
I 

f:Jo-Z0452. 

, 

• . 

I 

DOT/FAA/CT-84/13 A Study of Bird Ingestions Into 
Large High Bypass Ratio 
Turbine Aircraft Engines 

Gary Frings 

This document is available to the U.S. public 
through the National Technical Information 
Service, Springfield, Virginia 22161. 

us Deportment 01 TrOO5opOl'IOhon 
Federal Avkltlon Admlnistratlon 
Technical Center 
Atlantic City Airport, N.J. 08405 

-



NOTICE 

This document is disseminated �nder the aponsotahip of 
the Depart�nt of Transportation in the interest of 
information exchange. The United States Government 

assumes no liability for the contents or use thereof . 

The United States Governaent doe. not endor.e products 
or manufa cturers. Trade or manufacturer'. n&mea appear 
herein solely because they are considered essential to 
the object of this report. 

• 

• 



.. 

.. 

1. R opo" No. 2. Gove,nmen, Accollion No. 

DOT/FAA/CT-84/13  
4. Title and Subtitle 

A STUDY OF BIRD INGESTIONS INTO LARGE HIGH BYPASS 
RATIO TURBINE AIRCRAFT ENGINES 

Technical f{eport Documentation Page 
3. Roclplon". Co,olog No. 

S. R.po,' Ooto 

September 1984 
6. Pe,forming O,goni &OIion Codo 

ACT-320 

1--::���� _______________________ --!8. Pe,fo,ming 0'90nilolion Roporl No. 
7. AUlhorll1 

Gary Frings 
9. P.rforming Organizotio" Noma and Address 

Federal Aviation Administrat ion 
Technical Center 
At lant ic C i ty Airport , New Jersey 08405 

10. Worle U"it No. CTRAIS) 

DOT/FAA/CT-84 / 1 3  
11. Co"troct or Grant No. 

13. Typo of Roport and Period Cover.d ���------------��--------------------------� 12. Spo".oring Ag."cy Nom. and Addr ... 

U . S .  Department of Transport at ion 
Federal Aviation Adminis tr at ion 
Technical Center 
At lant ic City Airport ,  New Jersey 08405 

Final 
May 1 981 - June 1983 

14. S,o".ori"g Agency Coda 

15. Suppl.m."tOfY Not •• 
In order to. acquire the data cont ained herein , contracts were awarded by the FAA 
Technical Center to United Techno logies , Gener al Electric Company , and Ro l ls-Royc e ,  
Incorporated .  
16. Ab.troct 

From May 1981 to June 1983 , the Federal Aviat ion Adminis trat ion ( FAA) Technical Cent er 
conducted a det ailed s tudy o f  'bird inges tions into large high bypass ratio turbine 
aircraft engines . The worldwide study covered over 2 . 7  mil l ion operat ions by 1 , 513  
aircraft cons is t ing of the DCS , DCI O ,  B747 , B757 , B767 , AlOO , A3 10 , and LIO l l . ,  The 
obj ective of this study was to determine the numbers , weight s ,  and spec ies of birds 
being ingested into these engines and determine what engine damage , if any, res ulted .  
This report presents the findings of this study • 

17. Key Word. 

Bird Inges tion 
Aircraft 
B ird Flocks 
High Bypass Ratio 
CF6 
19. Socurity Clo .. lf. Cof this reportl 

Unclassified 
Form DOT F 1700.7 (8-72) 

CFM56 
RB . 2 1 1  
JT9D 
Turbine Engines 

18. DI.tribution Stotoment 

Document is availab le to the U . S .  Pub lic 
through the National Technical Informat ion 
Service , Springfield , Virgini a  22 161  

20. Security Clo .. if. lof.th;. page) 21. No. of Pog.. 22. Price 

Unclassified 
Reproduction of completed page authorl zed 



" 

1/ 



ACKNOWLEDGEMENTS 

The author wishes to acknowl edge the cont r ibut ions to th i s  document by the 
fol lowing individuals . Their ass istance is appreciated . 

Mr . James Davis , Progr aMmer,  Federal Aviation Administration 
Technical Center 

Ms . Roxie C .  Laybourne , Ornitho logist , Smithsonian Institut ion, 
Washington, D . C .  

Mr . Riaz Rana, St atistic ian, St at istica,  Inc . , Rockvil le ,  Maryl and 

Mr.  Chand ler S .  Robbins , Patuxent Wi ld l i fe Rese arch Center , Laurel , 
Maryland 

iii 



, 



EXECUTIVE SUMMARY 

1 .  INTRODUCTION 

1 . 1  Background 
1 . 2  Objectives 

TABLE OF CONTENTS 

1 . 3  . Organiz ation of This Report 

2 .  PLANS AND PROCEDURES 

2 . 1  Plan Description 
2 . 2  Assumptions , Coverage , and Exposure Definitions 
2 . 3  D ata Adequacy 

3 .  DATA ANALYSIS AND RESULTS 

3 . 1 Description of Analys is Categories 
3 . 2  Characteristics of Ingested Bird 
3 . 3  Ingestion Rates 
3 . 4  Airport Bird Ingestion Experience 
3 . 5  Engine Damage and Failure Description 
3 . 6  Probability Estimates o f  Bird Ingestion Related Events 

4 ·.  SUMMARY 

S. CONCLUSIONS 

6 • REFERENCES 

APPENDICES 

A - Comparison of HBPR Engine Aircraft 
B - HBPR Engines 
C - St atistical Procesures 
D - Bird Types , Weights , Ingestion Location , and Codes 
E - Data Base 
F - Most Commonly Ingested Bird S pecies Drawings 
G - Airport Identifiers 
H - Engine Damage Pictures 
I - Bird Ingestion Events , Operations , and Bird Ingest ion Rates 

v 

Page 

E-1 

1 

1 
1 
1 

2 

2 
2 
3 

8 

8 
8 

16 
22 
30 
36 

37 

39 

41 



Figure 

2 . 1  

2 . 2  

2 . 3  

2 . 4  

3 . 1 

3 . 2  

3 . 3  

3 . 4 

3 . 5  

3 . 6  

3 . 7  

3 . 8  

3 . 9  

3 . 10 

3 . 1 1  

LIST OF ILLUSTRATIONS 

Aircraft Distribution 

Operational Distribut ion 

Cumul ative Distribut ion of 1 st and 2nd Year Bird Ingestion 
Events 

Cumul at ive D istribut ion of Rev ised 1 st and 2nd Year Bird 
Ingestion Events 

Worldwide Distr ibution of Bird Weights 

Bird Weight Distribut ion by Origin of Ingestion 

Cumul at ive Distributions of u.s. and Foreign Bird Weights 

U . S .  Foreign and Worldwide Bird Ingestion Rates 

Bird Ingestion Frequency Versus Engine Pos ition 

Engine Pos itions Which Experienced Bird Ingestions 

Phase-of-Fl ight Versus Number of Bird Ingestion Events 

B ird Ingestion Frequency Versus Airports 

world M ap-Bird Ingestion Loc at ions 

Bird Ingestion Damage Codes 

Bird Weight . Number Per Ingestion and Engine Fai lure 
Distribution 

• 

vi 

Page 

4 

6 

7 

9 

11  

12 

14 

17 

20 

21 

24 

25 

28 

32 

34 



LIST OF TABLES 

Tab le Page 

2 . 1 Aircraft and High Bypass Ratio Engines in Service as of 5 
June 30 , 1984 

2 . 2  Cumulat ive Distribut ion of Inges tion EVents for 1 s t  and 2nd 7 
Year 

2 . 3  Cumul at ive Distribution of Inges tion Events for Revised 1 s t  9 
and 2nd Year 

3 . 1  Bird Weight Swmnary 1 1  

3 . 2  Weight Distribut ion of Bird Inges tion Events by Origin 1 2  

3 . 3  Cumulative Weight Distribut ion by Bird Origin 14 

3 . 4  Seasonal Definit ions 15 

3 . 5  Ingestion Events by Season 16 

3 . 6  Inges t ion Rates by Aircraft Type 17  

3 . 7  -Swmnary o f  Operations , Event s ,  and Inges tion Rates for Known 18 
Locations ( Inges tion Events by Selected Aircraft Types) 

3 . 8  Comparison of Bird Inges tion Rates Based Upon B747 Inges tion 19 
Locations 

3 . 9  Aircraft Bird Ingestion Rates U t ilizing Only Known Bird 23 
Inges tion Locat ion Data 

3 . 10 Aircraft Bird Inges tion Rates U t il izing Combined Known and 23 
Unknown Bird Inges tion Loc at ion Data 

3 . 1 1  Geographic Distribution of Bird Inges tion Events 26 

3 . 12 Airport Bird Inges t ion Rates 27 

3 . 1 3 Mul t iple Engine Inges tion Events 29 

3 . 14 Summary of Airport Ingestion Events 30 

3 . 15 Engine Failure Frequencies by Bird Weight and Number of Birds 35 

3 . 16 Non-Failed Engine Frequencies by Bird We igh t and Number of 35 
Birds 

3 . 1 7  Inges t ion Prob abilities o f  S ingle and Mu ltiple Birds by We ight 36 
Category 

vii 



Tab le 

4 . 1 

4.2 

LIST OF TABLES (Cont inued) 

Multiple Engine and Multiple Bird Involvement Analys is 

Phase-of-Fl ight (POF) Analys is 

viii 

Page 

39 

39 



EXECUTIVE SUMMARY 

An inves tigat ion was ini t iated by the Federal Av iat ion Adminis trat ion Techn ic al 
Center in May 1981 and completed in June 1983 , to determine the numbers , weight , 
and species of  birds which are inges ted into large high bypas s r at io (HBPR) turbine 
aircraft engines dur ing service operat ion and det ermine what damage , if any , 
resulted. 

A tot al of  1 5 13  HBPR engined aircraft conduc ted 2 . 74 mil l ion operat ions dur ing the 
study period . The aircraft s tudied were the DC8 , DC10 , AlOO , B747 , B7 57 , B767 , 
L101 1 ,  and Al10 . 

Bec ause there were at leas t 2 . 7  mil l ion bird inges tion opportuni t ies and only 638 
aircraft bird inges t ion events were observed , an inges tion is cons idered a rare 
( 2 . 33 X 10-4) but probab le event . This represents 233 bird ingest ion event s per 
mi l l ion aircraft operations . Approximately 1 . 25 mil lion HBPR engined aircraft  
operat ions are conduc ted per  year . The monthly distribut ion of  the 638 tot al 
worldwide bird inges t ion events are shown in figure E-1 . 

The mos t  commonly inges ted family o f  birds are gul ls (Laridae) .  The maj ority of 
the 85 bird spec ies ident ified dur ing this study are flocking birds . The Un ited 
States (U . S . )  and foreign bird weight dis tributions are different . The Un ited 
States bird inges t ion rate is signific ant ly lower than the fore ign rate . Seasonal 
ch anges appear to affect the bird ingestion rate.  Wing mounted engines experience 
s igni f ic an t l y  mo re  inge s t ions than cent er a f t  mou n t ed engi nes . Twe nty- five 
airports account for 36 percent of a l l  reported worldwide bird ingest ions , and i t  
is noted that 7 6  percent o f  al l bird inges t ions occur i n  the airport env i ronment 
dur ing landing and t akeoff.  The majority of bird inges t ions , engine damage , and 
engine failures occur in the b ird weight range of  9 to 24 ounces . Five perc ent 
( 32) of the reported b ird ingest ions resulted in eng ine failur e .  Analysis reve als 
that the engine failures cannot be predic ted based only on the knowledge of the 
bird weight and bird numbers . To accompl ish this , one mus t  cons ider factors such 
as damage tolerance asses sments , f light dynamics , and others wh ich we re not wi thin 
the scope of this s tudy. The majority of bird inges t ions resulted in ei ther minor 
or no damage to the engine . 

S igni fic ant findings resul t ing from this s tudy are presented be low. The det ailed 
discuss ion of these findings are presented in Sect ion 3 of this report . 

Aircraft Bird Inges t ion ( B . I . )  event s  
Engines experiencing B . I .  
Average bird weight ,  United States 
Average bird weight , foreign 
Mos t commonly inges ted bird , United S t ates 
Mos t commonly inges ted bird , foreign 
Engines which experienced damage (minor and/or major damage) 
Mu lt iple engine inges t ion events per aircraft 
Mul t iple birds per engine 
Takeoff and c limb phase-of-fl ight ( for known event s) 
Approach and landing phase-of-fligh t ( for known events) 
Airports where B . I .  events occurred 
Airl ines report ing B . I .  events 

be 

638 
666 

30 ounces 
25 ounces 

Gul l  
Kite , Gul l  

416 
25 
65 

61% 
36% 
137 

83 
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1. INTRODUCTION. 

1 . 1  BACKGROUND • 

Nat ional Transport at ion Safety Board (NTSB) Recommendat ion A-76-64 was issued Apr i l  
1 ,  1 976 , a s  a resul t  of  a n  a ircraft accident invo lving a rejected takeoff after "a 
number of large b irds" were ingested into one of the engines . This recommendat ion 
s tat ed in part" 

"Amend 14 CFR 3 3 . 77 to increase the maximum number 0 f birds in the 
various s ize categories required to be inges ted int o  turbine engines 
with l arge inlet s .  These increased numbers and s izes shoul d  be 
cons is tent wi th the b irds inges t ed during serv ice experience of these 
eng ines ."  ( C lass III  - Longer Term Follow-up) 

In response to the Safety Board's subsequent inquiry o f  July 30 , 1980 , the Federa l 
Aviat ion Administrat ion (FAA) on October 30 , 1980 , summari zed the s tatus of  the 
work addres s ing the recommendat ion made by NTSB . The FAA had made several examina
t ions of NTSB , FAA, and industry engine records to det ermine the numbers and 
weights of  b irds be ing inges ted int o  turbine engines wi th large inlets. These 
high bypass rat io ( BBPR) engines start ed to ent er a ir l ine service ear ly in 1969. 
A study of available records was also made by an Ad-Hoc Commit tee o f  the Aerospace 
Industries Associat ion o f  America , Inc . , in 1978 . Al l of thes e industry and 
Government e f fort s , relying on availab l e  records , did not provide the pert inent 
info rmat ion neces sary to .make a decis ion concerning possib le revis ion of the 
weights and numbers of b irds required to be inges ted for engine type cert ificat ion. 

The FAA acknowledged the need for bet ter data relating to the number and we ights of  
birds be ing inges ted in service operat ion . Because normal reporting act iv ity was 
not provid ing su fficient information of  th is kind , the FAA ini tiat ed a spec ial 
proj ect by the FAA Technical Center . A worldwide data bas e wil l  be es tab lished. 
This dat a bas e ,  together wi th other pert inent informat ion, wil l be used to det er
mine if  amendment t o  exis t ing engine cer t ificat ion s tandards is warranted. 

1 . 2 OBJECTIVE. 

The obj ect ive of th is inves t igat ion was t o  det ermine the numbers , we ights , and 
species of  b irds wh ich are inges ted into large high bypass rat io (BBPR) turbine 
aircraft eng ines dur i ng worldwide s ervice operat ion and determine what damage , if 
any ,  resul ted. 

1.3 ORGANIZATION OF THIS REPORT. 

Th is report has been organized into four major sect ions . Sect ion 1 is the Int ro
duct ion. Sect ion 2 ,  Plans and Procedures , describes the framework util ized in the 
conduct o f  this s tudy . Data Analys is and Results are presented in Sect ion 3. 
Sect ions 4 and 5 present the summary and' conclus ions of th is report, res pect ively. 
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2 .  PLANS AND PROCEDURES . 

2 . 1  PLAN DESCRIPTION . 

This study was l imited to enigne b ird inges tions exper ienced by large high bypas s 
rat io ( HBPR)  t urb ine a i r c r a f t  eng i nes  dur i ng wo r l dwide s e rv i ce  operat ions . 
Therefore , the fol lowing guide l ines were estab lished to struc ture an overal l p l an' 
to conduct this s tudy: 

• Worldwide cons ideration of data 
• Familiarity wi th the engine des ign c riteria 

Proven expert ise and prior experience on engine fore ign obj ect 
inges t ion interpretat ion 

• Standardized report ing 
• Minimum impact on the operat ional fleet 
• Proven expert ise in bird ident ific at ion 
• Airl ine cooperat ion and underst anding of need 
• Quick response 

Report of al l known engine bird inges t ions 

Based on these guidel ines , it was determined that the mos t  effect ive approach wou ld 
be to have the engine manufacturers inves t igate the bird ingest ion inc idents on 
their res pec t ive engines . Manufactur ing of large h igh bypass  rat io turb ine air
craft eng ines is conduc ted by Pratt and Wh i tney Aircraft (PWA ) , General Electric 
Company (GE ) , Rolls Royce , Inc . , (RR) , and CFM Internat ional (CFMI ) ,  a jo int 
GE/SNECMA corporat ion. This offered the benefit of the engine manufacturer's 
expert ise in damage tolerance assessment and wi l l  al low them to use their worldwide 
serv ice organizat ions to invest igate engine inges t ion events quickly.  

The informat ion in  this study was obt ained by  the manufacturers in cooperat ion with 
the Air Transport Assoc i at ion of America (ATA) and the International Air Trans port 
Associat ion (lATA) and their member air lines . Whenever pos s ib le , the engine 
manufacturers used the services of a recognized ornitho logist to identify the bird 
spec ies . This s tudy spanned twenty-six ( 26 )  months from May 1981  to June 1983 . 

2 . 2  ASSUMPTIONS , COVERAGE , AND EXPOSURE DEFINITIONS . 

2 . 2 . 1  Assumpt ions. In order to meet FAA informat ion needs as we l l  as data analy
sis object ives of this study , a framework for the data collect ion was es tab lished. 
This framework cons is ted of the fol lowing assumpt ions: 

1 .  Th is s t udy wi l l  be a c ens us o f  t he wo r ldwide b i rd inges t ion eve nt s .  
2 .  A b i rd inges t ion eve nt  i s  a rare but prob ab le phenome non . Few such 

events are expected .  
3 .  The bird charac teris t ics , i . e . , the number,  weigh t ,  and s pecies mus t be 

determined. 

2 . 2 . 2  Coverage . The aircraft with HBPR eng ines in service dur ing the s tudy per iod 
cons ti tuted the tot al populat ion of this study. The four" engine mode ls - JT9D 
(PWA) , CF6 (GE ) , RB . 2 1 1  (RR) , and CFM 56 ( CFMI ) - were arbitr arily assigned a 
coding of one through four for the eng ine ident ifier. The eight aircraft types 
studied were also encoded in the data base but wi l l  be identified by name in this 
report . The aircraft types are McDonnel-Douglas DC8-70 series and DC I0; Boeing 
B747 , B7 57 , B767 ; Airbus AJOO and A3 1 0 ;  and Lockheed LI0 1 l .  

2 



A compar ison of relat ive s ize , shape , and engine pos i t ion for these HBPR engined 
aircraft is shown in appendix A. The dis tribut ion of these aircraft is shown 
in figure 2 . 1 .  The engine d is tribut ion by make and mode l for these aircraft are 
shown in table  2 . 1 .  

2 . 2 . 3  Exposure . During the development of the analys is plan, it  became apparent 
that b ird ingestion incidence data by itself wil l  not be useful unless some measure 
of exposure is defined. In other words , to unders t and the magnitude of the bird 
ingestion problem i t  is essential to determine the level to which the aircraft in 
t ab le 2 . 1  was exposed , on a worldwide bases , to potenti al bird ingest ions . To 
compare and contras t the bird ingestion rates of the various aircraft types , it was 
necess ary to determine the total number of operat ions conduct ed dur ing the study 
period. An "operation , II as used" in this s tudy, is contr ary to normal Federal 
Avi at ion Administrat ion (FAA) prac t ic e .  A flight , for example , from airport "A" to 
airport "B" is counted as one operation. The main source used in determining 
numbers of operat ions .was the Official Air l ine Guide (OAG) computer tapes , which 
are updated every month. These tapes were used to ident ify the airline schedu les 
and provide data such as aircraft type , departure and arrival  airports ,  frequency 
of flight , and domestic/foreign operations . To validate the accuracy of the OAG 
operational data, engine manufacturers' dat a were used as a cros s-check . The ir 
operat ional count was 6 . 3  percent higher ( 163 , 000 operations) than the OAG data. 
Fu r ther i nves t ig at io n  reve a l ed that 9 2 , 000 o f  thes e operat i ons invo lved the 
B747 aircraft which is extens ively used for freigh ter operations and , therefore , 
not always inc luded in OAG data. The data reported in this study inc lude freighter 
operations . Worldwide , approximately 2 . 7  mi l lion operat ions occurred during the 
s tudy period. This cons tituted the total exposure for the bird inges tion phenome
non to occur for the worldwide HBPR engined aircraf t  flee t .  The wor ldwide opera
t ions by aircraft type is shown in figure 2 . 2 .  

