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T h i s  s tudy analyzed occurrences involving 

fue l  s t a r v a t i o n  - t h e  s t a t e  i n  which t h e  f u e l  supply t o  t h e  engine 
i s  i n t e r r u p t e d  al though t h e r e  i s  adequate  f u e l  
onboard t h e  a i r c r a f t  , 

and 
fue l  exhaustion - t h e  s t a t e  i n  which t h e  a i r c r a f t  has  become devoid 

of usable  f u e l .  

Fuel s t a r v a t i o n  has  been a more common type of occurrence;  however, 
the p r o b a b i l i t y  of t h e  occurrence r e s u l t i n g  i n  an  a c c i d e n t  h a s  been 
greater for f u e l  exhaust ion.  
s tarvat ion a c c i d e n t s  and 8 f u e l  exhaust ion a c c i d e n t s  p e r  annum i n  
Austral ia  s i n c e  1969. 
342 of a l l  engine f a i l u r e  a c c i d e n t s .  

p i  1 o t  Factors  

me1 s t a r v a t i o n .  

The p i l o t  was involved i n  45% of f u e l  s t a r v a t i o n  occurrences .  A v e r y  
prevalent p i l o t  f a c t o r  (which occurred i n  32% of c a s e s )  was 
mismanagement of t h e  f u e l  system. 

m e 1  Exhaustion. 

ey cont ras t ,  t h e  p i l o t  was involved i n  89% of f u e l  exhaus t ion  
occurrences. The most p r e v a l e n t  p i l o t  f a c t o r  was inadequate  
preparation before  f l i g h t ,  a l though t h e r e  were t y p i c a l l y  m u l t i p l e  
p i l o t  f a c t o r s  recorded. Common c o n t r i b u t i n g  f a c t o r s  wer.e t h e  poor 
decisions made by t h e  p i l o t  i n  command. Mismanagement of t h e  f u e l  
system a lso  played a l a r g e  r o l e  i n  f u e l  exhaust ion.  

Flying Experience 

On average,  t h e r e  have been 6 f u e l  

Fue l - re la ted  engine f a i l u r e s  have c o n s t i t u t e d  

There was no r e l a t i o n s h i p  found between t o t a l  f l y i n g  experience and 
e i t h e r  type of occurrence.  That i s ,  p i l o t s  a t  a l l  l e v e l s  of 
experience were involved i n  both f u e l  s t a r v a t i o n  and f u e l  exhaus t ion ,  
and s o  those occurrences cannot be s a i d  t o  be t h e  province of 
inexperienced p i l o t s  a lone .  The same r e s u l t s  were found w i t h  r e s p e c t  
t o  p i l o t  currency (hours  logged i n  l a s t  90 d a y s ) ,  s o  those  occurrences  
cannot be s a i d  t o  have a r i s e n  from t h e  i n f r e q u e n t  a v i a t o r  a lone .  

A r e l a t i o n s h i p  was found t o  e x i s t ,  however, between s p e c i f i c  
experience on type and each occurrence.  
hours on type tended t o  be involved i n  a g r e a t e r  number of both f u e l  
s ta rva t ion  and f u e l  exhaust ion occurrences ,  which sugges ts  t h a t  p i l o t  
f a m i l i a r i t y  with t h e  a i r c r a f t  type has  been t h e  most s i g n i f i c a n t  
category of experience.  

That i s ,  p i l o t s  wi th  fewer 
. 
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Type of Operation 

The record of o p e r a t i o n s  i n  t h e  scheduled t r a n s p o r t  s e r v i c e  a r e a  ( i e ,  
a i r l i n e  and commuter) and i n  t h e  t r a i n i n g  a r e a  has been b e t t e r  than  i n  
t h e  rest  of t h e  a v i a t i o n  s e c t o r .  That i s ,  RPT, commuter and t r a i n i n g  
o p e r a t i o n s  have experienced fewer occurrences than would have been 
expected on t h e  b a s i s  of t h e  number of hours flown by those  
o p e r a t i o n s .  The pr iva te /bus iness  category has been respons ib le  f o r  a 
d i s p r o p o r t i o n a t e l y  l a r g e  number of occurrences.  

A i r c r a f t  System Fac tors  

Fuel Starvation.  

Approximately h a l f  of a l l  f u e l  s t a r v a t i o n  occurrences were 
a t t r i b u t e d  t o  t h e  a i r c r a f t  f u e l  system. Various blockages due t o  
t h e  presence of f o r e i g n  mat te r  accounted f o r  27% of t h e  f u e l  system 
problems. Improper maintenance of the a i r c r a f t  was a l s o  c i t e d  i n  
13% of cases involv ing  t h e  f u e l  sys tem. .  

The f u e l  system was mismanaged by t h e  p i l o t  i n  32% of f u e l  

b e l  Exhaustion. 

The a i r c r a f t  systems were a f a c t o r  i n  only 2 4 %  of f u e l  exhaus t ion  
c a s e s .  I n a c c u r a t e  f u e l  gauges c o n t r i b u t e d  t o  1 2 %  of f u e l  exhaus t ion  
c a s e s ,  b u t  cannot be s a i d  t o  have been s o l e l y  respons ib le  i n  any 
i n s t a n c e .  

- s t a r v a t i o n  c a s e s .  
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- 1.  BACKGROUND 

Under A u s t r a l i a ' s  Air  Navigation Regulations ( A N R ' s ) ,  a l l  a i r c r a f t  
occurrences which may have s a f e t y  impl icat ions  are  i n v e s t i g a t e d  by the  
Bureau o f  Air Safe ty  Inves t iga t ion  ( B A S I ) .  A ircraf t  occurrences are  
c l a s s i f i e d  broadly a s  e i t h e r  'acc idents '  ( i n  which there  i s  
s u b s t a n t i a l  damage t o  the a i r c r a f t  or s e r i o u s  injury  t o  i t s  occupants) 
or a s  ' i n c i d e n t s '  ( i n  which s a f e t y  has been compromised i n  some way).' 

One o f  the  major r o l e s  o f  BAS1 i s  t o  determine the  f a c t o r s  which 
contr ibuted t o  the occurrences.  The ul t imate  goal  i s  t o  prevent 
recurrences by making recommendations t o  the appropriate a u t h o r i t i e s  
and by d i s t r i b u t i n g  the conclus ions  of BASI's i n v e s t i g a t i o n s  t o  the  
a v i a t i o n  community. 

Fuel starvation/exhaustion c a s e s  are read i ly  i d e n t i f i a b l e .  When the  
d e t a i l s  of the  i n v e s t i g a t i o n  are entered onto B A S I ' s  computerized 
Accident and Incident  ( A  h I )  system' most occurrences are  c l a s s i f i e d  
as  an "engine f a i l u r e  or malfunction". The contr ibut ing  f a c t o r s  then 
u s u a l l y  inc lude  e i t h e r  " fue l  exhaustion", " f u e l  s tarvat ion" ,  or one of 
a number o f  forms of f u e l  contamination. 

Fuel exhaustion descr ibes  the s i t u a t i o n  i n  which an a i r c r a f t  has 
become t o t a l l y  devoid o f  usable  f u e l .  

Fuel s t a r v a t i o n  r e f e r s  t o  the  f a c t  that  the f u e l  supply t o  the  engine 
has been interrupted,  although f u e l  may s t i l l  remain i n  the  tanks .  

Unlike f u e l  exhaustion, it i s  p o s s i b l e  that  f u e l  s t a r v a t i o n  may be 
tempdrary and overcome by the p i l o t  during f l i g h t .  Fuel may a l s o  be 
contaminated by water,  i c e  or  other substances,  and the  use  o f  
improper grades of f u e l  could be placed i n  t h i s  category .  

The fo l lowing  case  h i s t o r i e s  are i l l u s t r a t i v e  o f  f u e l  s t a r v a t i o n  and 
f u e l  exhaustion occurrences : 

Fuel Starvat ion.  

In  August 1 9 8 5 ,  a Beech Queen Air  departed Brisbane on a n i g h t  
f r e i g h t  run f o r  Mackay. The a i r c r a f t  d i f f e r e d  from other Queen 
A i r s  operated by the company i n  terms of i ts  f u e l  system, which 
required the p i l o t  t o  s e l e c t  between inboard and outboard tanks ,  
i n s t e a d  o f  there  being an automatic s e l e c t i o n  of those  tanks .  
This  f l i g h t  was the  f i r s t  i n  that  par t i cu lar  a i r c r a f t  f o r  the  
p i l o t ,  who he ld  a Senior Commercial Licence with  a Class  1 
Instrument Rating. He had been br ie fed  on the f u e l  system on the  
previous  morning, but had not a c t u a l l y  rece ived a cockpit  
demonstration. 



2 

The a i r c r a f t  departed with f u l l  f u e l .  Approximately two hours 
l a t e r ,  the  p i l o t  reported the f a i l u r e  of both engines ,  adding 
s h o r t l y  afterwards that  he was experiencing d i f f i c u l t y  i n  
drawing f u e l  from the outboard tanks. No further  
communications were rece ived.  The a i r c r a f t  wreckage was 
d iscovered l a t e r  and i n v e s t i g a t i o n  revealed t h a t  the  inboard 
tanks were exhausted but that  f u e l  remained i n  the outboard 
tanks. The f u e l  s e l e c t o r  was found pos i t ioned  mid-way between 
the  inboard and outboard tanks. N o  pre -ex i s t ing  mechanical 
d e f e c t s  were ev ident ,  but the  placard which descr ibed f u e l  
s e l e c t o r  s e t t i n g s  was found t o  be obscured. 

Fuel Exhaustion. 

In Apri l  1986, a Beech Baron departed Kalgoorlie on what'was 
intended t o  be i ts  l a s t  bus iness  f l i g h t  f o r  the company, a s  the  
a i r c r a f t  was t o  be s o l d  the fo l lowing  day. The p i l o t  he ld  a 
Senior Commercial Licence with  a Class 1 Instrument Rating. 

On the  return l e g  about 50 miles from Kalgoorl ie ,  the right-hand 
tank became exhausted. The p i l o t  chose not  to  cross feed  f u e l  but 
t o  continue on one engine. The p i l o t  d i d  not  report the engine 
f a i l u r e  but d i d  advise  of an a l t e r a t i o n  t o  the f l i g h t  plan which 
took the  a i r c r a f t  on a more d i r e c t  route to  Kalgoorl ie .  An 
a l t i t u d e  o f  6000  f t  was maintained u n t i l  near the d e s t i n a t i o n ,  
where a double engine f a i l u r e  was reported. Fortunately,  the  
p i l o t  g l i d e d  the a i r c r a f t  to  a landing without further  i n c i d e n t .  
In subsequent r e f u e l l i n g ,  the  a i r c r a f t  took more than the  
des ignated usable  quant i ty .  

