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INTRODUCTION
 

OBJECTIVE.
 

The purpose of this investigation is to determine the numbers, weight, and species 
of birds which are ingested into large high bypass ratio turbine aircraft engines 
during service operation on a worldwide basis and what damage, if any, resulted. 
This validated data base will be used to determine if amendment of existing stan­
dards is warranted. 

BACKGROUND. 

National Transportation Safety Board (NTSB) Recommendation A-76-64 was issued 
April 1, 1976, as a result of an aircraft accident involving a rejected takeoff 
after a number of large birds" were ingested into one of the engines. This 
recommendation stated in part. 

"Amend 14 CFR 33.77 to increase the maximum number of birds in the 
various size categories required to be ingested into turbine engines 
with large inlets. These increased numbers and sizes should be con­
sistent with the birds ingested during service experience of these 
engines." (Class III - Longer Term Follow-up) 

In response to the Safety Board's subsequent inquiry of July 30, 1980, the FAA on 
October 30, 1980, summarized the status of the work addressing the recommendation 
made by NTSB. The FAA had made several examinations of NTSB, FAA, and industry 
engine records to determine the numbers and weights of birds being ingested into 
turbine engines with large inlets. These engines entered airline service early in 
1969. A study of available records was also made by an Ad-Hoc Committee of the 
Aerospace Industries Association of America, Inc., in 1978. All of these industry 
and government efforts show available records do not provide the information 
necessary to enable FAA to make a decision concerning revision of the weights and 
numbers of birds required to be ingested for engine type certification. 

The FAA acknowledged the need for better data relating to the number and weights 
of birds being ingested in service operation. Because normal reporting actiVity 
was not providing sufficient information of this kind, the FAA initiated a special 
project at the FAA Technical Center. This project is limited to engine bird 
ingestions being encountered on high bypass ratio turbine aircraft engines during 
worldwide service operations. 

Completeness of the data and the reliability of data sources are major consid­
erations of any effort. In order to achieve the desired valid data base, the FAA 
Technical Center deemed the following elements essential: 

o Worldwide consideration of data 
o Familiarity with the engine design criteria 
o	 Proven expertise and prior experience on engine foreign
 

object ingestion interpretation
 
o Standardized reporting 
o Minimum impact on the operational fleet 
o Proven expertise in bird identification 
o Airline cooperation and understanding of need 
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flight, and domestic/foreign operations. To validate the accuracy of the GAG 
operational data, engine manufacturer's data were obtained as a cross-check. Their 
operational count was 5.7 percent higher (69,000 operations) than the GAG data. 
Further analysis revealed that 57,000 of these operations pertained to the type 1 
aircraft which is extensively utilized for freighter operations and, therefore, not 
always included in GAG data. The operational da t a reported in this study reflect 
these increased operations. Approximately 1.2 million operations occurred during 
the study period. Aircraft type 1 had 411,000 operations; aircraft type 2 had 
316,000 operations; aircraft type 3 had 263,000 operations; and type 4 had 214,000 
operations (figure 1b). These data were used in the analysis section of this 
report to construct ingestion rates. 
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at the species but also sex and whether the bird was mature or imma.ture. This 
intormation, together with location of strike and time of year, allows the orni­
thologist to determine a range of weights for the bird(s). The bird weights 
reported in this study are the midpoints of the range ot weights as reported by 
the ornithologist. 

TABLE 3. ONE YEAR WORLDWIDE BIRD INGESTION SUMMARY 

Events 289 
Ai rcraf t ttl 119 
Aircrat t {!2 54 
Aircraft 113 41 
Aircrat t {!4 75 
Engine Model III 87 
Engine Model 1/2 146 
Engine Node 1 113 56 
Ingestion with Damage 188 
Bird Weights 145 
Multiple Engine 11 
Multiple Birds Per Engine 13 

Figure 3 depicts the bird ingestion events by month for the first year for all 
aircraft types. Although there appears to be a considerable increase in the number 
of engine bird ingestions in the late summer and early fall, it is too early to 
determine the cause of these increases (increased aircraft operations, bird 
migration habits, etc.). 

Figures 4 through 7 present the same information by aircraft type, while figures 8, 
Y, and 10 present the information by engine model. Except for minor perturbations, 
the trend is similar for all the figures. 

A necessary step in understanding the engine bird ingestion phenomena is to compare 
the ingestions ot the four aircraft types. In doing so, one must address the 
problem in terms ot rates since the number of ingestions and operations varies 
considerably among the aircraft types. The resultant ingestion rates do not 
take into account such intluential factors as: number of engines and their 
location, route structure, operational procedures, and other factors. The number 
of bird ingestions per 1U,000 operations is a convenient number which has been 
utilized by the industry to make this comparison. Using the total number ot opera­
tions tor each aircraft type, as shown in figure 1b, and the total number ot bird 
ingestions occurring On each aircraft type, as shown in figures 4 through 7, the 
engine bird ingestion rate per 10,UOO operations was constructed for each aircraft 
type. Figure 11 graphically depicts the results. The worldwide rates are 2.9, 
1.7,1.6 and :.;.5 tor aircraft types 1 through 4, respectively. The worldWide 
average ingestion rate considering all aircraft types as a unit is 2.4. It is 
outside the scope of this interim report to attempt a qualitative explanation of 
these variations in rates. 
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It is important to understand during what portion of a typical flight a bird 
ingestion is likely to occur. Of the 289 events which were studied during the 
first year, 43 percent of the ingestions occurred during the takeoff and climb 
phase of flight, while 28 percent occurred during the aproach and landing phases. 
With few exceptions, such as descent and taxi, the remaining phases of flight 
(approximately 25 percent) were unknown. This is again attributable to those cases 
which were discovered during maintenance or post/preflight inspections. 

