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EXECUTIVE SUMMARY 

An i n v e s t i g a t i o n  was i n i t i a t e d  by t h e  F e d e r a l  Avia t ion  A d m i n i s t r a t i o n  
T e c h n i c a l  C e n t e r  i n  September 1986 t o  determine t h e  numbers, weight  and s p e c i e s  
of b i r d s  which a r e  i n g e s t e d  i n t o  medium and l a r g e  i n l e t  a r e a  t u r b o f a n  e n g i n e s  
d u r i n g  worldwide s e r v i c e  o p e r a t i o n  and t o  de te rmine  what damage, i f  any ,  r e s u l t s .  
Th i s  r e p o r t  summarizes t h e  f i r s t  2  of 3  y e a r s  of Boeing 737 d a t a  b e i n g  c o l l e c t e d  
t o  s u p p o r t  t h i s  e f f o r t .  The f i r s t  y e a r  o f  d a t a  i s  pub l i shed  under r e p o r t  number 
D O T / F A A / C T - ~ ~ / ~ ~  ( r e f e r e n c e  9) . 

A t o t a l  of 5.72 m i l l i o n  a i r c r a f t  o p e r a t i o n s  were flown by Boeing 737 
commercial a i r c r a f t  d u r i n g  t h e  f i r s t  2 y e a r s  of t h i s  i n v e s t i g a t i o n  which 
extended from October 1986 through September 1988. Boeing 737 a i r c r a f t  equipped 
w i t h  P r a t t  and Whitney JT8D medium i n l e t  a r e a  t u r b i n e  eng ines  accounted f o r  76.3 
p e r c e n t  of t h e s e  f l i g h t s .  The remaining 23.7 p e r c e n t  of t h e  f l i g h t s  were made by 
a i r c r a f t  hav ing  CFM I n t e r n a t i o n a l  CFM56 l a r g e  i n l e t  a r e a  t u r b o f a n  eng ines .  

A t o t a l  of 521 eng ine  i n g e s t i o n  e v e n t s  were r e p o r t e d  d u r i n g  t h e  f i r s t  2  
y e a r s  of d a t a  c o l l e c t i o n .  There were 11.44 m i l l i o n  eng ine  o p e r a t i o n s  d u r i n g  t h i s  
same p e r i o d  which y i e l d s  a  p r o b a b i l i t y  of eng ine  i n g e s t i o n  of 4.55 x 10-5. A 
c o n c l u s i o n  from t h e s e  d a t a  is  t h a t  b i r d  i n g e s t i o n  e v e n t s  a r e  r a r e ,  h u t  p r o b a b l e  
e v e n t s .  

When t h e  s p e c i e s  of t h e  i n g e s t e d  b i r d  was r e l i a b l y  i d e n t i f i e d ,  t h e  most 
commonly i n g e s t e d  b i r d s  were from t h e  o r d e r  c h a r a d r i i f o r m e s  ( shoreb i rds ) - -  
p r i m a r i l y  g u l l s ,  lapwings ,  and p l o v e r s .  The m a j o r i t y  of i n g e s t e d  b i r d s  (87 o f  
92) weighed 40  ounces o r  l e s s .  The b i r d  weight  d i s t r i b u t i o n  of i n g e s t e d  b i r d s  i n  
t h e  Uni ted S t a t e s  was d i f f e r e n t  from t h e  d i s t r i b u t i o n  i n  f o r e i g n  c o u n t r i e s .  The 
median and mode weights  of i n g e s t e d  b i r d s  i n  t h e  Uni ted S t a t e s  were s m a l l e r  t h a n  
abroad ;  however, t h e  mean IJnited S t a t e s  weight  was s l i g h t l y  l a r g e r  due t o  t h e  
i n g e s t i o n  of one very  l a r g e  b i r d .  The b i r d  i n g e s t i o n  r a t e  w i t h i n  t h e  Uni ted 
S t a t e s  was s i g n i f i c a n t l y  lower t h a n  t h e  f o r e i g n  b i r d  i n g e s t i o n  r a t e .  

The m a j o r i t y  (260 of 328) of a i r c r a f t  i n g e s t i o n  e v e n t s ,  f o r  which t h e  phase  
of f l i g h t  was known, occur red  w i t h i n  t h e  a i r p o r t  environment d u r i n g  t a k e o f f  and 
l a n d i n g .  There  were 81 eng ine  i n g e s t i o n s  which r e s u l t e d  i n  eng ine  damage 
c l a s s i f i e d  a s  moderate ly  s e v e r e  o r  worse. The m a j o r i t y  of b i r d  i n g e s t i o n s  
r e s u l t e d  i n  l i t t l e  o r  no eng ine  damage. The m a j o r i t y  of a i r c r a f t  i n g e s t i o n  
e v e n t s  (459 of 504) involved a  s i n g l e  b i r d  and a  s i n g l e  engine on t h e  a i r c r a f t .  
The remain ing  45 a i r c r a f t  i n g e s t i o n  e v e n t s  invo lved  m u l t i p l e  b i r d s  a n d / o r  
m u l t i p l e  eng ines .  



The £01 lowing summary shows t h e  most p e r t i n e n t  s t a t i s t i c s  e x t r a c t e d  from t h e  
f i r s t  2 y e a r s  of  d a t a  f o r  t h e  Boeing  737 a i r c r a f t :  

T o t a l  Eng ine  I n g e s t i o n  E v e n t s  521 

T o t a l  A i r c r a f t  I n g e s t  i o n  

Average B i r d  Weight ( o z )  

TJnited S t a t e s  

F o r e i g n  

Median R i r d  Weight ( o z )  

I Jn i ted  S t a t e s  

F o r e i g n  

Mode R i r d  Weight ( o z )  

U n i t e d  S t a t e s  

F o r e i g n  

P r o b a b i l i t y  of  I n g e s t i o n  

Worldwide 

U n i t e d  S t a t e s  

F o r e i g n  

Events  50[+ 

7 . 0 / 3 . 0 / 6 . 0 / 1 4 . 0  

7 .0 /10 .0  

Per  A i r c r a f t  O p e r a t i o n  

0 .88  x 

0.44  x 10-4 

1 .40  x 

Most Commonly I n g e s t e d  R i r d  

U n i t e d  S t a t e s  n o v e / G u l l  

F o r e i g n  Gul l  /Tdapwing 

E n g i n e s  E x p e r i e n c i n g  M o d e r a t e l s e v e r e  Damage 8 1 
M u l t i p l e  B i r d ,  Engine  I n g e s t i o n  Even t s  3 4 
M u l t i p l e  Engine  I n g e s t i o n  Even t s  1 7  
A i r c r a f t  I n g e s t i o n  E v e n t s  By Phase -o f -F l igh t  

Takeof f  and Climb Phase -o f -F l igh t  6 5 . 7 %  
Approach and Landing  31.3Z 

A i r p o r t s  R e p o r t i n g  B i r d  I n g e s t i o n s  ? 05 
R a t i o  of Repor t ed  E v e n t s  t o  A i r c r a f t  O p e r a t i o n s  

l i n i t e d  S t a t e s  0 .44  x  1 ( r 4  

F o r e i g n  1.40 x 



SECTION 1 

INTRODUCTION 

1.1 BACKGROUND 

C o n t e n t i o n  f o r  a i r s p a c e  between b i r d s  and a i r p l a n e s  h a s  c r e a t e d  a  s e r i o u s  
b i r d j a i r c r a f t  s t r j k e  hazard .  A p a s t  s t u d y  [ I ]  h a s  i n d i c a t e d  t h a t  b i r d s t r i k e s  t o  
e n g j n e s  a r e  s t a t i s t i c a l l y  r a r e  e v e n t s .  The p r o b a b i l i t y  of a  b i r d s t r i k e  d u r i n g  
any g iven  f l i g h t  is extremely low; however, when t h e  number of f l i g h t s  i s  
c o n s i d e r e d ,  t h e  number of b i r d s t r i k e s  becomes s i g n i f i c a n t .  

The windsh ie ld  and t h e  e n g i n e s  a r e  p a r t i c u l a r l y  v u l n e r a b l e  t o  t h e  b i r d s t r i k e  
t h r e a t .  Although p e n e t r a t i o n  of t h e  windsh ie ld  by a  b i r d  i s  p r i m a r i l y  a  concern 
f o r  m i l i t a r y  a i r p l a n e s  o p e r a t i n g . a t  h igh  speeds  i n  a  low--altitude environment ,  
such a  p e n e t r a t i o n  has  o c c u r r e d  on a  c i v i l i a n  a i r p l a n e  r e s u l t i n g  i n  t h e  dea th  of 
t h e  c o - p i l o t .  I n g e s t i o n  of b i r d s  i n t o  a i r p l a n e  e n g i n e s  i s  a  problem f o r  
commercial a s  w e l l  a s  m i l i t a r y  j e t  a i r p l a n e s  f o r  i t  can cause  s i g n i f i c a n t  damage 
t o  t h e  eng ine  r e s u l t i n g  i n  degraded engine performance and v e r y  p o s s i b l y  f a i l u r e .  

I n  h i s  s tudy  of b i r d  i n g e s t i o n s  on commercial f l i g h t s ,  F r i n g s  [ l ]  i n d i c a t e d  
t h a t  n e a r l y  a l l  b i r d  i n g e s t i o n  e v e n t s  have occur red  i n  t h e  v i c i n i t y  of a i r p o r t s  
d u r i n g  t h e  non-cruise  phases  of f l i g h t .  T h i s  i s  understandable because  t h e s e  
phases  of f l i g h t  n a t u r a l l y  occur  c l o s e r  t o  t h e  ground where b i r d  c o n c e n t r a t i o n s  
a r e  h i g h e r ,  r e s u l t i n g  i n  a  h i g h e r  p r o b a b i l i t y  of b i r d s t r i k e .  

The s o l u t i o n s  t o  t h e  problem of engine damage r e s u l t i n g  from b i r d  i n g e s t i o n  
a r e  s i m i l a r  t o  those  f o r  windsh ie ld  b i r d s t r i k e ,  e . g . ,  s t r u c t u r a l  d e s i g n  
c o n s i d e r a t i o n  t o  w i t h s t a n d  impact o r  b i r d  avoidance.  B i rd  avoidance can be  
f a c i l i t a t e d  by e i t h e r  of two approaches:  (1) keep ing  a i r p l a n e s  o u t  of a i r s p a c e s  
w i t h  l a r g e  b i r d  c o n c e n t r a t i o n s ,  o r  (2 )  removing b i r d s  from t h e s e  r e g i o n s  of 
a i r s p a c e .  N e i t h e r  b i r d  avo idance  approach i s  w e l l - s u i t e d  t o  commercial a i r  
f l e e t s  because  f l i g h t  s c h e d u l e s  p l a c e  a i r p l a n e s  i n  s p e c i f i c  a r e a s  a t  s p e c i f i c  
t imes  and t h e  e f f e c t i v e n e s s  of a i r p o r t  b i r d  c o n t r o l  programs ( i f  any) v a r i e s  from 
a i r p o r t  t o  a i r p o r t  and c o u n t r y  t o  coun t ry .  

S t r u c t u r a l  des ign  of e n g i n e s  t o  wi ths tand  b i r d  i n g e s t i o n s  can be  
accomplished provided t h a t  r e q u i r e m e n t s  w i t h  r e s p e c t  t o  b i r d  s i z e s  and numbers 
can  be i d e n t i f i e d .  Bird  i n g e s t i a n  d a t a  f o r  med.ium/large i n l e t  a r e a  t u r b o f a n  
e n g i n e s  and smal l  i n l e t  a r e a  t u r b i n e  eng ines  a r e  c u r r e n t l y  b e i n g  c o l l e c t e d  by 
s e v e r a l  e n g i n e  manufac tu re r s .  S t a t i s t i c a l  e v a l u a t i o n  of b i r d  i n g e s t i o n  d a t a  from 
t h e s e  d a t a  c o l l e c t i o n  e f f o r t s  and p r e v i o u s  b i r d  i n g e s t i o n  s t u d i e s  w i l l  be u s e f u l  
i n  r e - e v a l u a t i n g  c e r t i f i c a t i o n  t e s t  c r i t e r i a  s p e c i f i e d  i n  FAA r e g u l a t i o n  14 CFR 
33.77.  A s  a r e s u l t ,  f u t u r e  j e t  eng ines  can be  des igned  t o  w i t h s t a n d  more 
r e a l i s t i c  b i r d  t h r e a t s .  

The o b j e c t i v e  of t h i s  r e p o r t  i s  t o  determine.  t h e  r e l a t i o n s h i p  of b i r d  
we lgh t ,  geographjc  l o c a t i o n ,  season ,  t ime of day,  phase of f l i g h t ,  and eng ine  
t y p e  t o  t h e  frequency of b i r d  i n g e s t i o n  e v e n t s  and t h e  e x t e n t  of eng ine  damage, 
i f  any,  r e s u l t i n g  from t h e  i n g e s t e d  b i r d s .  The s t a t i s t i c a l  a n a l y s i s  of r e p o r t e d  
b i r d  i n g e s t i o n s  exper ienced  by commercjal Roeing 7 3 7  (B737) a i r p l a n e s  worldwide 
over  a 2-year r e p o r t i n g  p e r i o d  i s  used t o  summarize t h e  s e r v i c e  t h r e a t  and l e v e l  

I p  



of eng ine  damage exper ienced by t h e s e  a i r p l a n e s .  The f i n d i n g s  of t h e  a n a l y s i s  
w i l l  be h e l p f u l  i n  d e f i n i n g  minimum eng ine  d e s i g n  requ i rements  f o r  r e s i s t a n c e  t o  
damage a s  a  r e s u l t  of b i r d  i n g e s t i o n s .  Moreover, t h i s  s t u d y  w i l l  p r o v i d e  a  
comparison between t h e  e x p e r i e n c e s  of a  contemporary high-bypass r a t i o  t u r b o f a n  
engine (CFM56) and an  o l d e r  low-bypass r a t i o  t u r b o f a n  engine w i t h  a  s m a l l e r  i n l e t  
(JT8D) exposed t o  s i m i l a r  a i r c r a f t - b i r d  i n g e s t i o n  environments .  

1.3 ORGANIZATION OF REPORT 

S e c t i o n  2 d e f i n e s ,  d i s c u s s e s ,  and d i f f e r e n t i a t e s  a i r p o r t  o p e r a t i o n s  and 
a i r c r a f t  o p e r a t i o n s .  S e c t i o n  3 i d e n t i f i e s  t h e  c h a r a c t e r i s t i c s  of b i r d  s p e c i e s  
t h a t  have been i n g e s t e d  and r e l i a b l y  i d e n t i f i e d .  S e c t i o n  4 d e s c r i b e s  b i r d  
i n g e s t i o n  r a t e s  by l o c a t i o n ,  eng ine  t y p e ,  and phase of f l i g h t .  S e c t i o n  5 
p r o v i d e s  a  geographic  placement of b i r d  i n g e s t i o n  e v e n t s  throughout  t h e  world .  
S e c t i o n  6 summarizes eng ine  damage r e s u l t i n g  from b i r d  i n g e s t i o n s .  S e c t i o n  7 
examines t h e  p r o b a b i l i t i e s  of v a r i o u s  b i r d  i n g e s t i o n  e v e n t s .  S e c t i o n  8 d i s c u s s e s  
t h e  q u a l i t y  of t h e  d a t a  c o l l e c t e d  i n  t h i s  s t u d y  by examining t h e  s o u r c e s  of t h e  
d a t a  and e v a l u a t i n g  t h e  c o n s i s t e n c y  of t h e  d a t a  from t h e  f i r s t  y e a r  t o  t h e  
second. S e c t i o n  9 p rov ides  a  summary of t h e  r e s u l t s  ob ta ined  d u r i n g  t h i s  phase  
of d a t a  a n a l y s i s .  



SECTION 2  

AIRCRAFT OPERATIONS AND AIRPORT OPERATTONS 

A i r c r a f t  o p e r a t i o n s  and a i r p o r t  o p e r a t i o n s  d a t a  a r e  used t o  de te rmine  b i r d  
i n g e s t i o n  r a t e s .  O p e r a t i o n s  d a t a  (and t h e i r  s o u r c e s )  used t o  g e n e r a t e  b i r d  
i n g e s t i o n  r a t e s  a r e  d i s c u s s e d  i n  t h i s  s e c t i o n .  D e f i n i t i o n s  a r e  provided t o  a i d  
i n  u n d e r s t a n d i n g  t h e s e  d a t a .  

An a i r c r a f t  o p e r a t i o n  a s  d e f i n e d  i n  t h e  g l o s s a r y  i s  a  nonstop f l i g h t  from 
one a i r p o r t  ( d e p a r t u r e  a i r p o r t )  t o  a n o t h e r  a i r p o r t  ( a r r i v a l  a i r p o r t )  and c o n s i s t s  
of 7  phases  of f l i g h t  which i n c l u d e :  (1) t a x i - o u t ,  (2) t a k e o f f ,  (3) c l imb,  (4) 
c r u i s e ,  (5) approach,  (6) l a n d i n g ,  and (7) t a x i - i n .  An a i r p o r t  o p e r a t i o n  i s  
c o n s i d e r e d  e i t h e r  a  d e p a r t u r e  from o r  an  a r r i v a l  a t  an a i r p o r t .  When a l l  
schedu led  f l i g h t s  a r e  c o n s i d e r e d ,  t h e  number of a i r p o r t  o p e r a t i o n s  i s  t w i c e  t h e  
number of a i r c r a f t  o p e r a t  i o n s .  

The O f f i c i a l  A i r l i n e  Guide (OAG) i s  t h e  d a t a  s o u r c e  f o r  schedu led  a i r p o r t  
o p e r a t i o n s .  Counts of a i r p o r t  o p e r a t i o n s  i n v o l v i n g  B737 a i r p l a n e s  were e x t r a c t e d  
from OAG magnet ic  t a p e s  and m a i n t a i n e d  by a i r p o r t  code.  The c o u n t s  were f u r t h e r  
c a t e g o r i z e d  by month of y e a r  and hour of day s o  t h a t  s e a s o n a l  and time-of-day 
a n a l y s e s  cou ld  be performed. 

T a b l e  2.1 p r e s e n t s  t h e  OAG a i r p o r t  o p e r a t i o n s  c o u n t s  by s e a s o n a l  months f o r  
t h e  2-year p e r i o d .  The c o u n t s  a r e  a l s o  broken down by s e v e r a l  geograph ic  
r e g i o n s .  T a b l e  2.2 p r e s e n t s  t h e  same a i r p o r t  o p e r a t i o n s  c o u n t s  a s  t a b l e  2.1;  
however, an ad jus tment  f o r  hemisphere h a s  been made. It should be  no ted  t h a t  t h e  
number of a i r c r a f t  o p e r a t i o n s  f o r  each of t h e s e  c a t e g o r i e s  i s  one-half  t h e  number 
of a i r p o r t  o p e r a t i o n s .  F r i n g s  [ I ]  d e f i n e s  autumn i n  t h e  Northern Hemisphere and 
s p r i n g  i n  t h e  Southern Hemisphere a s  t h e  months September,  October ,  and November. 
The c o l l e c t i o n  p e r i o d  f o r  each y e a r  of B 737 d a t a  was October through t h e  
f o l l o w i n g  September. Cons i s tency  w i t h  F r i n g s  i s  main ta ined  i n  t a b l e  2.1 and 
t a b l e  2.2 by grouping o p e r a t i o n s  c o u n t s  f o r  October  and November w i t h  t h e  
o p e r a t i o n s  c o u n t s  of t h e  f o l l o w i n g  September. 

Tab le  2.3 p r e s e n t s  two c r o s s  t a b u l a t i o n s  o f  a i r p o r t  o p e r a t i o n s  by month and 
OAG d e s t i n a t i o n - a r r i v a l  code.  The f i r s t  t a b u l a t i o n  i n c l u d e s  a l l  a i r p o r t s  a t  
which one o r  more B737 o p e r a t i o n s  were scheduled d u r i n g  t h e  r e p o r t i n g  p e r i o d .  
The second t a b u l a t i o n  i s  a s u b s e t  o f  t h e  f i r s t  and i n c l u d e s  on ly  t h o s e  a i r p o r t s  
a t  which a  b i r d  i n g e s t i o n  even t  was r e p o r t e d  d u r i n g  t h e  p e r i o d .  The d e s t i n a t i o n -  
a r r i v a l  code i s  taken d i r e c t l y  from t h e  OAG t a p e s  and i ts  v a l u e s  a r e  p r e s e n t e d  a s  
a  f o o t n o t e  i n  t a b l e  2.3. 

A t a b u l a t i o n  of a i r c r a f t  o p e r a t i o n s  by eng ine  t y p e  and geograph ic  r e g i o n  i s  
r e q u i r e d  t o  o b t a i n  b i r d  i n g e s t i o n  r a t e s  f o r  t h e s e  pa ramete rs .  Table  2.4 
p r e s e n t s  a  t a b u l a t i o n  o f  B737 a i r c r a f t  o p e r a t i o n s  by eng ine  type  and geograph ic  
r e g i o n  f o r  t h e  r e p o r t i n g  p e r i o d .  The OAG o p e r a t i o n s  d a t a  i d e n t i f y  i m p l i c i t l y  t h e  
geograph ic  r e g i o n  through t h e  a i r p o r t  code and a l s o  i d e n t i f y  e x p l i c i t l y  whether  
t h e  a i r p l a n e  is  a  B737; however, t h e  eng ine  t y p e  of t h e  a i r p l a n e  is  n o t  r e l i a b l y  
i d e n t i f i e d  i n  t h e  OAC, d a t a .  The a i r c r a f t  o p e r a t i o n s  p r e s e n t e d  i n  t h e  ALL ENGINES 
column of  t a b l e  2.4 a r e  d e r f v e d  by d i v i d i n g  t h e  a i r p o r t  o p e r a t i o n s  i n  t h e  TOTAL 
column of t a b l e  2 .1  by 2.  The a i r c r a f t  o p e r a t i o n s  f o r  t h e  CFM56 e n g i n e  were 
provided by t h e  eng ine  manufac tu re r  a s  a c t u a l  f l i g h t s  f lown d u r i n g  t h e  r e p o r t i n g  
p e r i o d  and a r e  cons idered  r e l i a b l e .  S i m i l a r  d a t a  were n o t  a v a i l a b l e ' f o r  t h e  JT8D 



eng ine .  The JT8U a i r c r a f t  o p e r a t i o n s  were t h e r e f o r e  d e r i v e d  by s u b t r a c t i n g  t h e  
CFM56 a i r c r a f t  o p e r a t i o n s  from t h e  t o t a l  a i r c r a f t  o p e r a t i o n  f o r  b o t h  e n g i n e s .  

The e n g i n e  m a n u f a c t u r e r s  provided t h e  FAA w i t h  a  l i s t j n g  of  monthly 
o p e r a t i o n s  coun t s  f o r  t h e i r  r e s p e c t i v e  eng ine  t y p e s ;  however, t h e  c o u n t s  d i d  n o t  
a g r e e  w i t h  t h e  OAG coun t s .  Monthly p e r c e n t a g e s  f o r  each eng ine  type  were 
c a l c u l a t e d  from t h e  eng ine  m a n u f a c t u r e r ' s  d a t a  and s u b s e q u e n t l y  a p p l i e d  t o  t h e  
JT8D and CFM56 eng ine  t o t a l s  i n  t a b l e  2.4 t o  e s t i m a t e  monthly a i r c r a f t  o p e r a t i o n s  
f o r  t h e  r e p o r t i n g  p e r i o d .  F i g u r e  2 .1  i s  a  h i s t o g r a m  showing t h e  e s t i m a t e d  
a i r c r a f t  o p e r a t i o n s  f o r  each eng ine  type .  
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TARL.E 2.3 OAG AIRPORT OPERATIONS BY MONTH 
(OCTOBER 1986 THROUGH SEPTEMBER 1988) 

ALL, AIRPORTS WITH SCHEDULED B737 OPERATONS 
** - - - - - - - - - - - - - - - -  OAG DESTINATION-ARRIVAL CODES . . . . . . . . . . . . . . . . . . . .  

MONTH (0) (1) (2) (3) (4) (Total) 
- - - - - -  

OCT 
NOV 
DEC 
.JAN 
FEB 
MAR 
APR 
MAY 
J UN 
JUL 
AUG 
SEP 

AIRPORTS EXPERIENCING BIRD INGESTIONS DURING REPORTING PERIOD 
** - - - - - - - - - - - - - - - - -  OAG DESTINATTON-ARRIVAL CODES - - - - - - - - - - - - - - - - - - -  

MONTH (0) (1) (2) (3) (4) (Total ) 

** =O Any Carrier. Operation begins and ends out of the US. 
-1 Domestic Carrier. Operation begins and ends in the US. 
-2 Domestic Carrier. Departure or arrival, but not both, in the US. 
-3 Foreign Carrier. Operation begins and ends in the US. 
-4 Foreign Carrier. Departure or arrival, but not both, in the US. 



TABLE 2.4 SCHEDULED AIRCRAFT OPERATIONS BY ENGINE TYPE 

GEOGRAPHIC LOCATION JT8D CFM56 ALL ENGINB 

United S t a t e s  

0ctt86 - Sept87 1,160,091 353,656 1,513,747 

Oct'87 - Sept88 1,082,543 527,431 1,609,974 

--------- --------- --------- 

Two Year Total 2,242,634 881,087 3,1123,721 

Foreign 

Two Year Tota l  

Worldwide 

0ctt86 - Sept87 
0ctt87 - Sep'88 

Two Year Total  
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SECTION 3 

CHARACTERISTICS OF INGESTED RlRDS 

This  s e c t i o n  p r o v i d e s  a  d e s c r i p t i o n  of t h e  b i r d s  t h a t  were i n g e s t e d  d u r i n g  
the  d a t a  c o l l e c t i o n  p e r i o d  and a n  a n a l y s i s  of t h e  e x t e n t  of t h e  b i r d  i n g e s t i o n  
t h r e a t .  The b i r d  r e l a t e d  f e a t u r e s  t h a t  a r e  d e s c r i b e d  i n  t h i s  s e c t i o n  I n c l u d e  
s p e c i e s ,  weight ,  s e a s o n a l  t r e n d s ,  time-of-day t r e n d s ,  and geograph ic  l o c a t i o n .  

A d e t a i l e d  breakdown of a i r c r a f t  i n g e s t i o n  e v e n t s  i n  t h e  Uni ted S t a t e s  is 
presen ted  i n  f i g u r e s  3.1 and 3.2.  F i g u r e  3.1 i s  a  con tour  map of t h e  c o n t i g u o u s  
US w i t h  t h e  h e i g h t  of t h e  c o n t o u r s  b e i n g  p r o p o r t i o n a l  t o  t h e  number of a i r c r a f t  
i n g e s t i o n  e v e n t s  i n  each s t a t e  w h i l e  f i g u r e  3 .2  i s  a  b a r  c h a r t  w i t h  t h e  same 
i n f o r m a t i o n  p l u s  Alaska and Hawaii .  Texas and C a l i f o r n i a  have t h e  g r e a t e s t  
number of i n g e s t i o n s  followed by Hawaii and F l o r i d a .  

Table  3.1 p rov ides  a  t a l l y  of a l l  t h e  s p e c i e s  t h a t  were p o s i t i v e l y  
i d e n t i f i e d  by an o r n i t h o l o g i s t  d u r i n g  t h e  c o l l e c t i o n  p e r i o d .  The c o u n t s  i n  t h e  
US, Foreign,  and ( h e r a l l  columns o f  t a b l e  3.1 i n d i c a t e  t h e  number of a i r c r a f t  
i n g e s t i o n  e v e n t s  i n  which e a c h  b i r d  s p e c i e s  was i n g e s t e d .  The s p e c i e s  a r e  l i s t e d  
by o r d e r  and family  and i t  i s  apparen t  t h a t  t h e  g u l l s ,  doves and l apwing /p lover  
f a m i l i e s  of t h e  c h a r a d r i i f o r m e s  o r d e r  ( s h o r e b i r d s )  a r e  t h e  most commonly i n g e s t e d  
b i r d s .  Doves and g u l l s  were t h e  most commonly i n g e s t e d  b i r d  i n  t h e  Uni ted S t a t e s  
whi le  t h e  lapwings appear  t o  be main ly  a  f o r e i g n  s p e c i e s .  

