 

ICAO R e f :  A ~ / 9 0 5  
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No. 23 

The F ly ing  Tiger  Line Inc . .  L-1049H. N 6915C. acc iden t  a t  San Francisco 
I n t e r n a t i o n a l  A i rpo r t .  San Francisco.  C a l i f o r n i a ,  U.S.A..on 24 December 

1964. C i v i l  Aeronaut ics  Board (U.S.A.) A i r c r a f t  Accident Report ,  F i l e  
No. 1-0064 . re leased 8  June 1966 

1. - I n v e s t i g a t i o n  

1.1 His tory  of t h e  f l i g h t  

F l i g h t  282 was a  scheduled domestic cargo f l i g h t  from San Franc isco  I n t e r n a t i o n a l  
A i r p o r t ,  C a l i f o r n i a ,  t o  John F. Kennedy , n t e r n a t i o n a l  A i rpo r t ,  New York. It was o r i g i n a l l y  
scheduled t o  depar t  a t  2100 hours ,  P a c i f i c  Standard ~ ime,on  211 December, but t h e  f l i g h t  "as  -.-. 
delayed because of t he  non-ava i l ab i l i t y  of a  f l i g h t  engineer .  ~ n - ' & n ~ i n e e r  obta ined from 
Los Angeles a r r i v e d  i n  San Franc isco  a t  2315 hours  and t h e  f l i g h t  depar ted  a t  0028 hours on 
24 December. 

A t  0015 hours ,  whi le  t a x i i n g  t o  runway 28L, t h e  f l i g h t  advised Ground Cont ro l  
t h a t  because of a  heavy load ,  they woul'd l i k e  t o  proceed out p a s t  t h e  GAP Radio Beacon t o  
t he  Golden Gate I n t e r s e c t i o n ,  and thence 'v ia  Vic tor  150 t o  sacramento in s t ead  of d i r e c t  t o  
Sacramento as o r i g i n a l l y  f i l e d .  The reques t  was co-ordinaced wi th  oakland A i r  Route ~ r a f i i c  
Control  Centre and approval  obta ined.  The crew w a s  then advised t h a t  f o r  take-off on run- 

I t  way 28L t h e r e  would be a heavy" l e f t  cross-wind from 210 degrees  a t  18  t o  25 kno tqwhich  
they acknowledged. 

Af t e r  having switched t o  c lea rance  d e l i v e r y  frequency,  t h e  f l i g h t  was c l ea red  t o  
Kennedy A i r p o r t v i a  Vic tor  one f i f t y  Sacramento, V ic to r  s i x  no r th ,  and requested t o  climb 
out on t h e  San Francisco two e i g h t  seven r a d i a l  f o r  a  v e c t o r  t o  Golden Gate I n t e r s e c t i o n  t o  
i n t e r c e p t  V ic to r  one f i f t y .  Th i s  w a s  acknowledged. The Clearance Delivery C o n t r o l l e r  then 
s t a t e d :  "Youcan d i s r ega rd  t h e  v e c t o r ,  climb outbound San Francisco 287-degree r a d i a l  t o  
Golden Gate I n t e r s e c t i o n ,  t hen  Vic to r  150, and, depending on your a l t i t u d e ,  they probably 
w i l l  g ive  you a vec to r  t o  i n t e r c e p t  (Vic tor )  150 before  you g e t  t o  Golden Gate.* This  was 
a l s o  acknowledged. 

The Local C o n t r o l l e r ,  who was a l s o  Tower Supervisor ,  noted t h e  t i m e  of 0030 on 
h i s  c lock  a s  t h e  a i r c r a f t  became a i rbo rne  and passed t h e  tower. An eyewitness observed 
t h e  landing l i g h t s  r e t r a c t i n g  as t h e  a i r c r a f t  crossed t h e  end of t h e  runway. However, 
s e v e r a l  wi tnesses  a long t h e  f l i g h t  pa th ,  inc lud ing  some loca ted  at  p o i n t s  j u s t  p r i o r  t o  t he  
c r a sh ,  s a w  both landing l i g h t s  on. Landing l i g h t s  of t he  L-1049H may be r e t r a c t e d  f l u s h  
wi th  t h e  lower wing s u r f a c e  and remain on u n t i l  switched o f f .  

Af te r  t ake-of f ,wi tnesses  s t a t e d  t h e  a i r c r a f t  made a  s l i g h t  t u r n  t o  t h e  r i g h t ,  
then  a  s t e e p e r  t u r n  t o  t h e  l e f t ,  and then  was observed r e t u r n i n g  t o  a  wings-level a t t i t u d e  
a s  it en te red  t h e  clouds. 

* Radar vec to r ing  could not  be provided an  a i r c r a f t  depa r t i ng  runway 28 v i a  t h e  Golden Gate 
Standard Instrument Departure u n t i l  t h e  a i r c r a f t  reached an a l t i t u d e  of 1 500 f t .  This  
was because s tandard  o b s t r u c t i o n  c l ea rance  from t h e  t e r r a i n ,  both v e r t i c a l  and l a t e r a l ,  
could not be achieved i n  s o  f a r  as c r i t e r i a ,  a s  e x i s t i b g  on 24 December 196L, were concerneci 
L a t e r a l  c lea rance  from o b s t r u c t i n g  t e r r a i n  is s o  c r i t i c a l  t h a t  t h e r e  is no space a v a i l a b l e  
i n  which t o  vec to r  an a i r c r a f t  s a f e l y  below 1 500 f t .  (See Figure  23-1). 
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A t  0030:22, t h e  f l i g h t  was adv i sed  t o  con t ac t  Depar ture  C ~ n t r o l  and d i d  s o  
immediately.  The Depar ture  C o n t r o l l e r  adv i sed  t h e  f l i g h t  a t  0300:57 t h a t  he  had r a d a r  
con t ac t  wi th  i t  and reques ted  i t  t o  r e p o r t  l e av ing  thousand-foot a l t i t u d e s .  

A t  0031:05, t h e  crew asked how they  were t r a c k i n g  toward t h e  GAP. The Depar tu re  
C o n t r o l l e r  switched h i s  r ada r  scope from t h e  30 t o  t h e  10-mile s e t t i n g  and r eques t ed  t h e  
f l i g h t ' s  a l t i t u d e .  The crew!repl ied  they  were a t  900 f t .  

A t  0031:20, t h e  Depar ture  C o n t r o l l e r  adv i sed  t h a t  t hey  were l e f t  of t h e  
San Franc i sco  287O r a d i a l .  A s  he r ece ived  no acknowledgement h e  r e p e a t e d  h i s  message. 
The Depar ture  C o n t r o l l e r  s t a t e d  t h a t  w i t h i n  seconds a f t e r  t h e  second t r a n s m i s s i o n ,  t h e  
t a r g e t  s topped,  bloomed, and disappeared from t h e  r a d a r  scope.  Repeated a t t e m p t s  t o  com- 
municate wi th  t h e  f l i g h t  a f t e r  i t s  d i sappearance  from t h e  scope were unsucces s fu l .  A t  t h i s  
t i m e ,  0032:30, t h e  c o n t r o l l e r  p laced  a  t i m e  hack on t h e  communications t a p e .  Ground 
impact w a s  computed t o  have occurred  a t  approximate ly  0031:30. Main impact occu r r ed  
860 f t  above s e a  l e v e l  on Sweeney's Ridge, a t  approximate ly  4.3 m i l e s  on t h e  257O 
r a d i a l  of t h e  SF0 T V O ~  The co-ordinates  of t h e  impact a r e a  were 122°28'00" w e s t  l ong i -  
t ude ,  37038'28" n o r t h  l a t i t u d e .  (See F igu re  23-2) 

1.2 I n j u r i e s  t o  pe rsons  

1.3 Damape t o  a i r c r a f t  

I n j u r i e s  

F a t a l  

Non-fatal  

None 

The a i r c r a f t  s t r u c k  t h e  e a s t  s l o p e  of a h i l l  A d  d i s i n t e g r a t e d .  P o r t i o n s  o f  
t h e  a i r c r a f t  were p a r t i a l l y  o r  completely consumed i n  t h e  i n t e n s e  ground f i r e  which 
developed. 

1 .4  Other  d a m a ~ e  

C r e w  

3  

The a i r c r a f t  c rashed on a  Coast Guard Reservat ion .  Impact damaged numerous 
antenna s t r u c t u r e s  and f i r e  consumed p o r t i o n s  of t h e  h i l l s i d e  f o l i a g e .  

1 .5 C r e w  in fo rmat ion  

Passengers  

The pilot-in-command, aged 49, h e l d  a  v a l i d  a i r l i n e  t r a n s p o r t  p i l o t  c e r t i f i -  
cate wi th  type  r a t i n g s  i n  C-46, DC-4, L-1049H, and CL-44 a i r c r a f t .  H e  had a  t o t a l  of 
14 911 f l y i n g  hours ,of  which 3  942 hours  were i n  L-1049H a i r c r a f t .  H e  h e l d  a  c u r r e n t  
f i r s t  c l a s s  medical  c e r t i f i c a t e  wi th  t h e  l i m i t a t i o n s :  "Holder s h a l l  p o s s e s s  c o r r e c t i n g  
g l a s s e s  f o r  near  v i s i o n  whi le  e x e r c i s i n g  t h e  p r i v i l e g e s  of t h i s  airman c e r t i f i c a t e . "  No 
e y e g l a s s  frames,  l e n s e s ,  o r  broken l e n s e s  were found a t  t h e  a c c i d e n t  s i t e .  A s l i p - i n  
eyeg l a s s  case was found a t  t h e  s i t e ,  l a b e l l e d  w i th  a n  e a s t  c o a s t  o p t o m e t r i s t ' s  name and 
address .  It con ta ined  no t r a c e s  of broken g l a s s .  The pilot-in-command w a s  t h e  on ly  e a s t  
coas t  crew member. 

Others  
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The pilot-in-command had riser some t ime be fo re  1000 hours  on 23 December, and 
had been on duty s i n c e  2030 of t h a t  da te .  He had not  flown i n  t h e  p rev ious  24-hour 
He was based i n  Newark, New J e r s e y ,  and h i s  last d e p a r t u r e  a s  a  crew member from t h e  
San Franc isco  I n t e r n a t i o n a l  A i rpo r t  w a s  on 14 December 1963, a s  a  co -p i lo t .  

The co -p i lo t ,  aged 33, he ld  a v a l i d  a i r l i n e  t r a n s p o r t  p i l o t  c e r t i f i c a t e  with 
type r a t i n g  i n  DC-3, and a f l i g h t  i n s t r u c t o r ' s  r a t i n g .  H e  had a t o t a l  of 3 636 f l y i n g  
hours,of  which 1 277 hours were i n  L-1049H a i r c r a f t .  He he ld  a cu r r en t  f i r s t - c l a s s  medical 
c e r t i f i c a t e  w i t h  no l i m i t a t i o n s .  He had been on duty f o r  4.3 hours dur ing t h e  p rev ious  
24-hour period, of which 1.8 w e r e  f l y i n g  hours.  

The f l i g h t  eng ineer ,  aged 37, he ld  an  a i r f rame and powerplant c e r t i f i c a t e  and 
a f l i g h t  eng inee r ' s  c e r t i f i c a t e .  H e  had a t o t a l  of 4 113 f l y i n g  hours ,of  which 3 811 hours 
were i n  L-1049H a i r c r a f t .  H e  he ld  a cu r r en t  f i r s t  c l a s s  medical c e r t i f i c a t e  wi th  no 
l i m i t a t i o n s .  H e  had 1 7  hours of rest du r ing  t h e  p rev ious  24-hour per iod and had been on 
duty f o r  7 hours bu t  had not flown except  f o r  t h e  deadhead f l i g h t  from Los Angeles. 

Blood specimens from each crew member were subjected t o  t o x i c o l o g i c a l  examina- 
t i o n .  R e s u l t s  were nega t ive  f o r  t h e  co-pi lo t  and engineer  and only a small amount of blood 
e thano l  was i nd i ca t ed  i n  t h e  pilot-in-command's specimen. Since  a l c o h o l  product ion may be 
a s s o c i a t e d  wi th  post-mortem changes, t h e  concen t r a t i on  d i d  not  of i t s e l f  c o n s t i t u t e  
evidence of a l coho l  inges t ion .  There was no evidence t o  i n d i c a t e  t h e  p o s s i b l e  consumption 
of a l coho l  by t h e  pilot-in-command p r i b r  t o  t h e  f l i g h t .  

Examination of t h e  pilot-in-command's h e a r t  i n d i c a t e d  ex t ens ive  a r t e r i o s c l e r o s i s  
of t h e  coronary a r t e r i e s  wi th  cons iderab le  narrowing of t h e  lumina of t h e  v e s s e l s .  However, 
t h e r e  w a s  no thrombus o r  plaguehaemorrhagefound t h a t  would have a c u t e l y  compromised t h e  
c i r c u l a t i o n  w i t h i n  t h e  a r t e r i e s .  There was a l s o  no anatomical 'evidence '  t h a t  t h e  p i lo t - in -  
command had experienced an episode of ang ina l  p a i n  i n  t h e  few-seconds preceding t h e  crash.  

Review of t h e  medical r eco rds  of a l l  t h e  crew members f a i l e d  t o  d i s c l o s e  any 
i n d i c a t i o n s  of s i g n i f i c a n t  p re -ex i s t i ng  d i s e a s e .  

1.6 A i r c r a f t  informat ion 

When t h e  a i r c r a f t  t a x i e d  from t h e  ramp, i t  weighed 142 073 l b ,  w i t h i n  27 l b  of 
t he  a l lowable  take-off g ros s  weight.  The c.g. l i m i t s  f o r  maximum g ros s  weight of t h i s  
a i r c r a f t  a r e  23 t o  32% of MAC; i t  had a c.g. of 29.3%. The s t a t i o n  agent  c e r t i f i e d  on t h e  
f l i g h t  c l ea rance  t h a t  the a i r c r a f t  was loaded w i t h i n  l i m i t s .  

The type  of f u e l  being used w a s  not  s t a t e d  i n  t h e  r e p o r t .  

1 . 7  Meteorological  informat ion 

Surface  weather c h a r t s  f o r  t h e  evening of 23 December and t h e  e a r l y  morning 
hours  of 24 December.indicated t h a t  San Francisco was under t h e  i n f l u e n c e  of a  co ld  f r o n t a l  
system moving onshore. A t  t h e  t i m e  of t h e  acc iden t  r a i n ,  low c loudiness ,  and cons iderab le  
fog  were shown along v i r t u a l l y  t h e  e n t i r e  P a c i f i c  coas t .  The San Francisco t e rmina l  fo re -  
c a s t  i s sued  a t  2045 on 23 December,valid f o r  a  12-hour per iod beginning a t  2104 was i n  
p a r t  a s  fo l lows:  

2100-0400: 700 f t  s c a t t e r e d  c louds ,  c e i l i n g  1 800 f t  ove rcas t ,  v i s i b i l i t y  
6 mi les  i n  l i g h t  r a i n ,  occas iona l ly  c e i l i n g  600 i t  broken c louds ,  I 800 f t  
o v e r c a s t ,  v i s i b i l i t y  6 mi les  i n  l i g h t  r a i n .  
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The 0028 San Franc i sco  I n t e r n a t i o n a l  Ai rpor t  s u r f a c e  weather  o b s e r v a t i o n  i n  
p a r t  showed t h e  fo l lowing :  

S c a t t e r e d  c louds  a t  400 f t ,  measured 1 100 f t  o v e r c a s t ,  v i s i b i l i t y  6 m i l e s  i n  
l i g h t  r a i n  and fog ,  temperature  5g°F, dew po in t  57OF, wind from 240 deg rees  
a t  22 k t ,  g u s t s  t o  28 k t .  

The F ly ing  Tiger  F l i g h t  Operat ions  Agents on duty p r i o r  t o  t h e  d e p a r t u r e  of 
t h e  f l i g h t  i n d i c a t e d  t h a t  t h e  f l i g h t  crew was provided wi th  t h e  400-150 mb s i g n i f i c a n t  
weather p rognos t i c  c h a r t ,  t h e  winds from t h e  500 mb p rognos t i c  c h a r t ,  a s  w e l l  a s  t e r m i n a l  
weather informat ion.  

There were f i v e  d e p a r t u r e s  from San Franc i sco  I n t e r n a t i o n a l  A i r p o r t  w i t h i n  
approximately one h a l f  hour a f t e r  t h e  f l i g h t  depar ted .  Most of t h e  pilots-in-command of 
t h e s e  f l i g h t s  t e s t i f i e d  t h a t  t h e  winds were s t r o n g  and gus ty  on t ake -o f f ;  t h a t  t h e r e  were 
low c louds  and i n t e r m j t t e n t  r a i n ;  and t h a t  t h e  tu rbu lence  was l i g h t  t o  moderate u n t i l  
r each ing  a t  least 1 000 f t  a l t i t u d e .  

. . 
The meteoro log is t  s t a t i o n e d  a t  t h e  San Franc i sco  I n t e r n a t i o n a l  A i r p o r t  a t  t h e  

t i m e  of t h e  acc iden t  t e s t i f i e d  t h a t  t h e r e  would have been moderate t o  s e v e r e  t u r b u l e n c e  
i n  t h e  a r e a  of Sweeney's Ridge w i th  moderate '  downdraughts a s  one approached t h e  r i dge .  

1 . 8  Aids t o  nav iga t i on  

A l l  r a d a r  and NAVAID equipment opera ted  w i t h i n  p re sc r ibed  t o l e r a n c e s  when 
checked fol lowing t h e  acc iden t .  The pilot-in-command c e r t i f i e d  on t h e  f l i g h t  c l e a r a n c e  
t h a t  he considered c o n d i t i o n s  were s a t i s f a c t o r y  f o r  f l i g h t  i n  accordance w i th  h i s  a n a l y s i s  
and c u r r e n t  a i r l i n e  and C i v i l  A i r  Regula t ions .  

1.9 Communications 

A l l  communications between ATC and t h e  f l i g h t  were recorded .  Communications 
were normal u n t i l  0031:20 hours ,  when t h e  crew d i d  no t  acknowledge t h e  message of t h e  
Depar ture  C o n t r o l l e r  adv i s ing  them t h a t  t h e y  were l e f t  of t h e  287O r a d i a l .  No f u r t h e r  
communication was rece ived  from t h e  a i r c r a f t .  

1.10 Aerodrome and  round f a c i l i t i e s  

There were no unusual  aerodrome o r  ground f a c i l i t y  a c t i v i t i e s  o r  c o n d i t i o n s  a t  
San Franc i sco  I n t e r n a t i o n a l  A i rpo r t  du r ing  t h e  d e p a r t u r e  of t h e  f l i g h t .  The runway and 
taxiways were w e t  from t h e  l i g h t  r a i n  and fog  cond i t i ons  which e x i s t e d  a t  t h e  t i m e  of 
take-of f  . 
1.11 F l i g h t  r e c o r d e r s  

No f l i g h t  r eco rde r  was r equ i r ed  o r  i n s t a l l e d  aboard t h i s  a i r c r a f t .  

1.12 Wreckage 

I n i t i a l  impact was by t h e  l e f t  wing t i p  a t  a n  e l e v a t i o n  of 840 f t .  The fuse -  
l a g e  s t r u c k  t h e  h i l l  a t  860 f t ,  on a  magnetic heading of 225 degrees ,and s p i l l e d  over  t h e  
top  of t h e  h i l l  and down t h e  west s i d e  of t h e  s lope .  The wreckage was s c a t t e r e d  i n  a n  
a r e a  approximately 300 f t  wide and 600 f t  long. Sweeney's Ridge r u n s  from north-west t o  
south-eas t ,  and t h e  t op  is 925 f t  a t  t h e  acc iden t  s i t e .  
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1.13 F i r e  - 
The fire that fol lowed impact was extinguished by local fire-fighting apparatus ,  

1 . 1 4  Survival aspects 

This was a nun-survivable accident .  

1 .15 T e s t s  and research 

Following t h e  acc ident ,  f l i g h t s  were conducted t o  c o r r e l a t e  ground witnesses  
and t r a f f i c  c o n t r o l l e r  information. These f l i g h t s  pinpointed the  probable speed and f l i g h t  
path of the f l i g h t ,  and es tab l i shed  t h a t  the  initial left turn immediately after take-off 
was i n  excess of 25 degrees of bank. Val idat ion of times arid r a t e s  of c l i m b  were a l s o  
e s t ab l i shed  by the flight t e s t s .  

Performance figures of t h e  manufacturer ind ica ted  t h a t  this aircxaf  t ' s rate of 
cl imb should have been in excess of 800 f t lmin  from lift-off. The chief p i l o t  of the 
a i r l i n e  a t  San Francisco s t a t e d  t h a t  i n  h i s  experience s i m i l a r l y  loaded L-1049H a i r c r a f t  
w i l l  normally climb between 400-500 f t / m l _ n  on departures  from runway 28 a t  SFO, While-no mi- 
nimum r a t e  of climb per  mile w a s  e s t ab l i shed  f o r  runway 28 depar tures  a t  t h e  t i m e  of the  
acc ident ,  t he  FAA has s i n c e  spec i f ied .  that--250 f t / m i l e  i s  t h e  minimum acceptable.  
(See Figure 23-3) 

Tests w e r e  made t o  determine what effect ,  i f  any, an a i r c r a f t  t a x i i n g  i n  t h e  
v i c i n i t y  of t h e  TVOR antenna on t h e  a i r p o r t  would have on t h e  2870 r a d i a l  recept ion  i n  
f l i g h t .  These t e s t s  revealed no appreciable  e f f e c t  on radial reception. 

A review of previous L-1049 a i rc ra f t  acc idents  indicated t h a t  a number of these  
involved navigat ion e r r o r s  of some type on a i r c r a f t  of the  L-1049H s e r i e s  purchased by 
the  a i r l i n e ,  

After  t h e  accident a r ad io  t r a n s f e r  switch assembly* containing loose  wire- 
c l ipping  eontamination was removed from a s i s t e r  a ircraft  (N6917C), as a r e s u l t  of 
extensive trouble-shoot i n g  f of a VOR course devia t ion  bar discrepancy,  Examination of 
t h i s  switch and another one removed from another a i r c r a f t  (N6919C) revealed shor t  pieces  
of w i r e ,  varying from l f  16 t o  l f 4  inch i n  length, wi th in  t h e  wafer switch mechanisms. 
Several wire-to-switch te rminals  had untrimmed w i r e  s t r a n d s  extending up t o  l f 2  inch 
beyond t h e  te rminal  lug, A review of the last  available log s h e e t  of N6915C, the  accident  
a i r c r a f t ,  revealed t h a t  the  VOR system had write-ups similar t o  N6917C. The log  of 
N6915C ind ica ted  t h a t  t h e  co r rec t ive  ac t ion  w a s  removal of t h e  VOR r ece ive r  which checked 
out normally during the  subsequent bench check. 

During t h e  FTL campaign t o  examine a l l  r e l a y  switches i n  the f l e e t ,  two switches 
were found t o  be contaminated and four were found t o  have a source of contamination present .  
E l e c t r i c a l  shorts caused by relay switch contamination have been known t o  cause navigation 
bearing angle e r r o i s  of a s  much a s  60 degrees. 

*Lockheed P a r t  No, 319122, A m l t f p l e  gang-type c i r c u l a r  switch t h a t  switches navigat ion 
s i g n a l s  and allows t h e  capta in  t o  view on his instrument information from t h e  co-pilot 's  
VOR system, There are t h r e e  of these  switches on each Luckheed 1049 aircraft, The type 
of switch here  r e f e r r e d  t o  i s  t h e  dev ia t ion  indicator t r a n s f e r  switch.  
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2.- Analys is  and Conclusions 

2 .1  Analys is  

An examination of t h e  evidence i n d i c a t e d  t h a t  t h e r e  w a s  no mal func t ion  o r  
f a i l u r e  of t h e  s t r u c t u r e ,  powerplants ,  and system components p r i o r  t o  i n i t i a l  impact.  
The land ing  gear  was f u l l y  rGt rac ted  and t h e  f l a p s  i n  a  2 5 O  s e t t i n g  a t  impact.  

The medical  r eco rds  of a l l  f l i g h t  crew members f a i l e d  t o  d i s c l o s e  any s i g n i f i -  
can t  p r e - ex i s t i ng  d i s e a s e s  which would have d i s q u a l i f i e d  any of t h e  crew members from 
performing t h e i r  d u t i e s  f o r  t h i s  f l i g h t .  

An a n a l y s i s  of a v a i l a b l e  meteoro log ica l  in format ion  i n d i c a t e d  t h a t ,  a t  t h e  t i m e  
of t h e  a c c i d e n t ,  Sweeney's Ridge would have been obscured by c louds  and. l i g h t  r a i n .  Winds 
would have been from t h e  west-south-west a t  30 t o  35 k t ,  w i th  o c c a s i o n a l  g u s t s  t o  45 k t .  
Th is  would have c r e a t e d  moderate t o  s eve re  tu rbu lence  and a marked downdraught c o n d i t i o n  
i n  t h e  l e e  of Sweeney's Ridge. Turbulence would have been encountereid throughout  t h e  
f l i g h t  pa th ,  i n c r e a s i n g  i n  i n t e n s i t y  as t h e  f l i g h t  approached t h e  rid'ie. 