Figure 12 graphically depicts the phases ot flight where the ingestions occurred. 
The phase of flight data used to generate this graph is that which was reported by 
the engine manufacturers who Ultimately received it from the operator of the 
aircraft. It is recognized that phase Of flight definitions vary considerably in 
the industry, however, the data is a compilation from many operators and it is 
assumed normal data scatter would tend to mitigate any bias in phase of flight 
detinitions. 
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30 

As mentioned, it has been possible to validate the weight of the birds in 145 cases 
out of the 289 events which occurred. Twenty-eight birds were ingested in the 
United States while 105 birds were ingested outside the United States (foreign). 
It was not possible to determine the location for 12 bird ingestion cases. Figure 
13 depicts the worldwide bird weight distribution. For the foreign data, there 
were 5 cases where the bird ingestion weight was equal to or greater than 4 pounds 
(64 ounces). In the United States, this occurred in 3 cases. 
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The first year's data emphasized that in some instances it was difficult to assess 
the exact number ot birds ingested into an engine. To minimize this problem, a 
meeting ot the three engine manufacturers' representatives and FAA Technical Center 
personnel was held to discuss "bird printing" methodology. As a result, it is 
anticipated, during the second year I s effort of this study, that the reporting 
of multiple bird ingestions per engine events will be more consistent. This infor­
mation is necessary since the present engine certification criteria are based, in 
part, on a tixed quantity of birds which are required to be ingested into an 
engine. l'.TSB recommendation, A-76-64, specified, in part, that "the numbers and 
sizes (of birds which are ingested during certitication) should be consistent with 
inservice experience. 

ANALYSIS 

To examine certain hypotheses, statistical and analytical examinations ot the data 
have been conducted. The results ot these examinations are presented in the 
OBSERVATIONS section ot this interim report. 

The question has been asked Are the U.S. and foreign rates similar for both the 
single and multiple engine ingestions?" Table 8, which combines the data from 
table 1 and table 4, presents the bird ingestion rates for U.S., foreign, and 
worldwide areas. Figure 16 graphically illustrates the data of table 8. 
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A similar test was conducted for the rate of U.S. versus foreign ingestion events 
(table 1). The calculated u.s. validated ingestion rate is 0.87 per 10,000 opera­
tions. Using the described statistical procedure, the confidence interval for the 
U.S. ingestion rate ranges between 0.61 and 1.20 per 10,000 operations. The 
foreign validated ingestion rate is 2.15 ingestions per 10,000 operations. Since 
the foreign ingestion rate does not lie within the 9S percent confidence interval 
of the U.S. ingestion rate, (figure 18) the conclusion is that the U.S. and foreign 
rates of bird ingestions per 10,000 operations are, in f a c t , statistically 
different. 
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The question of which airports, where high bypass ratio turbine engine aircraft 
operations are conducted, experience the greatest number of ingestions is partially 
answered in table 9. Figure 20 illustrates table 9 data. It is not possible to 
compare the absolute number of ingestion events among airports because of the 
diversity in the numbers of operations conducted. Therefore, a comparison of 
ingestion rates per 10,000 operations is given. It is apparent, however, that a 
calculation of the ingestion rate at an airport which has an extremely low opera­
tions count produces an ingestion rate which is subject to considerable statistical 
uncertainty. For example, an airport which experiences one bird ingestion in a 
year and has only 124 operations (such a case exists), produces an ingestion rate 
of 80.65 which has such a wide interval of uncertainty associated with it as to 
make it meaningless. In order to avoid such unfair comparisons, table 9 presents 
only those airports at which the operations counts for the aircraft types which 
were monitored during this study are at least 10,000. In order not to bias the 
data, airports which have had at least 10,000 operations, even though no bird 
ingestions were reported, are included in table 9. 
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AIRPORT IDENTIFIERS
 

ABJ 
AMM 
AMS 
ATR 
ATL 
BGF 
BKK 
BOD 
BOM 
BOS 
BRU 
BWI 
CAl 
CCU 
CDG 

CPR 
DEL 
DKR 
DPS 
DUR 
KMQ 
LAX 
LCA 
LGA 
LGW 
LHR 
LIM 
LIS 
LOS 
LPA 
LYS 
MAA 
MEL 
MIA 
Mil 
MNL 
MPL 
MRS 
MTY 
MWH 
NBO 
NGO 
NGS 
NIM 
NKC 

Abidjan, Ivory Coast 
Amman, Jordan 
Amsterdam, Netherlands 
Athens, Greece 
Atlanta, Ga., USA 
Bangui, Gen. African Republic 
Bangkok, Thailand 
Bordeaux, France 
Bombay, India 
Boston, Mass. USA 
Brussels, Belgium 
Baltimore, MD., USA 
Cairo, Arab Rep. of Egypt 
Calcutta, India 
Pari s , France, 
Charles De Gaulle Arpt. 
Copenhagen, Denmark 
Delhi, India 
Dakar, Senegal 
Denpasar, Indonesia 
Durban, South Africa 
Komatsu, Japan 
Los Angeles, CA, USA 
Larnaca, Cyprus 
Laguardia Airport, NY) USA 
London Eng., Gatwick Airport 
London Eng. ,Heathrow Airport 
Lima, Peru 
Lisbon, Portugal 
Lagos, Nigeria 
Las Palmas, Canary Is. 
Lyon, France 
Madras, India 
Melbourne, Australia 
Miami, Fla.) USA 
Milan, Italy 
Manila, Philippines 
Montpellier) France 
Marseille, France 
Monterrey) Mexico 
Moses Lake, Wash. USA 
Nairobi) Kenya 
Nagoya, Japan 
Nagasaki, Japan 
Niamey, Niger 
Nouakchott, Mauritania 

FCO 
l"EZ 
HH 
FLL 

FRA 
FUK 
GIG 

HAM 
HKG 
HND 
HYD 
IAR 
1ST 
JED 
JFK 

JNB 
KAN 
KflI 
OKA 
ORD 
ORY 
OSA 
PEN 
PHL 
PTY 
PUS 
RST 
VCP 
SFO 
SID 
SNN 
STR 
SXR 
TLS 
TLV 
TUN 
VIE 
WLG 
YUL 
YVR 
YYZ 
ZRH 

Rome, Italy, L. Da Vinci Arpt. 
Fez, Morocco 
Kinshasa, Zaire 
Ft. Lauderdale/Holly~ood, 

Fla., USA 
Frankfurt, Republic of Germany 
Fukuoka, Japan 
Rio de Janeiro, Brazil 