One of t h e  d i s a p p o i n t i n g  f e a t u r e s  of t h e  B737 b i r d  i n g e s t i o n  d a t a  b a s e  is 
t h e  low b i r d  i d e n t i f i c a t i o n  r a t e .  The b i r d  s p e c i e s  was p o s i t i v e l y  i d e n t i f i e d  i n  
only 61 o u t  of 504 a i r c r a f t  i n g e s t i o n  e v e n t s  t h a t  were recorded g i v i n g  a 1 2 . 1  
percent  i d e n t i f i c a t i o n  r a t e .  The i d e n t i f i c a t i o n  r a t e  f o r  eng ine  i n g e s t l o n  e v e n t s  
i n  which an engine s u s t a i n e d  damage (19.6 p e r c e n t )  was almost two and one-half  
t imes g r e a t e r  than t h e  i d e n t i f i c a t i o n  r a t e  f o r  e v e n t s  which caused no e n g i n e  
damage (8 .0  p e r c e n t ) ;  which c o u l d  i n d i c a t e  t h a t  t h e  group of i d e n t i f i e d  b i r d s  i s  
b iased  t o  i n c l u d e  more b i r d s  i n  t h e  s i z e  and weight  r a n g e s  t h a t  t end  t o  damage 
engines  when inges ted .  Any c o n c l u s i o n s  about  t h e  p o p u l a t i o n  of i n g e s t e d  b i r d s  
should be viewed with t h e  c a u t i o n  t h a t  t h e  sample might be more r e p r e s e n t a t i v e  o f  
t h e  p o p u l a t i o n  of b i r d s  t h a t  damage eng ines  t h a n  of a l l  b i r d s  t h a t  a r e  i n g e s t e d .  

The s p e c i e s - r e l a t e d  d e s c r i p t i o n s  of i n g e s t e d  b i r d s  i n  t h i s  r e p o r t  p robab ly  
provide a c o n s e r v a t i v e  view i n  t h a t  t h e  b i r d s  t h a t  caused damage a r e  b e t t e r  
r epresen ted  i n  t h e  sample t h a n  b i r d s  t h a t  d i d  n o t  cause  damage. The b i r d  
f e a t u r e s  t h a t  i n f l u e n c e  damage cannot  be d i s c e r n e d ,  however, because  of t h e  
p o s s i b l e  b i a s  i n  the  i d e n t i f i c a t i o n s .  That i s ,  t h e  d i f f e r e n c e s  between t h e  b i r d s  
t h a t  cause  damage and t h e  b i r d s  t h a t  don ' t  c a u s e  damage cannot  be r e a d i l y  
i d e n t i f i e d  s i n c e  t h e r e  is  l e s s  i n f o r m a t i o n  about t h e  b i r d s  t h a t  d i d n ' t  c a u s e  
damage. 

Table  3.2 i s  a f requency t a b l e  of we igh t s  f o r  t h e  p o s i t i v e l y  i d e n t i f i e d  
b i r d s .  The b i r d  we igh t s  a r e  d e r i v e d  from t h e  s p e c i e s  i d e n t i f i c a t i o n  and when 
p o s s i b l e  a r e  a d j u s t e d  f o r  t h e  age  and s e x  of t h e  i n g e s t e d  b i r d .  The modes i n  
t a b l e  3.2 t h e r e f o r e  r e p r e s e n t  t h e  w e i g h t s  of t h e  more commonly i d e n t i f i e d  b i r d  
s p e c i e s  t h a t  were i n g e s t e d .  F i g u r e  3.3 p r o v i d e s  t h e  same i n f o r m a t i o n  i n  t h e  form 
of a  h is togram.  Most of t h e  i n g e s t e d  b i r d s  (78.3  p e r c e n t )  t h a t  were i d e n t i f i e d  
i n  t h i s  s t u d y  weighed l e s s  t h a n  o r  e q u a l  t o  20 ounces;  however, o n l y  17.4 p e r c e n t  
pe rcen t  of t h e  i d e n t i f i e d  b i r d s  weighed more t h a n  2 pounds. 
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Summary s t a t i s t i c s  c a l c u l a t e d  from t h e  raw d a t a  f o r  t h e  [IS, f o r e i g n ,  and 
worldwide b i r d  weight d i s t r i b u t i o n s  a r e  p r e s e n t e d  i n  t a b l e  3.3. The mean, 
medlan, and mode a r e  t h r e e  d i f f e r e n t  concep t s  f o r  t h e  t y p i c a l  o r  a v e r a g e  v a l u e  
which measures  the  c e n t r a l  tendency of t h e  d i s t r i b u t i o n .  The median and mode a r e  
more r e l e v a n t  measures of t h e  average  f o r  t h e  b i r d  i n g e s t i o n  problem. The mean 
weight would be important  i f  damage were r e l a t e d  t o  t h e  cumula t ive  weight  of a l l  
b i r d s  i n g e s t e d  by a  s i n g l e  eng ine  s i n c e  t h e  mean i s  based on t h e  t o t a l  we igh t  of 
t h e  i n g e s t e d  b i r d s .  

A p a t t e r n  s u g g e s t i v e  of a  s i n e  f u n c t i o n  i s  s e e n  i n  f i g u r e  3 .4  which i s  a  b a r  
c h a r t  of monthly b i r d  i n g e s t i o n s  f o r  t h e  d a t a  c o l l e c t i o n  p e r i o d .  The c y c l i c  
p a t t e r n  i n  a i r c r a f t  i n g e s t i o n  e v e n t s  r e f l e c t s  s e a s o n a l  b i r d  a c t i v i t y .  The s t a r t  
of a  c y c l i c  p a t t e r n  is a l s o  seen  i n  t h e  i n g e s t i o n  r a t e  d a t a  which i n d i c a t e s  t h a t  
t h e  t r e n d s  a r e  due t o  t h e  changing b i r d  p o p u l a t i o n  and n o t  changes  i n  a i r  t r a f f i c  
a c t i v i t y .  Time t r e n d s  i n  b i r d  i n g e s t i o n s  a r e  f u r t h e r  i n v e s t i g a t e d  on a  s e a s o n a l  
b a s i s  i n  t h e  fo l lowing  pa ragraphs .  

The s e a s o n a l  b i r d  i n g e s t i o n  r a t e s  f o r  t h e  E o r t h e r n  and Sou thern  Hemispheres,  
t.he Uni ted  S t a t e s ,  f o r e i g n  c o u n t r i e s ,  and t h e  whole world a r e  p r e s e n t e d  i n  t h e  
b a r  c h a r t  of f i g u r e  3.5. Here t h e  i n g e s t i o n  r a t e s  a r e  n o t  b e i n g  compared by 
eng ine  type  so  the  i n g e s t i o n  r a t e  R i s  s imply c a l c u l a t e d  a s :  

10000 
R = I n g  . Ops 

where Ing  is the  number of i n g e s t i o n s  and Ops i s  t h e  number of a i r c r a f t  
o p e r a t i o n s  i n  t h e  t ime p e r i o d  b e i n g  c o n s i d e r e d .  The r a t e  i s  e x p r e s s e d  a s  R ,  
i n g e s t i o n s  p e r  10,000 a i r c r a f t  o p e r a t i o n s .  

Seasona l  t r e n d s  were i n v e s t i g a t e d  u s i n g  a  Chi-squared goodness -o f - f i t  (GOF) 
a n a l y s i s .  The Chi-squared v a l u e  f o r  t e s t i n g  t h e  h y p o t h e s i s  t h a t  t h e  number of 
a i r c r a f t  i n g e s t i o n  e v e n t s  does  n o t  v a r y  w i t h  t h e  s e a s o n s  i s  46.24.  The c r i t i c a l  
v a l u e  f o r  t e s t i n g  a t  t h e  5 p e r c e n t  l e v e l  of s i g n i f i c a n c e  i s  7.81 w h i l e  t h e  0.5 
p e r c e n t  l e v e l  is 12.8; t h e r e f o r e ,  t h e  h igh  v a l u e  of  t h e  t e s t  s t a t i s t i c  i s  a  ve ry  
s t r o n g  i n d i c a t i o n  t h a t  i n g e s t i o n s  do v a r y  w i t h  t h e  seasons .  

The w i n t e r  d a t a  were e l i m i n a t e d  i n  a n  e f f o r t  t o  b e t t e r  i d e n t i f y  t h e  n a t u r e  
of t h e  d i f f e r e n c e s  between t h e  s e a s o n s .  T e s t i n g  f o r  t h e  e q u a l i t y  of t h e  
i n g e s t i o n s  f o r  s p r i n g ,  summer, and autumn a l s o  y i e l d s  a  s i g n i f i c a n t  d i f f e r e n c e  
wi th  a  t e s t  s t a t i s t i c  of  6.05 and a  5 p e r c e n t  c r i t i c a l  v a l u e  of 5.99. A f t e r  
e l i m i n a t i n g  t h e  d a t a  from t h e  n e x t  lower s e a s o n ,  t h e r e  is  no d e t e c t a b l e  
d i f f e r e n c e  between summer and autumn s o  t h e  d a t a  i n d i c a t e  t h a t  t h e r e  a r e  t h e  
fewes t  i n g e s t i o n s  i n  t h e  w i n t e r  fo l lowed  by an i n c r e a s e  i n  i n g e s t i o n s  i n  t h e  
s p r i n g  w i t h  t h e  maximum number of i n g e s t i o n s  o c c u r r i n g  d u r i n g  t h e  summer and 
c a r r y i n g  through the  autumn. 

The time-of-day d i s t r i b u t i o n  of b i r d  i n g e s t i o n  e v e n t s  is i l l u s t r a t e d  i n  
f i g u r e  3.6 w i t h  time-of-day reduced t o  t h e  f o u r  b a s i c  segments of  morning,  mid- 
day ,  e v e n i n g ,  and n i g h t .  There  i s  a  n o t i c e a b l e  d rop  i n  t h e  number of i n g e s t i o n s  
a t  n i g h t  and t h e  Chi-squared t e s t  f o r  e q u a l i t y  of  t h e  f o u r  t ime p e r i o d s  i n d i c a t e s  
t h a t  t h e y  a r e  n o t  t h e  same. The Chi-squared t e s t  s t a t i s t i c  is 19 .37  w h i l e  t h e  
99 th  p e r c e n t i l e  of t h e  Chi-squared w i t h  t h r e e  d e g r e e s  of freedom d i s t r i b u t i o n  is 
11.34. 



There  a r e  two l i k e l y  r e a s o n s  f o r  a  drop i n  i n g e s t i o n s  d u r i n g  t h e  n i g h t .  
F i r d s  a r e  n o t  g e n e r a l l y  n o c t u r n a l  s o  E i r c l  a c t i v i t y  i s  reduced a t  n i g h t .  Also,  
t h e r e  a r e  fewer f l i g h t s  scheduled a t  n i g h t .  A l e s s e n e d  exposure  due t o  fewer 
f l i g h t s  and fewer b j r d s  r e s u l t s  i n  a  r e d u c t i o n  i n  t h e  number of i n g e s t i o n s  a t  
n i g h t .  
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AIRCRAET INGESTION EVENTS (WORLDWIDE) 
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SECTION 4 

INGESTION RATES 

T h i s  s e c t i o n  d e s c r i b e s  t h e  r a t e s  a t  which b i r d  i n g e s t i o n s  o c c u r r e d  d u r i n g  
t h e  2-year c o l l e c t i o n  p e r i o d  covered i n  t h i s  r e p o r t .  The Pofsson d i s t r i b u t i o n  i s  
commonly used t o  d e s c r i b e  how e v e n t s  a r e  randomly s c a t t e r e d  i n  t i m e ,  and t h e  b i r d  
i n g e s t i o n  d a t a  a r e  shown t o  a g r e e  w i t h  t h e  assumpt ions  of a  Po i s son  p r o c e s s .  The 
f i r s t  p a r t  of t h i s  s e c t i o n  p r o v i d e s  t h e  e s t i m a t e s  of t h e  b a s i c  i n g e s t i o n  r a t e s .  
The second p a r t  d e s c r i b e s  t h e  Po i s son  d i s t r i b u t i o n  and how i t  r e l a t e s  t o  t h e  b i r d  
i n g e s t i o n  e v e n t s .  The f i n a l  p a r t s  d i s c u s s  s t a t i s t i c a l  a n a l y s e s  based on t h e  
assumption t h a t  b i r d  i n g e s t i o n s  f o l l o w  a  Po i s son  p r o c e s s .  

T h i s  sub--sect ion p r o v i d e s  a  genera l  d e s c r i p t i o n  of i n g e s t i o n  r a t e s  broken 
down by l o c a t i o n ,  e n g i n e ,  and phase of f l i g h t .  The r a t e s  a r e  g iven  i n  t e rms  of 
i n g e s t i o n s  p e r  10,000 a i r c r a f t  o p e r a t i o n s  and have been a d j u s t e d  t o  t h e  i n l e t  
a r e a  of t h e  eng ine  t o  a l low s j z e  independent  compar isons  between e n g i n e s .  The 
i n l e t  a r e a  used throughout  t h i s  r e p o r t  i s  c a l l e d  t h e  " f a t  l i p  a r e a "  and was 
s p e c i f i e d  by t h e  Boeing Co. f o r  each type  of  eng ine  i n s t a l l a t i o n .  A more 
d e t a i l e d  s t a t i s t i c a l  a n a l y s i s  of i n g e s t i o n  r a t e s  i s  covered i n  t h e  n e x t  s e c t i o n  
u s i n g  s t a t i s t j c a l  t e c h n i q u e s  f o r  Poisson p r o c e s s e s .  

Tab le  4.1A l is ts  t h e  U S ,  f o r e i g n ,  and worldwide i n g e s t i o n  r a t e s  f o r  b o t h  t h e  
JT8D and t h e  CFM56 e n g i n e s  a s  wel l  a s  a  composi te  r a t e  f o r  a l l  737 a i r c r a f t .  The 
i n l e t  a r e a  ad jus tment  was done u s i n g  a 10-square-foot u n i t  a r e a  on t h e  b a s i s  of 
t h e  t o t a l  i n l e t  a r e a  of  bo th  e n g i n e s 7 t o  keep t h e  r a t e s  i n  a  r e a s o n a b l e  r a n g e .  
The composi te  r a t e s  i n  each g e o g r a p h i c a l  r e g i o n  a r e  weighted means of t h e  i n l e t  
a r e a  a d j u s t e d  r a t e s  f o r  t h e  i n d i v i d u a l  e n g i n e s  and a r e  determined a s  f o l l o w s :  The 
number of i n g e s t i o n s  p e r  10  s q u a r e  f e e t  i n l e t  a r e a  f o r  each eng ine  i s  p r o j e c t e d  
by m u l t i p l y i n g  t h e  r a t e s  by t h e  number of  a i r c r a f t  o p e r a t i o n s .  The composi te  
r a t e s  a r e  c a l c u l a t e d  by d i v i d i n g  t h e  t o t a l  p r o j e c t e d  i n g e s t i o n s  f o r  bo th  e n g i n e s  
by t h e  t o t a l  a i r c r a f t  o p e r a t i o n s  f o r  t h e  g e o g r a p h i c a l  r e g i o n .  Tab le  4.1B l is ts  
eng ine  i n g e s t i o n  r a t e s  based on eng ine  o p e r a t i o n s  and normal ized f o r  t h e  eng ine  
i n l e t  a r e a .  

The i n g e s t i o n  r a t e s  f o r  t h e  CFM56 eng ine  were c a l c u l a t e d  u s i n g  r e p o r t e d  
a i r c r a f t  o p e r a t i o n s  f o r  s p e c i f i c  g e o g r a p h i c a l  r e g i o n s .  The i n g e s t i o n  r a t e s  f o r  
t h e  JT8D e n g i n e  were c a l c u l a t e d  u s i n g  e s t i m a t e d  a i r c r a f t  o p e r a t i o n s  f o r  s p e c i f i c  
geograph ica l  r e g i o n s .  The d e t a i l s  of t h e  c a l c u l a t i o n  were p r e s e n t e d  i n  S e c t i o n  
3,  e q u a t i o n  3.1. 

F i g u r e  4 .1  shows monthly i n g e s t j o n  r a t e s  s u b d i v i d e d  by eng ine  type  and 
a d j u s t e d  f o r  i n l e t  a r e a  s o  t h a t  a comparison between eng ine  t y p e s  can be  made. 
The a d j u s t e d  monthly i n g e s t i o n  r a t e  (Rad.) f o r  an  eng ine  t y p e ,  e x p r e s s e d  a s  
i n g e s t i o n s  p e r  10  f t 2  p e r  10,000 a i r c r a d  o p e r a t i o n s ,  i s  c a l c u l a t e d  a s :  

1440 10000 -- - 
R a d j  = I n g  2 T A  Ops 4.1 

where Ing is  t h e  number of  monthly a i r c r a f t  i n g e s t i o n  e v e n t s  f o r  a n  eng ine  t y p e ,  
I A  i s  t h e  i n l e t  a r e a  ( i n 2 )  of t h e  eng ine  t y p e ,  and Ops is t h e  number of  a i r c r a f t  



TABLE 4.1A 

BREAKDOWN OF BIRD INGESTION RATES BY ENGINE AND LOCATION 
(BASED ON AIRCRAFT OPERATIONS) 

ENGINE TYPE: JT8D CFM5 6 ALL ENGINES 
* 

INLET AREA: 2234 i n 2  4606 i n 2  N/A 

UNITED STATES 
A i r c r a f t  I n g e s t i o n  E v e n t s  62 77  139 

OAG A i r c r a f t  o p e r a t i o n s  2 ,242 ,634  881 ,087 3 ,123 ,721  

I n  e s t i o n  R a t e  0 .28 0.87 0.44 
qIng/lOK Ops) 

Normalized I n g e s t i o n  R a t e  0 .18  0.27 0 . 2 1  
(Ing/lOK 0 p s / 1 0 f t 2 )  

FOREIGN 
A i r c r a f t  I n g e s t i o n  E v e n t s  260 103 363 

OAG A i r c r a f t  O p e r a t i o n s  2 , 1 2 0 , 6 0 4  476 ,621  2 ,597 ,225  

I n  e s t i o n  R a t e  1 . 2 3  2.16 1.40 
q I n q / l O ~  Ops) 

Normalized I n g e s t i o n  R a t e  0 .79  
(Ing/lOK 0 p s / 1 0 f t 2  ) 

WORLDWIDE 

A i r c r a f t  I n g e s t i o n  E v e n t s  322 182t  504t 

OAG A i r c r a f t  O p e r a t i o n s  4 ,363 ,238  1 ,357 ,708  5 ,720 ,946  

I n  e s t i o n  R a t e  0 .74 1.34 0.88 
q I n g / l O ~  O p s )  

Normalized I n g e s t i o n  R a t e  0.48 0.42 0.46 
(Ing/lOK Ops / lOf t z  ) 

* 
T o t a l  Area f o r  2 Eng ines  

t 2  A i r c r a f t  I n g e s t i o n s  a t  Unknown L o c a t i o n  



TABLE 4.1B 
BREAKDOFIN OF BIRD INGESTION RATES BY ENGINE AND LOCATION 

(BASED ON ENGINE OPERATIONS) 

ENGINE TYPE: JT8 D CFM5 6 ALL ENGINES 

INLET AREA: 
* 

1117 in2 2303 in2 N/A 

UNITED STATES 
Engine ~ngestion Events 64 82 14 6 
OAG Engine Operations 4,485,268 1,762,174 6,247,442 
In estion Rate 0.14 0.47 0.23 
?Ing/lOK Ops) 

Normalized Ingestion Rate 0.18 0.29 0.21 
(Ing/lOK 0ps/10ft2 ) 

FOREIGN 
--P 

Engine Ingestion Events 264 109 373 
OAG Engine Operations 4,241,208 953,242 5,194,450 
In estion Rate 
q1ng/lOK Ops) 

Normalized Ingestion Rate 0.80 
(Ing/lOK 0ps/10ft2 ) 

WORLDWIDE 

Engine Ingestion Events 328 193t 52 1t 
OAG Engine Operations 8,726,476 2,715,416 11,441,892 
In estion Rate 0.38 0.71 0.46 
71ng/l0~ Ops) 

Normalized Ingestion Rate 0.48 0.44 0.48 
(Ing/lOK 0ps/10ft2 ) 

*Total Area f o r  1 Engine 

t~ocation Unknown for 2 Engine ingestion Events 



AIRCRAFT INGESTION EVENTS 
(ING/lOK Ops/ loft2) 

- 

OCT '86 

NOV '86 

DEC '86 

JAN '87 

FEB '87 

MAR '87 

APR '87 

MAY '87 

JUN '87 

JUL '87 

AUG '87 

SEP '87 

% CUT '87 

NOV '87 

DEC '87 

JAN '88 

FEB '88 

MAR '88 

APR '88 

MAY '88 

JUN '88 

JUL '88 

AUG '88 

SEP '88 



o p e r a t i o n s  f o r  t h e  month. Twice t h e  eng ine  a r e a  i s  used because  t h e r e  a r e  two 
engines  on each R737 a i r c r a f t .  The c o n s t a n t  1440 i s  t h e  f a c t o r  f o r  c o n v e r t i n g  
square  inches  t o  u n i t s  of 10-square-foot a r e a s .  

The phase of f l i g h t  i n g e s t i o n  r a t e  t a b u l a t i o n  i s  p r e s e n t e d  i n  t a b l e  4.2A.  
The method used t o  c a l c u l a t e  i n g e s t i o n  r a t e  1  i s  expressed  i n  e q u a t i o n  '3.1. The 
a r e a  adjus tment  used f o r  i n g e s t i o n  r a t e  2 i s  implemented u s i n g  e q u a t i o n  4.1. The 
h i g h e s t  i n g e s t i o n  r a t e s  were i n  t h e  t a k e o f f  and l a n d i n g  phases  fo l lowed  by t h e  
cl imb and approach phases .  There were ve ry  few i n g e s t i o n s  d u r i n g  t h e  t a x i  and 
c r u i s e  phases  of f l i g h t .  T h i s  p a t t e r n  i s  t y p i c a l l y  s e e n  i n  b i r d  s t r i k e  and b i r d  
i n g e s t i o n  s t u d i e s  and i s  i n d i c a t i v e  of t h e  f a c t  t h a t  a i r p o r t s  a r e  o f t e n  l o c a t e d  
i n  d e s i r a b l e  b i r d  environs .  S i n c e  b i r d s  congrega te  around a i r p o r t s  t h e r e  i s  a  
g r e a t e r  chance of s t r i k i n g  o r  i n g e s t i n g  a b i r d  d u r i n g  t h e  phases  of f l i g h t  t h a t  
t a k e  p l a c e  c l o s e  t o  t h e  a i r p o r t s .  Also ,  commercial a i r l i n e  c r u i s e  r o u t e s  a r e  
w e l l  above the  a l t i t u d e  i n  which b i r d s  a r e  u s u a l l y  found. Table  4.2R l i s t s  
engine i n g e s t i o n  r a t e s  a s  a  f u n c t i o n  of phase  of f l i g h t .  The d i f f e r e n c e s  i n  
i n g e s t i o n  r a t e s  between t a b l e  4.2A and 4.2B a r e  due t o  m u l t i p l e  eng ine  i n g e s t i o n  
even t s .  

4.2 THE POISSON PROCESS 

The Poisson p rocess  is  t h e  s i m p l e s t  t y p e  of s t o c h a s t i c  p r o c e s s  which 
d e s c r i b e s  how e v e n t s  a r e  d i s t r i b u t e d  i n  t ime.  The Po isson  p r o c e s s  i s  h e r e  t a k e n  
t o  govern a i r c r a f t  i n g e s t i o n  e v e n t s ,  and t h e  t i m e s  a t  which t h e y  o c c u r  a r e  
random. I n  a Poisson p r o c e s s  t h e  e v e n t s  a r e  d i s t r i b u t e d  somewhat even ly  i n  t ime 
s o  t h a t  i t  appears  t h a t  t h e  t i m e s  a t  which t h e  e v e n t s  occur red  form a  uniform 
d i s t r i b u t i o n .  This  s e c t i o n  d e s c r i b e s  some of t h e  p r o p e r t i e s  of Poisson p r o c e s s e s  
t h a t  w i l l  be u s e f u l  i n  d e s c r i b i n g  b i r d  i n g e s t i o n s  and i n  t e s t i n g  hypotheses  about  
b i r d  i n g e s t  i o n  r a t e s .  

The b a s i s  of a Poisson p r o c e s s  i s  a d e s c r i p t i o n  o f  t h e  p r o b a b i l i t y  
d i s t r i b u t i o n  of t h e  number of e v e n t s  t h a t  o c c u r  i n  a  g iven t ime i n t e r v a l .  The 
formula f o r  t h e  p r o b a b i l i t y  of n  e v e n t s  i n  an  i n t e r v a l  of l e n g t h  T  is: 

The parameter  i s  t h e  mean r a t e  a t  which e v e n t s  o c c u r  and t h e  mean number of 
e v e n t s  i n  the  l eng th  T  t ime i n t e r v a l  is AT. The t ime  s c a l e  t h a t  w i l l  be used i n  
t h i s  s t u d y  is number of a i r c r a f t  o p e r a t i o n s .  I n g e s t i o n  r a t e s  a r e  t y p i c a l l y  
repor ted  i n  e v e n t s  p e r  10,000 a i r c r a f t  o p e r a t i o n s  which i m p l i e s  t h e  u s e  of 
a i r c r a f t  o p e r a t i o n s  a s  t h e  t ime  s c a l e  i n  a  Po i sson  p r o c e s s .  

One d e r i v a t i o n  of t h e  formula f o r  t h e  Po i sson  d i s t r i b u t i o n  i s  t h e  l i m i t i n g  
d i s t r i b u t i o n  of the  binomial  d i s t r i b u t i o n  f o r  l a r g e  sample s i z e s .  Tf we assume 
t h a t  the  p r o b a b i l i t y  of a b i r d  i n g e s t i o n  is  t h e  same from f l i g h t  t o  f l i g h t  t h e n  
t h e  number of i n g e s t i o n s  i n  a  l a r g e  number of f l i g h t s  h a s  a b inomia l  
d i s t r i b u t i o n .  I f  t h e  p r o b a b i l i t y  of i n g e s t i o n  is p and t h e  number of f l i g h t s  is 
N t h e n  t h e  p r o b a b i l i t y  t h a t  n  i n g e s t i o n s  o c c u r  i n  t h e  N f l i g h t s  is: 
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The binomial  p r o b a b i l i t i e s  i n  e q u a t i o n  4 .3  can  be approximated by a Poisson 
d i s t r i b u t i o n  wi th  mean Np f o r  l a r g e  v a l u e s  of N. That i s ,  t h e  s i n g l e  f l i g h t  
p r o b a b i l i t y  of an i n g e s t i o n ,  p,  r e p l a c e s  1 i n  e q u a t i o n  4 .2 .  

An impor tan t  q u e s t i o n  t h a t  can be  i n v e s t i g a t e d  through t h e  Poisson p r o c e s s  
model of b i r d  i n g e s t i o n s  i s  t h e  i n f l u e n c e  of i n l e t  a r e a  on t h e  i n g e s t i o n  r a t e s .  
P a s t  s t u d i e s  [ 2 , 3 ]  i n  b i r d  s t r i k e s  have used t h e  assumption t h a t  t h e  p r o b a b i l i t y  
o f  a  b i r d  s t r i k e  is p r o p o r t i o n a l  t o  t h e  c r o s s  s e c t i o n a l  a r e a  of t h e  a i r c r a f t .  
Applying t h e  same concept  t o  e n g i n e s  i m p l i e s  t h a t  t h e  b i r d  i n g e s t i o n  r a t e  should  
be p r o p o r t i o n a l  t o  t h e  i n l e t  a r e a  of t h e  eng ine .  

l e t t i n g  
probab i 

t h e  parameter  1 
l i t y  of n  i n g e s t  

The i n l e t  a r e a  e f f e c t  can  be i n c o r p o r a t e d  i n t o  t h e  Po i sson  p r o c e s s  model by 
r e p r e s e n t  t h e  i n g e s t i o n  r a t e  p e r  u n i t  a r e a .  The 

i o n s  i n  N o p e r a t i o n s  f o r  an  eng ine  w i t h  i n l e t  a r e a  A is: 

- XAN n - e-0 
n! 

4 .3  VALIDITY OF THE POISSON PROCESS MODEL FOR B I R D  INGESTIONS 

The a p p l i c a b i l i t y  of t h e  Po i sson  p r o c e s s  model can be  t e s t e d  by a n a l y z i n g  
t h e  t i m e s  between i n g e s t i o n s .  The i n t e r a r r i v a l  t i m e s  i n  a Po isson  p r o c e s s  a r e  
random v a r i a b l e s  t h a t  have independent  e x p o n e n t i a l  d i s t r i b u t i o n s  and t h e  mean 
t ime  between a r r i v a l s  i s  t h e  r e c i p r o c a l  of t h e  i n g e s t i o n  r a t e .  The v a l i d i t y  of 
t h e  Po i sson  p rocess  model can  be  t e s t e d  by a p p l y i n g  a goodness -of - f i t  (GOF) t e s t  
f o r  t h e  e x p o n e n t i a l  d i s t r i b u t i o n  t o  t h e  t imes  between i n g e s t i o n s .  