The ATC c l ea rance  and r o u t i n g  provided was i n  accordance wi th  t h e  crew's r e q u e s t  
and a l l  ground e l e c t r o n i c  n a v i g a t i o n a l  a i d s  were o p e r a t i n g  s a t i s f a c t o r i l y .  The GAP homer 
and t h e  Outer Marker compass l o c a t o r  f r e q u e n c i e s  were s e l e c t e d  on t h e  a i r c r a f t ' s  ADF 
r e c e i v e r s  and t h e  loop bear ing  of t h e  No. 2 ADF system v a l i d a t e s  e l e c t r i c a l  power a t  
impact.  Even assuming a malfunct ion of t h e  a i r c r a f t ' s  VOR cou r se  d e v i a t i o n  need l e ,  ade- 
qua t e  guidance t o  a s a f e  a l t i t u d e  was p o s s i b l e  from t h e  l o c a l i z e r  course ,  t h e  o u t e r  compass 
l o c a t o r  of t h e  ins t rument  landing system o r  t h e  GAP low f requency homer. Also,  t h r e e  
s e p a r a t e  sources  of heading informat ion were a v a i l a b l e .  

I t  The term r a d a r  con t ac t "  i s  used when r a d a r  i d e n t i f i c a t i o n  of a n  a i r c r a f t  i s  
e s t a b l i s h e d .  C r i t i c a l  o b s t r u c t i o n  c l ea rance  c r i t e r i a  f o r  t h e  Runway 2 8  d e p a r t u r e  a t  
San Franc i sco ,  and l i m i t a t i o n s  of t h e  f a c i l i t y  r a d a r  equipment, prec luded r a d a r  v e c t o r i n g  
s e r v i c e  u n t i l  t h e  a i r c r a f t  reached 1 500 f t .  I f  t h e  fo rego ing  l i m i t a t i o n s  were unknown 
t o  t h e  crew, they  may have be l ieved  t h e  a i r c r a f t  was under cont inuous  r a d a r  s u r v e i l l a n c e  
from t h e  time d e p a r t u r e  c o n t r o l  r epo r t ed  r a d a r  con t ac t .  The crew may have d i s r e g a r d e d  
t h e i r  ins t ruments  b e l i e v i n g  t h e i r  f l i g h t  w a s  monitored by t h e  r a d a r  c o n t r o l l e r  and,  
because of t h e  t u r b u l e n t  weather c o n d i t i o n s  encountered,  t hey  may have concen t r a t ed  t h e i r  
e f f o r t s  on main ta in ing  c o n t r o l  of t h e  a i r c r a f t .  I n  t hose  c i rcumstances ,  t h e  crew may have 
f a i l e d  t o  d e t e c t  e r r o r s  i n  t h e  ins t rument  p r e s e n t a t i o n  t o  t h e  e x t e n t  t h a t  t h e r e  were i n  
f a c t  er roneous  i n d i c a t i o n s  por t rayed .  

A contaminated swi tch  could cause i n t e r m i t t e n t  l a r g e  e r r o r s  i n  n a v i g a t i o n a l  
informat ion d i sp layed  on t h e  p i l o t ' s  ins t rument .  A review of l o g  d i s c r e p a n c i e s  on a number 
of L-1049 a i r c r a f t  p r e s e n t l y  owned and flown by t h e  a i r l i n e  r evea l ed  n a v i g a t i o n  e r r o r s  i n  
t h e  VOR system t h a t  may have been caused by contamination of t h e  r a d i o  r e l a y  swi t ch ,  even 
though t h e  VOR nav iga t i on  s e l e c t i o n s  had been p rope r ly  made. 

The f l i g h t  made a l e f t  t u r n  of approximately 55 degrees  s h o r t l y  a f t e r  t ake -o f f .  
The r econs t ruc t ed  f l i g h t  p a t h  i n d i c a t e d  t h a t  t h i s  heading was mainta ined u n t i l  impact .  
S ince  t h e  r e l a y  swi tches  i n  N6915C were des t royed  by f i r e ,  i t  was imposs ib le  t o  de te rmine  
whether contamination e x i s t e d .  However, t h e  r a d i o  t r ansmis s ion  b e f o r e  impact i n d i c a t e d  
t h e  c o - p i l o t ' s  concern about  t h e  p o s i t i o n  of t h e  a i r c r a f t .  The t u r n  a f t e r  take-off and 
t h e  subsequent concern of t h e  co-p i lo t  could be a t t r i b u t e d  t o  a  mal func t ion ing  VOR s i n c e  
i t  i s  t h e  prime nav iga t i on  a i d .  The s t r a i g h t  t r a c k  flown a f t e r  t h e  t u r n  i n d i c a t e d  t h a t  
t h e  p i l o t  was us ing a t  l e a s t  some of t h e  a i r c r a f t ' s  nav iga t i on  i n s t rumen t s  f o r  guidance.  
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I m e d i a t e l y  a f t e r  t ake-of f ,  t h e  a i r c r a f t  would have d r i f t e d  t o  t h e  r i g h t  because 
of s t r o n g  south-west winds. Moderate t o  s eve re  tu rbu lence  would have been encountered and 
should have continued whi le  t h e  a i r c r a f t  was i n  t h e  l e e  of Sweeney's Ridge. D r i f t  correc-  
t i o n s  would have been made t o  t h e  l e f t  and high power s e t t i n g s  were r equ i r ed  t o  mainta in  
a  p o s i t i v e  r a t e  of climb. The a i r c r a f t  w a s  near  maximum g ros s  weight .  It was considered 
t h a t  because of t h i s ,  t h e  crew would have been more concerned wi th  f l i g h t  and engine 
ins t ruments  t h a n  wi th  n a v i g a t i o n a l  ins t ruments  and t h a t ,  accord ing ly ,  t h e  i n i t i a l  per iod 
of the  f l i g h t  was spen t  f l y i n g  t h e  a i r c r a f t ,  main ta in ing  proper  a t t i t u d e ,  and a  p o s i t i v e  
r a t e  of climb. I t  was considered p o s s i b l e  t h a t  t h e  crew became aware t h a t  they  were l e f t  
of course  and reques ted  informat ion on t h e i r  p o s i t i o n  from t h e  d e p a r t u r e  c o n t r o l l e r .  A t  
t h i s  p o i n t ,  0031:05, they were cons iderab ly  l e f t  of t h e  course  and 25 seconds from impact. 

Under c o n d i t i o n s  of ins t rument  f l i g h t ,  du r ing  a depa r tu re ,  i f  t h e  crew were 
concerned wi th  i n c o r r e c t  n a v i g a t i o n a l  r ead ings  combined wi th  tu rbu lence  and marginal  climb 
performances, t h e  cumulat ive demands upon t h e  p i l o t  would have been very  g r e a t .  

S ince  no r ea son  w a s  apparent  why t h e  l e f t  t u r n  would no t  have been d i sp layed  
on t h e  ins t rument  pane l ,  t h e  Board concluded t h a t  t h e  crew appa ren t ly  f a i l e d  t o  r e f e r  t o  
t h e  t o t a l  ins t rument  p o r t r a y a l  i n  t h e  cockpi t .  

The i n v e s t i g a t i o n  of t h i s  acc iden t  revea led  t h a t  t h e  l a t e r a l  and h o r i z o n t a l  
t e r r a i n  c l ea rance  f o r  a  runway 28 depa r tu re  at San Franc i sco  could be marginal  f o r  an  a i r -  
c r a f t  o p e r a t i n g  i n  t h i s  environment. With r e s p e c t  t o  t h e  r a d a r  procedures u t i l i z e d ,  r a d a r  
v e c t o r i n g  i s  not  provided du r ing  t h i s  ins t rument  depa r tu re  u n t i l  t h e  a i r c r a f t  r eaches  
1 500 f t .  Th i s  is  because s tandard  v e r t i c a l  and l a t e r a l  o b s t r u c t i o n  c l ea rance  from t h e  
ad j acen t  t e r r a i n  cannot be achieved i n  s o  f a r  a s  p r e sen t  c r i t e r i a  are concerned. The later- 
a l  c l e a r a n c e  from o b s t r u c t i n g  t e r r a i n  is s o  c r i t i c a l  t h a t  t h e r e  is no a v a i l a b l e  space  i n  
which t o  v e c t o r  an  a i r c r a f t  s a f e l y  u n t i l  i t  has  reached an  a l t i t u d e  of 1 500 f t .  

A s  f a r  a s  can be determined t h e  f l i g h t  was i n i t i a l l y  cl imbing a t  approximatelv 
250 f t  pe r  m i l e  minimum r a t e  of climb and would have undoubtedly made a  s a f e  climb-out had 
i t  remained on t h e  a p p r o p r i a t e  s t anda rd  ins t rument  d e p a r t u r e  rou te .  However, a f t e r  t h e  
a i r c r a f t  l e f t  t h e  p re sc r ibed  depa r tu re  r o u t e ,  i t  en t e r ed  an  a r e a  of r i s i n ~  t e r r a i n  where 
downdraught a c t i v i t y  and moderate t o  s eve re  t u rbu l ence  a f f e c t e d <  t h e  cl imb c a p a b i l i t y  of the 
a i r c r a f t  s u f f i c i e n t l y  t o  prevent  t e r r a i n  c l ea rance .  The d e v i a t i o n  t o  t h e  i e f t  was n o t  
d e t e c t e d  i n  t i m e  t o  a v e r t  impact wi th  t h e  h i l l .  

2.2 Conclusions 

Findings  

The crew of t h e  f l i g h t  w a s  p rope r ly  c e r t i f i c a t , e d  and t h e r e  was no evidence  of 
pre-impact i n c a p a c i t a t i o n .  

The a i r c r a f t  was loaded t o  w i t h i n  t h e  c.g. l i m i t s  and w a s  under t h e  maximum 
g r o s s  take-off weigh.t l i m i t a t i o n .  

Take-off was normal and t h e  l and ing  gear  and land ing  l i g h t s  were r e t r a c t e d  
a f t e r  t h e  a i r c r a f t  became a i rbo rne .  The land ing  l i g h t s  were no t  tu rned  of f  a f t e r  
r e t r a c t i o n .  

The a i r c r a f t  made a  s l i g h t  r i g h t  tu rn , then  a l e f t  t u r n  exceeding 25' of bank, 
r o l l e d  out  and proceeded i n  an  approximately s t r a i g h t  l i n e  u n t i l  i t  impacted w e e n e y ' s  
Ridge. 
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The eng ines  were func t ion ing  proper ly  and were ope ra t ing  a t  a  h igh r a t e  of 
power a t  impact. 

There were nav iga t ion  ins t ruments  i n  t h e  cockpi t  t h a t  were g iv ing  a c c u r a t e  
heading and cross-check informat ion a t  t he  time of t h e  acc iden t .  

Cause o r  
Probable cause ( s )  

The p i l o t ,  f o r  undetermined r ea sons ,  dev ia ted  from depa r tu re  course  i n t o  . an . 
a rea  of r i s i n g  t e r r a i n  where downdraught a c t i v i t y  .. and ... tu rbu lence  a f f e c t e d  t h e  cl imb capa- 
b i l i t y  of t h e  a i r c r a f t  s u f f i c i e n t l y  t o  prevent  t e r r a i n  cl&ance. 

3. - Recommendations 

The C i v i l  Aeronaut ics  Board (CAB) submitted t h e  fo l lowing recommendations t o  
t h e  Federa l  Avia t ion Agency (FAA). 

3.1 On 22 A p r i l  1965 it recommended t h a t  a l l  o p e r a t o r s  of ~ o c k h e L d  L 1049 a i r c r a f t  
equipped with r a d i o  t r a n s f e r  swi tch assembly (Lockheed p a r t  No. 319122) i n i t i a t e  a cam- 
paign t o  determine whether contamination of t h e  swi tch assembly e x i s t e d  and t a k e  such 
s t e p s  a s  necessary  t o  e l i m i n a t e  . - f u r t h e r  .contamination. 

3.2 On 23 J u l y  1965 it suggested t o  review t h e  u se  of t h e  term "radar  con tac t "  
which could c r e a t e  a  f a l s e  impression of s a f e t y  i n  t h e  mindsof t h e  p i l o t s ,  and t o  d i s p l a y  
prominently on a e r o n a u t i c a l  c h a r t s  f o r  depa r tu re  l i m i t a t i o n s  imposed by i o c a l  f e a t u r e s  - 
t o  r ada r  vec tor ing .  

3.3 On 24 September 1965 i t  recommended t h a t  t h e  San Franc isco  d e p a r t u r e  c o n t r o l l e r  
be provided with an a d d i t i o n a l  r ada r  d i s p l a y ,  t o  be opera ted  on a  suggested 6 mi le  range 
s e t t i n g .  

4. - Action taken  

4 . 1  On 1 4  May 1965 t h e  FAA issued  an  Airworthiness  D i r e c t i v e  a p p l i c a b l e  t o  a l l  
L 1049 C ,  E ,  G and H series a i r c r a f t  equipped wi th  ~0c;hee.d r a d i o  t r a n s f e r  swi tch  assembly 
(PIN 319122), r e q u i r i n g  disassembly and checking of each swi tch assembly f o r  wi re  c l i p p i n g  
w i t h i n  300 hours t ime i n  s e r v i c e .  

4.2 New s tandard  instrument d e p a r t u r e  (SID) p roc idu re s  f o r  San Franc isco  were 
i s sued  and became e f f e c t i v e  on 22 J u l y  1965. A n o t e ,  t o  t h e  e f f e c t  t h a t  a  minimum climb 
r a t e  of 250 f t  pe r  mi le  up t o  2. 000 f t  was r equ i r ed  on c e r t a i n  S I D s ,  wai ~ .. i n c l u d e d o n  t h e  
app rop r i a t e  c h a r t .  

4.3 On 3  August 1965 t h e  FAA advised t h e  CAB t h a t  some of t h e  terms i n  c u r r e n t  u se  
such a s  : " radar  contact" ,  "radar f l i g h t  following", "radar hand-of f  ", "radar s e rv i ce" ,  
r ada r  su rve i l l ance" ,  " radar  t a r g e t " ,  "radar t r a f f i c  information",  " radar  vec to r "  and 
" rad ia l "  had been r ede f ined  and t h a t  t h e i r  d e f i n i t i o n  would be included i n  t h e  Airman's 
Information Manual. 

4.4 On 28 September 1965 approval  w a s  g ran ted  t o  t h e  Western Region t o  proceed wi th  
t h e  development of a  common t e rmina l  r ada r  c o n t r o l  f a c i l i t y  l oca t ed  at  Oakland f o r  t h e  
San Francisco/Oakland a rea .  

ICAO Ref: ~ ~ 1 9 0 7  
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PART I1 

A I R  SAFETY ARTICLES 

FLIGHT OVER MOUNTAINS 

Reprinted from Aeronau t ica l  Informat ion C i r c u l a r  - 
United Kingdom (711968 - 1 5 t h  January) ,  publ ished 
by t h e  Board of Trade, C i v i l  Avia t ion  Department. 

S ince  t h e  i s s u e  i n  1964 of a n  Informat ion C i r c u l a r  e n t i t l e d  "Detect ion and 
Avoidance of Mountain Wdve Systems - Safe ty  Heights  over  High Ground", f u r t h e r  r e s e a r c h  has  
been c a r r i e d  out  which has  added t o  t h e  knowledge of t h e  e f f e c t s  of high: ground on a i r f l o w .  
The need f o r  such r e s e a r c h  has  been s t r e s s e d  by t h e  f a t a l  a cc iden t  t o  t h e  Boeing 707 which 
broke up i n  t h e  a i r  nea r  Mount F u j i ,  Japan,  o n ,  5 t h  March, 1966. The Report on t h i s  a c c i d e n t  
publ ished by HMSO a s  C.A.P. 286, s t a t e d  t h a t  i t  w a s  not  unreasonable  t o  assume t h a t  on t h e  
day of t h e  acc iden t  powerful mountain waves e x i s t e d  i n  t h e  l e e  of Mount F u j i ,  and concluded 
t h a t  t h e  probable  cause  of t h e  acc iden t  w a s  t h a t  t h e  a i r c r a f t  suddenly encountered abnor- 
mally s e v e r e  tu rbu lence  which imposed a gus t  load cons iderab ly  i n  excess  of t h e  des ign  
l i m i t .  

2. The aim of t h i s  C i r c u l a r  i s ,  t h e r e f o r e ,  t o  remind p i l o t s  of t h e  b a s i c  t h e o r y  of 
a i r f l o w  over mountains and t o  i nc lude  a d d i t i o n a l  in format ion  t h a t  h a s  become a v a i l a b l e ,  t o  
d e s c r i b e  t h e  e f f e c t  of t h e  a i r f l o w  on a i r c r a f t  i n  f l i g h t  and t o  o f f e r  adv ice  on avo id ing  
o r  minimising t h e  v a r i o u s  hazards  t h a t  may be encountered.  The C i r c u l a r  is  d iv ided  i n t o  
t h r e e  p a r t s :  

P a r t  1 - Meteorology - con t r i bu t ed  by t h e  Meteoro log ica l  O f f i c e ;  

P a r t  2 - Fly ing  Aspects  - based on in format ion  provided by t h e  Meteoro log ica l  O f f i c e  
wi th  adv ice  from t h e  Royal A i r c r a f t  Es tabl ishment ;  and 

P a r t  3 - Advice t o  P i l o t s  - based on t h e  exper ience  of p i l o t s  of t h e  Royal A i r c r a f t  
Establ ishment and t h e  A i r  R e g i s t r a t i o n  Board p a r t i c i p a t i n g  i n  mountain wave 
and seve re  s torms r e sea rch  f l i g h t s  i n  t h e  United S t a t e s .  

. P a r t  1 - METEOROLOGY 

1. General  Desc r ip t i on  

1.1 The f low of an a i r s t r e a m  over mountainous t e r r a i n  is d i s t u r b e d  i n  a  manner 
broadly analogous t o  t h e  d i s t u r b a n c e  of a  r i v e r  f lowing over a  rocky bed; t h e  r i p p l e s  and 
s c a t t e r e d  b reake r s  on t h e  r i v e r  s u r f a c e  corresponding roughly t o  t h e  mountain waves and 
tu rbu lence  o f t e n  found above mountainous t e r r a i n .  I n  gene ra l ,  t h e  h ighe r  t h e  mountains o r  
t h e  f a s t e r  t h e  a i r f l o w , t h e  g r e a t e r  is  t h e  r e s u l t i n g  d i s tu rbance .  
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1 . 2  I n  s t a b l e  a i r  c o n d i t i o n s ,  t h e  d i s t u r b a n c e  of a t r a n s v e r s e  a i r f l o w  by a  mounta in  
range  can  c r e a t e  a n  o r g a n i s e d  f l o w  p a t t e r n  compr i s ing  waves a n d / o r  l a r g e  s c a l e  e d d i e s  i n  
which s t r o n g  v e r t i c a l  c u r r e n t s  and t u r b u l e n c e  sometimes occur .  These e f f e c t s  a r e  o f t e n  
m a n i f e s t  t o  a  c o n s i d e r a b l e  h e i g h t  above t h e  l e v e l  of t h e  h i g h  ground,  and t h e r e  i s  some 
e v i d e n c e  t h a t  s t r o n g  wave c o n d i t i o n s  a r e  v e r y  f a v o u r a b l e  f o r  t h e  p r o p a g a t i o n  of d i s t u r b a n c e s  
w e l l  i n t o  t h e  s t r a t o s p h e r e ,  o c c a s i o n a l l y  t o  a l t i t u d e s  of 80 000 f t .  Wave d i s t u r b a n c e s  
o c c u r r i n g  ove r  mountains  a r e  r e f e r r e d  t o  as mountain waves;  when t h e s e  d i s t u r b a n c e s  a r e  
p ropaga ted  f o r  some d i s t a n c e  ove r  r e l a t i v e l y  f l a t  ground t o  t h e  l e e  of t h e  mountain t h e y  
are termed lee-waves . 
1 . 3  I n  u n s t a b l e  a i r ,  v e r t i c a l  a i r  c u r r e n t s  a r e  l i a b l e  t o  b e  more i n t e n s e  ove r  moun- 
t a i n s  t h a n  o v e r  l e v e l  t e r r a i n ,  e s p e c i a l l y  i n  s t r o n g  a i r s t r e a m s  t r a n s v e r s e  t o  t h e  g e n e r a l  
d i r e c t i o n  of t h e  mountain r i d g e s .  I n  t h e s e  c o n d i t i o n s  t h e  d i s t r i b u t i o n  of v e r t i c a l  c u r r e n t s  
is  i r r e g u l a r .  

1 . 4  The m e t e o r o l o g i c a l  c o n d i t i o n s  f a v o u r a b l e  f o r  t h e  f o r m a t i o n  of mountain and lee- 
waves are: 

( a )  A wind blowing w i t h i n  a b o u t  30° of  a d i r e c t i o n  a t  r i g h t  a n g l e s  t o  a s u b s t a n t i a l  
r i d g e .  A r i d g e  w i t h  a g e n t l e  up-wind s l o p e  and s t e e p  down-wind escarpment  i s  
t h e  most e f f i c i e n t  g e n e r a t o r  of lee-waves. 

(b )  A wind speed  a t  c r e s t  l e v e l  of more t h a n  abou t  20 k t  and speed  i n c r e a s i n g  w i t h  
h e i g h t ,  b u t  w i t h  l i t t l e  change i n  d i r e c t i o n .  It s h o u l d  be n o t e d  t h a t  s t r o n g  
wave c o n d i t i o n s  a r e  o f t e n  a s s o c i a t e d  w i t h  je t  streams. 

(c) A marked s t a b l e  l a y e r  ( approach ing  i s o t h e r m a l ,  o r  a n  i n v e r s i o n )  somewhere between 
c r e s t  l e v e l  and a few thousand f e e t  above.  T h i s  s t a b l e  l a y e r  must be bounded 
by less s t a b l e  a i r  above and below. 

1 .5  The r e s u l t i n g  wave sys t ems  may ex tend  w e l l  i n t o  t h e  s t r a t o s p h e r e  f o r  many m i l e s  
down-wind of t h e  i n i t i a t i n g  h i g h  ground and w i l l  o f t e n  p e r s i s t  f o r  a number of hour s .  
S a t e l l i t e  pho tographs  have shown wave c l o u d s  as much as 500 m i l e s  down-wind of t h e  Andes, 
b u t  50-100 m i l e s  is  a more u s u a l  v a l u e  i n  most areas. 

1 . 6  The a v e r a g e  wavelength  of lee-waves is abou t  5  mi les  but  may be  a n y t h i n g  up t o  
30  m i l e s ;  i n  g e n e r a l ,  t h e  s t r o n g e r  t h e  wind, t h e  l o n g e r  t h e  wavelength.  

1 . 7  The wave a m p l i t u d e  is a more complex f a c t o r ,  b u t  t e n d s  t o  be g r e a t e s t  i f  t h e  
11 dominant wavelength  of t h e  mountain wave is r o u g h l y  matched" t o  t h e  shape  of  t h e  topo- 

graphy ( i . e .  a form of r e sonance )  and a l s o  t e n d s  t o  i n c r e a s e  w i t h  t h e  "ampli tude" of t h e  
t e r r a i n .  

1.8 The speed  of t h e  v e r t i c a l  c u r r e n t s  w i t h i n  t h e  wave sys tem depends upon t h e  wave- 
l e n g t h ,  wave a m p l i t u d e  and wind speed .  Even ove r  t h e  B r i t i s h  Isles v e r t i c a l  c u r r e n t s  up t o  
35  f t / s e c  have  b e e n  r e c o r d e d ,  b u t  v a l u e s  g r e a t l y  i n  e x c e s s  of t h i s  may occur  n e a r  l a r g e  
mountains .  

1 .9  I n  e x t e n s i v e  mountainous areas t h e  lee-wave sys t em g e n e r a t e d  by one r i d g e  i s  
d i s t u r b e d  by f u r t h e r  r i d g e s  down-wind. Fur thermore ,  t h e  c h a r a c t e r i s t i c s  of any g i v e n  air- 
s t r e a m  a r e  a lways s lowly  changing  w i t h  t i m e ,  and o c c a s i o n s  when a  s m a l l  change i n  a i r s t r e a m  
c h a r a c t e r i s t i c s  g i v e s  r ise  t o  a l a r g e  change i n m o u n t a i n  wave c h a r a c t e r i s t i c s  c a n  be  env i s -  
aged ,  b u t  no t  f o r e c a s t .  Such a change may g e n e r a t e  a t r a n s i e n t  b u t  s e v e r e  d i s t u r b a n c e  
r e s u l t i n g  i n  v i o l e n t  t u r b u l e n c e  ( e . g . ,  due t o  wave "breaking") .  
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2. V i s u a l  D e t e c t i o n  o! ? lounta in  Waves 

2. L The v a r i e t i e s  of s p e c i a l  c l o u d s  which owe t h e i r  appearar1c:e t o  t h e  n a t u r e  of wave 
f l o w  a r e  a  v a l u a b l e  i n d i c a t o r  t o  t h e  p i l o t  of  t h e  e x i s t e n c e  of wave f o r m a t i o n .  P r o v i d e d  
t t ~ t r r e  i s  s u f f i c i e n t  m o i s t u r e  a v a i l a b l e ,  t h e  a s c e n t  of air will lead  t o  c o n d e n s a t i o n  and 
f ~ ~ r m a t i o n  of c h a r a c t e r i s t i c  c l o u d s .  These  c l o u d s  form i n  t h e  < , r e s t  of s t a n d i n g  waves and 
t h e r e f  o r e  remain  more o r  less' s t a t i o n a r y  i n  r e l a t i o n  t o  t h e  s u r f  a c e  r e l i e f .  