2 . 3  DATA ADEQUACY . 

In order to determine i f  sufficient data had been col lected to al low conc lus ions to 
be formulated , the fol lowing guide l ines were es tab l ished: 

Sufficient data to al low a reliab le assessment of  the bird inges tion 
phenomenon. 

• Sufficient data to conduct a s t atis t ical analysis bas ed upon the 
numbers , weights , and species of b irds . 

Sufficient data to conduct a s t at ist ical analys is of the engine damage 
result ing from a bird ingestion -- cons idering the bird number, weight , 
and spec ies . 

• Suffic ient data to conduc t a stat is t ical analys is of the year- to-year 
variat ion ( if any) of the bird ingestion phenomena. 

Based o� these guide lines , it  was reported at the end of the firs t ye ar's data 
collecC1on effort ( reference 1)  that the data base at that time appeared to be 
inadequate , in mos t  ins tances , to al low conc lus ions to be formulated . It was not 
known at the time if  the first year's bird ingestion data were representat ive of 
the inges ted bird popu lat ion distribution for a typical year . For these reasons 
the data col lect ion effort was extended for another fourteen (4) months . A 
comparison of the firs t and second year's cummulat ive distribution of inges t ion 
eve n t s  is presented in t ab l e 2 . 2  and g r aph i c a l ly repres e n t ed in f igure 2 . 3 .  

3 
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�LE 2.2 CUMULATIVE DISTRIBUTION OF INGESTION EVENTS 
FOR 1ST AND 2ND YEAR 

Year 1 Year ! 
� !!!!!£!. � � � � 
May 81 11 3.7 May 82 27 8.7 

Jun 81 33 14.7 Jun 82 17 14.2 

Jul 81 24 22.7 Jul 82 33 24.8 

Aug 81 47 38.5 Aug 82 32 35.2 

Sap 81 31 48.8 Sap 82 29 44.5 

Oct 81 46 64.2 Oct 82 30 54.2 

Nov 81 22 71.6 Nov 82 31 64.2 

Dec 81 17 77.3 Dec 82 2S 72.3 

Jan 82 15 82.3 Jan 83 23 79.7 

Feb 82 10 85.6 Feb 83 24 87.4 

Mar 82 30 95.7 Mar 83 22 94.5 

Apr 82 13 100.0 Apr 83 17 100.0 

Total 299 310 
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FIGURE 2 . 3  CUMULATIVE DISTRIBUTION OF 1ST AND 2ND YEAR BIRD INGESTION EVENTS 
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In order to ascertain whether the bird inges t ions event d is tributions were the s ame 
for bo th year 1 and year 2. the non-parametric test o f  Kolmogo rov-Smirnov was 
employed. The det ails of this tes t are presented in appendix C .  The tes t  shows 
that at a s ignif icant  level of five ( 5 )  percent. we can s afely s tate th at there is 
no difference in the empirical distribut ion shown in figure 2 . 3 fo r year 1 and ye ar 
2 .  Therefore, both o f  these distribut ions are drawn from a common parent distribu
t ion . Revised (different  t ime span) f irs t and second year cumulat ive distributions 
are presented in t able 2 .3 and in figure 2 .4 .  The stat is t ical tes t c i ted above 
affirms the same conclusion for this revised data as was reached above . 

Based upon these resul t s ,  it  was dec ided not to collect further  b i rd inges t ion data 
because it was apparent that the data which had been collected were representative 
for both years of the worldwide bird inges tion environment for the aircraft types 
s tudied .  Had this s tudy been extended one o r  possible two more years a s ignif icant 
shift in the b ird distribut ion characteristics would not be expected.  Add it ional 
bird inges tion data collec t ion may be required for the newer aircraft and/or engine 
models which have recently entered commerc ial revenue service ( DC8-70 ser ies. B757. 
B767. AllO) because of the ir limited exposure his tory as evidenced by figures 2 . 1  
and 2 . 2 .  

3 .  DATA ANALYSIS AND RESULTS . 

3 . 1  DESCRIPTION OF ANALYSIS CATEGORIES .  

The analys is o f  the dat a presented in the following sect ions is confined to five 
( 5 )  major categories: 

• Charac teris t ics  of Inges ted Birds 
• Inges t ion Rates 
• Airport Bird Inges t ion Experience 
• Engine Damage and Failure Descript ion 
• Probabili ty Estimate of Bird Inges t ion Related Events 

Various analyt ical techniques were employed to manage the more than 15.000 pieces 
of informat ion collected dur ing the twenty-six ( 26 )  months of this bird inges t ion 
s tudy. These analyt ical techniques are briefly described in appendix C .  The use 
of these techniques required only minimal assumpt ions of the underlying s t atis t ic al 
distribut ions of  thes e data and only a generalized knowledge of bird habits . 
Delineat ing all the fac tors relat ing to bird inges t ions cont ained in the 15.000 
pieces of information was not at tempted .  

3 . 2  CHARACTERISTICS O F  INGESTED BIRDS . 

3 . 2 . 1  Bird Types . The identific ation of the types and s izes of birds be ing 
inges ted into high bypass rat io engines was the pr ime object ive of this report. 
Append ix D was cons truc ted to give engineers , orn i thologists. airport managers. 
aircraft fl ight personnel , and other interes ted part ies in the airc raft engine 
b i rd inges t ion phenomenon a s t andard i zed desc r i p t ion o f  the orde r ,  family. 
and species of birds encountered , typical es timated we ights. and frequency o f  
occurrence . References 2. 3. and 4 were used extens ively in s tructur ing appen
dix D .  I t  was recognized. while cons truc t ing this appendix. that cons ide rable 
weight var iat ions may be found among ind iv idual birds of any one spec ies . The 
weights shown in appendix D represent an assement of the average weights based on 

8 



w 
(!J 
� z w CJ a: w A. 
w > -

5 
::t 
:& 
::t CJ 

TABLE 2 . 3  CUMULATIVE DISTRIBUTION OF INGESTION EVENTS 
FOR REVISED 1ST and 2ND YEAR 

Year 1 Year ! 
� !!!!!!.!. � � � � 
Jul 81 24 8.0 Ju182 33 11.2 

Aug 81 47 23.8 AUj{ 82 32 22.0 

Sep 81 31 34.1 Sell 82 29 31.9 

Oct 81 46 49.5 Oct 82 30 42.0 

Nov 81 22 56.9 Noy 82 31 52.5 

Dec 81 17 62.5 Dec 82 25 61.0 

Ja11 82 15 67.5 Jan 83 23 68.8 

Feb 82 10 70.9 Feb 83 24 76.9 

Mar 82 30 80.9 Kar 83 22 84.4 

Apr 82 13 85.3 Allr 83 17 90.2 

Kay 82 27 94.3 Kay 83 18 96.3 

JU11 82 17 100.0 Jun 83 11 100.0 

Total 299 295 

*TIlts table excludes firllt two IIIOntha of data (namely Avril 81 and Hay St). 
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FIGURE 2 . 4  CUMULATIVE DISTRIBUTION OF REVISED 1 ST AND 2ND YEAR 
BIRD INGESTION EVENTS 
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the ava ilab le informat ion from references 3 and 4 ,  and we ight informat ion submitted 
by the eng ine manufacturers on ind iv idual b ird inges t ion events .  

During the course of th is s tudy , 85 b ird species were ident i fied as having been 
involved in aircraft eng ine inges t ions . The overwhe lming maj ori ty of thes e spec ies 
( 79) are flocking b i rds or b i rds which group together on the ground ( in this cas e ,  
the a irport) after feeding o r  wh ile res t ing . F locking and grouping b irds present 
the greates t hazard to a ircraft . The mos t  hazardous family of b irds , in terms o f  
aircraft eng ine inges t ions , i s  Laridae ( gulls , etc . )  wh ich alone account for 35 
percent o f  all engine ingest ions . The gulls are closely followed by Accipitridae 
(ki tes , etc . )  wh ich account for 20 percent of all inges t ions . Examinat ion of 
appendix E shows that two- and three-engine b ird ingest ions are almost all caused 
by flocking b ird species . 

Appendix F o ffers a v isual perspect ive of the morphology of the mos t  commonly 
inges ted birds . The b irds depicted in this appendix represent species wh ich have 
been inges ted f ive or more t imes . These b irds are shown relat ive to the ir s izes 
measured from the t ip of the b ill to the t ip of the tail . 

It  has been poss ible to val idate the b ird we ight in over 50 percent o f  the b ird 
inges t ions . B ird remains were collected from t he engines by the manufacturers and 
sent to the Smi thsonian Ins t itution for ident i fica t ion and analys is by an ornitho
log is t .  From the remains , the ornithologis t  not only det ermined species but in 
many cases al so sex and maturi ty .  This informat ion, together with locat ion and 
t ime o f  year , enabled the ornithologis t t o  determine a range o f  we ights for the 
b ird (s).  The majori ty of b ird we ights reported in this study are the midpo int s of 
the range o f  weights as reported by the orn ithologis t .  

3 . 2.2 B ird Weight Dist r ibut ion. F igure 3.1 shows the worldwide dis tribut ion o f  
bird we ights and also h ighl ights the average , mos t  likely , and med ian b ird we ights . 
The average b ird we ight per event was ca lculated by summing all known b ird we ights 
which appeared for each event and d iv id ing this resul t by the number of event s .  
The most l ikely weight is that we ight which occurs the most frequent ly. The we ight 
at wh ich an equal number o f  weights occur , both above and below i t ,  is cal led the 
med ian weight .  I t  should be noted that with the except ion o f  the very heavy, large 
b irds (vul tures , eag les , s torks , herons , geese , etc . )  wh ich are shown in figure 3.1 
as we ighing more than 64 ounces ( )64) , the b ird we ight d is tribut ion is very sparse 
above 40 ounces ( 2.5 pounds). F igure 3.1 also shows that a d isproport ionate number 
o f  event s occ ur at d is c ret e we ight s .  I n  many o f  thes e cases , t he we ight is 
pecul iar to certain b i rd species . For exampl e ,  10 and 1 1  ounces - black-headed 
gulls , s ilver gulls ;  16 ounces - p igeons , rock doves , ring-b illed gulls; 20 ounces 
- crows , black-tailed gulls; 24 and 28 ounces - black kite; 32 ounces - red kite , 
p int ail  duck, les ser black-backed gull , b lack kite; 36 and 40 ounces - Herring 
gull , red ki te,  mallard duck. 
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FIGURE 3 . 1  WORLDWIDE DISTRIBUTION OF BIRD WEIGHTS 

A summary o f  the b i rd we i gh t s , Un i ted S t ates versus fore ign i s  presen t ed in 
tab le 3 . 1 .  

TABLE 3 . 1 BIRD WEIGHT SUMMARY 

U . S .  Foreign Unknown Worldwide 

Number of Events 97 494 47 638 

Known Weight Events 66 254 19  339 

Average Bird Weight Per Event 30 oz.  25 oz .  20 oz.  26 oz.  

Mos t  Likely B ird We ight 40 oz.  1 1  oz .  * 11  oz .  

Median Bird Weight 34 oz.  17  oz .  15 oz.  18 oz .  

* No s ing le weight can be identified ( see figure 3 . 2 ) , observat ions are limited . 

3 . 2 .3 B ird D istribution , United States Versus Foreign. The weight distribution , 
by origin of ingest ion, is presented in t ab le 3 . 2  and figure 3 . 2 .  The cumulative 
we ight distribution by bird origin is presented in tab le 3 . 3  and figure 3 . 3 .  

To de termine i f  thes e two bird we ight distribut ions shown in figure 3 . 3 ,  Uni ted 
S t ates versus foreign , are s�ilar, an appropriate stat is t ical tes t  the Ko lmogo rov
Smirnov (K . S . )  two-sample test is appl ied . This tes t  is  concerned wi th the agree
ment between two sets of  s ample values . Two weight s amples drawn from the same 
weight populat ion distribution , should  show that the cumul ative dist ributions of 
both weight samples may be expected to be fairly c lose to each other and should 
show only random deviat ions from the weight populat ion distribut ions . Should the 
cumulative weight distribut ions of the two samples div�rge too much at any po int , 
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TABLE 3 . 2  WEIGHT DISTRIBUTION OF BIRD INGESTION EVENTS BY ORIGIN 

Weight 
(oz . )  U . S .  Forei� n  Unk. World 

1-4 6 13  3 22 

5-8 2 19  1 22 

9-1 2  5 66· 4 75 

1 3-16 10 29 3 42 

1 7-20 5 22 2 29 

21-24 1 29 0 30 

25-28 1 21  0 22 

29-32 3 20 2 25 

33-36 6 6 1 13 

37-40 15 13 1 29 

41-44 2 0 1 3 

45-48 4 2 0 6 

49-52 0 2 0 2 

53-56 1 1 1 3 

57-60 0 0 0 0 

61-64 0 0 0 0 

> 64 5 1 1  0 16 

TOTAL 66 254 19 339 
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TABLE 3 . 3  CUMULATIVE WEIGHT DISTRIBUTION BY BIRD ORIGIN 

U . S .  Cumulat ive Foreign Cumulative 

B ird Weight P ercentage Percentage 

< 5 oz. 9 . 1  5 . 1  

< 9 oz. 12 . 1  1 2 . 6  

< 1 3  oz.  19 . 7  38 . 6  

<17 oz.  34 . 8  50 .0  

<2 1  oz . 42 . 4  58 . 7  

<25 oz. 43 . 9  70 . 1  

<29 oz.  45 . 5  78 . 3  

<33 oz. 50 . 0  86 . 2  

<37 oz . 59 . 1  88 . 6  

<41 oz.  81 . 8  93 . 7  

<45 oz . 84 . 9  93 . 7  

<49 oz . 90 . 9  94 . 5  

<53 oz . 90 . 9  95 . 3  

<57 oz . 92 . 4  95 . 7  

<6 1 oz. 92 . 4  95 . 7  

<65 oz. 92 . 4  95 . 7  

<240 100 100 
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FIGURE 3 . 3  CUMULATIVE DISTRIBUTIONS OF U . S .  AND FOREIGN BIRD WEIGHTS 
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it would indic ate that the observat ions came from different bird weight d i str ibu
tions . Figure 3 . 3  c learly shows that large weight deviat ions exist be tween the two 
obs erved distribut ions . The largest  deviat ion , 36 . 2 ,  occurs at cumul at ive we igh t 
interval , <29 ounces . At a s ignificance level of 5 percent , the K . S .  tes t shows 
that these two distribut ions are s ignificantly different , that is , the parent 
distribut ions (U . S .  and foreign) of bird weights are not the same .  The weigh t 
distributions of foreign , Uni ted S t ates , and unknown locat ion bird inges t ion 
events , which were presented in figure 3 . 2  further enhances this inference.  

3 . 2 . 4 Seasonal Bird Ingest ion Effects . In order to determine seasonal effect s  on 
bird ingest ion, three fac tors had to b e  taken into considerat ion. Firs t ,  the 
northern and southern hemispheres experience opposite seasons . Second , aircraft 
operational counts increase during the summer months . Third , the operat ional count 
s teadi ly increased during the course of this s tudy, due to the l ifting of res tr ic
t ions caused by the air traffic control lers st rike of 1981 , thereby mak ing i t  
d ifficul t t o  compare annual seasonal variat ions . 

The seasons were defined for the northern and southern hemisphres as per tab le 3 .4 .  
Ins pect ion of the operational data for this study period revealed that , wor ldwide ,  
the operat ional count increased approximately 5 to 1 0  percent dur ing the summer 
months when compared to the winter months . Unfortunately, the operational data by 
season for northern and southern hemispheres were not readily available , but i t  was 
determined that the vas t maj ority of aircraft operations for this study were 
conduc ted in the northern hemisphere . 

TABLE 3 . 4  SEASONAL DEFINITIONS 

S eason Northern Hemisphere Southern Hemisphere 

Spring March - Hay September - November 

Summer June - August December - February 

Fal l September - November March - Hay 

Winter December - February June - Augus t 

The inges tion event s data were divided into two seasonal cyc les . The firs t cyc le 
cont ains the inges t ion data for the firs t year of this s tudy (June 1981 - Hay 1982) 
and the second cyc le cont ains the inges tion dat a for the second year of th is study 
(June 1982 - May 1983).  These two cyc les were compared to each other, firs t  in the 
northern hemisphere . No seasonal adjus tments are necessary for this comparison. 
The cyc les were then compared to each other for both hemispheres comb ined ( world
wide) in conformanc e wi th the seasonal defini t ions set forth in table 3 . 4 .  The 
result ing inges tion events for the northern hemisphere and wor ldwide ( comb ined 
hemispheres) are present ed in tab le 3 . 5  fo r each of the two cyc les . 
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TABLE 3 . 5 .  INGESTION EVENTS BY SEASON 

The hypothesis of interes t is to determine whether the seasonal inges t ion ev�nt 
d is tr ibut ions for the first cyc le and the sec ond cyc le are the same .  For tes t1ng 
this type of hypotheses the chi-square tes t ( appendix C) for homogeniety of two 
samples was employed . The ch i-square values obtained for the northern hemi sphere 
and worldwide are 6 . 67 and 4 . 95 , respect ively , which are not s igni f ic ant at the 95 
percent confidence level .  Therefore , we can conc lude that there are no difference 
between the two seasonal cyc les . 

However , thi's does not imply that there are no d ifferences among the seasons wi thin 
the cyc le itself .  In fac t .  if  there were no seasonal ef fects . the inges t ion event s 
should be evenly distributed among the four seasons . An inspect ion of tab le 3 . 5 
indic ates that during the winter season the inges tion events are s ignific antly less 
th an the summer and fal l seasons . The s tat is t ic al test strong ly indicates that 
inges t ion events by season wi thin each of the cyc les are heterogeneous and . there
fore . seasonal effects on the inges t ion phenomenon are not negligib l e .  

3 . 3  INGESTION RATES . 

3 . 3 . 1  Bird Ingest ion Rates. United S t ates Versus Foreign . Engine bird ingest ion 
rates indic ate that the Unted States and fore ign b ird envi romnents ar e not the 
same .  A comparison o f  United S t ates . foreign , and wor ldwide b ird ingestion rates 
are summar ized in figure 3 . 4 .  The United S t ates bird inges t ion rate is approx
imately one-third to one-half of the foreign bird inges t ion rate . even taking into 
account those bird inges t ions for which loc at ions are unknown ( c ross-hatched are a) . 
The fac t  that the United S t ates operations count is approximately one-third ( 35 . 6  
percent - tab le 3 . 6) o f  the total worldwide count , does not expl ain the difference 
in the United States versus foreign bird inges t ion rates . Examinat ion of table 3 . 6  
shows that the DCI0 and LIOll aircraft have approximately equal operat ions i n  both 
the .Uni ted S t ates and foreign env ironments , yet both aircraft types display a 
higher (by a factor greater than 2) foreign inges t ion rate th an United States 
ingest ion rate . Al l aircraft types s tudied exhibi ted lower inges t ion rate while 
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operating in the United States environment than in the foreign environment. The 
exceptions to this are the B757 and A310 which did not operate extensively in both 
environments during the course of this study. 
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TABLE 3.6 

lnseltion Eventl 

Aircraft 
TYEes U.S. Foreign Unk 

DC8 0 

aCID 25 66 6 

A300 10 133 

8747 34 234 29 

8757 1 0 0 

8767 3 0 

LIOll 23 57 11 

A310 0 2 0 

Tot al 97 4'4 " 

3.07 
2.80 

. ... 