The t imes  between i n g e s t i o n s  a r e  measured by t h e  number of d a y s  between 
a i r c r a f t  i n g e s t i o n  e v e n t s .  Normally t h e  number of a i r c r a f t  o p e r a t i o n s  between 
a i r c r a f t  i n g e s t i o n  e v e n t s  would be used;  however, i t  is i m p o s s i b l e  t o  measure 
t h i s  d i r e c t l y .  The number of days  between a i r c r a f t  i n g e s t i o n  e v e n t s  p r o v i d e s  a 
s u i t a b l e  measure of t h e  t ime  between i n g e s t i o n s  s i n c e  d a i l y  a i r c r a f t  o p e r a t i o n s  
a r e  r e a s o n a b l y  c o n s i s t e n t .  

The GOF t e s t  f o r  t h e  e x p o n e n t i a l  d i s t r i b u t i o n  i s  a  modif ied Kolmogorov- 
Smirnov (K-S) t e s t  comparing t h e  observed cumula t ive  d i s t r i b u t i o n  f u n c t i o n  (CDF) 
t o  t h e  p r e d i c t e d  e x p o n e n t i a l  CDF based on t h e  sample mean. The K-S t e s t  u s e s  t h e  
t e s t  s t a t i s t i c  D d e f i n e d  a s  t h e  maximum d i s t a n c e  between t h e  observed and 
p r e d i c t e d  cumulat ive  d i s t r i b u t i o n  f u n c t i o n s .  A m o d i f i c a t i o n  t o  t h e  c r i t i c a l  . 
v a l u e s  f o r  t h e  t e s t  s t a t i s t i c  i s  r e q u i r e d  when t h e  p r e d i c t e d  CDF is d e r i v e d  from 
t h e  mean of the  sample. The c r i t i c a l  v a l u e s  f o r  t h e  modif ied K-S t e s t  were 
computed by L i l i e f o r s  [ 4 ] .  The c r i t i c a l  v a l u e  f o r  a  0.05 l e v e l  o f  s i g n i f i c a n c e  
when t h e  sample s i z e ,  n ,  i s  l a r g e r  than  30 can  b e  approximated by 1.06/&. 

The modif ied K-S t e s t  was r u n  on f i v e  subgroups  of t h e  d a t a  broken down by 
eng ine  and l o c a t i o n .  The f i v e  groups  were (1) domes t ic  (Uni ted S t a t e s )  JTSD, (2) 
con t iguous  US JT8D, ( 3 )  f o r e i g n  JTSD, (4 )  c o n t i g u o r ~ s  CFM56, and (5) f o r e i g n  
CFM56. There  were no CFW56 i n g e s t i o n s  i n  Alaska o r  Hawaii. F i g u r e s  4 . 2  through 
4.6 compare t h e  observed and p r e d i c t e d  cumula t ive  distributions f o r  each of t h e  
f i v e  groups ,  r e s p e c t i v e l y .  I n  each  c a s e  t h e r e  i s  a  v e r y  c l o s e  v i s u a l  agreement 
between t h e  observed and p r e d i c t e d  CDF's. 
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The v l s u a l  s i m i l a r i t i e s  a r e  v e r i f i e d  by t h e  s t a t i s t i c a l  t e s t s  which a r e  
summarized i n  t a b l e  4 . 3 .  The mean t ime between i n g e s t l o n  e v e n t s  i s  g iven  i n  
column one.  The sample s i z e  g iven  i n  column two is  t h e  count  of t i m e s  between 
i n g e s t i o n s  and i s  one l e s s  than t h e  number of a i r c r a f t  i n g e s t i o n  e v e n t s .  The 
c r i t i c a l  v a l u e  f o r  a 5  p e r c e n t  s i g n i f i c a n c e  l e v e l  (D*) i s  i n  column t h r e e  and 
t h e  t e s t  s t a t i s t i c  (D) i s  i n  column f o u r .  The assumption t h a t  t h e  t i m e s  between 
i n g e s t i o n  e v e n t s  come from an  e x p o n e n t i a l  d i s t r i b u t i o n  cannot be r e j e c t e d  a t  t h e  
5  p e r c e n t  l e v e l  i n  any of t h e  f i v e  groups .  The use  of a  Poisson p r o c e s s  t o  
model b i r d  i n g e s t i o n s  i s  a p p r o p r i a t e  based on t h e s e  t e s t  r e s u l t s .  

4.4 INLET AREA EFFECT ON INGESTION RATES 

One p r o p e r t y  of t h e  Po i sson  p r o c e s s  model d e s c r i b e d  i n  S e c t i o n  4 . 2  is  t h a t  
i n g e s t i o n  r a t e s  should  be p r o p o r t i o n a l  t o  t h e  I n l e t  a r e a  of t h e  eng ine .  The s i z e  
e f f e c t  can be  i n v e s t i g a t e d  i n  t h e  B737 b i r d  i n g e s t i o n  d a t a  by comparing t h e  
number of i n g e s t i o n  e v e n t s  of t h e  JT8D w i t h  t h e  number of i n g e s t i o n  e v e n t s  o f  
t h e  CFM56. According t o  e q u a t i o n  4.4  t h e  t o t a l  number on i n g e s t i o n  e v e n t s  dur ing  
t h e  r e p o r t i n g  p e r i o d  f o r  a  g iven  eng ine  h a s  a  Poisson d i s t r i b u t j o n  w i t h  a  mean 
t h a t  I s  p r o p o r t i o n a l  t o  t h e  number of a i r c r a f t  o p e r a t i o n s  i n  t h e  y e a r  and t o  t h e  
i n l e t  a r e a  of t h e  eng ine .  The number of JT8D I n g e s t i o n  e v e n t s  o u t  of t h e  t o t a l  
number of i n g e s t i o n  e v e n t s  w i l l  have a  Binomial d i s t r i b u t i o n  i f  t h e  P o i s s o n  
p r o c e s s  model is  va l  i d .  

The p r o p o r t i o n  of t o t a l  i n g e s t i o n  e v e n t s  t h a t  occur red  i n  JT8D e n g i n e s  
shou ld  be : 

0 JfcA J -- 
P = OJ*AJ+OC*AC , 4.5 

where O J  and OC a r e  t h e  numbers of worldwide a i r c r a f t  o p e r a t i o n s  f o r ,  and A.1 and 
AC a r e  t h e  i n l e t  a r e a s  o f ,  t h e  JT8D and CFM56 e n g i n e s ,  r e s p e c t i v e l y .  The 
r e l e v a n t  v a l u e s  f o r  e q u a t i o n  4 .5  can be o b t a i n e d  from t a b l e  4.1 g l v i n g  a n  
expected p r o p o r t i o n  of JT8D i n g e s t i o n  e v e n t s  of P = 0.61. Out of 504 t o t a l  
i n g e s t i o n  e v e n t s ,  t h e r e  were 3 2 2  JTRD i n g e s t i o n  e v e n t s  s o  t h a t  t h e  observed 
p r o p o r t i o n  of JT8D i n g e s t i o n  e v e n t s  is 0.64. The t e s t  s t a t i s t i c  t o  compare t h e  
observed p r o p o r t i o n  t o  t h e  p r e d i c t e d  is  t h e  s t a n d a r d  Z s t a t i s t i c  f o r  t h e  
binomial  d i s t r i b u t i o n  g iven  by: 

Z = (P - P) / JC-1-P) / N ) ,  4.6 

A 

where P is t h e  observed p r o p o r t i o n  of JT8D eng ines  and N i s  t h e  t o t a l  number of 
a i r c r a f t  i n g e s t i o n  e v e n t s .  

The Z s t a t i s t i c  d e f i n e d  i h  e q u a t i o n  4.6 i s  used t o  t e s t  t h e  n u l l  h y p o t h e s i s  
t h a t  t h e r e  i s  no d i f f e r e n c e  between t h e  two t y p e s  of eng ines  i n  i n g e s t i o n  r a t e s  
a f t e r  a d j u s t i n g  f o r  a r e a .  The t e s t  s t a t i s t i c  i s  computed by s u b s t i t u t i n g  t h e  
v a l u e  0 .61 f o r  P and 0.64  f o r  5 i n  e q u a t i o n  4.6 t o  g i v e  a  v a l u e  o f  1.37. The Z 
v a l u e  of 1 . 3 7  is  n o t  s i g n i f i c a n t  a t  t h e  5 p e r c e n t  l e v e l  of s i g n i f i c a n c e  s o  t h e r e  
i s  no d e t e c t a b l e  d j f f e r e n c e  i n  i n g e s t i o n  r a t e s  between t h e  JT8D and t h e  CW5h 
a f t e r  ad jus tment  f o r  t h e  i n l e t  a r e a .  



TABLE 4.3 
RESULTS OF THE EXPONENTIAL GOF TESTS TO VERIFY THE POISSON PROCESS 

AREA -- ENGINE -- MEAN 

United States JT8D 10.95 
Contiguous US JT8D 13.10 

Foreign JT8D 2.79 
United States CFM56 9.55 

Contiguous  US^ CFM56 9.55 
Foreign CFM56 7.12 

t All US CFM56 Ingestions Occurred 

( 2 )  

SAMPLE 
SIZE 

6 1  

51 
259 
76 

76 
102 

in Contiguous US 



A second school  of thought  s u g g e s t s  t h a t  t h e  r e l a t i o n s h i p  between eng ine  
s i z e  and i n g e s t i o n  r a t e  i s  d e s c r i b e d  b e t t e r  a s  a  l i n e a r  f u n c t i o n  of d iamete r  than 
a s  a l j n e a r  f u n c t i o n  of a r e a .  A s i m i l a r  Z t e s t  r a n  be  computed by s u b s t f t u t i n g  
d iamete r  f o r  a r e a  i n  e q u a t i o n  4.5.  The expected p r o p o r t i o n  of JT8D I n g e s t i o n  
e v e n t s  a f t e r  an adjus tment  f o r  d iamete r  i s  P = 0.69  and t h e  t e s t  s t a t i s t i c  i s  Z = 

- 2 . 7 2 .  The n u l l  h y p o t h e s i s  i s  t h a t  t h e r e  is no d i f f e r e n c e  i n  i n g e s t i o n  r a t e s  
a f t e r  a d j u s t i n g  f o r  d iamete r  and t h e  conc lus ion  o f  t h e  t e s t  i s  t h a t  t h e r e  is a  
d e t e c t a b l e  d i f f e r e n c e  at  t h e  5 p e r c e n t  l e v e l  of s i g n i f i c a n c e .  The eng ine  s i z e  
e f f e c t  on i n g e s t i o n  r a t e s  seems t o  be d e s c r i b e d  b e t t e r  by t h e  i n l e t  a r e a  t h a n  by 
t h e  d iamete r  f o r  t h e  2-year p e r i o d .  



SECTION 5 

AIRPORT B I R D  I N G E S T I O N  EXPERIENCE 

The o b j e c t i v e  of t h e  s t a t i s t i c s  of t h i s  s e c t i o n  i s  t o  i d e n t i f y  t h e  
f requency and l o c a t i o n  o f  b i r d  i n g e s t i o n  e v e n t s  a t  a i r p o r t s  worldwide.  An 
a i r c r a f t  i n g e s t i o n  event  i s  t h e  s imul taneous  i n g e s t i o n  of one o r  more b i r d s  by 
one o r  more eng ines  of an a i r c r a f t .  A l l  of t h e  b i r d  i n g e s t i o n  d a t a  were 
provided by t h e  eng ine  manufac tu re r .  A i r p o r t  i n g e s t i o n  r a t e s  a r e  expressed  i n  
terms o f  a i r c r a f t  i n g e s t i o n  e v e n t s  pe r  10K a i r p o r t  o p e r a t i o n s .  

The OAG t a p e s  i n d i c a t e  t h a t  t h e r e  a r e  1,095 a i r p o r t s  worldwide f o r  which 
11,441,892 R737 a i r p o r t  o p e r a t i o n s  were schedu led  d u r i n g  t h e  r e p o r t i n g  p e r i o d .  
Appendix A l is ts  t h e  a i r p o r t  code,  a i r p o r t  l o c a t i o n ,  and t h e  number of scheduled 
a i r p o r t  o p e r a t i o n s  a t  t h e s e  a i r p o r t s  (STGFY87-88). Bird i n g e s t i o n  e v e n t s  were 
r e p o r t e d  a t  on ly  188 of t h e s e  a i r p o r t s .  The OAG t a p e s  show t h a t  t h e r e  were 
4,203,284 scheduled a i r p o r t  o p e r a t i o n s  a t  t h e s e  188 a i r p o r t s .  There were a l s o  
b i r d  i n g e s t i o n  e v e n t s  r e p o r t e d  by unscheduled B737 f l i g h t s  a t  16 a d d i t i o n a l  
a i r p o r t s .  These 16 a i r p o r t s  a r e  inc luded  i n  appendix A b u t  t h e r e  a r e  no OAG 
o p e r a t i o n s  coun ts  f o r  them. 

A complete  summary of t h e  a i r p o r t s  having r e p o r t e d  a i r c r a f t  i n g e s t i o n  
e v e n t s  i s  p r e s e n t e d  i n  t a b l e  5.1 a s  a  f requency count  of worldwide b i r d  i n g e s t i o n  
e v e n t s  by phase of f l i g h t .  The m a j o r i t y  of a i r c r a f t  I n g e s t i o n  e v e n t s  occur  
d u r i n g  t a k e o f f  o r  l and ing .  T h i s  t a b l e  s u g g e s t s  t h a t  t h e  t h r e a t  of b i r d  
i n g e s t i o n  i s  posed p r i m a r i l y  from b i r d s  which l i v e  n e a r  t h e  a i r p o r t  a n d / o r  whose 
m i g r a t o r y  p a t h  c r o s s e s  over  o r  n e a r  t h e  a i r p o r t  p r o p e r t y .  

F i g u r e  5 . 1  i s  a  b a r  c h a r t  showing r e p o r t e d  a i r c r a f t  i n g e s t i o n  e v e n t s  a t  
domest ic  a i r p o r t s  d u r i n g  t h e  r e p o r t i n g  per iod .  There  a r e  54 domes t ic  a i r p o r t s  a t  
which b i r d  i n g e s t i o n  e v e n t s  have been r e p o r t e d .  The l a r g e s t  number o f  a i r c r a f t  
i n g e s t i o n  e v e n t s  r e p o r t e d  i n  t h e  United S t a t e s  d u r i n g  t h e  p e r i o d  was 7 a t  b o t h  
D a l l a s ,  Love (DAL) and Houston (IIOU). Of t h e  139 a i r c r a f t  i n g e s t i o n  e v e n t s  
r e p o r t e d  i n  t h e  United S t a t e s ,  40 e v e n t s  occur red  a t  an  unknown l o c a t i o n  and t h e y  
a r e  a s s i g n e d  t o  t h e  a i r p o r t  code XUS on t h e  b a r  c h a r t .  

F i g u r e  5.2 is a  b a r  c h a r t  showing r e p o r t e d  a i r c r a f t  i n g e s t i o n  e v e n t s  a t  
f o r e i g n  a i r p o r t s  d u r i n g  t h e  r e p o r t i n g  per iod .  There  a r e  150 f o r e i g n  a i r p o r t s  a t  
which b i r d  i n g e s t i o n s  have been r e p o r t e d .  The l a r g e s t  number of a i r c r a f t  
i n g e s t i o n  e v e n t s  r e p o r t e d  abroad d u r i n g  t h e  p e r i o d  was 8 a t  F r a n k f o r t ,  Germany 
(FRA) .  O f  t h e  363 a i r c r a f t  i n g e s t i o n  e v e n t s  r e p o r t e d  o u t s i d e  of t h e  Uni ted 
S t a t e s ,  121 e v e n t s  occur red  a t  an  unknown l o c a t i o n  and t h e y  a r e  a s s i g n e d  t o  t h e  
a i r p o r t  code XFO on t h e  b a r  c h a r t .  

Tab le  5.2 lists a l l  a i r p o r t s  worldwide which exper ienced  t h r e e  o r  more 
a i r c r a f t  i n g e s t i o n  e v e n t s  d u r i n g  t h e  r e p o r t i n g  p e r i o d .  The t a b l e  a l s o  i n c l u d e s  
t h e  number of i n g e s t i o n  e v e n t s ,  t h e  number of OAG a i r p o r t  o p e r a t i o n s ,  and t h e  
r a t e  of a i r c r a f t  i n g e s t i o n  e v e n t s  p e r  10,000 a f r p o r t  o p e r a t i o n s .  The a i r p o r t s  
a r e  l i s t e d  i n  descending o r d e r  of a i r p o r t  o p e r a t i o n s .  



The r a t e s  of b i r d  i n g e s t i o n  e v e n t s  p e r  a i r c r a f t  o p e r a t i o n  summarized 
p r e v i o u s l y  i n  t a b l e  4 . 1  a r e  twice  t h e  r a t e s  of b i r d  i n g e s t i o n  e v e n t s  p e r  a i r p o r t  
o p e r a t i o n .  The number of r e p o r t e d  f o r e i g n  b i r d  i n g e s t i o n  e v e n t s  exceeds  t h e  
number of r e p o r t e d  domestic i n g e s t i o n  e v e n t s  by a  f a c t o r  of 2 . 6 ;  however, t h e  
number of f o r e i g n  a i r p o r t  o p e r a t i o n s  is l e s s  than  t h e  number of domes t ic  a i r p o r t  
o p e r a t i o n s .  The r a t e  of r e p o r t e d  b i r d  i n g e s t i o n s  p e r  a i r p o r t  o p e r a t i o n  is  3 .2  
t imes  h i g h e r  a t  f o r e i g n  a i r p o r t s  than  a t  domes t ic  a i r p o r t s .  T h i s  i m p l i e s  t h a t  
e i t h e r  (1) t h e r e  a r e  f a r  l e s s  b i r d s  i n  t h e  environment of domest ic  a i r p o r t s ,  
p o s s i b l y  due t o  environmental  c o n t r o l  programs, o r  ( 2 )  f o r e i g n  a i r l i n e  o p e r a t o r s  
a r e  much more c o n s c i e n t i o u s  and c o o p e r a t i v e  i n  reporting b i r d  i n g e s t i o n s .  
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SECTION 6  

ENGINE DAMAGE DESCRIPTION 

The type of damage i n c u r r e d  by wel l -def ined b i r d  ingestions i s  u s e f u l  i n  
r e f i n t n g  b t r d  c e r t i f i c a t i o n  t e s t  c r i t e r f a  t h a t  cou ld  l e a d  t o  improved eng ine  
des ign .  I n  g e n e r a l ,  t h r e e  pa ramete rs  a r e  used t o  d e s c r i b e  eng ine  damage and 
f a i l u r e .  The f i r s t  i s  t h e  t y p e  of damage i n c u r r e d ,  t h e  second is  whether  o r  n o t  
t h e  eng ine  f a i l e d ,  and t h e  t h i r d  is a  d e s c r i p t i o n  of t h e  crew a c t i o n  t aken  d u r i n g  
t h e  i n g e s t i o n  even t .  The f i r s t  p a r t  of t h i s  s e c t i o n  p rov ides  d e s c r i p t i o n s  of t h e  
types  of damage i n c u r r e d  d u r i n g  t h e  s tudy  and t h e  t y p e s  of crew a c t i o n s  
implemented a s  a  r e s u l t  of t h e  b i r d  i n g e s t i o n .  The second p a r t  d e s c r i b e s  t h e  
s t a t i s t i c a l  a n a l y s i s  of t h e  r e l a t i o n s h i p  between b i r d  weight  and t h e  l i k e l i h o o d  
of damage o c c u r r i n g  i n  an i n g e s t i o n .  The l a s t  p a r t  of t h i s  s e c t i o n  p r o v i d e s  
e s t i m a t e s  of the  p r o b a b i l i t i e s  of a  crew a c t i o n  o r  an engine shutdown. (The 
i n f o r m a t i o n  abou t  eng ine  f a i l u r e s  was n o t  a v a i l a b l e  a t  t h e  t ime of t h i s  r e p o r t  s o  
eng ine  f a i l u r e s  a r e  n o t  d i s c u s s e d  h e r e . )  

6.1 ENGINE DAMAGE AND CREW ACTION DESCRIPTIONS 

The t y p e s  of damage t h a t  were i d e n t i f i e d  i n  t h e  d a t a  b a s e  were grouped i n t o  
1 4  c a t e g o r i e s  which a r e  d e f i n e d  i n  t a b l e  6 .1 .  Wi th in  t h e  f i r s t  2  y e a r s  of dat.a 
c o l l e c t i o n  13 of t h e  c a t e g o r i e s  occur red .  T a b u l a t i o n s  of t h e  o c c u r r e n c e s  of 
combinat ions  of damage c a t e g o r i e s  a r e  p r e s e n t e d  i n  t a b l e  6.2. The t r i a n g u l a r  t o p  
p o r t i o n  of t h e  t a b l e  p r o v i d e s  t a l l i e s  of co-occurrences  f o r  a l l  p a i r s  of damage 
c a t e g o r i e s .  The number i n  t h e  t o p  p o r t i o n  r e p r e s e n t s  t h e  number of eng ine  
i n g e s t i o n  e v e n t s  i n  which b o t h  t h e  row damage and t h e  column damage o c c u r r e d .  
The e v e n t s  i n  which more t h a n  two t y p e s  of damage occur red  were a l s o  i n c l u d e d  i n  
t h e  t a l l i e s  of t h e  t o p  p o r t i o n  of t a b l e  6.2.  There were t h i r t e e n  e v e n t s  i n  which 
t h r e e  t y p e s  of damage occur red  and one even t  w i t h  f i v e  t y p e s  of damage. 

There a r e  i n s u f f i c i e n t  d a t a  i n  t h e  t o p  p o r t i o n  of t a b l e  6 .2  t o  make any 
s t r o n g  s t a t e m e n t s  about  c o r r e l a t i o n s  between t y p e s  of damage. There i s  some 
i n d i c a t i o n  t h a t  b e n t  and dented b l a d e s  accompany broken and s h i n g l e d  b l a d e s  and 
t h a t  l e a d i n g  edge b l a d e  damage accompany b l a d e  s h i n g l i n g ;  however, t h e s e  t r e n d s  
cannot  be s t r o n g l y  s u b s t a n t i a t e d  because  of t h e  s m a l l  amount of d a t a .  The 
observed t r e n d s  cou ld  p r o v i d e  t h e  s t a r t i n g  p o i n t  f o r  f u r t h e r  i n v e s t i g a t i o n s  i n t o  
t h e  damage mechanisms of b i r d  i n g e s t  i o n s .  

The bottom h a l f  of t a b l e  6.2 p r o v i d e s  t a l l l e s  of t h e  number of eng ine  
i n g e s t i o n  e v e n t s  i n  which each  damage c a t e g o r y  was t h e  only  t y p e  of damage and 
t h e  t o t a l  number of e v e n t s  t h a t  involved each of t h e  damage c a t e g o r i e s .  Fewer 
than  t h r e e  b e n t  and dented b l a d e s ,  s h i n g l e d  b l a d e s ,  and broken b l a d e s  seem more 
l i k e l y  t o  occur  by themselves  t h a n  o t h e r  t y p e s  of damage. When more t h a n  t h r e e  
b l a d e s  a r e  b e n t  o r  dented t h e r e  i s  a  much h i g h e r  chance t h a t  some o t h e r  t y p e  of 
damage w i l l  a l s o  occur .  A s  with, t h e  t r e n d s  i d e n t i f i e d  i n  t h e  t o p  p o r t i o n  of 
t a b l e  6 .2 ,  t h e r e  i s  i n s u f f i c i e n t  evidence t o  s t r o n g l y  s u b s t a n t j a t e  t h e s e  t r e n d s  

There  were f o u r  t y p e s  of crew a c t i o n  i d e n t i f i e d  i n  connec t ion  w i t h  t h e  
a i r c r a f t  i n g e s t i o n  e v e n t s  i n  t h e  d a t a  base .  An a i r  turnback was performed i n  50 
of t h e  e v e n t s ,  t h e  t a k e o f f  was a b o r t e d  27 t i m e s ,  a  d i v e r s i o n a r y  maneuver was 
performed 8 t i m e s  and i n  1 e v e n t  t h e  crew a c t i o n  was l i s t e d  a s  o t h e r  w i t h o u t  
s p e c i f y i n g  t h e  type  of a c t i o n  t aken .  There was no crew a c t i o n  t aken  i n  1 1 7  of 



TABLE 6 . 1  DEFINITION OF E N G I N E  DAMAGE CATEGORIES 

DAMAGE 
CATEGORY 

TRVSFRAC 

CORE 

FLANGE 

TURBINE 

BE/DE>3 

SEVERITY 
LEVEL 

Severe 

Severe 

Severe 

Severe  

Moderate 

Moderate 

DAMAGE DEFINITION 

Transverse  f r a c t u r e  - f a n  b l a d e  broken 
chordwise ( a c r o s s )  and p i e c e  l i b e r a t e d  
( i n c l u d e s  secondary hard  o b j e c t  damage). 

Bent/broken compressor b lades /vanes ,  
blade/vane c l a s h ,  b locked/d i s rup ted  
a i r f l o w  i n  low, i n t e r m e d i a t e ,  and high 
p r e s s u r e  compressors.  

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

Turbine damage. 

More t h a n  t h r e e  f an  b l a d e s  b e n t  o r  
den ted .  

More t h a n  t h r e e  t o r n  f a n  b l a d e s .  

BROKEN Moderate Broken f a n  b l a d e s ,  l e a d i n g  edge and/or 
t i p  p i e c e s  miss ing ,  o t h e r  b l a d e s  a l s o  
den ted .  

SPINNER Moderate Dented, broken,  o r  cracked s p i n n e r  
( i n c l u d e s  s p i n n e r  c a p ) .  

RELEASED Moderate Released (walked) f a n  b l a d e s  (b l ade  
r e t e n t i o n  mechanism broken) .  

TORN< 3 Mild Three or fewer t o r n  f a n  b l a d e s .  

SIIINGLED Mild Shing led  ( t w i s t e d )  f a n  b l a d e s .  

NACELLE Mild Dents and/or punc tures  t o  t h e  engine 
e n c l o s u r e  ( i n c l u d e s  cowl) .  

LEAD - EDG Mild Leading edge d i s t o r t i o n / c u r l .  - 
BEN/ DEN Mild One t o . t h r e e  f a n  b l ades  b e n t  o r  dented.  





t h e  a i r c r a f t  i n g e s t i o n  e v e n t s  f o r  which a  crew a c t i o n  e n t r y  was r e c o r d e d ,  which 
i s  s l i g h t l y  more than h a l f  t h e  t ime .  (One a i r p l a n e  c rashed  on t a k e o f f . )  The 
crew a c t i o n  should  correspond t o  t h e  phase  of f l i g h t  i n  which t h e  even t  
occur red .  No change i n  t h e  f l i g h t  i s  u s u a l l y  r e q u i r e d  when an i n g e s t i o n  o c c u r s  
d u r i n g  a  l a n d i n g  maneuver. The a i r  tu rnbacks  arid a b o r t e d  t a k e o f f s  would most 
l i k e l y  occur  d u r i n g  t a k e o f f  and climl) phases  s i n c e  t h e r e  were p r a c t l c a l l v  no 
i n g e s t i o n s  d u r i n g  t h e  c r u i s e  phase .  

6.2 PROBABILTTY OF DAMAGE 

One of t h e  key q u e s t i o n s  t h a t  i n s p i r e d  t h e  b i r d  i n g e s t i o n  s u r v e y  i s  t h e  
i s s u e  of what s i z e  b i r d  shou ld  be s imula ted  i n  c e r t i f i c a t i o n  t e s t i n g .  Two of  
t h e  main i s s u e s  i n  d e c i d i n g  what t h e  c e r t i f i c a t i o n  b i r d  s i z e  should  be a r e  (1) 
t h e  l i k e l i h o o d  of i n g e s t i n g  a  b i r d  of t h e  c e r t i f i c a t i o n  s i z e  o r  l a r g e r  and ( 2 )  
t h e  l i k e l i h o o d  t h a t  damage w i l l  r e s u l t  from i n g e s t i n g  a  b i r d  of t h e  
c e r t i f i c a t i o n  s i z e .  The i s s u e  of b i r d  s i z e s  i s  d i s c u s s e d  i n  S e c t i o n s  3  and 7 
whi le  t h e  p r o b a b i l i t y  of damage i s  t h e  t o p i c  of t h i s  s e c t i o n .  