(International) 
Hamburg, Rep. of Germany 
Hong Kong, Hong Kong 
Haneda Airport, Tokyo, Japan 
Hyderabad, India 
Houston, Texas, USA 
Istanbul, Turkey 
Jeddah, Saudi Arabia 
John F. Kennedy Int. Airport, 
New York) USA 
Johannesburg, So. Africa 
Kano, Nigeria 
Karachi, Pakistan 
Okinawa, Ryukyu Is., Japan 
Chicago) Ill) O'Hare Airport, USA 
Paris) France) Orly Airport 
Osaka, Japan 
Penang, Mayalasia 
Philadelphia, PA., USA 
Panama City) Panama Republic 
Pusan, Rep. of Korea 
Rochester) Minn.) USA 
Sao Paulo, Brazil) Viracopos Airport 
San Francisco, CA, USA 
Sal Island, Cape Verde IS. 
Shannon) Rep. of Ireland 
Stuttgart) Rep. of Germany 
Srinagar) India 
Toulouse, France 
Tel Aviv-Yafo, Israel 
Tunis, Tunesia 
Vienna, Austria 
Wellington, New Zealand 
Montreal, Quebec, Canada 
Vancouver, Br. Columbia, Canada 
Toronto, Ontraio, Canada 
Zurich, Switzerland 
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STATISTICAL PROCEDURE
 

Let rl represent the United States (U.S.) rate of occurrence of a phenomenon and 
let rZ represent the foreign rate of occurrence, then the general form of the 
hypothesis (Ra) being explored is 

with the alternate hypothesis (Hi) being of the form 

A Poisson approximation to the binomial distribution is employed to examine the 
rates. If x is defined as the number of observed ingestions and if A is defined 
as the Poisson rate parameter, it is known that 2 n A has a x2 distribution 
(Johnson, N. L., and Kotz, S., Discrete Distributions, Houghton-Mifflin Boston, 
1969) with 2 x + 1 degrees of freedom--(n is~efined as the number of operations). 
To construct a confidence interval for the true value of A given x ingestions it 
is necessary to calculate the lower ( AL) and upper ( AU) limits of the con­
fidence interval according to 

1 2AL x
20 2x, 0./2 

1 ZAU x
= 2n 2(x+l) , 1- a/ Z 

where 0. is the desired probability of rejecting the hypothesis when it is, in 
fact, true. The term (1-0.) percent is the "confidence level" associated with not 
rejecting Ho if it is, in fact, true. 
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WORLD MAP: BIRD INGESTION LOCATIONS, FIRST YEAR
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APPENDIX D 

BIRD INGESTION DATA BASE, FIRST YEAR 
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6 051981 (,]=',,0 OX UNK U /~ K 1 no 
«EO 

NI 'Ie YE. S N/A UNK IJNK a a N/A "'Ill. 

7 DS ;>/81 ')~ ')0 1. F !) lJNY UNK ':Vf~ NO YF S ,';I A NO JNK 0 0 N/A N/A 

5 [) 5 23111 14 3": YFO U,!y VFR 11 0L (1 S NC Y E C. ~'I ~ ~' I) 'IU: PART 
R\I>GE 

1 ~ 2 N/A ~, I A 

't DS?78~ JJX' FCC' LA~~lJ)(G J'I)( \}/~ ~ C' ~ f ~ ~ I ~ UNK JNK 0 0 'I I A N/ll. 

I J 052RIl1 1!. 22 ~ .., ,\I TO :.JNY ,'JI A YES 
" I " 

IfI"ES,PR 
£«\·\'.\10'1 

YES IJ~K 0 a N/A "'Ill. 

~ ~ DS:3D:;I1 17"3l; ) HI. CLl"J3 Uli~ 1 4 3~lJS r'D YES 1-11'" NO :.JNK 1 32 N/A N/A 

*** .. .t .. SA'1PLE SIZE FO R ,'IA Y 1'.1 =­ 1 1 :J STR U' ES WITH OAMA.G.E: ;: ~ h = ?2.?U 

\ 2 CeOU1 ")"):'0 _ys TO V~:I( '" ~ ;'1C N I ~ tv/A UNK RED K I IE 1 :36 '1/A N/A 

13 06031'.1 ['(1')(1 OUR Tn UI'K 3 3LDS-M 
I'JOP 

NO YES /' I A UNK :.J'JK 0 0 N/A N/ll. 

, 4 36GSP,1 0127 r l loJ 1{\ 'J ~ \1 4 '3l'i>S 
E'JT 

\l NC HS NIt. NO BARN O'wL 1 H> N/A N/A 



E VT 1/ D ATE TIME ~ Rpr 
FLIGHT 
PHASE WX 

FAN 
)~"'~';E 

P CWR 

L CS S 
IRE D 

((1N T I FS0 
REASON 

8fRD 
SECN 

8IRD 
SDUIES 

Ii 
9 
D 

AV 
WT 
OZ 

1>1­
LOT 
HT 

SIGNI­
FI ONT 
REASON 

31 061981 011C1 -:; (-; l D, N(' ~'" UNK 2 ~,l n. c NO YEo, f'l A llf'¥ J~.1 ~ () Q ATB N/A 

32 D620Rl .... '1;:) <AN Te UNK 5 '3LDS YCS YfS VI3 F S INK 3LK KI TE 1 24 clNK ,'J I A 

33 062281 J1J2 x. x X liNK JNK 1 "l~ NO Y f S f'l A ~' (\ 'J '.1 K J 0 'J/A u t « 

34 D62V1 D))D J F K APPRCH V F ~~ '.'1 A f' 0 N I ~ N/~ YES SEA GULL 1 0 'J/A N/A 

35 ~6Z381 !lR~O >1 ,N D APPRCfi LFR ,N I A NO HS " I A YES lj\jK o n ~11 r.. N/r.. 

3~ 062531 ,)JJ~ XXX Uf'K UNK 'J I A r.' 0 f' I' f.' I A flO '3L ACK 
r F T 

SW 1 2 'J/~ N/A 

37 06Z5~1 JJ:'S )KP TA Y! UNK 'JJ UNK YES loll A, NO f R r..~' COLI 
" 

1 1(\ \j/A ~ I r.. 