2.2 They oc:crlr :* ,111 h e i g h t s  from t h e  s u r f a c e  t o  c i r r u s  l e v e l  and a r e  d e s c r i b e d  
b r i e f l y  i n  t h e  f o l l o w i n g  p a r a g r a p h s  r e a d  i n  c o n j u n c t i o n  w i t 1 1  t h e  d i ag ram ( a f t e r  K u e t t n e r ) o n  
page 159 which shows t h e  c h a r a c t e r i s t i c  d i s t r i b u t i o n  of c l o u d s  and t u r b u l e n c e  t o  t h e  l e e  
of t h e  S i e r r a  Nevada. T h i s  i s  a n  a r e a  i n  which mounta in  wave phenomena a r e  e x c e p t i o n a l l y  
marked,  b u t  t h e  d i ag ram h a s  a  f a i r l y  g e n e r a l  a p p l i c a t i o n .  

( a )  L e n t i c u l a r  c l o u d s  p r o v i d e  t h e  most u n m i s t a k a b l e  e v i d e n c e  of t h e  e x i s t e n c e  of 
t h e  e x i s t e n c e  of mounta in  waves. They form w i t h i n  s t a b l e  l a y e r s  i n  t h e  c r e s t s  
of s t a n d i n g  waves w h i l e  a i r  streams t h r o u g h  them, t h e  c l o u d ?  r e g e n e r a t i n g  a t  
t h e i r  up-wind e d g e s  and d i s s i p a t i n g  down-wind. They have  ~ K a r a c t e r i s t i c a l l y  
smooth l e n s  shaped  o u t l i n e s  and may a p p e a r  a t  s e v e r a l  l e v e l s ,  somet imes r e s u l t i n g  
i n  an  a p p e a r a n c e  r e m i n i s c e n t  o f  a  s t a c k  of i n v e r t e d  s a u c e r s .  L e n t i c u l a r  c l o u d s  
u s u a l l y  a p p e a r  up t o  a  few thousand  f e e t  above t h e  mounta in  c r e s t s ,  b u t  a r e  a l s o  
s e e n  a t  any l e v e l  up t o  t h e  t r o p o p a u s e  and even  above.  (Mother -of -pear l  c l o u d s ,  
s e e n  on r a r e  o c c a s i o n s  o v e r  m o u n t a i n s ,  a r e  undoub ted ly  a  form of wave c loud  a t  
a n  a l t i t u d e  of 80 000 i t  o r  s o ) .  A i r f l o w  t h r o u g h  t h e s e  c l o u d s  i s  u s u a l l y  smooth 
u n l e s s  t h e  e d g e s  of t h e  c l o u d  t a k e  on a  ragged a p p e a r a n c e  which i s  an  i n d i c a t i o n  
of t u r b u l e n c e .  

( b )  Ro to r  o r  r o l l - c l o u d s  a p p e a r  a t  f i r s t  g l a n c e  as  h a r m l e s s  bands  of ragged cumulus 
o r  s t r a t o c u m u l u s  p a r a l l e l  t o  and down-wind of t h e  r i d g e .  On c l o s e r  i n s p e c t i o n ,  
t h e s e  c l o u d s  seem t o  be  r o t a t i n g  abou t  a  h o r i z o n t a l  a x i s  and a r e  p roduced  by 
l o c a l  breakdown of t h e  f l o w  i n t o  v i o l e n t  t u r b u l e n c e .  They o f t e n  o c c u r  i n  t h e  
c r e s t s  of  s t r o n g  waves ,  bu t  u n d e r n e a t h  t h e  s t a b l e  l a y e r s  a s s o c i a t e d  w i t h  t h e  
waves. The s t r o n g e s t  r o t o r  n o r m a l l y  forms i n  t h e  f i r s t  wave down-wind of t h e  
r i d g e ,  and i s  t h e r e f o r e  u s u a l l y  n e a r  o r  somewhat above t h e  l e v e l  of  t h e  r i d g e  
c r e s t ,  bu t  may o c c a s i o n a l l y  b e  much d e e p e r  ( r o t o r  c l o u d s  have  been  r e p o r t e d  t o  
e x t e n d  t o  30 000 f t  o v e r  t h e  S i e r r a  Nevada).  The re  a r e  u s u a l l y  n o t  more t h a n  
one o r  two r o t o r  c l o u d s  i n  t h e  l e e  of a  g i v e n  r i d g e .  

( c )  Cap c l o u d s  form on t h e  r i d g e  c r e s t  o r  mounta in  summit and s t r o n g  s u r f a c e  winds  
which a r e  commonly found sweeping down t h e  l e e  s l o p e  may somet imes e x t e n d  t h e  
cap c l o u d  down t h e  s l o p e  p r o d u c i n g  a  "c loud  f a l l "  o r  " f s h n  w a l l " .  

2.3 Al though c loud  o f t e n  p r o v i d e s  t h e  most u s e f u l  v i s i b l e  e v i d e n c e  of d i s t u r b a n c e s  
t o  t h e  a i r f l o w ,  t h e  c h a r a c t e r i s t i c  c l o u d  t y p e s  may somet imes b e  o b s c u r e d  by o t h e r  c l o u d  sys -  
tems,  p a r t i c u l a r l y ,  f r o n t a l  c l o u d .  On t h e  o t h e r  hand,  t h e  a i r  may b e  t o o  d r y  t o  form any 
c l o u d s  a t  a l l ,  even  i n  s t r o n g  wave c o n d i t i o n s .  

3. T u r b u l e n c e  

3 . 1  Al though f l i g h t s  t h r o u g h  s t a b l e  mounta in  waves are  o f t e n  r emarkab ly  smooth,  
t u r b u l e n c e  is l i k e l y  t o  be  e n c o u n t e r e d  a t  any l e v e l  and may on o c c a s i o n s  be  as v i o l e n t  as  
t h a t  e n c o u n t e r e d  i n  s e v e r e  t h u n d e r s t o r m s .  
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(a )  Rotor tu rbu lence  

The wors t  t u rbu l ence  encountered over  mountainous t e r r a i n  is u s u a l l y  found i n  
s t and ing  r o t o r s .  Within  t h e s e  r o t o r s  v e r t i c a l  v e l o c i t i e s  of up t o  + 100 f t / s e c  
may occur and can cause s t r u c t u r a l  damage o r  may even break up an  aeroplane .  

Low Level  t u rbu l ence  (w i th in  a  few thousand f e e t  of t h e  mountain summit) 

A s t r o n g  wind f lowing over i r r e g u l a r  t e r r a i n  w i l l  produce g e n e r a l  low l e v e l  
t u rbu l ence  which i n c r e a s e s  i n  depth  and i n t e n s i t y  wi th  i n c r e a s i n g  wind speed 
and t e r r a i n  i r r e g u l a r i t y .  S t rong winds conf ined t o  t h e  lower t roposphere  
g e n e r a l l y  produce t h e  most t u r b u l e n t  low l e v e l  cond i t i ons ,  sometimes accom- 
panied by " r o t o r  streaming" comprised of v i o l e n t  low l e v e l  r o t o r s  which a r e  
genera ted  i n t e r m i t t e n t l y  nea r  t h e  l e e  s l o p e s  and move down-wind f o r  a  d i s t a n c e  
be fo re  decaying. These low l e v e l  r o t o r s  a r e  d i s t i n c t  from t h e  s t a t i o n a r y  r o t o r  
zones i n  wave c r e s t s  a t  h ighe r  l e v e l s .  

( c )  High Level  tu rbu lence  

Most p u b l i c  t r a n s p o r t  a i r c r a f t  now f l y  a t  o r  nea r  j e t  s t ream l e v e l s  and evidence 
is accumulat ing t h a t  t u rbu l ence  i n  jet streams i s  f r e q u e n t l y  g r e a t l y  i nc rea sed  
i n  i n t e n s i t y  and e x t e n t  over  mountainous a r e a s ,  p a r t i c u l a r l y  i n  t h e  v i c i n i t y  of 
s t a b l e  l a y e r s  i n  t h e  upper tyoposphere,e .g. ,  t h e  t ropopause.  Although t h e  worst 
tu rbu lence  may occur j u s t  underneath s t a b l e  l a y e r s ,  it may a l s o  occur  w i t h i n  
s t a b l e  l a y e r s  i f  t h e  wind s h e a r  is s t r o n g  enough. St rong v e r t i c a l  wind s h e a r s  
a r e  o f t e n  concen t ra ted  i n  one o r  more s t a b l e  l a y e r s  a  few thousand f e e t  below 
a  j e t  s t ream co re  and i n  t h e  base  of t h e  s t r a t o s p h e r e  above. Note he re  t h a t  
a l though t h e  co ld  s i d e  of a jet stream is known t o  be prone t o  t u rbu l ence ,  moun- 
t a i n  wave c o n d i t i o n s  may be most pronounced on t h e  warm s i d e .  

(d) S t r a t o s ~ h e r i c  t u rbu l ence  

Recent evidence from r e s e a r c h  f l y i n g  undertaken by t h e  Royal A i r c r a f t  Es t ab l i sh -  
ment over  t h e  Rocky Mountains i n  America shows t h a t  s t r o n g  waves, sometimes wi th  
a s s o c i a t e d  s eve re  t u rbu l ence ,  may occur w e l l  i n t o  t h e  s t r a t o s p h e r e  on days 
favourab le  f o r  s t r o n g  wave format ion i n  t h e  t roposphere ,  and can cause  s e r i o u s  
d i f f i c u l t i e s  t o  a n  a i r c r a f t  f l y i n g  nea r  i t s  c e i l i n g .  

(e )  Turbulence due t o  changing c o n d i t i o n s  

Changes i n  wave ampl i tude  and wavelength, due t o  changing a i r s t r e a m  cha rac t e r -  
i s t i c s  and i n t e r f e r e n c e  between ad j acen t  wave t r a i n s ,  may be expected t o  produce 
s e v e r e  tu rbu lence  on occas ion a t  any a l t i t u d e .  These d i s tu rbances  w i l l  probably 
be t r a n s i e n t  and not  n e c e s s a r i l y  s t a t i o n a r y .  V i r t u a l l y  nothing is known about 
them, e i t h e r  by observa t ion  o r  i n  theory  and they  cannot be f o r e c a s t ,  a p a r t  from 
a  g e n e r a l  i n d i c a t i o n  t h a t  t hey  a r e  most l i k e l y  t o  occur anywhere over  and t o  t h e  
l e e  of mountainous t e r r a i n  i n  mountain wave cond i t i ons ,  p a r t i c u l a r l y  when marked 
changes i n  t h e  upper a i r  p a t t e r n  a r e  occur r ing .  



4. I c i n g  

4.1 Adiaba t ic  coo l ing  c . i l s s d b y  ::he fo~:c.:c~ a scen t  of a i r  over  mountair:cus r e g i o ! ~ s  
i n  wave systems gene ra l l y  resu?::; i n  a  r ~ w e r i n ~  rrf t h e  kreezing l eve l  ar.d a n  i.:lr:zase o f  
l i q u i d  water  concen t r a t i on ,  p a r t i c ~ l a r i i -  i n  wavecres ts .  Ttius a i - f rame icir:!, i s  l i k e l y  t o  
be more s eve re  than  a t  t h e  same a l t i t u d e  over lower ground when e x t e n s i v e  cloud i s  p r e s e n t .  
Th i s  hazard i s  a t  a  maximum a  few thousand f e e t  above t h e  f r e e z i n g  l e v e l ,  but i n  g e n e r a l  i s  
u n l i k e l y  t o  be s e r i o u s  a t  a l t i t u d e s  much above 20  0 0 0  it. 

Note. Fu r the r  informat ion on meteoro log ica l  a s p e c t s  is con ta ined  i n  WMO - 
Technical  Note No. 34 "The Airf low over Mountains", which is ob ta inab l e  from t h e  World 
Meteorological  Organizat ion i n  Geneva. 

P a r t  2 - FLYING ASPECTS 

1. The e f f e c t s  qf mountain waves on a i r c r a f t  i n  f l i g h t  depend on t h e  magnitude of 
t h e  d i s tu rbance  t o  t h e  a i r f l o w ,  t h e  performance of t h e  a i r c r a f t ,  i t s  a l f i t u d e  and t h e  
a i r c r a f t ' s  speed and d i r e c t i o n  i n  r e l a t i o n  t o  t h e  wave system. A broad d i s t i n c t i o n  may be 
made between low l e v e l  hazards  (below about 20  0 0 0  f t )  and h igh  l e v e l  haza rds  (above 
20 0 0 0  i t ) .  

2. Low A l t i t u d e  F l i g h t  

2 . 1  The main hazards  arise from seve re  t u rbu l ence  i n  t h e  r o t o r  zone,  from down-draughts 
and from i c ing .  The presence  of r o l l  c louds  i n  t h e  r o t o r  zone may warn p i l o t s  of t h e  r e g i o n  
of most s eve re  t u rbu l ence ,  but c h a r a c t e r i s t i c  c loud format ions  a r e  not  always p re sen t  o r , <  
i f  they  are p r e s e n t ,  may l o s e  d e f i n i t i o n  i n  o t h e r  clouds.  S i m i l a r l y ,  t h e  up-draughts and 
down-draughts a r e ,  i n  g e n e r a l ,  not  v i s i b l e .  I f  an  a i r c r a f t  remains f o r  any l e n g t h  of t i m e  
i n  a  down-draught (e .g.  by f l y i n g  p a r a l l e l  t o  t h e  mountains i n  t h e  descending p o r t i o n  of 
t h e  wave), s e r i o u s  l o s s  of he igh t  may occur.  

2.2 During up-wind f l i g h t  t h e  a i r c r a f t ' s  he igh t  v a r i a t i o n s  are normally ou t  of phase 
wi th  t h e  waves; t h e  a i r c r a f t  i s ,  t h e r e f o r e ,  l i a b l e  t o  be a t  i t s  lowest h e i g h t  when over t h e  
h i g h e s t  ground. The p i l o t  may a l s o  f i n d  himself  be ing d r i v e n  down i n t o  a  r o l l  c loud over 
which ample h e i g h t  c l e a r a n c e  p rev ious ly  appeared t o  be a v a i l a b l e .  

2.3 Down-wind f l i g h t  may be s a f e r .  Height v a r i a t i o n s  a r e  u s u a l l y  i n  phase wi th  t h e  
waves, but  i t  must be  app rec i a t ed  t h a t  t h e  r e l a t i v e  speed of an  a c c i d e n t a l  e n t r y  i n t o  t h e  
r o t o r  zone w i l l  be g r e a t e r  t han  i n  up-wind f l i g h t ,  because t h e  r o t o r  zone is s t a t i o n a r y  
wi th  regard  t o  t h e  ground. Thus, t h e  s t r u c t u r a l  l oads  which may be imposed on t h e  a i r f r a m e  
when g u s t s  a r e  encountered a r e  l i k e l y  t o  be g r e a t e r  and t h e r e  w i l l  p robably  be  l e s s  warning 
of p o s s i b l e  handl ing d i f f i c u l t i e s .  

3 .  High A l t i t u d e  F l i g h t  

3 . 1  The primary danger a t  h igh  a l t i t u d e  is t h a t  of a  sudden encounte r  wi th  l o c a l i z e d  
d i s tu rbances  ( i . e .  tu rbu lence ,  sudden l a r g e  wind and temperature  changes) a t  h igh  p e n e t r a t i o n  
speeds ,  and t h i s  i s  p a r t i c u l a r l y  r e l e v a n t  a t  c r u i s i n g  l e v e l s  above 3 0  000  f t  where t h e  b u f f e t -  
f r e e  margin between t h e  l i m i t i n g  Mach number and t h e  s t a l l  is r e s t r i c t e d .  I n  t h i s  r e s p e c t  
f l i g h t  down-wind is l i k e l y  t o  be more c r i t i c a l  than  f l i g h t  up-wind, e s p e c i a l l y  when t h e  
wind i s  s t rong .  A s  i n  t h e  case  of low a l t i t u d e  f l i g h t  t h e  waves a r e  s t a t i o n a r y  r e l a t i v e  t o  
t h e  ground, and t h e  h ighe r  r e l a t i v e  speed on a c c i d e n t a l l y  encounte r ing  a  s t a n d i n g  wave whi le  
f l y i n g  down-wind i s  l i k e l y  t o  p l ace  g r e a t e r  loads  on t h e  a i r f r ame .  There w i l l  o f t e n  be no 
advance warning of t h e  p resence  of wave a c t i v i t y  from p re l imina ry  o s c i l l a t i o n  o r  t u rbu l ence .  
Although down-draughts a r e  p r e s e n t ,  they a r e  u n l i k e l y  t o  be hazardous and i c i n g  and r o t o r  
zone tu rbu lence  a r e  u n l i k e l v .  
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4. General  

4 .1  While f l y i n g  through s t r o n g  mountain waves l a r g e  f l u c t u a t i o n s  i n  wind v e l o c i t y  
may be encountered,  wi th  a s s o c i a t e d  t u rbu l ence ,  and an  a i r c r a f t  e n t e r i n g  a  wave system wi th  
i t s  a u t o - p i l o t ,  i nc lud ing  he igh t  and a i r speed  l o c k s ,  f u l l y  engaged may begin  t o  o s c i l l a t e  
i n  t h e  p i t c h i n g  p l ane  as it  a t t emp t s  t o  main ta in  t h e  s e l e c t e d  he igh t  and a i r speed .  Th is  
o s c i l l a t i o n  can become u n s t a b l e  and, i f  unchecked, may pu t  a n  a i r c r a f t  i n t o  a dangerous 
a t t i t u d e  a s  a  r e s u l t  of exces s ive  t a i l p l a n e  d e f l e c t i o n .  I f  t h e  a i r c r a f t  i s  being flown 
manually and t h e  p i l o t  chases  h e i g h t  o r  a i r s p e e d ,  a  s i m i l a r  r e s u l t  may occur.  I n  e i t h e r  
case ,  t h e r e  is t h e  r i s k  of a n  u p s e t  developing w i th  c a t a s t r o p h i c  r e s u l t s .  Th i s  emphasises 
t h e  importance of t h e  w e l l  e s t a b l i s h e d  techn ique  of f l y i n g  " a t t i t u d e "  i n  t h e s e  condi t ions .  

P a r t  3 - ADVICE TO PILOTS 

1. Areas of tu rbu lence  a s s o c i a t e d  wi th  mountain and lee-waves cannot be f o r e c a s t  
w i t h  accuracy,  but  Meteorological  O f f i c e s  can h e l p  p i l o t s  t o  a s s e s s  t h e  p r o b a b i l i t y  of 
occurrence  of mountain and lee-waves, and a s s e s s  t h e  h e i g h t  of l a y e r s  of marked s t a b i l i t y .  
When p lann ing  a  f l i g h t  over mountainous t e r r a i n ,  t a k e  c a r e  t o  ensure  t h a t  t h e  p o s s i b i l i t y  
of mountain wave c o n d i t i o n s  is considered a t  t h e  meteoro log ica l  b r i e f i n g ,  p a r t i c u l a r l y  i f  
f r o n t a l  c o n d i t i o n s  a r e  p r e sen t  i n  t h e  a r e a  and a j e t  s t ream is expected a t  a l t i t u d e .  Pay 
c a r e f u l  a t t e n t i o n  t o  any warnings which may be g iven i n  SIGMET b roadcas t s  by t h e  A i r  T r a f f i ~  
Cont ro l  network du r ing  t h e  course  of t h e  f l i g h t .  

2.  I f  wave development is f o r e c a s t  o r  known t o  be  p re sen t :  

( a )  do not  a t t empt  t o  p e n e t r a t e  o r  approach r o t o r  c louds  o r  l i k e l y  r o t o r  zones 
ad j acen t  t o  mountain ranges ;  

(b) a n  i n - f l i g h t  c l e a r a n c e  of a t  l e a s t  5  000 f t  i s  necessa ry  above mountains which 
a r e  up t o  5  000 f t  i n  he igh t  above t h e  surrounding t e r r a i n ;  f o r  h ighe r  mountains 
t h e  c l ea rance  should  be a t l e a s t  equa l  t o  t h e i r  he igh t  above t h e  t e r r a i n ;  t h i s  
should enab le  t h e  wors t  of t h e  lower a l t i t u d e  hazards  t o  be avoided;  

( c )  choose c r u i s i n g  a l t i t u d e s  w e l l  away from t h e  base  of l a y e r s  of marked s t a b i l i t y  
i n  t h e  atmosphere where s e v e r e  tu rbu lence  i s  most l i k e l y  t o  occur (p resen t  
informat ion sugges t s  t h a t  wh i l e  t h e r e  may be more t han  one s t a b l e  l a y e r ,  a 
margin of 5 , 0 0 0  f t  on e i t h e r  s i d e  of t h e  t ropopause  is a d v i s a b l e ) ;  

(d) be prepared f o r  t h e  occurrence  of i c i n g  i f  cloud format ions  a r e  p r e sen t .  

3 .  When f l y i n g  i n  a n  a r e a  i n  which mountain wave cond i t i ons  are suspec ted ,  always 
be prepared f o r  t u rbu l ence ,  even i n  c l e a r  a i r ,  and t ake  p recau t ions  accordingly .  These 
p recau t ions  should include:  

(a )  s e t t i n g  up t h e  recommended speed f o r  f l i g h t  i n  t u rbu l ence ;  

(b) re-trimming t h e  a i r c r a f t  and n o t i n g  t h e  t r i m  p o s i t i o n  s o  t h a t  any changes t h a t  
may occur (due t o  a u t o  t r i m  a c t i o n  when us ing  t h e  au to -p i lo t )  can be qu ick ly  
de t ec t ed ;  

(c )  ensur ing  t h a t  crew and passengers  a r e  s e c u r e l y  s t r apped  i n  and t h a t  t h e r e  a r e  
no l oose  a r t i c l e s ;  

(d)  fo l lowing  t h e  recommendations on t h e  use  of a u t o - p i l o t ,  he igh t  and a i r speed  
i s c k s  and s t a b i l i t y  a i d s  (yaw dampers e t c . )  a s  app rop r i a t e .  
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4. I f  e n t r y  i n t o  t u r b u l e n t  mountain wave c o n d i t i o n s  i s  unavoidable ,  o r  unexpected,  
t h e  fo l lowing procedures a r e  adv i sab l e  s u b j e c t  t o  any recommended o p e r a t i n g  t echn iques  f o r  
the  p a r t i c u l a r  a i r c r a f t  type:  

(a )  make c e r t a i n  t h a t  t h e  passenger  s e a t  b e l t  s i g n  i s  on and t h a t  t h e  crew a r e  
p roper ly  s t rapped  i n ;  

(b) a t tempt  t o  main ta in  a  cons t an t  p i t c h  a t t i t u d e ,  avo id ing  exces s ive  c o n t r o l  
a p p l i c a t i o n s ;  a d j u s t  speed s lowly and p rog re s s ive ly  t o  t h a t  recommended f o r  
rough a i r  p e n e t r a t i o n  ( i f  t h i s  ha s  not  a l r eady  been done) ,  moni tor ing t h e  auto- 
p i l o t  ve ry  c l o s e l y  i f  engaged; 

(c )  i f  t h e  au to -p i lo t  i s  used,  ensu re  t h a t  t h e  h e i g h t ,  speed and Mach l o c k s  a r e  
disengaged; 

(d) ignore  t h e  minor t r a n s i e n t  speed and h e i g h t  f l u c t u a t i o n s  induced by g u s t s  and 
main ta in  a  good ins t rument  scan ;  c o r r e c t  any s t eady  speed y a r i a t i o n s  a t  t h e  

, . 
expense of a l t i t u d e  i f  necessa ry ;  

( e )  do not  a t tempt  t o  chase t h e  gust-induced l a t e r a l  rocking but aim t o  keep t h e  
a i r c r a f t  l a t e r a l l y  l e v e l  t o  w i t h i n  reasonab le  l i m i t s ;  

( f )  t r y  t o  make a l l  c o n t r o l  i n p u t s  smoothly and g e n t l y ,  

STRATOSPHERE : Occosionol disturbances 

(i.e. turbulence, sudden wind 

ond temperature chonqes. ) 

MILES 0 5 10 IS 2 0 

* The tropopovse ond  leve l  o f  rnoxirnum w ~ n d  ore  usuolly located 

somewhere within this layer 

MODEL OF A WELL-DEVELOPED MOUNTAIN WAVE SHOWING 
TYPICAL FEATURES 
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THE POTENTIAL ROLE OF FLIGHT RECORDERS 
I N  AIRCRAFT ACCIDENT INVESTIGATION 

The fo l lowing  paper ,  prepared by B.R.  A l l en ,  D i r e c t o r ,  Bureau 
of Sa fe ty ,  and J.S. Leak, Chief ,  Technical  Se rv i ce s  Sec t ion ,  

Engineer ing D iv i s ion ,  of t h e  C i v i l  Aeronaut ics  Board, * 
Washington, D.C. ,  was p resen ted  a t  t h e  CASI/AIAA/CGASC 

Avia t ion  S a f e t y  Meeting, he ld  i n  Toronto on 
1 November 1966, and appeared i n  t h e  Canadian 
Aeronaut ics  and Space J o u r n a l  da ted  June 1967. 