The problem of r e l a t i n g  b i r d  weight t o  t h e  p r o b a b i l i t y  of damage (POD) i s  
s i m i l a r  t o  b io -assay  exper iments  which t r y  t o  p r e d i c t  t h e  p r o b a b i l i t y  of  a  
response  a s  a  f u n c t i o n  of dose s i z e .  The key e lements  of s i m i l a r i t y  a r e  t h a t  
t h e  p r o b a b i l i t y  of s u c c e s s  f o r  a  dichotomous ( p a s s l f a i l )  t r i a l  is  r e l a t e d  t o  a 
con t inuous  s t i m u l u s  v a r i a b l e .  I n  b i r d  i n g e s t i o n s ,  t h e  dichotomous t r i a l  i s  
whether  o r  n o t  damage o c c u r s  and t h e  s t i m u l u s  v a r i a b l e  i s  t h e  we igh t  of  t h e  
i n g e s t e d  b i r d .  

L i n e a r  l o g i s t i c  a n a l y s i s  i s  t h e  most commonly used method of a n a l y z i n g  t h e  
dosage-response  type of d a t a  and h a s  been used s u c c e s s f u l l y  i n  r e l a t i n g  t h e  
p r o b a b i l i t y  of t r a n s p a r e n c j  e s  b r e a k i n g  a s  a  f u n c t i o n  of p r o j e c t i l e  s i z e  i n  
d e a l i n g  w i t h  t h e  problem of propwash blown g r a v e l  b r e a k i n g  h e l i c o p t e r  
w i n d s h i e l d s  [ 5 ] .  The l o g i s t i c  d i s t r i b u t i o n  f u n c t i o n  i s  assumed t o  d e s c r i b e  t h e  
r e l a t i o n s h i p  between t h e  p r o b a b i l i t y  of damage and t h e  b i r d  weight  i n  a  l i n e a r  
l o g i s t i c  a n a l y s i s .  The l o g i s t i c  d i s t r i b u t i o n  f u n c t i o n  i s  g i v e n  by: 

where w  is  t h e  b i r d  we igh t ,  p i s  t h e  weight w i t h  a  50 p e r c e n t  chance of c a u s i n g  
damage and CT is  a  parameter  t h a t  i s  r e l a t e d  t o  t h e  s t e e p n e s s  of t h e  POD f u n c t i o n .  

The e s t i m a t i o n  of t h e  f u n c t i o n  g iven  i n  e q u a t i o n  6 . 1  h a s  been e x t e n s i v e l y  
s t u d i e d  and t h e  methods have been d e s c r i b e d  i n  t h e  l i t e r a t u r e  [ 6 , 7 ] .  The method 
of maximum l i k e l i h o o d  p r o v i d e s  t h e  b e s t  e s t i m a t e s  f o r  t h e  t y p e  of d a t a  i ~ i  t h e  
b i r d  ingestion s t u d y  s i n c e  t h e r e  a r e  on ly  a  few i n g e s t i o n s  a t  each w e i g h t .  The 
s o f t w a r e  f o r  e s t i m a t i n g  t h e  pa ramete r s  of e q u a t i o n  6 . 1  h a s  been developed and 
e x t e n s i v e l y  t e s t e d  a t  t h e  UnRI [8]  and v e r i f i e d  by r e s e a r c h e r s  a t  o t h e r  
i n s t i t u t i o n s .  

The t y p e s  of damage were c a t e g o r i z e d  a s  m i l d ,  moderate ,  o r  s e v e r e  by t h e  
FAA. Tab le  6.3 i t e m i z e s  t h e  t y p e s  of damage t h a t  were i n c l u d e d  i n  each  of t h e  
s e v e r i t y  c a t e g o r i e s .  Three  d i s t i n c t  a n a l y s e s  were conducted based on t h e  
s e v e r i t y  r a t i n g s .  The t h r e e  a n a l y s e s  e s t i m a t e d  t h e  p r o b a b i l i t y  of  any damage, 
t h e  p r o b a b i l i t y  of a t  l e a s t  moderate  damage, and t h e  p r o b a b i l i t y  of  s e v e r e  
damage a s  a f u n c t i o n  of b i a s  we igh t .  F i g u r e s  6 .1 ,  6 .2 ,  6 . 3  show t h e  e s t i m a t e d  
POD f u n c t i o n s  a l o n g  w i t h  c o n f i d e n c e  bounds on t h e  POD f u n c t i o n s  f o r  t h e  t h r e e  
a n a l y s e s .  



SEVERITY 
LEVEL 

SEVERE 
DAMAGE 

MODERATE 
DAMAGE 

MILD 
DAMAGE 

TABLE 6 . 3  DAMAGE S E V E R I T Y  D E F I N I T I O N S  

.- DAMAGE D E F I N I T I O N  

D a m a g e  c l a s s i f i e d  a s  severe. A c h i e v e d  w h e n  r epo r t ed  
damage category is TRVSFRAC, CORE, FLANGE, o r  
TURBINE. 

D a m a g e  classisied as moderate. A c h i e v e d  w h e n  
reported damage ca tegory  is BE/DE>3,  TORN>3,  BROKEN, 
SPINNER,  o r  RELEASED and no SEVERE damage has  been 
reported.  

D a m a g e  c l a s s i f i e d  a s  m i l d .  A c h i e v e d  w h e n  repor ted  
damage category is LEAD-EDG, BEN/DEN, TORNc3,  
SHINGLED, o r  NACELLE and no SEVERE n o r  MODERATE 
damage h a s  been reported. 









F i g u r e  6 . 1  shows t h e  probability of any damage o c c u r r i n g  and i n c l u d e s  a l l  
t h r e e  s e v e r i t y  l e v e l s  a s  p o s i t i v e  r e s p o n s e s .  The p r o b a b i l i t y  of any damage 
o c c u r r i n g  r i s e s  very s t e e p l y ,  r e a c h i n g  5 0  p e r c e n t  a t  about  4.3 ounces  and t h e  
curve l e v e l s  o f f  a t  t h e  90 p e r c e n t  l e v e l  a t  abou t  3 0  ounces.  The r e l a t i o n s h i p  
between b i r d  weight and t h e  p r o b a b i l j t y  of any damage i s  very  s t r o n g  and r e s u l t s  
i n  t h e  conf idence  bound be ing  c l o s e  t o  t h e  mean t r e n d  curve .  

The p r o b a b i l i t y  of moderate damage does n o t  r i s e  q u i t e  s o  s t e e p l y ,  and a  
d e f i n i t i v e  weight c u t o f f  between b i r d s  t h a t  cause  damage and t h o s e  t h a t  do n o t  
cause  damage cannot  be i d e n t i f i e d .  The p r o b a b i l i t y  of moderate damage r e a c h e s  50 
p e r c e n t  a t  1 5  ounces and 90 p e r c e n t  a t  95 ounces .  The conf idence  bound shown i n  
f i g u r e  6.2 i s  f u r t h e r  from t h e  mean t r e n d  t h a n  t h e  conf idence  bound i n  f i g u r e  6.1 
because t h e  t r e n d  i n  t h e  p r o b a b i l i t y  of moderate  damage a s  a  f u n c t i o n  o f  b i r d  
weight i s  n o t  a s  s t r o n g  a s  t h e  t r e n d  i n  t h e  p r o b a b i l i t y  of any damage. 

The p r o b a b i l i t y  of s e v e r e  damage and i t s  c o n f i d e n c e  bound a r e  p l o t t e d  i n  
f i g u r e  6.3 a s  f u n c t i o n s  of b i r d  weight .  The p r o b a b i l i t y  of s e v e r e  damage is  much 
lower t h a n  t h e  p r o b a b i l i t i e s  of any damage o r  moderate  damage. A s  a  r e s u l t ,  t h e  
curves  a r e  much f l a t t e r  and r i s e  much more s lowly  t h a n  t:he c u r v e s  i n  f i g u r e s  6.1 
and 6.2. The p r o b a b i l i t y  of s e v e r e  damage r e a c h e s  5 0  p e r c e n t  a t  110 ounces and 
i n c r e a s e s  wl t h  b i r d  we igh t ;  however, through t h e  we igh t  range c o l l e c t e d  i n  t h i s  
s tudy ,  t h e  p r o b a b i l i t y  of s e v e r e  damage remains  below 6 0  p e r c e n t .  

The p r o b a b i l i t y  of damage a n a l y s i s  i s  c louded by t.he poor b i r d  
i d e n t i f i c a t i o n  r a t e s .  The e s t i m a t e d  POD f u n c t i o n s  a r e  l i k e l y  t o  be b i a s e d  toward 
h i g h e r  POD v a l u e s  s i n c e  t h e r e  was a  l a r g e r  p r o p o r t i o n  of b i r d s  i d e n t i f i e d  when 
engine damage occur red .  The e x t e n t  of t h e  b i a s  cannot  be e s t i m a t e d  a c c u r a t e l y .  

6 . 3  CREW ACTION AND ENGINE SHUTDOWN PROBARILLTIES 

Two o t h e r  f a c t o r s  t h a t  r e l a t e  t o  t h e  s e v e r i t y  of eng ine  damage a r e  whether 
o r  n o t  a  crew a c t i o n  i s  r e q u i r e d  and whether o r  n o t  an  eng ine  was s h u t  down a s  a  
r e s u l t  of t h e  i n g e s t i o n .  Table  6.4 lists t h e  c o n d i t i o n a l  p r o b a b i l i t i e s  t h a t  a  
crew a c t i o n  i s  r e q u i r e d  g iven  t h e  s e v e r i t y  of damage t h a t  t h e  eng ine  i n c u r s .  The 
p r o b a b i l i t y  t h a t  a  crew a c t i o n  i s  r e q u i r e d  i n c r e a s e s  w i t h  t h e  s e v e r i t y  of engine 
damage a s  expected.  The t h i r d  column of  t a b l e  6 . 4  c o n t a i n s  t h e  upper  95 p e r c e n t  
conf idence  bound on t h e  c o n d i t i o n a l  p r o b a b i l i t i e s  g i v e n  i n  column two. 

The formulae  f o r  t h e  e s t i m a t e s  of t h e  c o n d i t i o n a l  p r o b a b i l i t y  of a  crew 
a c t i o n  given t h e  eng ine  damage s e v e r i t y  a r e :  

I n  e q u a t i o n s  6.2 and 6.3,  P is  t h e  e s t i m a t e d  c o n d i t i o n a l  p r o b a b i l i t y  of a  crew 
a c t i o n ,  C is t h e  number of a i r ' c r a f t  i n g e s t i o n  e v e n t s  i n  which a  crew a c t i o n  was 
t a k e n  and a n  eng ine  s u s t a i n e d  t h e  g iven  s e v e r i t y  l e v e l ,  Ns i s  t h e  number of 
a i r c r a f t  i n g e s t i o n  e v e n t s  i n  which an eng ine  s u s t a i n e d  t h e  g iven  s e v e r i t y  l e v e l  
and PCB is  t h e  upper conf idence  bound on t h e  c o n d i t i o n a l  p r o b a b i l i t y .  The 
c o n s t a n t  1.645 is  d e r i v e d  from t h e  cumula t ive  normal d i s t r i b u t i o n  f u n c t i o n  t o  
g l v e  a  95 p e r c e n t  l e v e l  of conf idence .  



TABLE 6 . 4  

CONDITIONAL PROBABILITY O F  CREW ACTION 
GIVEN THE ENGINE DAMAGE SEVERITY 

PROBABILITY O F  UPPER 
CREW ACTION CONFIDENCE 

ENGINE DAMAGE SEVERITY P(CA)-- BOUND - 

NO DAMAGE .10 . 1 3  

DAMAGE . 2 3  . 2 8  

AT LEAST MODERATE DAMAGE . 3 4  .43 

SEVERE DAMAGE . 5 4  . 7 1  



An i n - f l i g h t  engine shutdown occurred i n  18 of t h e  504 a i r c r a f t  i n g e s t i o n  
e v e n t s ,  which cor responds  t o  an e s t i m a t e d  p r o b a b i l i t y  of an  i n - f l i g h t  eng ine  
shutdown given t h a t  an  i n g e s t i o n  h a s  occur red  of 0 .034  w i t h  a 9 5  p e r c e n t  
conf idence  bound of 0 .047 .  The reason  f o r  t h e  shutdown was n o t  known i n  n i n e  of 
t h e  e v e n t s .  An i n v o l u n t a r y  shutdown occurred f i v e  t imes ;  e x c e s s i v e  v i b r a t i o n  
p r e c i p i t a t e d  t h e  shutdown twice ;  t h e  eng ine  was s h u t  down because  of t h e  
I n c o r r e c t  eng ine  p r e s s u r e  r a t i o  once and i n c o r r e c t  eng ine  parameter  r e a d i n g s  
once.  I n f e r e n c e s  about t h e  c a u s e s  of i n - f l i g h t  shutdowns cannot  he drawn because  
of t h e  l a r g e  p r o p o r t i o n  of shutdowns i n  which t h e  c a u s e  w a s  n o t  i d e n t i f i e d .  



PKORARTLITY ESTIMATES 

This  s e c t i o n  p rov ides  a  summary of t h e  p r o b a b i l i t i e s  of v a r i o u s  b i r d  
i n g e s t i o n  e v e n t s .  The p r o b a b i l i t y  of an  event i s  a  measure of t h e  l i k e l i h o o d  
t h a t  t h e  even t  w i l l  occur .  The p r o b a b i l i t i e s  i n  t h i s  s e c t i o n  a r e  c a l c u l a t e d  on a  
p e r  o p e r a t i o n  b a s i s  and p r e s e n t  s i m i l a r  i n f o r m a t i o n  t o  t h e  i n g e s t i o n  r a t e s .  The 
inges t io r l  r a t e s  t h a t  were p r e s e n t e d  i n  S e c t i o n  4 were ca lcu la tec l  on t h e  b a s i s  of 
10,000 a i r c r a f t  o p e r a t i o n s ;  however, i t  was shown i n  S e c t i o n  4 . 2  t h a t  t h e  p e r  
o p e r a t i o n  i n g e s t i o n  r a t e  is  e q u a l  t o  t h e  p r o b a b i l i t y  of i n g e s t i o n  f o r  a  s i n g l e  
o p e r a t i o n .  T h i s  s e c t i o n  p r o v i d e s  more d e t a i l s  on t h e  p r o b a b l l ~ t i e s  of v a r i o ~ i s  
c a t e g o r i e s  of b i r d  i n g e s t i o n  e v e n t s .  

Tab le  7.1 p rov ides  t h e  e s t i m a t e d  p r o b a b i l i t i e s  and 9 5  p e r c e n t  conf idence  
bounds f o r  t h e  whole R737 f l e e t  f o r  v a r i o u s  a i r c r a f t  i n g e s t i o n  e v e n t s .  The 
o v e r a l l  l i k e l i h o o d  of an a i r c r a f t  i n g e s t i o n  even t  j n  a  s i n g l e  o p e r a t i o n  i s  
s l i g h t l y  l e s s  than  one i n  t e n  thousand and, a l t h o u g h  t h e  odds of hav ing  a  b i r d  
i n g e s t i o n  on any one o p e r a t i o ~ i  a r e  v e r y  s m a l l ,  t h e r e  a r e  m i l l i o n s  of B737 
o p e r a t i o n s  each y e a r  so  t h a t  hundreds  of i n g e s t i o n s  a r e  expected each y e a r .  Most 
i n g e s t i o n s  occur  dur ing  t h e  t a k e o f f  and l a n d i n g  phases  s o  t h e  p r o b a b i l j t i e s  f o r  
t a k e o f f  and c l imb and t h e  approach and l and ing  phases  a r e  r e l a t i v e l y  l a r g e .  
Dual eng ine  and m u l t i p l e  b i r d  i n g e s t i o n s  a r e  r e l a t i v e l y  r a r e ,  which i s  r e f l e c t e d  
i n  t h e  s m a l l e r  p r o b a b i l i t i e s  f o r  t h e s e  e v e n t s .  

The i n l e t  a r e a  e f f e c t  on t h e  p r o b a b - t l i t i e s  i s  shown i n  t a b l e  7.2 which 
s e p a r a t e s  t h e  p r o b a b i l i t i e s  by l o c a t i o n  and eng ine .  The p r o b a b i l i t i e s  f o r  t h e  
C F M I  CFM56 a r e  always l a r g e r  t h a n  t h e  cor responding  p r o b a b i l i t i e s  f o r  t h e  P r a t t  
and Whitney JT8D. The l a r g e r  p r o b a b i l i t i e s  f o r  t h e  CFM56 a r e  expec ted  s i n c e  t h e  
i n l e t  a r e a  of t h e  CFM56 i s  n e a r l y  twice  t h e  i n l e t  a r e a  of t h e  J T 8 D .  

The e f f e c t  of b i r d  weight  on t h e  p r o b a b i l i t i e s  i s  e s t i m a t e d  i n  t a b l e s  7.3 
and 7.4.  The e n t r i e s  i n  t a b l e s  7.3 and 7.4 were c a l c u l a t e d  by m u l t i p l y i n g  t h e  
o v e r a l l  p r o b a b i l i t y  f o r  e a c h  l o c a t i o n / e n g i n e  combinat ion by t h e  r e l a t i v e  
f requency of each b i r d  weight  range.  The r e l a t i v e  f r e q u e n c i e s  f o r  b i r d  weight  
ranges  were d e r i v e d  from t h e  weigh t s  of p o s i t i v e l y  i d e n t i f i e d  b i r d s  and a r e  based 
on t h e  number of even t s  t h a t  invo lved  b i r d s  i n  each weight range ,  n o t  t h e  t o t a l  
number of b i r d s  i n g e s t e d .  The v a l i d i t y  of t h i s  c a l c u l a t i o n  i s  dependent on t h e  
randomness of b i r d  i d e n t i f i c a t i o n s ,  a s  d i s c u s s e d  i n  S e c t i o n  3. Tab le  7 .3  
prov ides  a  t a b u l a t i o n  of t h e  p r o b a b i l i t y  of i n g e s t i o n  (POI)  by l o c a t i o n  and 
eng ine  w h i l e  t a b l e  7.4 combines t h e  two engirle t y p e s .  The c a l c u l a t i o n s  i n  t a b l e s  
7.3 and 7.4 were made on b o t h  a n  a i r c r a f t  o p e r a t i o n  b a s i s  ( t a b l e s  7.3A and 7.4A) 
and a n  e n g i n e  o p e r a t i o n  b a s i s  ( t a b l e s  7.3R and 7.4B). 



TABLE 7 . 1  AIRCRAFT OPERATION INGESTION P R O B A B I L I T I E S  

AIRCRAFT * 
I N G E S T I O N  PROBABILITY 

CONDITION ____ EVENTS O F  INGESTION 

A l l  F l i g h t s  5 0 2  8 .77  

T a k e o f f  & C l i m b  t 331  5.79 

A p p r o a c h  & L a n d i n g  t 

D u a l  E n g i n e  / 1 2  
S i n g l e  B i r d  P e r  E n g i n e  

D u a l  E n g i n e  / 5  
M u l t i p l e  B i r d s  

M u l t i p l e  B i r d s  / 2 8  0 . 4 9  
Sing1.e E n g i n e  

M o d e r a t e / S e v e r e  
D a m a g e  

* 
Scaled by 1 0  

5 

C o n t a i n s  prorated apport ionment  of e v e n t s  w i t h  
u n k n o w n  phase of f l i g h t  
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T A B L E  7 .4A 

P R O B A B I L I T Y  OF INGESTION* AS A  FUNCTION OF BIRD W E I G H T  B Y  LOCATION 
( B A S E D  ON AIRCRAFT OPERATIONS) 

Bird Weight Range 
(Ounces) -- 

( O < X 5  4) 

Probability 
Of Innestion 

1.701 

0.654 
- - - 

0.654 

0.131 

0.131 

0.131 
- - -  

0.131 

0.524 

Probabilify 
Of Ineest~on 

2.071 

3.623 

3.106 

2.071 

0.518 

Probabilify 
Of Inges-Q 

2.455 

1.733 . 
0.867 

1.300 

0.289 

0.144 

0.144 

O.lh4 

0.144 

0.867 

(All Events) 4.450 8.810 

* Probability that either engine will ingest 1 or more birds of 
a given weight class per aircraft operation. Probabilities 
have been scaled by 106. 



TABLE 7.48 

P R O B A B I L I T Y  O F  INGESTION* A S  A FUNCTION O F  B I R D  WEIGHT BY L,OCA'lION 
(BASED ON ENGINE O P E R A T I O N S )  

Engine Operations: 

Bird Weight Range 
-- (Ounces) 
( O < X l  4) 

( 4 < x r  8) 

( 8 < X r  12) 

( 12 < X I 16) 
( 16 < X r 20) 

( 20 < X I 24) 
( 24 .c X I 28) 

( 28 < X I 32) 
( 32 < X 5 36) 

( 36 < X I 40) 

( 52 < X r 56)  . 
( 76 < X i: 80) . . 
( 84 < X 5 88) 

(124 < X 5 128) 
(All Events) 

BOEING-  73 7 COMMERCIAL FLEET 

U N I T E D  S T A T E S  FOREIGN WORLDWIDE 
_ _ _ _ _ _ _ _ _ - _ - -  _ l -_ -_ l___- -_  - _ _ _ " - - - _ - l _  

6,247,442 5,194,450 11,441,892 
_ _ - - - - _ _ _ - - - _  

Probabilify 
Of Ingestion 

0.922 

0.307 
- - -  

0.307 

0.184 

0.061 

0.061 
- - -  

0.061 

0.246 

Probabilify 
Of Innestion 

0.921 

1.621 

2.316 

0.927 

0.232 
- - -  

- - -  

0.232 
- - -  

0.463 

Probabilify 
Of_ Invest= 

1.254 

0.792 

0.660 

0.594 

0.264 

0.066 

0.066 

0.066 

0.066 

0.396 

* Probability that an engine will ingest 1 or more birds of a 
given weight class per engine operation. Probabilities have 
been scaled by 105. 



SECTION 8 

DATA QUALITY 

The i n t e r p r e t a t i o n s  d e r i v e d  from any l a r g e  s e t  of d a t a  a r e  on ly  a s  good a s  
t h e  d a t a .  The use of poor d a t a  can l e a d  t o  i n v a l i d  and m i s l e a d i n g  c o n c l u s i o n s .  
The c o n c l u s i o n s  reached i n  t h i s  r e p o r t  should  be i n t e r p r e t e d  i n  t h e  c o n t e x t  of 
t h e  s o u r c e s  of t h e  d a t a  and t h e  q u a l i t y  of t h e  d a t a .  The fo l lowing  paragraphs  
d i s c u s s  t h e  sources  of d a t a  f o r  t h e  f i r s t  2  y e a r s  and t h e  q u a l i t y  of t h e  d a t a  a s  
measured by t h e  c o n s i s t e n c y  of t h e  d a t a  c o l l e c t e d  i n  t h e  f i r s t  and second y e a r s .  

8.1 DATA SOURCES 

The main body of d a t a  was c o l l e c t e d  by t h e  m a n u f a c t u r e r s  of t h e  two eng ines  
used on R737 a i r c r a f t  under s e p a r a t e  c o n t r a c t s  w i t h  t h e  FAA. The method of d a t a  
c o l l e c t i o n  was a  census  r a t h e r  t h a n  a  su rvey  sample;  i . e . ,  t h e  goal was t o  
c o l l e c t  i n f o r m a t i o n  on e v e r y  R737 b i r d  i n g e s t i o n  e v e n t  i n  t h e  2-year p e r i o d .  A 
complete census  is n e a r l y  i m p o s s i b l e  t o  a c h i e v e  under  any c i rcumstances ;  
t h e r e f o r e ,  e s t i m a t e s  i n v o l v i n g  t h e  t o t a l  number of i n g e s t i o n s ,  such a s  i n g e s t i o n  
r a t e s ,  should  be viewed a s  lower  bounds. 

One s p e c i f i c  f a c t o r  t h a t  may have hindered c o l l e c t i n g  i n g e s t i o n  d a t a  f o r  a l l  
R737 b i r d  i n g e s t i o n  e v e n t s  was t h a t  t h e  I n t e r n a t i o n a l  C i v i l  A v i a t i o n  O r g a n i z a t i o n  
(ICAO) was a l s o  c o l l e c t i n g  h i r d  i n g e s t i o n  d a t a .  Data  from s o u r c e s  o t h e r  than t h e  
eng ine  m a n u f a c t u r e r s  a r e  a l s o  a v a i l a b l e  f o r  p a r t  of t h e  2-year p e r i o d  and have 
been i n c l u d e d  i n  t h e  d a t a  l i s t i n g  i n  appendix R .  The o t h e r  s o u r c e s  i n c l u d e  TCAO,  
t h e  FAA Voluntary  Bird  ~ t r i k e / I n c i d e n t  Report  (FAA Form 5200-7), and r e p o r t s  
r e c e i v e d  from FAA F i e l d  I n s p e c t o r s  ( s e e  FAA Act ion  Not ice  A8300.39) and t h e  FAA 
S e r v i c e  D i f f i c u l t y  Report  (SDR). These d a t a  were n o t  used i n  t h e  a n a l y s i s .  

One method of improving t h e  c o l l e c t i o n  p e r c e n t a g e  f o r  t h e  R737 b i r d  
i n g e s t i o n  d a t a  i s  t o  i n c l u d e  t h e  d a t a  c o l l e c t e d  by t h e  I C A O  and t h e  o t h e r  
s o u r c e s ;  however, two problems p r e v e n t  i n c l u d i n g  t h e  d a t a  a t  t h i s  t ime.  The 
f i r s t  problem is t h e  c o l l e c t i o n  and r e p o r t i n g  c y c l e s  of t h e  FAA and t h e  I C A O  a r e  
n o t  synchronous;  t h e r e f o r e ,  d a t a  from t h e  I C A O  a r e  n o t  y e t  a v a i l a b l e  f o r  t h e  f u l l  
2-year p e r i o d .  The second problem is  t h a t  t h e  manner i n  which b i r d  i n g e s t i o n  
r e p o r t s  f o r  i n d i v i d u a l  e v e n t s  were prepared may d i f f e r  from t h e  way t h e  engine 
m a n u f a c t u r e r s  c o l l e c t e d  b i r d  i n g e s t i o n  even t  i n f o r m a t i o n .  The d i f f e r e n c e s  cou ld  
a f f e c t  i n t e r p r e t a t i o n s  made from t h e  combined d a t a  s e t s .  

A t  some f u t u r e  d a t e ,  when complete  d a t a  a r e  a v a i l a b l e  from a l l  s o u r c e s  and 
p o t e n t i a l  c o n f l i c t s  i n  d a t a  c o l l e c t i o n  p rocedures  have been ana lyzed ,  a l l  t h e  
s o u r c e s  of d a t a  could  be combined t o  p rov ide  a  more complete  d e s c r i p t i o n  of R737 
h i r d  i n g e s t i o n s .  The d e s c r i p t i o n s  i n  t h i s  r e p o r t  a r e  based o n l y  on t h e  d a t a  
c o l l e c t e d  by t h e  eng ine  m a n u f a c t u r e r s  f o r  t h e  FAA. 

8 .2  INTERNAL CONSISTENCY 

The d a t a  c o l l e c t e d  over  t h e  second year  of t h e  program appear  t o  be  
c o n s i s t e n t  wi th  t h e  d a t a  c o l l e c t e d  i n  t h e  f i r s t  y e a r .  Most of t h e  t a b l e s ,  
g r a p h s ,  and s t a t i s t i c a l  t e s t s  p r e s e n t e d  i n  t h i s  r e p o r t  f o r  t h e  2-year p e r i o d  a r e  
ve ry  s i m i l a r  t o  t h e  cor responding  d a t a  p r e s e n t e d  i n  t h e  r e p o r t  [ 9 ]  f o r  t h e  d a t a  
c o l l e c t e d  i n  t h e  f i r s t  y e a r .  T h i s  s e c t i o n  p r o v i d e s  s t a t i s t i c a l  v e r i f i c a t i o n  of 
t h e  s i m i l a r i t i e s  and d i s c u s s e s  some of t h e  d i f f e r e n c e s .  



The f i r s t  f e a t u r e  f o r  comparing t h e  2 y e a r s  i s  t h e  t o t a l  number of a i r c r a f t  
i n g e s t i o n  e v e n t s  c o l l e c t e d  i n  each y e a r .  S e c t i o n  4 provided evidence t h a t  
a i r c r a f t  i n g e s t i o n  e v e n t s  occur  accord ing  t o  a  Poisson p rocess  s o  t h a t  t h e  same Z 
t e s t  used t o  s tudy  t h e  s i z e  e f f e c t  on i n g e s t i o n  r a t e s  can he  used t o  compare t h e  
y e a r l y  i n g e s t i o n  r a t e s .  Accordjng t o  t h e  p r o p e r t i e s  of a  Poisson p r o c e s s ,  t h e  
p r o p o r t i o n  of e v e n t s  t h a t  were recorded i n  t h e  f i r s t  y e a r  should  be  equal  t o  t h e  
p r o p o r t i o n  of o p e r a t i o n s  conducted i n  t h e  f i r s t  y e a r .  