Interviews with  the  p i l o t  e s t a b l i s h e d  t h a t  he t y p i c a l l y  estimated 
f u e l  q u a n t i t i e s  before  f l i g h t  by maintaining a l o g ,  because i t  
was d i f f i c u l t  t o  perform a v i s u a l  check u n l e s s  the  tanks were 
f u l l .  Haximum f u e l ,  however, had the  e f f e c t  of l i m i t i n g  the  
a i r c r a f t  payload. The p i l o t ' s  endurance c a l c u l a t i o n s  were based 
upon a b e l i e f  t h a t  the f u e l  consumption f i g u r e s  contained i n  the 
operat ions  manual were u n r e a l i s t i c a l l y  h igh.  He a l s o  claimed that  
he had been mis led  by inaccurate f u e l  gauges during the f l i g h t .  

A i r c r a f t  engine f a i l u r e s  are s i g n i f i c a n t  e v e n t s ,  and have r e s u l t e d  i n  
the second most common type o f  acc ident  i n  Aus tra l ia  every  year . 
(behind landing a c c i d e n t s ) .  S ince  1 9 6 9 ,  about one-third o f  a l l  the  
General Aviat ion (GA)  acc idents  which have or ig inated  with  an engine 
f a i l u r e  have been fue l - re la ted .  On average, about 6% of  a l l  acc idents  
s i n c e  1969 have been fue l - re la ted ,  which corresponds t o  1 4  acc idents  
per annum. The number o f  fue l - re la ted  acc idents  has been comparable t o  
the number o f  acc idents  a r i s i n g  from e i t h e r  s t a l l s ,  w i r e s t r i k e s ,  
overshoots ,  ground loops ,  or wheels-up landings .  

Those s tat i s t ics  i n i t i a t e d  t h i s  research. Some re la ted  research on . 
f u e l  s t a r v a t i o n  on ly  was carr ied  out  i n  the US by the National 
Transportation and Safe ty  Board (1). 

'1. National Transportation and Safe ty  Board. US General Aviat ion 
acc idents  invo lv ing  f u e l  s t a r v a t i o n  1970-1972. Washington DC, 
Report No NTSB-AAS-74-1, Apri l  1974. 
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In a d d i t i o n ,  a b e l i e f  e x i s t s  i n  the p i l o t  community that  most f u e l  
exhaustion acc idents  a r i s e  from p i l o t  neg l igence .  Consequently, a 
major goal  o f  t h i s  report was to i d e n t i f y  the human f a c t o r s  ( i e ,  p i l o t  
f a c t o r s )  underlying f u e l  starvation/exhaustion. I t  was hoped t h a t  
t h i s  i d e n t i f i c a t i o n  would permit: 

. an est imate  o f  the r e l a t i v e  contr ibut ions  made both by p i l o t s  and 
by a i r c r a f t  f u e l  systems t o  c a s e s  o f  f u e l  s tarvat ion/exhaust ion.  

. the  des ign  of some preventive measures, such a s  rev i sed  
p i l o t  education schemes or improved cockpit  ergonomics. 

Other g o a l s  o f  t h i s  research were : 

. t o  e s t imate  the  relevance o f  p i l o t  experience and currency. 

. t o  survey var ious  c a t e g o r i e s  of a v i a t i o n  i n  order t o  determine 
whether some c a t e g o r i e s  o f  f l i g h t  operation are more prone t o  fuel 
exhaustion/starvation than o thers .  

. t o  analyze the  relevance o f  f u e l  measuring d e v i c e s .  

. t o  i n v e s t i g a t e  the  types  of mechanical f a i l u r e s  which have occurred 

. t o  make some human f a c t o r s  engineering recommendations where 

i n  a i r c r a f t  f u e l  systems. 

p o s s i b l e .  

2 .  SCOPE OF THE REPORT 

The BAS1 A h I data-base was interrogated f o r  every occurrence t o  
Austral ian-regis tered a i r c r a f t  between January 1969 and June 1986 i n  
which e i t h e r  f u e l  exhaustion or f u e l  s tarvat ion  was a f q c t o r .  (Fue l  
contamination was not  included i n  the research) .  The j u s t i f i c a t i o n  f o r  
inc lud ing  i n c i d e n t s  i n  the  research was that  many i n c i d e n t s  are  as 
informative as  acc idents  with regard t o  problems i n  a v i a t i o n .  Those 
occurrences which were s t i l l  the subjec t  of i n v e s t i g a t i o n  were 
r e j e c t e d .  Those occurrences which were cont ingent  upon another 
occurrence, such as a c o l l i s i o n ,  were a l s o  re jec ted .  

There were 523 c a s e s  of f u e l  s tarvat ion  and 312  c a s e s  o f  f u e l  
exhaust ion.  
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3 .  ANALYSIS 

3 . 1  Sever i ty  o f  Fuel - Related Occurrences 

Data on the  s e v e r i t y  o f  f u e l  starvation/exhaustion occurrences,  i e ,  
inc luding both acc idents  and i n c i d e n t s ,  are presented i n  Table 1 .  I t  
may be seen t h a t  1 3 3 ,  or 4 3 % ,  of a l l  f u e l  exhaustion occurrences 
r e s u l t e d  i n  an acc ident ,  whereas only 1 9 %  of a l l  f u e l  s t a r v a t i o n  
occurrences resu l t ed  i n  an acc ident .  Fuel exhaustion a l s o  r e s u l t e d  i n  
higher proportions o f  i n j u r i e s ,  a i r c r a f t  damage and off-aerodrome 
landings .  Despite these  d i f f e r e n c e s ,  f u e l  s tarvat ion  s t i l l  accounted 
€or 98  a c c i d e n t s .  

TABLE 1 

Severity of A l l  Cases 1969 - 1986 

FUEL FUEL. - 
STARVATION EXHAUSTION 

No. ( $ 1  No. ( % )  

Accidents  
Inc ident  6 
I n j u r i e s  

N i  1 
Hinor 
Ser ious  
Fatal  

None 
Minor 
Subs tant ia l  
Destroyed 

Off-Aerodrome 
Landing 

Damage 

98 ( 1 9 )  
425 ( 8 1 )  

495 ( 9 4 )  
1 5  ( 3 )  

9 ( 2 )  
4 ( 1) 

409 ( 7 8 )  
16  ( 3 )  
79  ( 1 5 )  
1 9  ( 4 )  

127 ( 2 4 )  

133  ( 4 3 )  
179 ( 5 7 )  

274 ( 8 8 )  
17  ( 5 )  
1 2  ( 4 )  

9 ( 3 )  

1 6 8  ( 5 4 )  
11 ( 4 )  

114  ( 3 6 )  
1 9  ( 6 )  

1 9 3  ( 6 2 )  

TOTAL CASES - 5 2 3  ( 1 0 0 )  312 ( 1 0 0 )  

The phase o f  f l i g h t  o f  a l l  f u e l  starvation/exhaustion occurrences is  
presented i n  Table 2 .  

Fuel exhaust ion.  

I t  may be seen t h a t  the majority of f u e l  exhaustion occurrences were 
during f l i g h t ,  wi th  a smaller group upon landing. The number of f u e l  
exhaust ion c a s e s  a t  take-off was r e l a t i v e l y  small. 

Fuel starvation. 

The g r e a t e s t  number of f u e l  s tarvat ion  occurrences has a l s o  been 
during f l i g h t ,  but there  have been s i z a b l e  groups a t  both take-off and 
landing. A t o t a l  o f  97 occurrences arose  a t  take -o f f .  Of t h o s e ,  32  
(approximately one t h i r d )  resu l t ed  i n  acc idents ,  which r e f l e c t s  the  
hazards o f  experiencing  an engine f a i l u r e  during t h a t  phase o f  f l i g h t .  
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TABLE 2 

Fuel Starvat ion Occurrences by Phase of F l i g h t  

Take-of f F l i g h t  Landing Other/ Total  
Unknown 

No. % No. % No. % No. % N o .  % 

ACCIDENT 32  ( 3 3 )  49 ( 5 0 )  16 ( 1 6 )  1 ( 1 )  98 ( 1 0 0 )  
INCIDENT 65 ( 1 5 )  264 ( 6 2 )  4 6  ( 1 1 )  50  ( 1 2 )  425  ( 1 0 0 )  

TOTAL 97 ( 1 8 )  313 ( 6 0 )  6 2  ( 1 2 )  51 ( 1 0 )  523 ( 1 0 0 )  ...................................................................... 
Fuel Exhaustion Occurrences by Phase of F l i g h t  

Take-off F l i g h t  Landing Other/ Total  
...................................................................... 

unknown 
No. % N o .  % No. % No. % No. % 

ACCIDENT 3 ( 2 )  1 0 5  ( 7 9 )  22 ( 1 7 )  3 ( 2 )  1 3 3  ( 1 0 0 )  
INCIDENT 6 ( 3 )  127 ( 7 1 )  36 ( 2 0 )  1 0  ( 6 )  179 ( 1 0 0 )  

TOTAL 9 ( 3 )  232 ( 7 4 )  58  ( 1 9 )  1 3  ( 4 )  312  ( 1 0 0 )  

3 . 2  Location 

The l o c a t i o n  of a l l  occurrences i s  presented i n  Table 3 .  The Table 
inc ludes  a very small number of c a s e s  which involved Austral ian 
a i r c r a f t  overseas .  

From annual surveys o f  f l y i n g  a c t i v i t y  within  the S t a t e s  s i n c e  1969, 
the  order from g r e a t e s t  t o  l e a s t  has been NSW, Q l d ,  V i c ,  WA, SA, NT, 
Tas, ACT. I t  may be seen from Table 3 t h a t  the  number o f  recorded f u e l  
s t a r v a t i o n  occurrences i n  each S t a t e  has a l s o  had the order NSW, Q l d ,  
V i c ,  WA, SA, NT, T a s ,  ACT from g r e a t e s t  t o  l e a s t .  The correspondence 
between f l y i n g  a c t i v i t y  within  the S t a t e s  and f u e l  exhaust ion 
occurrences i s  s i m i l a r ,  except  that  WA has experienced the  g r e a t e s t  
number of f u e l  exhaustion c a s e s .  

TABLE 3 

Fuel Starvat ion  Occurrences by Location 1969 - 1986 .................................................................. 
STATE NSW Qld Vic WA SA Tas NT ACT Oseas 

114 104 1 0 0  88 49 1 4  4 8  1 5 
.................................................................. 
.................................................................. 
Fuel Exhaustion Occurrences by Location 1969 - 1986 

STATE NSW Qld Vic WA SA Tas NT ACT Oseas 

69 58 41 70 36 1 0  23 4 1 
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3.3 R e l a t i v e  Cont r ibu t ion  of Fac tors  

For every  occurrence i n v e s t i g a t e d  by B A S I ,  an at tempt  i s  made t o  
i d e n t i f y  a l l  c o n t r i b u t i n g  f a c t o r s .  ( I t  should be noted t h a t  B A S I ,  i n  
c o n t r a s t  t o  t h e  NTSB, does n o t  use t h e  term 'most probable  c a u s e ' ) .  
I n  t h e  case  of f u e l  s ta rva t ion /exhaus t ion ,  a d i s t i n c t i o n  may be made 
between f a c t o r s  o r i g i n a t i n g  with t h e  p i l o t ,  such a s  i n a t t e n t i o n  t o  t h e  
f u e l  supply,  and f a c t o r s  a r i s i n g  from t h e  a i r c r a f t ,  such a s  mechanical 
f a i l u r e s  i n  t h e  f u e l  system. 