0.99 

FOREIGN 

_ UNKNOWN BIRO 
INGESTION LOCATIONS 

, ___ --, 2.33 

WORLOWIDE 
84-13-3.7 

FOREIGN AND WORLDWIDE BIRD INGESTION RATES 

INGESTION RATES BY AIRCRAFT TYPE 

°Eerations Rites/10K DEer at ions 

World U.S Foreign World U.S. Fore ign World 

2 17,047 5,682 22,729 0.59 1.76 0.88 

97 338,475 354,142 692,616 0.74 1.86 1.40 

144 78,841 437,405 516,246 1. 27 3.04 2.79 

297 237,754 645,396 883,150 1.43 3.63 ).)6 

1 3,079 3,321 6,400 3.25 0.00 1. 56 

4 22,584 2,554 25,138 1. )3 3.92 I. S9 

91 277 ,679 311,321 589,000 0.83 1. 83 I. 54 

2 0 3,040 3,040 0.00 6.58 6.511 

638 975,459 1,762,861 2,738,320 0.99 2.80 2.33 
(15.2%) 07.4%) 0.4%) (100.0%) ()5.6%) (64.4%) (100.0%) 
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The United S t ates inges tion rate is much lower than the fore ign inges t ion rate . 
The s t at is t ical test for comparing two Poisson rates ( appendix C) indicates that 
the difference between the Uni ted S t ates and foreign rates , under the assump t ion 
that these rates are equivalent , is highly unl ikely.  In other words , the differ
ence noted is not due to random variat ion but strong ly suggests that these rates 
describe two distinc t Poisson distribut ions . The Uni ted S t ates bird environment 
appears to be different from the fore ign b ird environment . Table 3 . 7  presents a 
summary of these rates . 

TABLE 3 . 7  SUMMARY OF OPERATIONS , EVENTS , AND INGESTION RATES FOR KNOWN 
LOCATIONS ( INGESTION EVENTS BY SELECTED AIRCRAFT TYPES) 

U . S .  
Operat ions 

Events 

Rates/10K Ops 

Foreign 
Operat ions 

Events 

Rates/10K Ops 

DC10 

256 , 902 

21  

0 . 82 

269 , 354 

50 

1 . 86 

A300 

86 , 5 30 

6 

0 . 69 

329 , 164 

97 

2 . 95 

Aircraft Types 

B747 B757 B767 L10 1 1  

193 , 580 1 , 879 1 1 , 1 58 202 , 802 

27 1 2 15 

1 .40 5 . 32 1 .  79  0 . 74 

51 1 , 205 1 , 505 2 ,004 175 , 288 

167 o 1 40 

3 . 37 0 . 00 4 . 99 2 . 28 

NOTE : Airport s tat i s t ics g iven in this tab le pert ain to only those airports wh ich 
are identi fied in appendix E .  The airports des ignated (XOS) Unknown United States , 
(XFO) Unknown Foreign , and (XXX) Unknown locat ion, are exc luded from this tab le .  
No airport operat ions data were availab le for the DC8 and A3 10 aircraft . 

3 . 3 . 2  Comparison Of B ird Ingest ion Rates By Aircraft Type .  

3 . 3 . 2 . 1  Engine Pos i t ion. A unique feature of this dat a gathering effort has been 
the opportunity to study the bird inges t ion phenomenon from the s t andpoint of air
craft which are engined in three bas ica l ly d ifferent configurat ions ( appendix A) . 
These  c on f igurat ions are : two-wing moun ted engines ( A300 , A3 10 , B 7 5 7 , B76 7 ) ,  
two wing- and one tai l-mounted engine (DClO , LlOl l ) ,  and four wing-mounted engi nes 
( B747 , DC8). It is. of interes t to determine whether or not the aircraft eng ine 
conf igur at ion h as an impac t on the b i rd inges t ion r a t e  wh ich thes e a i rc r af t  
experienc e .  Table 3 . 6  presented the bird ingest ion rates for these aircraft . This 
analysis is confined to the DClO ,  A300 , B747 , and LlO l l  for which there is suffi
cent operat ional and bird ingest ion data.  The other aircraft have not been in 
service long enough . 
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Figure 3 . 5  presents the b ird inges t ion loc ation by eng ine pos i t ion for the four 
aircraft types under cons iderat ion. The number 2 ( center) engine pos i t ion of the 
DCIO and LI01 1 aircraft experienced relatively few bird inges t ions when compared to 
pos it ions I and 3 .  The DClO experienced 97 inges tion events and only one of these 
invo lved the center aft engine ( one percent).  The L10 1 1  experienced 91  ingest ion 
events and 9 of these involved the center aft eng ine (10 percent) . Figure 3 . 5 
shows the fairly even d is tribut ion of bird in8es tions among the four aircraft and 
engine locations under cons iderat ion. That the center aft engine loc at ion of the 
DC1 0  and LIOll aircraft experience relative ly few ingest ions indicates that this 
phenomenon is engine pos i t ion dependent . From the bird ingest ion phenomena point 
of view, these two aircraft types may be considered to have only two engines. 

Tab le 3 . 6  also showed that the B747 aircraft exhib i ts the h ighes t bird ingest ion 
rate of al l the aircraft types under cons iderat ion. S ince the B747 is a four
engine ( al l  wing-mounted) aircraft , i t  should exhib i t  approximately twice the 
inges t ion rate of the DC10 , LIOl1 , or  A300 . In order t9 determine the valid i ty of 
such a hypothesis , the operat ing environment o f  the B747 was inves tigated . 

It  was determined that the B747 aircraft experienced bird inges t ions at 72 known 
airport locat ions . The B747 b ird inges t ion rate at these locations was compared to 
the bird ingestion rate of the other three ai rcraft types at the same 72 airport s .  
Tab le 3 . 8  presents this dat a and shows that the B747 ingest ion rate , in its exc lu
s ive set of 72 airports , is over twice the rate of the DCIO and L101 1 .  The rat io 
between the AlOO and B747 is approximately I to 1 . 7 .  This sugges ts that the B747 , 
wh ich has twice the number o f  wing-mounted engines compared to these other aircraft  
types , experiences approximately twice the exposure risk. Thus , i t  is  highly 
probab le that four wing-mounted engines wil l  result in greater numbers of bird 
inges t ion events (by a factor of approximately two) than only two wing-mounted 
engines whi le operating in a comparab le environment . 

TABLE 3 . 8  COMPARISON OF BIRD INGESTION RATES BASED UPON B747 
INGESTION LOCATIONS 

DCIO A300 B747 LI Oll 

Operat ions 344 , 344 (49 . 7) 269 , 6 1 7  (52 . 2) 616 , 954 (69 . 9) 249 , 750 (42 .4) 

Bird Ingest ion 42 51 194 33 
Events 

Inges t ion Rate! 1 . 22 1 . 89 3 . 14 1 . 32 
10K Ops . 

Note :  ( ) denotes percent of total wor ldwide operat ions per aircraft type for 26 
months . 

Figure 3 . 5  presents a summary of the engine pos i t ions which experienced b i rd 
inges tions by aircraft type . 
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3 . 3 . 2 . 2  Aircraft Operat ional Environment . In order to assess the effects of the 
aircraft operat ional environment on the inges t ion rates , tab les 3 . 9  and 3 . 1 0 were 
deve loped . Tab le 3 . 9  address ed only those airport loc at ions where i t  is known 
that an ingest ion had taken place . Tab le 3 . 10 addresses those airports also , 
however ,  the inges t ions which occurred at unknown locat ions are also inc luded 
in this tab le .  For exampl e ,  i t  is shown in both t ab les that the DC1 0  airc raft 
served 1 14 airports with a corres ponding operat ions count of 526 , 256 . Table 3 . 9  
shows that known locat ion ingestions occurred at only 47 of these ai rports wi th a 
corresponding operations count of 338 , 642 . Addi t ionally,  7 1  ingestions can be 
attributed to these 47 airports yielding an inges t ion rate of 2 . 10 .  Cont inuing 
th is example for the DC10 , i t  c an be s een that in table  3 . 10 ,  97  inges tions were 
now attributed to these s ame 47 airports , yielding an inges t ion rate of 2 . 86 .  
Adding those DC1 0  ingestions for which the geographic locat ions are unknown, under 
the assump t ion that the unknown loc ation ingest ions occurred at these ai rports , 
increases the rate.  

Tab les 3 . 9  and 3 . 1 0  present s imilar data for the AJOO , B747 , and LI01 l .  The 
inges t ion rates shown in these tab les reflect those rates which the aircraft 
experience in their  respect ive operat ional environments . Cert ain airports may or 
may not be common to al l aircraft types under cons iderat ion . In general , the 
inges tion rat es vary cons iderab ly among the aircraft types studied.  In othe r 
words , this aircraft operat ional environment al asses sment suggests th at there are 
cons ide rab ly different rates that could be attributed to rout ing struc ture and many 
other fac tors which were not exp l ic i t ly examined during this s tudy. 

3 . 3 . 3  Mul t iple Engine Bird Ingestion Rates , United S t at es Versus Foreign. There 
were a total of 25 multiple engine inges t ions , that is , b i rds were inges ted into 
more than one engine per aircraft . Twenty-two event s occurred wherein two engines 
inges ted birds . Three events occurred where in three engines inges ted b i rds . The 
geographic ingestion locat ion of two of the mUl t iple engine inges tion events is 
unknown. Twenty-one of the remaining 23 events occured in the foreign environment , 
yielding a foreign ingestion rate of 0 . 1 1 9  ingest ions per 10 ,000 operations . The 
Uni ted S t ates rate is 0 . 021 inges t ions per 10 , 000 operat ions . The foreign mUl t iple 
engine ingest ion rate is 5 . 8  t imes greater than the Uni ted S t ates rate.  

For comparison, the foreign rate at the end o f  the firs t ye ar was 0 . 1 16 ingest ions 
per 10 , 000 operat ions whi le the United S t ates rate was 0 . 047 . This ind icates that 
the fore ign mul t iple engine inges t ion rate has remained relatively cons tant over 
the 2 years of this study. The Uni ted States mUl tiple engine ingest ion rate has 
been halved from the firs t  to the second year because no United S tates mul t iple 
engine inges tions have been reported during the second year of this s tudy .  This 
compar ison of the Uni ted S t ates versus foreign mul itple engine inges t ion rates for 
26 months , further sugges ts that the Uni ted S t ates and foreign b i rd environment s 
are not the same .  

3 . 4  AIRPORT BIRD INGESTION EXPERIENCE . 

With the except ion of those events where the geogr aphic b ird inges tion location 
is unknown , al l remaining inges tions occurred in the airport environment .  "Environ
mentll in this c ase may be defined as the airport and the airspace immediat ely above 
and adj acent to it . Ove r 76 percent of al l known bird ingest ions occur during the 
comb ined t akeoff and landing phases-of-fl ight . These phases-of-fl ight occur mos t ly 
wi thin the geographic al confines of the airport . 
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TABLE 3 . 9  AIRCRAFT BIRD INGESTION RATES UTILIZING ONLY KNOWN 
BIRD INGESTION LOCATION DATA 

Aircraft Type 

DC10 A300 B747 L10l!  

Airports Served 1 14 101 110 88 

Operat ions 526 , 256 415 , 694 704 , 785 378 , 090 

Ingest ions 71  103 194 55 

Rate/10K Ops 1 . 35 2 . 48 2 . 75 1 .46 

Airports Served 47 45 72 32 
Where Ingestion Occurred 

Operations 338 , 642 237 , 5 70 616 , 954 239 , 160 

Inges tions 71 103 194 55 

Rate/lOK Ops 2 . 10 4 . 34 3 . 14 2 . 30 

TABLE 3 . 10 AIRCRAFT BIRD INGESTION RATES UTILIZING COMBINED KNOWN AND 
UNKNOWN BIRD INGESTION LOCATION DATA 

Aircraft Type 

DC10 A300 B747 LlOl l  

Airports Served 114 101 110 88 

Operations 526 , 256 415 , 694 704 , 785 378 , 090 

Inges tions 97 144 297 91 

Rate/ 10K Ops 1 .84 3 . 46 4 . 2 1 2 . 41 

Airports Served 47 45 72 32 
Where Ingestion Occurred 

Operat ion 338 , 642 237 , 570 616 , 954 239 , 160 

Inges tions 97 144 29 7 91 

Rate/10K Ops 2 .86 6 . 06 4 . 8 1 3 . 8 1  
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Over 90 percent of the b ird inges t ions which occurred dur ing the course of this 
study . for which the altitudes are known . occurred below 3000 feet . Mos t eng ine 
b ird inges t ions are encountered when the aircraft is relative ly c lose to . if not 
on , the ground . Consequently,  the b ird inges t ion phenomenon sugges ts an airport 
environment problem ,  at leas t  for the aircraft types inves t igated dur ing the course 
of this s tudy. The phases-of-f l ight in wh ich the b ird inges tion event s occurred 
are gr aphic al ly depicted in figure 3 . 7 .  The phase-of-f l ight dat a used to generate 
t h i s  figure ar e tho s e  d a t a  r epo r t ed by the operat o r  o f  the a i rc r af t .  I t  is 
rec ognized that phase-of- fligh t defin i t ions vary cons iderab ly in the indus try ,  
however ,  the dat a  are a compilation from many operators and it i s  assumed that 
normal dat a scatter would tend to mi t igate any bias in phase-of-fl ight definit ions . 
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I!! z 1&1 > 175 
1&1 
Z 1 50 0 
= 1&1 1 25 C!J ! 
Q 1 00  (92) II: 
iii 

75 

50 
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TO CLIMB CRUISE DESCENT LANDNG TAXI UNKNOWN 

1J1t- 1 3  
PHASE OF FUGHT 

FIGURE 3 . 7  PHASE-OF-FLiGHT VERSUS NUMBER OF BIRD INGESTION EVENTS 

From the OAG tapes i t  was determined that approximately 429 airport s worldwide 
ac commodated the eight aircraft types s tud ied . Sixty-two of these ai rports are 
loc ated in the United S t ates and 367 are in foreign loc at ions . Dur ing the cours e 
of this study . engine bird inges tions were experienced at 22 known Uni ted States 
airport locat ions and 1 15 known foreign airport locat ions . Figure 3 . 8  l is ts thes e 
airports along with the number of inges t ion events which occurred at each locat ion. 
The acronym ident ifiers for these 1 37 airport s are lis ted in appendix G .  I t  should 
be noted that airport ident ifiers XUS and XFO denote bird ingest ions in United 
S t ates and fore ign locat ions , respect ively; however . the exact airport where the 
inge s t ion occurred i s  not known . I n  add i t ion , the b i rd inge s t ion dat a b as e  
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TABLE 3 . 1 1  GEOGRAPHIC DISTRIBUT.ION OF B�1U) INGESTION EVENTS' 

U . S .  -
Known Locat ion Inges t ions' 72 

Extrapolated Loc at ion I nges t ions �5 
CXUS ) 

Unknown Locat ion I nge s t ions 

To t al Ingest ions 97 

Foreiln 

358 

. 1 36 
CUO) 

----

494 

Wor ldwide 

---
47 

(XXX) 

638 

The g,eogr,aphic d i s t r ibut ion of tbe 430 . b ird inges t ion events where geographic 
loc at lon 1S known are shown on the world map , f igure 3 . 9 .  

As previously s t ated ,  the 638 engine b ird inge s tion events which have been reported 

dur ing this s tudy have occur red at 1 37 airports around the world.  Th is yields a 

worldwide airport b ird inges t ion eve�t rate 'of 4 . 65 b ird inges t ion events per 

airport .  Al l airports which experienced 5 or more b ird inges t ion events dur ing the 

course of this s tudy were examined . Results are presented in t ab l e  3 . 1 2 .  Analysis 

o f  the data cont ained in this t ab le shows that 25 airpo r t s  account for 36 . 5  percent 

of all worldwide bird inges tion events for the a ircraft types s tudied . In add i t ion, 

mos t of these airporte are located in 5 d i s t inct geogr aphic areas of the world -

the i n t e r i or of the I nd i an s ub c ont inent , e x t reme W e s t e r n  E u r o p e  ( in c lud i ng 

Engl and) , the Uni ted S t ates e ast coas t ( inc lud ing the C anad i an Great Lakes Reg ion) , 

the Uni ted S t ates'  and C anad ian Wes t Coas t ,  and the is l ands of Japan. F i gure 3 . 9  

depicts these loc at ions as we l l  as other , less frequent b i rd i nges t ion locat ions . 

Appendix H l i s t s  al l airports inc lud ing b ird inges t ion events ,  operat ions . and 

inges t ion rates by aircraft type . 

In addi t ion, appendix H l i s ts 1 9  airports wh ich have experienced mUl t iple engine 

inges t ions . Twenty-five such events occurred <22 two-eng ine event s and thr ee 

three-engine event s ) . Four of the mul t iple-engine inges t ions resul ted in at leas t  

one of the engines fail ing .  I n  one o f  these cases , two eng i nes failed o n  a four

engined aircraft dur ing the approach phas e of the fl ight . Thi s  was the only 
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TABLE 3 . 12 AIRPORT BIRD INGESTION RATES 

(5 Or More Inges tions ) 

Airport Operations Inges t ions Rate/10K Ops Rank 
LYS 3863 7 18 . 1 2 1 
TLS 3513 6 16 . 79 2 
KYD 3232 5 15 . 4 7  3 
NBO 7761 8 10 . 30 4 
DUR. 5139 5 8 . 7 1  5 

NGS 5861 5 8. 53 6 
YUL 7041 6 8 . 52 7 
YVR 9266 7 7 . 55 8 
KHI 17013 10 5 . 88 9 
DEL 1 7190· 10 5 . 82 10 

AMS 17219 10 5 . 79 1 1  
DOH 26062 14 5 .3 7  12 
lUK 22698 1 2  5 . 28 13 
OR.Y 41689 22 5 . 28 14 
FCO 27501 8 2 . 91 15 

COO 47054 12 2 . 55 16 
YYZ 24982 6 2 . 40 11 
BND 65874 15 2 . 28 18 
SYD 27631 6 2 . 1 7 1 9  
LIlll 64731 13 2 .0 1  20 

JFK 1 16769 23 1 . 9 7  2 1  
KHW 39167 5 1 . 28 22 
OSA 55474 6 1 .08 23 
MIA 6491 3  5 0 . 77 24 
LAX 103027 7 0 . 68 25 

NOtE : See appendix G for airport identifiers . 
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two- engine fai lure d e t e rmined dur ing t h i s  s tud y .  None of the three-eng i ne 
inges tion event s resulted in an engine failure.  A summary of the mUl t iple engine 
ingest ion events are presented in t ab le 3 . 13 .  

TABLE 3 . 13 MULTIPLE ENGINE INGESTION EVENTS 

Aircr aft Engines Phase Of No . Of Bird 
Airport Type I nvolved F light: B irds We ight (oz . )  

AMS B747 3 Takeoff -,- , 2  8 oz . 
BOD AJOO 2 Takeoff 1 , 1  32 oz . 
BWI DC10 2 Landing - ,- - oz . 
CPR D747 2 Approach 1 , 2  16  oz.  
CPR DCI0  2* Takeoff 1 , 2  14 oz . 
DPS B747 2 Takeoff , - oz . 
EBB DCI0 2 Takeoff 1 , 2  40 oz.  
EZE B747 2 Takeoff 3 ,4 13 Oz. 
HND DCI0 2 Approach -,- 20 oz . 
JED B747 2** Approach -,- 1 1  oz . KAN DCIO 2 Landing , - oz. 
ICHI B747 2 Takeoff, 1 , 1 40 oz . 
LHE AJOO 2 Landing 1 , 1  32 oz . LHR LI0 1 1  2 Takeoff 1 , 1  10 oz . LHR B747 3 Landing - ,- ,- - oz . MEL AJOO 2 Takeoff 1 , 1  24 oz . 
MEL B747 2* C l imb 5 ,4 20 oz . 
MWR B747 2 Approach 1 , 1  80 oz . 
ORY AJOO 2 Takeoff 2 , 2  11 oz . 
ORY B747 2 Takeoff 1 , 1  10 oz . 
SYD B747 3 Takeoff  2 , 2 , 2  1 1  oz . 
YVR B747 2 Landing , - oz'. ZRH B747 2* Takeoff 6 , 3  13 oz . XXX DC10 2 Unknown - , - - oz . XXX B747 2 Unknown 1 , 3 9 oz . 