SUMMARY 

The h i s t o r y ,  p r e sen t  s t a t e  and developments of f l i g h t  r eco rde r s  a r e  d i scussed .  
Sample c a s e s ,  wi th  exp lana t ions ,  are presen ted  t o  show t h e  c a p a b i l i t y  of t h e  p r e s e n t l y  
i n s t a l l e d  r e c o r d e r s  t o  f u r n i s h  d a t a  from which energy ana lyse s ,  f l i g h t  t r a c k s  and p r o f i l e s  
can be made. Also d i scussed  a r e  t h e  advantages t o  be gained i n  acc iden t  i n v e s t i g a t i o n  and 
p reven t ion  from added parameters  such a s  a t t i t u d e  and angu la r  r a t e s  about  t h e  t h r e e  axes ,  
powerplant cond i t i on  and s e l e c t e d  systems i n d i c a t i o n s .  Eva lua t ion  i s  now being made by 

11 s e v e r a l  a i r l i n e s  on t h e  f e a s i b i l i t y  of maintenance recorders"  which monitor s e v e r a l  power- 
p l a n t  and systems parameters  f o r  subsequent ana lyse s  concerning t h e  p rogress ion  of a i r c r a f t  
components toward needed maintenance o r  replacement.  The p rospec t s  and advantages of com- 
b in ing  f l i g h t  r eco rde r s  and maintenance r e c o r d e r s  i n t o  one d a t a  r eco rd ing  system, adap tab l e  
t o  EDP, a r e  d i scussed  a long  wi th  t h e  a p p l i c a t i o n  of t h e  c o l l e c t e d  d a t a  t o  acc iden t  i n v e s t i -  
t a t i o n ,  e.g. ana lyz ing  recorded component t r e n d s ,  matching powerplant and systems parameters  
w i th  a i r c r a f t  a t t i t u d e s  and motions,  and a s s i s t i n g  t h e  i n v e s t i g a t o r  i n  h i s  e f f o r t s  t o  con- 
c e n t r a t e  on t hose  a s p e c t s  of t h e  i n v e s t i g a t i o n  most l i k e l y  t o  y i e l d  c a u s a l  informat ion.  

INTRODUCTION 

Admittedly,  t h e  f l i g h t  r e c o r d e r ,  which has  been i n  o p e r a t i o n  f o r  s e v e r a l  y e a r s ,  
is no panacea. It was never in tended nor  w i l l  i t  ever  be an  a l l - s e e i n g ,  all-knowing automa- 
t i o n  of t h e  t ype  a s c i e n c e - f i c t i o n  w r i t e r  might con jure  up. The f l i g h t  r e c o r d e r ,  however, 
has  proven its v a l u e  a s  an  acc iden t  i n v e s t i g a t i o n  t o o l ,  and it is showing i t s  p o t e n t i a l  a s  
an a i d  t o  acc iden t  prevent ion.  Add i t i ona l ly ,  f l i g h t  r eco rd ing  i n  t h e  r a p i d l y  advancing 
s t a t e  of t h e  a r t  may became one of t h e  g r e a t e s t  s i n g l e  boons t o  a i r  management s i n c e  t h e  
l o g  book. 

Because of t h e  f l i g h t  r e c o r d e r ' s  ever  i n c r e a s i n g  importance i n  a v i a t i o n ,  it i s  
imperat ive  t h a t  everyone a s s o c i a t e d  wi th  acc iden t  i n v e s t i g a t i o n  and preven t ion  should become 
f a m i l i a r  wi th  t h i s  ins t rument ,  no t  n e c e s s a r i l y  w i th  its mechanical and e l e c t r o n i c  f e a t u r e s ,  
but  w i th  i t s  r o l e  i n  t h e  i n v e s t i g a t i v e  p roces s ,  what i t  can and cannot do and, above a l l ,  
i t s  p o t e n t i a l .  Toward t h i s  end,  t h i s  r e p o r t  p r e s e n t s  a  b r i e f  h i s t o r y  of t h e  f l i g h t  r e c o r d e r ,  
how it  is p r e s e n t l y  read ou t  and t o  what u s e s  t h e  d a t a  can be pu t .  It a l s o  d i s c u s s e s  t h e  nee 

* On A p r i l  1, 1967, t h e  s a f e t y  func t ions  of t h e  C i v i l  Aeronaut ics  Board were t r a n s f e r r e d  t o  
t h e  newly c r e a t e d  Nat iona l  T ranspo r t a t i on  Sa fe ty  Board, Department of Transpor ta t ion .  



f o r  a d d i t i o n a l  parameters  and w h d ~  t he r  sFould S r ,  o r h c r  needed im~rovemen t s ,  and how t h e  
i n c r e a s i n g  use  of r eco rde r  d a t a  can enhance acc iden t  i n v e s t i g a t i o n  and preven t ion .  

HISTORY 

The f i r s t  C i v i l  A i r  Regula t ion on f l j g h t  r e c o r d e r s ,  Amendment 100, took  e f f e c t  
i n  A p r i l  1941 and r equ i r ed  on a i k  c a r r i e r  a i r c r a f t  a  dev ice  t h a t  would r eco rd  a l t i t u d e  and 
r a d i o  t r a n s m i t t e r  ope ra t i on  (on and o f f ) .  The compliance d a t e  was subsequent ly  extended 
t h r e e  t imes  and f i n a l l y  i n  June 1944, t h e  C i v i l  Aeronaut ics  Board resc inded  t h e  requ i rements  
p r i m a r i l y  because of maintenance d i f f i c u l t i e s  and l a c k  of replacement p a r t s  f o r  t h e  r e c o r d e r s  
due t o  t h e  war e f f o r t .  

A s i m i l a r  r e g u l a t i o n  was adopted i n  September 1947, r e q u i r i n g  r e c o r d e r s  i n  a i r -  
c r a f t  of 10 000 l b  o r  more t o  record  a l t i t u d e  and v e r t i c a l  a c c e l e r a t i o n .  Again, on J u l y  1, 
1948, t h e  CAB resc inded  t h e  requirement  a s  t h e r e  were no ins t ruments  r e a d i l y  a v a i l a b l e  of 
proven r e l i a b i l i t y  o r  adequate  f o r  t h e  in tended purpose. 

During t h e  next  n ine  y e a r s  CAA and CAB s tud i ed  p o s s i b l e  requ i rements ,  met w i th  
i n d u s t r y  r e p r e s e n t a t i v e s ,  and proposed amendments d e f i n i n g  t h e  f l i g h t  r eco rde r  program. 

I n  1948 t h e  French A i r  Sa fe ty  C o m i s s i o n  became i n t e r e s t e d  i n  f l i g h t  r e c o r d e r s ,  
l e ad ing  t o  t h e  i n s t a l l a t i o n  of r e c o r d e r s  i n  t e n  a i r c r a f t  belonging t o  A i r  France and TAI .  
The experiment aroused s o  much i n t e r e s t  t h a t  T A I  decided t o  equ ip  a l l  i t s  a i r c r a f t  v o l u n t a r i l y  
a t  i ts own expense. 

F i n a l l y ,  i n  August 1957, CAB adopted amendments t o  CAR P a r t s  40, 41 ,  42 and 43. 
Required w a s  t h e  i n s t a l l a t i o n  of f l i g h t  r e c o r d e r s  a f t e r  J u l y  1958 i n  a l l  a i r c r a f t  over  
12 500 l b  and being opera ted  i n  air  c a r r i e r  s e r v i c e  a t  a l t i t u d e s  above 25 000 f t .  The func- 
t i o n s  t o  be recorded were a i r s p e e d ,  a l t i t u d e ,  d i r e c t i o n  and v e r t i c a l  a c c e l e r a t i o n  a g a i n s t  a 
base of t i m e .  A t  about t h e  same t ime t h e  French i s sued  s i m i l a r  requirements .  

I n  September 1959 t h e  r e g u l a t i o n s  were amended t o  e s t a b l i s h  a  60-day r eco rd  
r e t e n t i o n  per iod  and t o  c l a r i f y  t h e  t i m e  pe r iod  of r eco rde r  o p e r a t i o n ,  i . e .  con t inuous ly  
from beginning of t a k e o f f  r o l l  t o  complet ion of l and ing  r o l l .  

Many of t h e  e a r l y  major a c c i d e n t s  of t h e  newly in t roduced  j e t  t r a n s p o r t s  occur red  
dur ing  t r a i n i n g  ope ra t i ons .  Much va luab l e  i n v e s t i g a t i v e  d a t a  were l o s t ,  o r  had t o  be s i f t e d  
out by long and t e d i o u s  work, because t h e  f l i g h t  r e c o r d e r s  were not  tu rned  on. The CAB and 
FAA recognized t h a t  t h e  t r a i n i n g  acc iden t  o f t e n  s t e m s  from i n t e n t i o n a l l y  in t roduced  problems 
o r  emergencies (dutch r o l l  p r a c t i c e ,  f l i g h t  near  vMC, t a k e o f f s  and l and ings  w i t h  eng ines  
i n o p e r a t i v e  e t c . )  and, t he re f  o r e ,  p rov ides  an  e x c e l l e n t  base  f o r  implementing c o r r e c t i v e  
measures. Consequently,  t h e  r e g u l a t i o n s  were aga in  amended t o  r e q u i r e  o p e r a t i o n  of t h e  
f l i g h t  r eco rde r  on a l l  f l i g h t s .  A d d i t i o n a l l y ,  t h e  r e g u l a t i o n s  were extended t o  i nc lude  a l l  
turbine-powered t r a n s p o r t  ca tegory  a i r p l a n e s  opera ted  by US a i r  c a r r i e r s .  

During t h e  p a s t  few y e a r s  s e v e r a l  governments have e i t h e r  i s sued  o r  have made 
moves toward i s s u i n g  f l i g h t  r eco rde r  requirements  and some c a r r i e r s  have i n s t a l l e d  o r  a r e  
p lanning i n s t a l l a t i o n  of recorder ;  v o l u n t a r i l y .  The m i l i t a r y  s e r v i c e s  have become inc rea s -  
i ng ly  i n t e r e s t e d  i n  r eco rde r s  f o r  acc iden t  i n v e s t i g a t i o n  purposes ,  have i n s t a l l e d  them on 
some a i r c r a f t ,  e .  g. C-133 and C-141 ,  and a r e  p lann ing  f o r  f u t u r e  p l a n e s ,  e .g.  C-5A. 



162 ICAO Circular  82-~N/69 

The l a t e s t  ac t ion  t o  be taken i n  the  United S t a t e s  toward improvement of the  
f l i g h t  recorder program was the  recent change recommended by CAB i n  the  Federal Aviation 
Regulations t o  re loca te  the  recorder i n  the  r ea r  port ion of t he  a i r c r a f t .  It is ye t  too 
e a r l y  f o r  the  CAB t o  o f f e r  any s t a t i s t i c s  on how much t h i s  w i l l  improve the  ove ra l l  f l i g h t  
recorder r eadab i l i t y ;  however, the  r e s u l t s  of a French study may be a good indica tor .  I n  
examining t he  post accident  condi t ions of 51 se r ious  accidents ,  including 39 t o t a l  destruc 
t i o n  cases ,  3 mid-air c o l l i s i o n s ,  3 i n  water ranging from 5 fathoms t o  deep seas ,  28 with 
f i r e  following impact, an a f t  mounted recorder e i t h e r  was o r  could have been recovered i n  
98Z of t he  accidents.  Superimposed here is the  f a c t  t h a t  t he  recorder i n  t h i s  study uses  
a photographic process and is protected from impact and f i r e  only by its a f t  locat ion.  
The US recorders ,  t e s t e d  t o  100 g and l l O O ° C  f o r  30 min., should give at  l e a s t  comparable 
recoverab i l i ty  i n  t h e  a f t  pos i t ion .  

CURRENT ACCIDENT INVESTIGATION ROLE 

A s  of September 30, 1965, t h e  C i v i l  Aeronautics Board had inves t iga ted  over 
181 accidents  involving a i r c r a f t  with f l i g h t  recorders  i n s t a l l ed .  V i t a l  information was 
obtained from f l i g h t  recorders  i n  125 cases ,  although i n  6 of these t h e  qua l i t y  and quan- 
t i t y  of da ta  were ser ious ly  reduced because of impact damage t o  the  recording medium. I n  
t e n  o ther  acc idents  during t h i s  period recorder information was not ava i l ab le  a s  follows: 

Recording medium fragmented; pe r t inen t  pieces not recovered - 3 cases. 
Aluminum f o i l  medium consbmed by prolonged exposure t o  f i r e -  3 cases.  
Medium supply expended p r i o r  t o  t he  accident - 2 cases.  
Medium not advancing - 1 case. 
Recorder not turned on - 1 case. 

The o ther  46 of the  181 accidents  were of a nature such t h a t  readout was con- 
s idered unnecessary.(e.g. landing gear col lapse  during t a x i ,  f i r e  during engine s t a r t i n g ,  
i n j u r i e s  t o  ground crew). F l igh t  recorders  have a l s o  been read out i n  a l a rge  percentage 
of the  inc idents  invest igated by t he  CAB, pr imari ly  those involved i n  turbulence. 

Beyond t he  f l i g h t  recorder 's  primary purpose as an inves t iga t ion  t o o l  toward 
determination of probable cause, i t  has provided da ta  f o r  many s tud i e s  conducted by NASA, 
FAA, a i r l i n e s ,  manufacturers, and o ther  groups i n  such a reas  a s  turbulence,  a i rp lane  
handling q u a l i t i e s  and p i l o t  techniques. 

Cited below a r e  examples of how the  f l i g h t  recorder has been used i n  accident 
invest igat ion.  

CASE 1 

A DC-8 landed with an e x i s t i n g  hydraul ic  malfunction. Early during t h e  rol lout  
t h e  a i r c r a f t  veered off  t he  runway, s t ruck  obs tac les  and burned. Examination of t he  read- 
out showed a f l uc tua t i ng  a l t i t u d e  t r ace  sho r t l y  a f t e r  touchdawn. This f l uc tua t i on  was 
t raced  t o  dis turbed a i r f low at  t he  static po r t s  a s  t he  r e s u l t  of unsymmetrical reverse 
th rus t .  Further ,  t h e  airspeed and heading t r ace s ,  combined with t i r e  t r ack  information, 
formed the  ba s i s  f o r  an ana lys i s  which proved t h a t  t he  yawing r a t e  was not possible  with 
app l i ca t ion  of f u l l  rudder, f u l l  nose s t e e r i ng  and f u l l  braking on one s ide ;  it required 
pos i t i ve  t h r u s t  on one s i d e  of t he  a i r c r a f t  and reverse t h ru s t  on the other. 



CASE 2 

The p i l o t  of a Boeing 707 attempted t o  abort  a takeoff near V1. The a i r c r a f t  
t r ave l l ed  the  f u l l  length of the runway, s t r uck  an obs tac le  and burned. The air*peed and 
heading t r ace s  were used as  bases f o r  an energy ana lys i s ,  which showed when t he  power was 
reduced, when and t o  what degree the  re tard ing  devices (speed brake, wheel brakes,  reverse  

1 t h r u s t )  were used. 

CASE 3 

A Viscount on a go-around pitched over sharply from l e s s  than 200 f t ,  crashing 
nose down j u s t  beyond t he  f a r  end of t h e  runway. Upon examination of t he  recorder  readout 
p lo t ,  t he r e  was a suspicion t h a t  the  a i r c r a f t  may have s t ruck  a bluff  or  o the r  obs tac les  
under the  approach, thus  damaging the  con t ro l  system. Figure 1 shows t he  p r o f i l e  of the  
f l i g h t ,  made by converting indicated airspeed t o  t r u e  airspeed and ground speed, then 
in tegra ted  t o  f ind  the  gepgraphic po in t s  under t he  a l t i t u d e  t r ace .  The p r o f i l e  shows t h a t ,  
while the a i r c r a f t  was c lose  t o  the  b l u f f ,  i t  did not s t r i k e  i t  o r  o ther  ,obstructions.  The 
p r o f i l e  Also revealed excessive airspeed f o r  landing near and over t he  rudway, followed by 
rapid decelera t ion ,  probably f l a p  ac tua t ion ,  but too f a r  down the  runway f o r  a landing. 
While t h i s  inves t iga t ion  was underway the  f l i g h t  recorder readout of an approach inc ident  
involving empennage rime i ce  led  t o  wind tunnel  t e s t s  and other  a n a l y t i c a l  work. It w a s  
f i n a l l y  concluded t h a t  the accident r e sd l t ed  from empennage ice.  On the  b a s i s  of these  
developments through t h e  f l i g h t  recorder ,  the  CAB reopened the  inves t iga t ion  and changed 
the  probable cause of a Viscount accident i n  1958 before the  i n s t a l l a t i o n s  of f l i g h t  
recorders.  

FIGURE 1.- Fl igh t  p r o f i l e  
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CASE 4 

A Boeing 727 s t r u c k  t h e  ground s h o r t  of t h e  runway on a  long,  s t r a i g h t - i n ,  
v i s u a l  approach. F igure  2 shows t h e  p r o f i l e  ob ta ined  by i n t e g r a t i n g  t h e  readout  and p l o t -  
t i n g  t h e  r e s u l t  a g a i n s t  a t e r r a i n  p r o f i l e .  Also dep i c t ed  is t h e  h igh  r a t e  of descen t  a s  
t h e  a i r c r a f t  approached t h e  a i r p o r t .  Th i s  informat ion,  ob ta ined  from t h e  f l i g h t  r eco rde r ,  
helped m a t e r i a l l y  t o  d e f i n e  t h e  f l i g h t  cond i t i ons  surrounding t h i s  acc iden t  and t o  a r r i v e  
a t  t h e  probable  cause:  f a i l u r e  of t h e  c a p t a i n  t o  t a k e  t imely  a c t i o n  t o  arrest a n  exces s ive  
descent  r a t e  du r ing  t h e  l and ing  approach. Figure  3 shows only t h e  f i n a l  s t a g e  of t h i s  
approach and, t h e r e f o r e ,  b e t t e r  d e t a i l  of t h e  descent  pa th  wi th  r e l a t i o n  t o  t h e  g l i d e  
s l o p e  and t h e .  runway. 
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CASE 5 

Another 727  crashed s h o r t  of t h e  a i r p o r t  whi le  making a  c i r c l i n g ,  v i s u a l  approach 
i n  d e t e r i o r a t i n g  weather .  The f l i g h t  r eco rde r  i n  t h i s  ca se  gave t h e  u s u a l  a i r s p e e d ,  a l t i -  
tude ,  heading and normal a c c e l e r a t i o n ,  t h u s  g i v i n g  v a l u a b l e  i n f o n a a t i o n  on r a t e s  of de scen t ,  
t u r n i n g  r a t e s  e t c .  A d d i t i o n a l l y ,  a s  shown i n  F igure  4 ,  it was used t o  r e c r e a t e  t h e  a i r -  
p l a n e ' s  t r a c k  d u r i r g  i t s  f i n a l  moments. The f i r s t  c a l c u l a t i o n s  were done on a  no-wind 
b a s i s ,  producing t h e  broken l i n e  shown i n  F igure  4. L a t e r ,  a f t e r  t h e  low a l t i t u d e  wind 
v e l o c i t y  and d i r e c t i o n  had been w e l l  f i rmed up,  t h e  wind was a p p l i e d  t o  produce t h e  hash 
l i n e .  By merging t h i s  ; format ion w i th  d a t a  ga thered  by t h e  Witness Group and t h e  ATC 
Group, t h e  superimposed t r a c k s  from t h e  s e v e r a l  sou rces  appear  a s  shown i n  F igure  5. 

FIGURE 4.- F l igh t  recorder t r ack  

F l.;i:i:ll 5.- Conq;, :si te f l i g h t  t r ack  
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CASE 6  

A Boeing 720 crashed a f t e r  reach ing  about  1 8  000 f t  dur ing  climb through a  t u r -  
bu len t  a r e a .  Before reach ing  t h e  ground a l l  f o u r  eng ines  had separa ted  a s  had t h e  o u t e r  
wing s e c t i o n s ,  t h e  forward fu se l age  and t h e  empennage. F igu re  6  d e p i c t s  t h e  readout .  One 
of t h e  f i r s t  a r e a s  of i n t e r e s t  i n  t h i s  f i g u r e  was t h e  normal a c c e l e r a t i o n  t r a c e .  It became 
ev iden t  from t h i s  t r a c e  t h a t  t u rbu l ence ,  pe r  s e ,  was not  a  l i k e l y  cand ida te  f o r  probable  
cause. It can be seen t h a t  t h e  e a r l y  p o r t i o n  of t h e  f l i g h t  w a s  conducted through f a r  worse 
c o n d i t i o n s  t h a n  t h e  l a t t e r .  The Boeing Company, i n  a coopera t ive  e f f o r t  w i th  t h e  CAB, 
undertook s e v e r a l  s t u d i e s  based on t h e  f l i g h t  r e c o r d e r  da t a .  The e a r l y  analog and d i g i t a l  
s t u d i e s  were most h e l p f u l  i n  demonst ra t ing  t h a t  t h e  a i r c r a f t  was i n t a c t  du r ing  t h e  i n i t i a l  
s t e e p  c l imb,  t h e  p i t chove r  and dur ing  most of t h e  ensuing d ive .  The ang le  of a t t a c k ,  p i t c h  
a t t i t u d e ,  e l e v a t o r  ang le  and s t i c k  f o r c e  time h i s t o r i e s  (F igure  7 )  r e s u l t i n g  from t h e  d i g i t a l  
computer s t udy ,  coupled wi th  t h e  de r ived  f l i g h t  p a t h  (Figure  8 ) ,  provided a n  e x c e l l e n t  
g r aph ic  d i s p l a y  of t h e  f i n a l  maneuver and a  c l e a r e r  unders tanding of t h e  problems con- 
f r o n t i n g  t h e  crew. Perhaps t h e  most s i g n i f i c a n t  f i n d i n g  w a s  t h a t  t h e  maneuver r equ i r ed  
( a )  f u l l  nose-down t r i m ,  (b) f u l l  nose-down e l e v a t o r  f o r  about  e i g h t  seconds fol lowed by 
(c )  f u l l  up e l e v a t o r  about  n ine  seconds l a t e r .  Th is  one f i n d i n g  was perhaps t h e  most con- 
v i n c i n g  of a l l  i n  i n d i c a t i n g  a n  e s s e n t i a l l y  i n t a c t  a i r c r a f t  down t o  a  lower a l t i t u d e ,  S t j "  
a i r  w a s  assumed f o r  t h e  s tudy ,  a n  assumption which might f i r s t  appear  r i d i c u l o u s ;  however, 
t h e  e x c e l l e n t  pa ramet r ic  comparison shown i n  Figure  8 c e r t a i n l y  i n d i c a t e s  t h a t  t h e  motions 
must have been produced p r i n c i p a l l y  by e l e v a t o r  and s t a b i l i z e r  c o n t r o l s  r a t h e r  t h a n  v e r t i c a l  
gus t  i npu t s .  For g u s t s  t o  have been tb major gene ra t i ng  f o r c e s  f o r  t h e  i n i t i a l  nega t ive  
g  p o r t i o n  of t h e  maneuver, t h e i r  v e l o c i t i e s  would have had t o  be inconceivably  g r e a t e r  t h a n  
t h e  most s eve re  measured du r ing  t h e  Nat iona l  Severe Storms P r o j e c t ,  and would have had t o  
p e r s i s t  i n  one d i r e c t i o n  f o r  n e a r l y  t e n  seconds. 
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FUTURE OF THE FLIGHT RECORDER 

For s e v e r a l  y e a r s  now a c c i d e n t  i n v e s t i g a t o r s  have recognized t h a t  wreckage 
examination is becoming l e s s  and l e s s  f r u i t f u l .  I n  t h e  days when t h e  DC-3 represen ted  t h e  
u l t i m a t e  i n  t r a v e l  comfort and speed,  an  i n f l i g h t  breakup was considered t h e  most t ed ious  
and t ime consuming t o  i n v e s t i g a t e .  Now, t h e  i n v e s t i g a t o r  f i n d s  t h a t  t h e  i n v e s t i g a t i o n  of 
t h e  i n f l i g h t  breakup, whi le  f a r  more t e d i o u s  t han  p r e v i o u s l y ,  may be one of h i s  e a s i e r  
i n v e s t i g a t i o n s .  This  has  been brought on, of course ,  by tremendous i n c r e a s e s  i n  t h e  two 
energy gene ra to r s ,  speed and mass. Add i t i ona l ly ,  t h e  f a i l u r e  p a t t e r n s  of t h e  newer aluminum 
and steel a l l o y s  do no t  lend themselves t o  qu ick  and easy f i e l d  examination. 