Scanning of f u e l  s t a r v a t i o n  and exhaust ion records ,  however, suggested 
t h a t  t h i s  two-way c l a s s i f i c a t i o n  between p i l o t  and a i r c r a f t  f a c t o r s  
was inadequate  t o  e x p l a i n  some occurrences.  That i s ,  t h e r e  were 
i n s t a n c e s  i n  which circumstances beyond t h e  p i l o t ' s  c o n t r o l  e x i s t e d ,  
a l though t h e  a i r c r a f t  was not  impl ica ted  i n  i s o l a t i o n  e i t h e r .  For 
example, i f  a p i l o t  i s  given misleading f u e l  consumption f i g u r e s ,  has  
no oppor tuni ty  t o  independent ly  v e r i f y  those f i g u r e s ,  and f u e l  
exhaus t ion  u l t i m a t e l y  r e s u l t s ,  then i t  i s  more a p p r o p r i a t e  t o  use a 
t h i r d  c l a s s i f i c a t i o n  of c o n t r i b u t i n g  f a c t o r s  ( i e ,  o p e r a t i o n a l  
documentation) than t o  a t tempt  t o  a l l o c a t e  r e s p o n s i b i l i t y  between t h e  
p i l o t  and t h e  a i r c r a f t  i n  broad terms. 'The f a c t o r s  i n  t h i s  t h i r d  
ca tegory  included : 

. suppor t  manuals and d i r e c t i v e s ,  inc luding  s e r v i c i n g  i n s t r u c t i o n s ,  
f u e l  management i n s t r u c t i o n s  and f u e l  consumption f i g u r e s  ( a s  
d e s c r i b e d  above) .  

This  t h i r d  ca tegory  w a s  l a b e l l e d  'environment ' ,  a l though i t  should be 
recognized t h a t  t h e  d e s c r i p t i o n  r e f e r s  t o  more than j u s t  t h e  p h y s i c a l  
sur rounds ,  and a s  such included : 

. weather 

. t h e  a c t i o n s  of maintenance personnel 

. product ion  or  des ign  f laws 

Figures  1&2 d e p i c t  t h e  balance found between p i l o t ,  a i r c r a f t  and 
so-ca l led  environmental  f a c t o r s  i n  f u e l  s ta rva t ion /exhaus t ion .  The 
c o n t r i b u t i o n  of each ca tegory  alone i s  shown, a s  wel l  a s  t h e  major 
j o i n t  i n f l u e n c e s .  I t  should be noted t h a t  a i r c r a f t  f a c t o r s  denote  
mal func t ions  i n  e i t h e r  t h e  f u e l  system or t h e  engine ins t ruments .  

I t  may be seen t h a t  t h e  p i l o t  played a g r e a t e r  r o l e  i n  f u e l  exhaus t ion  
than i n  f u e l  s t a r v a t i o n .  Although n o t  obvious from Figures  1 & 2 ,  p i l o t  
f a c t o r s  were impl ica ted  i n  89% of f u e l  exhaust ion cases  but  on ly  45% 
of f u e l  s t a r v a t i o n  cases .  Conversely,  t h e  a i r c r a f t  played a g r e a t e r  
r o l e  i n  f u e l  s t a r v a t i o n  than  i n  f u e l  exhaust ion.  A i r c r a f t  f a c t o r s  were 
impl ica ted  i n  54% of f u e l  s t a r v a t i o n  cases  but  on ly  2 4 %  of f u e l  
exhaus t ion  cases .  
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FIG. 1 FRCTORS - 
FUEL STARVAT ION 

FIG I 2 FRCTORS - 
FUEL EXHAUST ION 
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The majority o f  occurrences were ass igned mul t ip le  f a c t o r s  wi th in  a 
par t i cu lar  category. Only a r e l a t i v e l y  small proportion o f  c a s e s  
involved f a c t o r s  from more than one o f  the three c a t e g o r i e s  - p i l o t ,  
a i r c r a f t  or environment. Fuel exhaustion had only  2 4 %  o f  such mul t ip le  
c a t e g o r i e s ,  w h i l s t  f u e l  s tarvat ion  had only  22%. However, there  were 
some s i g n i f i c a n t  combinations. 

There were a greater  number of p i l o t  - a i r c r a f t  cases  i n  f u e l  
exhaustion than i n  f u e l  s tarvat ion  (where, f o r  example, the p i l o t  
contr ibuted to  a f u e l  system malfunct ion) .  There were a l s o  a greater  
number of p i l o t  - environment cases i n  f u e l  exhaustion than i n  f u e l  
s t a r v a t i o n  (where, for  example, the p i l o t  d id  not a l low f o r  the e f fect  
of s trong headwinds). Fuel s t a r v a t i o n ,  however, had more a i r c r a f t  - 
environment cases than f u e l  exhaustion ( e g ,  where maintenance 
personnel contributed t o  or overlooked a f a u l t  i n  the f u e l  sys tem) .  

3 . 4  Ana lys i s  o f  P i l o t  Factors 

Table 4 g i v e s  a breakdown o f  the most commonly-occurring p i l o t  
f a c t o r s ,  f o r  those  cases  i n  which p i l o t  f a c t o r s  contributed t o  the 
occurrence. I t  may be seen that  most p i l o t  f a c t o r s  impl icated i n  f u e l  
s t a r v a t i o n  were a l s o  implicated i n  f u e l  exhaustion, although the  
pattern d i f f e r e d  between the t w o  types  of occurrence. 

TABLE 4 

P i l o t  Factors 

(Thi s  t a b l e  only  inc ludes  c a s e s  which recorded p i l o t  f a c t o r s .  A 
recorded case  was u s u a l l y  ass igned more than one f a c t o r ;  there fore ,  
the sum of  the-percentages  i s  greater  than 1 0 0 % ) .  ...................................................................... 

FUEL STARVATION FUEL EXHAUSTION 

No. ( % )  No. ( % )  

TOTAL CASES 235 (100)  TOTAL CASES 277 ( 1 0 0 )  

mismanagement o f  Fuel 
System 

Inadequate Pre-Flight 
Preparation 

Inat tent ion  to  Fuel 

Improper In-Flight 

Lack of Fami l iar i ty  

Operated Care le s s ly  
Fuel S e l e c t o r  S e t  

Miscalculated Fuel 
Consumption 

Improper Operation o f  
Powerplant Controls 

Supply 

Decis ions  or Planning 

with  A i r c r a f t  

Between Tanks 

166 ( 71)  

78 ( 3 3 )  

59 ( 25)  

32 ( 1 4 )  

28 ( 1 2 )  

25 ( 1 1 )  
24 ( 1 0 )  

15 ( 6 )  

13 ( 6 )  

Inadequate Pre-Flight 
Preparation 

Mismanagement of Fuel 
System 

Improper In-Flight 

Inat tent ion  t o  Fuel 

Miscalculated Fuel 
Consumption 

Operated Care le s s ly  
Lack o f  Fami l iar i ty  

Improper Operation o f  

Navigation Error 

Decis ions  or Planning 

Supply 

with A i r c r a f t  

Powerplant Controls 

192 ( 6 9 )  

118 ( 43)  

89 ( 32)  

78 ( 28)  

73 ( 2 6 )  

30 ( 11) 
21 ( 8 )  

15 ( 5 )  
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A l a r g e  number o f  cases  o f  f u e l  s tarvat ion  were a t tr ibuted  t o  p i l o t  
mismanagement o f  the f u e l  system ( i e ,  that  f a c t o r  was recorded on 71% 
of  occas ions  i n  which any p i l o t  fac tor  w a s  p r e s e n t ) .  That f a c t o r  
included such a c t i o n s  a s  : 

. f a i l i n g  t o  check the p o s i t i o n  o f  the s e l e c t o r  before take -o f f . .  

. p o s i t i o n i n g  o f  the f u e l  s e l e c t o r  t o  a near-empty tank which was 

. mistaken pos i t ion ing  o f  the f u e l  s e l e c t o r  t o  the " o f f "  

. running a tank 'dry' before switching t o  another tank (which, 

mistakenly b e l i e v e d  t o ' b e  f u l l .  

p o s i t i o n ,  or between tanks. 

although an accepted p r a c t i c e ,  has been considered t o  compromise 
s a f e t y  on some o c c a s i o n s ) .  

. inappropriate use  o f  main and a u x i l i a r y  tanks. 

. with multi-engine a i r c r a f t ,  inappropriate cross feed ing  

. inappropriate use  of a u x i l i a r y  f u e l  pumps. 

technique. 

A s i m i l a r l y  large  number o f  c a s e s  of f u e l  exhaustion were a s s o c i a t e d  
with inadequate p r e - f l i g h t  preparation on the part o f  the  p i l o t  ( i e ,  
that  f a c t o r  w a s  recorded on ,71% of occas ions  i n  which any p i l o t  f a c t o r  
was-present-1. That f a c t o r  -ently occurred i n  conjunction with  
other f a c t o r s  and included: 

. f a i l u r e  t o  check v i s u a l l y  or by use  of a d ip - s t i ck  the  f u e l  

. undue r e l i a n c e  on inaccurate f u e l  gauges. 

. undue r e l i a n c e  on the d i r e c t i o n s  of the  previous p i l o t .  

. performance o f  the v i s u a l  f u e l  check on s lop ing  ground, which 

l e v e l  before  departure. 

l e d  t o  erron-eous conclus ions .  

misca lcu la t ion  of endurance and/or range. I t  should be noted 
t h a t  there  was a n e g l i g i b l e  number o f  f u e l  exhaustion c a s e s  ( i e ,  
8 )  i n  which the ac tua l  f l i g h t  plan was judged t o  be d e f i c i e n t ,  
because only  5 5 ,  or 2 0 % ,  of p i l o t s  were recorded a s  having 
submitted a f l i g h t  plan. Thus, the majority o f  misca lcu la t ions  
took p lace  i n  the absence of a formal plan. Some misca lcu la t ions  
r e s u l t e d  from errors  i n  converting between e i t h e r  l i t r e s  and 
g a l l o n s ,  or between volume and weight measures. 

. f a i l u r e  t o  at tend t o  d e f i c i e n c i e s  i n  the  f u e l  system, such a s  
leakages .  

. f a i l u r e  t o  secure f u e l  caps or drains  a f t e r  checking f u e l  l e v e l  
or  moisture content ,  r e s p e c t i v e l y ,  which resu l ted  i n  vent ing  o f  
f u e l .  