(*)  Represents One Engine Fai led 
(**) Represents Two Engines Failed 
(XXX) Unknown Locat ion 
(-)  Unknown 

The loc at ion of airports wi thin the aforement ioned geographic areas , as we l l  as 
o ther areas of the world,  often determines the magni tude of the bird inges t ion 
prob lem which the airports experience . Often they are located in bird f lyways or 
along bird migrat ion routes . The vas t open areas of airports are a natural res t ing 
place for the birds in these s ituat ions . Although it  was not a s pec ific object ive 
of this study to determine why birds often prefer to inhab it the airport environ
ment , the reports of the engine manufacturers (PWA , GE , RR) in many cases cont ained 
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gre at detai l  with regard to the airport environment where a particul ar bird inges
t ion had taken place . Such fac tors as the grass height , availab i l i ty of food , 
proximity to bodies of water , number of aircraft operations , number o f  runways , and 
other factors often determine not only the quantity of birds present on the air
port , but the type of bird as we l l .  Many airports have ins t ituted bird contro l 
programs wi th varying degrees of succes s .  On the surface i t  appears that such 
programs mus t  be tai lored to the particul ar needs of each airport . 

A summary of the information contained in this airport sec t ion is  presented in 
tab le 3 . 14 .  

Known Airport  
Locations 

Operat ions 

Events 

Rates/10K Ops 

Wor ld 

Operat ions 

Events 

Rates/10K Ops 

Percent of 
Worldwide 
Oper at ions at 
Known Airport 
Locat ions 

tABLE 3 . 14 SUMMARY OF AIRPORT INGESTION EVENTS 

Aircraft Types 

DC10 A300 B747 B7S7 B767 L1011  
-

526 , 256 415 , 694 704 , 785 3 , 384 13 , 162 378 , 090 

71 103 194 1 3 55 

1 . 35 2 . 48 2 . 7·5 2 . 96 2 . 28 1 . 45 

692 , 61 6  516 , 246 883 , 1 50 6 ,400 25 , 1 38 589 ,000 

97 144 297 1 4 91 

1 . 40 2 . 7 9 3 . 36 1 . 56 1 . 59  1 . 54 

76 . 0  80 . 5  79 . 8  52 . 9  52 .4 64 . 2  

Tot al 

2 , 041 , 37 1  

427 

2 . 09 

2 , 712 , 550 

634 

2 . 34 

75 . 4  

NOTE: Airport statistics are b as ed on 1 3 7  airports identi fied in appendix E .  
The the events for Unknown United S t ates (XOS ) , Unknown Fore ign (XFO) , and Unknown 
locat ions (XXX) ,  are exc luded from known airport location s tatis t ics . For the 
DC8 and Al IO aircraft , data by airports is not availab l e .  

3 . 5  ENGINE DAMAGE AND FAILURE DESCRIPTION . 

Damage assessment was determined by ut i l iz ing the engine manufacturers I writ ten 
reports , photographs of ind iv idual bird ingest ion events , and detailed review of 
the evidence by FAA Technical Center personnel .  The engines experienced 666 
inges t ions dur ing the 26 months of this s tudy.  S ixty-two percent (41 6 )  of these 
engines exper ienced some degree of d amage . For the purpos es of this s t udy 
nine generalized engine damage c ategories were defined . FAA Technic al Cente; 
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personnel reviewed each o f  the 666 engine inges t ions and character ized the damage 
according to the nine general ized c ategories . The results  of this de tailed tech
nical damage as sessment for each engine ingestion are tabulated in appendix E .  The 
nine generalized damage categories , coded 1 through 9 ,  are :  

1 .  N/A - No damage . 
2 .  Bent - One t o  1 0  fan b l ades bent (minor damage) .  
3 .  Bent Many - More than 10 fan b l ades bent . 
4 .  Broken - Broken fan b l ade( s ) , leading edge and/or tip pieces 

miss ing , other b l ades also bent . 
5 .  Transverse Frac ture - A fan b lade broken chordwise ( across)  and 

the piece is miss ing ( inc ludes secondary hard obj ect damage ) .  
6 .  Spinner - Dented , b roken , or cracked spinner ( inc ludes spinner 

c ap) • 

7 .  Core - Bent/broken compressor b lades /vanes , b l ade/vane clash , b locked/ 
disrupted airflow in low, intermed i at e ,  and high pressure compressors . 

8 .  Nac e l le - Dents and/or punctures to the engine enc losure ( inc ludes 
cowl) .  

9 .  Other - Any damage not previous ly l is ted . 

Mos t  of the above damage categories are p ictorial ly represented in appendix I .  

Figure 3 . 10 depicts the damage categories for al l 666 engines which experienced a 
b ird inges tion. As c an be s een, category 1 ( no damage ) and category 2 (minor 
d amage) comprise the maj ori ty of the entries ( over 60 percent ) . 

Figure 3 . 10 also depicts the damage sustained by those engines which are cons idered 
to have failed .  During the course o f  this study , .an engine fai lure was def ined as 
the engine' s  inabil ity, to attain and/or maint ain appr.oxim�tely 50 percent thrust .  
The ab i l i ty o f  the eng ine t o  ach ieve t h i s  l eve l o f  powe r was b as ed upon the 
engineering judgment of a comb ined group of u. s .  Government aerospace propuls ion 
eng ineer s . The i r  as s e s sment o f  eng i ne f a i l ure ,was b as ed upon pho t og r aph i c  
evidenc e ,  extent o f  fan and/or core damage , transverse frac ture o f  a fan blade , 
phase-of- f l igh t , engine act ion and pilot reac t ion, in- fl ight engine data, and 
personal interviews ( by the contractor) wi th the pilot . A l l  of these criteria were 
not always avai lab le .  Nei ther this report nor the evidence gathered dur ing this  
s tudy is intended to de fine the failure mechanism of these engtnes . However , it  
c an be s t ated that each failure mode is unique and complex. No attempts were made 
to compare the re l at ive merits or shortcomings among the engine mode ls , or for that 
mat ter , the aircraft types . Examinat ion of figure 3 . 10 shows that engines which 
fail ( and many which do not fail )  tend to have mult iple damage categories asso
c i ated wi th them. This is evidenced by the fac t  that 32 engines were cons idered to 
have failed , however ,  the damage assoc iated with these eng ines appears 103 t imes 
( fi l led-in circ les figure 3 . 10) . This is expected , due to the second ary hard 
obj ect damage which the engine can experience after a severly damag ing bird inges
t ion . In these cases , typic al ly,  a b ird inges tion may cause a stage 1 fan b lade 
fracture ( or spinner failure) which ,  in turn,  releases hard obj ect s  such as pieces 
of b l ade ( or spinner material > . These hard obj ects are reinges ted into the fan 
and/or core engine wh ich causes secondary damage . For example , an engine wh ich 
experiences a severely damaging ingest ion may suffer a transverse blade frac ture 
( c ategory 5 )  which releases a me tal blade piece . This piece is re inges ted into 
the fan c aus ing other b lades to break ( category 4) and bending s t i l l  other b l ades 
( c ategory 3 ) , damaging the nacel le with the loose fr agments ( c ategory 8 ) . Final ly, 
these fragments may be inges ted into the core eng ine ( category 7 ) .  In many cases 
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where the engine fai led , such a scenar io is common. It  mus t  be reemphas ized , 
however ,  that an engine failure is the except ion rather than the norm. 

Figure 3 . 1 1  shows that of the 666 engines which experienced a bird inges t ion , 
information was avai l ab le wi th regard to the weight and number o f  b irds inges ted in 
335 cases . Additional ly,  of the 32 engine failures , information regarding the 
weigh t and numb e r  o f  b i rds i nge s t ed was av a il ab l e i n  30 c as e s . F igure 3 . 1 1  
presents these data and shows that approximately 81 percent of the bird inges t ions 
invo lve only one bird , with a corresponding failure rate in that category of 5 . 9  
percent ( 1 6 engine fai lures , 272 inges t ions) . The 1 9  percent o f  the inges t ions 
which involve more than one bird have a corresponding fai lure rate of 22 percent . 

The preceding discuss ion points out a pertinent observat ion. Namely,  the engine 
failure rate for s ingle b ird inges t ions (0 . 81 X 0 . 059 = 0 . 048 ) and mul t iple bird 
inges t ions ( 0 . 1 9  X 0 . 22 18 0 . 042) are almos t ident ical and compare favorably wi th 
the worldwide bird ingest ion engine failure rate of 4 . 8  percent (32 engine fail
ures , 666 ingest ions ) .  Therefore , with regard to the numb ers of birds  inges ted , 
the dat a indic ate that once the inges t ion has occur red , be i t  a s ing le b ird or 
mul t ip le birds , the probab i l i ty of experiencing an engine failure  is approximately 
5 percent in either c ase . 

W i th regard to the weights o f  these birds , figure 3 . 1 1  shows that birds of 8 ounces 
or less do not general ly cause HBPR engines to fai l .  Examination o f  appendix E for 
this weight category also reveals that , primarily,  minor or no damage is incurred .  
Half of the bird inges t ions and engine failures occurred be tween 9 and 24 ounces 
( > 1 /2 to 1 '1 /2 pounds ) .  Examining the weight interval , 0 to 24 ounces , and compar
ing the engine failures agains t inges t ions , yie lds a failure r ate of 7 . 8  percent 
( 2 1 7  inges t ions versus 17 failures ) .  Likewise , the weight interva l ,  25 to 48 
ounces , produces a r ate of 7 . 2  percent (97  ingestions versus 7 failures ) .  However ,  
the weight interval 4 9  ounces and greater,  produces a failure rate o f  28 . 6  percent 
( 2 1  inges tions versus 6 fai lures ) which indic ates that once the ,b�rd we ight exceeds 
a cert ain value ( in this cas e ,  3 pounds)  experienc ing an engine failure becomes 
mo re probab le . 

Attempts have been made to determine the associat ion among engine failures ,  phase
of- fl ight , number of b irds , and bird weight . ( I t  should be noted that 22 engine 
failures out of 32 , occurred at takeoff and 5 engine failures occurred dur ing the 
c l imb phase-of-flight . These two phases-o f-flight account for 84 percent of the 
eng ine failures . )  The resul ts  of these at tempts have been inconc lus ive because 
insufficient data exists to al low an indepth analys is . However ,  an analys is was 
conduc ted which sought to determine the assoc iat ion between bird weight and number 
of birds for engines which failed and also for engines which did not fai l .  Tables 
3 . 1 5 and 3 . 16 are each 2 X 3 cont ingency tab les which show the data of figure 3 . 1 1 
condensed for analysis purposes . Note that the weight categories ( 1  to 24 , 25 to 
48 , > 49 ) and the numbers of birds ( 1 ,  >1 ) are the same as the previous analys is . 
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TABLE 3 . 15 ENGINE FAILURE FREQUENCIES BY BIRD WEIGHT AND NUMBER OF BIRDS 

Number of Birds Bird Weight 

1-24 ounces 25-48 ounces >49 ounces To t al 

1 5 5 6 16 

>1 12 2 0 14 

Tot al 17  7 6 30 

TABLE 3 . 16 NON-FAILED ENGINE FREQUENCIES BY BIRD WEIGHT AND NUMBER OF BIRDS 

Number of Birds Bird Weisht 

1-24 ounces 25-48 ounces >49 ounces Tot al 

1 160 81 15 256 

>1 40 9 0 49 

Tot al 200 90 15 305 

The Tes t of Assoc i at ion of Cont ingency Tab les ( append ix C) was used to determine 
whether a s trong associat ion exists between bird weight and number . It yielded a 
value of 10 . 08 for t ab le 3 . 15 data and a value o f  6 . 83 for t ab le 3 . 1 6 data.  Both 
values are chi-square dis tributed with 2 degrees-of- freedom. Both values are 
s igni ficant at the 95 percent conf idence level and negate the assert ion that the 
two factors , bird weight and number of birds , are independent . The me asure of 
as soci at ion between these two fac tors for the data of tab les 3 . 15 and 3 . 1 6 are 
0 . 502 and 0 . 149 , respec tively. (Values c los e to zero indicate lack of assoc iat ion 
between the row and column factors of the cont ingency table , whereas , values c loser 
to 1 .0 ind icate s trong association. )  The assoc i at ion meas ure for engines which 
failed is relat ive ly stronger than the me asure obtained for engines wh ich did not 
fai l .  Although , this analys is es tab l ishes associ at ion between the two factors , i t  
does not indicate that engine fai lures are predictab le based on the knowledge o f  
number of birds and their weight . The underlying reasoning for thi s inference 
arises from the fac t  that the chi-square values imputed in the data of tab les 3 . 1 5  
and 3 . 1 6 ,  10 . 08 and 6 . 83 , respect ive ly, exhib it no s ignificant di fferences in the ir 
magni tudes to sugges t that the underlying distribut ion of these two samples are 
dras t ical ly different . The tes t  to determine whether these two chi-square values 
come from different dis tribut ions shows , at the 95 percent confidence leve l ,  that 
there is no d i fference  in the under l ying distributions in the data of tables 3 . 1 5 
and 3 . 1 6 .  This supports the inference that associ at ion be tween the two factors 
c i ted , namely bird weight and bird number,  does not provide , by its e l f ,  the bas is 
for predict ing an engine failure as a funct ion of bird weight and number of birds . 
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3 . 6  PROBABILITY ESTIMATES OF BIRD INGESTION RELATED EVENTS . 

The b ird ingest ion data which has been col lect ed during the 2 years of this study 
are we l l  suited to the discussion of probab i l i t ies . As has.  been s t ated , one of the 
reasons this s tudy was cont inued into a second year was in order to verify bird 
inges t ion trends which were obs erved during the firs t year . In many areas , such as 
geographic inges t ion dis tribu t ion , tot al inges t ion events ,  weight di stribution , 
mUl t iple engine inges t ions , and others , the repeat ab i l i ty between firs t  and second 
year data was very good . The fo l lowing discuss ion addresses certain of these areas . 

3 . 6 . 1  P rob ab i l i ty o f  Inge s t ion o f  One or  More B i rds o f  A G iven Weight Range . 
Table  3 . 17 gives the frequency of s ingle and mu l t iple bird inges t ion events by bird 
weigh t .  The probability es t imate of ingest ing one or more birds of a given weight 
range c an be obtained by dividing the tot al number of events in that weight range 
by the total number of b ird inges tion events . For example , the probability of 
inges t ing one or more birds in the 1- to 8-ounce we ight range is calculated by : 
43 /335 CI 0 . 1 28 .  The remaining weight range probab i lities are calculated in a 
s imilar fashion. 

Single Bird 

"u1t ipl'e Bird 

Total 

Cond itiooal 
Probabi l i ty 
Unl;oaditioaal 
ProbaDi li ty 

TABLE 3 . 1 7 INGESTION PROBABILITIES OF SINGLE AND MULTIPLE 
BIRDS BY WEIGHT CATEGORY 

Bird Weight 

1-8 ou . 9-16 ou . 1 7-24 0&8 . 25-32 0&8 . 33-40 ou . 41-48 ou . 49-56 ou . 

33 82 50 44 36 6 5 

10 33 9 2 6 3 0 

43 l l5 59 46 42 9 5 

0 .128 0 . 343 0 . 1 7 6  0 . 1 37 0 . 1 2 5  0 . 02 7  0 . 0 15 

30xlO-6 80xlO-6 41xlO-6 32x10-6 29xlO-6 6 . 3xlO-6 J . 5x10-6 

>56 ou . � 
16 272 

0 03 

16 335 

0 . 048 

1 1 xlO-6 

The calculated probab i l i ty is condit ional . The condition being that an inges tion 
has taken plac e.  The unconditional probab i l i ty is obt ained by mUlt iplying the 
condit ional probability estimate by the worldwide inges tion occurrence probability 
of 2 . 33 X 10-4 (638 inges t ions/2 , 7 38 , 382 operations ) . There fore , the uncondi
t ional probab i l ity of ingest ing one or more birds in the 1- to 8-ounce weight range 
is 0 . 128 X (2 . 33 X 10-4 ) .. 30 X 10-6 • In other words , this data indic ates that 
for every one mil l ion HBPR aircraft operations , it is expec ted that 30 bird inges
tions of s ingle or mUl t iple birds in the 1- to a-ounce we ight range wi l l  occur . 

3 . 6 . 2  Probab i lity of Ingestion of Mul t iple Birds Per Engine . The data show that 
65 engines have experienced an inges tion of more than one bird (mul t iple birds per 
ingest ion) . It is known that a total of 666 engines experienced a bird ingestion . 
The conditional probabi lity es timate of experienc ing a mul t iple birds per engine 
inges tion is therefore 0 . 098 (65 mul t iple bird inges tions/666 engine inges tions ) .  
The unconditional probabi lity es timate of such an event occurring is 22 . 7  X 10-6 

or about 23 mul t iple bird ingest ions per one mi l l ion operations . 
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3 . 6 . 3  Probab i lity of Mul t iple Engine Ingest ions . Twenty-five mUl t iple engine 
inges t ion events occurred during this s tudy . The condit ional probab i l i ty es timate 
of such an event occurring is 0 . 039 ( 25 mul t iple engine inges tion events/638 
i nges t i on event s ) . The uncond i t ional probab i l i ty es t ima t e  is approxima t e ly 
9 X 10-6 or nine mUlt ip le engine inges t ions events per mil lion operations . 

4 .  SUMMARY. 

The purpos e of this inves t igation was to determine the numbers , weights , and 
species of birds which are being inges ted into large h igh bypass ratio ( HBPR) 
turbine aircraft engines during service operation and determine what damage , i f  
any , resul t ed .  To meet this objective , the FAA Technical Center and three engine 
contractors - Prat t and Whi tney Aircraft ,  General E lect r ic Company , and Rol ls
Royce Incorporated - gathered worldwide bird inges t ion data. 

During the course of this s tudy, 1 5 1 3  HBPR engined aircraft conducted 2 . 7  mi l l ion 
operat ions and were involved in 638 bird inges t ion events .  The firs t and second 
year ' s bird inges t ion d is tr ibut ions were compared . I t  was determined that their 
distributions were s t at is t ical ly s imi l ar , therefore, no further data was col lected . 

The United S t ates and foreign bird environments were compared . This comparison 
sugges ted that the' bird weight distribution differed in thes e two environment s .  A 
comparison of the s ingle and mul t iple engine bird inges t ion r ates was conduc ted .  
Both foreign rates were s ignificant l y  h igher than the U .  S .  r ates . Fina l ly ,  the 
ave r age , mo s t  l ike l y , and med i an b i rd we igh t s  were comp ared .  I n  a l l  three 
ins tances , the U. S .  b i rd weights were h igher than the foreign bird weights . 

Worldwide , gul ls ( family Laridae) were inges ted mos t  often. The following selected 
bird species ( for 5 o r  more inges t ions ) are presented in decreas ing order of inges
t ion frequency OD a wor.ldwide bas is :  

1 .  Mi lvus migrams (Black Kite) - 46 inges t ions 
2 .  Larus ridibundus (Common Black-headed Gul l) - 34 inges tions 
3 .  Larus argent atus (Herring Gul l )  - 27 inges t ions 
4. Co lumba palumbus (Wood P igeon) - 23 inges t ions 
5 .  Larus cras s iros tris ( B lack-tailed Gul l )  - 14 inges tions 
6 .  Larus delawarens is (Ring-bi l led Gul l)  - 1 1  inges t ions 
7 .  Vanel lus vanel lus (Common Lapwing) - 10 inges t ions 
8 .  Anas P l atyrhynchos (Mallard Duck) - 9 inges t ions 
9 .  Columba l ivia ( Common Rock Dove) - 8 inges t ions 

1 0 .  Tyto alba ( Common Barn Ow l )  - 6 inges t ions 
1 1 .  Corvus corone ( Carrion Crow) - 6 inges t ions 
1 2 .  Larus atric i l la (Laughing Gul l) - 5 inges t ions 
1 3 .  Larus novaehol landae ( S i lver Gul l) - 5 inges t ions 
14 . Francolinus franco linus (Francolin) - 5 inges t ions 

The overwhelming majority of the 85 species of birds ident ified by this study are 
f locking or grouping b irds . Bird f locks are the greates t hazard to aircraft  and 
are respons ib le for almost a l l  mUl t iple engine inges t ions . 