While t h e  a r t  of wreckage examination is no t  y e t  dead, i t s  prognos i s  is  n o t  very  
promising. The b e s t  medicine which can be adminis tered i s  t h e  f l i g h t  r eco rde r  - not  t h e  
r eco rde r  of today,  bu t  a u n i t  which w i l l  r ecord  many parameters ,  be e j e c t a b l e ,  and l o c a t a b l e  
i n  a wide v a r i e t y  of circumstances.  

Many t e c h n i c a l  papers  from a v a r i e t y  of government, a i r l i n e ,  manufacturer  and 
academic sou rces  have been prepared over t h e  p a s t  s e v e r a l  y e a r s  concerning t h e  n e c e s s i t y  o r  
d e s i r a b i l i t y  of a d d i t i o n a l  parameters .  How many d a t a  sources  depends on how expansively  o r  
expensively  t h e  wri ter  is th ink ing .  The equipment and techniques  a r e  a v a i l a b l e  f o r  r eco rd in  
an almost  i n f i n i t e  a r r a y  of d a t a  t o  t h e  r i d i c u l o u s  u l t i m a t e ,  t h a t  t h e  payload of an  a i r c r a f t  
could be measured i n  numbers of d a t a  channels  r a t h e r  than  t o n s  of cargo o r  number of pas- 
sengers .  Among t h i s  v a s t  a r r a y  of p o s s i b l e  parameters  t h e r e  is one group which, f o r  
subsonic  a i r c r a f t ,  h a s  almost  u n i v e r s a l  approval .  This  group c o n s i s t s  o f :  

Power i n d i c a t i o n  parameters ,  such a s  to rque ,  EPR, gas temperatures  and rpm 
Angle of a t t a c k  
P i t c h  a t t i t u d e  and/or  r a t e  
R o l l  a t t i t u d e  and /or  r a t e  
Yaw a t t i t u d e  and/or  rate 
Longi tud ina l  t r i m  p o s i t  i o n  
Control  column and/or  e l e v a t o r  p o s i t i o n  
Control  wheel and /or  a i l e r o n  p o s i t i o n  
Peda l  and/or  rudder  p o s i t i o n  
Ambient a i r  temperature  
Wing f l a p  p o s i t i o n  

These, f o r  a four-engine a i r c r a f t  and depending on number of engine  parameters  s e l e c t e d  and 
depending on t h e  u se  of "and" o r  "or", could range from 16 t o  36 a d d i t i o n a l  d a t a  sources .  
While t h e s e  a d d i t i o n s  would r e p r e s e n t  a 400% t o  900% i n c r e a s e  i n  d a t a  sources  over t hose  
now requ i r ed ,  they  appear  extremely modest when compared with t h e  proposed r eco rde r  f o r  t h e  
Lockheed C-5A. I n  a d d i t i o n  t o  t h e  parameters  now recorded and those  l i s t e d  above, t h e  C-5A 
reco rde r  is being programmed f o r :  

Thrust  r e v e r s e r  p o s i t i o n  
Fue l  f l ~ w  
Power l e v e r  ang le  
Cabin p r e s s u r e  
Master F i r e  Warning 
Autop i lo t  ON-OFF (3 axes )  
Hydraul ic  p r e s s u r e  
Takeoff cg 
Speed brake p o s i t  i o n  
Engine t u r b i n e  v i b r a t i o n  
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Engine compressor v i b r a t i o n  
Gross weight 
"Q" system 
Cabin and ca rgo  smoke d e t e c t i o n  
Yaw damper ON-OFF 
E l e c t r i c a l  gene ra to r  ou tpu t  
Engine f i r e  warning 
Engine f i r e  b o t t l e  

A l l  i n  a l l ,  t h e  C-5A reco rde r  is being planned f o r  a t  l e a s t  41 paramete rs  encompassing a t  
l e a s t  98 d a t a  p o i n t s .  The record ing  u n i t ,  which a l s o  w i l l  c o n t a i n  v o i c e  channe l s ,  is  t o  be 
e j e c t a b l e  by impact,  f i r e ,  immersion, o r  by s e l e c t i o n .  It i s  t o  be f l o a t a b l e  and w i l l  con- 
t a i n  a  r a d i o  beacon. 

To i n c r e a s e  t h e  d a t a  channels  by more t h a n  t h r e e  o r  f o u r  on t h e  p r e s e n t l y  used 
f o i l - t y p e  r eco rde r  would r e q u i r e  e i t h e r  ext remely  wide f o i l s  o r  t h e  use  of s e v e r a l  s e p a r a t e  
f o i l s .  Th i s  is no t  p r a c t i c a l  o p e r a t i o n a l l y ,  nor  i s  i t  p r a c t i c a l  i n  t h e  i n v e s t i g a t o r ' s  view. 

11 What is needed i n  a d d i t i o n  t o  information" is "t imely information".  &cord ing  a d d i t i o n a l  
d a t a  mechanical ly would s e r v e  t o  i n c r e a s e  t h e  c u r r e n t  problems of t h e  f l i g h t  r e c o r d e r  
s p e c i a l i s t ,  e .g .  s h i f t  of t h e  medium, bent  o r  broken s t y l i ,  and improper c a s e t t e  i n s t a l l a -  
t i o n ,  and t hus  lengthen readout  and d a t a  r educ t ion  t i m e .  During t h i s  pe r iod  t h e  i n v e s t i g a t o r  
has been s logg ing  through t h e  wreckage;searching f o r  answers he  may no t  f i n d .  

The obvious reason  f o r  t h e  record ing  of a d d i t i o n a l  pa ramete rs  l i e s  i n  e l e c t r o n i c  
record ing ,  s p e c i f i c a l l y  w i r e  o r  t ape .  It no t  only  l ends  i t s e l f  t o  compactness bu t  a l s o  t o  
r a p i d  p rocess ing ,  u s ing  t h e  s t anda rd  d i g i t a l  computer from t h e  i n i t i a l  r e a d o u t ,  through 
c a l i b r a t i o n  c o r r e c t i o n  ( i f  any) t o  t h e  p l o t t i n g  of t h e  d a t a  by a n  X-Y p l o t t e r .  What now 
t a k e s  days wi th  f i v e  channels  could  be reduced t o  a few hours  wi th  many channels .  

The i n v e s t i g a t i o n  of a  major acc iden t  of a  l a r g e  a i r c r a f t  now r u n s  f o r  s e v e r a l  
months and, where wind t u n n e l  tests ,  f l i g h t s  tests and computer s t u d i e s  a r e  r e q u i r e d ,  can 
and does run a s  long as two yea r s .  Seve ra l  t i m e s  second a c c i d e n t s  have occur red  b e f o r e  t h e  
f i r s t  could be solved.  I f  one a p p l i e s  t o  t h e s e  second a c c i d e n t s  i n  t h e  p a s t  t h e  word 
' r e g r e t t a b l e ' ,  he must, i n  terms of t h e  300- t o  1000-passenger a i r c r a f t  of t h e  n e a r  f u t u r e ,  
apply t h e  word ' i n t o l e r a b l e ' .  

Perhaps t h e  b e s t  way t o  a s s e s s  t h e  p o t e n t i a l  of t h e  expanded f l i g h t  r e c o r d e r  is 
t o  examine some p a s t  i n v e s t i g a t i o n s  i n  t h e  con tex t  of having a v a i l a b l e  a  f l i g h t  r e c o r d e r  
record  f o r  f a s t  r eadout .  I n  some of t h e  c a s e s  reviewed t h e r e  w a s  a  f l i g h t  r e c o r d e r  and,  i n  
t h e s e  c a s e s ,  t h e  p o t e n t i a l  of inc reased  d a t a  sou rces  is examined. 

CASE A 

I n  September 1959, an E l e c t r a  experienced a wing s e p a r a t i o n .  The f i e l d  i n v e s t i g a -  
t i o n  of t h i s  acc iden t  l a s t e d  f o r  months. Exper ts  from a l l  p a r t s  of t h e  i n d u s t r y ,  s e v e r a l  
a i r c r a f t  manufacturers ,  Na t iona l  Bureau of S tandards ,  NASA, FAA and CAB viewed t h e  remains.  
There was unanimous agreement: t h e  wing f a i l e d  i n  p o s i t i v e  over load.  A f l i g h t  r e c o r d e r  
would c l e a r l y  have shown t h a t  t h e  g necessa ry  f o r  over load f a i l u r e  w a s  no t  p r e s e n t .  It would 
a l s o  have shown t h e r e  was no d i v e  p reced ing  t h e  f a i l u r e ,  a  f a c t o r  over  which t h e r e  w a s  much 
argument and many manhours expended. Recorded engine  parameters  would have i n d i c a t e d  power 
i r r e g u l a r i t i e s  i n  t h e  No. 1 engine  p r i o r  t o  t h e  wing f a i l u r e ,  and a n g l e  of a t t a c k  and a t t i -  
tude  i n d i c a t i o n s  would probably have r e f l e c t e d  ana lyzab le  abnorma l i t i e s .  These t i m e -  
consuming i n v e s t i g a t i v e  ope ra t i ons  could ,  no doubt ,  have been e l imina t ed :  
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(1) A second ground sea rch  invo lv ing  400 army personnel .  
( 2 )  Searching ARTC and m i l i t a r y  r eco rds  f o r  o t h e r  a i r c r a f t  which might have c r ea t ed  

a near  m i s s  cond i t i on .  
( 3 )  Long and expensive  t r a j e c t o r y  s t u d i e s .  
(4) Fue l  ana lyses .  

The r e a l  t r agedy  of t h i s  ca se  l i e s  i n  t h e  f a c t  t h a t  i t  took a second acc iden t  f i v e  months 
l a t e r  t o  p rov ide  enough a d d i t i o n a l  informat ion t o  so lve  t h e  two a c c i d e n t s .  

CASE B 

On February 12,  1963, a  Boeing 720-B c rashed  a f t e r  reach ing  18 000 i t  dur ing  a 
cl imb through tu rbu lence  (Case 6, above).  I n  t h i s  c a s e  a  f l i g h t  r eco rde r  t r a c e  was a v a i l -  
a b l e  and a s s i s t e d  immeasurably i n  t h e  i n v e s t i g a t i o n ,  a s  p r ev ious ly  d i scussed .  The a d d i t i o n a l  
parameters  of ang le  of a t t a c k  and a t t i t u d e ,  however, could have reduced by many weeks t h e  
work which went i n t o  ob t a in ing  t h e  curves  shown i n  F igu re s  7 and 8. Primary c o n t r o l  and 
s t a b i l i z e r  t r i m  p o s i t i o n  r eco rds  would have given a t r u e  p i c t u r e  of how t h e  a i r c r a f t  was 
p laced  i n  i ts  extreme a t t i t u d e ,  p o s i t i o n s  concerning which crew members t e s t i f i e d  du r ing  t h e  
i n v e s t i g a t i o n s  of subsequent upse t  s i t u a t i o n s .  The i n v e s t i g a t i o n  could a l s o  have been 
shor tened a s  fo l lows:  

(1) Powerplant i n v e s t i g a t i o n  could  have been h e l d  t o  a minimum i f  t h e  r eco rde r  had 
shown power in format ion  f r o &  a l l  f o u r  eng ines  u n t i l  s e p a r a t i o n  occurred.  

(2) The e x t e n t  of a i r f r a m e  mock-up could have been reduced m a t e r i a l l y .  
(3) Many systems i n v e s t i g a t i o n s  could have been reduced i n  e x t e n t  o r  e l imina ted .  

Had t h i s  i n v e s t i g a t i o n  been a b l e  t o  proceed more r a p i d l y ,  many of t h e  c o r r e c t i v e  a c t i o n s ,  
both i n  a i r c r a f t  modi f ica t ion  and i n  t h e  o p e r a t i o n a l  and f l y i n g  technique educa t ion  and 
improvement, could have occurred e a r l y  enough t o  have prevented s e v e r a l  t u rbu l ence  u p s e t s ,  
some of which became f a t a l  a cc iden t s .  

CASE C 

Preceding most of t h e  so-called tu rbu lence  upse t  a c c i d e n t s  i n  t h e  US, t h e r e  w a s  
a n  acc iden t  of a l a r g e  swept-wing j e t  i n  Europe du r ing  climb a f t e r  t a k e o f f .  No r eco rde r  was 
i n s t a l l e d .  A r e c o r d e r ,  p a r t i c u l a r l y  one w i t h  expanded d a t a  sou rces ,  could have given d a t a  
which w a s  a b s o l u t e l y  unobta inab le  by t h e  i n v e s t i g a t o r s .  Had they  had f l i g h t  r eco rde r  
informat ion,  t h e r e  is a s t r o n g  p o s s i b i l i t y  t h a t  even Case B, above, and a l l  t h e  o t h e r s  
l i k e  it could have been ave r t ed .  

CASE D 

A Viscount shed i t s  wings and empennage i n  t u rbu l ence  i n  1959. Among t h e  inves- 
t i g a t o r s  of t h a t  a cc iden t  t h e r e  i s  no doubt t h a t  a  f l i g h t  r eco rde r  would have answered many 
ques t i ons  e a r l y  i n  t h e  i n v e s t i g a t i o n .  Furthermore, a n  expanded-parameter r e c o r d e r ,  t o g e t h e r  
w i th  t h e  weather and ATC packages,  would have been a l l  t h a t  w a s  necessa ry  t o  have solved t h e  
acc iden t .  

There are many more. Any i n v e s t i g a t o r  can review h i s  ca se s  and recognize  i n  each  
what a r eco rde r  could have done f o r  him and f o r  t h e  i ndus t ry .  Equipped wi th  a  good readout  
of t h e  several proposed parameters ,  t h e  i n v e s t i g a t i ~ l g  team can conclude i t s  work months 
earlier. More impor tant ,  p o s i t i v e  answers t o  many ques t i ons  a r e  a v a i l a b l e  immediately,  
l e ad ing  t o  a t  l e a s t  i n t e r i m  c o r r e c t i v e  measures f a r  e a r l i e r  t h a n  they  occur now i n  many cases .  
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FLIGHT RECORDER AND ACClDENT PREVENTION 

I n  t h e  p a s t  t h e r e  has  been much d i s c u s s i o n  over t h e  r o l e  t h e  p re sen t  r e c o r d e r  
could p lay  i n  acc iden t  p reven t ion  i f  only someone would o r  could  devote  t ime t o  read out  
t h e  r eco rde r s  r o u t i n e l y .  The o p e r a t o r s  a rgue  t h a t  they do no t  have t h e  manpower, and t h e y  
a r e  r i g h t .  There i s  probably n a  o r g a n i z a t i o n  which could devote ,  on a r o u t i n e  b a s i s ,  t h e  
man hours  necessary  t o  r ead ,  even on a sampling b a s i s ,  t h e s e  numbers of t a p e s .  However, 
magnetic record ing ,  adap t ab l e  t o  computer equipment a l r e a d y  i n  u s e ,  can e l i m i n a t e  t h i s  
problem and make ana lyse s  r e l a t i v e l y  easy.  I n  a d d i t i o n  t o  r e v e a l i n g  unwanted c h a r a c t e r i s t i c s  
i n  a i r p l a n e  equipment (such a s  inc reased  f u e l  consumption o r  decay i n  a v a i l a b l e  power),  t h e  
f l i g h t  r eco rde r  could  be used a s  a supplement t o  t h e  check r i d e .  It could  show whether  t h e  
crews a r e  adher ing t o  t h e  f l i g h t  manual and t o  e s t a b l i s h e d  procedures .  I n  ve ry  r e c e n t  
h i s t o r y  one f a t a l  a cc iden t  of a j e t  t r a n s p o r t  on approach might have been prevented i f  t h e  
means had been a v a i l a b l e  t o  d e t e c t  t h e  p i l o t ' s  p e r s i s t e n c e  i n  d e p a r t i n g  from s t a n d a r d ,  nor- 
m a l  opera t ion .  H i s to ry  has  recorded many such c a s e s  where t h e  f l i g h t  r e c o r d e r ,  used as a 
supplement t o  check rides!, could  have prevented a c c i d e n t s .  

, . 
Seve ra l  of t h e  a i r l i n e s  and t h e  m i l i t a r y  a r e  now exper iment ing wi th  t h e  so -ca l l ed  

'maintenance r e c o r d e r ' ,  wi th  which 20 o r  more channe ls  of in format ion  a r e  c o l l e c t e d .  The 
primary purpose of t h e  maintenance r e c o r d e r  is, as i t s  name i m p l i e s ,  t o  enhance maintenance. 
It w i l l  reduce equipment down-time, reduce c o s t  of r e p a i r  work, and a l l ow  more e f f i c i e n t  
management of maintenance a c t i v i t i e s .  Th i s  dev ice  is ,  however, by i ts ve ry  n a t u r e  a n  
acc iden t  p reven t ion  device .  C e r t a i n l y  it i s  both cheaper and s a f e r  t o  remove a n  eng ine  
because of tel l - tale warnings t h a n  t o  have it  remove i t s e l f  i n  f l i g h t  and,  i n  t h e  p roces s ,  
b reak  primary s t r u c t u r e  and k i n d l e  a f i r e .  

Because t h e  maintenance r e c o r d e r ,  p e r  s e ,  and t h e  e l e c t r o n i c  f l i g h t  r e c o r d e r  
d i f f e r  i n  essence  only  i n  some of t h e  recorded parameters ,  i t  l o g i c a l l y  fo l l ows  t h a t  t hey  
could be merged i n t o  one. Th i s  does no t  mean one w i r e  o r  one t a p e ,  nor  does i t  n e c e s s a r i l y  
mean one b l ack  box b u t ,  r a t h e r ,  one i n t e g r a t e d  record ing  system. Regula tory  requirements  
concerning numbers of parameters ,  r eco rd ing  and r e t e n t i o n  times, p r o t e c t i o n  e t c . ,  are beyond 
t h e  scope of t h i s  paper ,  but t h e  r equ i r ed  parameters ,  w h a t e v e r t h e y  might be ,  could be t r i g -  
gered t o  one t a p e  o r  w i r e  c a s e t t e  and t h e  remaining d a t a  t o  ano ther .  O r  by g e n e r a l  agree-  
ment a l l  t h e  d a t a ,  r equ i r ed  and non-required, could be p r o t e c t e d  from impact and f i r e ,  and 
e v e n t u a l l y  e j e c t a b l e .  

CONCLUSION 

The f l i g h t  r e c o r d e r ,  d e s p i t e  t h e  problems i t  has  p r e sen t ed  and d e s p i t e  t h e  
numerous t i m e s  it has  been des t royed ,  h a s  proved i t s  worth as a n  i n v e s t i g a t i o n  t o o l .  I f  
it has  done no th ing  more, it has  inc reased  t h e  i n v e s t i g a t o r ' s  conf idence  l e v e l ,  t h e  v a l u e  
of which cannot be overemphasized. But i t  has  done more, a s  r e p o r t e d  i n  t h i s  paper .  It can 
and must do even more. The expanded f l i g h t  r eco rde r ,  e j e c t a b l e ,  l o c a t a b l e ,  and c o n t a i n i n g  
v o i c e  channels ,  could  f u r t h e r  enhance s a f e t y  i n  many ways. 

(1) It could e l i m i n a t e  o r  m a t e r i a l l y  reduce t h e  c o s t l y  and t i m e  consuming d i v i n g  and 
dredging ope ra t i ons  of water a c c i d e n t s .  A t  t h e  least i t  would a l l ow  t h e  inves-  
t i g a t i o n  t o  p rog re s s  whi le  t h e s e  a c t i v i t i e s  go on. 
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(2 )  It could,  i n  deep water acc idents ,  provide d a t a  which now are l o s t  fo rever .  

( 3 )  It could f u r n i s h  e a r l y  d a t a  on which t o  base immediate in t e r im c o r r e c t i v e  ac t ion .  

( 4 )  It could,  conceivably,  i n  some acc iden t s  provide a l l  t h e  information necessary 
t o  t h e  probable cause. 

(5) It could be t h e  f i r s t  g i a n t  s t e p  toward te lemeter ing  d a t a  t o  a ground based 
recorder  and computer f o r  complete monitoring of an SST f l i g h t  from takeoff  t o  
landing. 
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INADVERTENT FUEL TRANSFER I N  FLIGHT 
( a l l  types  of a i r c r a f t  need t o  be considered)  

(Air R e g i s t r a t i o n  Board, United Kingdom - 
~ o t i c e '  No. 78, I s s u e  1, da ted  1 J u l y  1968) 

1.- INTRODUCTION 

Problems of i nadve r t en t  f u e l  t r a n s f e r  i n  f l i g h t  have been r e p o r t e d  on t h e  
p a r t i c u l a r  a i r c r a f t  types  l i s t e d  i n  paragraphs 2  and 3 below. However, o p e r a t o r s  of a l l  
types  of a i r c r a f t  a r e  asked t o  cons ider  t h e i r  own a i r c r a f t  f u e l  systems t o  determine 
whether s i m i l a r  problenis could occur  and i f  s o  t o  guard a g a i n s t  them by s u i t a b l e  t r a i n i n g  
and p r a c t i c e s  i n  regard  t o  both maintenance and f l i g h t  opera t ions .  

2.- CANADAIR C 4  (ARGONAUT), DOUGLAS ~ ~ 4 / ~ 5 4  
AND CARVAIR AIRCRAFT 

2.1 A f a t a l  acc iden t  t o  a  Canadair C4 is a t t r i b u t e d  t o  a  l o s s  of power i n  bo th  
engines on t h e  s t a rboa rd  s ide .  The l o s s  of power i s  a t t r i b u t e d  t o  i nadve r t en t  f u e l  t r a n s -  
f e r  l ead ing  t o  f u e l  s t a r v a t i o n  of one o r  both engines. Other c a s e s  of s i g n i f i c a n t  inad- 
v e r t e n t  f u e l  t r a n s f e r  have s i n c e  come t o  l i g h t .  

2.2 Some of t h e  types  l i s t e d ,  and a l s o  o t h e r  a i r c r a f t ,  use ma in / aux i l i a ry  t ank  
s e l e c t o r  f u e l  cocks and i n t e r  eng ine l c ros s  s h i p  c ross feed  cocks made by t h e  Parker  
Appliance Co. It is a  f e a t u r e  of t h e s e  cocks t h a t  when c o r r e c t l y  pos i t i oned  t h e  p o r t s  no t  
requ i red  a r e  c losed  by carbon pads. However, a t  i n t e rmed ia t e  p o s i t i o n s  (about lo0  o r  more 
from t h e  c o r r e c t  s e l e c t i o n )  t h e  carbon pads do not  completely cover any of t h e  p o r t s  and 
t h e  cocks a r e  then  p a r t i a l l y  open; i n  t h e s e  p o s i t i o n s  no t  only  is t h e  nex t  s e l e c t i o n  
p a r t i a l l y  made but  a l s o  a l l  p o r t s  a r e  connected toge the r  through t h e  c l ea rances  i n  t h e  cock 

2.3 This  f e a t u r e  has l e d ,  through s l i g h t  misr igging of t h e  cock c o n t r o l s  o r  s l i g h t  
mis-se lect ion of t h e  cockpi t  l e v e r ,  t o  i nadve r t en t  t r a n s f e r  of l a r g e  q u a n t i t i e s  of f u e l  i n  
f l i g h t .  This  t r a n s f e r  should be shown by t h e  f u e l  gauges and confirmed by t h e  amount of 
f u e l  u p l i f t e d  i n t o  each t ank  a t  t h e  next  r e f u e l l i n g .  However, i f  t h e  problem i s  no t  
apprec ia ted  t h e  t r a n s f e r  can pass  unnoticed and t h e  gauge r ead ings  can be a t t r i b u t e d  t o  
gauge inaccuracy which then  b u i l d s  a  c l ima te  i n  which f u e l  t r a n s f e r  is  l i k e l y  t o  be masked 
by a  r e p u t a t i o n  f o r  gauge inaccuracy.  This  i s  a  s i t u a t i o n  which may have l e d  t o  t h e  
Canadair C4 acc iden t .  

2.4 Operators  must ensure  p r e c i s e  r i g g i n g  of f u e l  cock c o n t r o l  systems and mainte- 
nance of t h e  c o r r e c t  f e e l  of d e t e n t  p o s i t i o n s  and ensure  t h a t  t h e i r  p i l o t s  a r e  aware of 
t h e  need and reasons  f o r  c o r r e c t  p o s i t i o n i n g  of t h e  cock l e v e r  and prudent  use of t h e  f u e l  
gauges. 