CJ 
I 

W 

33 

39 

062681 

062781 

f'i'1f'iD 

":1JO 

,-YS 

L r S 

LANDNG 

TO 

1 FR 

UNK 

N/A 

) "LOS 
3E'1 T 

riC 

NO 

'1 I ~ 

YF~ 

N/~ 

~. I a 

UNk' 

YES 

UNk' 

~~CK 

[ 

DOV 

0 

1 

0 

10 

,'J I A N/A 

N/A ~, I A 

4) )627111 f)7iJO ) x 8 TC VFR \) YES YES HI EGT,l 
"4" ( 

UNK SRAY HEA 
DED GULL 

1 16 ~T8 INVUJTRY 
P .. R LOSS 

4 T 062881 OJJO ~PL LANDNG VFR 'J/A 1\' 0 ~, I A t·' 10 1I (oJk', Ij(oJK 1 35 IjNK N/A 

42 062881 0:'00 xxx um: J" \( "/~ t' 0 f' I ~ f' I ~ NO 3ARN OWL 1 16 'J/A NIA 

43 862981 D:J~D "NL TO U"IK ,'JI ~ NO 1'1 I A N/A UNr J;'J ~ a a N/A N/A 

kidriririr SA"IPLE SIZE F0R J Uh' 81 = )2 Ii STRI~E, WIT~ DA\lAGE = 20 Yo = 6'2.5DO 

4 ~ 

1,5 

070381 

o 703P1 

:'J:'O 

C'J:C 

DEL 

XU S 

LANDNG 

UNI< 

VFR 

UIolK 

2 H1'( BL 
S>1 I f, S LED 

, 3lllS E-, 
F'iT 

NO 

NC 

YES 

YES 

N/~ 

N/~ 

UNK 

NO 

3LK 

JNI< 

KITE 1 

1 

24 

0 

N/A 

"lIt. 

NIA 

N}t. 

~ ~ o 7n3£l1 OJ~:J xxx Ut' K UNk' N/A tiC ~IO t'l A f; 0 UNK 0 0 N/A N/A 



EVTIi DATE TI '1 E ARP T 
FLI GHT 
PHASE WX 

F~N 

D~1'I~SE 

P CWR 
LOSS 
IRE D 

[ON T 
" .. " i 

IFSD 
R€ ASON 

PIRD 
SEE N 

eIRD 
SPECIES 

/I 

8 
D 

AV 
WT 
OZ 

PI­
LOT 
ACT 

S 1 G:'H­
F!CANT 
REAS 0 N 

63 07 ('2 R1 OJ30 XU, UNK UNK , 3l ~ 0 E 
'lENT 

NO YES N/A NO UNK 1 0 N/A N/A 

64 072581 0:1:)0 XUS UNK UNK .'1 I A. NO YES N/A NO GULL 1 0 N/A N/A 

65 072681 12J0 XF0 LAND~;G IF R ACJUSTIC 
LPJI\lG 

riC YES ~'I A NO CROW 1 8 N/A N/A 

66 073181 Cl"':)O LHR TO U~' K ACJUSTIC 
LINING 

~' C YES ~'I A YES 3LK HEAD 
ED GULL 

1 10 N/A "lULTIPLE 
ENG STK 

66 073181 JJOO LHR TO UNK 3 ~LA.DES 

DENTED 
NC YES N/A YES PLK HEAD 

ED GULL 
1 10 "I/A MULTIPLE 

ENG STK 

* * .... * * SA. ..-lPLE S1 ZE FO R J UL 8 , = n If STRII<'FS WITH DA.'1AGE = 16 t = 69.565 

67 08'1181 rooo TLS TO UNK 2 3LDS 
TAISTED 

NO YES N/A UNK UNK 0 0 N/A N/A 

t:::J 
I 

V1 

68 

6? 

080181 

08'1281 

J:J J n 

O~OO 

\lGS 

30'1 

TO 

TO 

VFR 

IFR 

5 3LDS 

, 3LAOES 
,LH'ING 

UNK 

'JC 

YES 

YE S 

N/A 

N/A 

UNK 

NO 

3LK K1 TE 

3LACK K1 
TE 

1 

1 

28 

40 

UNK 

N/A 

N/A 

N/A 

70 080281 OJ')O TYO LANDNG UNK 7 3LDS,' 
JGV 

NO YES N/A UNK UNK 0 0 N/A N/A 

71 080281 [1~(10 YUL APPRCH UNK HDC 
GE 

"A'1A NO YEo N/A UNK HOODED '" 
ERGANSER 

1 19 N/A N/A 

72 o80Hl OJJ:! XXX UNK UNK \l/A ~: C HA Nil A UNK TURTLE 
OVE 

D 0 4 N/A UA 

73 080681 JJJ::1 DEL LANDNG UNK 'oJ I A NO YES ~II A UNI<' 3LK K1 TE 1 24 N/A N/A 

74 080781 ')') ')Q I<' H1 LANlING UNK ,.~ I f\ NC ~' I A ~'I A U~IK t:lLK KITE 1 24 N/A N/A 

75 080781 P~Q HN D TO U~'K to NO YES ''''0\1 HI E 
GT V1PES 

YES BLUE 
HERRON 

1 0 ATB N/A 

76 080781 2n3 Pi-'L DESCNT UN\( ~J NO N/a ~'I A YES UNK 1 0 N/A N/A 

77 080781 2350 YUL TAXI VFR N/A NO ~ I A ~, I A ~, 0 UNK 0 0 N/A N/A 



E'\/,II DII, 't n'~E IIR>', 
FLI GH T 
>'HIIS't '>IX 

HN 
DIII',lIliE 

P QI,/R 

l CSS 
I R'tD 

('NT IF S n 
R't IIS0N 

PIRtI 
SHN 

PIRtI 
S?'EtHS 

II 
8 
1) 

All 

\.IT 
01 

PI­
lOT 
Ill, 

SIG\lI­
Fle"'NT 
REIISON 

94 082081 aJJO COG TO VFR 2 3lDS R 
E"LACED 

YES YES NI'" UNK PIGEON 1 11 HE' NIA 

?5 082081 I'JJO xx x UN\( 'uN\( lH" 1\0 't'tS 'KIll NO 'IN\( 0 0 NIII NIII 

96 082181 0402 lHR lANDNG VFR NIA NO YES NIA YES GUllS a a NIA NIA 

97 OBZ3B~ 0930 HNtI "PP\\(H 1'F? ~~Jt. NO HS NIII 'ftS 9L'I< HIL 
ED GULL 

\} 20 1~/" ",ULT. 'EN 
G SIR II.E 

97 082381 a9~0 HN D APPRCH IFR NI'" NO Y E, ~I I '" YES st. r T"'Il 
ED GUL l 

a 20 'il'" ,",ULT. EN 
G STRKE 

9B 08Z4Bt 3JJC ~ll TO \SF'rt 4 3lCS 
E'n 

R nos ~'tS I, I " UNK HOOtl£tI 
ROW 

( 1 17 "'i 0 v t « 

t:::! 
l 

--.) 