In most cases , the bird debris was ident ified by an ornithologist who determined 
weights and spec ies . 
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Seasonal changes appear to have an effec t on the bird inges tion rate . The larges t 
number of b ird ingest ions occurred during the late summer and early fall .  

A comparison of the ingest ion rates according t o  generic aircraft type was con
duct ed .  Analysis revealed that the center engine pos it ion of the three-engined 
aircraft experienced s ignificantly lower bird inges t ions than the wing-mounted 
engines . From a bird ingestion standpoint , the center engine pos i t ion may be 
cons idered to be prac t ical ly non-exis tent . Analysis indicates that an aircraf t  
with four wing-mounted engines may be expec ted t o  have approximately twice the 
inge st ion rate of aircraft wi th only two wing-mounted engines . 

Seventy-six percent of bird inges tion occur during the takeoff and landing phase
of-flight .  Mos t bird ingestions occur at the airport when the aircraf t is c lose 
to , or on , the ground. Twenty-two United S t ates and 1 1 5  foreign airports experi
enced b ird ingestions during this s tudy.  Some airports present a greater bird 
inges t ion hazard than others as indicated by the analys is that 18 percent (25 ) of 
these airports account for almos t 36 percent of a l l  reported wo rldwide bird inges
tions for the aircraft types s tudied . This suggests that the bird inges tion 
phenomenon is primari ly airport environment dependent . 

Sixty-two percent of bird inges t ions resulted in some engine damage , both minor 
and major. However ,  the vast maj ori ty of b ird inges t ions caused minor damage to 
the engine . Usually , only a small  numbe r  of fan b lades need repl acement (minor 
damage ) .  But in severely damaging bird ingestion event s ,  the damage inc ludes 
broken fan blades . t ransversely fractured fan b l ades , spinner damage , core engine 
damage , fan shroud and nacel le damage . 

The 638 aircraft bird inges tion event s involved 666 engines . Twenty-five mul t ip le 
engine inges t ions occurred ; three o f  these involved three engines . Sixty-five 
mUl t iple bird inges tions per engine occurred. Thirty-two engine failures were 
identified . Of .these thirty-two engine failures , one incident occurred involving a 
two-engine failure to a four-engine aircraft during the approach phase-of-flight . 

The majority of bird inges tions , engine damage , and engine failures are caused by 
b irds weighing between 9 and 24 ounces . Although there appears to be a correlation 
between the number and weigh t of the inges ted birds . it  is not poss ib le to predict 
engine fai lure b ased upon these two parameters alone . 

Tab les 4 . 1  and 4 . 2  review some of the relationships presented in this report .  I t  
should b e  noted that the takeoff and climb phases-of-flight produces the highes t 
percentages in al l ingestion c ategories . Although approach and landing cons titute 
a signi ficant port ion (36 percent) o f  a l l  known phases-of- f ligh t , the percent ages 
of damaging ingest ions and engine failure inges t ions are s ignificant ly lower than 
in t akeoff and c l imb . MU l t iple birds per engine oc cur in a s ignificant ly high 
percent age of engine failure inges tions . Mul t iple engine ingestions do not produce 
s igni ficant percentages in any inges tion c ategory. 
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TABLE 4 . 1 MULTIPLE ENG INE AND MULTIPLE BIRD INVOLVEMENT ANALYS IS 

Tot al Damaging Engine 
Inges t ion Inges t ion Fai lure 

Events Event s Inges tions 
( 638 ) (401 ) (32)  

Mul t iple Engine 
4 ( 1 3% )  Inges t ion Events 25 (4%»  19  (5%) 

Mul t iple Bird 
Inges tions ( per engine) 65 ( 10% ) 47 ( 1 2%) 14 (44% ) 

TABLE 4 . 2  PHASE-OF-FLIGHT (POF) ANALYSIS 

Known POF Known POF Known POF 
Ingestion Damaging Engine 

Events Inges tion Failures 
(408 ) Events (250) ( 3 2 )  

Takeoff and C limb 249 (61%)  215 (86%) 27 (84% ) 

Approach and Landing 147 ( 36%) 35 ( 14% ) 4 ( 12%) 

5 .  CONCLUSIONS . 

1 .  A bird inges t ion to a high bypass ratio (HBPR) engined 
probab le ,  event . Approximately 2 . 7  mil lion operat ions were 
months of this study ; 638 bird inges t ion event s occurred . 
imately 25 bird inges t ions per month . 

aircraft is a rare , but 
conducted dur ing the 26 
This resul ts in approx-

2 .  The mos t commonly inges ted birds worldwide , are the fami ly Laridae ( gul ls)  
which account for 35 percent of al l ingestions to HBPR engines . Thes e are c los ely 
fo l lowed by the fami ly Accipitridae (kites ) which account for 20 percent of al l 
inges t ions . 

3 .  The Uni ted S t ates  and fore ign b i rd we igh t d i s t r ibu t i ons are di ffe ren t . 
United S t at es birds are heavier than birds found in the foreign environment . 

4 .  The United States single and mult iple engine bird ingest ion rates are lower 
than the foreign rates . 

5 .  F lock ing and grouping b i rd s  are the great es t h az ard t o  a i r c r a f t  and are 
respons ib le for almos t al l mUl t iple engine inges tions . 

6 .  The largest  number o f  bird ingest ions occur in the late summer and ear ly fal l .  
Seasonal changes appear to have an effec t on the bird inges t ion rate . 

7 .  Wing-mounted HBPR engines are more susceptib le to bird inges it ions than 
center aft-mounted HBPR eng ines . Center aft-mounted HBPR engines experience very 
few bird ingest ions . 
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8 .  Four-engined aircraft experience approximately twice the inges t ion rate 0 f 
two-engined aircraft (wing-mounted engines only) . 

9 .  The majority of bird inges t ions resul ted in either minor or no damage to  the 
engines . 

10 . Seventy-s ix percent of al l b ird inges t ions occur dur ing t akeoff or landing . 

1 1 .  C e r t ain ai rpo r t s  present a g r e ater  b i rd inges t ion h az ard t h an ot hers . 
Eigh teen percent o f  the 137 airports which experienced b ird inges t ions dur ing this 
s tudy accounted for 36 percent of al l reported worldwide bird ingestions for the 
aircraf t  type s tudied . 

1 2 .  S ixty-two percent o f  al l b ird inges t ions result i n  some engine damage . 

1 3 .  The majority of b ird inges tions , engine damaging inges t ions , and engine 
failures are caused by birds weighing between 1 /2 pound and 1 1 /2 pounds . 

14 . Once a b i rd inges t ion h as occurred , the prob ab i l i ty o f  expe ri enc ing an 
engine fai lure from one bird or mUlt iple o f  b i rds is approximately 5 percent . 

15 . Engine failure cannot be predicted based upon knowledge of the b i rd we ight 
and bird number alone. Engine fai lure modes are complex. 

1 6 . Only l im i ted dat a ana l ys is c ou l d  be  ac compl i shed on the OC8-70 s e ries , 
A310 , 8757 , and 8767 , due to their  l imited service experience . 
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G E N E R A L  $ E lE C T R I C  CF6·Sil High Bypass Turbofan Englnl 
U.S.A. 

FIGURE B-4. GE CF6-50 ENGINE 
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APPENDIX C 

STATISTICAL PROCEDURES 

C- l  KOLOMOGOROV-SMIRNOV TWD-SAMPLE TEST 

The Kol omogorov-Smi rnov (KS) two-sampl e test is  a test of whether two independent 
sampl es have been drawn from the same popul ation ( or from popul ations wi th the 
same di stri bution) . The two-tail ed test is sens i ti ve to any ki nd of di fferences 
i n  the di stributions from whi ch the two sampl es were drawn - differences . i n  
l ocation , i n  di spers ion , i n  skewness ,  etc . 

The maximum difference ( D )  between the two cumUl ati ve di s tri butions of the two 
sampl es i s  cal l ed KS stati stics . For a l arge number of observations ( greater 
than 40) , the cri tical val ue of the KS di stribution of di fference 0 can be 
obtai ned from the fol l owing table for a sel ected signi ficance level . If  the 
observed difference D · i s  greater than the cri ti cal val ue 0 ,  then we reject the 
nul l �pothesi s .  That i s ,  the two di stributions are the same . 

CRITICAL VALUES OF 0 IN THE KOLOMOGOROV-SMIRNOV 
TWO-SAMPLE TEST 

( Large Samples  Two-tai l ed Test)  

Level of  S i gni ficance Val ue of 0 so l arge to cal l for Rejection of Ho at the 
i ndicated l evel of si gn i ffcance . 

0 . 10 

0 .05 

0 .025 · 

0 .01 

�1 + n
2 

1 .224 
n1 n2 � nl + n2 

1 .358 
n1 n2 � nl + n2 

1 .480 
nl n2 

C 1 .628 
nl n2 

Where; D '  max Snl (X )  - Sn2 (X )  I . 
( 0  = max difference between two cumu l ati ve di stributions . 

C-2 BIRD WEIGHT CLASS INTERVAL SELECTION METHOD 

There is  no exact method avaf l able i n  detenmf ni ng the c l ass i nterval s .  Selection 
of class interval is often based on judgmental factors , however , the fol l owi ng 
formul a  hel ps to detenmine the c l ass i nterval when the judgmental factors are not 
avai l abl e .  
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Cl ass I nterval = Range 
----1-+�3�.�3�22�x�1 0�g�(�n�) ---

where : 

Range = l argest observed val ue mi nus smal l est  observed val ue . 
n = number of observations . 
Log = l og base 10 . 

The bi rd wei ght cl ass i nterval of 8 oz . , or i ts mul tipl e ,  used i n  thi s study ; s  
based on the formul a  gi ven above. 

C-3 COMPARISON OF INGESTION RATES 

I n  compari ng the ingestion rates , we assumed that estimated rates in  fact are the 
maximum l ikel i hood estimates of the parameters of the Poi sson di stribution . For 
exampl e ,  compari ng the U . S .  i ngestion rate aga i ns t  the Forei gn i ngestion we 
assumed that rates are the estimate of the Poi s son di s tribution parameter ( X ) 
which is  the same for both U . S .  and Forei gn . The number of observations bei ng 
l arge, we i nvoked the asymptotic proper� of Poi s son and used the asymptotic test 
rather than the exact tes t .  Some of the asymptotic tes ts used are the 
chi - square, the normal test, and i �  some cases, the bi nomi al test.  

C-4 TEST OF ASSOCIATION AND HOMOGENIETY OF CONTINGENCY TABLES 

To test the associ ation between the rows and col umns of the conti ngency tabl es , 
we empl oyed the chi -square test of i ndependence , as wel l as the chi -square test 
to ascertai n the homogenie� of the two popul at ion observations which are drawn 
i ndependently .  

To measure the extent of associ ation between the row and col umn factors of the 
conti ngency tabl e ,  Pearson ' s  coeffi ci ent ( C )  and Cramer Stati sti cs ( V ) . were 
computed as fol l ows : 

C = , X2 I (X2 + N )  

V = � X2 I ( N  x mi n [ ( I- 1 ) , (J -1 ) ] )  

where: 

x2 , N are the Chi -square and number of observations . 
I ,  J are the number of rows and col umns respecti vel y .  

Val ues of C and V close to zero i ndicate l ack of associ ation  between the row and 
col umn factors of the conti ngency tabl e,  whereas val ues cl oser to 1 .0 i ndicate 
strong associ ation.  
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APPENDIX D 

BIRD TYPES , WEIGHTS , INGESTION LOCATION , AND CODES 

The inges ted bird species code ( reference 2 )  as shown i n  this appendix is he lpful 
for computer applicat ions . Each order of birds was ass igned a code letter accord
ing to its pos i t ion in the taxonomic sequence . Each fami ly of birds was ass igned a 
code number according to its pos i t ion wi thin the orde r .  Each spec ies of bird was 
as signed a code number according to its pos i t ion wi thin the fami ly. To avoid 
c o n fus ing numbe rs , the c od e  des ignat ion was as semb led by put t ing the fami ly 
number firs t ,  the order let ter sec ond , and the spec ies number last ( for example:  
3K28 not K328 ; also , this is the black kite (common name) which belongs to  the 
order Fa1coni formes , fami ly Accipitridae , and spec ies Mi lvus migrams ) .  
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BIRD TYPE 

FALCONIFORMES - HAWKS , EAGLES, VULTURES ,  KITES 

CATHARTIDAE - VULTURES 

Cathartes aura - Turkey Vulture 

PANDIONIDAE - OSPREY 

Pandion haliaetus - Osprey 

ACCIPITRIDAE - HAWKS ,  EAGLES , UTES , VULTURES 

H1lvu8 m1grams - Black Kite 
H11vus m11vus - Red Kite 
Haliaeetu8 leucocephalu8 - Bald Eagle 
Gyps bengalensis - Indian White-backed Vulture 
Gyps fulvus - Griffon Vulture 
Sarcogyps calvus - Indian Black Vulture 
Buteo nitidus - Gray Hawk or Mexican Goshawk 
Buteo platypterus - Broad-winged Hawk 
Buteo jamaicensis - Red-tailed Hawk 
Buteo buteo - Common Buzzard 
Buteo lagopus - Rough-legged Hawk 

FALCONIDAE - FALCONS 

Falco sparvarius - American Sparrowhawk 
(Kestral ) 

Falco cherrug - Saker Falcon 

GALLIFORMES - CHICKEN-LIKE BIRDS 

PHASIANIDAE - QUAILS , PHEASANTS , PEAFOWLS 

Francolinus francolinus - Black Partridge 
(Francolin ) 

Phasianus colchicus - Common or Ring-necked 
Pheasant 

GRUIFORMES - BUTTONQUAILS, CRANES , RAILS 

RALLIDAE - RAILS , CRAKES , COOTS , GALLINULES 

Crex crex - Corncrake 

D-2 

AVERAGE WEIGH1 INGESTIONS LOCATIO!' CODE 
OZ . (+ RANGE ) U.S.  FOREIG� UNKNOwti 

so ( 3 1-85 ) 

54 ( 40-72)  

28  ( 20-42) 
36 ( 28-56) 

1 8 1  ( 1 36-232 )  
187 ( 194-200) 
282 ( 150-529) 
158 ( 13 1-190 ) 

17 ( 1 1-23 ) 
1 4  -
39 -
28 ( 1 7-48 ) 
35 ( 21-59 ) 

4 -
36 (26-46 ) 

16 (8-20) 

39 ( 18-7 1 )  

5 ( 3-7 ) 

2 

1 
1 

1 

1 

46 
2 
1 
3 
2 
1 
1 
2 

3 

2 
1 

5 

2 

1 

1 

1 

1K1 

2Kl 

3K28 
3K29 
3K37 
3K46 
3K5 1 
3K54 
3K1 63 
3K1 6B 
3K1 7 1.l  
3K1 8(J 
3K1 83 

5K26 
5KS4 

4L44 

4L161  

7M49 



AVERAGE WEIGR INGESTIONS . LOCATIO� CODE 
BIRD TYPE OZ . C+ RANGE ) U . S .  FOREIGl; UNKNO� 

CRARADRIIFORHES - SHOREBIRDS 

BAEKATOPODIDA! - OYSTERCATCBERS -

Raematopus ostralegus - Common Oystercatcher 1 8  ( 1 2-28 ) 2 4NI 

CBARADRIIDA! - PLOVERS , LAPWINGS 

Vanellus vanellus - Common Lapwing 8 (4-1 1 )  10 5NI 
Pluvial is apricaria - Eurasian Golden Plover 7 ( 3-8 ) . 3 5 N25 
Pluvial is squatarola - Black-bellied Plover 7 (4-1 1 )  I 2 I 5N27 

SCOLOPACIDA! - SANDPIPERS, SNIPES 

Limosa limos a - Black Tailed Godwit 1 0  ( 7-1 3 )  2 6NI 
Gallinago undulata - Giant Snipe ____ I. 1 6N50 

BURHINIDA! - STONE CURLEWS (TRICK-KNEES )  

. Burhinus capensis - Spotted Thick-knee or 
Cape Dikkop 1 5  ( 14-16 ) I 9N4 

LARIDA! - GULLS , TERNS 

LaTUS crassirostris - Black-tailed Gull 20 ( 15-23 ) 14 1 4NIO 
LaTUS delawarensis - Ring-billed Gull 1 7  - 8 1 2 14N12 
LaTUS argentatus - Herring Gull 36 ( 21-64 ) 20 4 3 1 4N14 
LaTUS fuscus - Lesser Black-backed Gull 29 ( 19-42) 1 3 14NI7 
LaTUS californicus - California Gull 24 ( 1 7-29 ) 1 1 4N18 
LaTUS marinus - Great Black-backed Gull 60 (40-80) 2 1 4N21 
LaTUS glaucescens - Glaucous-w1nged Gull 38 - 2 2 1 4N22 
LaTUS atricilla - Laughing Gull 10 - 1 4 1 4N26 
LaTUS c1rrocephalus - Gray-headed Gull 10 ( 6-14 ) 2 1 4N29 
LaTUS pipixcan - Franklin ' s  Gull 9 - 1 1 4N3 1 
Larue novaehollandiae - Silver Gull 1 2  - 5 1 4N32 
LaTUS maculipennis - Brown-hooded Gull 3 1 4N35 
Larue ridibundus - Common Black-headed Gull 10 ( 4-14 ) 30 4 14N36 

COLUMBIFORHES - PIGEONS .  DOVES. SANDGROUSES 

COLUHBIDA! - PIGEONS, DOVES 

Columba l1via - Common Rock Dove 1 4  ( 7-20) 2 5 1 2P l 
Columba palumbus - Wood Pigeon 16 (9-26 ) 2 21 2P9 
Streptopelia turtur - Common Turtle Dove 5 ( 3-6 ) 1 1 2P50 
Zenaida macroura - Mourning Dove 4 (3-6 ) 2 1 2PI05 
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AVERAGE WIGHl INGESTIONS� LOCATIOj CODE 
BIRD TYPE OZ . (+ RANGE) U . S .  FORBIGlI UNKNO� 

Zenaida aurlculata - Eared Dove 1 2P10fi 

STRIGIFORMES - BARN OWLS AND TYPICAL OWLS 

TYTONlDAE - BARN OWLS 

Tyto alba - Common Barn Owl 1 1  ( 7-23 ) 2 2 2 l S2 

STRIGIDAE - OWLS 

Asio flammeus - Short-eared Owl . 1 3  ( 9-18)  3 2S12� 

CAPRIMULGlFORMES - NlGRTJARS. FROGKOUTHS 

CAPRlMULGIDAE - NIGRTJARS 

Caprimulgus salvini - Chipwillow 2 - 1 ST26 

APODlFORMES - SWIFTS I HUMMINGBIRDS 

APODIDAE - SWIFTS 

Cypseloides niger - Black Swift 2 - 1 1U31 

CORACIIFORMES - KINGFISHERS. HOTHOTS. RORNBILLS 

CORRACIIDAE - ROLLERS 

Coracias gar�lus - European Roller 5 (4-6 ) 1 SXl 

PASSERIFOaHES - PERCHING BIRDS 

ALAUDIDAE - LARKS 
Helanocorypha yeltoniensis - Black Lark 2 0-2 ) 1 1 7Z50 
Calandrella ray tal - Indian Sand-Lark -- I 1 7ZS4 
Alauda gulgula - Lesser Skylark --- I 1 7z73 
Eremophila alpestris - Horned Lark 1 0-2 ) 1 1 7Z74 

CORVIDAE - CROWS, JAYS 

Corvus splendens - Rouse Crow 1 1  ( 9- 1 3 )  1 22Z73 
Corvus frugilegus - Rook 15 00-2 1 )  1 22Z84 
Corvus corone - Carrion Crow 19 0 1-24 ) 6 22Z94 
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AVERAGE WEIGH'] INGESTIONS, LOCATIO� CODE 
BIRD TYPE OZ . (+ RANGE ) u.S.  FOREIG� UNlCNO� 

TURDIDAE - THRUSHES 

Catharus ustulatus - Swalnson ' s  Thrush I - I 4 1Z246 
Turdus naumannl - Dusky Thrush 3 ( 3-4 ) 2 4 1 Z279 
Turdus migratorlus - American Robin 3 - 1 4 1 Z3 14 

KOTACILLIDAE - WAGTAILS , PIPITS 

Anthus novaeseelandiae - R�chard ' s  Pipit I - I 47Z2 1 

ICTERlDAE - BLACKBIRDS & AMERICAN ORIOLES 

Sturnella neglect a - Western Meadowlark 4 ( 3-4 ) 1 64Z68 
Holothrus ater - Brown-headed Cowbird 2 ( 1-2 ) 1 64Z94 

FRINGILLIDAE - FINCHES, GROSBEAKS , SPARROWS 

Fringilla coelebs - Common Chaffinch I - I 68Z4 1 

ESTRILDIDAE - WAXBILLS 

Lonchura malacca - Chestnut KUnia 1 - 1 69Z 1 0� 
Amadina erythrocephala - Red-headed Finch 1 - 1 69Z 1 2� 

OTHER CATEGORIES 

Bats ( included due to flight behavior) 1 - 2 99Z999 
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Legend 

APPENDIX E 

DATA BASE 

1 .  FAA Bird Ingestion event number ( EVT I )  

2 .  Data (month , day, year) ( DATE )  

3 .  Local time ( TIME) 

4.  Aircraft type (AC )  

5 .  Engine Position ( ENG paS)  

6.  Ai rport (ARPT) 

7 .  Phase of Fl i ght ( FLIGHT PHASE ) 

8 .  Weather ( WX) 

9. Engine Damage Codes ( DAMAGE ) 

10 . Power Loss or Power Reduction ( POWER LOSS/RED) 

11 . Was the damage contai ned withi n the nacel l e?' (CaNT DAMG) 

12 . Reason for in-fl ight shutdown of engine ( IFSD REASON) 

13 . Was the bi rd seen prior to the ingestion? (BIRD SEEN ) 

14. Speci es of bi rd i ngested ( BIRD SPECIES) ( Referenced i n  Appendi x D)  

15 . Number of bi rds ingested (I  BD ) .  An entry of " 9" in this  col umn 
indi cates a flock, not nine bi rds . The bi rd number is unknown but 
is assumed to be greater than si x bi rds .  