The same formulas  used i n  S e c t i o n  4 can be used h e r e  except  t h a t  t h e  a r e a  
f a c t o r  i s  no l o n g e r  r e q u i r e d  s i n c e  comparisons a r e  made between y e a r s  f o r  t h e  
same eng ine .  The formula f o r  t h e  expected p r o p o r t i o n  of e v e n t s  i n  t h e  f i r s t  v e a r  
becomes : 

where 01 and 0 2  r e p r e s e n t  t h e  number of o p e r a t i o n s  f o r  t h e  s p e c i f i c  eng ine  and 
geographic  l o c a t i o n  f o r  t h e  f i r s t  and second y e a r s ,  r e s p e c t i v e l y .  The 
p r o p o r t j o n  of a i r c r a f t  ?ingestion e v e n t s  i n  t h e  f i r s t  y e a r  is  used a s  i n  
e q u a t i o n  4 . 6  a long  wi th  P a s  d e f i n e d  i n  e q u a t i o n  8.1 t o  t e s t  t h e  n u l l  h y p o t h e s i s  
t h a t  t h e  i n g e s t l o r )  even t  c o l l e c t i o n  r a t e s  were t h e  same f o r  bo th  y e a r s .  

The d a t a  f o r  performing t h e  t e s t  a r e  p r e s e n t e d  i n  t a b l e  8 .1  and t a b l e  8 .2 .  
The number of e v e n t s  and number of o p e r a t i o n s  f o r  each y e a r  a r e  broken down by 
eng ine  t y p e  and geographic  l o c a t i o n  i n  t a b l e  8.1. The c a l c u l a t e d  Z v a l u e s  f o r  
the  t e s t  a r e  g iven i n  Table  8 .2  f o r  each eng ine  and l o c a t i o n  combinat ion.  Any 
type  of change,  e i t h e r  an i n c r e a s e  o r  a  d e c r e a s e ,  i s  important  s o  t h a t  a  two- 
s i d e d  t e s t  (wi th  c r i t i c a l  v a l u e s  of +-1.96 f o r  a  5 p e r c e n t  l e v e l  o f  s i g n i f i c a n c e )  
should  be used.  The only  s i g n i f i c a n t  change i s  i n  t h e  c o l l e c t i o n  r a t e  f o r  
f o r e i g n  JT8D d a t a .  

The l a r g e  p o s i t i v e  v a l u e  of t h e  t e s t  s t a t i s t i c  f o r  f o r e i g n  JT8D i n g e s t i o n  
r a t e s  i n d i c a t e s  a  r e d u c t i o n  i n  t h e  amount of d a t a  c o l l e c t e d .  One p o s s i b l e  
e x p l a n a t i o n  i s  t h a t  t h e  e f f o r t s  of t h e  I C A O  t o  c o l l e c t  b i r d  i n g e s t i o n  d a t a  may 
have h indered  t h e  c o l l e c t i o n  of d a t a  f o r  t h e  JT8n. The o u t s i d e  agency h a s  n o t  
y e t  p u b l i s h e d  t h e i r  d a t a  f o r  t h e  e n t i r e  second y e a r  however, s o  t h e r e  i s  
i n s u f f i c i e n t  d a t a  t o  t e s t  f o r  a  cor responding  i n c r e a s e   TI t h e i r  f o r e i g n  JT8D 
c o l l e c t i o n  r a t e s .  

The change i n  c o l l e c t i o n  r a t e s  f o r  t h e  JT8D could a f f e c t  t h e  t e s t  f o r  s i z e  
e f f e c t  t h a t  was d e s c r i b e d  i n  S e c t i o n  4 .  I n  t h e  f i r s t  y e a r  r e p o r t  [9 ]  b o t h  a r e a  
and d i a m e t e r  provided adequa te  ad jus tments  f o r  t h e  d i f f e r e n c e s  i n  i n g e s t i o n  
r a t e s  between t h e  two eng ines .  I n  t h i s  r e p o r t ,  a r e a  p r o v i d e s  a n  a d e q u a t e  
ad jus tment  b u t  d iamete r  does  n o t .  I t  i s  p o s s i b l e  t h a t  t h e r e  were i n s u f f i c i e n t  
d a t a  i n  t h e  f i r s t  r e p o r t  t o  r u l e  ou t  u s i n g  t h e  d iamete r  ad jus tment  o r  t h a t  t h e  
change i n  c o l l e c t i o n  r a t e s  f o r  f o r e i g n  JT8D o p e r a t i o n s  h a s  a f f e c t e d  t h e  r e s u l t s  
of t h e  s i z e  e f f e c t  t e s t .  The t e s t  of a  r e l a t i o n s h i p  between d iamete r  and 
i n g e s t i o n  r a t e  should  be  cons idered  i n c o n c l u s i v e  s i n c e  t h e r e  I s  c o n f u s i o n  about  
t h e  r e a s o n  f o r  t h e  r e s u l t .  

Another check on t h e  c o n s i s t e n c y  of t h e  d a t a  c o l l e c t i o n  i s  t o  compare t h e  
b i r d s  t h a t  were i d e n t i f i e d  i n  t h e  2  y e a r s .  There were t o o  many d i f f e r e n t  
s p e c i e s  and l o c a t j o n s  of i n g e s t i o n s  t o  a l l o w  c o m p a r ~ s o n s  of t h e s e  f e a t u r e s ;  
however, i f  t h e  s p e c i e s  i d e n t i f i c a t i o n s  a r e  reduced t o  b i r d  w e i g h t s ,  t h e  
cumula t ive  weight d i s t r i b u t i o n s  f o r  t h e  f i r s t  and second y e a r s  can be  compared. 



TABLE 8.1 

COIJNTS FOR IJNITED STATES AND FOREIGN 
EVENTS AND OPERATTONS BY YEAR AND ENGINE 

YEAR 1 YEAR 2 

EVENTS OPERATTONS EVENTS OPERATTONS 

IJNITED STATES 2 7 1 16009 1 3 5 1082543 

8 [ 
FOREIGN 160 1057633 100 106297 1 

UNITED STATES I 3 9 353656 3 8 52 7431 

CFM56 

1 FOREIGN 

TABLE 8.2 

COMPARISONS OF THE COL1,ECTION RATES OF THE FIRST AND SECOND YEARS 
TJSTNG Z TESTS FOR POISSON PROCESSES 

IJNITED 
STATES FOREIGN 



Table  8 .3  p r o v i d e s  a  t a b l e  of t h e  cumula t ive  weight  d i s t r i b u t i o n s  f o r  b o t h  
t h e  f i r s t  and second y e a r s  f o r  b i r d s  i n g e s t e d  i n  t h e  TJnited S t a t e s  and f o r  b i r d s  
i n g e s t e d  i n  f o r e i g n  c o u n t r i e s .  The d a t a  i n  t a b l e  8 . 3  a r e  p l o t t e d  i n  f i g u r e s  8 .1  
and 8 . 2  t o  p rov lde  v i s u a l  compar isons  of t h e  f i r s t  and second-year b i r d  weight 
d i s t r i b u t i o n s  f o r  United S t a t e s  and f o r e i g n  i n g e s t e d  b i r d s .  The d i s t r i b u t i o n s  
f o r  t h e  IJnited S t a t e s  i n g e s t i o n s  a r e  moderate ly  c l o s e  and t h e  d i s t r i b u t i o n s  f o r  
t h e  f o r e i g n  i n g e s t i o n s  a r e  v e r y  c l o s e .  

A s t a t i s t i c a l  measure of t h e  c l o s e n e s s  of t h e  cumula t ive  d i s t r i b u t i o n s  
p l o t t e d  i n  f i g u r e s  8.1 and 8 .2  i s  p r o v i d e  by t h e  Kolmogorov-Smirnov D t e s t .  The 
D s t a t i s t j c  is the  maximum v e r t i c a l  d i s t a n c e  between two observed cumula t ive  
d i s t r i b u t i o n  f u n c t i o n s .  The D s t a t i s t i c  i s  compared t o  a  t e s t  v a l u e  based on t h e  
s i z e s  of t h e  two samples.  When t h e  D s t a t i s t i c  i s  s m a l l e r  t h a n  t h e  t e s t  v a l u e ,  
t h e  d i s t r i b u t i o n s  a r e  c o n s i d e r e d  t o  be s i m i l a r  a t  a  g iven  s i g n i f i c a n c e  l e v e l .  

The maximum d i f f e r e n c e  i n  b o t h  f i g u r e  8.1 and f i g u r e  8.2 o c c u r s  a t  4 ounces .  
The maximum d i f f e r e n c e s  i n  cumula t ive  p r o b a b i l i t y ,  o r  t h e  D s t a t i s t i c s ,  a r e  0.24 
and 0 .20  f o r  t h e  United S t a t e s  and f o r e i g n  b i r d  weight  d i s t r i b u t i o n s ,  
r e s p e c t i v e l y .  For the  sample s i z e s  i n  t h i s  s t u d y ,  t h e  D s t a t i s t i c s  shou ld  b e  
below 0 .42  and 0.45 f o r  t h e  Uni ted  S t a t e s  and f o r e i g n  d i s t r i b u t i o n s ,  
r e s p e c t i v e l y ,  when t h e r e  i s  no  change i n  t h e  b i r d  we igh t  d i s t r i b u t i o n s  between 
t h e  2 y e a r s .  Both t h e  United S t a t e s  and f o r e i g n  t e s t  s t a t i s t i c s  a r e  w e l l  w i t h i n  
t h e  a c c e p t a n c e  range i n d i c a t i n g  c o n s i s t e n t  b i r d  w e i g h t s  o v e r  t h e  2  y e a r s .  

The o v e r a l l  q u a l i t y  of t h e  d a t a  c o l l e c t e d  f o r  t h e  FAA seems t o  be adequa te .  
There i s  some confus ion  about  t h e  i n f l u e n c e  of t h e  e f f o r t s  of o t h e r  a g e n c i e s  t o  
c o l l e c t  b i r d  i n g e s t i o n  d a t a  on t h e  completeness  of t h e  FAA d a t a .  A b e t t e r  s e t  of 
b i r d  i n g e s t i o ~ i  d a t a  might be  c r e a t e d  by combining d a t a  from d i f f e r e n t  s o u r c e s ;  
however, t h e  c o m p a t i b i l i t y  of t h e  s o u r c e s  shou ld  be  v e r i f i e d  b e f o r e  a n a l y z i n g  t h e  
combined s e t  of d a t a .  



TABLE 8.3 

COMPARISON O F  WEIGHT DISTRIBIJTTONS BETWEEN 
BIRDS INGESTED I N  THE F I R S T  AND SECOND YEARS 

CUMULATIVE RELATIVE FREQIJENCY 

WE1 GHT 

(OZ) 

4 

8 

12 

16 

20 

2 4 

2 8 

3 2 

3 6 

40 

5 6 

80 

8 8 

128 

IJNTTED STATES 

YEAR 1 

0.32 

0.44 

0.44 

0.72 

0.76 

0.76 

0.76 

0.76 

0.76 

0.88 

0.96 

0.96 

0.96 

1 .oo 

YEAR 2 

0.56 

0.67 

0.67 

0.78 

0.78 

0.83 

0.89 

0.89 

0.94 

1 .oo 
1.00 

1.00 

1.00 

1.00 

FORE I GN 

YEAR 1 

0.25 

0.42 

0.67 

0.92 

0.92 

0.92 

0.92 

0.92 

0.92 

1.00 

1.00 

1.00 

1.00 

1.00 

YEAR 2 

0.05 

0.32 

0.84 

0.86 

0.89 

0.89 

0.89 

0.92 

0.92 

0.95 

0.95 

0.97 

1.00 

1.00 







SECTION 9 

CONCLUSIONS 

The main goa l  of t h i s  b i r d  i n g e s t i o n  i n v e s t i g a t i o n  i s  t o  p r o v i d e  d a t a  t o  
b e t t e r  d e f i n e  t h e  n a t u r e  and e x t e n t  of t h e  b i r d  i n g e s t i o n  t h r e a t .  The job of 
c o l l e c t i n g  in format ion  on b i r d  i n g e s t i o n s  i s  ex t remely  d i f f i c u l t  because  of t h e  
l a r g e  number of o r g a n i z a t i o n s  t h a t  must c o o p e r a t e  t o  c o l l e c t  complete and 
a c c u r a t e  b i r d  i n g e s t i o n  d a t a .  The s p a r s i t y  of i n f o r m a t i o n  t h a t  was c o l l e c t e d  
makes i t  very  d i f f i c u l t  t o  draw s t r o n g  i n f e r e n c e s  about  t h e  n a t u r e  o f  t h e  b i r d  
i n g e s t i o n  t h r e a t .  This s e c t i o n  summarizes c o n c l u s i o n s  from t h e  f i r s t  2 y e a r s  of 
d a t a  f o r  t h e  R737 a i r c r a f t .  

B i rd  D e s c r i p t i o n s  

G u l l s ,  doves,  and l apwings  a r e  most o f t e n  i n g e s t e d .  

There is a  b e t t e r  i d e n t i f i c a t i o n  r a t e  when t h e  eng ine  is damaged. 

I n g e s t i o n s  a r e  s e a s o n a l  and l e s s  l i k e l y  a t  n i g h t .  

I n g e s t i o n  Rates  

I n g e s t i o n  e v e n t s  can be modeled a s  a  Po i sson  p rocess .  

I t  appears  t h a t  i n g e s t i o n  r a t e s  a r e  p r o p o r t f o n a l  t o  t h e  i n l e t  a r e a  of 
t h e  engine ( i . e . ,  t h e r e  i s  no 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  
between the  i n g e s t i o n  r a t e s  of t h e  JT8D and t h e  CFM56 a f t e r  a d j u s t i n g  
f o r  i n l e t  a r e a )  . 

A i r p o r t  Exper iences  

More b i r d  i n g e s t i o n s  were r e p o r t e d  a t  f o r e i g n  a i r p o r t s  t h a n  a t  u n i t e d '  
S t a t e s  a i r p o r t s ,  and t h e  i n g e s t i o n  r a t e s  f o r  f o r e i g n  o p e r a t i o n s  were 
h i g h e r  than f o r  Uni ted S t a t e s  o p e r a t i o n s .  

The 33 a i r p o r t s  t h a t  r e p o r t e d  t h r e e  o r  more i n g e s t i o n s  r e p r e s e n t e d  13 
percen t  of t h e  a i r p o r t s  t h a t  exper ienced  i n g e s t i o n s  and accounted f o r  
26 pe rcen t  of a l l  i n g e s t i o n  e v e n t s .  

Engine Damage 

Some t y p e s  of eng ine  damage a r e  c o r r e l a t e d  w i t h  o t h e r  t y p e s  o f  damage. 

There is  some ev idence  t h a t  t h e  p r o b a b i l i t y  of any damage i n c r e a s e s  
w i t h  the  weight of t h e  b i r d  t h a t  is  i n g e s t e d ;  however, t h e r e  i s  
i n s u f f i c i e n t  d a t a  t o  e s t a b l i s h  a  weight r e l a t i o n s h i p  t o  s e v e r e  damage. 

Unusual crew a c t i o n s  a r e  more l i k e l y  when more s e v e r e  damage i s  
i n f l i c t e d  on an eng ine .  



Required i n - f r i g h t  eng ine  shutdowns o c c u r  i n  l e s s  than  4 p e r c e n t  of 
a l l  i n g e s t i o n  e v e n t s .  

P r o b a b i l  i t l  e s  of I n g e s t i o n  

B i r d  i n g e s t i o n s  a r e  more l i k e l y  d u r i n g  t h e  t a k e o f f  and l a n d i n g  phases  
of an  a j r c r a f t  o p e r a t i o n .  
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GLOSSARY 

Term -- D e f i n i t i o n  of Term ---- 

Engine I n g e s t i o n  Event P r o c e s s  whereby one o r  more b i r d s  p a s s  th rough  
t h e  eng ine  i n l e t  d u r i n g  eng ine  o p e r a t i o n .  

I n g e s t e d  E j r d  A b i r d  hav ing  exper ienced  t h e  p r o c e s s  of e n g i n e  
i n g e s t i o n  e v e n t .  

A i r c r a f t  I n g e s t i o n  Fvent Simul taneous  i n g e s t i o n  of one o r  more b i r d s  
i n t o  one o r  more e n g i n e s  of an  a i r c r a f t .  

A i r p o r t  Opera t ion  Takeoff ( d e p a r t u r e )  from a n  a i r p o r t  o r  a  l a n d i n g  
( a r r i v a l )  a t  an a i r p o r t .  

A i r c r a f t  Opera t ion  A nons top  a i r c r a f t  f l i g h t  from one a i r p o r t  t o  
a n o t h e r .  ( I n c l u d e s  t ime  from t a x i - o u t  from 
d e p a r t u r e  a i r p o r t  th rough  t a x i - i n  a t  a r r i v a l  
a i r p o r t  .) 

Engine Opera t  ion  

I n g e s t i o n  Rate  

The p a r t i c i p a t i o n  of each  eng ine  of a n  a i r c r a f t  
i n  a n  a i r c r a f t  o p e r a t i o n  (e .g . ,  a twin e n g i n e  
a i r c r a f t  would, i d e a l l y ,  e x p e r i e n c e  two e n g i n e  
o p e r a t i o n s  f o r  each a i r c r a f t  o p e r a t i o n ) .  

The number of a i r c r a f t  o r  eng ine  i n g e s t i o n  
e v e n t s  p e r  f l i g h t  e v e n t .  F l i g h t  e v e n t  r e f e r s  t o  
a i r c r a f t ,  eng ine  o r  a i r p o r t  o p e r a t i o n .  The 
components of i n g e s t i o n  r a t e  a r e  s p e c i f i e d  when used  
i n  t h e  r e p o r t .  The i n f l u e n c e  o f  eng ine  i n l e t  a r e a  is 
n o t  c o n s i d e r e d .  

Normalized I n g e s t i o n  I n g e s t i o n  r a t e  a d j u s t e d  t o  a  g iven  nominal 
Rate  a r e a .  Allows s t a t i s t i c a l  comparison of i n g e s t i o n  

r a t e s  of eng ines  w i t h  d i f f e r e n t  i n l e t  a r e a s .  
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A I R P O R T S  WITH SCHEDULED B O E I N G - 7 3 7  FZ.TGHTS 
AND/OR REPORTED BTRD TNGESTION EVENTS 
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M E  
M Y  
ABE 
AB J 
ABQ 
ABS 
ABT 
ABV 
ABZ 
ACA 
ACC 
ACE 
ACK 
ACV 
ADB 
ADO 
ADE 
ADK 
ADL 
ADQ 
ADZ 
AEP 
AES 
AGA 
AGP 
AGR 
AGS 
AHB 
AHU 
A J A  
A J F  
A J U  
AKL 
AKN 
AKR 
A L B  
ALC 
ALG 
ALY 
AWA 
AW) 
MI 
Ans 
ANC 
M F  
AN I 
ANR 
ANU 
A m  
APL 
m 
AQ I 
ARO 
AR I 
ARN 
ASM 
ASP 
ASU 
ASU 
AT H 
A T L  
ATM 
ATQ 
AUA 
AUH 
AUS 
AUX 
AVL 
AVP 
AXD 
AX1 
AYT 
AZD 
AZO 
AZR 

ANNABA, ALGERIA N 
A L  CHAYDAH, YEMEN N 
ALLENTOVW, PA, USA N 
ABIDJAN. COTE D ' IVORE (IVORY COAST) N 
ALBWUE~LJE, NM, USA 
ABU SIWBEL, ARAB REP OF EGYPT 
A L  BAHA, S A W 1  ARABIA 
ABUJA, NIGERIA 
ABERDEEN, SCOTLAND 
ACAPULCO, n E x l c o  
ACCRA, GHANA 
LANUROTE, CANARY ISLANDS 
NANTUCKET, MA, USA 
EUREKA ARCATA, CA, USA 
IZMlR, TURKEY 
ADDIS ABABA, E T H I O P I A  
ADEN, YEMEN 
ADAK ISLAND, AS, USA 
ADELAIDE, SA, AUSTRALIA 
KODIAK, AS, US 
SAN ANDRES ISLAND, COLONBIA 
BUENOS A l R E S  - NEWBERY, ARGENTINA 
MLESUND, NORWAY 
AGADOR, MOROCCO 
MALAGA, SPAIN 
AGRA, I N D I A  
AUGUSTA, GA, USA 
ABHA, SAUDI ARABIA 
A L  HOCEIMA, MOROCCO 
AJACCIO, CORSICA, FRANCE 
JOUF, SAUDI ARABIA 
ARACAJU, B R A Z I L  
AUCKLAND, NEW ZEALAND 
KING SALWN,  AS, US 
AKURE, NIGERIA 
ALBANY. NY. USA 
A L I C A N ~ ,  SPAIN 
ALGIERS, ALGERIA 
ALEXANDRIA, ARA REP OF EGYPT 
AMARILLO, TX, USA 
AHMEDABAD, I N D I A  
M, JORDAN 
AMSTERDAM, NETHERLANDS 
ANCHORAGE, AS, US 
ANTOFAGASTA, C H I L E  
ANIAK, AS, US 
ANTVERP, BELGIUM 
ANTIGUA, WEST I N D I E S  
ALOR SETAR, MALAYSIA 
NAHPLJLA, MOZAMBIQUE 
APIA, WESTERN SAmM 
Q A I W H ,  S A B I  ARABIA 
ALOR, INDONESIA 
ARICA, C H I L E  
STOCKHOLM ARLANDA, SWEDEN 
ASCURA, E T H I O P I A  
ALICE SPRINGS, N.T., AUSTRALIA 
ASUNCI ,' PARAGUAY 
ASUAN, ARAB REP OF EGYPT 
ATHENS, GREECE 
ATLANTA, GA, USA 
ALTACIIRA, B R A Z I L  
AMRITSAR, I N D I A  
ARUM, ARUBA 
ABU OHABI, U. A. EMIRATES 
AUSTIN, TX, USA 
ARAGUAINA, B R A Z I L  
ASHEVILLE, NC, USA 
UILKES-BARRE/SCRANTON, PA, USA 
ALEXANDROUWLIS, GREECE 
AKITA, JAPAN 
ANTALYA, TURKEY 
YAZD, I S L A M I C  REP OF IRAN 
M L ~ Z O O ,  nr, USA 
ADRAR, ALGERIA 
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BAH 
B AQ 
B B I  
BCN 
BD H 
BDL 
BDQ 
BDT 
BEG 
EEL 
BEN 
BET 
BEU 
BFL 
BFN 
BFS 
BFX 
BGF 
BG I 
B GM 
BGO 
BGU 
BHH 
BH I 
BHJ 
BHM 
BHO 
BHU 
BHX 
B I A  
B I L  
8 1 0  
B I Q  
B I S  
B J L  
BJH 
BJR 
BK I 
BKK 
BKO 
BKY 
B L  I 
B L L  
BLQ 
BLR 
BNA 
BND 
BNE 
BN 1 
BN J 
Boo 
8 0  1 
BOW 
B o o  
0 0 s  
BRC 
BRE 
BRS 
BRU 
BRW 
BSB 
BSL 
BTM 
BTR 
BTV 
BU) 
BUF 
BW 
BUR 
BUX 
BUZ 
BVB 
BVH 
BU I 
BUN 

BAHRAIN, BAHRAIN 
BARRANWILLA, C O L W B I A  
BHUBANESUAR, I M D I A  
BARCELONA, SPA 1 N 
BAWDAR LENGEH, IRAN 
HARTFORD, CN, USA 
VADOOARA, I N D I A  
BAD0 L I T E ,  ZAIRE 
BELGRADE, YUGOSLAVIA 
BELEM, B R A Z I L  
BENGHAZI, L IBYAM A JAMAHIRIYA 
BETHEL, AS, US 
BEIRA, MOZAMBIQUE 
BAKESFIELD, CA, USA 
BLCEMFONTEIN, S W T H  AFRICA 
BELFAST, N. IRELAND 
BAFOUSSAH, CAMEROOW 
BANGUI, CEN. AFRICAN REPUBLIC 
BARBADOS, BARBADOS 
BINGHAMTCM, NY, USA 
BERGEN, NORWAY 
BAGHDAD, IRAQ 
BISHA, SAUDI ARABIA 
BAHIA BLANCA, ARGENTINA 
BHUJ, I N D I A  
BIRMINGHAM, AL, USA 
BHOPAL, I N D I A  
BHAVNACAR, 1 ND I A 
BIRMINGHAM, ENGLAND (UK) 
BASTIA, CORSICA, FRANCE 
BILL INGS,  MT, USA 
BILBAO, SPAIN 
BIARRITZ,  FRANCE 
BISMARCK, ND, USA 
BANJUL, GAMBIA 
BUJWBURA, BURUNDI 
BAHAR DAR, E T H I O P I A  
KOTA KINABALU, SABAH, MALAYSIA 
BANGKOK, THAILAND 
BAMAKO, M A L I  
BUKAW, ZAIRE 
BELLINGHM,  UA, USA 
BILLUND, DENMARK 
BOLOGNA, I T A L Y  
BANGALORE, I N D I A  
NASHVILLE, TN, USA 
B A D A R  ABBAS, I R A N  
BRISBANE, QLD, AUSTRALIA 
BENIN CITY,  N I G E R I A  
BOWN, FRG 
BORDEAUX, FRANCE 
BOISE, ID ,  USA 
BOnBAY, I N D I A  
8000, NORWAY 
BOSTON, HA, USA 
SAY CARLOS DE BARILOCHE, ARGENTINA 
BREMEN, FED REP OF GERMANY 
BRISTOL, ENGLAND (UK) 
BRUSSELS, B E L G I W  
BARRW, AS, U S  
BRASIL IA .  B R A Z I L  
BASEL/MU~HOUSE, SUI TZERLAND 
BUTTE, HT, USA 
BATON ROUGE. LA, USA 
BURL INGTON, -VF, -USA 
BWAPEST, HUNGARY 
BUFFALO, NY, USA 
BULAUAYO, ZIMBABWE 
BURBANK, CA, USA 
BUNA, ZAIRE 
BUSHEHR, IRAN 
BOA VISTA,  B R A Z I L  
VITHENA, B R A Z I L  
BALTI#ORE, HD, USA 
BASER1 BEGAWAN, BRUNEI DARUSSALAH 
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BXO 
BZE 
BZN 
BZV 
CAB 
CAE 
CAG 
C A I  
CAK 
CAN 
CAS 
CAY 
CBO 
CBH 
CBP 
CBR 
CC J 
CCP 
CCS 
CCU 
CD G 
CDV 
CEO 
CFU 
CGB 
CGH 
CGK 
CGN 
CGO 
CGQ 
CGR 
C HA 
CHC 
CNO 
CHQ 
CHS 
C I D  
C I X  
CJB 
CJC 
CKG 
CKS 
CKY 
CLE 
CLT 
CLV 
CUB 
CwJ 
CMH 
CM I 
CnN 
CNF 
CNQ 
CNS 
CNX 
crx 
COO 
COR 
COS 
CPH 
CPO 
cm 
CPR 
CPT 
CPV 
CRD 
CRP 
CRU 
CT A 
CTC 
CTG 
CTS 
C TU 
am 
CUR 