99 

1:33 

082581 

082581 

0000 

OG~(I 

FCO 

XXX 

TO 

UI'K 

VFR 

UI,:K 

7 3lDS 

"'" 

YES 

"'0 

YF<; 

1,< '" 

NIA 

N/" 

UNK 

NO 

UNK 

UN\( 

a 

0 

a 

0 

NIA 

N/" 

NIA 

MULT ENG 
INGES, 

1JJ 082581 0000 XXX UNK UIn NI A NO NI ~ NI'" NO UNK a 0 ,\lIA ,'WLT ENG 
I NGE S T 

1J 1·. 082681 ::l)JD FUK "PP\\(H UI:K N/" NC ~ES 1.'/ " HS tlO"lESTl( 
P1GEON 

0 10 \II" N/A 

1 J2 082681 OJ:10 OKA UNK UN/( 1 3LA DE NO YES NI'" YES GOLDEN 
lOVER 

P 2 6 NIA "'ULT 3RD 
INGEST 

133 0826B1 OGOO ORtI TO UNK All f'ltlS 
,~ ?'Ol 

YES YES Vl3ES UNK RING BIl 
LED GULL 

4 15 "TS TRNSV Sl 
D ,\lilt, 

1:)4 082681 00:10 XUS liNK UN!" NIA NO NIA NI'" NO UNK 1 a NI A ~! I A 

'JS OBHB1 07S0 (PH TO iJ~,K ~:fC, iJ ~;'< ~! f C, NfC, IJ~~~ H£RR lH''; 
GULL 

1 40 'J~tK Nt A 

D6 · 082781 1925 HNo TO VFR 2 3lDS NO YES NIA NO SEA 
S 

GUll a 2D NIA NIA 

137
• 

OBlBB1 0000 'H ~ TO VFR 5 3ln5 
't'VI 

~ ~ ss ~ £5 II f '" 'J~!¥. 1'j\,'oI1( 1 29 ~lfj\, wt « 



P OWR II AV PI­ SIGNI­
FLIGHT F~ ,1/ LOSS can I FS0 BIRD "lIRO 8 ilT LOT FICANT 

EVTfI DATE TI'1E ARPT PHASE WX D~"'A'jE IRE 0 ",(REASON SEEN SPECIES 0 OZ ACT REASON 

121 090881 
" 

OJOO (AN LANONG VFR 2 SLOS r.o YES N/A UNK SHI TE 
WK 

HA 0 0 N/A "/A 

122 090881 0647 PHL APPRCH VFR IDC,OHPC 
3LOS 3~' T 

NO YES ~, I A YES CANADIAN 1 
GOOSE 

112 N/A N/A 

123 091181 OJOO LGW LANDNG VFR N/A NC N/A N/A UNK UNK 0 0 N/A N/A 

124091181. 090D FE t TO VFR 12 PLOS NO YES N/A NO lJNK 1 0 N/A N/A 

125 091281 1045 DEL LM'DN G VFR 1 9LD aK 
N,15 O'1G 

YES NO ~IGH 

1 D1 R 
EGT 
C 

YES INDIAN 
lJLTURE 

V 1 176 N/A 8LD FRAC 
TURE 

12~ 091281 1730 LAX TO UNK ( BLOS NO YES N/~ NO UNK 1 0 N/A N/A 

t::J 
I 

<c 

127 091381 

128 09f581 

JClOD 

OjJO 

ATL 

HYO 

CLI"'''! 

TO 

VFR 

VFR 

2 'nos B 
EIIT FWD 

3 3LOS 

YES 

YES 

YES 

YES 

NOSE COW 
L DH' TED 

~/A 

YES 

U~'K 

REO TAIL 
HAWK 

UNK 

1 

0 

40 

0 

ATP 

ATB 

N/A 

N/A 

129 091581 0500 LHR LANDNG VFR 1 3LD 
Nf 

BE NO YES N/A UNK COMMON 
ULL 

G 1 15 N/A N/A 

13,)
• 

09171'1 DJjO ATH TO VFf? ~'I A NO ~,' I a, NIA lJNK lJNK 0 0 N/A N/A 

I 3 I 091781 0700 HK APPRCH UNl( 13 3 LOS NC YES NIA YES HERRING 
GULL 

1 20 N/A N/A 

132 091881 11130 FUK UNK UNK lilA /'0 f' I A N/A NO BLK TAIL 
ED GULL 

1 20 N/A N/A 

133 092181 OjQO HYO TO VFR N/A NO NI A N/A UNK SLACK 
I<! TE 

1 28 N/A N/A 

134 092281 1230 XFO APPRCH VFR N/A NC N/A N/A UNK UNK 1 0 N/A N/A 

735 092381 'JJJ'J LGA LANDNG VFR 2 3LAOES NC YES fl/ A UNK fiERRING 
GULL 

t 32 N/A N/A 

I 3 ~ 092381 0942 nQ TO VFR N/A NO ~, fA ~'I A YES KITE 1 0 N/A N/A 



EVTIi o ATE TI ME n RPT 
FLIGHT 
PHASE WX 

F~ ~ 

D~"~:;E 

P OWR 
Lass 
IRE D 

C0'1 T 
-

I FSD 
:REASON 

BIRD 
SEEN 

BIRO 
SPECIES 

II 
B 
0 

AV 
WT 
01 

DI­
LOT 
ACT 

S IGIVI­
FICANT 
REASON 

1 5 3 100881 JJJO V80 TO U~!r ALL 
ES 

'lLA0 YES YES ~/A lHIK VULTURE 1 c ATO NIA 

154 1001'81 n~o :"AX TO UNK 3 3LDS NO YES VI3 ES U/I'K SEA GULL 1 28 AT8 NIA 

155 1009 R1 0:;00 XFO UNK UNK NIA 'Ie 'I I A '110 UNK UNK 0 0 NIA NIA 

156. 10101'1 (1:):)0 J EK DES CIn UNK 3 ~L~S NO YF<: N/~ UNK UNK 0 0 NIA NIA 

157 101081 (1201) 30'1 TO UNK 'II ~ NO 'I I ~ 'I I A YES KITE 0 0 ATO NIA 

158 101081 1 24 D vGS LANDNG VFR 'J/A NO /1'1A 1\'/ A YES KITE 1 0 'J/A NIA 

t:! 
I 
I-' 
I-' 

1 5 ~ 
" 

1~) 