16 . Average weight of the bi rd in ounces ( AV NT OZ) 

17 . Pil ot reaction to bi rd ingestion (PILOT ACT) 

18 . Important/unusual circumstances regardi ng thi s bi rd i ngestion event 
( SIGNIFICANT REASON ) 
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The legend 1 i sts the i nformation contained 1 n  thi s Appendi x .  It  was not 

possibl e in  al l cases to obtai n al l the information desired . For 

example,  when the l ocal time of the i ngestion is unknown , the col umn 

entry is l i sted as "0000" . Likewi se , when the number of bi rds or bi rd 

wei ght are unknown, the col umn entry i s  liOn . In al l other cases an 

unknown quanti ty is l i sted as "UNK " .  I n  those cases where a particul ar 

col umn entry does not apply, the term liN/Ali is entered. An example of 

this  mi ght be a case wherei n a bi rd ingestion has occurred but no damage 

resul ted, therefore, the II IFSD REASON II , IIPILOT ACT" , and " SIGNIFICANT 

REASON" col umns may al l have an liN/Ali entry . The ItEVT # 11 i s  computer 

generated and sequenti al by date of bi rd i ngestion occurrence . The term 

"EVENT" , as used in thi s report , refers to an ai rcraft bi rd ingestion 

occurrence . More than a si ngle computer l i ne entry in  Appendi x E ,  

havi ng the same number , indicates mul tiple  engi ne invol vement . The onl y 

exceptions to this are events #3 and #220, which are not mul tiple engine 

events , however, two di fferent bi rd speci es wee ingested into the engine 

at the same time. 

The fol l owing codes refer to entri es in Appendix E .  

AIRCRAFT ( AC)  

1 - Dca 
2 - DC10 
3 - A300 
4 - 8747 
5 - 8757 
6 - 8767 
7 - LlOn 
8 - A310 

E-2 

WEATHER (WX)  

IFR - Instrument Fl ight Rules 
VFR - Vi sual Fl ight Rules 
UNK - Unknown 

( DAMAGE ) 

( See Text) 

( 8i rd Speci es )  

( See Appendi x D )  



INFLIGHT ENGINE SHUTDOWN ( IFSD REASON) 

N/A - Not appl i cabl e 

Vi bes - Engine vibrations 

Stal /Srg - Compressor Stal l /Surge 

Hi Egt - High Exhaust Gas Temperature 

Epr - Incorrect Engine Pressure Ratio 

Invl ntry - Invol untar,y engine shutdown 

Paramtrs - Incorrect engine parameters 

Other - Other reasons not l i sted 

UNK - Unknown reason 

PILOT ACTION ( PILOT ACT) 

N/A - Not app l i cabl e  

ATO - Aborted Takeoff 

ATB - Ai r turnback 

UNK - Unknown 

( SIGNIFICANT REASON) 

N/A - Not appl icable  

Eng Mul t - Mul ti ple Engi ne ingestion 

Bds Mul t - Mul tiple  Bi rd ingestion 

IPWRLOSS - Invol untary power loss 

TRVSFRAC - Transverse fan bl ade fracture 

AIRWRTHY - Engine rel ated airworthi ness effects 

OTHER - Other si gni ficant reasons 
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APPENDIX F 

HOST COMMONLY INGESTED BIRD SPECIES DRAWINGS 





Larus n ovaehol landiae 
(Silver Gu ll) 

Length - 1 5" 

Wingspan - 4 1 "  

Weight - 1 20z 

I N G ESTION LOCATION 
Foreign - 5 

US - O  
Unknown - 0 

Larus rid ibu n d us 

Larus crassird> 
(Black-Tailed Gu 

Length - 1 6" 
Wingspan - 48" 

Weight - 200z 

ING ESTION LOCAc 
Foreign - 1 4  

US - 0 

Unknown - 0 

(Common Black-headed Gu l l) Larus af 
(Laugh i� 

I N G ESTION LOCATION 
Foreign - 30 

US - 0 

Unknown - 4 

Length - 1 4" 

Wingspan - 38" 

Weight - 1 00z 

\ 

I N G ESTION LO 
Foreign - 4 

US - 1 
Unknown - 0 



I:ris I I )  

ION 

'rici l la  
. Gul l) 

I 

'Length - 1 3" 
Wingspan - 4 1 "  

Weig h t  - 1 00z 

, 
j 

_ .. \. 

CATION 

Larus delawarensis (Ring-Sil led Gu l l) 

Length 1 6" 

Wingspan - 49" 

Weight 1 70z 

I NGESTION LOCATION 
Foreign - 1 

US - 8 

U nknown - 2 

Larus argentatus (Herring Gu ll) 
Length - 20" 

Wingspan - 55" 

Weight - 360z 

� -- INGESTION LOCATION 
"- Foreign - 4 , .. ' US - 20 � Unknown - 3  'LJ)"}!.-.'.-.--- ' ; .- - - · · '\�S·\..... ' .  � --- ( 1 �,--,,-,-- . ..i 

� 
MOST COMMONLY INGESTED 

BIRD SPECIES 

F-l 



M i lv u s  m i g rans 
(B lack Kite) 

Length - 22" 
Wingspan - 45" 

Weight - 280z 

Col u m ba pal u m bus 
(Wood pigeon) 

-..,. ._---, 
... .  '" . , . ,, � .. 

I N GESTION LOCATION 
Foreign - 46 
US - 0 
Unknown - 0 

Length - 1 6" 

Wingspan - 21" 
Weight - 1 60z 

I NGESTION LOCATION 
Foreign - 2 1  
US - 2 
Unknown - 0 

Tyto alba �"f;i1,>-:" 
(Barn Owl) (,7., r �i 

Length - 1 4" 4;' ·Wr ' . y 
Wing.span - 44" ... I . ' . 
Weight 1 1 0z �' / : : ·"' : 'i- ... ) 

/: ;g. .  ,. 
I N G ESTION LOCATION', : : : ,-�-/ , 
Foreign - 2 , .»-"1' �/ us - 2 . . ' ., 
Unknown _ 2 , .1<'- J \ 

MOST COMMONLY I NGESTED 
BIRD SPECIES 

F-2 

�, . 
r ,_ .' � 
Zr::::� �� 

Corvus coro 
(Carrion Crt> 

Length - 1 8" 
Wingspan - 36" 
Weight - 1 90z 

Colu mba l ivio. 
(Rock Dove) 

Fran . 
(Black Fra 

Length - I 
Wingspa 
Weight - , . 
I NGESTI( 
Foreign · 
OS - O  
Unknowl' 



O e  
'tI) 

Anas platyrhynchos 
(Mal lard Duck) 

, I NGESTION LOCATI ON 
Foreign - 6 

I US - 0 

U n known - 0 

Length - 1 3" 

Wingspan - 1 7" 
Weight - 1 40z 

INGESTION LOCATION 
Foreign - 5 

US - 2 
U n known - 1 

cOl i n us francol in  us 
ncolin or Black Partridge) 

13" 
22" 

I&oZ 

)1Ii LOCATION 
? 

- 0 

. � 

Length - 24" 

Wingspan - 36" 

Weight - 380z 

I NGESTION LOCATIO N  
Foreign - 5 

US - 4 
Unknown - 0 

Vanel1us van e l lus· 
(lapwing) . 

Length - 1 2" 

Wingspan - 1 8" 

Weight - 80z 

INGESTION LOCATION 
Foreign - 1 0·  
US - 0 

Unknown - 0 
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APPENDIX G 

AIRPORT IDENTIFIERS 

ABJ Abi djan,  I vo� Coast 
ADL Adel aide ,  S. Austral i a  
ALG Al amosa ,  Col orado , USA 
AMM Amman , J ordan 
AMS Amsterdam, Netherl ands 
ANC Anchorage , Al aska , USA 
ANU Anti gua, West Indf es 
ATH Athens , Greece 
ATL Al tanta , Georgf a ,  USA 
AUH Abu Dhabf , UA Emi rates 

BGF Bangu i , Cen .  Afri can Republ i c  
BKK Bangkok , Thafl and 
BNE Brisbane, Austral f a  
800 Bordeaux, France 
80M . Bombay , Indi a 
BOS Boston , Massachusetts , USA 
BRU Brussel s ,  Bel gium 
BWI Bal tfmore , Maryl and , USA 

CAl Cairo ,  Arab Republ ic of Egypt 
CCU Cal cutta , Indi a 
COG Pari s , France ( Charl es de Gaul l e  Ai rport)  
CJU Chej u ,  Republ i c  of Korea 
CPH Copenhagen , Denmark 

DEL Del hi ,  I ndi a 
DKR Dakar, Senegal 
DPS Denpasar, Indi a 
OUR Durban,  South Africa 
DUS Dussel dorf , Republ i c  of Germany 

EBB Entebbe/Kampal a ,  Uganda 
EWR New York , NY-Newark Ai rport, USA 
EZE Buenos Ai res , Arg. -Ezefza Ai rport 

FCO Rome , Italy ,  L .  DaVi nci ( Fi um) Ai rport 
FDF Port de France, Martf nique 
FEZ Fez, Morocco 
FIH Ki nshasa, Zaf re 
FLL Ft. Lauderdal e/Hol l ywood , Fl ori da , USA 
FRA Frankfurt, Republ ic of Germany 
FUK Fukuoka ,  J apan 

GIG Rio De Janeiro ,  Brazf l  International 
GUM Guam Isl and ,  Marf ana I s .  
GVA Geneva ,  Swi tzerl and 

HAM Hamburg , Republ fc  of Germany 
HKD Hakodate , Japan 
HKG Hong Kong , Hong Kong 

G-l 



HLP J akarta , Indonesia - Hal im Per A 
HND Tokyo, J apan - Haneda Ai rport 
HYD Hyderabad , Indi a 

lAO Washi ngton - Dul l es Ai rport , USA 
IAH Hous ton,  Texas - I nternational Ai rport 
1 ST Instanbul , Turkey 

J ED Jeddah , Saudi a Arabi a 
J FK  New York , NY - Kennedy I nternational A i rport , USA 
JNB J ohannesburg, South Afri ca 

KAN Kano , Ni geri a 
KHI  Karachi , Paki stan 
KMQ Komatsu , J apan 
KRT Khartoum, Sudan 
KUL Kual a Lumpur,  Mal aysi a  

LAX Los Angel es , Cal i forni a ,  USA 
LCA Larnaca , Cyprus 
LGA Laguardi a Ai rport, New York , USA 
LGW London , Engl and, Gatwick Ai rport 
LHE Lahore , Paki stan 
LHR London , Engl and ,  Heathrow Ai rport 
LIM Lima , Peru 
L I N  . Mi l an ,  I taly - Forl ani ni - L i nate 
LIS Li sbon , Portugal 
LOS Lagos , Ni geri a 
LPA Las' Pal mas , Canary I s .  
LUX Luxembourg , Luxembourg 
LYS Lyon ,  France 

Madras , I ndi a 
r,'adri d, Spai n 
Mel bourne , Austral i a  
Mexi co C i ty,  Mexi co 
Mogadi shu , Somal i a  
Mi ami , Fl ori da , USA 
Mani l a ,  Phi l i ppi nes 
r�ontpel l ier,  France 
Marsei l l e ,  France 

MAA 
MAO 
MEL 
MEX 
MGQ 
MIA 
MNL 
MPL 
MRS 
MSP 
MSY 
MTY 
MVD 
MWH 
MXP 

Mi nneapol i s/St.  Paul , Mi nnesota , USA 
New Orl eans , Loui si ana , USA 
Monterrey, Mexico 

NBO 
NCE 
NGO 
NGS 
N IM 

Montevi deo , U ruguay 
Moses Lake, Washi ngton , USA 
Mi l an ,  Ital y - Mal pensa Ai rport 

Nai robi , Kenya 
Ni ce , France 
Nagoya , J apan 
Nagasaki , J apan 
Ni amey, N i ger 

G-2 



NKC 
NRT 

OAK 
OKA 
ORO 
ORY 
OSA 

POX 
PEN 
PHl 
POS 
PTY 
PUS 

SOL 
SCQ 
SEA 
SEL 
SFO 
SID 
S IN  
SNN 
SSA 
STR 
SUB 
SXR 
SYO 

THR 
TLS 
TlV 
TNR 
TPE 
TRV 
TSV 
TUL 
TUN 

VCP 
V IE 

WOH 
WLG 

XFO 
XUS 
XXX 

Nouakchott, Mauri tani a 
Tokyo , J apan - Mari ta Ai rport 

San Franci sco, Cal i forn i a  - Oak l an d  Ai rport , USA 
Ok i nawa , Ryukyu I s . ,  J apan 
Chicago , I l l i noi s ,  O ' Hare Ai rport , USA 
Pari s ,  France , Orly Ai rport 
Osaka,  J apan 

Portl and , Oregon , USA 
Penang, Mayl aysi a 
Phil adel phi a ,  Pennsyl vani a ,  USA 
Port of Spai n ,  Tri n .  & Tob .  
Panama C i ty ,  Panama Republ i c  
Pusan,  Republ ic of Korea 

Sundsval l .  Sweden 
Santi ago De Compostel a ,  Spai n 
Seattl e/Tacoma,  Washi ngton , USA 
Seoul , Republ i c  of Korea 
San FranCi sco ,  Cal i forni a ,  USA 
Sal Is l and,  Cape Verde , I s .  
Si ngapore , Si ngapore 
Shannon,  Republ ic of  I reland 
Sal vador,  Brazil 
Stuttgart, Republ ic  of  Germany 
Surabaya , I ndones i a  
Sri naga i , I ndi a  
Sydney , NSW Austral i a  

Tehran ,  I s l am i c  Republ ic o f  Iran  
Toul ouse , France 

-

Tel Avi v - Yafo , I srael 
Antananari vo , Oem. Rep . Madagascar 
Tai pei , Taiwan 
Tri vandrum , I ndi a 
Townsvi l l e ,  Ql d, Austral i a  
Tul sa ,  Okl ahoma , USA 
Tuni s ,  Tunesi a 

Sao Paul o ,  Brazi l - Vi racopos Ai rport 
V i enna , Austri a 

Wi ndhoek , Nami bi a 
Wel l i ngton , New Zeal and 

Unknown location , Forei gn 
Unknown location , Uni ted States 
Unknown Location , Worl dwi de 

G-3 



Y� 
YUL 
YVR 
YYC 
YYZ 

ZRH 

Montreal , Quebec - Mi rabel I nternati onal 
Montreal , Quebec , Canada 
Vancouver, B . C . , Canada 
Cal gary ,  Al ta . ,  Canada 
Toronto, Ontari o ,  Canada 

Zurich . Swi tzerl and 

G-4 
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AIRPORT: BIRDS III&£STIOI EVEJITS, OPERATIONS AND IMETIDI RATES/10K OPERATIONS BY AIRCRAFT TYPES 

(- AIRCRAFT TYPE -) .. 
3 " 5 6 7 " 

1 ABJ 

EVENTS 0 t 0 0 0 0 0 

OPERATIONS 0 m8 84 8'8 0 0 0 

RATE/10K 0.0 2.987 0.0 0.0 0.0 0.0 0.0 

2 AUl 

EVENTS 0 0 0 0 0 0 

OP£RATIONS 0 
·'

0
' 

0 267 0 0 0 

RATEIlOK 0.0 0.0 0.0 37. 453 0.0 0.0 0.0 

l AL6 

EVENTS 0 0 1 0 0 0 0 

OPERATIONS 0 0 5101 6S 0 0 56 

RATEIlOI( 0.0 0.0 1.960 0. 0 0.0 0.0 0.0 

4 AM 

EVENTS 0 0 0 0 0 0 2 

OPERATIOHS 0 505 138' 1631 0 0 2572 

RATE/10K 0.0 0.0 0.0 0. 0 0.0 0.0 7. n6 

5 ARS 

EYEfnS 0 2 0 8 0 0 0 

OPERATIONS 0 4925 611 1 1552 0 0 164 

RATE/10K 0.0 4.061 0.0 6.9� 0.0 0. 0  0.0 

6 Axe 

EVENTS 0 0 0 2 0 0 0 

OPERATIORS 0 6780 0 15954 0 0 0 

RATE/10K 0. 0 0. 0 0.0 1.:54 0.0 0.0 0.0 

7 ANU 
EVEHTS 0 0 0 0 0 0 I 

OPERATIONS 0 660 409 �,o 0 0 1 1 12 
AATEIlOK 0.0 0.0 0.0 0. 0 0.0 0. 0 9.993 

8 ATM 

EVENTS 0 0 1 0 0 0 0 

OPERATIOIS 0 21U 12627 64�" 0 0 1823 
AATEIlOK 0.0 0. 0 0. 192 0.0 0.0 0.0 0.0 

9 Arl 

EVENTS 0 0 0 0 0 0 2 
OPERATIONS 0 2067 m8 761 '" 1518 49661 
RAT£I10K 0.0 0.0 0.0 0. 0 0.0 0.0 0.403 

10 AUH 
EVENTS 0 0 /) 1 0 0 0 
OPERATIONS 0 1684 2866 5642 0 0 .flOO 
AATEIlOK 0. 0 0.0 0. 0 1.772 0.0 0. 0 0. 0 

H-l 

8 DVER-AU. 

0 1 

0 4300 

0.0 2.326 

0 

0 267 

0. 0 37. 451 

0 1 

0 5222 

0.0 1 .915 

0 2 

0 6091 

0. 0 l.284 

0 10 

0 17279 

0.0 5. 7B7 

0 2 

0 22734 

0.0 0.8S0 

0 

0 2641 

0.0 1.196 

0 

0 21�:!1 

0. 0 0. 431 

0 2 

0 64514 

0.0 0. 110 

0 

o 14492 
0.0 0 . 69 0  



AIRPORT: BIRDS IN&£STIOI EVENTS, OPERATIONS AND IM&ESTION RATES/10K OPERATIONS BY AIRCRAFT TYPES 

(- AIRCRAFT TYPE --) 
2 1 4 � 6 7 8 OVER-AU. 