BISSAU, GUINEA BISSAU 
B E L I Z E  CITY,  BELIZE 
BOZECUN, MT, USA 
B R A Z U V I L E ,  P E W  REP OF COWGO 
CAB I NDA, ANGOLA 
COLUWBIA, SC, USA 
CAGLIARI, ITALY 
CAIRO, ARAB REP OF EGYPT 
AKRCU/CANTON, OH, USA 
GUANGZHOU, P. R. CHINA 
CASABLANCA, MOROCCO 
CAYENNE, FRENCH GUIANA 
CAR NICOBAR, I N D I A  
BECHAR, ALGERIA 
CALABAR, NIGERIA 
CANBERRA, A.C.1, AUTSTRALIA 
CALICUT, I N D I A  
COUCEPCIOW, CHILE 
CARACAS, VENEZUELA 
CALCUTTA, I N D I A  
PARIS DE GAULLE, FRANCE 
CORDOVA, AS, US 
WAC0 KUNCO, ANGOLA 
CORFU, GREECE 
M l l A B A  M T O  CROSSO, B R A Z I L  
SAO PAULO-CONGONHAS, B R A Z I L  
JAKARTA-SOEKARNO, INDONESIA 
COLOGNE BONN, FRG 
ZHENGZHOU, P. R. CHINA 
CHANGCHUN, P. R. CHINA 
CAMP0 CRANDE, BRAZIL  
CHATTANOOGA, TN, USA 
CHRISTCHURCH, NEU ZEALAND 
CHARLOTTESVILLE, VA, USA 
CHANIA, CRETE, GREECE 
CHARLESTON. SC. USA 
CEDAR RAPIDSII~A CITY, 10, USA 
CHICLAYO, PERU 
COIMBATORE. I N D I A  
C A L M ,  CHILE 
CHONGCIING, P. R. CHINA 
CARAJAS, BRAZIL  
CONAKRY, W I NEA 
CLEVELAND, OH, USA 
CHARLOTTE, NC, USA 
CALDAS NOVAS, BRAZIL  
COLOWBO, S R I  LANKA 
CORLMBA, M T O  GROSSO, B R A Z I L  
COLUWBUS, OH, USA 
CHAMPAIGN, I L ,  USA 
HOHAIIEDV, CASABLANCA, MOROCCO 
BELO HORIZONTE-CONFINS, B R A Z I L  
CORRIENTES, ARGENTINA 
CAIRNS, OLD, AUSTRALIA 
CHIANG MI, THAILAND 
COCHIN, I N D I A  
COTONOU, BENIN 
CORDOBA, ARGENTINA 
cOLORA~O SPRINGS, CO, USA 
COPENHAGEN, DENMARK 
CUPIATO, CHILE 
CAMPINAS, BRAZIL  
CASPER, W, USA 
CAPE TOVW, W T H  AFRICA 
C M P I N A  GRANDE, B R A Z I L  
COnOOORO RIVADAVIA, ARGENTINA 
CORPUS CHRISTI,  TX, USA 
CHARLESTOW, W, USA 
CATANIA, I T A L Y  
CATACURCA, ARGENTINA 
CARTAGENA, COLOWBlA 
SAPWRO-CHITOSE, JAPAN 
CHENGOU, P.R. CHINA 
CANCUU, MEXICO 
CURACAO, NETH ANTILLES 
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CUT 
CVG 
C WB 
CVL 
CX I 
CY I 
CZL 
czs 
czx 
DAB 
DAC 
D AL 
D M  
OAR 
DAY 
DBV 
DCA 
DEC 
DEL 
DEN 
DET 
D EU 
D FW 
D HA 
D I B  
D I E  
D I R  
D JE 
D JG 
DKR 
DLA 
DLC 
DLG 
D o 0  
DOH 
DPS 
DRO 
DR W 
D M  
DTW 
DUB 
DUD 
DUR 
DUS 
DUT 
DXB 
E M  
EBB 
E BD 
EBJ 
ED I 
E F L  
E J H  
E L F  
ELG 
ELM 
ELP 
ELQ 
E L S  
E L U  
EMA 
ENU 
EQS 
ER 1 
ESB 
ESR 
ETH 
EUG 
EUN 
E M  
E W  
EUR 
EZE 
FAE 
FA1 

APTDEF HEHI SPHR COMUS ----.--.-.-----.------------------- - - - - - - - -  - ----.  
CUTRAL-CO, ARGENTINA S 
CINCINNATI,  OH, USA N 
CURITIBA, PARANA, B R A Z I L  S 
CARDIFF, VALES, UK N 
CHRISTMAS ISLAND. REP OF K I R I B A T I  N 
CHIAYI, TAIWAN . 
CONSTANTINE, ALGERIA 
CRUZEIRO DO SUL, ACRE, B R A Z I L  
CHANGZHOU, P. R. CHINA 
DAYTONA BEACH, FL, USA 
DHAKA, BANGLADESH 
LOVE DALLS/FT. WORTH, TX, USA 
DAMASCUS, SYRIA 
DAR ES S A L M I I ,  TANZANIA 
DAYTON, OH, USA 
DUBROW I K. YUGOSLAVIA 
NATIONAL, 'WASHINGTON, DC, USA 
DECATUR, I L ,  USA 
DELHI, I N D I A  
STAPLETON I N T ' L ,  DENVER, CO, USA 
DETROIT CITY, MI ,  USA 
SOnEWHERE OVER GERMANY 
DALLAS/FT WORTH, TX, USA 
DHAHRAN, SAUO I ARABIA 
DIBRUGARH, I N D I A  
ANTSIRANANA, MADAGASCAR 
DIRE DAWA, E T H I O P I A  
DJERBA, T U N I S I A  
DJANET, ALGERIA 
DAKAR, SENEGAL 
DOUALA, REP OF CAMEROON 
DALIAN, P. R. CHINA 
D I L L I N G H M ,  AS,US 
D O O W ,  TANZANIA 
DOHA, QATAR 
DEMPASAR, INDONESIA 
DURANGO, CO, USA 
DARUIN, N.T., AUSTRALIA 
DES W I N E S ,  10, USA 
WAYNE CO, DETROIT, M I ,  USA 
DUBLIN, REPUBLIC OF IRELAND 
DUNEDIN, NEW ZEALAND 
DURBAN, SOUTH AFRICA 
DUESSELDO(IF, FRG 
DUTCH HARBOR, AS, U S  
DUBAI, U. A. EMIRATES 
NEJRAM, SAUDI ARABIA 
ENTEBBE KAMPALA, UGANDA 
E L  OBEID, W A N  
ESBJERG, DENMARK 
EDINBURGH, SCOTLAND 
KEFALONIA, GREECE 
UEDJH, SAUDI ARABIA 
E L  FASHER, SWAN 
E L  GOLEA, ALGERlA 
ELMIRA, NY, USA 
E L  PASO, TX, USA 
CASSIH, S M R l  ARABIA 
EAST LO)(DW, SOUTH AFRICA 
E L  WED, ALGERIA 
EAST MIDLANDS, ENGLAND 
ENWXI, N I G E R I A  
E S W L ,  ARGENTINA 
ERIE, PA, USA 
ANKARA-ESENBOCA, TURKEY 
E L  SALVADOR, C H I L E  
ELAT, ISRAEL 
EUGENE, OR, USA 
LMYOUNE, MOROCCO 
EMNES, NORWAY 
EVANSVILLE. IN.  USA 
NEWARK, NEU  YO^, NY , USA 
BUENOS A I R E S - E Z E I U  ARPT, ARGENTINA S 
FAROE ISLANDS, DENMARK' N 
FAIRBANKS, AS, US N 

F GN 
YES 
FGN 
F GN 
F GN 
FGN 
FGM 
FGN 
FGN 
YES 
FGN 
YES 
F GN 
FGN 
YES 
FGN 
YES 
YES 
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YES 
YES 
FGN 
YES 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
F GN 
FGN 
FGN 
NO 
FGN 
FGN 
FGN 
YES 
FGN 
YES 
YES 
FGN 
FGN 
F GN 
F GN 
NO 
FGN 
FGN 
FGM 
FGN 
FGN 
FGN 
FGN 
FGW 
FGN 
FGN 
YES 
YES 
FGN 
F GN 
FGN 
FGN 
FGN 
F GW 
YES 
FGN 
FGN 
F GN 
YES 
FGN 
FGN 
YES 
YES 
FGN 
FGN 
NO 



F A 0  
FAR 
FAT 
FAY 
F f f l  
F BU 
F CA 
F CO 
FEZ 
F I H  
F JR 
F K I  
F L L  
FLN 
FMA 
F M l  
FNA 
FNC 
FNT 
FOC 
FOE 
FOR 
F W  
FRA 
F SD 
F TU 
FUE 
FUK 
F WA 
GAJ 
GAL 
GAU 
GEE 
W L  
GEG 
CEO 
GHA 
GHB 
GHU 
G I B  
G I G  
G I  Z 
GJT 
GLA 
GnA 
CM 
Go1 

c o n  
COP 
GOT 
UXI 
m 
GRB 
GR J 
GRR 
GRU 
GRZ 
GSO 
GSP 
GTF 
(WA 
GU( 
GVA 
cm 
CVT 
GXF 
GXG 
GYE 
GY N 
HAC 
HAH 
HA J 
HAK 
HAM 
H AN 

FARO, PORTUGAL N 
F A R M ,  ND, USA N 
FRESNO, CA, USA N 
FAYETTEVILLE, NC, USA N 
L U U B A S H I ,  ZAIRE S 
FORNEBU, OSLO, NORWAY N 
KAL lSPELL GLACIER NAT 'L  OK, MT, USA N 
DA V I N C I ,  R W E ,  I T A L Y  
FEZ, C(OR~CCO 
KINSHASA, ZAIRE 
A L  FUJAIRAH, U.A.E. 
KISANGANI, ZAIRE 
F T  LAUDERDALE, FL, USA 
FLORIANOPOLIS, BRAZIL  
FORWSA, ARGENTINA 
KALEHIE, U I R E  
FREETOVW, SIERRA LEONE 
FUNCHAL - MADEIRA, PORTUGAL 
FLINT,  MI ,  USA 
FUZHOU, P. R. CHINA 
FORBES, TWEKA, KA, USA 
FORTALEU, CEARA, BRAZIL  
FREEPORT, BAHAMAS 
FRANKFURT, FRG 
S l W X  FALLS, SD, USA 
FT DAUPHIN, MADAGASCAR 
FUERTEVENTURA, CANARY I S .  
FUKWXA, JAPAN 
FT WAYNE, I N ,  USA 
YAMACATA, HONSHU, JAPAN 
GALENA, AS, USA 
GAUHATI, I N D I A  
GABORONE, BOTSWANA 
GUADALAJARA, MEXICO 
SPOKANE, UA, USA 
GEORGETWN, GUYANA 
GHARDAIA, ALGERIA 
GOVERNORS HARBOUR, BAHAMAS 
GUALEGUAYCHU, ARGENTINA 
GIBRALTAR, GIBRALTAR 
R I O  DE JANEIRO INTIL ,  BRAZIL  
G I U Y ,  SAUDI ARABIA 
GRAND JUNCTION, CO, USA 
GLASGLOU, SCOTLAND 
GEMENA, ZAIRE 
GENM, I T A L Y  
GOA, I N D I A  
COIIA, ZAIRE 
GORAKHPUR, I N D I A  
COTHENBURG, SWEDEN 
GAROUA, REP OF CAMEROOW 
COM, N.T., AUSTRALIA 
GREEN BAY, M I ,  USA 
GEORGE, SOUTH AFRICA 
G R M J  RAPIDS, M I ,  USA 
SAO PAULO-GUARULWS, BRAZIL  
GRAZ, AUSTRIA 
GREENSBORO/HPT/UIN-SALEM, NC, USA 
GREENVILLE/SPARTANBURG, SC, USA 
GREAT FALLS, MT, USA 
UJATELMALA CITY, GUATEMALA 
GUAM, GUAM 
GENEVA, SWITZERLAND 
W A L I O R ,  I N D I Z  
GALUAY, I RELAND 
SEIYUW, YEMEN 
NEWGE, ANCOCA 
UJAYAWI1,ECUADOR 
COIANIA, B R A Z I L  
HACHIJO, J I M A  ISLAND, JAPAN 
WOROUI-HAHAYA, C m O S  
HANOVER, FED REP OF GERMANY 
HAIKOU, P. R. CHINA 
HAMBURG, FRG 
HANOI, SOC REP OF VIETNAM 

F GN 
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YES 
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FGN 
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FGN 
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YES 
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FGN 
F GN 
FGN 
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FGN 
YES 
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FGN 
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YES 
FGN 
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FGN 
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FGN 
F GN 
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FGN 
FGN 
FGN 
F GN 
FGN 



AIRPORT - - - - - - - - 
HAS 
HBA 
HBT 
HDY 
HEL 
HER 
HGH 
H I  R 
HJR 
H KD 
HKG 
HKT 
HLN 
HLZ 
HME 
HND 
HNL 
HOO 
HOF 
HOR 
HCU 
HPN 
HRB 
HRE 
HRG 
HRL 
HSV 
HT l 
HTS 
HUN 
HYD 
I AD 
I AH 
IM 
I BA 
I BZ 
I CT 
I D A  
I DR 
I EV 
I FN 
I GL 
I GR 
la, 
I LC 
I LM 
I LR 
I M F  
I M P  
I ND 
I N 1  
I NU 
l NZ 
l a 4  
1 0 s  
100 
I QT 
I R J  
I RP 
I S A  
I SB 
I SG 
Is0 
I SP 
I ST 
I T H  
1 TO 
I UE 
I VC 
1XA 
I XB 
I XC 
I X D  
I XE 
I X J  

HAIL,  SAUDI ARABIA 
HOBART, TASMANIA, AUSTRALIA 
HAFR ALBAPIN, SAUDI ARABIA 
HAT YAI ,  THAILAND 
HELSINKI,  FINLAND 
HERAKLION, GREECE 
HANGZHCU, P. R. CHINA 
HOWIARA, GUADALCANAL, SOLWON I S .  
HIROSHIMA, JAPAN 
HAKCOATE , JAPAN 
HONG KONG, HONG KONG 
PHUKET, THAILAND 
HELENA, MT, USA 
HAMILTON, NEW ZEALAND 
HASSl MESSAOUD, ALGERIA 
TOKYO-HANEDA, JAPAN 
HONOCULU, OAHU, HA, USA 
HODEIDAH, YEMEN 
HOFUF, SAUDI ARABIA 
HORTA F A l A L  ISLAND, PORTUGAL 
HOUSTON, TX, USA 
WHITE PLAINS, MY, USA 
HARBIN, MANCHURIA, P. R. CHINA 
HARARE, ZIMBABWE 
HORGHADA, ARAB REP OF EGYPT 
HARLINGEN, TX, USA 
HUNTSVILLE/DECATUR, AL, USA 
HAHILTON ISLAND, OLD, AUSTRALIA 
HUNTINGTON, W, USA 
HUALIEN, TAIWAN 
HYDERABAD, I N D I A  
DULLES INT 'L ,  UASHINGTON, DC, USA 
HOUSTON INTERCONT, TX, USA 
I N  AMENAS, ALGERIA 
IBADAN, N I G E R I A  
I B I U ,  SPAIN 
WICHITA, KA, USA 
IDAHO FALLS, ID,  USA 
INDORE, I N D I A  
KIEV, USSR 
ISFAHAN, IRAN 
I U I I R - C I G L I ,  TURKEY 
IGUAZU, ARGENTINA 
IGUASSU FALLS, B R A Z I L  
PHILADELPHIA-UILMINGTOW. PA. USA . . 
WILHINCTOW, NC, USA 
ILORIN, N I G E R I A  
IMPHAL, I N D I A  
IMPERATRIZ, B R A Z I L  
INDIANAPOLIS, IN, USA 
NIS, YUGOSLAVIA 
NAURU, REP OF NAURU 
I N  SALAH, ALGERIA 
IOANNINA, GREECE 
ILHEUS, B R A Z I L  
IQUIQUE, C H I L E  
IQUTOS. PERU 
L A  RIO~A, ARGENTINA 
ISIRO, ZAIRE 
HCUHT ISA. OLD. AUSTRALIA 
ISLAMABAD- RAWALPIND I, P A K l  STAN 
ISHIG4K1, JAPAN 
KINSTOW, NC, USA 
LONG ISLAND MAWRTHUR, NY, USA 
ISTANBUL, TURKEY 
ITHICA, NY, USA 
H l L O  HAWAlf, HA, US 
N I L E  ISLAND, N l U E  
INVERCARGILL, NEW ZEALAND 
AGARTALA, I N D I A  
BAGDOGRA, I N D I A  
CHANDIGAR, I N D I A  
ALLAHABAD, I N D I A  
MANGALORE, I N D I A  
JACWI, I N D I A  
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FGN 



AIRPORT - - - - - - -  
I XL 
Ixn 
I XR 
I XS 
[ X U  
1 xz 
JAC 
J A  l 
JAN 
JAX 
JDH 
JDO 
JED 
JER 
J F K  
JGA 
JHB 
J I B  
JKH 
JNB 
J NU 
J O I  
JOS 
J PA 
JRH 
JRO 
J S I  
JTR 
JUB 
J U J  
KAD 
KAN 
KBL 
KBR 
KCH 
KC2 
KDU 
KE F 
KER 
KGA 
KGL 
KGS 
KHH 
KH I 
KHN 
K I  J 
K I M  
K I N  
KKC 
KLX 
KHG 
m I 
Kn J 
w 
Kno 
K No 
KNN 
KNU 
K M  
KO J 
KRN 
KRP 
KRS 
KRT 
KSA 
KSM 
KST 
KSU 
KTH 
KTN 
KU A 
KUH 
KUL 
KVA 
KUE 

APTDEF - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  
LEH, I N D I A  
M D U R A I ,  I N D I A  
RANCHI, I N D I A  
SILOHAR, I N D I A  
AURANWBAD, I N D I A  
PORT B L A I R  ANDAHAN ISLAND, I N D I A  
JACKSON, UY, USA 
JAIPUR, I N D I A  
JACKSON, HS, USA 
JACKSONVILLE, FL, USA 
JOOHPUR, I N D I A  
JUAZEIRO DO NORTE CEARAH, B R A Z I L  
JEDDAH, SAUOl ARABIA 
JERSEY CHANNEL ISLANDS, UK 
KENNEDY, NEW YORK, NY, USA 
JAWNAGAR, I N D I A  
JOHOR BAHRU, MALAYSIA 
D J I B O U T I .  D J I B O U T I  
CHIOS, G ~ E E C E  
JOHANNESBURG. SOUTH AFRICA 
JUNEAU, AS, US 
J O I N V I L L E ,  B R A Z I L  
JOS, N I G E R I A  
JOAO PESSOA, B R A Z I L  
JORMAT, I N D I A  
KILIMANJARO, TANZANIA 
SKIATHOS, GREECE 
SANTORINI, THIRA ISLAND, GREECE 
JUBA, SUDAN 
JUJUY, ARGENTINA 
KADUNA, N I G E R I A  
KANO, N I G E R I A  
KABUL, AFGHANISTAN 
KOTA BHARU, MALAYSIA 
KUCHING, SARAWAK, MALAYSIA 
KOCHI, JAPAN 
SKARDU, PAKISTAN 
REYKJAVIK-KEFLAVIK, ICELAND 
KERMAN, I R A N  
KANANCA, Z A I R E  
K I G A L I ,  RWANDA 
KOS, GREECE 
KAOHSIUNG, TAIWAN 
KARACHI, PAKISTAN 
NANCHANG KIANGSI ,  P. R. CHINA 
NI IGATA,  JAPAN 
K I W E R L E I ,  SOUTH AFRICA 
K I N G S T W ,  JAMAICA 
KHON KAEN, THAILAND 
KALMATA,  GREECE 
KUNHING, P.R. CHINA 
M I Y A U K I ,  JAPAN 
KWNWTO, JAPAN 
K E E T C U N S W ,  N A M I B I A  
K W T S U ,  JAPAN 
KINtMJ, Z A I R E  
KANKAN, GUINEA 
KANPUR, I N D I A  
KOWA, HA, US 
KA(;OSHIHA, JAPAN 
KIRUNA, SWEDEN 
KARUP, DENMARK 
KRISTIANSAND, NORWAY 
KHARTWM, S W A N  
KOSRAE, CAROLINE ISLANDS 
ST MARY'S, AS, US 
KOSTI, SUDAN 
KRISTIANSUND, NORWAY 
K A T H M N W ,  NEPAL 
KETCHIKAN, AS, US 
KUANTAN, t4ALAYSlA 
KUSHIRO, JAPAN 
KUALA L U I W R ,  MALAYSIA 
KAVALA, GREECE 
GUIYANG, P. R. CHINA 
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11 12 
8785 

732 
4164 
686 
ino 
15620 
2684 
628 



AIRPORT - - - - - - - -  
KU I 
KUL 
LAD 
LAN 
L AS 
LAX 
LBB 
LBU 
LEV 
L CA 
LCE 
LDB 
LDE 
L D I  
LED 
L E I  
L E  J 
LEX 
LFW 
L GA 
LGB 
L GK 
LGW 
LHE 
L HR 
L HW 
L I H 
L I L 
L l M  
L l N 
L I S  
L I T  
L JA 
L J U  
L KO 
L L A  
LLW 
LMT 
LNK 
LNZ 
LOS 
LPA 
LPB 
L P L  
LRH 
LST 
LTN 
LUN 
L W  
L W 
LUT 
LUX 
LXR 
LXS 
LYH 
LYP 
LYR 
LYS 
MAA 
MAB 
MAD 
MAF 
MAH 
MA J 
MAL 
MAN 
MA0 
MB J 
nes 
nex 
MC r 
nco 
HCP 
MCT 
MCY 

APTDEF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W A I T ,  W A I T  
W I L I N ,  P. R. CHlNA 
LUANDA, ANGOLA 
LANSING, M I ,  USA 
LAS VEGAS, NV, USA 
LOS ANGELES, CA, USA 
LUBBOCK, TX, USA 
LABUAN SABAH, MALAYSIA 
L IBREVILLE,  GABON 
LARNACA, CYPRUS 
L A  CEIBA, HONDURAS 
LONDRINA, BRAZIL  
LCURDES/TARBES, FRANCE 
L I N D I ,  TANZANIA 
LENIYGRAD, U.S.S.R. 
ALMERIA, SPAIN 
LEIPZIG,  GOR 
LEXINGTON, KY, USA 
LOME, TOGO 
NEW YORK LA GUARDIA, NY, USA 
LONG BEACH, CA, USA 
LANGKAWI, MALAYSIA 
LONDW-GATWICK, ENGLAND 
LAHORE, PAKISTAN 
LONDW HEATHRUJ, ENGLAND, (UK) 
LANZHOU, P. R. CHlNA 
LIHUE, KAUAI, HA, US 
L I LLE, FRANCE 
LIMA, PERU 
MILAN LINATE, I T A L Y  
LISBON, PORTUGAL 
L I T T L E  ROCK, AK, USA 
LOOJA, ZAIRE 
LJUBLJANA, YUGOSLAVIA 
LUCKNUJ, I N D I A  
LULEA, SWEDEN 
LILONGWE, MALAWI 
KLAlUTH FALLS, OR, U.SA 
LINCOLN, NB, USA 
LOUZ, AUSTRIA 
LAGOS, NIGERIA 
GRAM U N A R I A ,  U N A R Y  ISLANDS 
L A  PAZ, B O L I V I A  
LIVERPOOL, ENGLAND 
L A  ROCHELLE, FRALlCE 
LAUNCESTON, TASMANIA, AUSTRALIA 
LONDON-LUTON I N T ' L ,  ENGLAND 
LUSAKA, ZAMBIA 
LUENA, ANGOLA 
SAN LUIS, ARGENTINA 
LAURA STATIOW, AUSTRALIA 
LUXEHBOURG, LUXEMBCURG 
LUXOR, ARAB REP O f  EGYPT 
LEMNOS, GREECE 
LYNCHBURG, VA, USA 
FAISALABAD. PAKISTAN 
LONGYEARBY~N, NORWAY 
LION, FRANCE 
MADRAS. I N D I A  
MARABA; s ruzr i  
MADRID, SPAIN 
MIDLAND ODESSA, TX, USA 
MAMOY, MENORU, SPAIN 
MAJURO, MARSHALL ISLAND 
MANGOLE, INDONESIA 
MANCHESTER, ENGLAND (UK) 
MANAUS, B R A Z I L  
MONTEGO BAY, J A l U I U  
SAGINAW, H I ,  USA 
MARIBOR, YUGOSLAVIA 
KANSlS CITY, W, USA 
ORLANDO-INT'L, FL, USA 
MAUPA, AMAPA, B R A Z I L  
MUSCAT, O(UN 
MAROOCHYDORE, QLD, AUSTRALIA 

FGN 
FGN 
FGN 
YES 
YES 
YES 
YES 
F GN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
F GN 
F GN 
YES 
FGN 
YES 
YES 
FGN 
F GN 
FGN 
FGN 
FGN 
NO 
F GN 
FGN 
F GN 
FGN 
YES 
FGN 
FGN 
FGN 
FGN 
F GN 
YES 
YES 
FGN 
FGN 
FGN 
F GN 
FGN 
F GN 
F GN 
FGN 
FGN 
F GN 
FGN 
F GN 
FGN 
FGN 
FGN 
YES 
F GN 
FGN 
FGN 
FGN 
FGN 
FGN 
YES 
F GN 
FGN 
FGN 
F GN 
FGN 
FGN 
YES 
FGN 
YES 
YES 
FGN 
FGN 
FGN 
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MCZ 
W E  
#)I 
MDK 
ma 
W T  
mu 
MDZ 
MED 
MEG 
ME L 
MEM 
MES 
HEX 
MFE 
MFR 
MFU 
no, 
MGM 
MGa 
M HD 
MHT 
M I A  
M I D  
M I L  
MIR 
M I U  
MJM 
MJN 
MJT 
MKE 
MKY 
MLA 
MLB 
MLE 
MLH 
ML I 
MLU 
MMY 
MNL 
C(08 
m)c 
W L  
C#)Q 
HOT 
MPL 
MPn 
MR S 
MRU 
URY 
nsw 
M s o  
MSP 
MSR 
MSY 
MSZ 
MTS 
MTY 
w 
mi 
w Z 
nve 
MVD 
m/R 
)1VZ 
W P  
W Z  
MY J 
MY R 
MYU 
MYY 
MZG 
MZT 
NAG 
NAN 

APTDEF HEMISPHR CONUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - -  - - - - - .  
MACEIO, ALAGOAS, B R A Z I L  
MEDELLIN, COLOHBIA 
MAKURDI, N I G E R I A  
MBANDAKA, ZAIRE 
MAR DEL PLATA, ARGENTINA 
HARRISBURG-OLMSTEAD ST, PA, USA 
CHICAGO-MIDUAY, I L ,  USA 
MENDOU, ARGENTINA 
MEDINA, S A W 1  ARABIA 
MALANGE, ANGOLA 
MELBOURNE, VICTORIA, AUSTRALIA 
MEMPHIS, TN, USA 
MEDAN, INDONESIA 
MEXICO C I T Y ,  MEXICO 
MC ALLEN, TX, USA 
MEDFOR, OR, USA 
MFUVE, ZAMBIA 
MANAGUA, NICARAGUA 
MONTCOHERY, AL, USA 
HOCADISHU, SOHALlA 
MASHAD, I R A N  
MANCHESTER, NH, USA 
M I M I ,  FL,  USA 
MERIDA, MEXICO 
MILAW, I T A L Y  
MONASTIR, T U N I S I A  
MAIDUGURI, N I G E R I A  
MBUJI -MAYI ,  ZAIRE 
MAJUNGA, MADAGASCAR 
MYTILENE, GREECE 
MILWAUKEE, U I ,  USA 
MALACCA, MALAYSIA 
MALTA, MEDITERRANEAN SEA 
MELBOURNE, FL, USA 
MALE, MALDIVES 
W L H W S E / B A S E L ,  FRANCE 
MOLINE, I L ,  USA 
MONROE, LA, USA 
MIYAKO JIM, JAPAN 
MANILA, P H I L I P P I N E S  
MOsILE AL/PASCACOULA, US, USA 
MONTES CLAROS, B R A Z I L  
MOLDE, NORUAY 
WRONDAVA, MADAGASCAR 
MINOT, ND, USA 
W T P E L L I E R ,  FRANCE 
MAPUTO, H O u n B l a U E  
MARSEILLE, FRANCE 
MAURITIUS, MAURITIUS 
CIO)(TEREY, CA, USA 
MADISON, WI, USA 
MISSOULA, HT, USA 
MINNEAPOLIS-ST PAUL, MN, USA 
MUENSTER, FRG 
NEW ORLEANS, LA, USA 
WMIIBE, ANGOLA 
MAN2 I W I, SUAZ I LAW0 
MONTERREY, MEXICO 
W N I C H ,  FRG 
WLTAW, PAKISTAN 
MUSOMA, TANZANIA 
F R M C E V I L L E ,  GABON 
HONTEVIDEO, URUGUAY 
MAROUA, REP OF CANERCON 
M A N U ,  TANZANIA 
MILAN-MALPEWSA, I T A L Y  
MEIXIAM, P. R. CHINA 
MATSUYAMA, SHIKIKU,  JAPAN 
MYRTLE BEACH, SC, USA 
MTUARA, TANZANIA 
M I R I ,  SARAUAK, MALAYSIA 
MAKUNG, TAIWAN 
MAUTLAN,  MEXICO 
NAGWR, I N D I A  
WADI, F I J I  