2.5 Operators  should f u r t h e r  a s s e s s  t h e  ease  of c o r r e c t l y  p o s i t i o n i n g  t h e  cock l e v e r s  
when sea ted  i n  t h e  f l i g h t  p o s i t i o n  and wearing s a f e t y  harness .  I f  any d i f f i c u l t y  can e x i s t  
( a s  is t h e  case  wi th  t h e  Canadair C4) i n  ensur ing t h a t  t h e  l e v e r s  a r e  i n  t h e  extreme o r  
d e t e n t  p o s i t i o n s ,  crews should be warned of t h e  f a c t  and s u i t a b l e  p r a c t i c e s  developed t o  
ensure  c o r r e c t  s e l e c t i o n  of cock l e v e r  p o s i t i o n s .  
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3 . -  BOEING 707 AIRCRAFT 

3.1 Several c a s e s  of unin tended t r a n s f e r  of very cons ide r ab l e  q u a n t i t i e s  of f u e l  
have been r epo r t ed .  These have occurred du r ing  f l i g h t  wi th  t h e  manifo ld  v a l v e s  open when 
f u e l  use was in tended  t o  have been determined by b o o s t e r  pump s e l e c t i o n .  

3.2 Cor rec t  f u e l  use i n  t h e s e  c i rcumstances  depends on c o r r e c t  non-return valve 
ope ra t i on .  I n  the  even t  of a non-return valve malfunc t ion  causing it t o  remain open f u e l  
can  f l o w  a t  a ve ry  h igh  ra te  into t h e  a f f e c t e d  tank. I n  t h e  cases r e p o r t e d  no mechanical  
f a u l t s  t o  which t h e  mal func t ion  could  be a t t r i b u t e d  w e r e  found and non-re turn  valve mal- 
f u n c t i o n  has been attributed to ice, The incidents were safely con ta ined  by the  t r a n s f e r  
being recogn i sed  from the f u e l  gauges and by the a p p r o p r i a t e  use  of b o o s t e r  pumps and 
manifold  valves. 

3 . 3  Opera to r s  must en su re  that  their crews are aware of t h e  p o s s i b i l i t y  of such 
f u e l  t r a n s f e r  and t h a t ,  i n  t h e  even t  of i t  occu r r i ng ,  t h e i r  p r a c t i c e s  would d e t e c t  it 
b e f o r e  a dangerous s i t u a t i o n  could arise. 
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PART 111 

AIRCRAFT ACCIDENT STATISTICS 1964 

, 
INTRODUCTION 

GENERAL COMMENTS 

1. This  s e c t i o n  of t h e  A i r c r a f t  Accident Diges t  No. 16 c o n t a i n s  a d e t a i l e d  a n a l y s i s  
of t h e  s t a t i s t i c s  f o r  t h e  year  1964, as w e l l  as s e l e c t e d  d a t a  f o r  t h e  y e a r s  1925 t o  1967 
inc lu s ive .  F igu re s  f o r  t h e  y e a r s  subsequent t o  1951 were ob ta ined  l a r g e l y  from t h e  ICAO 
A i r  Transpor t  Repor t ing Forms G - A i r c r a f t  Accidents  ( see  pages 183 and 184) f i l e d  by Con- 
t r a c t i n g  S t a t e s .  I n  o rde r  t o  a r r i v e  a t  as complete a  p i c t u r e  a s  p o s s i b l e  'of a c c i d e n t s  i n  
which p u b l i c  a i r c r a f t  were involved,  o t h e r  sources  had t o  be used kor t hose  c o u n t r i e s  
which have not  y e t  f i l e d  t h e  r equ i r ed  r e p o r t i n g  Form. 

2. The s t a t i s t i c s  shown a r e  t h e  b e s t  a v a i l a b l e  t o  d a t e  bu t  are s u b j e c t  t o  a d j u s t -  
ment when a d d i t i o n a l  Forms G a r e  f i l e d .  

DESCRIPTION OF TABLES AND CHART 

3 .  CHART Passenger f a t a l i t y  rate and t r a f f i c  on scheduled a i r  s e r v i c e s  1945 - 1967. 

TABLE A-1 Accidents  w i th  passenger  f a t a l i t i e s  on scheduled a i r  s e r v i c e s  1925 - 
1967. 

TABLE A-2 Number of f a t a l  a c c i d e n t s ,  passenger  f a t a l i t i e s  and s u r v i v o r s  of 
t u rbo - j e t ,  p rope l l e r -d r iven  ( t u r b i n e  and p i s t o n )  a i r c r a f t  - scheduled 
a i r  s e r v i c e s  1960 - 1967. 

4. Three t a b l e s  a r e  given f o r  t h e  y e a r  1964. The acc iden t  d a t a  have been recorded 
under t h e  country  i n  which t h e  a i r l i n e  which s u f f e r e d  a n  a c c i d e n t  is  r e g i s t e r e d ,  n o t  under 
t h e  country  where t h e  acc iden t  took p l ace .  These t h r e e  t a b l e s  g ive  t h e  fo l l owing  informa- 
t ion: 

TABLE B Passenger f a t a l i t i e s  occu r r ing  on scheduled i n t e r n a t i o n a l  and domest ic  
ope ra t i ons .  

TABLE C A i r c r a f t  a cc iden t  summary of a l l  o p e r a t o r s  engaged i n  p u b l i c  a i r  t r a n s -  
p o r t  by t ype  of ope ra t i on .  

TABLE D A i r c r a f t  a cc iden t  summary of a l l  o p e r a t o r s  engaged i n  p u b l i c  a i r  t r a n s -  
p o r t  by country.  

AIRLINE SAFETY RECORD 

5. The long-period downward t r end  i n  t h e  passenger  f a t a l i t y  r a t e  f o r  t h e  scheduled 
a i r  s e r v i c e s  of t h e  world ( i n t e r n a t i o n a l  and domes t ic ) ,  which had shown s i g n s  of f l a t t e n i n g  
ou t ,  o r  even r i s i n g  s l i g h t l y ,  between 1955 and 1960, h a s  been f a l l i n g  about  1 5  pe r  c e n t  p e r  
year  s i n c e  then and seems l i k e l y  t o  con t inue  t o  f a l l ,  a l though  probably  no t  a t  s o  h igh  a 
r a t e .  I n  t h e  p a s t  f i v e  y e a r s  ( s ee  Table  A-1) t h i s  s t eady  dec rease  i n  t h e  passenger  f a t a l i t y  
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r a t e  h a s  been s u f f i c i e n t  t o  o f f s e t  t h e  expansion of scheduled ope ra t ions ,  s o  t h a t  t he  num- 
ber  of passenger f a t a l i t i e s  h a s  no t  increased  ( apa r t  from t h e  excep t iona l  year  1966) 
a l though  t h e  number of f a t a l  a c c i d e n t s  has  remained about cons tan t  and t h e  average number 
of passengers  pe r  a i r c r a f t  h a s  increased  (from 43 i n  1963 t o  52 i n  1967). The s t a t i s t i c s  
f o r  1966 i n d i c a t e  an inc rease  i n  t h e  f a t a l i t y  rate per  100 m i l l i o n  passenger-ki lometres 
t o  0.40 from 0.39 i n  1964 and 0.35 i n  1965. This  i nc rease  can only be regarded a s  a 
temporary phenomenon due t o  t h e  chance occurrence of a number of s e r i o u s  a c c i d e n t s ,  dur ing  
t h e  f i r s t  q u a r t e r  of t h e  y e a r ,  t o  r e l a t i v e l y  l a r g e  a i r c r a f t  wi th  unusual ly  h igh  load 
f a c t o r s .  Such occurrences may be expected t o  t a k e  p lace  from t ime t o  time according t o  
t h e  r u l e s  of s t a t i s t i c a l  p r o b a b i l i t y .  To r e i n f o r c e  t he  concept of temporary phenomenon, 
t h e  p re l iminary  s t a t i s t i c s  f o r  t h e  fo l lowing yea r ,  1967, i n d i c a t e  t h a t  t h e  year  was an  
e x c e p t i o n a l l y  good y e a r  f o r  passenger s a f e t y  on t h e  scheduled a i r  s e r v i c e s  of t h e  world. 
As can be seen-from- t h e  graph on t h e  fo l lowing page, t h e  f a t a l i t y  r a t e  f o r  1967 was about 
as much below t h e  long-period t r e n d  curve as t h a t  f o r  1966 was above it. Since  t h e  t r e n d s  
of t h e  v a r i o u s  acc iden t  r a t e s  themselves s l o p e  downwards, t h e  comparison between 1967 and 
1966 shows very  s u b s t a n t i a l  improvements. The number of passenger f a t a l i t i e s  on t h e  
scheduled a i r  s e r v i c e s  decreased from 926 i n  1966 t o  674 i n  1967. The volume of passenger 
t r a f f i c  increased  20 pe r  c e n t ,  s o  t h a t  t h e  passenger f a t a l i t y  r a t e  pe r  100 m i l l i o n  
passenger-ki lometres f e l l  37 pe r  cent  from 0.40 t o  0.25. 

6. Table A-2 shows how scheduled air  s e r v i c e s  a c c i d e n t s  were d i s t r i b u t e d  between 
tu rbo - j e t ,  turbo-propel ler  and piston-engined a i r c r a f t  s i n c e  1960. I t  is a f a c t  t h a t  t h e  
new a i r c r a f t  in t roduced s i n c e  1960 have had a r e l a t i v e l y  low inc idence  of t h e  k ind of ca ta -  
s t r o p h i c  acc iden t  where a l l  passengers  a r e  k i l l e d .  This  is probably due c h i e f l y  t o  t h e  
g r e a t e r  r e l i a b i l i t y  of t h e  jet engine. Engine f a i l u r e  does no t  normally cause a s e r i o u s  
acc iden t ,  bu t  when i t  does ( t h e  engine  having caught f i r e  o r  o t h e r  s e r i o u s  compl icat ions  
being p r e s e n t ) ,  t h e  acc iden t  i s  usua l ly  extremely se r ious .  Thus an  improvement i n  engine  
r e l i a b i l i t y  a t t a c k s  a p a r t i c u l a r l y  s e r i o u s  group of a c c i d e n t s  and g r e a t l y  h e l p s  t o  reduce 
passenger f a t a l i t y  rates. The number of f a t a l  acc iden t s  on tu rbo- je t  a i r c r a f t  a t  12 f o r  
1967, w a s  t h e  h igher  of t h e  pe r iod ,  but  as i n d i c a t e d  above, t h e i r  a c c i d e n t s  inc lude  a 
smaller propor t ion  of c a t a s t r o p h i c  a c c i d e n t s  t han  i n  t h e  c a s e  of propeller-engined a i r c r a f t  
and t h e i r  f a t a l i t y  r a t e  pe r  100 m i l l i o n  passenger-ki lometres is considerably  lower; i n  
1967 perhaps as much a s  75 pe r  cent  lower. Turbo-prop a i r c r a f t  came i n  1967 somewhere 
between t h e  t u rbo - j e t s  and t h e  piston-engined a i r c r a f t  f o r  passenger s a f e t y .  The b e t t e r  
s a f e t y  of t h e  turbo- je ts  is, of course ,  p a r t l y  a s s o c i a t e d  wi th  t h e  f a c t  t h a t  they opera te  
predominantly long s t a g e  l eng ths  on r o u t e s  w i th  well-developed ground f a c i l i t i e s  and a t  
h e i g h t s  above such p o t e n t i a l  hazards  as mountains and weather ,  whi le  t h e  piston-engined 
a i r c r a f t  are now ope ra t ing  predominantly on s h o r t  s t a g e s  i n  t h e  less developed p a r t s  of t h e  
world where ground f a c i l i t i e s  are no t  a s  good and, of course ,  a t  lower a l t i t u d e s .  It 
remains t r u e ,  however, t h a t  under i d e n t i c a l  cond i t i ons ,  a passenger f l y i n g  a g iven number 
of k i lomet res  p e r  yea r  on jet a i r c r a f t  is  a considerably  b e t t e r  insurance  r i s k  t han  a pas- 
senger  f l y i n g  t h e  same d i s t a n c e  on piston-engined a i r c r a f t .  
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PASSENGER FATALITY RATE AND TRAFFIC 

SCHEDULED AIR SERVICES 1945 - 1967; Traffic in  
Millions 

280 000 

YGTES: Fatalit" Rate equals number of passengers  killed per 
1011 million passenger-ki lometres  flown. 

--- Preliminary 
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TABLE A-1 

ACCIDENTS WITH PASSENGER FATALITIES 

ON SCHEDULED AIR SERVICES 

Accident. in which 
p .unyrr  rnrr k i l l e d  

-: m l i . i r y r i g u ~ ~ .  
J %.urd data accordin(: to the be8t 8mLhbla e-08. 

hc1udm a mi.&-sir aolllsinn counted u olu rccldant. 
jk~luaios5: 'Ine Pwpls'r Republic of Chim, ths USSR .rd other S h t e a  which wm not mdmm of I W  as at 91 h m k r  1967. 

TABLE A-2 

NmE: I - * Prallmfnary figures. 
include8 one m d - b l f  ~011xa iun  between a turbo-jet 8nd & propsller-dnven (platon)  aircraft iCOunted as t w o  accidtnta ~n the t c ~ a l ) .  1 
:nc~udse 1 hell:>~?e? w l t h  29 pasengar fatalities. 
lncludsa 1 helrcopt~r with 3 passenger fatalities I 
Inc!udes sne mld-elr c o i i l s l ~ n  between t r o  plston-e:&?ned alrcraf: \ c o u n t e l  as :uo accidents In t he  t o t a l } .  
Includes  ? f t ~ , l c o p t * r  wit? . paasen@r f a t a l l t l e s .  

, L X C , & I O ~ ~ :  The People's B e g ~ r i i :  of ,':iira, the ; S R  and s thrr  states v b . c h  were not amoars of ICAO a t  $1 Decwiber i W .  
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CONTRACTING S T A T E S  O F  ICAO PASSENGER F A T A L I T I E S  OCCURRING 

ON S C H E D U L E D  INTERNATIONAL AND DOMESTIC O P E R A T I O N S  F O R  1964  

TABLE B 

Accident data hare teen recorded under the country in rhlch the a l r l i n e  is m e t e r e d  and not under the county  when the accident took place. 

Under T o t a l  Scheduled Oprat lons" are l i s t e d  a l l  countrlsa n t h  scheduled a r l i n e s  rhlch had a r e r a f t  accldenta reeu l tmg ~n p~s-r f s t a l l t l e s .  
Theas data hare been aegngated as to thoac f a t a l l t l e s  occurring on a scheduled l n t e m t l o m l  f l l g h t  a d o r  a scheduled d o r a t l c  n i g h t .  

Soume of data: ICAO AII. Transport Reporting Po- and outalds sources. 

Patsl i t ,  
R.ts 

per lOO 
n i l l i o n  

Pass-YI. 

0.39 

0.42 

0.36 

C o m t y  
Total 

Of 
P u n a w r -  
K i l a s  trm 

(.illioru) 

1 044 
50 

2 594 
153 

1 319 
6 697 
3 589 
3 997 

485 
6a6 

1 4 2 ~  
10 867 
94 1% 

43 469 

170 424 

6 053 
485 

9 2l2 
14 435 

37 295 

67 540 

546 
34 

1 661 
35 

In0 
513 

2 492 
433 
302 

79 699 

16 199 

102 W 

h e c r i p t i o n  

P 

Argantiru 
Bolivia 
B n s i l  
C h i r y  
Colmbi. 
h n c e  
I t a ly  
J a w  
L e h o n  
P h i l i p p i n a  
%mien 
United Ki&m 
h i t e d  s t a t e s  

A l l  other States  

Total 

Intarnational Scheduld Om, tiom 

h c e  
Lebanon 
United Kingdom 
United S t a t n  

A l l  other States  

T o w  

t b m r t i c  Scheduled Opentioq.  

upntiru 
Bolirla 
mas11 
China 
Colmbi. 
I t a ly  
J a w  
Philippin- 
Sveden 
United State. 

A l l  other S ta tes  

Total 

iima: 

~ l l l i o n a  of 
P u s e n - r  
Kllmet l ra  

per h t a l l t y  

259 

238 

Z74 

Country 
Total 

of 
doura ' 
Plnm 

( thowanda) 

90 
13 

25 2 
11 

170 
225 
1>9 
163 

31 
77 
73 

513 
3 m 

2 660 

8 200 

175 
31 

368 
358 

1 3m 

2 315 

75 
11 

224 
5 

155 
- 4 8  

132 
72 
34 

3 417 

1 712 

5 6 8 5  

Accidents 
P u s a w n  

h b a r  of 
A i m m l t  
1molv.d 

1 
2 
1 
1 
2 
1 
1 
1 
1 
2 
1 
1 

11 

- 

26 

1 
1 
1 
3 

- 

6 

1 
2 
1 
1 
2 
1 
1 
2 
1 
8 

- 

20 

in which 
were k i l l d  

Nrvbcr of 
F . a s a w r n  

Killed 

n 
3 

34 
52 
56 
73 
40 
17 
42 
31 
29 
75 

200 

- 

659 

I3 
42 
75 
94 

- 

284 

n 
3 
n 
52 
36 
40 
17 
31 
29 

106 

- 

375 
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CONTRACTING STATES O F  lCAO 

AIRCRAFT ACCIDENT SUMMARY FOR 1964 

OF A L L  OPERATORS ENGAGED IN PUBLIC AIR TRANSPORT 

BY T Y P E  OF OPERATION 

source of Pt.: Air t r u v p a r t  Reportia. brr C fild by C M t r i r  i m d i ~ t d  i l t h  a 6. A l l  o t h r  country dmta co1l.et.d fmm outaid. s u r e r .  

Type or operation 
Contracting State. or ICAO 
a t  31 kcember 

SCAEDllLPD IET53rVIOILL OPEBATIMIS 

6 * r a n t i -  
d L w t n l i .  
d Colabi .  
d Cz.choslolaki. 

m n c c  
6 kbanon 
d United Kin@- 
d United S t a t n  

Total for B Stat-  

P 

4 k r n t i ~  
d b t m l i .  
6 bliri. 

B n z i l  
d C a d  
6 Chile 
d China 
4 Colo.bia 
6 1t.b 
d Ivory C-t 

-'awn 
6 hny. 
6 k1-y 8-p. 
6 P h i l i p p i n a  
4 .meden 
6 United h b  Rep. 
6 h i t s d  Kingda  
6 W i t 4  S t a t a  

Total  f o r  18 S t a h  

UON-SCHDULB) ~ A T I O X I L  OsWIMB 

d K a v n  
6 Sweden 
d United Uma 

Total  lor 3 S t a t r  

POICSCBFSXILOD -1c owuu!s 
d u t r r l i a  
6 soliri. 

B,..il 
6 Canad. 
6 --w 
6 J-ic. 

Japn 
6 Kenya 
6 N a  b l a n d  
p.nrua 

d Philippine. 
d .m*d." 
4 South Africa 
d -*r 
d United S t a t r  

h1t.d State. 
6 vier-- 

Total for  16 Stat-  

IOU-PBPWUP w- 
B n r i l  

6 b1i.i. 
4 -ruw 
4 kr Z u l d  
d k i t e d  h b  Rap. 
d United Ulyd- 
d h i t e d  stat.. 

Total  f o r  7 Stat.. 
? 

TO?U muUTIOIB 

Number 
Accident. 

Total  

1 
1 
1 
2 
1 
1 
6 
8 

21 

z 
1 
4 
1 
2 
1 
1 
4 
1 
1 
1 
1 
1 
3 
1 
3 
2 

49 

79 

1 
1 
3 

5 

1 
14 
1 

79 
1 
1 
1 
2 
2 
1 
2 
8 
2 
1 

13 
3 
I 

94 

1 
3 
7 
1 
3 
1 
6 

22 

221 

of 

htd 

- - 
1 - 
1 
1 
1 
5 

7 

1 - 
2 
1 - 
0 
1 
2 
1 - .  
1 
1 - 
2 
1 
1 - 
8 

22 

- - - 
- 

- 
2 
1 
7 - - 
1 - 
1 
1 
2 - 
2 
1 
2 
3 - 

24 

1 
1 
2 - - - - 
4 

57 

Rtsl 

- - - - 
73 
42 
75 
94 

XU 

n - 
3 
Y - - 
52 
36 
40 - 
17 - - 
31 
29 - - 

106 

375 

- 
- - 
- 

- 
14 - 
6 - - 
1 - - 
1 
1 - 
3 - 
2 
93 - 

126 

- 
2 - - 
- - 
2 

4 

789 

Passmpr In 

Soriou 

- - 
- 
- 
- - - 

BB 

BB 

1 - 
- 
- 
1 - 
- 
2 - 
- 
20 - - 
1 
2 - - 
6 

33 

- - - 
- 

- - - 
2 - - 
2 - 
- - 
1 - 
- 
- - 
- - 

14 

- 
- 
1 - 
- - - 
1 

1% 

- - 
2 - 
7 
7 
8 

12 

36 

3 - 
1 
5 - 
- 
5 
6 
5 - 
3 
1 - 
4 
2 
1 - 

21 

57 

- 
- - 
- 

- 
6 
3 
4 - 
- 
1 - 
1 
1 
2 - 
1 
J 
3 
6 - 

33 

3 
2 
4 - - - - 
9 

135 

jw 

Minor 
or 

7 
73 - 

106 - - 
?42 
339 

867 

- 
59 
24 - 
40 
4 - 

15 - 
3 - 

21 
6 

50 
8 

64 
1 M  

1 452 

1 &(6 

3 - 
2% 

239 

- - - 
38 - 
- 
6 
A 
- - 
29 - 
- - 
4 

28 
5 

137 

- - 
6 - - 
- 
1 

7 

3 096 

Crsr Injury 

- - - - - - - 
13 

13 

- - 
2 - - - - - - - 
2 - - - - - - 
B 

12 

- - - 
- 

- - - 
6 - - - 
- - 
- 
2 - - - 
1 
1 - 

11 

- - - - - - - 
- 

36 

Othsn 

P.t.1 

' 

or Ron. 

9 
10 - 
M - - 
36 
28 
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- 
6 - 
- 
3 
2 
- 
- 
- 
2 - 
2 
2 
3 
2 

11 
11 

ln 
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19 

X) 

1 - - 
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1 - 
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1 
1 

73 
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4 

13 

28 
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- 
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or 
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- 

- n t o n  
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R- 
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1 

- 
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- - 
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1 - 
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- 
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- 
- 
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- 

3 
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- - - - - - 
- 
4 
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17 287 
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, F)O 132 
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76 482 

9 299 

137 889 

2 -7 
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39 9D9 
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12 737 
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18 92E 
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2 545 564 
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26 703 
43 341 

16 024 
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12 070 
2 6L2 

6 597 
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eb5 
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113 

. . 
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- - 2 1% 
2 301 - 
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3 14 

19 817 
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50 8 j 9  
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1 lrn 
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10 511 
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261 527 

4 332 

4 933 
7 433 

3 810 
23 251 

3 9 2  
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n 403 

1 463 

- - - 
- 
- 
- 
- - - - - 
- - 
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- 
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- 
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- - 
1 

I 
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- 
- 
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754 
23 992 
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. . 
N.k. 

- 



CONTRACTING STATES O F  ICAO 

AIRCRAFT ACCIDENT SUMMARY FOR 1964 

O F  A L L  OPERATORS ENGAGED IN PUBLIC AIR TRANSPORT 

Contracting States 

6 Afghanistan 
6 Algeria 
6 Argentina 
6 Australia 
6 Austria 

of ICAO 
at 31 December 

6 Belgium 
Belgium 

6 Bolivia 
Brazil 

6nUl-m 

Number of 
Accidents 

6 Cambodia 
6 Cameroon 
6 Canada 
Central African Rep. 

6 Ceylon 
Chad 

6 Chile 
6 China (Rep. of) 
6 Colombia 
Congo (~razzaville) 

Congo (~eopoldville) 
Costa Rica 
Cube 

6 C Y P ~  
6 Czechoslovakia 
hhomey 
Denmark 
Dominican Rep. 

6 Ecuador 
El Salvador 

Ethiopia 
6 Mnland 
Rance 
Gabon 

6 Camany (Fed. Rep. of) 

6 Ghana 
6 Zreece 
Guatemala 
Guinea 
Haiti 

Passenger Injury 

Total 

Honduras 
Iceland 
India 
Indonesia 
I ran 

Iraq 
6 Ireland 
6 Israel 
6 Italy 
6 Ivorv Coast 

C r e w  Injury 

Fatal 

Othera Injured 

Wtal  

By Operators 
Uith an Accident 

Serious 

TABLE D 

Serious 
Minor 
or None 

k i n g  Year by all 
Operators Engaged in 
Public Air Transport 

Landings 
UrIor 
or None 
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AIR TRANSPORT REPORTING FORM 

AIRCRAFT ACCIDENTS 
t 

Nomk.  of 
Accidents 

-- 
T h l  I F a 1  

e , t  

I 
1 

! 