. performance o f  the  p r e - f l i g h t  check some time before departure, 
with a change i n  f u e l  quant i ty  occurring i n  the inter im,  e g ,  due 
t o  vent ing  o f  f u e l  overboard from an a i r c r a f t  parked on a s l o p e .  
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Improper d e c i s i o n s  made by t h e  p i l o t  during f l i g h t  were a f e a t u r e  of 
both f u e l  s t a r v a t i o n  and f u e l  exhaust ion,  but  p a r t i c u l a r l y  of t h e  
l a t t e r .  The fol lowing s c e n a r i o s  apply: 

. t h e  p i l o t  r e a l i z e d  en-route t h a t  r e f u e l l i n g  would be prudent ,  

. t h e  p i l o t  f a i l e d  t o  r e a l i z e  t h a t  endurance or  range was less  

. inadequate  e v a l u a t i o n  of t h e  e f f e c t s  of u n a n t i c i p a t e d  

b u t  opted n o t  t o  make an unscheduled landing .  

than  a n t i c i p a t e d .  

c o n d i t i o n s ,  such a s  headwinds o r  d i v e r s i o n s  around weather ,  e t c .  

I n a t t e n t i o n  t o  the f u e l  supply was a s i g n i f i c a n t  f a c t o r  i n  both  f u e l  
exhaus t ion  and f u e l  s t a r v a t i o n ,  and u s u a l l y  occurred i n  conjunct ion  
w i t h  o t h e r  p i l o t  f a c t o r s .  For example, i f  a p i l o t ,  f a i l e d  t o  ensure  
adequate  f u e l  before  f l i g h t ,  then i n a t t e n t i o n  t o  t h e  f u e l  supply 
dur ing  f l i g h t  would compound t h e  s i t u a t i o n .  

The improper o p e r a t i o n  of powerplant c o n t r o l s  was a l e s s e r  f a c t o r  
impl ica ted  e q u a l l y  i n  both types of occurrence.  This  f a c t o r  most 
f r e q u e n t l y  involved improper o p e r a t i o n  of t h e  mixture c o n t r o l  , i e ,  
f a i l u r e  t o  l e a n  t h e  mixture s u f f i c i e n t l y .  There were a l s o  i n s t a n c e s  
of mistaking the  mixture c o n t r o l  f o r  t h e  c a r b u r e t t o r  h e a t  c o n t r o l .  

Navigat ion e r r o r s  cont r ibu ted  t o  f u e l  exhaust ion only.  The t y p i c a l  
s c e n a r i o  was t h a t  t h e  p i l o t  became l o s t ,  p o s s i b l y  dur ing  adverse  
weather c o n d i t i o n s ,  and t h e  t o t a l  q u a n t i t y  of f u e l  consumed i n c r e a s e d  
beyond o r i g i n a l  e x p e c t a t i o n s .  

The f a c t o r  "opera ted  c a r e l e s s l y "  denotes  an a c t  of n e g l e c t  which i s  
u n i n t e n t i o n a l .  This  f a c t o r  w a s  most o f t e n  used t o  amplify t h e  f a c t  
t h a t  t h e  p i l o t  had e i t h e r  prepared f o r  t h e  f l i g h t  poor ly ,  or 
mismanaged t h e  f u e l  system. This  f a c t o r  was evenly d i s t r i b u t e d  over  
both  f u e l  s t a r v a t i o n  and f u e l  exhaust ion.  

Lack of f a m i l i a r i t y  w i t h  t h e  a i r c r a f t  was another  p i l o t  f a c t o r  common 
t o  both types  of occurrence.  This  f a c t o r  was o f t e n  used t o  d e s c r i b e  
t h e  circumstances which had increased  t h e  p r o b a b i l i t y  of mismanagement 
of t h e  f u e l  system or  inadequate  p r e p a r a t i o n .  

3.5 Typ e of Operation 

A i r  Navigat ion Regula t ions ,  i n  t h e i r  c l a s s i f i c a t i o n  of o p e r a t i o n s ,  
d i s t i n g u i s h  between genera l  a v i a t i o n  ( G A )  and r e g u l a r  p u b l i c  t r a n s p o r t  
( R P T ) ,  t h e  l a t t e r  inc luding  t h e  domestic and i n t e r n a t i o n a l  a i r l i n e s .  
Within GA, a d i s t i n c t i o n  ks a l s o  made between those who provide 
r e g i o n a l  scheduled t r a n s p o r t  ( o p e r a t i n g  under e i t h e r  a Supplementary 
A i r l i n e  Licence or  an exemption from ANR 203  and hencefor th  d e s c r i b e d  
a s  'commuters') and t h e  r e s t  of t h e  i n d u s t r y ,  inc luding  c h a r t e r ,  
p r i v a t e ,  b u s i n e s s ,  a g r i c u l t u r a l ,  t r a i n i n g  and o t h e r  a e r i a l  o p e r a t i o n s .  
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Those ope ra t ions  which  provide scheduled t r a n s p o r t  s e r v i c e s ,  i e ,  RPT 
and commuter, a r e  s u b j e c t  t o  more s t r i n g e n t  r e g u l a t i o n s  than  t h e  res t  
of t h e  i n d u s t r y  and have ve ry  good s a f e t y  records gene ra l ly .  Th i s  
f i n d i n g  was r e in fo rced  i n  t h e  con tex t  of f u e l  s t a rva t ion /exhaus t ion .  
Table 5 p r e s e n t s  d a t a  on t h e  inc idence  of both f u e l  s t a r v a t i o n  and 
f u e l  exhaus t ion  ac ross  t h e  a v i a t i o n  indus t ry .  Based upon t h e  number of 
hours  flown f o r  each ca tegory  of ope ra t ion  dur ing  t h e  per iod  
1969-1984, i t  w a s  poss ib l e  t o  c a l c u l a t e  an expected number of 
occur rences .  That i s ,  t h e  presumption was made t h a t  t h e  expected 
number of occurrences should be p ropor t iona l  t o  f l y i n g  a c t i v i t y .  

Scheduled t r a n s p o r t  ope ra t ions  experienced a very  low number of f u e l  
exhaus t ion  cases  and f a r  fewer than expected.  On t h e  b a s i s  of f l y i n g  
a c t i v i t y ,  scheduled t r a n s p o r t  ope ra t ions  were a l s o  under-represented 
i n  t h e  f u e l  s t a r v a t i o n  s t a t i s t i c s .  

On t h e  b a s i s  of f l y i n g  a c t i v i t y  t h e  fo l lowing  obse rva t ions  were made 
regard ing  t h e  non-scheduled GA s e c t o r :  

. t h e  p r iva t e f iu s ines s  ca tegory  experienced more occurrences  ( i n  

. t h e  t r a i n i n g  s e c t o r ,  however, had a b e t t e r  record  than  expec ted  

. a g r i c u l t u r a l  ope ra t ions  experienced more f u e l  exhaus t ion  c a s e s  

. c h a r t e r  ope ra t ions  experienced fewer f u e l  exhaus t ion  cases  than  

both f u e l  s t a r v a t i o n  and f u e l  exhaus t ion)  than  expected.  

( i n  both f u e l  s t a r v a t i o n  and f u e l  exhaus t ion ) .  

than  expected.  

expected.  

TABLE 5 

Fuel S t a r v a t i o n  Occurrences by Type of Operat ion ( 2 )  ...................................................................... 
TYPE OF RPT Comm- Char- Agricul-  Train- Other ,P r iv t /  To ta l  
OPERATION u t e r  t e r  t u r a l  i ng  A e r i a l  Bus. 

OBSERVED 30 18  85 27 54 5 1  245  510 
...................................................................... 

( % )  ( 6 )  ( 3 )  ( 1 7 )  ( 5 )  (11) ( 1 0 )  ( 4 8 )  ( 1 0 0  1 
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Fuel Exhaustion Occurrences by Type of Operation ( 2 )  

There were a l s o  d i f f e r e n c e s  i n  t h e  types  of p i l o t  f a c t o r s  recorded €or 
t h e  v a r i o u s  c a t e g o r i e s  of opera t ion .  Table 6 p r e s e n t s  d a t a  on t h e  
inc idence  of s i x  s e l e c t e d  p i l o t  f a c t o r s  a c r o s s  t h e  non-scheduled 
o p e r a t i o n s .  Expected f requencies  of occurrence were once aga in  
c a l c u l a t e d  under t h e  presumption t h a t  those f requencies  should be 
p r o p o r t i o n a l  t o  f l y i n g  a c t i v i t y .  Both c h a r t e r  and t r a i n i n g  o p e r a t i o n s  
had a b e t t e r  record than expected w i t h  regard t o  a l l  s i x  p i l o t  
f a c t o r s .  I n  c o n t r a s t ,  t h e  pr iva te /bus iness  ca tegory  was c o n s i s t e n t l y  
over-represented i n  a l l  s i x  human f a c t o r s .  The only o t h e r  n o t a b l e  
t r e n d  i s  t h a t  a g r i c u l t u r a l  o p e r a t i o n s  c o n t r i b u t e d  a g r e a t e r  p r o p o r t i o n  
of t h e  f a c t o r s  " i n a t t e n t i o n  t o  t h e  f u e l  supply" and "operated 
c a r e l e s s l y "  than expected on t h e  b a s i s  of f l y i n g  a c t i v i t y .  

2 .  See Appendix A f o r  a s t a t i s t i c a l  a n a l y s i s  of t h i s  d a t a .  
The t a b l e  does n o t  inc lude  a small  number of c a s e s  i n  which t h e  
ca tegory  of o p e r a t i o n  was unknown. 
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n 
P 