FGW 
FGN 
FCW 
F GN 
FGW 
YES 
YES 
FGN 
FGN 
FGN 
FCN 
YES 
F GN 
FGW 
YES 
YES 
F GN 
FGW 
YES 
FGW 
F GN 
YES 
YES 
FGN 
FGW 
FGN 
FGW 
F GN 
FGW 
FGN 
YES 
FGN 
FGN 
YES 
FGW 
FGW 
YES 
YES 
FGN 
FGN 
YES 
FGW 
FGN 
FGW 
YES 
FGN 
FGW 
FGW 
FGW 
YES 
YES 
YES 
YES 
FGN 
YES 
FGW 
FGW 
FGW 
FGN 
FGN 
FGN 
FGW 
FGW 
FGW 
FGY 

' FGN 
FGW 
FGN 
YES 
FGW 
FGW 
FGW 
F GN 
FGN 
FGN 



AIRPORT - - - - - - -  
NAP 
WAS 
NAT 
NBO 
NCE 
NCL 
NOD 
ND J 
NGE 
NGO 
N l M  
NKC 
NKG 
NLA 
NLK 
NNG 
NOS 
N c u  
NOV 
NPN 
NRT 
NUE 
NVT 
OA J 
OAK 
ODE 
OGG 
OGN 
OGX 
OHD 
o l r  
OKA 
OKC 
OK J 
OLB 
OCU 
OnE 
OUT 
OOL 
090 
ORD 
ORF 
ORH 
ORK 
ORN 
ORY 
OSA 
OSL 
O M  
01 P 
OTZ 
OUA 
am 
OUE 
OZZ 
PAP 
PAT 
PB I 
P Bn 
PCL 
PDL 
PDP 
PDX 
PEK 
P E n  
PEN 
PER 
PEW 
PHC 
PHE 
PHL 
PHs 
PHX 
P I A  
P I E  

APTDEF --.----------------------------- 
NAPLES, I T A L Y  
NASSAU, BAHAMAS 
NATAL, BRA2 1 1  
NAIROBI, KENYA 
NICE, FRANCE 
NEWCASTLE, ENGLAND 
U B E ,  ANGOLA 
NIDJAHENA, CHAD 
NIGAOUNDERE, REP OF CAMEROON 
NAGOYA, JAPAN 
NIAMEY, NIGER 
NOUAKCHOTT, MAURITANIA 
NANJING, P. R. CHINA 
NDOLA, ZAMBIA 
NORFOLK ISLAND, P A C I F I C  OCEAN 
NANNING, P. R. CHINA 
NOSSIBE, MADAGASCAR 
N M E A ,  NEW CALEDONIA 
HUAMBO, ANGOLA 
NEWUEN, ARGENTINA 
T W O - N A R I T A ,  JAPAN 
NUREMBURG, FRG 
NAMGANTES, B R A Z I L  
JACKSONVILLE, NC, USA 
OAKLAND, SAN FRANCISCO, CA, USA 
ODENSE, DENMARK 
KAHULUI, HAUI,  HA, US 
YONAGUNI-J IM,  JAPAN 
OUARGLA, A1  GERlA 
OHRID, YUGOSLAVIA 
OITA, JAPAN 
OKINAWA, RIUKYU I S ,  JAPAN 
OKLAHOHA CITY, OK, USA 
OKAJAMA, JAPAN 
OLBIA, I T A L Y  
OHAHA, NB, USA 
N W ,  AS, US 
ONTARIO, CA, USA 
GOLD COAST, OLD, AUSTRALIA 
OPORTO, PORTUGAL 
CHICAGO-O'HARE, l L ,  USA 
NORFOLK-VA. BEACH, VA, USA 
UORCESTER, MA, USA 
CORK, IRELAND 
ORAN, ALGERIA 
PARIS - ORLY ARPT, FRANCE 
OSAKA, JAPAN 
OSLO, NORWAY 
HOWL, IRAQ 
BUCHAREST-OTOPENI, ROMANlA 
KOTZEBUE, AS, US 
UMGADOUCOU, BURKINA FASO 
UJJDA, IIOC(OCC0 
OUESSO, PEOP REP OF CONGO 
UJARAUTE,  MOROCCO 
PORT AU PRINCE, H A I T I  
PATNA, I N D I A  
WEST P A L n  BEACH, FL, USA 
P W R I B O ,  REP OF SURINAME 
WCALLPA, PERU 
PONTA DELGADA, PORTUGAL (AZORES) 
PUNTA DEL ESTE, URUGUAY 
PORTLAND, OR, USA 
B E I J I N ,  P. R. CHINA 
PUERTO HALDONADO, PERU 
PENANG, CULAYSIA 
PERTH, MA, AUSTRALIA 
PESHAWAR, PAKISTAN 
PORT HARCOURT, N I G E R I A  
PORT HEDLAND, WA, AUSTRALIA 
PHILADELPHIA/UILMINGTO(I, PA, USA 
PHITSANULOK, THAILAND 
PHOENIX, AZ, USA 
PEORIA, I L ,  USA 
TAMPA-ST. PETERSBURG, FL, USA 

FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
F GN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
F GN 
FGN 
FGN 
FGN 
FGN 
F GN 
YES 
YES 
FGN 
NO 
FGN 
FGN 
F GN 
FGN 
FGN 
YES 
FGN 
FGN 
YES 
NO 
YES 
FGN 
FGN 
YES 
YES 
YES 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
NO 
FGN 
FGN 
FGN 
FGN 
FCN 
FGN 
YES 
FGN 
FGN 
FGN 
FGN 
YES 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
YES 
FGN 
YES 
YES 
YES 



A1 Rf - - - .  
P I K  
P I T  
P I U  
P L Z  
PUA 
PMC 
PME 
PM I 
PMO 
PMR 
PNP 
PNR 
PNS 
PNZ 
POA 
POG 
POL 
POS 
PPC 
PPP 
PRG 
PSA 
PSC 
PSC 
P S I  
PSP 
PSS 
PTY 
PUB 
WQ 
PUY 
PVD 
PVH 
PVR 
pH( 
PXO 
PZU 
QTV 
RAE 
RAH 
RA J 
R AK 
RAP 
RAR 
RAS 
RBA 
RBR 
R CU 
RDD 
RDU 
REC 
REL 
RES 
RGA 
RCL 
RHO 
R I C  
R I J  
R l Y  
R JK 
RKT 
RNN 
RNO 
ROA 
ROB 
ROC 
ROK 
ROR 
ROS 
ROT 
RPR 
RRS 
RstJ 
RTB 
RUH 

'ORT APTDEF . - - - -  - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
GLASGOU-PRESTUICK, SCOTLAND 
PITTSBURGH, PA, USA 
PIURA, PERU 
PORT ELIZABETH, SOUTH AFRICA 
PEMBA ISLAND, TANZANIA 
WERTO MONTT, CHILE 
PORTSHOUTH, UK 
P A L M  M L L O R C A  ISLAND, SPAIN 
PALERMO, I T A L I  
PALHERSTON, NEW ZEALAND 
P0011A, I N D I A  
POINTE NOIRE, P E W  REP OF CONGO 
PENSACOLA, FL,  USA 
PETROLINA, B R A Z I L  
PORTO ALEGRE, B R A Z I L  
PORT GENTIL ,  GABON 
PEMBA, HOZAMB 1 OUE 
PORT OF SPAIN, TRINIOAD/TOBAGO 
PAGO PAGO, SAMOA 
PROSERPINE, PLD, AUSTRALIA 
PRAGUE, CZECHOSLOVAKIA 
PISA, I T A L Y  
PASCO, UA, USA 
PETERSBURG, AS, US 
PASNI , P A K l  STAN 
PALM SPRINGS, CA, USA 
POSADAC, ARGENTINA 
PANAMA CITY,  PANAMA 
PUEBLO, CO, USA 
PUNTA ARENAS, CHILE 
PULA, YUGOSLAVIA 
PROVIDENCE, R I ,  USA 
PORTO VELHO, B R A Z I L  
PUERTO VALLARTA, MEXICO 
PORTLAND, ME, USA 
PORTO SANTO, PORTUGAL (MADEIRA) 
PORT SUDAN, SUDAN 
TREVISO, I T A L Y  
ARAR, SAUDI ARABIA 
RAFHA, SAUDI ARABIA 
RAJKOT, I N D I A  
MRRAKECH, MOROCCO 
RAPID C I T Y ,  SD, USA 
RARDTONCA, COOK ISLAND, S. P A C I F I C  
RASHT, I R A N  
RABAT, MOROCCO 
R I O  BRANCO, B R A Z I L  
R I O  CUARTO, ARGENTINA 
REDDINC, CA, USA 
RALEIGH-DURHAM, NC, USA 
RECIFE, B R A Z I L  
TRELEU, ARGENTINA 
RESISTENCIA, ARGENTINA 
R I 0  GRANDE, ARGENT 1 NA 
R I O  G A L L E M S ,  ARGENTINA 
RHODES, GREECE 
R I  CHHOND, VA, USA 
RIOJA, PERU 
RIYAN, YEMEN 
RIJEKA, YUGOSLAVIA 
RAS AL K H A I M H ,  U. A. EMIRATES 
RONNE, DENMARK 
RENO, NV, USA 
ROANOKE, VA, USA 
MONROVIA ROBERTS, L I B E R I A  
ROCHESTER, NY, USA 
ROCKHAHPTON, QLD, AUSTRALIA 
KOROR, PALAU ISLAND, P A C I F I C  OCEAN 
ROSARIO, ARGENT1 NA 
ROTORUA, NEW ZEALAND 
R A I W R ,  I N D I A  
ROROS, NORWAY 
FORT MYERS REGIONAL, FL, USA 
ROATAN, HONDURAS 
RIYADH, SAUDI ARABIA 

HEHISPHR COWUS STGFY87 - - - - - - - -  - - - - - - - -  - - - - - - - - - -  
N F GN 5 2 
N YES 6 9 4  1 3  
S F GN 1 0 6 8  
S FGN 1 2 5 3  1 
S F GN 8 
S FGN 1 4 0 0  
N F GN 0 
II FGN 2 4 4 9  
N F GN 0 
S F GN 2 5 9 2  
N FGN a 4 2  
S FGN 1 2 6 5  
N YES 2 1 8 0  
S F GN 7 2 0  
S FGN 8 1 5 6  
S FGN 1 8  
S FGN 2 6 0  
N FGN 5 2  
S FGN 4 3 4  
S FGN 4 3 7  
N FGN 1 2 3 1  
N FGN 1082 
N YES 864 
N NO 1 4 6 0  
N FGN 2 0 8  
N YES 3 0 8 3  
S FCN 9 3 8  
N FGN 2 6 8 3  
N YES 2 5 6 9  
S F GN 7 6 0  
N F GN 76 
N YES 5 3 5 8  
S FGN 4 7 0 0  
N FGN 8 8 0  
N YES 2 4 5 0  
N FGN 5 8  
N FGN 9 2 5  
N FGN 0 
N FGN 1 6 6 2  
N FGN 166 
N FGN 7 3 0  
N F GN 5 29 
N YES 4 7 0 3  
S FGN 1 5 2  
N FGN 5 4 0  
N F GN 0 
S FGN 3 6 1 4  
S FGN 5 5 2  
N YES 3 1 5 1  
N YES 2 3 6 0 7  
S F GN 8 9 7 4  
S FGN 2 4 4 8  
S F GN 730 
S FGN 1 6 2 8  
S FGN 3 1 7 0  
N FGN 7 2 8  
N YES 8 2 5 2  
S F GN 338 
N FGN 5 6 0  
N fGN 76 
N FGN 236 
N FGN 298 
N YES 25 150 
N YES 3910 
N FGN 3 2 0  
N YES 1 3 5 3 3  
S FGN 3 5 7 0  
N FGN 1 3 2  
S FGN 1704 
S F GN 0 
N FGN 1 4 6 0  
N FGN 7 8 2  
N YES 2 4 8 6  
N F GN 0 
N FGN 2 1 799 



AIRPORT - - - - - - -  
RUN 
SAB 
SAH 
SAL 
SAN 
S A 0  
SAP 
SAT 
S AV 
SBA 
SBN 
SCC 
SCK 
SCL 
SCN 
SDA 
SDD 
SO E 
SD F 
SD J 
SDK 
SDQ 
SEA 
SEZ 
SFA 
SFN 
S F 0  
SGF 
SHA 
SHE 
SH I 
SH J 
SHV 
SHU 
S I A  
S I D  
S I N  
S I T  
SJC 
S JD 
S J J  
S J O  
S J U  
SKG 
SKO 
SKP 
SKS 
SKZ 
SLA 
SLC 
S L L  
SLZ 
SnF 
S n 1  
SNA 
SNN 
SNO 
SOF 
SPC 
SPP 
S W  
SRQ 
SSA 
SSG 
STL 
STM 
STN 
STR 
S T 1  
STV 
STX 
SW 
SUX 
SVB 
SVG 

APTDEF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REUNION ISLAND, I N D I A N  OCEAN 
SABA, NETH. A N T I L L E S  
SANAA, YEMEN 
SAN SALVADOR, E L  SALVADOR 
SAM DIEGO, CA, USA 
SAO PAULO, B R A Z I L  
SAN PEDRO, SULA, HONDURAS 
SAW ANTONIO, TX, USA 
SAVANNAH, GA, USA 
SANTA BARBARA, CA, USA 
S W T H  BEND, I N ,  USA 
PRUDHOE BAY, DEADHORSE, AS, U S  
STOCKTON,CA, USA 
SANTIAGO, C H I L E  
SAARBRUECKEN, FRG 
BAGHDAD-SADDAM, IRAQ 
LUBANGO, ANGOLA 
SANTIAGO DEL ESTERO, ARGENTINA 
L O U I S V I L L E ,  KY, USA 
SENDAI , JAPAN 
SANDAKAN, SABAH, M L A Y S I A  
SANTO DOHINGO, D W I N I C A N  REP 
SEATTLE/TACCHA, WA, USA 
MAHE I S .  SEYCHELLES I S .  
SFAX, T U N I S I A  
SANTA FE, ARGENTINA 
SAN FRANCISCO-OAKLAND, CA, USA 
SPRINGFIELD, MO, USA 
SHANGHAI, P. R. CHINA 
SHENYANG, P. R. CHINA 
SHIMOJISHIMA,  JAPAN 
SHARJAH, U. A. EMIRATES 
SHREVEPORT, LA, USA 
SHARURAH, SAUDI ARABIA  
X I  AN, P. R. CHINA 
SAL, CAPE VERDE ISLAND 
SINGAPORE, SINGAPORE 
SITKA,  AS, U S  
SAN JOSE, CA, USA 
LOS CABOS, MEXICO 
SARAJEVO, YUGOSLAVIA 
SAW JOSE, COST R l U  
SAN JUAN, W E R T O  R I C O  
THESSALONIKI ,  GREECE 
SOKOTO, N I G E R I A  
SKOPJE, YUGOSLAVIA 
SKRYDSTRUP, DENMARK 
SUKKUR, P A K I S T A N  
SALTA, ARGENTINA 
SALT LAKE C I T Y ,  UT, USA 
SALALAH, OHAN 
SAO L U I Z ,  MRANHAO, B R A Z I L  
SACRAMENTO, U, USA 
SAHOS ISLAND, GREECE 
ORANGE COUNTY, CA, USA 
SHANNON, IRELAND 
SAKON NAKHON, THAILAND 
SOFIA, BULGARIA 
SANTA CRUZ L A  P A L M ,  CANARY I S  
MENONCUE, ANGOLA 
S P L I T ,  YUGOSLAVIA 
SARASOTA/BRADENTON, FL ,  USA 
SALVADOR, B R A Z I L  
MALABO, EQUATORIAL GUINEA 
ST LOUIS,  no, USA 
SANTAREM. B R A Z I L  
LONDON-STANSTED, ENGLAND, UK 
STUTTGART, FRG 
ST THOPUS. V I R G I N  ISLANDS 
SURAT, INDIA 
ST CROIX, V I R G I N  ISLANDS 
SUVA, F I J I  
SIOUX CITY,  10 ,  USA 
SAUBAVA, MADAGASCAR 
STAVANGER, NORWAY 

F GN 
F GN 
FGN 
FGN 
YES 
FGN 
FGN 
YES 
YES 
YES 
YES 
NO 
YES 
F GN 
FGN 
FGN 
FGN 
FGN 
YES 
F GN 
FGN 
FGN 
YES 
FGN 
FGN 
FGN 
YES 
YES 
FGN 
FGN 
FGN 
F GN 
YES 
FGN 
FGN 
F GN 
FGN 
NO 
YES 
FGN 
FGN 
FGN 
FGn 
F GN 
FGN 
F GN 
FGN 
FGN 
FGN 
YES 
F GI1 
FGN 
YES 
F GN 
YES 
F GN 
FGN 
FGN 
FGN 
FGN 
FGN 
YES 
FGN 
FGN 
YES 
FGN 
FGN 
F GN 
F GN 
FGN 
FGN 
FGN 
YES 
F GN 
F GN 



A 1 RPORT - - - - - - -  
svo 
SVP 
S W  
SUA 
SXB 
SXF 
SXR 
SYA 
SYD 
SYR 
SYZ 
SZG 
T A l  
160 
TBP 
TBT 
TBU 
TBZ 
TEE 
TER 
TET 
TEZ 
T F F  
TFN 
TFS 
T O  
TGG 
TGT 
TCU 
T HE 
THR 
T I A  
T I F  
T I N  
T I P  
T I V  
TKQ 
T L E  
TLH 
T LM 
T L S  
T L V  
T n n  
TMR 
TMS 
TNG 
TNN 
TNR 
TOE 
TOL 
10s 
TOY 
TPA 
TPE 
TPP 
T RD 
T R I  
TRN 
TRU 
TRV 
TRU 
TRZ 
TSA 
TSN 
T sv 
T T J  
TTT 
TUC 
TUL 
TUN 
TUR 
TUS 
TUU 
TVL 
T W  

APTDEF HEMISPHR CONUS STGFY87 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - -  - - - - - - - -  - - - - - - - - - -  
WOSCOV-SHEREMETYE, U.S.S.R. N FGN 864 
KUITO, ANGOLA S F GN 422 
SEVILLE, SPAIN N F GN 0 
SHANTON, P. R. CHINA N FGN 0 
STRASBWRG, FRANCE N FGN 76 
BERLIN, GOR N F GN 86 
SRINAGAR, I N D I A  N FGN 2123 
SHEMYA IS., AS, USA N NO 0 
SYDNEY, N.S.U., AUSTRALIA S FGN 16325 
SYRACUSE, NY, USA N YES 1 0961 
SHIRAZ, IRAN N FGN 3868 
SALZBURG, AUSTRIA N FGN 648 
TAIZ ,  YEMEN N FGN 820 
TABORA, TANZANIA S F GN 36 
TWBES, PERU S FGN 404 
TABATINGA, B R A Z I L  S FGN 7 6 4  
TONGATAW, TONGA ISLAND, P A C I F I C  S FGN 667 
TABRIZ, IRAN N FGN 214 
TBESSA, ALGERIA N FGN 652 
TERCEIRA, PORTUGAL (AZORES) N FGN 87 
TETE, MOZAHBIWE S FGN 364 
TEZWR, INDIA N FGN n s  
TEFE, B R A Z I L  S F GN 246 
TENERIFE, SPAIN N FGN 0 
TENERIFFE-REINASOFIA, CANARY ISLAND N FGN 244 
TITOGRAD, YUGOSLAVIA N FGN 616 
KUALA, TERENGGANU, MALAYSIA N FGN 438 
TANGA, TANZANIA S FGN 26 
TEGUCIGALPA, HONDURAS N FGN 3746 
TERESINA, P I A U I ,  BRAZIL  S FGN 2920 
TEHRAN, IRAN N FGN 4370 
TIRANA, ALBANIA N FGN 104 
TAIF ,  S A W 1  ARABIA N FGN 1484 
TINDOUF, ALGERIA N F GN 1006 
TRIPOLI ,  L I B Y A  N FGN 2 8 7  
TIVAT, YUGOSLAVIA N FGN 1 88 
K I U W ,  TANZANIA S FGN 18 
TULEAR, MADAGASCAR S FGN 490 
TALLAHASSEE, FL, USA N YES 0 
TIL IMSEN,  ALGERIA N FGN 1046 
TWLOUSE, FRANCE N FGN 1152 
TEL AVIV-YAFO, ISRAEL N FGN 2334 
T M A T A M ,  MADAGASCAR S FGN 150 
TMANRASSET, ALGERIA N FGN 1228 
SAO TCME ISLAND, SAO TOWE ISLAND N FGN 124 
TANGIER, I(OROCC0 N FGN 2117 
TAINAN, TAIWAN N FGN 3324 
ANTANANARIVO, MADAGASCAR S F GN 1953 
TOZEUR, T U N I S I A  N FGN 86 
TOLEDO, OH, USA N YES 1724 
TRCMSO, NOWAY N FGN 2080 
TOYAM, JAPAN N FGN 1522 
T W A / S T  PETERSBURG, FL, USA N YES 19425 
T A I P E I ,  TAIWAN N FGN 0 
TARAPOTO, PERU S FGN 656 
TROWDHEIW, NORUAY N FGN 11039 
T R I - C I T Y  AIRPORT, TN, USA N YES 2166 
TURIN, I T A L Y  N FGN 932 
TRUJILLO, PERU S F GN 28 
TRIVANDRUW, I N D I A  N FGN 2374 
TARAUA, REP OF K I R I B A T I  N FGN 106 
TIRUCHIRAPALLY, I N D I A  N FGN 2318 
TAIPEI -SUNG SHAN, TAIWAN N FGN 22439 
T I A N J I N ,  P. R. CHINA N FGN 956 
TOVWSVILLE, OLD, AUSTRALIA S FGN bZS2 
TOTTORI, JAPAN N FGN 1460 
TAITUNG, TAIUAN N FGN 1488 
TUCUIAN, ARGENTINA S FGN 2409 
TULSA, OK, USA N YES 30215 
TUNIS, T U N I S I A  N FGN 5129 
TUUJRU1, B R A Z I L  S F GN 419 
TUCSON, AZ, USA N YES 14844 
TABUY, SAUO1 ARABIA N FGN ' 4152 
LAKE TAHOE, CA, USA N YES 2274 
TAUAU, SABAH, MALAYSIA N FGN 2920 



AIRPORT - - - - - - - -  
TXL 
TYL 
TYN 
TYS 
UAQ 
UB A 
U B  J 
UBP 
U)I 
U) R 
UE L 
UET 
U 1 0  
UNK 
URT 
URY 
USH 
UTH 
UTN 
U T P  
W L  
VCE 
VCP 
VDM 
V F  A 
VHC 
V I E  
V I L  
V I X  
VLC 
VLG 
V L  I 
VNS 
VRN 
VTE 
VTZ 
WI  
VXC 
W AU 
W H  
UK J 
VLG 
URG 
W H  
x n N  
XRY 
YAK 
YAW 
YAO 
YBC 
YBG 
Y BR 
YCB 
YCG 
YCH 
YCL 
YDF 
YDa 
Y EG 
YEV 
YFB 
YFC 
YFO 
YGJ 
YGL 
YGU 
Y o (  
YHD 
YHY 
YHZ 
YJT 
YKA 
YLV 
Y W  
ms 

APTDEF 

VEST BERLIN, GERMANY 
TALARA, PERU 
TAIYUAN, P. R. CHINA 
KNOXVILLE, TN, USA 
SAN JUAN, ARGENTINA 
UBERABA, B R A Z I L  
UBE, JAPAN 
UBCU PATCHATHANI, THAILAND 
UBERLANDIA, B R A Z I L  
UDAIWR,  I N D I A  
OUELIMNE,  W U V I B I W E  
WETTA, PAKISTAN 
QUITO, ECUADOR 
UNALAKLEET, AS, US 
SURAT THANI, THAILAND 
GURAYAT, SAUOI ARABIA 
USHUAIA, ARGENTINA 
WON, THANI, THAILAND 
UPINGTON, SOUTH AFRICA 
UTAPAO, THAILAND 
NEW VALLEY, ARAB REP OF EGYPT 
VALVERDE, CANARY ISLANDS 
SAO PAUL0 - VIRACOPOS, BRAZIL  
V IEDIU,  ARGENTINA 
VICTORIA FALL, ZIMBABWE 
SAUR IHO. ANGOLA 
VIENNA, 'AUSTRIA 
DAKHLA, MOROCCO 
VITORIA, E S P l R l T O  SANTO, B R A Z I L  
VALENCIA, SPAIN 
V I L L A  GESELL, ARGENTINA 
PORT V I L A ,  VANUATU 
VARANASI, I N D I A  
VERONA, I T A L Y  
VIENTIANE, LAOS 
VISHAKHAPATNM, I N D I A  
SANTA CRUZ, V IRU VIRU, B O L I V I A  
LICHINGA, MOZAMBIQUE 
WARSAU, POLAND 
WINDHOEK, NAMIBIA 
UAKKAIIAI, JAPAN 
WLLINGTON, NEW ZEALAND 
WANCELL, AS, US 
WHAN, P. R. CHINA 
X I M E N ,  P. R. CHINA 
JEREZ DE L A  FRONTERA, SPAIN 
YAKUTAT, AS, US 
SAULT STE MARIE, ONT., CANADA 
YAOUNDE, REP OF CAnEROOll 
B A I E  COMEAU, QUEBEC, CANADA 
SAGUENAY, W E ,  CANADA 
BRANDON, MAN, CANADA 
CAMBRIDGE BAY, NUT, CANADA 
CASTLEGAR, BC, CANADA 
CHATHAM, NB, CANADA 
CHARLO, NB, CANADA 
DEER LAKE, NFLD, CANADA 
DAVSOW CREEK, BC, CANADA 
EDC(OWTON, ALTA, CANADA 
INUVIK, NUT, CANADA 
IQALIUT, NUT, CANADA 
FREDERICTMI, NB, CANADA 
F L I N  FLOW, MAN, CANADA 
YONAW, JAPAN 
L A  GRANOE, W E ,  CANADA 
KUUJJUARAPIK, W E ,  CANADA 
G I L L M ,  MAN, CANADA 
DRYDEN, ONT, CANADA 
HAY RIVER, NUT, CANADA 
HALIFAX, NS, CANADA 
STEPHENVILLE, NFLD, CANADA 
KAnLOOPS, BC, CANADA 
KELOWNA, BC, CANADA 
FT I I W R R A Y ,  ALTA, CANADA 
YURIIUGUAS, PERU 

FCN 
F GN 
FGN 
YES 
FGN 
F GN 
FGN 
F GN 
FGN 
FGN 
F GN 
FGN 
F GN 
NO 
FGN 
FGN 
FGN 
FGN 
F GN 
FGN 
FGN 
FGN 
FGN 
FGN 
F GN 
FGN 
FGN 
FGN 
FGN 
F GN 
FGN 
FGN 
FCN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
F GN 
F a  
NO 
FGN 
FGN 
FGN 
NO 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
F W 
F W 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 



Y Kx 
Y NB 
YNG 
YOL 
YOU 
Y PR 
Y QB 
Yao 
YQG 
YQH 
Y Pn 
YQR 
YPT 
Y all 
YPX 
YPY 
YQZ 
YRB 
YSB 
YSJ 
Y W  
Y SR 
YTH 
YUL 
Y w  
Y UX 
YVO 
YVP 
Y VP 
Y VR 
Y VC 
YWK 
nn 
YXC 
Y XD 
Y XE 
YXJ 
r X S  
YXT 
YXU 
YXY 
YYC 
YYD 
YYE 
YYF 
YYG 
YYJ 
YYL 
YYP 
YYR 
YYT 
YYY 
YYZ 
YZF 
Y ZP 
YZT 
Y zv 
UD 
U G  
U H  
ZCO 
Z HA 
Z I H  
ZNZ 
ZRH 
ZTH 
Z w 

MONTREAL MIRABEL, QUE, CANADA 
YANBU, SAUDI ARABIA 
YOUWGSTOVW, OH, USA 
Y O U ,  N I G E R I A  
OTTAUA, ONT, CANADA 
PRINCE RUPERT, BC, CANADA 
WEBEC, W E ,  CANADA 
THE PAS, MAN, CANADA 
UINDSOR, ONT, CANADA 
WATSON LAKE, YT, CANADA 
MONCTOU, NB, CANADA 
REGINA, SASK, CANADA 
THUNDER BAY, CUT, CANADA 
GRANDE PRAIRIE,  ALBA, CANADA 
GANDER, NFLD, CANADA 
SYDNEY, NS, CANADA 
QUESNEL, BC, CANADA 
RESOLUTE, NT, CANADA 
SUBWRY, ONT, CANADA 
SAINT JOHN, NB, CANADA 
FT W I T H ,  NUT, CANADA 
N A N I S I V I K  NUT, CANADA 
THOCIPSON. MAN. CANADA 
~ T R E A L ;  QUEBEC, CANADA 
Y W ,  AZ, USA 
HALL BEACH, NUT, CANADA 
VAL D'OR, &E, CANADA 
FT C H I W ,  W E ,  CANADA 
NORMAN VELLS, NUT, CANADA 
VANCOUVER, BC, CANADA 
WINNIPEG, MAN, CANADA 
WABUSH, NFLD, CANADA 
W I L L I M S  LAKE, BC, CANADA 
CRANBROOK, BC, CANADA 
E D M I N T O N - W N I C I P A L  ALBERTA, C 
SASKATOON, SASK, CANADA 
FT ST JOHN, BC, CANADA 
PRINCE GEORGE, BC, CANADA 
TERRACE, BC, CANADA 
LONDON, ONT, CANADA 
UHITEHORSE, YT, CANADA 
CALGARY, ALBERTA, CANADA 
WITHERS, BC, CANADA 
FT NELSON, BC, CANADA 
PENTICTON, BC, CANADA 
CHARLOTTETWN, P E I ,  CANADA 
VICTORIA, BC, CANADA 
LYNN LAKE, MAN, CANADA 
CHURCHILL, MAN, CANADA 
GOOSE BAY, NFLD, CANADA 
ST JOHNS, NFLD, CANADA 
-1 JOLI ,  QUE, CANADA 
TOROWTO, OUTARIO, CANADA 
Y E L L W N I F E ,  NUT, CANADA 
SAWDSPIT, BC, CANADA 
POUT HARDY, BC, CANADA 
SETP-ILES, QUE, CANADA 
W A R ,  YUGOSLAVIA 
ZAGREB, YUGOSLAVIA 
UHEDAN, IRAN 
TEMIC0,CHILE 
ZHANGJIANG, P. R. CHINA 
IXTAPA/ZIHUATANEJO, n E x m  
ZANZIBAR, TANZANIA 
ZURICH, W I T Z E R L A N D  
UKINTHOS,  GREECE 
CHURCHILL FALLS, NFLD, CANADA 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

ANAOA N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
n 
N 
N 
N 
N 
N 
N 
M 
N 
N 
N 
N 
S 
N 
N 
S 
N 
N 
N 

FCN 
FGN 
YES 
FCN 
FCN 
F CN 
FCN 
FCN 
F CN 
FCN 
FCN 
F GN 
FCN 
FCN 
FCN 
F CN 
FCN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FCN 
YES 
FGN 
FGN 
FGN 
F GN 
FGN 
FGN 
FGN 
FGN 
FGN 
F GN 
FGN 
FGN 
FGN 
FGN 
FGN 
F GN 
FGN 
FGN 
FGN 
F GN 
FGN 
FGN 
FGN 
FGN 
FGN 
F GN 
F GN 
FGN 
FGN 
FGN 
F GN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
FGN 
F GN 
FGN 





APPENDIX B 

CONTENTS OF FAA RTRD TNGESTTON DATA BASE 
BOEING 737  AIRPLANE 

OCTOBER 1986 - SEPTEMBER 1988 

T h i s  appendix p r e s e n t s  t h e  c o n t e n t s  of t h e  Boeing 7 3 7  b i r d  i n g e s t i o n  d a t a  b a s e  
main ta ined  by the  FAA. The appendix p r e s e n t s  a c t u a l  d a t a  e x t r a c t e d  from t h e  FAA 
d a t a  b a s e ,  and i t  c o n s i s t s  of two s e c t i o n s .  The f i r s t  s e c t i o n  c o n t a i n s  t h e  b i r d  
i n g e s t i o n  d a t a  s u p p l i e d  by t h e  eng ine  manufac tu re r s  and t h e  second s e c t i o n  
c o n t a i n s  d a t a  s u p p l i e d  t o  t h e  FAA from o t h e r  s o u r c e s .  The d a t a  b a s e  c o n t e n t s  a r e  
d e s c r i b e d  

COLUMN 

below: 

DESCRIPTION OF COLUMN CONTENTS 

EDATE 

EVT# 

ENG POS - 

ETIME 

SIGN EVT - 

AIRCRAFT 

POF 

ALTITUDE 

SPEED 

~ a t e ( m m / d d / ~ y ~ y )  of i n g e s t i o n  e v e n t .  