1 1  B&F 
E\'OTS 0 2 0 0 0 0 0 0 2 
OPERATIONS 0 121 0 0 0 0 0 0 323 
RATE/10K 0.0 6 1 . 919 0.0 0.0 0.0 0. 0 0.0 0.0 61.919 

12 SKK 
EVENTS 0 0 0 0 0 0 0 1 
OPERATIONS 0 82'6.. 9394 14900 0 86 4465 0 37101 
RATEIlOK 0.0 1.211  0.0 0.0 0.0 0.0 0.0 0.0 0.270 

13 BIlE 
EVEJITS 0 0 0 1 0 0 0 0 1 
OPERATIOHS 0 489 1962 2631 0 0 0 0 5082 
RATE/10K 0.0 0. 0 0.0 3.801 0.0 0.0 0.0 0.0 1 .968 

14 BOD 
EVENTS 0 0 3 0 0 0 0 0 3 
OPERATIONS 0 228 3018 472 0 0 0 0 3718 
RATE/10K 0.0 0. 0 9. 940 0.0 0.0 0.0 0.0 0.0 8.069 

15 BIIlf 
EVENTS 0 1 2 9 0 0 2 0 14 
OP£RATIONS 0 2734 10013 9637 0 0 1613 0 26062 
RAT£JI0K 0.0 3. 658 1. 997 9.339 0.0 0.0 5. 445 0. 0 5.372 

16 BOS 
EVENTS 0 0 0 1 0 1 0 0 2 
OPERATIONS 0 12419 10595 6456 89 443 14271 0 44272 
RATEIlOK 0.0 0.0 0.0 1 .549 0.0 22.573 0.0 0.0 0. 452 

17 SRU 
EVEHTS 0 1 0 2 0 0 0 0 .. J 
OPERATIIIJIS 0 3426 0 2768 0 0 121 0 6m 
RATE/10K 0.0 2.919 1).0 7.225 0.0 0. 0 0.0 0.0 4.750 

18 BIll 
EVENTS I) 0 0 0 0 0 0 1 
OPERATIONS 0 mo q26 0 0 61 217 0 4884 
RATE/10K 0.0 2.717 0.0 0. 0 0.0 0.0 0.0 0.0 2.048 

19 CAl 
EVENTS 0 0 .. 0 0 0 0 0 2 .. 
OPERATIOHS 0 1068 9761 5233 0 0 2823 0 18885 
RATEIlOK 0.0 0.0 2.049 �. O 0.0 0.0 0.0 0.0 1.059 

20 ceu 

EVENTS 0 0 j 0 0 0 0 0 .. J 
OPERATIONS 0 150 - m9 428 0 0 138 0 4885 
RATE/10K 0.0 0.0 7.�S9 0.0 0.0 0.0 0.0 0.0 6. 141 

H-2 



AIRPORT: 8lRDS INSESTION EVENTS, OPERATIONS AND IN&ESTION RATESil0K OPERATIONS BY AIRCRAFT TYPES 

(-- AIRCRAFT TYPE --> 
2 3 4 5 6 7 8 OVER-ALL 

21 CDS 
EVENTS 0 1 5 6 0 0 0 0 12 

OPERATIIIIIS 0 4083 18m 15793 94 0 8146 0 47054 

RATE/10K 0.0 2. 449 2.640 3.799 0.0 0.0 0.0 0. 0 2. 550 

22 CJU 
EVENTS 0 0 1 0 0 0 0 0 1 

OPERATIOIS 0 •• Q 17" 0 0 0 0 0 17" 

RATE/10K 0.0 0. 0 5.559 0.0 0.0 0. 0 0.0 0.0 5.559 

.... CPR �01 
Evans 0 I 0 3 0 0 0 0 4 

OPERATIONS 0 m8 1738 3257 &8 0 140 0 7851 
RATEIlOK 0.0 3. B05 0.0 9.211 0.0 0. 0 0.0 0.0 5.095 

24 DEL 
EVENTS 0 0 4 5 0 0 1 0 10 
OJIERA TIOIS 0 1468 6749 767.4 0 0 12" 0 17190 
RATE/10K 0.0 0.0 5. 927 6.516 0.0 0.0 7:698 0. 0 5.817 

25 DKR 
EYmS 0 1 1 0 0 0 0 3 
OPERATIONS 0 1421 1482 954 0 0 0 0 3807 
RATE/10K 0.0 7. 037 6. 748 10. 482 0.0 0.0 0. 0 0. 0 . 7. &80 

�6 DPS 
EVENTS 0 1 0 .. 0 0 0 0 3 � 
OPERATIOIS 0 3420 541 1973 0 0 I) I) 5890 
RATEI101( 0.0 2. 924 0.0 10. 117 0.0 0.0 0.0 0.0 5.093 

27 DUA 
EVENTS 0 0 ., 3 I) I) 0 I) 5 • 
OPERArtONS 0 0 6411 328 0 0 0 I) 5139 
RATE/10K 0.0 0. 0 .3. 120 91 .463 1).0 0.0 1).0  �. O 8. 712 

28 nus ' 
EVENTS 0 0 0 0 0 0 I) 1 
OPERATIONS 0 �397 ll08 671 0 0 54 0 4430 
RATE/IOIC 0.0 0.0 0.0 0. 0 0.0 0.0 185. 185 0. 0 2. 251 

29 EBB 
EVENTS 0 1 0 0 0 0 0 0) I 

OPERATIONS 0 105 0 0 0 0 0 0 105 
RATE/IOIC 0.0 95.238 0.0 0. 0 0.0 0.0 0.0 0.0 95.238 

lO EIIR 
EVENTS 0 1 0 0 0 0 0 0 I 
OPERATIONS 0 10275 2m 1956 m 273 sna 0 21 178 
RATE/I01( 0.0 0. 973 0.0 0.0 0.0 0.0 0.0 0.0 0. 472 

..-
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AIRPORT� BIRDS IN&ESTION EVENTS, OPERATIONS AND IN&ESTION RATES/ 10K OPERATIONS 8Y AIRCRAFT TYPES 

(--- AIRCRAFT TYPE -) 
2 3 4 5 6 7 8 OVER-All 

II £IE 
EVEHTS 0 0 0 2 0 0 0 0 1 
OPERAnOllS 0 204a 1261 4�2 0 0 sal 0 8412 
RATEJIOI 0.0 0.0 0.0 4. :S74 0.0 0.0 0.0 0. 0 2.378 

l2 FtO 
EVEHTS 0 3 I 4 0 0 0 0 8 
OPERATIONS 0 ��4� 10229 10094 88 0 1746 0 27501 
RATEIlOI 0.0 5.614 0.978 3. 963 0.0 0.0 0.0 0.0 2.909 

11 FDF 
EVENTS 0 0 0 I 0 0 0 0 I 
OPERATIONS 0 18B 0 1527 0 0 9 0 1724 
AATEIIOK 0.0 0.0 0.0 6.549 0.0 0.0 0.0 0. 0 5.800 

� FEZ 
EVENTS 0 0 0 I 0 0 0 0 I 

OPEAAnONS 0 III 1 13 226 0 0 0 0 m 
AATE/tOK 0.0 0. 0 0.0 ".24B 0. 0 0.0 0.0 0. 0 22. 124 

3S FIH 
EYENTS 0 0 0 0 0 0 0 1 
OPERAnQNS 0 201 1  0 594 0 0 34 0 2139 
RATEIlOK 0.0 4.973 0.0 0.0 0.0 0. 0 0.0 0.0 3.m 

16 Fll 
EVENTS 0 0 0 0 0 0 1 0 
OPERATIONS 0 1385 2987 0 91 0 9024 0 1 34a6 
RATEIlOK 0.0 0. 0 0.0 0. 0 0.0 0. 0 1 . 10B 0. 0 0. 142 

31 FRA 
EVENTS 0 1 0 I 0 0 0 1 .. J 
OPERATIONS 0 7B65 16762 19928 0 I) n65 0 47920 
AATEJ101 0.0 1 .:71 0.0 0. 502 0.0 0.0 0.0 0. 0 0.67'6 

31 FUX 
EYEHTS 0 2 7 I) 0 2 0 12 
OPERATIONS 0 6156 1m 4402 0 0 97a6 0 �2698 
RATE/I01 0. 0 2.960 5. 105 15. �01 0.0 0.0 2.044 0. 0 S. 287 

39 &1& 
EVENTS 0 0 .. 2 0 0 0 0 4 • 
OPERATIONS 0 7767 2908 6966 0 0 690 0 IBm 
RATE/10K 0. 0 0.0 7. 123 2.871 0.0 0.0 0.0 0.0 2 .m 

40 GUll 
EVENTS 0 0 I) I I) 0 I) 0 1 
OPERATIONS 0 304 0 ml 0 0 0 0 l06S 
AATEIlOK 0.0 0.0 0.0 3. 622 0.0 0.0 0.0 0.0 1. 263 . 
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AIRPORT: BIRDS 1"&ESTIDl EVENTS, OPERATIONS AND IH&ESTlOII RATESIIOIC OP£JIATlDKS .Y AIRCRAFT TYPES 
(- AIRtRAFT TYPE --> 

2 3 4 5 6 7 8 OVER-ALL 

41 SYA 
EYEIITS 0 0 I 0 0 0 0 0 I 

OPERATIONS 0 4382 475 1820 0 0 1057 0 7735 
RAW 10K 0.0 0.0 21.053 0.0 0.0 0.0 0.0 0. 0 1 . 293 

42 HAIl 
EVEJITS 0 0 I I 0 0 0 0 2 
OPiRATlONS 0 J8. 2480 2511 0 0 0 0 5019 
RATE/10K 0.0 0. 0 4.032 3.982 0.0 0.0 0. 0 0.0 3.985 

43 HKD 
EVENTS 0 0 0 0 0 0 I 0 1 
OPiRATIOIIS 0 0 0 122 0 0 1887 0 2009 
RATEItOK 0.0 0.0 0.0 0.0 0.0 0.0 5.299 0.0 4. 978 

44 NKS 
EYEMTS 0 0 I 4 0 0 0 0 5 
OPERATIONS 0 5238 8361 200S9 0 211 7636 0 41505 
AATEil0K 0.0 0. 0 1. 196 1.994 0.0 0.0 0.0 0.0 1 .205 

45 HLP 
MMTS 0 1 0 0 0 0 0 0 I 
OP£JIATIDHS 0 8904 4m lUI 0 0 9 o 17379 
RATE/10K 0.0 1. 121 0.0 0.0 0.0 0.0 0.0 0.0 0 . 575 

46 HID 
EVEHTS 0 3 1 to 0 0 1 0 15 
OPERATIOIS 0 9876 m8 29694 0 0 2027 0 65874 
RATE/10K 0.0 3.038 1.  ill 3. 368 0.0 0.0 4. 933 0.0 2.277 

47 NYU 
MMTS 0 0 5 I) 0 0 0 0 5 
OPERATtOlS 0 0 3 ...... I. ... 0 0 0 0 0 3212 
RATE/10K 0.0 0.0 15. 470 0. 0 0. 0 0.0 0.0 0.0 15. 470 

48 lAD 
EVENTS 0 1 0 0 0 0 0 0 1 
OPERATlIIIIS 0 i47l 0 2906 0 180 72S 0 10482 
RATE/lOX 0.0 1 . 545 0.0 0.0 0.0 0.0 0.0 0.0 0.954 

49 IAN 
EVEITS 0 3 0 0 0 0 0 0 ., " 
OPERAnllllS 0 6091 1652 1826 0 279 lUO 0 14958 
RATE/I01C 0.0 4. 925 0.0 0. 0 0.0 0.0 0.0 0.0 2. 006 

5Q 1ST 
£\.'EJlTS 0 1 0 1 0 0 0 0 2 
OPERATtQlS 0 1707 m 474 0 0 157 0 2851 
RATE/lOr 0.0 5. 858 0.0 �1.097 0.0 0.0 0.0 0. 0 7. 015 
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AIRPORT. BIRDS IN&£5TInN EVENTS, OPERATIONS AND INSESTION RATES/10K OPERATIONS 8Y AIRCRAFT TYPES 

(- AIRCRAFT TYPE -> 
2 l 4 5 6 7 8 OVER-ALL 

51 JED 

EVatTS 0 0 0 3 0 0 0 0 3 

OPERATIONS 0 1883 �64 8200 0 0 1 2452 0 25119 

RATEIlOIC 0.0 0.0 0.0 3.659 0.0 0. 0 0.0 0.0 1 . 194 

� JFK . 

EYEJITS 0 5 1 1 2  0 0 5 0 21 
OPERATIONS 0 30418 4897 53130 0 46l 27661 o 1 16769 

RATE/10K 0.0 1.644 2. 042 2.250 0.0 0. 0 1 .808 0.0 1 .970 

53 m 
EYEMTS 0 0 0 4 0 0 0 0 4 

OPERATIONS 0 1332 10302 4490 0 0 31 0 16155 

RATE/l01C 0.0 0.0 0.0 8. 909 0.0 0. 0 0.0 0.0 2.476 

54 ICAN 
EVENTS 0 l 0 0 0 0 0 0 3 

OPOATIONS 0 3622 73 1 146 0 0 0 0 4841 

RATE/I01C 0.0 8.28l 0.0 0.0 0.0 0. 0 0.0 0.0 6. 197 

S5 KHI 

EVENTS 0 0 
.. 

4 0 0 3 0 10 � 
" ,  OPERATIONS 0 41 13  5505 5595 0 0 2092 0 170ll 

RATE/10K 0.0 0.0 5.450 7. 149 0.0 0. 0 14. 340 0.0 5.878 

S. KJIQ 
EVENTS 0 0 0 0 0 0 1 0 1 

OPERATIDMS 0 0 0 2183 0 0 1842 0 4025 

RATEIlOK 0.0 0.0 0.0 0.0 0.0 0.0 5. 429 0.0 2. 48" 

57 KRT 

EVENTS 0 0 0 0 0 0 0 1 

OPERATIONS 0 14 557 0 0 0 1 169 0 1740 

RATE/I01C 0.0 0. 0 17.953 0.0 0.0 0.0 0.0 0.0 5. 747 

58 KUl 

EVENTS 0 I) I) I) 0 0 0 1 

OPERATlDNS 0 3420 'In 2615 0 0 1049 0 16217 

RATEIlOIC 0.0 0.0 0.0 1.824 0. 0 0. 0 0.0  0.0 0.617 

59 LA. 

EVENTS 0 S 0 2 0 0 0 0 7 

OPERATIONS 0 47030 1870 32124 0 804 21 199 o 103027 

RATE/10K 0.0 1 . 063 0.0 0. 623 0.0 0.0 0.0 0.0  0. 679 

60 LeA 

EVENTS 0 0 0 0 0 0 1 0 1 

OPERATIONS 0 429 0 0 0 507 0 0 936 

RATE/101C 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0. 0 lG.684 
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AIRPORT: BIRDS IN6ESTION EVENTS, OPERATIONS AND IM6ESTION RATES/10K OPERATIONS SV AIRCRAFT TYPES 

(-------- AIRCRAFT TYPE --------) 

1 2 3 • 5 6 7 8 DYER-All 

61 LSA 
EYEMTS 0 0 3 0 0 0 1 0 • 
OPERATlIIIS 0 4089 145.5 0 121 1653 6598 0 27005 
RATE/10K 0.0 0.0 2.063 0.0 0.0 0.0 1.�16 0.0 1 .481 

62 LA 
EVENTS 0 2 0 1 0 0 0 0 1 
OPERATlQIIS 0 8m. 0 390� 0 0 1853 0 13925 
RATE/10K 0.0 2. 452 0.0 2.561 0. 0 0. 0 0.0 0.0 2. 154 

63 LHE 
EVmS 0 1 2 0 0 0 0 0 3 
OPERATlIIIS 0 SSlt 2021 0 0 0 0 0 2577 

RATE/10K 0.0 17.986 9.896 0.0 0.0 0.0 0.0 0.0 1 1."1 

" LHR 
EYEMTS 0 0 0 10 0 0 1 0 13 
DPERATlOIIS 0 2921 11297 32592 12� 0 16612 0 64731 
RATE/10K 8.0 0.0 0.0 3.068 0.0 0.0 1.806 0.0 2.008 

65 LIN 
EYENTS 0 0 0 0 0 0 1 0 t 
OPERATIONS 0 2996 0 1�73 0 0 1060 0 5629 " ,  RATE/10K 0.0 0.0 0. 0 0. 0 0.0 0. 0 9.434 0. 0 1 .m 

66 LIN 
EVENTS 0 1 0 0 0 0 0 2 
QPERATlOlS 0 0 2062 0 0 0 185 0 2247 
RATE/10K 0.0 0.0 4.89 0. 0 0.0 0.0 0.0 0.0 8.901 

67 LIS 
EVENTS 0 0 ' 0  1 0 0 0 .. .. 
OPERATlIIIIS 0 3907 399 U84 0 0 9.0 0 6no 
RATE/10K 0.0 0.0 0.0 8. 446 0. 0 0.0 10.638 0.0 3. 110 

68 LOS 
EVENTS 0 2 0 1 0 0 0 0 l 

OPERATlOlS 0 6520 20 1440 0 0 0 0 7980 
RATE/10K 0.0 3. 067 0.0 6. 944 0.0 0.0 0.0 0.0 3. 159 

69 LPA 
EVENTS 0 0 2 0 0 0 0 0 .. ,; 
OPERATlIlIS 0 m Uill mo 0 0 0 0 2724 
RATE/10K 0.0 0.0 17. 197 0.0 0.0 0.0 0.0 0. 0 7.342 

70 LUI 

EVENTS 0 0 0 0 0 0 0 
DPERATlIINS 0 138 0 418 0 0 0 0 m 
RATE/tOK 0.0 0.0 . 0.0 23. 923 0.0 0.0 0.0 0.0 17. 986 
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AIRPORT: BIRDS IN&£STIOI EVEIlTS, OPERATIONS AND IN6ESTlON RATESIIOK OPERATIOJIS 8Y AIRCRAFT TYPES 

(- AIRCRAFT TYPE -) 
2 3 4 5 , 7 8 OYER-ALL 

71 US 
EVENTS 0 0 5 2 0 0 0 0 7 
OPERATIONS 0 191 3071 601 0 0 0 0 3861 
RArtllOK 0.0 0. 0 16.281 33.278 0. 0 0.0 0. 0 0. 0 18. 121 

n "AA . 
EVENTS 0 0 2 0 0 0 0 0 2 
OPERATIONS 0 .'6� 2812 0 0 0 0 0 3280 
RATEIIOK 0.0 0.0 7. 1 12 0.0 0.0 0.0 0.0 0.0 6.098 

13 "AD 
EVENTS 0 . 1 0 0 0 0 0 0 1 
OPERATIONS 0 6939 7684 5651 0 0 61 0 20335 
RArtllOK 0.0 1 .441 0.0 0.0 0.0 0.0 0.0 0.0 0. 492 

74 "EL 
EVENTS 0 0 1 3 0 0 0 0 4 
OPERATIONS 0 1744 5491 10485 0 0 0 0 1n20 
RArtllOIC 0.0 0.0 1.821 2.861 0.0 0. 0 0.0 0.0 2.257 