"Mismanageaent of Fuel System" by "ype of Operation ( 2 )  
~~~~~~~~~ ~ ~ ~~ 

TYPE OF Char- Agricul- Train- Other Private/  
OPERATION te r tural  ing Aeria l  Business  

OBSERVED 38 2 2  26 25  1 6  5 
EXPECTED 57 2 2  6 1  39 97 

"Miscalculat ion of Fuel Consumption" by Type of Operation ( 2 )  

TYPE OF Char- Agricul- Train- Other Private/  
OPERATION te  r tura l  ing Aeria l  Business  

OBSERVED 6 3 4 1 6  57 
EXPECTED 1 8  7 1 9  1 2  30 

2 .  See Appendix A f o r  a s t a t i s t i c a l  a n a l y s i s  of  t h i s  data .  
The t a b l e  does not  include a small  number of c a s e s  i n  which the  
category of operation was unknown. 
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3.6 Role of P i l o t  Experience and Currency 

The exper ience  of a l l  p i l o t s  involved i n  f u e l  s ta rva t ion /exhaus t ion  
was a s ses sed  by two means: 

. t o t a l  hours  flown (which measures genera l  expe r i ence ) ,  and 

. hours  flown on type (which measures experience s p e c i f i c  t o  t h e  

Table 7 shows t h e  r e l a t i o n s h i p  between genera l  experience and 
occurrences ,  f o r  those  cases  i n  which p i l o t  f a c t o r s  con t r ibu ted .  I t  
may be seen t h a t  p i l o t s  a t  a l l  l e v e l s  of experience were involved i n  
both f u e l  s t a r v a t i o n  and f u e l  exhaust ion.  In  o the r  words, i t  was n o t  
novice p i l o t s  who were mainly respons ib le  f o r  t he  occurrences. .  I t  
should be noted t h a t  p i l o t s  may rece ive  both d u a l - f l i g h t  and 
ground-based supe rv i s ion  ( i n c l u d i n g  d e b r i e f s ,  e t c )  f o r  approximately 
t h e  f i r s t  50 hours  f l y i n g  exper ience .  This  supe rv i s ion  may account  f o r  
t h e  r e l a t i v e l y  small  number of occurrences i n  t h a t  exper ience  
ca tegory .  

model of a i r c r a f t )  

TABLE 7 

Fuel S t a r v a t i o n  - Occurrences by Tota l  Hours ( 3 )  

HOURS 100 300 500 1000 3000 5000 + 

NO. 2 2 24 11 1 0  24 6 16 
( % )  ( 2 )  ( 2 )  ( 2 5 )  ( 1 2 )  (11) ( 2 5 )  ( 6 )  ( 1 7 )  

.................................................................. 
TOTAL 0-50 51- 101- 301- 501- 1 0 0 1 -  3001- 5000 

.................................................................. 

.................................................................. 

Table 8 shows t h e  r e l a t i o n s h i p  between s p e c i f i c  exper ience  on type  and 
f u e l  s t a rva t ion /exhaus t ion ;  once aga in ,  f o r  those  cases  a lone  which 
were a s s igned  p i l o t  f a c t o r s .  W i t h  regard t o  f u e l  s t a r v a t i o n ,  t h e r e  i s  
s t r o n g  evidence t h a t  those  persons w i t h  low experience on type were 
more l i k e l y  t o  be involved i n  an occurrence ,  i e ,  p i l o t s  w i t h  less than  
50 hours  exper ience  on type accounted f o r  45% of  occur rences .  The 
t r e n d  was s i m i l a r  f o r  f u e l  exhaus t ion  but  l e s s  d e f i n i t e ,  i e ,  p i l o t s  
w i th  fewer than  50 hours  s p e c i f i c  experience accounted f o r  33% of 
occurrences .  

'3. This  d a t a  was c o l l e c t e d  f o r  on ly  a small  c ross -sec t ion  of 
i n c i d e n t s ,  bu t  most acc iden t s .  
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TABLE 8 

Fuel S t a r v a t i o n  - Occurrences by Eours on Type ( 3 )  

TYPE 0-50 51-  101- 3 0 1 -  5 0 1 -  1 0 0 1 -  3 0 0 1 -  5 0 0 0  
HOURS 1 0 0  300 5 0 0  1 0 0 0  3 0 0 0  5 0 0 0  + 

A d i f f i c u l t y  with i n v e s t i g a t i n g  t h e  r e l a t i o n s h i p  between p i l o t  
exper ience  and a i r c r a f t  occurrences a r i s e s  from t h e  lack  of d a t a  on 
t h e  exper ience  of p i l o t s  who have n o t  been involved i n  an occurrence.  
A s  t h e  propor t ion  of p i l o t s  i n  GA who have fewer than  5 0  hours  
exper ience  on type i s  unknown, i t  i s  not  p o s s i b l e  t o  c a l c u l a t e  an 
expected number of occurrences i n  t h a t  experience ca tegory .  I t  is  
p o s s i b l e  ( b u t  u n l i k e l y )  t h a t  t h e  r e l a t i v e l y  l a r g e  number of 
occurrences which have been observed a t  low l e v e l s  of exper ience  on 
type i s  a r e f l e c t i o n  of t h e  propor t ion  of p i l o t s  who have been f l y i n g  
wi th  t h a t  degree of experience a t  a given p o i n t  i n  t ime. 

However, a s  suppor t  f o r  t h e  conclusion t h a t  experience on type h a s  
been i n f l u e n t i a l ,  l ack  of experience on type r e s u l t e d  i n  
c h a r a c t e r i s t i c  p i l o t  f a c t o r s .  There was a t r e n d  f o r  t h e  p r e s e n c e  of 
t h e  p i l o t  f a c t o r  "mismanagement of t h e  f u e l  system" t o  be i n v e r s e l y  
r e l a t e d  t o  t h e  degree of p i l o t  experience.  That i s ,  whenever f u e l  
system mismanagement was a f a c t o r ,  t h e  p i l o t  tended t o  have fewer 
hours  on type than when f u e l  system mismanagement was n o t  a f a c t o r  
( 4 ) .  S i m i l a r l y ,  t h e r e  was a t r e n d  f o r  t h e  presence of t h e  p i l o t  
f a c t o r  " m i s c a l c u l a t i o n  of f u e l  consumption" t o  be i n v e r s e l y  r e l a t e d  t c  
t h e  degree of p i l o t  experience.  That i s ,  whenever f u e l  misca lcu la t ion :  
were a f a c t o r ,  t h e  p i l o t  tended t o  have fewer hours  on type than when 
f u e l  m i s c a l c u l a t i o n s  were not  a f a c t o r  ( 4 ) .  

The cur rency ,  o r  recency, of p i l o t s  was def ined  a s  t h e  number of hour: 
flown i n  t h e  prev ious  t h r e e  months ( o r  l a s t  9 0  d a y s ) .  Table 9 shows 
t h e  r e l a t i o n s h i p  between currency and f u e l  s ta rva t ion /exhaus t ion ,  f o r  
those  c a s e s  i n  which p i l o t  f a c t o r s  were p r e s e n t .  I t  may be seen t h a t  
t h e  most c u r r e n t  p i l o t s  were respons ib le  f o r  t h e  m a j o r i t y  of 
occurrences.  W i t h  regard t o  f u e l  s t a r v a t i o n ,  p i l o t s  w i t h  more t h a n  4 (  
hours accounted f o r  5 7 %  of occurrences;  w h i l s t  w i t h  regard t o  f u e l  
exhaus t ion ,  p i l o t s  wi th  more than 4 0  hours accounted f o r  56% of c a s e s  

3 .  This  d a t a  was c o l l e c t e d  f o r  only a small  c ross -sec t ion  of 

4 .  For a s t a t i s t i c a l  a n a l y s i s ,  s e e  Appendix B 

L 

i n c i d e n t s ,  bu t  most a c c i d e n t s .  
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TABLE 9 

These r e s u l t s  c o n t r a d i c t  any suggest ion t h a t  i t  may have been p i l o t s  
who d i d  n o t  f l y  r e g u l a r l y  who were l a r g e l y  respons ib le  f o r  t h e  
occurrences .  I n  f a c t ,  i t  i s  l i k e l y  t h a t  t h e  h ighly  c u r r e n t  group 
r e p r e s e n t s  p r o f e s s i o n a l  a v i a t o r s .  T h i s  conclusion i s  r e i n f o r c e d  by an 
i n s p e c t i o n  of Table 5 i n  p a r t  3 . 5  of t h i s  r e p o r t ,  where i t  may be seen 
t h a t  p r o f e s s i o n a l  c a t e g o r i e s  of o p e r a t i o n  accounted f o r  approximately 
h a l f  of a l l  occur rences ,  t h e  o t h e r  h a l f  d e r i v i n g  from t h e  
p r i v a t e / b u s i n e s s  s e c t o r .  

3 . 1  Analys is  of A i r c r a f t  Fac tors  

Table 1 0  g i v e s  a breakdown of t h e  most commonly-encountered a i r c r a f t  
f a c t o r s ,  f o r  those  cases  i n  which a i r c r a f t  f a c t o r s  contr. ibuted. 

'3. This  d a t a  was c o l l e c t e d  f o r  on ly  a small  c ross -sec t ion  of 
i n c i d e n t s ,  bu t  most a c c i d e n t s .  
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TABLE 1 0  

A i r c r a f t  F a c t o r s  

( T h i s  t a b l e  only  i n c l u d e s  c a s e s  which recorded a i r c r a f t  f a c t o r s .  A 
recorded case was u s u a l l y  ass igned  more than one f a c t o r ;  t h e r e f o r e ,  
t h e  sum of t h e  percentages i s  g r e a t e r  than 1 0 0 % ) .  ...................................................................... 

FUEL STARVATION FUEL EXHAUSTION 

No. ( % )  No. ( % )  ...................................................................... 
TOTAL CASES 273 ( 1 0 0 )  TOTAL CASES 77 ( 1 0 0 )  ...................................................................... 
Foreign Matter  A f f e c t i n g  74 ( 2 7 )  

Excessive V i b r a t i o n  59 ( 2 2 )  
M a t e r i a l  F a i l u r e  52 ( 1 9 )  
Pumps 48 ( 1 8 )  
Lines and F i t t i n g s  47 ( 1 7 )  
Vents ,  Dra ins ,  Tank Caps 42 ( 1 5 )  

Fuel I n j e c t i o n  System 40 ( 1 5 )  
Inadequate  Maintenance 36 ( 1 3 )  

O b s t r u c t i o n s  36 ( 1 3 )  
Leakages 30 ( 11) 
Pressure  Low 28 ( 1 0 )  
S e l e c t o r  Valves 27 ( 1 0 )  
F i l te rs ,  S t r a i n e r s  and 24 ( 9 )  

C a r b u r e t t o r  19  ( 7 )  
Overload F a i l u r e  1 5  ( 5 )  
Loose P a r t / F i t t i n g  1 4  ( 5 )  
Fuel Control  Unit  11 ( 4 )  

Fuel System Instruments  1 7  ( 6 )  

Reciproca t ing  Cases 257 ( 94 )  
Turbine Cases . 1 6  ( 6 )  

Normal Operat ions 

and Tanks 

o r  Inspec t ion  

Screens 

Ove r 1 oad Pa i ' lu  r e 
Leakages 
Excessive V i b r a t i o n  
Mater ia l  F a i l u r e  
Fuel Syphoning 
Lines and F i t t i n g s  

Vents,  Drains ,  .33 ( 4 3 )  
Tank Caps and Tanks 

25  ( 3 2 )  

Fuel System Instruments  37 ( 4 8 )  

Reciprocat ing Cases 7 3  ( 9 5 )  
Turbine Cases 4 ( 5 )  