FAA i n g e s t i o n  e v e n t  sequence number r e f l e c t i n g  o r d e r  i n  which e v e n t s  
were e n t e r e d  i n t o  t h e  FAA b i r d  i n g e s t i o n  d a t a  b a s e .  

Engine p o s i t i o n  of eng ine  i n g e s t i n g  b i r d .  S ince  each eng ine  i n g e s t i o n  
even t  has  a  unique r e c o r d  i n  t h e  d a t a  b a s e ,  d u p l i c a t e  even t  numbers 
i n d i c a t e  m u l t i p l e  eng ine  i n g e s t i o n  e v e n t s .  T h i s  column p r o v i d e s  
record  uniqueness  i n  such c a s e s .  

1 - l e f t  eng ine  of 7 3 7  a i r p l a n e  
2 - r i g h t  eng ine  of 737 a i r p l a n e  

Local  t ime of b i r d  i n g e s t i o n .  

S i g n i f i c a n t  e v e n t  f a c t o r s .  
AIKWRTHY - eng ine  r e l a t e d  airworthiness e f f e c t s  
INV POS LOSS - i n v o l u n t a r y  power l o s s  
MULT BIRDS - m u l t i p l e  b i r d s  i n  1 e n g i n e  
MULT ENG - m u l t i p l e  eng ine  i n g e s t  i o n  ( I  b i r d  

i n  each eng ine)  
MIJLT ENG-BIRDS - m u l t i p l e  eng ine  i n g e s t l o n  

and 1 o r  b o t h  eng ines  s u s t a i n e d  m u l t i p l e  
b i r d  i n g e s t i o n  

TKVS FRAC - t r a n s v e r s e  f a n  b l a d e  f r a c t u r e  
OTHER - o t h e r  s i g n i f i c a n t  f a c t o r ,  may be r e p o r t e d  i n  n a r r a t i v e  

remarks 
NONE - no s i g n i f i c a n t  f a c t o r  noted 

737 a i r c r a f t  type.  

Phase of f l i g h t  d u r i n g  which b i r d  i n g e s t l o n  occur red .  
(TAXI;TAKEOFF;CLIMB;CRUTSE;APPROACH;I~ANDING;TJNKNO~) 

A l t i t u d e  ( f t .  AGL) a t  t ime of b i r d  i n g e s t i o n .  

A i r  speed ( k n o t s )  a t  t ime of b i r d  i n g e s t i o n .  



LT COND - 

WEATHER 

CREW AC - 

CREW AL - 

BIRD SEE - 

B I R D  NAM -- 

B I R D  SPE - 

BIRDS - 

WT oz 1 - - 

CTY PRS - 

AIRPORT 

LOCALE 

F l i g h t  r u l e s  i n  e f f e c t  a t  t ime of b i r d  i n g e s t i o n .  
IF 'R  - ins t rument  f l i g h t  r u l e s  
VFR - v i s u a l  f l i g h t  r u l e s  
UNK - unknown 

Light  c o n d i t i o n s  a t  t ime of b i r d  i n g e s t i o n .  
(DAl3K;LIGHT;DAWN;L)USK;etc.) 

Weather c o n d i t i o n s  a t  t ime of b i r d  i n g e s t i o n .  

Crew a c t i o n  t a k e n  I n  response  t o  b i r d  i n g e s t i o n .  
AT0 - a b o r t e d  t a k e o f f  
ATR - a i r  tu rnback  
DIV - d i v e r s i o n  
UNK - unknown 
NONE - no crew a c t i o n  t a k e n  
N/A - n o t  a p p l i c a b l e  
OTHER - some a c t f o n  t aken ,  may be  s p e c i f i e d  i n  n a r r a t i v e  remarks 

indicates whether crew a l e r t e d  t o  p r e s e n c e  of b i r d s  a t  t ime of b i r d  
i n g e s t i o n .  

(YES;NO;UNKNOWN) 

I n d i c a t e s  whether i n g e s t e d  b i r d ( s )  s e e n  p r i o r  t o  i n g e s t i o n  
NO - not  seen  
YES - s e e n  
SEVERAL - 2 t o  10 b i r d s  observed 
FLOCK - more t h a n  10 b i r d s  observed 

Common b i r d  name. T r a i l i n g  a s t e r i s k  (*) i m p l i e s  b i r d  not  p o s i t i v e l y  
i d e n t i f i e d  a s  such.  

S p e c i e s  of p o s i t i v e l y  i d e n t i f i e d  b i r d .  Alphanumeric i d e n t i f i c a t i o n  
code which conforms t o  ~ d w a r d ' s t  conven t ion .  

Number of b i r d s  i n g e s t e d .  An a s t e r i s k  (*) i m p l i e s  more t h a n  one b i r d  
b u t  t h e  exac t  count  i s  unknown. 

Weight (oz . )  of f i r s t  i n g e s t e d  b i r d .  

Scheduled c i t y  p a i r s  of a i r c r a f t  o p e r a t i o n .  
(from code : to  code) 3 l e t t e r  c i t y  a i r p o r t  code.  
Reference AIRPORT column i n  Appendix A. 

A i r p o r t  a t  which b i r d  i n g e s t i o n  e v e n t  occur red .  
3 l e t t e r  c i t y  a i r p o r t  code. Refe rence  AIRPORT 
column i n  Appendix A .  

Neares t  town, s t a t e ,  coun t ry ,  e t c .  

+Edwards,  E.P., "A Coded L i s t  of B i rds  of t h e  World," 
IBSN:911882-04-9, 1974. 



DMG - CODE L e t t e r  codes summarlzing engine damage r e s u l t i n g  from t h e  b i r d  
I n g e s t i o n .  Th is  column does  n o t  e x i s t  i n  t h e  a c t u a l  FAA d a t a  b a s e ,  bu t  
was developed by t h e  c o n t r a c t o r  t o  compress 1 7  YES/NO damage f i e l d s  
i n t o  a  s i n g l e  column. A l e t t e r  code a p p e a r s  f o r  damage columns whose 
v a l u e s  a r e  YES. Each page of damage i n f o r m a t i o n  c o n t a l n s  a  legend 
i d e n t i f y i n g  t h e  damage t y p e .  I n  t h e  e x p l a n a t i o n  of damage codes  below, 
a  number i n  p a r e n t h e s e s  i n d l r a t e s  t h e  damage s e v e r i t y  code which i s  
f u r t h e r  exp la ined  i n  t h e  SEVERTTY column. The d a t a  b a s e  column name is 
g i v e n  i n  t h e  e x p l a n a t i o n  of t h e  damage code.  

A ( 4 )  - ENG DAN; e n g i n e  damaged due t o  b i r d  i n g e s t i o n  
B(3) - LEG EDG; l e a d i n g  edge d i s t o r t i o n / c u r l ,  minor f a n  hl  ades  
C(3) - BENIDEN; 1 t o  3  f a n  b l a d e s  b e n t  o r  dented 
D(2) - BE/DE73; more t h a n  3  f a n  b l a d e s  b e n t  o r  dented 
E(3) - TORN73; 1 t o  3 f a n  b l a d e s  t o r n  
F ( 2 )  - TORN73; more t h a n  3  f a n  b l a d e s  t o r n  
G(2) - BROKEN; broken f a n  b l a d e ( s ) .  l e a d i n g  edge and /or  t i p  p i e c e s  

miss ing ;  o t h e r  b l a d e s  a l s o  den ted  
H ( 3 )  - SHINGLED; s h i n g l e d  ( t w i s t e d )  f a n  b l a d e s  
T(1) - TRVSFRAC; t r a n s v e r s e  f r a c t u r e  - a  f a n  b l a d e  broken chordwise 

( a c r o s s )  and t h e  p i e c e  l i b e r a t e d  ( i n c l u d e s  secondary  hard 
o b j e c t  damage) 

J ( 2 )  - SPINNER; d e n t e d ,  broken, o r  c racked  s p i n n e r  ( i n c l u d e s  s p i n n e r  
cap) 

K(1) - CORE; b e n t l b r o k e n  compressor b l a d e s l v a n e s ,  b l a d e l v a n e  c l a s h ,  
b l o c k e d / d i s r u p t e d  a i r f l o w  I n  low, i n t e r m e d i a t e ,  and h igh  
p r e s s u r e  compressors  

L(3)  - NACELLE; d e n t s  and /or  p u n c t u r e s  t o  t h e  eng ine  e n c l o s u r e  
( i n c l u d e s  cowl) 

M(1) - FLANGE; f l a n g e  s e p a r a t i o n s  
N(2) - RELEASED; r e l e a s e d  (walked) f a n  b l a d e s  (b lade  r e t e n t i o n  

mechanism broken) 
O ( 1 )  - TURBINE; t u r b i n e  damage 
P - OTHER; any damage n o t  p r e v i o u s l y  l i s t e d  
Q - UNKNOWN 

1JS -- T N C I D  I n d i c a t e s  whether h l r d  I n g e s t i o n  occur red  w i t h i n  1Jni ted S t a t e s  
boundar ies .  

(YES;NO) 

ENGINE Engine model. (CFM56 ;.JT8D) 

DASH Engine dash number 

NOTE: The maximum number of damage codes  l i s t e d  f o r  a n  eng ine  
i n g e s t i o n  even t  is  t h r e e .  These t h r e e  damage codes  r e f l e c t  
t h e  most s e v e r e  damage t h a t  occur red .  There  may b e  o t h e r  
damage t h a t  o c c u r r e d  which i s  l e s s  s e v e r e  t h a t  may be l i s t e d  
i n  t h e  remarks column. 

SEVERTTY Numeric code i n d i c a t i n g  t h e  s e v e r i t y  of eng ine  damage r e s u l t i n g  from 
t h e  b i r d  i n g e s t i o n .  Th is  column does  n o t  e x i s t  i n  t h e  a c t u a l  FAA d a t a  
b a s e ,  b u t  was developed by t h e  c o n t r a c t o r  a s  a  r e s u l t  of an  a n a l y s i s  of 
r e p o r t e d  damage i n  t h e  d a t a  base .  The lower t h e  s e v e r i t y  code,  t h e  
more s e v e r e  t h e  damage. The s e v e r i t y  r a t i n g  a s s i g n e d  t o  a  f l i g h t  i s  



POW LOSS - 

MAX V I H E  - 

THROTTLE 

IFSD 

R r n K K S  

determined a s  t h e  lowest  s e v e r i t y  r a t i n g  a t t a i n e d  by any of t h e  damage 
c a t e g o r i e s .  The c o r r e s p o n d i n g  s e v e r i t y  r a t i n g s  Sor each damage 
c a t e g o r y  were g iven  i n  p a r e n t h e s e s  i n  t h e  DMG - CODE d i s c u s s i o n  above. 

1 - most s e v e r e  damage (damage i s  known) 
2 - moderate ly  s e v e r e  damage (damage i s  known) 
3 - l e a s t  s e v e r e  damage (damage i s  known) 
4 - damage i n d i c a t e d ,  b u t  n o t  s p e c i f i e d  

Degree of power l o s s  a s  a  r e s u l t  of b i r d  i n g e s t i o n  
NOKE - no power l o s s  
EYR DEC - eng ine  p r e s s u r e  r a t i o  d e c r e a s e  
SPOOL DOWN -- eng ine  spooled down 
E l  CHANGE - N 1  r o t o r  change 
N2 CHANGE - N 2  r o t o r  change 
COMPRESSOR - compressor s u r g e / s t a l l  
UNKNOWN - unknown whether  power l o s s  o c c u r r e d  

Maximum v i b r a t i o n  r e p o r t e d  a s  a  d i m e n s i o n l e s s  u n i t .  

Voluntary  t h r o t t l e  change by crew i n  r e s p o n s e  t o  b i r d  i n g e s t i o n .  
ADVANCE - v o l u n t a r y  t h r o t t l e  advance 
RETARD - v o l u n t a r y  t h r o t t l e  r e t a r d  
I D L E  - v o l u n t a r y  t h r o t t l e  r e t a r d  t o  i d l e  
CUTOFF v o l u n t a r y  t h r o t t l e  r e t a r d  t o  c u t o f f  
NONE - no v o l u n t a r y  t h r o t t l e  change 

I n d i c a t e  whether  a v o l u n t a r y  i n - f l i g h t  shutdown occur red  i n  r e s p o n s e  t o  
b i r d  i n g e s t i o n .  
NO - no shutdown 
VIBES - shutdown due t o  v i b r a t i o n s  
STAI,/SURG - shutdown due t o  compressor s t a l l / s u r g e  
H I  EGT - shutdown due t o  h igh  exhaus t  g a s  t empera tu re  
EPR - shutdown due t o  i n c o r r e c t  e n g i n e  p r e s s u r e  r a t i o  
INVLNTRY - i n v o l u n t a r y  eng ine  shutdown 
PARAMTRS - shutdown due t o  i n c o r r e c t  eng ine  pa ramete r s  
VLNTRY - v o l u n t a r y  e n g i n e  shutdown 
OTHER - o t h e r  r e a s o n s ,  may be  l i s t e d  i n  remarks 
UNKNOWN - unknown c a u s e  f o r  shutdown 

N a r r a t l v e  d e s c r i p t i o n  p r o v i d i n g  a d d i t i o n a l  i n f o r m a t i o n  c o n c e r n l n g  some 
a s p e c t  of t h e  i n g e s t  i o n .  







































CREW-AC CREW-AL BIRD-SEE BIRD-NAM BIRD-SPE #-BIRDS UT-02-1 CTY-PRS AIRPORT LOCALE 
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U S - I N C I D  E N G I N E  DASH DMG-CODE S E V E R I T Y  POU-LOSS MAX-VIBE THROTTLE I F S D  REMARKS 
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NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
YES 
YES 
NO 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

A T 0  
NONE 

N3NE 
NONE 
ATB 
ATB 
A T 0  
NONE 

NO ONE 
NO ONE 

NO 

NO 
NO 

BOM 
G AU 
I SG 
LHR 
XFO 
ORY 
DTTA 
MAA 
F A J S  
GOT 
DUD 
XFO 
XFO 
XFO 
EUR 
XFO 
XFO 
XFO 
XFO 
MDU 
ROC 
P T Y  
BOS 
D F U  
XUS 
BNA 
xus 
XUS 
xus 
MDU 
MDW 
CRW 
xus 

A,K 1 HIGH V I B E S  DAMAGE TO COMPRESSOR BLADES 
SMALL B I R D  

BOMBAY, I N D I A  
GAUHATI ,  I N D I A  
I S H I G A K I ,  JAPAN 
LONDON-HEATHROU, ENGLAND 
CHANDIGARH-DELHI ,  I N D I A  
P A R I S - O R L Y ,  FRANCE 
CARTHAGE, T U N I S I A  
MADRAS, I N D I A  
JAN SMUTS, S. A F R I C A  
GOTHENBURG, SWEDEN 
DUNEDIN, NEU ZEALAND 
ENGLAND 

I S G - O K A  
* 

1 

1 

CHC 

-CHC 
-CHC 
-WLG 

1 
1 

CLE-BOS 
1 

-DEN 

- I A D  
D A Y - S D F  

- C L E  

4 HIGH 
2 COMPRESSOR HIGH - YES 
4 

SUNSTANTIAL FAN BLADE DAMAGE 

6 FAN BLADES DAMAGED, ENGINE REMOVED 
MEDIUM B I R D  
LARGE B I R D  

ONE 
I B I S E *  

ODOR 
CHRISTCHURCH, NEW ZEALAND 
NEU YORK, NY-NEWARK 
CHRISTCHURCH, NEU ZEALAND 
CHRISTCHURCH, NEU ZEALAND 
UELLINGTON,  NEW ZEALAND 
ARGENT I NA 
MIDWAY, I L L  
ROCHESTER,NY 
PANAMA C I T Y ,  PANAMA 
BOSTON, MASS 
D A L L A S / F T .  WORTH, TEX 
COL 
N A S H V I L L E ,  TENN 
SYRACUSE, NY 
O H I O  
O H I O  
CHICAGO, I L L - M I D W A Y  
MIDWAY, I L L  
CHARLESTON, U. VA 

NO GULL*  
YES HAWK* 

AM EVENT 
AM EVENT, MEDIUM B I R D ,  1 BLADE SHINGLED 
2 I S T  STG COMPRESSOR BLADES DAMAGED 
ODOR I N  C A B I N  
MEDIUM B I R D  
F W N D  ON GRD INSPECTION,  BLOOD ON COUL 
SMALL B I R D  

YES 
YES PIGEON* 

D ATB 
ATB 
NONE 
ATB 
ATB 
ATE 
NONE 

NO 

ONE 

NO 

DAMAGE TO C 2  FAN BLADES, REPLACED C 2  ASS 

HPC BLADES BEYOND MM L I M I T S  1 NONE 



APPENDIX C 

STATISTICAL HYPOTHESlS TESTING 

S t a t i s t i c a l  a n a l y s e s  a r e  based on a n  u n d e r l y i n g  p r o b a b i l i s t i c  model of t h e  
p r o c e s s  t h a t  gave r i s e  t o  t h e  d a t a .  For  example, t o  p r o v i d e  t h e  b a s i s  f o r  
comparing t h e  we igh t s  of i n g e s t e d  b i r d s  i n  t h e  Uni ted  S t a t e s  and o v e r s e a s ,  i t  i s  
n e c e s s a r y  t o  h y p o t h e s i z e  an  u n d e r l y i n g  random d i s t r i b u t i o n  of b i r d  we igh t s .  
S t a t i s t i c a l  a n a l y s e s  a r e  somewhat more s o p h i s t i c a t e d  than  d e s c r i p t i v e  d a t a  
a n a l y s e s  and more c a r e  i s  r e q u i r e d  t o  e n s u r e  t h a t  t h e  methods a r e  a p p r o p r i a t e  f o r  
d a t a .  

S t a t j s t i c a l  a n a l y s i s  is  b a s i c a l l y  fo rmal ized  i n d u c t j v e  r e a s o n i n g .  
Pypo theses  about  b i r d  i n g e s t i o n  h a z a r d s  a r e  e v a l u a t e d  f o r  c o n s i s t e n c y  w i t h  t h e  
d a t a  t h a t  have been c o l l e c t e d .  S t a t i s t i c a l  a n a l y s i s  p r o v i d e s  t h e  r u l e s  f o r  
q u a n t i f y i n g  the  l e v e l  of c o n s i s t e n c y  forming t h e  b a s i s  f o r  o h j e r t i v e  and unb iased  
d e c i s i o n s .  The p rocess  i s  known f o r m a l l y  a s  s t a t i s t i c a l  h y p o t h e s i s  t e s t i n g  and a  
b r i e f  o u t l i n e  of the  p rocedure  i s  p r e s e n t e d  h e r e .  

The b a s i s  of a s t a t i s t i c a l  h y p o t h e s i s  t e s t  i s  t h e  h y p o t h e s i s ;  which i s  a 
formal s t a t e m e n t  about a  r e l a t i o n s h i p  i n  t h e  d a t a .  In  comparing t h e  weight  
d i s t r i b u t i o n s  of U. S .  i n g e s t i o n s  v e r s u s  f o r e i g n  i n g e s t i o n s ,  one h y p o t h e s i s  i s  
t h a t  t h e r e  i s  no d i f f e r e n c e  i n  t h e  s i z e s o f  t h e  b i r d s  i n g e s t e d  h e r e  v e r s u s  t h o s e  
i n g e s t e d  o v e r s e a s .  I f  t h e  d a t a  a r e  found t o  be  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  
i t  is a c c e p t e d ;  o t h e r w i s e  t h e  h y p o t h e s i s i s  r e j e c t e d .  

The r u l e s  f o r  d e c i d i n g  whether  t o  accep t  o r  r e j e c t  t h e  h y p o t h e s i s  a r e  based 
on t h e  p o s s i b l e  e r r o r s  t h a t  could  be made. A t y p e  T e r r o r  r e f e r s  t o  t h e  
s i t u a t i o n  i n  which t h e  h y p o t h e s i s  i s  t r u e ;  however we r e j e c t  t h e  h y p o t h e s i s .  
A l t e r n a t i v e l y  when we a c c e p t  t h e  h y p o t h e s i s  when i t  is  n o t  t r u e  we commit a t y p e  
T I  e r r o r .  

The g o a l  of the  s t a t i s t i c i a n  i s  t o  minimize t h e  l i k e l i h o o d  of both  t y p e s  of 
e r r o r s .  1Jnfor tuna te ly  t h e  l i k e l i h o o d  of a type  I e r r o r  i s  r e c i p r o c a l l y  l i n k e d  t o  
t h e  I i k e l i h o o d  of a  type  I1  e r r o r  s o  t h a t  lower ing  t h e  l i k e l i h o o d  of a  t y p e  I 
e r r o r  w i l l  i n c r e a s e  the  l i k e l i h o o d  of a  type  I T  e r r o r .  S i n c e  o n l y  one e r r o r  can 
be f u l l y  c o n t r o l l e d  i t  h a s  become s t a n d a r d  p r a c t i c e  t o  c o n t r o l  t h e  l i k e l i h o o d  of 
a  t y p e  I e r r o r ;  which i s  r a l l e d  t h e  s i g n i f j c a n c e  l e v e l  of t h e  t e s t .  The t e s t  
h y p o t h e s i s  is chosen s o  t h a t  i t  should  be accep ted  u n l e s s  t h e r e  i s  s t r o n g  
ev idence  t h a t  i t  i s  n o t  t r u e  and t h e  t e s t  i s  c o n s t r u c t e d  t o  minimize t h e  
l i k e l i h o o d  of a type I T  e r r o r  f o r  t h e  g iven s i g n i f i c a n c e  l e v e l  over  a  broad range 
of a l t e r n a t i v e s .  

The mechancis of conduc t ing  a  s t a t i s t i c a l  h y p o t h e s i s  t e s t  a r e  implemented by 
c a l c u l a t i n g  a  t e s t  s t a t i s t i c .  The t e s t  s t a t i s t i c  is  a  Func t ion  of t h e  d a t a  t h a t  
i s  r e l a t e d  t o  t h e  t e s t  h y p o t h e s i s .  I t  i s  u s u a l l y  c o n s t r u c t e d  s o  t h a t  smal l  
v a l n e s  a r e  c o n s i s t e n t  w i t h  t h e  n u l l  h y p o t h e s i s  and l a r g e  v a l u e s  a r e  c o n s i s t e n t  
w i t h  t h e  a l t e r n a t i v e  h y p o t h e s i s .  The c u t o f f  f o r  a c c e p t i n g  o r  r e j e c t i n g  t h e  n u l l  
l i ypo thes i s  i s  c a l l e d  t h e  c r i t i c a l  v a l u e  and i s  :I f u n c t i o n  of t h e  d e s i r e d  
s i g n i f i c a n c e  l e v e l .  



Another  a s p e c t  i n  e v a l u a t i n g  t h e  e f f i c i e n c y  o f  a s t a t i s t i c a l  t e s t  i s  i t s  
a b i l i t y  t o  d e t e c t  when t h e  t e s t  h y p o t h e s i s  is  f a l s e .  T h i s  a b i l i t y  i s  c a l l e d  t h e  
power of t h e  t e s t  and i s  d e f i n e d  t o  be t h e  p r o b a b i l i t y  of r e j e c t i n g  t h e  t e s t  
h y p o t h e s i s  when i t  is f a l s e .  Genera l ly  t h e r e  a r e  many a l t e r n a t i v e s  t o  t h e  t e s t  
h y p o t h e s i s  so  t h a t  t h e  power of t h e  t e s t  i s  a  f u n c t i o n  of t h e  s p e c i f i c  a l t e r n a t e  
h y p o t h e s i s .  

A v a r i a t i o n  on t h e  s t a t i s t i c a l  h y p o t h e s i s  t e s t  i s  t h e  c a l c u l a t i o n  of a 
conf idence  i n t e r v a l  f o r  a  pa ramete r  such a s  t h e  o v e r a l l  p r o b a b i l i t y  of i n g e s t i o n  
(POI). S i n c e  t h e r e  i s  no s p e c i f i c  h y p o t h e s i s  about t h e  POI, a  conf ldence  
i n t e r v a l  is used t o  d e s c r i b e  t h e  range of p r o b a b i l i t i e s  t h a t  a r e  c o n s i s t e n t  wi th  
t h e  d a t a .  The conf idence l e v e l  a s s o c i a t e d  w i t h  a  conf idence  i n t e r v a l  cor responds  
t o  one minus t h e  s i g n i f i c a n c e  l e v e l  of a  h y p o t h e s i s  t e s t  and i s  a  measure of t h e  
l i k e l i h o o d  t h a t  t h e  t r u e  v a l u e  of t h e  parameter  ( i n  t h i s  c a s e  t h e  POI )  i s  
conta ined i n  t h e  i n t e r v a l .  
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