I 

Year ended: 

Nomo of Oprotor 

~~~~- - ~ - ~ ~ ~ 

o 

Totol hours flown ond nu* of k d i ~ s  dw- 
ing tho year by 011 op.nhrs a w e d  in pubk 
air i r o n s p h  Londings 

IW td8rmm - IZlb5. t : P l r I Y a  

Type of Opuotion 

~ 

b 

Scheduled intematpnal 
Scheduled donmt* 

~ a n - u ~ u l e d  in)emotiawl 
Nan-xhodukd donmtii 

Non-revenue 

Scheduled international 
Scheduled domestic 

Nan-scheduled iWernalional 
Nan-scheduled domestic 

Nan-revewe 

Schoduld interntianal 
Scheduled domestic 

Ncn-uheduld international 
Ncn-scheduled domestic 

Nan-rerenus 

Aircrah 

Number of 
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FORM G 

INSTRUCTIONS 

Form to be filed by each State in respect of operators 
registered in the country to prform public air transpart, which 
hove had aircmft accidents (regardless of where the accident 
takes place or the nationality of the aircraft involved). The 
Form should alan indude aeddonts to aircraft on tho country's 
r&br whon, at the time of tho accident, t b  aircraft was 
undr  control of a foreign public air transport operator (which 
should ba i denW) .  

This form is  to be filed ANNUALLY, not later than 2 months 
after the end of the yeor to which it refen. 

DATA TO BE REPORTED 

Dota in columns a to n for an individual operator is to be 
mpmtd only if ih aircraft (whether owned or not owned) 
is imd*wl in on accident (regardless of where the accident 
d- -1. 
Dota lhould k reported in columns c and d relating to the 
total activiiies of the operator during the year, subdivided 
ids the types of operatian indicated. 

Data should be reported in columns e to n opposite the type 
of operation in which the aircraft was engaged at the time 
of  the^ accident. 

Molts: 
A cdlhi b.ho.n h a  a mare aircraft should be reported separately 
(a oach opwabr invdvod, and additional dotoih should be provided 
undu "Romarb". 

Mdmh r u b h q  in only minor iniuries a damages rhovld not be reported. 

Each S t o t .  i s  to report the "hours flown" and "landings 
made" in the bwer left hand corner of the Form, whether 
or not an accident has been reported. 

EXPLANATION OF TERMS 

A M  eucUm@ meam on occurrence associated with the 
operotion of an aircraft which tokes place between the 
time any person boards the aircraft with the intention of 
fliqht until such tima as all such penons have disembarked. 
in which: 

o) any penon suffers deoth or serious injury or a result 
of being in or upon the aircraft or by direct contact 
with the aircraft or anything attached thereto, or 

b) the oircmft receives substantial damage (Annex 13). 

khodulod and no~scheduled op.ra(ions relote to opera- 
tions for which remuneration is received. The term apply to 
the stages of an operation, but not necessarily to the operator; 
thus, an airline whore operotions are predominantly scheduled 
may, from time to time, oporate non-scheduled flights. 

Non-revenue relates to operatiom wch or positioning flights, 
test flights, training flights, etc. 

Intornational and domestic are clasdficotiont according to 
the rules given below for the classification of flight stages, 
a "flight stage" being the operation of an aircraft from 
takeoff to landing: 

A "flight stoge" with om or both terminals in the terri- 
tory of a State other thon the om in which the oirline 
is  registered. 

Domestic: 
A "flight stage" with both terminals in the territory of the 
State in which the airline is registered. 

Number of landings (Column c and lower left): 

If the number of landings cormot be ascertained wit- 
difficulty, on estimate may be given and a note inserted 
under "Remarks" indicating that the figure i s  an estimate. 

A i r e d  houn (Column d and lower left): 

Report to nearest number of whole hours. Indicate under 
"Remarks" basis used - such as "block-to-block", "wheels 
off - wheels on", etc. 

Ponsmgen injured (Columns i, 1 ) :  

Include the total number of passengers involved, bo*r 
revenue and non-revenue. 

Crew members injured (Columns k, I): 
Include hostesses, stewards ond supernumerary crew in 
addition to flight crew. 

Others injured (Columns m, n): 

Include all persons injured other thon those aboard the 
aircraft. 
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PART I V  

L i s t  of Laws and Regula t ions  of Count r ies  con t a in ing  p r o v i s i o n s  
r e l a t i n g  t o  "Ai r c r a f t  Accident I n v e s t i g a t i o n "  

(Replacing l ist  i n  Diges t  No. 15) 

ARGENTINA 

1952 oc t .  

1954 enero  

1957 feb .  

AUSTRALIA 

1947 P-u g  . 

9  Resoluci6n Nbm. 100 (S.A.C.) - Normas pa ra  l a  i n v e s t i g a c i 6 n  de 
a c c i d e n t e s  de av i ac i6n  c i v i l  y d i r e c t i v a s  g e n e r a l e s  p a r a  l a  
i nves t i gac i6n .  Ampliada e l  8  de  ene ro  de  1954. 

12 Decreto NGm. 299 - Creaci6n de  l a  J u n t a  de I n v e s t i g a c i o n e s  de  
Accidentes  de Aviaci6n y competencia de  1,a S u b s e c r e t a r i a  d e  
Aviaci6n C i v i l  y  Comando e n  J e f e  de  l a  Fuerza A6rea Argent ina  
en  l a  Inves t i gac i6n  de Accidentes  C i v i l e s  y  M i l i t a r e s  
respect ivamente .  

19 Normas p a r a  i n v e s t i g a c i 6 n  d e  a c c i d e n t e s  de  aeronaves  d e  
propiedad p a r t i c u l a r .  

1 7  Ley NGm. 17.285 - C6digo Aeronbutico: T f t u l o  I X .  - Inves- 
t i g a c i 6 n  de  Accidentes  de  Aviaci6n. 

6 The A i r  Navigat ion Regula t ions ,  S.R. No. 112/1947, as 
amended: P a r t  XVI. - Accident I n q u i r y ,  (Regs. 270-297). 

AUSTRIA 

1957 Dec. 2  The Fede ra l  A i r  Law: P a r t  V I I I .  - D) I n v e s t i g a t i o n  of c i v i l  
a i r c r a f t  a c c i d e n t s .  

1958 March 29 Ordinance No. 68 r e l a t i n g  t o  a i r c r a f t  a cc iden t  i n v e s t i g a t i o n .  
 m mended by Ordinance No. 216 of 27 J u l y  1965. 

BOLIVIA 

1964 agos to  28 Decreto Supremo No 06877 - Reglamentaci6n Tgcnica y  Administra- 
t i v a  de  l a  Ley de  c r eac i6n  de l a  DGAC de  25 d e  oc tub re  d e  
1947: (Art.  1 t ) .  

BRAZIL 

1948 A p r i l  

1951 J u l y  

1955 Feb. 

15 Accident Inqu i ry  Se rv i ce  Regula t ions  (Decre to  No 24.749). 

24 P o r t a r i a  280 - Recommendations r e l a t i n g  t o  a i r c r a f t  a c c i d e n t  
i n v e s t i g a t i o n .  

2  8 Aviso Nbm. 6 - Establishment of t ime f o r  t h e  acc iden t  i n q u i r y  
s e r v i c e  r e g u l a t i o n s .  

* The t e x t  does not  e x i s t  i n  t h e  f i l e s  of I C A O .  
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BULGARIA 

1963 

BURMA 

1934 

BURUNDI 

1966 

CANADA 

1960 

CHAD - 
1963 

Law on C i v i l  Avia t ion  ( O f f i c i a l  Gaze t te  No. 1 - 4 January 
1963): V I .  - Sec t ion  44. 

The Union of Burma A i r c r a f t  Act,  (XXII of 1934) : 
Sec t ion  7. - Power of t h e  P re s iden t  of t h e  Union of Burma 
t o  make r u l e s  f o r  i n v e s t i g a t i o n  of acc iden t s .  

The Union of Burma A i r c r a f t  Rules,  a s  amended: 
P a r t  X. - I n v e s t i g a t i o n  of Accidents .  

Regula t ions  r e l a t i n g  t o  A i r c r a f t  Accident and Inc iden t  
I n v e s t i g a t i o n s ,  (Notice t o  Airmen No. 511949). 

a v r  il 13 Ar rz t6 - lo i  no 001/19 s u r  l a  l o i  r e l a t i v e  2 l a  nav iga t ion  
aErienne:  A r t i c l e  11. - EnquEtes. 

Dec. 2  9  The A i r  Regula t ions ,  Order i n  Council  P.C. 1960-1775 
(SOR/61-lo), as amended: P a r t  I. Sec. 101. (6), ( 7 ) ,  (7a) - 
I n t e r p r e t a t i o n .  Sec t ion  102. - Appl icat ion.  P a r t  V I I I .  
Div. 111. - A i r c r a f t  Accident I n v e s t i g a t i o n ,  (Order i n  
Council  P.C. 1967-413 - SOR/67-111). 

Oct . 7 A i r  Navigation Order,  S e r i e s  V I I I ,  No. 1 - A i r c r a f t  Accidents  
and Missing A i r c r a f t  ( S O R / ~ ~ - 4 3 3 ) .  

March 29 A i r  Navigation Act ,  No. 15/1950, as amended: P a r t  I ,  
Sec t ion  12. - Power t o  provide  f o r  i n v e s t i g a t i o n  i n t o  
acc iden t s .  

4  C i v i l  A i r  Navigation Regula t ions:  Chapter XVI.  - Accident 
Inquiry .  

a v r  i 1 11 D6cret No 78/PR/TP p o r t a n t  Code de l l A v i a t i o n  C i v i l e :  
L ivre  I e r  - T i t r e  I V .  - Des Accidents .  

Manual sobre  Inves t igac idn  de  Accidentes de Aviaci6n 
(Publ icacibn de l a  Direccidn de Aerongutica MT 4-91. 

CHINA (TAIWAN) 

1953 Oct . 2  1 C i v i l  A i r  Regula t ions  No. 102 - Accident Report ing and 
I n v e s t i g a t i o n .  

k The t e x t  does not e x i s t  i n  t h e  f i l e s  of ICAO.  
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COLOMBIA 

1960 j u l i o  18  Decre.to Supremo NO 1721 por  medio d e l  c u a l  se crea y 
o rgan i za  e l  D e ~ a r t a m e n t o  Administrative de Aerondut ica  
C i v i l  y se f i j a n  s u s  func iones :  11. A r t .  5 c ) ,  I V .  A r t .  l o b ) ,  

, X I I .  A r t .  38d) ,  X I I I .  A r t .  40 b ) ,  XXII. A r t .  61. 

Manual d e  Reglamentos Aeronsut icos :  P a r t e  V I I I .  - Segur idad  
Ai5rea - 82. I n v e s t i g a c i 6 n  d e  Accidentes .  

COSTA RICA 

1949 o c t .  1 8  Ley Genera l  d e  Aviaci6n C i v i l  No 762: P a r t e  I. - T i t u l o  I. - 
Cap. 2 Secci6n V I I I .  - Accidentes .  

127 Decre to  E j e c u t i v o  NO 47 - Regulaciones  ag rea s :  P a r t  V I .  
k cc iden t e s .  (La Gaceta,  12.12.57) . . 

*I957 nov . 

CUBA - 
1964 s e p t .  18  Ley No 1160 p o r  l a  que se c r e a  e l  " I n s t i t u t o  de  Aerondut ica  

C i v i l  d e  Cubatt: A r t .  2. d ) .  (Gaceta Of i c i a l  NO 30 - 
22.9.64, p. 585) 

CZECHOSLOVAKIA 

1947 Decree of Min i s t ry  of I n t e r i o r  on a c c i d e n t  i n v e s t i g a t i o n ,  
No. 1600147. 

Sept . 24 C i v i l  Av ia t i on  A c t :  Para.  45. - I n v e s t i g a t i o n  of A i r c r a f t  
Accidents .  

Regula t ions  on Admin i s t r a t i ve  I n v e s t i g a t i o n  of A i r c r a f t  
Accident  Causes. (CAIC No. 1211961) 

27 Ordonnance no Z~/GRPD/MTP p o r t a n t  Code de  1 ' A v i a t i o n  C i v i l e  
et  Commerciale: L i v r e  ler  - T i t r e  I V .  - D e s  Accidents .  

DENMARK 

1960 June 10 The C i v i l  Av ia t i on  A c t .  Came i n t o  f o r c e  on L January  1962: 
Chapter  X I .  - I n v e s t i g a t i o n  of Acc iden t s  (Paras .  134-144). 

EAST AFRICA 

1964 The East Af r i can  C i v i l  Av ia t i on  A c t ,  No. 2211964. Amended 
by Amendment A c t  No. 12 of 3 1  December 1965: P a r t  I V .  - 
12 (q ) .  

1965 Jan .  14 The C i v i l  Av ia t i on  ( I n v e s t i g a t i o n  of Acc iden t s )  Regu la t i ons ,  
L.N. 49/1965. Amended up t o  1 4  October 1965. 

- - - - 

* The t e x t  does not  e x i s t  i n  t h e  f i l e s  of ICAO.  



188 ICAO C i r c u l a r  82-AN169 

ECUADOR 

1954 j u l i o  8 Acuerdo M i n i s t e r i a l  No 7  - Reglamento d e  Ae ron iu t i c a  C i v i l  
d e l  Ecuador: T f t u l o  11. P a r t e  8. - I n v e s t i g a c i o n e s  y 
encues t a s  de  a c c i d e n t e s  d e  av i ac idn .  

EL SALVADOR 

1955 d i c .  2  2  Decre to  NO 2011 - Ley d e  Aerondut ica  C i v i l :  Cap. XV. - D e  
l a  I n v e s t i g a c i d n  de  Accidentes  AEreos (Art.  173-187). 

ETHIOPIA 

1961 March 1 I n v e s t i g a t i o n  of Accident Regula t ions .  

1962 Aug. 2  7  The C i v i l  Av ia t i on  Decree No. 48/1962: 2. (b) ( x iv )  - Power 
of t h e  C i v i l  Av ia t i on  Admin is t ra t ion  t o  p rov ide  f o r  inves- 
t i g a t i o n  of a cc iden t s .  

FRANCE 

1937 

1953 

a v r i l  2  1 DEcret r e l a t i f  3 l a  declaration d e s  a c c i d e n t s  d ' a v i a t i o n .  

j anv . 3 I n s t r u c t  i o n  i n t e r m i n i s t g r i e l l e  r e l a t i v e  3 l a  coo rd ina t i on  de  
l ' i n f o r m a t i o n  j u d i c i a i r e  e t  de  l ' enqug te  t echn ique  e t  
a d m i n i s t r a t i v e  e n  cas d ' a cc iden t  survenu 3 un aEronef f ran-  
cais ou Etranger  s u r  l e  t e r r i t o i r e  de  l a  MEtropole e t  les 
t e r r i t o i r e s  d'0utre-mer. 

j u i n  3 I n s t r u c t i o n  du S e c r g t a i r e  d ' E t a t  aux Travaux P u b l i c s ,  aux 
T ranspo r t s  e t  au  Tourisme no 300 IGACISA, concernant  les 
d i s p o s i t i o n s  5 prendre  en  c a s  d ' i r r S g u l a r i t 6 ,  d ' i n c i d e n t  
ou d ' acc iden t  d ' a v i a t i o n .  

"1961 nov . 2 Ar rg tE  r e l a t i f  aux commissions d 'enqu8te  s u r  les  a c c i d e n t s  
d ' a v i a t i o n .  

1962 j u i n  20 A r r G t E  p o r t a n t  o r g a n i s a t i o n  et  a t t r i b u t i o n s  du bureau 
"Enqu^etes - Accidente" 3 l ' i n s p e c t i o n  gEnErale de  l ' a v i a -  
t i o n  c i v i l e .  

GERMAN DEMOCRATIC REPUBLIC 

1963 J u l y  3  1 C i v i l  Av ia t i on  Law: I X .  F l i g h t  Opera t ion  - Para .  44 - 
I n v e s t i g a t i o n  of I n c i d e n t s .  

GERMANY. FEDERAL REPUBLIC OF 

1959 J an .  10 The Aeronau t ics  A c t ,  as amended up t o  5  A p r i l  1965: 
Article 32 6 ) .  

1960 Aug . 16 General  Admin i s t r a t i ve  r u l e s  w i t h  r e s p e c t  t o  t h e  t e c h n i c a l  
i n q u i r y  i n  ca se  of a c c i d e n t s  occu r r i ng  du r ing  t h e  ope ra t i on  
of a i r c r a f t .  

* The t e x t  does  not  e x i s t  i n  t h e  f i l e s  of ICAO. 
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GHANA 

195 8  

GREECE 

*I968 May 11 

GUATEMALA 

1948 oc t .  2  8  

HONDURAS 

1957 s e p t .  3  

ICELAND 

1964 

I N D I A  - 
1934 

IRAQ 

1939 

IRELAND 

1936 

C i v i l  Avia t ion  Act: P a r t  11. - Paragraph 8  - I n v e s t i g a t i o n  
of Accidents .  

Royal Decree No. 324 on a i r c r a f t  a cc iden t  i n v e s t i g a t i o n .  

Decreto N o  563 - Ley de Aviaci6n C i v i l :  Capf tu lo  X. - D e  
10s s i n i e s t r o s  ae ronsu t i cos  (Art .  116-121). 

Decreto NO 146 - Ley de Aeronsut ica  C i y i l :  T f t u l o  I .  - 
Cap. 11. - Direcci6n General de ~ e r o n s u t i c a  C i v i l  - 
(Art .  6  X I I I ) ;  Cap. X I V .  - Inves t igac i6n  de Accidentes 
A6reos. 

9  Avia t ion  Act: Chapter 11. - F l i g h t  Accidents  - A r t i c l e s  141- 
1 4 7  - I n v e s t i g a t i o n  of F l i g h t  Accidents .  

Aug . 19 The Ind ian  A i r c r a f t  Act ,  1934: Sec t ion  7 .  - Power of 
C e n t r a l  Government t o  make r u l e s  f o r  i n v e s t i g a t i o n  of 
acc iden t s .  

March 23 The Ind ian  A i r c r a f t  Rules ,  1937, a s  amended: P a r t  X. - 
I n v e s t i g a t i o n  of Accidents .  

Aug . 6 The A i r  Navigat ion Law No. 41: A r t i c l e  5 (h)  . 

The A i r  Navigat ion and Transpor t  Acts  1936 t o  1965*: 
P a r t  V I I .  - Sec t ion  60 - I n v e s t i g a t i o n  of Accidents .  

Feb. 9  The A i r  Navigation ( I n v e s t i g a t i o n  of Accidents)  Regula t ions ,  
S.I.  No. 1911957. 

* The t e x t  does not e x i s t  i n  t h e  f i l e s  of ICAO.  
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ITALY 

19 25 

IVORY COAST 

1963 

JAMAICA 

1953 

JAPAN 

1952 

JORDAN 

1953 

KOREA 

1961 

LEBANON 

1949 

LIBERIA 

1962 

LIBYA 

1965 

Jan.  11 Decree Law No. 356 - Rules f o r  A i r  Navigat ion,  a s  amended: 
Chapter V I I .  

A p r i l  21 The Navigation Code, approved by Royal Decree No. 327 of 
30 March 1942: Second P a r t  - A i r  Navigation - I n v e s t i g a t i o n  
of Accidents  (Arts .  826-833). 

d6c. 2 6 Loi  no 63-528 r e l a t i v e  2 l ' a v i a t i o n  c i v i l e  e t  commerciale: 
L ivre  Premier - T i t r e  I V .  - Des Accidents .  

The A i r  Navigation ( I n v e s t i g a t i o n  of Accidents)  Regula t ions ,  
No. 3711953. 

The C i v i l  Avia t ion Act ,  No. 1911966: P a r t  11. 5. - 
I n v e s t i g a t i o n  of Accidents.  

J u l y  15  C i v i l  Aeronaut ics  Law No. 231, a s  amended: Chapter 9 - 
A r t .  132.- I n v e s t i g a t i o n  of Accidents .  

Law No. 55 on C i v i l  Aviat ion:  I n v e s t i g a t i o n  of Accidents  
( A r t i c l e  106). 

March 7 Avia t ion  Law No. 591:- Chapter I X .  - I n v e s t i g a t i o n  of 
Accidents  ( A r t i c l e  114). 

Jan. 11 Avia t ion  Law: Chapter 111. - Sub-chapter 2 - Landing of 
A i r c r a f t  ( A r t i c l e  39). 

C i v i l  Avia t ion  Regula t ions ,  e f f e c t i v e  J u l y  1, 1963 : 
P a r t  V I I I .  - A i r c r a f t  Accident I n v e s t i g a t i o n .  

March 1 Royal Decree on t h e  Law Organizat ion C i v i l  Avia t ion A f f a i r s ,  
P a r t  V I I .  - Avia t ion  Accidents .  

* The t e x t  does  no t  e x i s t  i n  t h e  f i l e s  of ICAO. 
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1965 J u l y  3 0 A i r  Navigation Regula t ions  (Government Not ice  No. 198119651: 
P a r t  16. - Accidents .  

MALAYSIA . FEDERATION OF 

*I953 Nov. 1 A i r  Navigation ( I n v e s t i g a t i o n  of Accidents)  Regula t ions  
(L.N. 584153). 

MALI - 
1962 j anv . 15 Loi  no 62-12 AN-RM r e l a t i v e  'a l ' a v i a t i o n  c i v i l e  et  commer- 

c i a l e :  I P r e  P a r t i e  - T i t r e  V I .  - D e s  enqus t e s  s u r  les 
a c c i d e n t s  d ' a v i a t  ion.  

MALTA 

1956 

MAURITANIA 

1962 j u i l .  

MEXICO 

1949 

MOROCCO 

1962 

I n s t r u c t i o n  r e l a t i v e  2 l a  condui te  des: enqugtes  concernant  
l e s  a c c i d e n t s  d ' a v i a t i o n  survenus s u r  ' le  t e r r i t o i r e  malien. 

C i v i l  Avia t ion  ( I n v e s t i g a t i o n  of Accidents)  Regula t ions .  

3  Loi  no 62-137 p o r t a n t  Code de I 'Av ia t ion  c i v i l e :  A r t i c l e  9. - 
Enqustes. 

D&cret p o r t a n t  rgglementat ion de l a  nav iga t ion  agr ienne :  
PremiSre P a r t i e  - T i t r e  V I .  - Des enqugtes s u r  les a c c i d e n t s  
d ' a v i a t i o n .  

d ic .  27 Ley de Aviaci6n C i v i l  (Libro I V  de  l a  Ley de Vfas Generales  
de Comunicaci6n): Cap. X I V .  - D e  10s Accidentes  y de  l a  
BGsqueda y  Salvamento (Art.  358-361). 

oct  . 18 Reglamento para  BGsqueda y Salvamento e I n v e s t i g a c i 6 n  de 
Accidentes AGreos (en v i g o r  a  p a r t i r  d e l  lo de ene ro  de 
1951). 

j u i l .  10  DEcret no 2-61-161 (7 s a f a r  1382) p o r t a n t  rEglementat ion de 
l l a & r o n a u t i q u e  c i v i l e :  I s r e  P a r t i e  - T i t r e  V I .  - Des 
enqu^etes s u r  les a c c i d e n t s  d ' a v i a t  ion  (Arts .  106-114). 

s e p t  . 14 A r r g t &  du Min i s t r e  des  Travaux P u b l i c s  no 533-62 r e l a t i f  2 
l a  condui te  des enqugtes concernant l e s  a c c i d e n t s  d ' a v i a t i o n  
s u r  l e  t e r r i t o i r e m a r o c a i n .  Modifi6 pa r  l ' a r r G t 6  no 602-66 
du 7 septembre 1966. 

* The t e x t  does not  e x i s t  i n  t h e  f i l e s  of ICAO.  
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NEPAL 

195 9  A p r i l  2  2  Act No. 22 t o  c o n t r o l  and r e g u l a t e  c i v i l  a v i a t i o n :  
Sec t ion  5. - Power of H i s  Majes ty ' s  Government t o  i s s u e  
r u l e s  p e r t a i n i n g  t o  i n v e s t i g a t i o n  of acc iden t s .  

NETHERLANDS, KINGDOM OF THE 

1936 

NEW ZEALAND 

1953 Nov. 

1964 Nov. 

NICARAGUA 

1956 may 0 

NIGER 

1962 j u i l .  

NORWAY 

1960 Dec. 

1961 Feb. 

- PAKISTAN 

1960 J u l y  

1937 March 

PANAMA 

1963 agos to  

Act r e g u l a t i n g  t h e  I n v e s t i g a t i o n  of Accidents  t o  C i v i l  
A i r c r a f t  (S t .  B. 1936, 522). 

11 The C i v i l  Avia t ion  ( I n v e s t i g a t i o n  of Accidents)  Regula t ions ,  
S e r i a l  No. 15211953. 

17 C i v i l  Avia t ion Act No. 6811964: P a r t  111. - I n v e s t i g a t i o n  
of Accidents.  

18  Decreto.NO 176 - C6digo de Aviaci6n C i v i l :  T f t u l o  11. - 
Cap. V. D e  l a  Inves t igac i6n  de Accidentes A6reos. 

17 Loi  no 62-13 p o r t a n t  Code de l ' A v i a t i o n  c i v i l e :  L iv re  Ier - 
T i t r e  I V .  - Des Accidents  (Arts .  63-65). 