I t  may be seen t h a t  a v a r i e t y  of a i r c r a f t  f u e l  system components were 
impl ica ted  i n  f u e l  s t a r v a t i o n .  There was a s i g n i f i c a n t  c o n t r i b u t i o n  
from t h e  presence of f o r e i g n  mat te r  i n  t h e  f u e l  system, which 
t y p i c a l l y  impeded f u e l  flow. (Note : a s  f u e l  contaminat ion was n o t  
included i n  t h i s  research ,  ' f o r e i g n  m a t t e r '  does n o t  inc lude  water ,  
ice ,  improper grades  of f u e l ,  e t c ,  bu t  u s u a l l y  r e f e r s  t o  s o l i d s . ) .  

Note t h a t  t h e  maintenance of t h e  a i r c r a f t ,  a l though n o t  s t r i c t l y  an 
a i r c r a f t  f a c t o r ,  has  been i n s e r t e d  i n  Table 1 0  f o r  t h e  purposes of  
information.  Inadequate  maintenance or  i n s p e c t i o n  (whether by t h e  
p i l o t  o r  by p r o f e s s i o n a l  s e r v i c e s )  was c i t e d  i n  a number of f u e l  
s t a r v a t i o n  c a s e s .  Those c a s e s  inc lude  i n s t a n c e s  i n  which maintenance 
personnel  a c t u a l l y  i n i t i a t e d  t h e  problem, eg,  by i n s t a l l i n g  s e l e c t o r  
v a l v e s  i n c o r r e c t l y  or  by in t roducing  f o r e i g n  m a t e r i a l  i n t o  t h e  f u e l  
sys  tern. 

A high p r o p o r t i o n  of f u e l  exhaust ion c a s e s  r e s u l t e d  from d r a i n s  or  
tank caps al lowing a l o s s  of f u e l .  
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Fuel system. 

Whi ls t  f u e l - i n j e c t e d  systems were represented i n  f u e l  s t a r v a t i o n  c a s e s  
more f r e q u e n t l y  than c a r b u r e t t o r  systems, i t  is  d i f f i c u l t  t o  m a k e  a 
comparative a n a l y s i s  of t h e  r e l i a b i l i t y  of those two systems wi thout  
f u r t h e r  d a t a  ( i n  p a r t i c u l a r ,  t h e  a c t i v i t y  of a i r c r a f t  which use e i t h e r  
sys tem) .  I t  i s  a l s o  d i f f i c u l t  t o  compare t h e  performance of 
r e c i p r o c a t i n g  engines  w i t h  t u r b i n e s  f o r  t h e  same reasons.  

Fuel system instruments .  

I n a c c u r a t e  f u e l  system ins t ruments  played a much g r e a t e r  r o l e  i n  f u e l  
exhaus t ion  than  i n  s t a r v a t i o n  cases .  The ins t ruments  were never t h e  
s o l e  f a c t o r  i n  any i n c i d e n t ,  because s tandard  a v i a t i o n  procedures  
s p e c i f y  t h a t  t h e  p r e - f l i g h t  p r e p a r a t i o n  should ensure s u f f i c i e n t  f u e l  
f o r  f l i g h t ,  inc luding  a l l  reserve  requirements.  A i r c r a f t  of a take-off 
weight g r e a t e r  than 5700 kg requi re  a cross-check of t h e  f u e l  
q u a n t i t y  by two s e p a r a t e  methods. 

Thus, t h e  m a j o r i t y  of c a s e s  of i n a c c u r a t e  f u e l  system ins t ruments  
occurred i n  conjunct ion with p i l o t  f a c t o r s .  The most common s c e n a r i o  
was t h a t  t h e  p i l o t  unwi t t ing ly  r e l i e d  on i n a c c u r a t e  gauges ( u s u a l l y  i n  
conjunct ion  wi th  o ther ,  o v e r s i g h t s )  and exhausted t h e  f u e l  supply.  A 
second d i s t i n c t  s c e n a r i o ,  however, was t h a t  t h e  p i l o t  w a s  aware t h a t  
t h e  f u e l  system ins t ruments  were i n a c c u r a t e  but  then  e i t h e r  chose t o  
ignore  t h e i r  i n d i c a t i o n s  completely or  made an i n c o r r e c t  compensation. 

A second i s s u e  p e r t a i n i n g  t o  f u e l  measuring ins t ruments  i s  both t h e i r  
v i s i b i l i t y  and e a s e  of i n t e r p r e t a t i o n .  That i s s u e  i s  addressed i n  
p a r t  3.8 of t h i s  r e p o r t .  

3.8 Human F a c t o r s  Engineering Considerat ions 

Following on from t h e  NTSB r e p o r t  ( l ) ,  it  was hypothesized t h a t  a 
number of f u e l  mismanagement c a s e s  could be a t t r i b u t e d  t.0 t h e  d e s i g n  
of t h e  f u e l  s e l e c t o r  switches.  That r e p o r t  had suggested t h a t  t h e  
more complicated t h e  switching mechanism, i e ,  t h e  g r e a t e r  t h e  p o s s i b l e  
number of s e l e c t o r  p o s i t i o n s ,  t h e  h igher  t h e  p r o b a b i l i t y  of f u e l  
management e r r o r s .  

I n  t h i s  a n a l y s i s ,  a d i s t i n c t i o n  was made between t h e  s i m p l e s t  type 
of s e l e c t o r ,  i n  which t h e r e  a r e  only  two p o s s i b l e  p o s i t i o n s  ( i e ,  'on'  
o r  ' o f f ' ) ,  and o t h e r  mechanisms. The on-off des ign  i s  r a r e  on 
fixed-wing l i g h t  a i r c r a f t ,  occur r ing  notab ly  on t h e  Cessna 150/152 
s e r i e s  and t h e  P iper  25 s e r i e s .  The on-off des ign  i s  t h e  norm on a 
number of s ingle-engine h e l i c o p t e r s  (and on most home-built a i r c r a f t ) .  
The des ign  n e c e s s a r i l y  c o n s t r a i n s  t h e  p i l o t  t o  drawing f u e l  from a l l  
t anks  s imultaneously.  The m a j o r i t y  of fixed-wing a i r c r a f t  have t h e  
f a c i l i t y  f o r  s e l e c t i n g  l a t e r a l  t anks  i n d i v i d u a l l y ,  w h i l s t  some permit  
t h e  o p t i o n a l  s e l e c t i o n  of a l l  t anks  s imultaneously.  

'1. Nat iona l  T r a n s p o r t a t i o n  and S a f e t y  Board. U S  General Avia t ion  
a c c i d e n t s  involv ing  f u e l  s t a r v a t i o n  1970-1972. Washington DC,  
Report  No NTSB-AAS-74-1, A p r i l  1974. 
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w h i l s t  t h e  on-off f u e l  s e l e c t o r  was t h e  type employed i n  6 %  of  t h e  
a i r c r a f t  involved i n  f u e l  s t a rva t ion /exhaus t ion ,  i t  was only  
a s s o c i a t e d  wi th  2 . 5 %  of cases  i n  which f u e l  mismanagement was a 
f a c t o r ,  which i n d i r e c t l y  suppor ts  the  NTSB conclusion.  One probable  
advantage of t h e  more common des igns ,  however, i s  t h a t  t he  requirement  
t o  s w i t c h  tanks  ensures  t h a t  t he  p i l o t  remains a t  l e a s t  p a r t i a l l y  
a t t e n t i v e  t o  t h e  f u e l  supply,  and thus  reduces the  chance of f u e l  
exhaustion. A s  suppor t  f o r  t h i s  conclus ion ,  the  more common des igns  
accounted f o r  99% of f u e l  s t a r v a t i o n  cases  bu t  92% of f u e l  exhaus t ion  
cases .  

The p r o b a b i l i t y  of s e l e c t i o n  e r r o r s  may a l s o  be inc reased  by s e l e c t o r s  
which have ambiguous s e t t i n g s .  For example, some Cessna models 
possess  a r o t a r y  f u e l  s e l e c t o r  which i s  double-ended, wi th  t h e  l u g s  a t  
each end p o i n t i n g  t o  two d i f f e r e n t  s e t t i n g s  which a r e  1 8 0 °  opposed. A 
d e t e n t  ensu res  t h a t  t he  s e l e c t o r  i s  a l igned  w i t h  those  two s e t t i n g s .  
The l u g  p o i n t i n g  t o  t h e  c o r r e c t  s e t t i n g  i s  t h e  longer  l u g  which i s  
he ld  by t h e  p i l o t  when a c t i v a t i n g  t h e  s e l e c t o r .  In  some models 
however, a c o r r e c t l y  po in t ing  lug  obscures  t h e  markings which i n d i c a t e  
t h e  s e t t i n g ,  so t h a t  t h e  p i l o t  cannot see  immediately which tank  has  
been selected and m u s t  employ a process  of e l imina t ion .  Such des igns  
have t h e  p o t e n t i a l  t o  cause problems f o r  p i l o t s  no t  c u r r e n t  on t h e  
type * 

A s  regards  des ign  s t anda rds  f o r  f u e l  s e l e c t o r s I  t h e  US s t anda rds  f o r  
GA l i g h t  a i r c r a f t  ( s e e  FAR 2 3 )  e f f e c t i v e l y  s p e c i f y  t h a t  : 

. a l l  s e l e c t i o n s  should be v i s i b l y  marked. 

. a tank s e t t i n g  should be d i s t i n g u i s h a b l e  by f e e l  from an 

. a s e p a r a t e  and d i s t i n c t  a c t i o n  should be requi red  t o  s e l e c t  t h e  

. t h e  s e l e c t o r  should be moved r i g h t  i n  o rde r  t o  se1er.t a r ight-hand 

in t e rmed ia t e  s e t t i n g  by a d e t e n t  o r  o t h e r  mechanism. 

' o f f '  p o s i t i o n .  

t ank .  

. r o t a r y  s e l e c t o r s  should be turned  clockwise i n  o rde r  t o  s e l e c t  a 
r ight-hand tank .  

. t h e  swi tch  should not  pass  through t h e  ' o f f '  p o s i t i o n  when 
s e l e c t i n g  a tank from t h e  oppos i t e  s i d e .  

. i f  t h e  f u e l  s e l e c t o r  a l s o  func t ions  a s  t he  s o l e  emergency shut-off  
va lve  ( a s  occurs  w i t h  most reciprocat ing-engine l i g h t  a i r c r a f t ) ,  
t h e  ' o f f '  p o s i t i o n  should be marked i n  red.  

. double-ended r o t a r y  s e l e c t o r s  a r e  approved, provided t h a t  t h e  
longer  l u g  (measured from t h e  c e n t r e  of r o t a t i o n )  i n d i c a t e s  t h e  
s e l e c t i o n .  

Another reasonable  hypothes is  w a s  t h a t  multi-engine a i r c r a f t  would be 
conspicuous i n  t h e  f u e l  mismanagement s t a t i s t i c s ,  due t o  : 

. the  n e c e s s i t y  of managing the  f u e l  supply t o  more than one engine  

. t h e  p o s s i b i l i t y  of cross-feeding f u e l  from t h e  wing on one s i d e  t o  

s imul taneous ly .  

an engine on t h e  o t h e r ,  which adds complexity t o  t h e  task .  
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. This  p r e d i c t i o n  was not  supported by t h e  d a t a .  I t  was i n i t i a l l y  