101281 

101281 

JJJO 

0:100 

XFO 

KAN 

UN¥ 

LANDNG 

UNK 

UNK 

2 

3 

HOS 

3LDS 

NO 

NO 

YES 

YES 

I: / A 

'VIA 

NO 

UN¥ 

UNK 

UNK 

1 

0 

22 

0 

UNK 

NIA 

NIA 

NIA 

1 ~ 1 10121'1 0900 'JGO LANDNG VER ) ~L!)S 

E'.JT 
R NO YE 5 /1'1 A NO PIGEON 1 0 NIA NIA 

B2 101381 JJJO JRY LA/I'DII'G I FR 'IIA 1\0 II. I A N/A UN'" °IGEON 1 0 NIA N/A 

1~3 101381 100 LAX TO UNK 1 J flLDS Y ES YES VI 3E S UNI<' PIGEON 1 11 ATB NIA 

164 

1 ~ 5 

101'381 

101481 

1622 

(J'lOO 

YY1 

XF 0 

APPRCH 

U/I'K 

VFR 

UNK 

11 "LOS 

N/~ 

1\' 0 

NO 

HS 

N/~ 

N/A 

NIA 

NO 

UNK 

'lEADOWLA 
RK 

UNK 

1 

0 

5 

0 

N/A 

NIA 

N/A 

NIA 

156 10 15 81 1"130 30 S TO VFR 4 I3LOS YES YES NIA UNK HERRING 
GULL 

1 44 ATB NIA 

1~7• 101681 JJJO JRY LANDr,G I f R rJI A NO NI A N/~ UNK PIGEON 1 0 NIA NIA 

1~8 101981 Dena TUN TO VFR 3 8 LD S YES YES NI ~ UNtf UNK 0 0 ATB NIA 



EVT II DATE TIME ARPT 
FL I GHT 
PHASE: OiX 

F~ N 

DAM~GE 

P OWR 
L CSS CONT I F SD 
IRED" "~rREA$ON 

BIRD 
HEN 

BIRD 
SPECIES 

1/ 
B 
0 

AV 
wT 
Ol 

PI -
LOT 
ACT 

SIG~I-

FICANT 
REASON 

134 1D2681 fOllD t t u lD VFR '5 3LD, 
qE NT 

"tES YF~ ~'I A "01'))( U1')K 0 D ATD NIl>. 

195 102681 :J5~O JFK TO IFR III) "0 '" I A " I A "'0 HERRING 
G.ULL 

1 40 ATO SURGED,H 
I EGt 

1~6• 1023~1 rJ~o DPS TO VN\( "IA NO ~l/ A NIA VN)( UNK 0 D NIA NIl>. 

187 102~81 :]'::;0 SIG DES 0' T VFR 4 PL/)$ NO YfS /' I A U"'I( DUCK r 32 NIA "'IA 

133 10Yi)B1 :)'Y):J ~ x X VWJ< 'JNl( 1 1~t? ~ 

HPC "'LDS 
1<0 HS J\'~ Vii''''' RING 8lL 

L GULL 
1 18 N' A iii' A 

199 1030111 1?30 ,UK TO UNK 2 3L~DES UN'" YfS NIA NO SEAGULLS 1 24 NIA NIA 

d 
I 

f-' 
W 

H:l 10YlI?-1 ,set' 'lGS rc '111'1': 

P1 103181 1125 SFO CLI'IB UNK 

ill ............. SAl'PLE SIZE fOR DC T B1 = 

3 "Ill)S 
PiT 

NIA 

4 'I 

'" ~ ES Hs 

NC 'JO 

Ii STRIKES 

TO1\ 

NIA 

IolITH 

HS 

YES 

DA'IAGE = 

10 T'E 

DUCK 

30 

, 
1 

X = 

0 AT 0 

0 NIA 

62.530 

N' A 

NIA 

P2110181 0000 XXX lI/.'K U/'K 4 3LDS NO YES NIA UNK UNK 0 0 NIA NIA 

1H 

n4 

t101&1 

11 0381 

oaoo 

JJ~D 

~r.G 

JR Y 

TO 

LM'DN G 

IJNK 

IFR 

i "LO r r 

? 3E'H 

NIA 

'( lOS 

NC 

YES 

"'I A 

'ilIA, 

'" I A 

NO 

lJNI( 

"u.o: 
lUTE 

PIGEON 

1 

1 

!2 

0 

N/A 

NIA 

N/A 

NIA 

05 t1o'i&1 '1JJO no APPRCH U~K ~ 3LOS ~O YES ~ I A, IJNK UNK a a NI A NU, 

P6 11 0681 0000 HYD TO VFP ALL 3L DS YES YES NIA UNI( UNK 0 D ATB NIA 

i:n 
< 

11 0781 onno xxx UNY UNK \/JSF (O~' 

',­ ~£'Ii£~ 

/JO '( ES ~' I '" NO HERRING 
GUll 

T 44 NI A ~I I A 

BE 11D881 '):))f') _P/I H' VFP 4 3LADES YES YES NtA YES SEAGULL 1 0 A10 Nt'" 

tH t i to 8 ~ IJJJO HO IjN/( U"II( \J/A NO ~(A UA, NO UN/(. 0 a N/A N/A, 



EVTII DATE T [ .., E ~ RPT 
FL I (, f' T 
PHASE \<IX 

F~ ~~ 

) A...,.1, S E' 

P C'WP 
L CSS 
IRE D 

(('\IT 
-. f 

I FSO 
PEA S0 \j 

glPO 
SEEN 

81Ro 
SPEC IES 

/I 
B 
0 

AV 
WT 
Ol 

~ I ­
LOT 
ACT 

SIGN I­
FI(~NT 

REASON 

2 I 6 . 121581 1 2 1 5 ( 0 G TO UNK 4 lL~S v ES YES NfA UNj{ ~ARTRIor; 

E 
1 12 ATE' f'lULT 

OS 
8 I R 

216 121S~1 l' 1) C(\G TC U\jK 4 "L~S y !=S ns ~, f A U~'j{ qLK HEAD 
EO GULL 

1 14 AT8 "1ULT 
OS 

SIR 

217 1216111 :))::"0 \I [ '1 TO J NK 5 ] LD 5 YES YFS V [3E S liNK UNK a 0 ATE' NIA 

218 1221R1 o~oc lPU TO UNK 1 J "LDS 
S ~ r ~"" LE' [) 