16 The C i v i l  Avia t ion  Act. Came i n t o  f o r c e  on 1 January 1962: 
Chapter X I .  C .  - I n v e s t i g a t i o n  of Accidents  (Paras .  164-168). 

8 Royal Decree e s t a b l i s h i n g  a  permanent a i r c r a f t  acc iden t  
i n v e s t i g a t i o n  commission. (1) 

19  C i v i l  Avia t ion  Ordinance (No. XXXII  of 1960),  c o r r e c t e d  up 
t o  31s t  March 1966: Sec t ion  7 - Power t o  make r u l e s  f o r  
i n v e s t i g a t i o n  of acc iden t s .  

23 The A i r c r a f t  Rules ( co r r ec t ed  up t o  31s t  March 1966): 
P a r t  X. - I n v e s t i g a t i o n  of Accidents  (Rules 68-77A). 

3  Decreto-Ley No 19 por e l  c u a l  s e  reglamenta l a  Aviaci6n 
Nacional:  T f t u l o  11. - Cap. V I I .  De l a  Inves t igac i6n  de 
Accidentes A6reos. 

(1) The substance  of ICAO Annex 13 i s  used i n  p r i n c i p l e  a t  a i r c r a f t  acc iden t  i n q u i r i e s  i n  
Norway. Ti;;? Annex i s  p a r t i a l l y  implemented as r e g u l a t i o n s  through t h a t  Decree. 
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PARAGUAY 

1954 ene ro  15 Resoluci6n NO 54 por  l a  que s e  e s t a b l e c e  l a  d e f i n i c i 6 n  
"Accidentes de  Aviaci6nW y l a s  normas a ser cumplidas en  
tales casos .  

1957 s e p t .  30 Ley No 469 - C6digo Aeronbutico:  T f t u l o  X V I .  - Acciden tes  
Aeronbuticos.  

PERSIAN GULF TERRITORIES 

BAHRAIN 

1958 March 2 The Bahrain A i r c r a f t  Accident Regula t ion ,  Not ice  No. 211958. 

QATAR 

1957 Aug . 
TRUCIAL STATES 

1958 March 

PERU - 
1965 o c t  . 

1965 d i c .  

PHILIPPINES 

1946 May 

1952 June 

POLAND 

1962 May 

17 The Qatar  A i r c r a f t  Accident Regula t iobs .  

2 A i r c r a f t  Accident Regu la t i ons ,  Not ice  No. 111958. 

2 8 Ley No 15720 de Aerondut ica  C i v i l :  T f t u l o  X. - Acciden tes  
Cap. I. Inves t igaciBn.  

2 8 Decre to  Supremo No 16  - Reglamento de l a  Ley de Aerondut ica  
C i v i l  d e l  Peril: Accidentes  (Art  f c u l o s  124-132). 

9 The C i v i l  Av ia t i on  Regula t ions :  Chapter  X V I .  - A i r c r a f t  
Accident  I n v e s t i g a t i o n .  

2 0 The C i v i l  Aeronau t ics  A c t ,  No. 776: Chapter  V. - S e c t i o n  32 - 
Power and Du t i e s  of t h e  Admin is t ra to r :  (11) I n v e s t i g a t i o n  
of Accidents .  

3 1 C i v i l  Av ia t i on  A c t :  P a r t  V. - Chapter  Two - Artic les  50.2 
and 55. 

PORTUGAL 

1930 Oct. 2 5 Decree No. 20.062 - A i r  Navigat ion  Regula t ions :  Chapter  V I I I .  

ROMANIA 

1953 Dec. 5 Decree No. 516 - The A i r  Code of t h e  Romanian P e o p l e ' s  
Republic.  Amended by Decrees No. 204 of 11 May 1956 
(B.O. No. 15)  and No. 212 of 20 June 1959 (B.O. No. 17) :  
Chapter  V I .  - Search and Rescue of C i v i l  A i r c r a f t  i n  D i s -  
tress - Handling of f l i g h t  a c c i d e n t s  and i n c i d e n t s .  
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ENEGAL 

1963 Feb. 

IERRA LEONE 

*I953 Dec. 

OUTH AFRICA 

1962 June 

1963 Nov. 

PAIN - 
1948 

WITZERLAND 

1948 

marzo 12 

j u l i o  2 1 

June 

d6c. 

oc t .  

a v r i l  1 

Law No. 63-19 - Code of C i v i l  Avia t ion:  Book I V .  - F l i g h t  
Personne l  - T i t l e  I. - General  P rov i s ions  - Chapter 11. 
D i s c i p l i n e  ( A r t i c l e s  143-146). 

C i v i l  Avia t ion  ( I n v e s t i g a t i o n  of Accidents)  Regula t ions  
(P.N. 114153). 

The Avia t ion  Act,  No. 74: Sec t ion  12. - I n v e s t i g a t i o n  of 
Accidents .  

A i r  Navigat ion Regula t ions ,  G.N. No. R.1779, a s  amended up 
t o  5 May 1967: Chapter 29. - I n v e s t i g a t i o n  of Accidents .  

Decreto de'l M i n i s t e r i o  d e l  A i r e  sobre  i nves t igac i6n  de 
a c c i d e n t e s  y a u x i l i o  de aeronaves. 

Ley NO 48 sobre  Navegaci6n AErea: Cap. X V I .  - De 10s 
a c c i d e n t e s ,  de l a  a s i s t e n c i a  y salvamento y de 10s 
ha l lazgos .  

The A i r  Act,  No. 4911960: Chapter V.  - Accidents  and 
Insurance.  

The Swedish A i r  Act ,  No. 29711957. Came i n t o  f o r c e  on 
1 January 1962: Chapter 11 - Paras.  7-13 - I n v e s t i g a t i o n  
of Accidents .  

Loi fEdErale s u r  l a  nav iga t ion  a s r i enne  (entrEe en vigueur 
le  15 j u i n  1950):  A r t i c l e s  23-26. 

Loi f6dErale  concernant l e s  enquEtes s u r  l e s  a c c i d e n t s  
d f a 6 r o n e f s ,  modif iant  l a  l o i  fgd6 ra l e  s u r  l a  nav iga t ion  
aErienne de 1948. 

Ordonnance s u r  l e s  enqugtes en  cas  d ' acc iden t s  d laEronefs .  

The t e x t  does not e x i s t  i n  t h e  f i l e s  of ICAO. 
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THAILAND 

1954 Sept.  1 The A i r  Navigat ion Act ,  (B .E .  2497): Chapter 7.  - Accidents  
(Sec t ions  63 and 64). 

1955 June 5 C i v i l  A i r  Regula t ions  No. 3 - A i r c r a f t  Accident Inqu i ry .  

TRINIDAD AND TOBAGO 

1954 Nov . 23 A i r  Navigat ion ( I n v e s t i g a t i o n  of Accidents)  Regula t ions  
(G.N. 205154). 

UNITED ARAB REPUBLIC 

1941 May 5 Decree - A i r  Navigation Regula t ions:  A r t i c l e  10. 

UNITED KINGDOM 

1949 Nov. 24 The C i v i l  Avia t ion  Act (12 and 13 Geo. V I ,  Ch. 67): 
P a r t  11. - Sec t ion  10 - I n v e s t i g a t i o n  of Accidents .  

1951 Sept. 5 The C i v i l  Avia t ion  ( I n v e s t i g a t i o n  of Accidents)  Regula t ions ,  
S.I. No. 1653. Came i n t o  o p e r a t i o n  on 1 October 1951. 

1959 Aug . 6 The A i r  Navigation ( I n v e s t i g a t i o n  of combined m i l i t a r y  and 
c i v i l  a i r  a c c i d e n t s )  Regula t ions ,  S . I .  1959,No. 1388. 
Amended by S.I .  1960, No. 1526; S.Z. 1966, No. 785; The 
Defence (Transfe r  of Funct ions)  (No. 2) Order,  S . I .  
No. 489, 26 March 1964. 

UNITED KINGDOM DEPENDENT 
TERRITORIES 

A r t i c l e  76 of t h e  Colon ia l  A i r  Navigat ion Order,  1961, and 
Sec t ion  10 of t h e  C i v i l  Avia t ion  Act,  1949, apply /The 
l a t t e r  by v i r t u e  of t h e  Colon ia l  C i v i l  Avia t ion  ( ~ b l i c a t i o n  
of Act) Order,  1952, as amended7 - t o  t h e  undermentioned 
Dependent T e r r i t o r i e s :  

Bahamas 
Bermuda 
B r i t i s h  Honduras 
B r i t i s h  Solomon I s l a n d s  P r o t e c t o r a t e  
Cen t r a l ,  3ad Southern Line I s l a n d s  - Malden 

Starbuck 
Vostock 
Caro l ine  
F l i n t  

Falkland I s l a n d s  and Dependencies 
F i j i  
G i b r a l t a r  
G i l b e r t  and E l l i c e  I s l a n d s  Colony 
Hong Kong 
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UNITED KINGDOM DEPENDENT 
TERRITORIES (Contd) 

Leeward I s l a n d s  - Antigua 
Montserrat  
S t .  Chr is topher  and Nevis 
V i rg in  I s l a n d s  

S t .  Helena and Ascension 
Seyche l les  
Southern Rhodesia 
Swaziland 
Tonga I s l a n d s  
Windward I s l a n d s  - Dominica 

Grenada 
S t .  Lucia 
S t .  Vincent 

BAHAMAS 

*I952 Aug . 
BERMUDA 

*I948 Dec. 

BRITISH HONDURAS 

*I953 Dec. 

F I J I  - 
*I952 May 

GIBRALTAR 

1952 Jan.  

HONG KONG 

*I951 

LEEWARD ISLANDS 

*I952 J u l y  

1 A i r  Navigation ( I n v e s t i g a t i o n  of Accidents)  Regula t ions .  

18  A i r  Navigation ( I n v e s t i g a t i o n  of Accidents)  Regula t ions .  

19 A i r  Navigation ( I n v e s t i g a t i o n  of Accidents)  Regula t ions ,  
(S.I .  1 /54) .  

1 C i v i l  Avia t ion  ( I n v e s t i g a t i o n  of Accidents)  Regula t ions ,  
(L.N. 9011952). 

3 A i r  Navigation ( I n v e s t i g a t i o n  of Accidents)  Regula t ions .  

A i r  Navigat ion ( I n v e s t i g a t i o n  of Accidents)  Regula t ions .  

3 1 C i v i l  Avia t ion ( I n v e s t i g a t i o n  of Accidents)  Regula t ions ,  
(S.R.O. 18/52) .  

* The t e x t  does not  e x i s t  i n  t h e  f i l e s  of ICAO.  
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ST. LUCIA 

1948 Nov. 27 A i r  Navigat ion  ( I n v e s t i g a t i o n  of Acc iden t s )  Regu la t i ons ,  
(S.R.O. No. 40148). 

ST. VINCENT 

*I953 Jan.  8 A i r  Navigat ion  ( I n v e s t i g a t i o n  of Accidents)  R e g u l a t i o n s ,  
(S.R.O. No. 6/53).  

SOUTHERN RHODESIA 

1954 March 26 Av ia t i on  A c t  No. 1011954: S e c t i o n  4 ( s ) ,  ( t )  , S e c t i o n  13  - 
Enqu i r i e s .  

1954 June ' 1 8  A i r  Navigat ion  Regula t ions  (F.G. No. 24611954): P a r t  18. - 
Accidents .  , . 

UNITED STATES 
F e d e r a l  S t a t u t e s  

The F e d e r a l  Av ia t i on  Act of 1958, as amended, ( P u b l i c  Law 
85-726, 85 th  Congress,  2nd Sess ion ;  72 S t a t .  731; 49 U.S. 
Code): T i t l e  11. - Genera l  Powers and D u t i e s  of t h e  C i v i l  
Aeronau t ics  Board - 204(a) General  Powers; T i t l e  111. - 
Organiza t ion  of Agency and Powers and Du t i e s  of Adminis- 
t r a t o r  - Sec. 313(c)  Power t o  Conduct Hear ings  and I n v e s t i g a -  
t i o n s ;  T i t l e  V I I .  - A i r c r a f t  Accident  I n v e s t i g a t i o n ;  
T i t l e  I X .  - P e n a l t i e s  - Sec. 902 (0)  - I n t e r f e r e n c e  w i t h  
a i r c r a f t  a c c i d e n t  i n v e s t i g a t i o n .  

The F e d e r a l  Av ia t i on  A c t  of 1958, Annotated: T i t l e  V I I .  

Oct . 15  Department of T r a n s p o r t a t i o n  A c t  (Pub l i c  Law 89-670, 89 th  
Congress,  2nd Ses s ion ,  80 S t a t .  941): Sec. 5 - N a t i o n a l  
T r a n s p o r t a t i o n  S a f e t y  Board; Sec. 6 - T r a n s f e r s  t o  
Department : ( c )  F e d e r a l  Av ia t i on  Agency, (d)  C i v i l  
Aeronau t ics  Board. 

U.S. Code of F e d e r a l  Regula t ions  
T i t l e  14  - Aeronau t ics  and Space 

(Chapter 11. - C i v i l  Aeronau t ics  Board Regula t ions )  

P a r t  399 - Sta tements  of Genera l  P o l i c y  ( a s  i s s u e d ,  e f f e c -  
t i v e  May 25, 1955, F.R. 4117; amended and c o d i f i e d ,  e f f e c -  
t i v e  January  29, 1964, 29 F.R. 1454): Subpar t  F - P o l i c i e s  
r e l a t i n g  t o  a i r c r a f t  a c c i d e n t  i n v e s t i g a t i o n s :  399.70 - 
I n v e s t i g a t i o n  of a c c i d e n t s  i nvo lv ing  f o r e i g n  a i r c r a f t .  

* The t e x t  does no t  e x i s t  i n  t h e  f i l e s  of ICAO.  
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(ITED STATES (Cont d) 

(Chapter 111. - Nat iona l  T r a n s p o r t a t i o n  S a f e t y  Board) 

P a r t  400 - Statement  of Organ iza t ion  and Func t ions  of t h e  
Board and Delega t ions  of Au tho r i t y ,  ( a s  a d o p t e d , e f f e c t i v e  
J u l y  4 ,  1967, 32 F.R. 12839).  

P a r t  430 - Rules p e r t a i n i n g  t o  A i r c r a f t  Acc iden t s ,  I n c i d e n t s ,  
Overdue A i r c r a f t  and S a f e t y  I n v e s t i g a t i o n s ,  ( a s  r e i s s u e d  by 
Regula t ion  No. SIR-4, e f f e c t i v e  A p r i l  1, 1963, 28 F.R. 583; 
amended and r e i s s u e d  by Regula t ion  No. SIR-7, e f f e c t i v e  
May 18,  1966, 31 F.R. 6585; p a r t  320 t r a n s f e r r e d  t o  
Chapter  I11 - NTSB i n  T i t l e  14 and r edes igna t ed  and amended 
as P a r t  430, e f f e c t i v e  December 1, 1967, 32 F.R. 16491). 

P a r t  431 - Rules of P r a c t i c e  i n  A i r c r a f t  Accident I nves t i ga -  
t i o n  Hear ings ,  ( a s  i s sued  September 15 ,  1950, 15  F.R. 6440; 
r e v i s e d  e f f e c t i v e  February 1 5 ,  1957, 22 F.R. 1026; P a r t  
r e v i s e d  by Reg. PR-35, e f f e c t i v e  March 21, 1959, 24 F.R. 
2224; P a r t  303 t r a n s f e r r e d  t o  Chapter  111 - NTSB i n  T i t l e  14 
and redes igna ted  and amended as P a r t  431, e f f e c t i v e  
December 1, 1967, 32 F.R. 16491).. 

P a r t  435 - Di,sclosure of A i r c r a f t  Accident I n v e s t i g a t i o n  
Informat ion ( a s  i s s u e d  September 15 ,  1950, 1 5  F.R. 6441; 
r e i s s u e d  e f f e c t i v e  A p r i l  1, 1963, 28 F.R. 582; r e v i s e d  
e f f e c t i v e  January  3 ,  1966, 30 F.R. 14920; P a r t  311 t r ans -  
f e r r e d  t o  Chapter  111 - NTSB i n  T i t l e  1 4  and r edes igna t ed  
and amended as P a r t  435, e f f e c t i v e  December 1, 1967, 
32 F.R. 16491). 

U.S. Code of Fede ra l  Regula t ions  
T i t l e  22 - Foreign R e l a t i o n s  

P a r t  102 - C i v i l  A v i a t i o n  - Subchapter K - Economic, Com- 
mercial and C i v i l  Av ia t i on  Funct ions :  U.S. A i r c r a f t  
Accidents  Abroad; Fore ign  A i r c r a f t  Accidents  Invo lv ing  
U.S. Persons  o r  P rope r ty .  (As i s s u e d  i n  Department 
Regula t ions  108.164, e f f e c t i v e  October  1, 1952, 17 F.R. 
8207; P a r t  102 as r epub l i shed ,  e f f e c t i v e  December 23, 1957, 
22 F.R. 10871). 

RUGUAY 

1955 feb.  2 Decre to  No 23.826 - Reglamento pa ra  l a  i n v e s t i g a c i 6 n  de  
Accidentes  d e  Aviaci6n d e  c a r i c t e r  C i v i l .  

ENEZUELA 

1955 a b r i l  1 Ley de  Aviaci6n C i v i l :  Cap. X. - D e  10s a c c i d e n t e s  y de  l a  
bGsqueda y r e s c a t e .  
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WESTERN SAMOA 

1963 Aug . 1 C i v i l  Av ia t i on  A c t ,  No. 611953: P a r t  V I I I .  - Accident  
I nqu i ry .  

YUGOSLAVIA 

1965 March 1 5  A i r  Navigat ion  Law (pub l i shed  i n  t h e  O f f i c i a l  G a z e t t e  of 
t h e  F e d e r a l  Peop l e ' s  Republic  of Yugoslavia ,  No. 12/65):  
IV .  Acc iden t s ,  Search  and Rescue. 

ZAMBIA 

1954 March 2 6 Av ia t i on  A c t  No. 10/1954: S e c t i o n  4 ( a ) ,  ( t )  ; S e c t i o n  13 - 
Enqui r i es .  

1954 June  1 8  A i r  Navigat ion Regula t ions  (F.G.N. Nor. 24611954): 
P a r t  18. - Accidents .  



ICAO TECHNICAL PUBLICATIONS 

The folbwing s u m ~ q  @txs the S~Q~~US,  and also has invited Contracting States to notify any differences 
desc~ibes in gmmd terms the contents of the tlan'ous between their national practices and the PANS when the 
senleg of techlztcd pubticaf.ians W e d  ,by the Inter- knowledge of such differences is important for the safety 
mtSonal Civil AvMt&n Organizotfon. I t  does not include of air navigation. 

- spt?ciatized public~~bim t h  Itcr nu$ full meeificaUg 
within one of the series, such as the tcao Aeronatrtical 
Chart Catalogue or the Met~rological Tables far 
International Air Navigation, 

INl'ERNAl'lONAL STANDARDS AND RECOM- 
MENDED PRACTlCES are adopted by the Council 
in accordance with Articles 54, 37 and 90 of the Con- 
vention on International Civil Aviation and are desig- 
nated, for convenience, as ~nrlkxes to the Conver~tion. 
The uilifom application by Contracting States of the 
specifications comprised in the l[nternationaI Standards 
is recognized as necessary for the safety or regularity 
of international air navigation wfrile the uniform appli- 
cation of the specifications in the Recommend& Prae- 
tices is regarded as desirable in the interest of safety, 
regularity or efficiency of international air navigation. 
Knowledge of any differences between the national regu- 
lations or practices of a State and those established by 
an International Standard is essential to the safety or 
regufadty of international air navigation. In the event 
of tlon-compliance with an Enternational S tmclard, a 
State has, in fact, an obligation, tinder Artide 38 of 

- 

REGIONAL SUPPLEMENTARY PROCEDUMS 
(SUPPS) have a status similar to that of PANS in that they 
are approved by the Council, but only for application in 
the respective regions. They are prepared in consolidated 
form, since certain of the procedures apply to overlapping 
regions or are conlmon to two or more regions, 

The following publicdiola~ are prepared by authority 
of the SeMetary General in ccccordancs with t71e principles 
ntid policies apprmed b y  the CozrnciZ. 

lCAO FfELD MANUALS derive their status from the 
International Standards, Recommended Practices and 
PANS from which they are compiled. They are prepared 
primarily for the use of personnel engaged in operations 
in the fleld, as a service to those Contracting States 
who do not find it practicable, for various reasons, to 
prepare them for their own use. 

the Convention, to notify the Council of- any differences. TECHNICAL MANUALS provide guidance and in- 
Krlowledge of differences from Recontmended Practices formation in amplification of the International Standards, 
rnay also be imprtant for the safety of air navigation Recommended Practices and PANS, the implen~entation 
and, although the Convention does not impose any obli- of which they are designed to facilitate. 
gation with regard thereto, the Council has invited Con- 
tracting States to notify such differences in addition to Alft  NAVIGATION PLANS detail requirements for 
those relating to International Standards. facilities and services for international air navigation in 

PROCEDURES FOR AIR NAVIGATION SERVlCES 
(PANS) art? approved by the Council for world-wide 
application, They comprise, for the most part, operating 
procedttres regarded as not yet having attained a SUE- 
cient degree of maturity for adoption as International 
Standards and Recommended Practices, as well as 
material of a more permanent character which is con- 

the resprtctive ICAO Air Navigation Regions, They are 
prepared on the authority of the Secretary General on 
the basis of recommendations of regional air navigation 
meetings and of the Council action thereon. The plans 
are emended periodically to r&ect changes in require- 
ments and in the status of implementation of the 
recommended facilities and services. 

sidered too detailed for incorporation in an Annex, or 1CAO CIRCULARS make available specialized in- 
is susceptible to fxeq~lent amendment, for which the formation of interest to Contracting States. This indudes 
processes of the Convention would be too cumbersome. studies on technical subjects as well as texts of' Provi- 
As in the case of Recornmended Practices, the Council sional Acceptable Means of Compliance. 



EXTRACT F R O M  T H E  C A T A L O G U E  

ICAO S A L A B L E  P U B L I C A T I O N S  

Annex 13 - Aircraft aceidqnt inquiry, 2nd e d i t i o n ,  
March 1966.. 16 pp. .............................................. $0.50 

MANUAL 

Manual of aircraft accident investigation. ( D O C  6920-AN/855 /3 ) .  
3rd e d i t i o n ,  1959. '257 pp. .................................'.... 

ICAO CIRCULARS 

24-AN/21 - A i r c r a f t  Arc ide ,n t  D i g e s t  No. 2. 1952 .  1'70 pp.  ........ $ 0 . 8 5  

31-AN/26 - A i r c r a f t  Accident ~ i g k s t  No. 3. 1952 .  190 pp.  . . . . . . . . $1.00  

38-AN/33 - A i r c r a f t  A c c i d e n t  D i g e s t  No. 4 .  1954 .  186 pp. ........ $3.00  

39-AN/34 - A i r c r a f t  A c c i d e n t  D i g e s t  No. 5 .  1955.  186 pp.  ........ $ 2 . 0 0 .  

47-AN/42 - Aircraft A c c i d e n t  Digest No. 6 .  1 9 5 6 .  237 pp.  ........ $ 2 . 5 0  

50-AN/45 - Aircraft A c c i d e n t  D i g e s t  No. 7 .  1957. 245 p p .  ........ $2.50  

54-AN749 - A i r c r a f t  A c c i d e n t  D i g e s t  No. 8.  1958. 212 p p .  . . . . . , . . $2.25 

56-AN/Sl - Aircraft A c c i d e n t  D i g e s t  No. 9. 1 9 5 9 .  290 pp. ........ $3.00  

59-AN/54 F A i r c r a f t  A c c i d e n t  D i g e s t  No. 10. 1 9 6 1 .  286 pp. ....... $3.00  

62-AN/57 - A i r c r a f t  A c c i d e n t  Digest No. 11. 1961. 266 p p .  ....... $4.25 

64-AN/58 - A i r c r a f t  A c c i d e n t  D i g e s t  No. 1 2 .  1963. 3 7 6  pp.  ....... $ 5 * ? 5  

69-AN/6J. - A i r c r a f t  A c c i d e n t  Digest No. 13. 1964. 3 5 9  p p  ....... $ 5 . 5 0  

71-AN163 - Aircraft  A c c i d e n t  D i g e s t  No. 14. 
Volume I .  1965. 115 p p .  ....................................... $2.00 

78-AN166 - Aircraf t  Accident D i g e s t  No. IS. 

82-AN/69 - A i r c r a f t  A c c i d e n t  D i g e s t  8 0 .  16, 
Volume I .  1968. 171 pp.  ...................................... $2.75  

NB.-Cash ~ m i t l a n c e  should acromfmny tach order. 
Cololugve sent free on request. 

PRICE: U. S .  $3. 25 
(or equivalent in other currencies) 