thought t h a t  a p o s s i b l e  explana t ion  f o r  t h i s  r e s u l t  was t h a t  scheduled 
t r a n s p o r t  o p e r a t i o n s  ( i e ,  RPT and commuter) make g r e a t e r  use of 
multi-engine a i r c r a f t  and, because of g r e a t e r  p i l o t  t r a i n i n g  and 
f a m i l i a r i t y ,  f u e l  mismanagement would be l e s s  l i k e l y  t o  occur .  The 
a n a l y s i s  was then repeated f o r  non-scheduled GA o p e r a t i o n s ,  bu t  t h e  
same conclusions r e s u l t e d .  

A s  introduced i n  p a r t  3.7 of t h i s  r e p o r t ,  t h e  design of f u e l  gauges 
has  p o t e n t i a l  human performance impl ica t ions .  I t  was specula ted  t h a t  
some i n s t a n c e s  of " i n a t t e n t i o n  t o  t h e  f u e l  supply" could have a r i s e n  
from poor instrument  des ign ,  i e ,  e r r o r s  may have r e s u l t e d  from the  
gauges being e i t h e r  d i f f i c u l t  t o  read or  d i f f i c u l t  t o  understand.  
This  p r e d i c t i o n  could n o t  be t e s t e d  d i r e c t l y ,  a s  t h e  necessary  d a t a  
were n o t  c o l l e c t e d .  

The f i n a l  des ign- re la ted  hypothesis  w a s  t h a t  wing h e i g h t  could have an  
i n f l u e n c e  on t h e  p r e - f l i g h t  p r e p a r a t i o n  of t h e  p i l o t .  More 
s p e c i f i c a l l y ,  i t  was p r e d i c t e d  t h a t  p i l o t s  of high-wing a i r c r a f t  would- 
be more l i k e l y  t o  n e g l e c t  t h e  phys ica l  check of t h e  f u e l  l e v e l ,  due t o  
t h e  need t o  climb upon t h e  wing-struts  ( i f  p r e s e n t ) ,  o r  t o  o b t a i n  a 
f o o t - s t o o l  t o  climb s u f f i c i e n t l y  high enough t o  reach and open t h e  

L i t t l e  support  was found f o r  t h i s  p r e d i c t i o n .  High-wing a i r c r a f t  
comprised 47% of a l l  occurrences,  and correspondingly accounted f o r  
56% of c a s e s  of inadequate  p r e - f l i g h t  p r e p a r a t i o n  or planning.  

Another p i l o t  f a c t o r  which would have been i n t e r e s t i n g  t o  ana lyze  i n  
r e l a t i o n  t o  a i r c r a f t  model was "improper opera t ion  of t h e  powerplant 
c o n t r o l s " ,  a s  some of those cases  a r o s e  from s u b s t i t u t i o n s  of t h e  
mixture ,  c a r b u r e t t o r - h e a t  and t h r o t t l e  c o n t r o l s  f o r  each o t h e r .  Small 
sample s i z e s  prevented a meaningful a n a l y s i s .  A prev ious  FAA s t u d y  
( 5 )  found t h a t  c o n t r o l s  which a r e  i n  c l o s e  proximity may be confused, 
e s p e c i a l l y  by persons unfami l ia r  w i t h  t h e  a i r c r a f t  type.  Grea ter  
s t a n d a r d i z a t i o n  between a i r c r a f t  models was recommended ,as a p a r t i a l  
s o l u t i o n  t o  t h i s  problem, w i t h  t h e  U S  l e g i s l a t i o n  being enac ted  i n  
J u l y  1986. 

- f u e l  caps.  

5 .  Federa l  Avia t ion  Adminis t ra t ion .  Nat ional  Aviat ion F a c i l i t i e s  
Experimental  Center .  General a v i a t i o n  (FAR 2 3 )  cockpi t  
s t a n d a r d i z a t i o n  a n a l y s i s .  Washington D C ,  Report N o  FAA-NA-77-38, 
March 1978. 
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4 .  CONCLUSIONS 

1. The g r e a t e s t  need f o r  prevent ion  of f u e l  s ta rva t ion /exhaus t ion  
occurrences e x i s t s  w i t h i n  t h e  GA category of o p e r a t i o n .  

2 .  Fuel exhaust ion is  an a r e a  of p a r t i c u l a r  concern due t o  t h e  
r e l a t i v e l y  severe  outcome of t h e  average occurrence,  and t h e  p o t e n t i a :  
€or d i s a s t e r  contained i n  every occurrence.  T h i s  research  s u p p o r t s  th (  
p r o p o s i t i o n  t h a t  most f u e l  exhaust ion occurrences have been avoidable  
because inadequate  p r e - f l i g h t  p r e p a r a t i o n  by t h e  p i l o t  was a 
c o n t r i b u t o r y  f a c t o r  i n  many i n s t a n c e s .  However, t h i s  research  does no' 
suppor t  t h e  p r o p o s i t i o n  t h a t  a l l  f u e l  exhaust ion occurrences have 
a r i s e n  from p i l o t  negl igence,  as t h e r e  have o f t e n  been a v a r i e t y  of 
f a c t o r s  involved.  

3. The most needless  f u e l  exhaust ion occurrences have been those  
which a r o s e  from e i t h e r  n e g l e c t  of t h e  p i l o t  t o  perform a p h y s i c a l  
f u e l  check before  f l i g h t ,  or from de termina t ion  of t h e  p i l o t  t o  
cont inue  a f l i g h t  knowingly w i t h  marginal f u e l  reserves .  A common 
element of both these types  of occurrence has  been a lack  of d i r e c t  
a p p r e c i a t i o n  by t h e  p i l o t  of t h e  hazards  involved, o f t e n  coupled w i t h  
h a s t e  t o  reach a d e s t i n a t i o n .  

4 .  Misca lcu la t ions  of f u e l  consumption have a l s o  c o n t r i b u t e d  t o  a 
number of unnecessary occurrences.  This  problem has a number of 
s o u r c e s ,  i n c l u d i n g  lack  of p i l o t  knowledge and lack  of i n c l i n a t i o n  t o  
apply  t h e  requi red  knowledge. There i s  a l s o  what could be d e s c r i b e d  a 
a procedura l  component. That i s ,  lack  of cons is tency  of f u e l  volume 
measurement u n i t s  has  caused problems f o r  some p i l o t s  d e s p i t e  t h e  
advent  of t h e  Metr ic  s tandard  w i t h i n  A u s t r a l i a n  a v i a t i o n .  
M i s c a l c u l a t i o n s  t y p i c a l l y  have a r i s e n  when p i l o t s  must conver t  betwee 
v a r i o u s  u n i t s .  For example, a l though f u e l  is  s o l d  by t h e  l i t r e ,  t h e  
f u e l  consumption f i g u r e s  given i n  t h e  f l i g h t  manual may be i n  g a l l o n s  
I f  t h e  ins t ruments  record t h e  a c t u a l  amount of f u e l  onboard t h e  
a i r c r a f t ,  t h e y  may a l s o  be c a l i b r a t e d  i n  g a l l o n s ,  o r  in .pounds.  (For  
weight and balance purposes ,  f u e l  i s  c a l c u l a t e d  i n  ki lograms,  which 
r e s u l t s  i n  an a d d i t i o n a l  conversion between u n i t s ) .  

5. U n r e l i a b l e  f u e l  system ins t ruments  have a l s o  c o n t r i b u t e d  t o  some 
i n - f l i g h t  m i s c a l c u l a t i o n s  of f u e l  consumption. Current  US s t a n d a r d s  
f o r  GA a i r c r a f t  (see FAR 2 3 )  s p e c i f y  t h a t  t h e  f u e l  gauge f o r  each t a n  
should read ' z e r o '  i n  l e v e l  f l i g h t  whenever t h e  q u a n t i t y  of f u e l  
remaining i s  unusable .  Those s tandards  do not  a d d r e s s  t h e  accuracy of 
measurement of p a r t i a l l y  f u l l  t anks .  Anecdotal ly ,  t h e r e  i s  widespread 
s c e p t i c i s m  towards t h e  r e l i a b i l i t y  of f u e l  system ins t ruments  i n  t h e  
p i l o t  community. Scept ic ism which induces p i l o t s  t o  i n t e r p r e t  t h e  
ins t ruments  c a u t i o u s l y  i s  commendable; however, s c e p t i c i s m  which 
induces p i l o t s  t o  d i s r e g a r d  t h e  ins t ruments  without  o b t a i n i n g  
a l t e r n a t i v e  f u e l  measurements i s  an a r e a  of concern.  

.. 
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6. Fuel s t a r v a t i o n  merits a t t e n t i o n  a s  a widespread cause of engine 
f a i l u r e  occurrences.  A s  approximately h a l f  of B A S I ' s  recorded 
occurrences i n  t h i s  a r e a  may be a t t r i b u t e d  t o  mechanical problems 
w i t h i n  t h e  f u e l  system, t h e r e  would seem t o  be scope f o r  prevent ive  
measures. I n  p r i n c i p l e ,  most blockages of f u e l  system l i n e s ,  
i n j e c t o r s ,  f i l t e r s  o r  v e n t s  which have been due t o  t h e  presence of 
f o r e i g n  mat te r  could have been a n t i c i p a t e d  by a thorough i n s p e c t i o n ,  
r a t h e r  than  being d e t e c t e d  a t  t h e  time of t h e  occurrence.  A d i f f i c u l t y  
wi th  making recommendations i n  t h i s  a r e a  i s  t h a t  r e s p o n s i b i l i t y  f o r  
a i r c r a f t  maintenance i s  d i s t r i b u t e d  a c r o s s  t h e  owner, t h e  o p e r a t o r ,  
s e r v i c i n g  personnel  and t h e  LAME. 

7. Fuel s t a r v a t i o n  has  a human f a c t o r  component which has  been 
r e s p o n s i b l e  f o r  about h a l f  of B A S I ' s  occurrences.  That component has  
t h r e e  sources  : f a i l u r e  of t h e  p i l o t  t o  a t t e n d  t o  d e t a i l s  such a s  the  
p o s i t i o n  of t h e  f u e l  s e l e c t o r ,  l ack  of p i l o t  currency on type ,  and 
poor f u e l  s e l e c t o r  design.  

8. Whils t  t h i s  research  has  n o t  found t h e r e  t o  be a l a r g e  o p e r a t i o n a l  
problem a r i s i n g  from f u e l  s e l e c t o r  des ign ,  t h e r e  i s  scope f o r  o t h e r  
ergonomic c o n s i d e r a t i o n s  which a r e  d iscussed  i n  p a r t  6 of t h i s  r e p o r t .  

9. I t  was found t h a t  a i r c r a f t  may possess  a f l i g h t  manual which does 
n o t  n e c e s s a r i l y  record t h e  e f f e c t i v e  f u e l  system c a p a c i t y  ( i f ,  f o r  
example, long-range tanks  a r e  an o p t i o n ) .  W h i l s t  t h i s  research  d i d  not 
f i n d  a s i g n i f i c a n t  o p e r a t i o n a l  problem a r i s i n g  from i n a c c u r a t e  f l i g h t  
manuals, a p o t e n t i a l  s a f e t y  hazard e x i s t s .  
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5 .  RECOHHENDATIONS 