~ rook' H S Nn UNj{ UNK 0 0 ATE' NIA 

219 122281 ClO]:l J EK TC VFP J 3LADES ~. (1 Y"C ? STALLS NO GPTP BLK 
3AK GULL 

2 48 AT8 POSS MUL 
T 80S 

22) 12 ;>791 01')[1 LGA APPRC~ 1 F R ~ "LDS rJa YFS NIA YES DIGEON 1 11 N/A NIA 

221 122781 01JO XUS 'APPRCH VFR 'J I A NO ~' I A ~' f A ~, 0 SULL 0 0 N/A NIA 

eJ 
I 
l-' 
V1 

222 12280,1 

223 122981 

OJ10 

OJ~O 

XEO 

Q R Y 

UNj{ 

TO 

UNK 

UNK 

\1/.1, 

J 3LDS 

Ne 

YES 

N/" 

NIA 

NIA 

NIA 

UNK 

UNr 

U1IlK 

UNK 

0 

0 

(1 

0 

\jIll, 

AT8 

~'I A 

N/A 

224 122Q~1 :'JJO Xx X U"-!K UNK ~ 3LO< ~' (\ H c NIA NO UNK 1 0 N/A N/A 

225 122931 :'1JJO PEN TO IF P " 3LOS NO HS N/A UNK UNK (1 0 N/A N/A 

226 123181 

227 123181 

ouro LPA 

00:10 XF 0 

CL I '4P 

liNK 

VFR 

VEP 

IJ I A 

':J" 

NO 

NC 

YES 

~I I A 

PPECAUTI 
ONAPY 

NIA 

UNr 

UNK 

UNK 

i'lL K KITE 

0 

1 

0 

24 

UNK 

\jIll, 

NIA 

NIA 

.......... SA"IPLE S I ZE FOR OEC 81 = T5 « SH'IKEC WIT ~ OA"IAGE = 9 7­ = 60.300 

228 010182 1704 CCU OESCNT U:IIK A:"L =<L 0 S YES NO ElL D PIE C 
E5 LOST 

UNK ..JHITE 8. 1 
VULTURE 

176 NIA TRANSVRS 
BL 0 FRAC 

229 010382 11:18 YVR T0 VEQ =<~(\ SET, 
()WL 

~, 0 YE5 PA~G YES EAGLE,oU 
CK,OTHER 

0 0 ATO MULT 
80S 

233 010482 aooa XF0 UNK UNK 3 
E 

'3LC>S L 
!)UOR"i 

N~ YES N/~ UNK UNK 0 0 v A, NI A 



P OWR II AV PI­ SIG.'JI­
FL IGf'T HN L CSS CONT I FS0 PIIIO RIRO B IoIT LOT FICANT 

EVTII DATE T ['IE AII PT PHASE 101 X OA'1A~" IIIr:O i>~",r,(Pr:AS(lN 5r:OI SPECIES 0 Ql AC r REAso~r 

2<7 021682 00'10 \)30 LANDNG UNK 4 3L9S NO YES N/A UNK UNK 0 0 N/A N/A 
O~F",~EO 

248 022382 ()()C10 0 UR TO VFR " PLOS YES YES NIA UNK UNK 0 0 ATO N/A 

249 022782 OJ::-O no lJNK UNY , 3L LE KC YES N/A NO SEAGULL 1 [1 N/A N/A 
"E'! T 

25J 02288? 12:'0 3 RU TO UNK 1 3LO FR YES ~r 0 '10'1 HI YES 3 L!( HEAD 4 11 ATB ·'1UlT B OS 
Q::TJRr:9 r:G.T EO G.IJLLS PI,/R LOSS 

jrirjlrjlrjlrir S 1\1"1'L F SIH ,OR H8 \)2 = " ~ :'>11< 1)( ES :oll1'p DI\I"lI\GE = 7 ~ = 77.7H 
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	INTRODUCTION. 
	OBJECTIVE.. 
	The purpose of this investigation is to determine the numbers, weight, and species of birds which are ingested into large high bypass ratio turbine aircraft engines during service operation on a worldwide basis and what damage, if any, resulted. This validated data base will be used to determine if amendment of existing stan­dards is warranted. 
	BACKGROUND. 
	National Transportation Safety Board (NTSB) Recommendation A-76-64 was issued April 1, 1976, as a result of an aircraft accident involving a rejected takeoff after a number of large birds" were ingested into one of the engines. This recommendation stated in part. 
	"Amend 14 CFR 33.77 to increase the maximum number of birds in the various size categories required to be ingested into turbine engines with large inlets. These increased numbers and sizes should be con­sistent with the birds ingested during service experience of these engines." (Class III -Longer Term Follow-up) 
	In response to the Safety Board's subsequent inquiry of July 30, 1980, the FAA on October 30, 1980, summarized the status of the work addressing the recommendation made by NTSB. The FAA had made several examinations of NTSB, FAA, and industry engine records to determine the numbers and weights of birds being ingested into turbine engines with large inlets. These engines entered airline service early in 1969. A study of available records was also made by an Ad-Hoc Committee of the Aerospace Industries Associ
	The FAA acknowledged the need for better data relating to the number and weights of birds being ingested in service operation. Because normal reporting actiVity was not providing sufficient information of this kind, the FAA initiated a special project at the FAA Technical Center. This project is limited to engine bird ingestions being encountered on high bypass ratio turbine aircraft engines during worldwide service operations. 
	Completeness of the data and the reliability of data sources are major consid­erations of any effort. In order to achieve the desired valid data base, the FAA Technical Center deemed the following elements essential: 
	o Worldwide consideration of data 
	o Worldwide consideration of data 
	o Worldwide consideration of data 

	o Familiarity with the engine design criteria 
	o Familiarity with the engine design criteria 

	o. Proven expertise and prior experience on engine foreign. object ingestion interpretation. 
	o. Proven expertise and prior experience on engine foreign. object ingestion interpretation. 

	o Standardized reporting 
	o Standardized reporting 

	o Minimum impact on the operational fleet 
	o Minimum impact on the operational fleet 

	o Proven expertise in bird identification 
	o Proven expertise in bird identification 

	o Airline cooperation and understanding of need 
	o Airline cooperation and understanding of need 


	1 
	flight, and domestic/foreign operations. To validate the accuracy of the GAG operational data, engine manufacturer's data were obtained as a cross-check. Their operational count was 5.7 percent higher (69,000 operations) than the GAG data. Further analysis revealed that 57,000 of these operations pertained to the type 1 aircraft which is extensively utilized for freighter operations and, therefore, not always included in GAG data. The operational da t a reported in this study reflect these increased operati
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	at the species but also sex and whether the bird was mature or imma.ture. This intormation, together with location of strike and time of year, allows the orni­thologist to determine a range of weights for the bird(s). The bird weights reported in this study are the midpoints of the range ot weights as reported by the ornithologist. 
	TABLE 3. ONE YEAR WORLDWIDE BIRD INGESTION SUMMARY 
	Events 
	Events 
	Events 
	289 