7S "EX 
MNTS 0 1 0 0 0 0 0 0 1 
OPERATIONS 0 11372 0 3576 0 0 2119 0 17066 
RATEI10K 0.0 0.879 0.0 0. 0 0. 0 0.0 0. 0 0. 0 0.�86 

76 IISg 
EVENTS 0 1 0 0 0 0 0 0 
OPERATIONS 0 202 0 0 0 0 0 0 202 
RArtllOK 0.0 49.�O5 0.0 0.0 0.0 0.0 0.0 0.0 49.505 

77 lilA 
EVENTS 0 1 2 1 0 0 1 0 S 
OPERATIOJIS 0 lS198 13077 10061 ';.97 114 25946 0 64913 
RATE/10K 0.0 0.658 1.529 0. 994 0.0 0.0 0.385 0.0 0. 770 

78 "ilL 
EVENTS 0 0 I,) 2 0 0 0 0 .. " 
OPERATIONS 0 1629 4021 6162 0 21 1719 0 15m 
RATEIlOIC 0.0 0.0 0.0 3 .246 0.0 0.0 0.0 0.0 1 . 286 

79 IIPL 
EVENTS 0 0 � 0 0 0 0 0 .. .. 
OPERATIONS 0 0 1442 0 0 0 0 0 1442 
RATEIlOK 0.0 0.0 20.804 0.0 0.0 0.0 0.0 0.0 20.804 

80 IIRS 
EVENTS 0 0 2 0 0 0 0 0 2 
OPERATIONS 0 971 6879 · 1221 0 0 0 0 9071 
RATEIIOK 0.0 0.0 2.907 0.0 0.0 0.0 0.0 0.0 2. 205 
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AIRPORTz BIRDS INSESTION EVENTS, OPERATIONS AND IN6ESTION RATES/10K OPERATIONS ay AIRCRAFT TYPES 

(-------- AIRCRAFT TYPE --------> 
2 1 4 5 6 7 a OVER-ALL 

al liSP 
EVENTS 0 1 0 0 0 0 0 0 1 
OPERATIONS 0 10788 0 2514 0 143 122 0 13566 
RATE/10K 0.0 0.927 0.0 0. 0 0.0 0.0 0.0 0.0 0.737 

a2 IISY 
EVENTS 0 0 0 0 0 0 1 0 1 
OPERATIONS 0 m 0 0 16 136 4031 0 4478 
RATE/10K . 0.0 0. 0 0.0 0.0 0.0 0.0 2. 48 1  0. 0 2.233 

83 IITV 
Evms 0 1 0 0 0 0 0 0 I 
OPERATIONS 0 2767 0 0 0 0 0 0 2767 
RATE/10K 0.0 3.1114 0.0 0. 0 0.0 0.0 0.0 0.0 3.614 

84 "VD 
EVENTS 0 0 0 0 0 0 0 1 
OPERATIONS 0 867 m 470 0 0 55 0 2163 
RATE/10K 0.0 0.0 0.0 21.277 0. 0 0.0 0.0 0.0 4.623 

85 III1M 
EVENTS 0 0 0 5 0 0 0 0 5 
OPERATIONS 0 0 0 39167 0 0 0 0 39167 
RATEIlOK 0.0 0. 0 0.0 1.270 0. 0 0.0 0. 0 0. 0  1 .276 

86 1I1P. 
EVENTS 0 0 0 2 0 0 0 0 2 
OPERATIOIS 0 378' lSt m8 0 0 0 0 6696 
RATE/10K 0.0 0. 0 0.0 7.819 0.0 0.0 0.0 0.0 2.987 

87 HaD 
EVENTS 0 1 0 1 0 0 0 0 a 
OPERATIONS 0 2276 0 5491 0 0 0 0 n67 
RATE/10K 0.0 4. 394 0.0 1:!. 7U 0.0 0.0 0.0 0.0 10.300 

aa NeE 
EVENTS 0 0 2 0 0 0 0 0 2 
OPERATIONS 0 677 7946 669 0 0 442 o ·  9734 
RATE/10K 0.0 0.0 2.511 0.0  0.0 0.0 0.0 0.0 2.055 

89 N60 
EVENTS I) 0 0 r) 0 I 0 2 
OPERATIONS 0 123 362 56 0 0 3904 0 "45 
RATE/10K 0.0 8 1 .301 0.0 0.0 0.0 0.0 2.561 0.0 4. 499 

90 H5S 
EVEHTS 0 0 0 1 0 0 4 0 :I 
OPERATIONS 0 0 790 USO 0 0 3721 0 5861 
RATEIlOK 0.0 0.0 0.0 1.407 0.0 0.0 10. 150 0.0 8.5l1 
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AIRPORTs BIRDS IN&£ST101 EVENTS, OPERAilONS AND IN&ESTION RATES/10K OPERATIONS BY AIRCRAFT TYPES 

(--- AIRCRAFT TYPE --) 
2 1 4 5 6 7 8 DYER-All 

91 NIII 
EvellS 0 1 0 0 0 0 0 0 I 

OPERATIIIIIS 0 1 127 1:1 364 0 0 0 0 1506 
RAlE/I0K 0.0 8.m 0.0 0.0 0.0 0.0 0.0 0.0 6.640 

92 NKC 
EVmS 0 0 0 0 0 0 0 

OPERATIon 0 22r 216 0 0 0 0 0 462 
RAlEIIOK 0.0 0.0 47. 373 0.0 0.0 0.0 0.0 0.0 21.64:1 

93 NRT 
EYEITS 0 0 0 2 I) 0 0 0 2 
OPElAnllllS 0 7689 2168 47689 0 0 J223 0 53769 
RAlE/1OK 0.0 0.0 0." 0.469 0.0 0.0 0.0 0.0 0.372 

94 OAX 
Evms 0 I 0 0 0 0 0 0 1 
OPSAnlllS 0 2952 0 129 0 0 0 0 1081 
RATE/10K 0.0 1. 188 0.0 0. 0  0.0 0.0 0.0 0.0 3.246 

95 DKA 
EVBlTS 0 1 0 I 0 0 0 0 2 
OPBATIIIIS 0 3015 160 4741 0 0 4668 0 12584 
RATE/10K 0.0 3. m 0.0 2. 109 0.0 0.0 0.0 0. 0 1 .589 

96 DRD 
EVtITS 0 2 0 0 0 0 0 0 2 
OPERAnllllS 0 51679 m 18170 78 za4l 6577 0 79604 
HAlE/10K 0.0 0.387 0.0 0.0 0.0 0.0 0. 0 0.0 0.251 

97 DRY 
EVBITS I 0 17 4 I) 0 I) 0 :2 
OPERATIIIIS 0 2299 10925 6770 I) 0 1694 I) 4 1689 
RATE/10K 0. 0 0.0 :1.491 5.908 0.0 0. 0 0.0 0. 0 :1. 277 

98 OSA 
EYENTS I) I I) 4 0 0 0 6 

OPERAnlllS 0 1 1 418 3928 22101 0 I) 18028 0 ssm 
RATE/10k 0.0 0.876 0.0 1 .810 0.0 0.0 0.555 0.0 1.082 

99 PDI 

EVEITS 11 0 0 0 I 0 0 ., I 
. 

OPERATIIlIS 0 2153 182 32 30 247 2709 0 5953 
. 

RATE/10K 0.0 0.0 0.0 0.0 131.131 0.0 0.0 0.0 1. 680 

100 PEN 
EYENTS 0 0 2 0 0 0 0 0 2 

OPERATI OIlS 0 692 3116 0 0 0 467 0 4475 

RATE/10K 0.0 0. 0 6.011 0.0 0.0 . 0.0 0.0 0.0 4.469 
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AIRPORTI BIRDS IN&ESTION EVENTS, OPERATIONS AND [N&ESTION RATES/10K OPERATIONS BY AIRCRAFT TYPES 

(--- AIRCRAFT TYPE ---} 
2 3 4 5 6 7 8 OVER-AlL 

101 Pill 
EVENTS 0 0 0 0 0 0 3 0 3 
OPERATIONS 0 6636 1997 929 0 m n17 0 17013 
RATE/I01( 0. 0 0. 0 0.0 0. 0 0. 0 0. 0 4. 145 0.0 1. 763 

102 POS 
EVaTS 0 0 0 0 0 0 0 I 

OPERATIONS 0 llll 287 543 0 0 2212 0 4375 
RATEIlOk 0.0 0.0 0.0 0.0 0.0 0.0 4.521 0.0 2.2811 

103 PTV 
EVENTS 0 0 0 1 0 0 0 0 1 
OPERATIONS 0 2350 0 262 0 0 1 163 0 3775 
RATE/10K 0.0 0. 0 0.0 38. 168 0.0 0.0 0.0 0.0 2.649 

104 PUS 
EVENTS 0 0 1 1 0 0 0 0 2 
OPERA TIM 0 794 1796 0 0 0 0 0 2S90 
RATE/10K 0.0 0. 0 5.568 0. 0 0.0 0.0 0.0 0.0 7.722 

lOS SCL 
E\'EHTS 0 0 0 1 0 0 0 0 I 
OPERATIOIIS 0 1729 244 1018 0 0 1 193 0 4184 
RATEIlOI( 0.0 0.0 0.0 9. 823 0.0 0.0 0.0 0. 0 2. 390 

106 seQ' 
EVENTS 0 0 0 0 0 0 I 0 
OPERATtONS 0 0 0 50 0 0 0 0 :0 
RATE/10K 0.0 0.0 0.0 0.0 0.0 0. 0 0.0  0 . 0  200. 000 

107 SEA 
EVENTS 0 0 0 0 0 0 � 
OPERATIONS 0 16�9 140. 5185 30 :60 6766 0 :0143 
RATE/I01( 0.0 0.0 0.0 1 .857 0.0 Il.O 0.0 0. 0 O. ll: 

108 SEl. 
EVENTS 0 0 4) 1 0 0 I) 0 
OPERATIOHS 0 2664 6757 7821 0 4l - 0 17122 .II 
RATE/I01( 0.0 0. 0 0.0 1 . 279 0.0 0.0 0.0 0.0 1). 577 

109 SFO 
EVENTS 0 0 0 l 0 0 1 0 4 
OPERATtDrIS 0 20172 2983 15806 0 1 108 114S0 0 S1S1S 
RATE/ 10K 1l.0 0.0 0.0 1 .898 0.0 0. 0 0.873 0. 0 0. 116 

UO SIn 
EVENTS 0 4) 0 0 0 0 0 
OPERAnDNS 0 0 0 2030 0 0 0 0 2010 
R�rE/tOk 0.0 0.0 0.0 4. 926 0.0 0. 0 0.0 0. 0 4. 926 
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AIRJlORTz BIRDS IJt&£ST10N EVEltTS, OPERATIONS AND IN6ESTlOII RATESI10K OPERATIDHS BY AIRCRAfT TYPES 

(-- AIRCRAFT TYPE -> 
2 3 4 5 6 7 S OVER-ALl 

t i l  SIN 
EVEMTS 0 0 0 1 0 0 0 0 1 
OPERATIIlHS 0 9532 16721 18081 0 0 1:47 0 45581 
RATE/10K 0.0 0.0 0.0 0.553 0.0 0.0  0.0 0. 0 0.119 

1 12  SMM 
EYENTS 0 1 0 3 0 0 0 0 4 
OPERATIONS 0 III 0 2633 0 0 0 0 2764 

RATE/ 10K 0.0 76 •. �l4 0.0 1 1 . l94 0.0 0.0 0. 0 0.0 14.472 

m S5A 

EVEMTS 0 1 0 0 0 0 0 0 

OPERATIONS 0 431 280 0 0 0 0 0 7t1 
RATEIlOK 0.0 21.202 0.0 0.0 0.0 0.0 0.0 0. 0 14.065 

1 14  STR 
EVENTS 0 0 0 0 0 0 0 1 

OPERATI OIfS 0 0 1:19 0 0 0 I) 0 1319 
RATE/10K 0.0 0.0 7.581 0. 0 0.0 0.0 0.0 0.0 7.581 

l IS  SUB 

EYENTS 0 0 0 0 0 I) ;) 1 
OPERATIONS I) 0 ma 0 0 0 0 0 237S 

RATEIlOK 0.0 0.0 4.=05 0.0 0.0 0. 0 0.0 M 4. 205 

1 16 SIR 

EVENTS 0 0 2 0 I) I) 0 I) 2 
OPERATIONS 0 0 657 0 0 0 0 I) 657 

RATEIlOK 0.0 0.0 30. 441  0.0  0.0  0.0 0.0  .) . .) lO.441 

1 17 SYD 

EVENTS 0 0 0 6 I) 0 .) � iI 
OPERATIONS � 2666 6769 la196 0 0 ,) I) �1m 
RATE/10K 0.0 0.0 0.0 �. �7 1).0 0.0 ·). 0  M �. 171 

l iS  T1IR 
£!t'EHTS I) 0 0 I) .) I) I) 
OPERATIONS I) �1� �7Ol 767 0 0 G I) 4783 

RATEilOK 0.0 0.0 2. 701 0.0 0.0 0.0 ') .0 0.0 =.m 

1 1� TLS 

EVENTS 0 I) 5 0 0 0 I) 1 6 
OPERATIONS 0 I) lm I) I) I) 0 0 3573 

RATEIlOK 0.0 0.0 13. 994 0.0 0.0 0.0 0.0 0.0 16. 193 

120 TL'J 

EVEns 0 0 I) .. I) 0 I) I) .. , .. 
OPERATIONS 0 657 1m =721 0 0 lS95 0 6200 

RATE/ 10K 0.0 0.0 0.0 7. =50 0.0 0.0 0.0 0.0 l.m 
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AIRPORT: BIRDS 11&£5TIOI EVENTS, OPERATIONS AND IN&ESTION RATES/10K OPERATIONS 8Y AIRCRAFT TYPES 

(-- AIRCRAFT TYPE --) 
2 1 4 :5 6 7 8 OVER-AlL 

121 TIIR 
EVEIITS 0 0 0 I 0 0 0 0 
OPERATIOHS 0 0 0 6" 0 0 0 0 656 
RATE/10K 0.0 0.0 0.0 1:5.244 0.0 0. 0 0.0 0.0 1:5.2" 

122 TPE 
EVOTS 0 0 0 2 0 0 0 0 2 
OPERATIONS 0 2541 7845 10664 0 189 4542 0 2:5780 
RATE/10K 0.0 0.0 0.0 1 . 87:5 0.0 0. 0 0.0 0.0 0. 176 

123 TRV 
EVENTS 0 0 2 0 0 0 0 0 2 
OPERATIONS 0 0 1055 0 0 0 0 0 105:5 
RATElI0K 0.0 0. 0 18.957 0. 0 0.0 0.0 0.0 0.0 18.957 

1:4 TSV 
EVENTS 0 0 0 0 0 0 0 1 
OPERATIIlHS 0 0 0 193 0 0 0 0 193 
RATE/10K O./) 0.0 0.0 :51.811 0.0 0. 0 0.0 0. 0 51.81l 

125 TUL 
EVENTS 0 0 0 0 0 1 0 0 
OPERATIDNS 0 26 0 �6 0 0 0 0 52 
RATE/10K 0.1> 0.0 0.0 0.0 0.0 0.0 0.0 0.0 192. 308 

126 TUN 
Evans 0 0 1 0 I) 0 I) I) 1 
OPERATIONS 0 0 ll75 0 0 0 106 . 0 1481 
RATEIlOK 0.0 0.0 7.:73 0.0 0.0 0.0 0.0 0.0 6. 752 

121 VCP 
EVENTS 0 I 0 I 0 0 0 0- .. " 
OPERATIOHS 0 2470 0 mo 0 0 59 0 4279 
RATElI0K 0.0 4. 049 0).0 5. 714 0.0 0. 0 0.0 0.0 4.67.\ 

128 VIE 
EVENTS I) 0 1 1 I) 0 I) 0 .. .. 
OPERATIONS 0 218 784 1169 I) I) 0 0 2m 
RATEII01( 0. 0 0.0 12. 755 7. :05 0.0 0.0 0.0 0.0 B.m 

129 IIOH 
E'IENrs 0 0 0 0 I) 0 I) 
OPERATIONS 0 0 0 26 0 0 0 0 26 
�ATEi l01( 1t.0 0.0 0.0 lB4.615 0.0 0. 0 0.0 0.0 384. 615 

110 1Il6 
EVENTS 0 0 0 1 0 0 0 0 
OPERATIONS 0 6102 l i la 22035 I) 0 0 0 29267 
RATEI10K 0.0 0.0 0.0 0. 454 0).0  0.0  0.0 0.0 o. m 
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AIRPORT: BIRDS IN&£STUII EYEIITS, OPERATIONS AND IN6ESTIQII RATESI lOK OPERAl lDltS 8Y AIRCRA" TYPES 

(- AIRCRAFT TYPE -) 
2 3 4 5 6 7 8 OVER-AU 

131 IFa 
£VmS 0 16 16 67 0 0 17 0 ll6 

DPERATIDJS 0 0 0 0 0 0 0 0 0 
RATE/10K 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0  0.0 

132 IUS 
EVENTS 1 4 4 7 0 1 8 0 25 

OPERATIONS 0 0 0 0 0 0 0 0 0 
RATEIlOK 0.0 0. 0 0.0 0. 0 0.0 0.0 0.0 0.0 0. 0 

III III 
EVENTS 0 6 1 29 0 0 11 0 47 

OPERA TIDKS 0 0 0 0 0 0 0 0 0 

RATEIlOK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 
ll4 YII' 

EVENTS 0 0 0 1 0 0 1 0 2 

DPERATIDJS 0 1702 0 6715 0 0 1403 0 1 1820 

RATEIlOK 0.0 0. 0 0.0 1 .489 0.0 0. 0 7. 128 0.0 1 .692 

135 YU1. 
EVENTS 0 0 0 0 4 0 6 

OPERATIONS 0 715 578 197 0 180 5371 0 7041 

RATE/10K 0.0 13. 986 0.0 50.761 0.0 0.0 7.447 0.0 8.522 

116 YW 
EVENTS 0 0 ' 0  4 0 1 2 0 7 

OPERATIONS 0 2616 0 1039 0 161 3450 0 9266 

RATE/10K 0.0 0.0 0.0 13. 162 0.0 62. 1 12 5.797 0. 0 7.554 

137 lYC 
EVENTS 0 0 0 0 I,) 0 0 1 

OPERATIIIIS 0 2267 0 262 0 186 3014 0 5748 

RATE/10K 0.0 0.0 0.0 0. 0 0.0 0 • ., 3.:96 0.0 1 . 740 

1:S8 Yll 

EVENTS 0 . 0 2 0 0 3 O .  " , 
OPERATIONS 0 7378 358 5352 0 420 ' 1 l473 0 m82 

RATE/l0J( 0.0  1 . �5 0.0 1. 737 0.0 0. 0 2.615 0.0 2. 402 

m ZRM 
EVENTS 0 2 0 2 0 0 I,) 0 4 
OPERATIONS 0 7737 76 4366 0 0 946 0 13m 

RATEIlOK 0.0 2.585 0.0 4 .5S1 0.0 0.0 0.0 0.0 3.048 
-, 
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APPENDIX I 

ENGINE DAMAGE P ICTURES 
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BENT FAN 
BLADES 

�IGURE I-I . TYPICAL DAMAGE EVENTS ( CATEGORY 2 )  
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BROKEN 
FAN BLADES 

BROKEN 
FAN BLADES 

FIGURE 1-2 . TYPICAL DAMAGE EVENTS (CATEGORY 4 )  
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FIGURE [-3. �PrcAL DAMAGE EVENTS (CATEGORY 5 )  
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FleURE 1-4. TYPICAL DAMAGE EVENTS J{CATEGORY 6 )  
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BROKEN COMPRESSOR BLADES 

• 

FIGURE 1-5. TXf�CAL DAMAGE EVENTS ( CATEGORY 7 )  
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INLET COWL 
PUNCTURE 

• 

FIGURE 1-6. TYPICAL DAMAGE EVENTS (CATEGORY 8 )  
. J  S 
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FIGURE [-7. TYPICAL DAMAGE EVENTS (CATEGORY 9 )  
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