Various a v i a t i o n  Div i s ions  and Sec t ions  o f  the Department of Transport 
and Communications have, a s  a continuing r e s p o n s i b i l i t y ,  addressed 
problems o f  reported f u e l  s tarvat ion  and f u e l  exhaustion occurrences.  

The Aviat ion Safe ty  Digest  has featured numerous a r t i c l e s  on f u e l  
planning and management. Other documentation o f  both an advisory  and 
mandatory nature has been widely c i r c u l a t e d  wi th in  the a v i a t i o n  
community. However, the  incidence of f u e l  starvation/exhaustion does  
not  appear t o  have abated. Therefore, the fo l lowing  recommendations 
and sugges t ions  are  brought t o  the a t t e n t i o n  o f  the  Department and the  
industry  - 
An education programme s p e c i f i c a l l y  aimed towards improving awareness 
and a t t i t u d e s  r e l a t e d  t o  e x i s t i n g  operat ional  standards and 
requirements (prescr ibed i n  the  ANo's) would appear t ime ly .  This 
should emphasise the importance of the  p i l o t ' s  r e s p o n s i b i l i t y  f o r  fuel  
management checks which include : 

i )  Cross-checking of fuel  quant i ty  by two separate  methods for 
a i r c r a f t  exceeding 5700 kg MAW - a s  per AN0 requirements. This 
i s  a l s o  recommended for  a i r c r a f t  below 5700 kg HAW. 

i i )  Calculat ing  f u e l  quant i ty  required a s  per the  s t a t u t o r y  
requirements l a i d  down i n  AIP RAC/OPS and the  VFG. 

i i i )  Monitoring the  f u e l  s t a t e  i n  f l i g h t  a t  regular i n t e r v a l s .  
Logging of a l l  tank s e l e c t i o n  changes i s  recommended. 

i v )  Demonstrating f u e l  system management procedures ( i n c l u d i n g  
the  operat ion o f  the  f u e l  s e l e c t o r )  t o  p i l o t s  under superv i s ion ,  
e s p e c i a l l y  when those  p i l o t s  lack recent  experience on an 
a i r c r a f t  type .  

I 
Fuel system management knowledge and ski l l s  should be demonstrated a s  
an e s s e n t i a l  requirement during the  Biennia l  F l i g h t  Review or rout ine  
f l i g h t  check a s  appropriate.  This assessment should inc lude  the  
fo l lowing  t o p i c s  .: 

i )  Knowledge o f  the par t i cu lar  a i r c r a f t  and i t s  systems and 
instrumentation. 

i i )  Calculat ing  a i r c r a f t  endurance and range under varying 
condi t ions  o f  power s e t t i n g s  and a l t i t u d e .  

i i i )  Making i n - f l i g h t  compensations f o r  changes t o  the o r i g i n a l  
f l i g h t  p lan ,  such as those  brought about by d i v e r s i o n s .  

i v )  Determination of f u e l  s t a t e  of the  a i r c r a f t  a t  any po int  i n  
f l i g h t .  

A i r c r a f t  operators  should consider f l e e t  s tandardizat ion with regard 
t o  f u e l  s e l e c t i o n  and management systems. Two recent acc idents  have 
a r i s e n  from problems i n  t h i s  area : Queen Air VH-FDR a t  B i l o e l a  on 7 th  
August 1985, and Beaver VH-MY a t  Walcha on 22nd December 1986. 
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- I n  t h e  de te rmina t ion  of f u t u r e  A u s t r a l i a n  a i r w o r t h i n e s s  s t a n d a r d s  
(implemented e i t h e r  p r o s p e c t i v e l y  o r  r e t r o s p e c t i v e l y ) ,  such a s  those  
embodied i n  t h e  US FAR 23  s p e c i f i c a t i o n s ,  t h e  fol lowing a d d i t i o n a l  
ergonomic and procedural  c o n s i d e r a t i o n s  should be addressed : 

i )  N o  f u e l  s e l e c t o r  should obscure any of i t s  p o s i t i o n a l  markings 
d u r i n g  t h e  e n t i r e  range of i t s  o p e r a t i o n .  

i i )  Double-ended r o t a r y  s e l e c t o r s  should c l e a r l y  d i s t i n g u i s h  
between t h e  , p o i n t e r '  and I t a i l '  ends.  

i i i) N o  s e l e c t o r  p o s i t i o n s  should be 180° opposed. 

i v )  I t  i s  a d v i s a b l e  t h a t  f u e l  s e l e c t o r s  should be v i s i b l e  and 
a c c e s s i b l e  t o  both p i l o t  s e a t s .  

v )  F u e l  system ins t ruments  should be c a l i b r a t e d  over t h e  e n t i r e  
range of t h e  ins t rument ,  no t  s o l e l y  a t  t h e  zero  p o s i t i o n .  

v i )  Where f u e l  system ins t ruments  have a h i s t o r y  of demonstrated 
u n r e l i a b i l i t y  or  inaccuracy,  an a l t e r n a t i v e  v i s u a l  method of 
a s s e s s i n g  f u e l  q u a n t i t y  should be provided f o r  t h a t  model. 

v i i )  Each a i r c r a f t  f l i g h t  manual should s p e c i f y  t h e  f u e l  system 
c a p a c i t y  a p p l i c a b l e  t o  t h a t  p a r t i c u l a r  a i r c r a f t .  Opt ional  systems 
f i t t e d  t o  t he  p a r t i c u l a r  a i r c r a f t  should be c l e a r l y  l i s t e d  as  
such. 

v i i i )  Operators  should ensure o p e r a t i o n s  manuals r e f l e c t  t h e  
s p e c i f i c  s t a t u s  and o p e r a t i n g  c r i t e r i a  of s p e c i f i c  a i r c r a f t  i n  
t h e i r  f l ee t s .  P a r t i c u l a r  a t t e n t i o n  should be given t o  ensur ing  
t h a t  f u e l  system and s e l e c t o r  p l a c a r d s  a r e  l e g i b l e .  



25  

APPENDIX A 

Chi-square s t a t i s t i c a l  a n a l y s i s  

A chi-square a n a l y s i s  provides  a formal means of determining whether 
one or more observed f requencies  d i f f e r  s i g n i f i c a n t l y  from t h e i r  
expected f r e q u e n c i e s ,  r e s p e c t i v e l y .  I n  t h i s  r e p o r t ,  expected 
f r e q u e n c i e s  (of  a v i a t i o n  occurrences)  were c a l c u l a t e d  under t h e  
presumption t h a t  occurrences a r e  p r o p o r t i o n a l  t o  f l y i n g  a c t i v i t y .  

The a n a l y s i s  y i e l d s  a p r o b a b i l i t y  t h a t  t he  d i f f e r e n c e s  between 
observed and expected occurrences were due t o  chance. By convent ion,  
a p r o b a b i l i t y  less than  0 . 0 5  i n d i c a t e s  a s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e .  

S e c t i o n  Analys is  

3 . 5  Fuel s t a r v a t i o n  occurrences by a l l  o p e r a t i o n s  

( x 2  = 1 5 8 . 7 9 ,  df - 6 ,  p r  < 0 . 0 0 0 )  

Fuel exhaus t ion  occurrences by a l l  o p e r a t i o n s  

( X 2  = 2 3 9 . 6 3 ,  df  - 6 ,  p r  < 0.0001 

A s  d i s c u s s e d  i n  p a r t  3 . 5  of t h i s  r e p o r t ,  commuters o p e r a t e  i n  a 
d i f f e r e n t  environment t o  t h e  rest  of GA. Thus, i n  o r d e r  t o  make 
meaningful comparisons of s a f e t y  performance a c r o s s  GA, commuter 
o p e r a t i o n s  should be excluded. The fol lowing chi-square t e s t s  a r e  
based upon a sample which excludes both RPT and commuters. 

Fuel s t a r v a t i o n  occurrences by GA non-scheduled o p e r a t i o n s  

( X 2  - 7 1 . 8 8 ,  df = 4 ,  p r  < 0 . 0 0 0 )  

Fuel exhaus t ion  occurrences by GA non-scheduled o p e r a t i o n s  

( X 2  - 1 0 9 . 7 8 ,  df = 4 ,  p r  < 0 . 0 0 0 )  

Inadequate  p r e - f l i g h t  p r e p a r a t i o n  by GA non-scheduled o p e r a t i c  

( x L  = 9 1 . 1 2 ,  df = 4 ,  p r  < 0 . 0 0 0 )  

GA non-scheduled o p e r a t i o n s  

( x 2  = 6 9 . 3 0 ,  df = 4 ,  p r  < 0 . 0 0 0 )  

Improper i n - f l i g h t  d e c i s i o n s  o r  planning by 

. 

Mismanagement of f u e l  system by GA non-scheduled o p e r a t i o n s  

( X 2  = 7 9 . 5 4 ,  df = 4 ,  p r  < 0 . 0 0 0 )  

o p e r a t i o n s  

( X 2  = 46.75, df = 4 ,  p r  < 0 .000)  

H i s c a l c u l a t i o n  of f u e l  consumption by GA non-scheduled 
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Inat tent ion  t o  f u e l  supply by GA non-scheduled operat ions  

( X 2  - 4 1 . 2 0 ,  df - 4 ,  pr < 0 . 0 0 0 )  

Operated c a r e l e s s l y  by GA non-scheduled operat ions  

( x 2  - 1 5 . 4 0 ,  df - 4 ,  pr < 0 . 0 0 5 )  
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APPENDIX B 

Poin t  b i s e r i a l  c o r r e l a t i o n  s t a t i s t i c a l  a n a l y s i s  

A c o r r e l a t i o n a l  a n a l y s i s  provides  a formal means of determining 
whether two v a r i a b l e s  a r e  s t a t i s t i c a l l y  a s s o c i a t e d ,  i e ,  t h e  s t r e n g t h  
of t h e  l i n e a r  r e l a t i o n s h i p  between the  two v a r i a b l e s  i s  measured. The 
p o i n t  b i s e r i a l  s t a t i s t i c  i s  appropr i a t e  when one of t he  v a r i a b l e s  has  
only  two poss ib l e  va lues ,  s u c h  a s  a f a c t o r  which may e i t h e r  be p r e s e n t  
or absen t .  

The abso lu te  s i z e  of " r "  i n d i c a t e s  the  s t r e n g t h  of t h e  a s s o c i a t i o n ,  
and may vary  between 0 and 1. Negative va lues  i n d i c a t e  an inve r se  
r e l a t i o n s h i p .  

The a n a l y s i s  y i e l d s  a p r o b a b i l i t y  t h a t  t he  observed a s s o c i a t i o n  was 
due t o  chance. A s  t he re  were no advance reasons f o r  p r e d i c t i n g  t h e  
d i r e c t i o n  of t h e  a s s o c i a t i o n ,  the  t e s t  i s  two-tai led.  By convent ion,  
a p r o b a b i l i t y  l e s s  than 0.05 i n d i c a t e s  a s t a t i s t i c a l l y  s i g n i f i c a n t  
a s s o c i a t i o n .  

Sec t ion  Analys is  

3 . 6  Mismanagement of t h e  f u e l  system by hours on type 

( K  - . 1 4 ,  df = 275,  pr < 0 .02 

Misca lcu la t ion  of f u e l  consumption by hours on type  

( r  - . 1 3 ,  df 275, p r  < 0 .03 
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