	Ai rcraf t 
	Ai rcraf t 
	ttl 
	119 

	Aircrat t 
	Aircrat t 
	{!2 
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	Aircraft 
	Aircraft 
	113 
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	{!4 
	75 

	Engine Model 
	Engine Model 
	III 
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	Engine Model 
	Engine Model 
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	146 

	Engine Node 1 113 
	Engine Node 1 113 
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	Ingestion with Damage 
	Ingestion with Damage 
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	Bird Weights 
	Bird Weights 
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	Multiple Engine 
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	Multiple Birds Per Engine 
	Multiple Birds Per Engine 
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	Figure 3 depicts the bird ingestion events by month for the first year for all aircraft types. Although there appears to be a considerable increase in the number of engine bird ingestions in the late summer and early fall, it is too early to determine the cause of these increases (increased aircraft operations, bird migration habits, etc.). 
	Figures 4 through 7 present the same information by aircraft type, while figures 8, Y, and 10 present the information by engine model. Except for minor perturbations, the trend is similar for all the figures. 
	A necessary step in understanding the engine bird ingestion phenomena is to compare the ingestions ot the four aircraft types. In doing so, one must address the problem in terms ot rates since the number of ingestions and operations varies considerably among the aircraft types. The resultant ingestion rates do not take into account such intluential factors as: number of engines and their location, route structure, operational procedures, and other factors. The number of bird ingestions per 1U,000 operations
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	It is important to understand during what portion of a typical flight a bird 
	ingestion is likely to occur. Of the 289 events which were studied during the first year, 43 percent of the ingestions occurred during the takeoff and climb phase of flight, while 28 percent occurred during the aproach and landing phases. With few exceptions, such as descent and taxi, the remaining phases of flight 
	(approximately 25 percent) were unknown. This is again attributable to those cases which were discovered during maintenance or post/preflight inspections. 
	Figure 12 graphically depicts the phases ot flight where the ingestions occurred. The phase of flight data used to generate this graph is that which was reported by the engine manufacturers who Ultimately received it from the operator of the aircraft. It is recognized that phase Of flight definitions vary considerably in the industry, however, the data is a compilation from many operators and it is assumed normal data scatter would tend to mitigate any bias in phase of flight detinitions. 
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	As mentioned, it has been possible to validate the weight of the birds in 145 cases out of the 289 events which occurred. Twenty-eight birds were ingested in the United States while 105 birds were ingested outside the United States (foreign). It was not possible to determine the location for 12 bird ingestion cases. Figure 13 depicts the worldwide bird weight distribution. For the foreign data, there were 5 cases where the bird ingestion weight was equal to or greater than 4 pounds (64 ounces). In the Unite
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	The first year's data emphasized that in some instances it was difficult to assess the exact number ot birds ingested into an engine. To minimize this problem, a meeting ot the three engine manufacturers' representatives and FAA Technical Center personnel was held to discuss "bird printing" methodology. As a result, it is I s effort of this study, that the reporting of multiple bird ingestions per engine events will be more consistent. This infor­mation is necessary since the present engine certification cr
	anticipated, during the second year 

	ANALYSIS 
	To examine certain hypotheses, statistical and analytical examinations ot the data have been conducted. The results ot these examinations are presented in the OBSERVATIONS section ot this interim report. 
	The question has been asked Are the U.S. and foreign rates similar for both the single and multiple engine ingestions?" Table 8, which combines the data from table 1 and table 4, presents the bird ingestion rates for U.S., foreign, and worldwide areas. Figure 16 graphically illustrates the data of table 8. 
	17 
	1. 
	Figure
	5 4 3 
	Figure
	Ui' 
	z 
	0 
	i= 
	FOREIGN 
	Figure

	<
	ffi 
	C-
	o 
	CI CI CI 
	0
	.... 
	a: e 

	~ u.s. 
	~ u.s. 
	~ 
	5 
	0 

	<
	a: 95% CONFIOErJCE INTERVAL Z 
	4 

	0 i= 3 
	U') 
	W 
	":!: 
	w 
	..I 2 
	C-
	i= NOTE 
	..I 
	;:) BASED UPON 2 U.S. EVENTS 9 FOREIGN EVENTS 
	~ 

	10 -2_ 
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	A similar test was conducted for the rate of U.S. versus foreign ingestion events (table 1). The calculated u.s. validated ingestion rate is 0.87 per 10,000 opera­tions. Using the described statistical procedure, the confidence interval for the 
	U.S. ingestion rate ranges between 0.61 and 1.20 per 10,000 operations. The foreign validated ingestion rate is 2.15 ingestions per 10,000 operations. Since the foreign ingestion rate does not lie within the 9S percent confidence interval of the U.S. ingestion rate, (figure 18) the conclusion is that the U.S. and foreign rates of bird ingestions per 10,000 operations are, in f ac t, statistically different. 
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	The question of which airports, where high bypass ratio turbine engine aircraft operations are conducted, experience the greatest number of ingestions is partially answered in table 9. Figure 20 illustrates table 9 data. It is not possible to compare the absolute number of ingestion events among airports because of the diversity in the numbers of operations conducted. Therefore, a comparison of ingestion rates per 10,000 operations is given. It is apparent, however, that a calculation of the ingestion rate 
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	APPENDIX B. STATISTICAL PROCEDURE. 
	APPENDIX B. STATISTICAL PROCEDURE. 
	Let rl represent the United States (U.S.) rate of occurrence of a phenomenon and let rZ represent the foreign rate of occurrence, then the general form of the hypothesis (Ra) being explored is 
	with the alternate hypothesis (Hi) being of the form 
	A Poisson approximation to the binomial distribution is employed to examine the rates. If x is defined as the number of observed ingestions and if A is defined as the Poisson rate parameter, it is known that 2 n A has a xdistribution (Johnson, N. L., and Kotz, S., Discrete Distributions, Houghton-Mifflin Boston, 1969) with 2 x + 1 degrees of freedom--(n is~efined as the number of operations). To construct a confidence interval for the true value of A given x ingestions it is necessary to calculate the lower
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	0. is the desired probability of rejecting the hypothesis when it is, in fact, true. The term (1-0.) percent is the "confidence level" associated with not rejecting Hif it is, in fact, true. 
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