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4. MILITARY AVIATION

4.1  INTRODUCTION

For the ACRAM Standard [Ref. 4.1}, military eviation s defined as the broad categorization of aviation
activities performed by military personne! In fulfiliment of thelr officia! duties. Such ectivities inckude
passenger and cargo transport, in-flight retueling, flight training, etc. Activities associated with military
operations areas (MOA) and training ranges, such as alr combat training, low level navigation, personnel
&nd stores drops, are not included. However, cruise phase of flight between &n originating airfield and the
MOAs, as well as training-associated with takeoff and landing &t &n girfield, including touch and go's;
simulated emergency kandings, .g., no flap, fiameout; &nd missed approach/go-arounds, &re included.

To quantify the risk of & military aircraft crashing into 8 faciky R Is necessary to estimate the number of
milkiary fights in the vicinity of the tacility, the frequency of mifitary slrcraft crashes and the probability that
the alrcraft crashes inlo the tacility. The tatter requires knowledge bout the location of alrcraft crashes,

n an incident leeding to & crash, as well as some crash kinematics, €.9., glide or impact angle,
heading angle, and skid distance. ‘ .

To estimate mifitary eircraft crash frequencies, relevart crash and fight information was solicted from the
U.S. Alr Force, Army end Navy sefety agencies. Useable information for fixed wing and rotary wing
(helicopter) aircratt were received from the Alr Force. The Ammy provided data on Army helicopters. Data
recelved from the Navy was judged to be of imlied value for this:application, and s not Included In the
estimates presented here. Analysis ot svallable crash data and the resulting estimates of milkary aircraft
crash frequencies ere presented in Section 4.2, .

Crash kinematic and crash location data were derived by feviewing Alr Force aircraft mishap reports from
1676 to 1893. A database of aircraft crash data was developed as par of the DNA supporied W76/WB7
Minuteman Il Weapon System Safety Assessment (WSSA) [Ref. 4.2]). That formed the basis for

" developing crash kinematics and crash location probabilily distributions. Data analysis and distributions

are summarized in Section 4.3,

Section 4.4 includes & summary of some of the eppropriate characteristics of military eircraft which are
necessary for the structural analyses.
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4.2 MILITARY AVIATION CRASH FREQUENCIES C

Development of estimates of aircratt crash frequencies Is based on an analysis of sircratt crash and flight -
dets supplied by Alr Force and Army satety agencies [Re!. 4.3-4.6) end the database of Air Force
mishaps developed for the DNA supporied Minuteman il WSSA [Re. 4.2].

For the ACRAM Standard, the fight phases of interest for mikiary aviation are
Tekeofis &1.airfields in the vicintty of the taclity of interest
Landings at airfields in the vicinlty of the faclity of interest
Overtlights, during the crulse phase of fight, Inthe vicinlty of the taciiity of Interest

Analysis of the mltary crash data required the identification of the phase of flight In which the crash
occurred as well as screening of crashes to delete those not applicable to crashes into gtructures, €.9.,
crashes involving taxiing and/or parked gircraft. This required & review of the individuat accident
reporis/summaries 10 assign each accident 1o the proper phase and, occasionally, involved judgments in
the applicabliity of an sccident. Thus, there Is some uncentainty in the estimates of crash frequencies in
gddtion to inherent "statistical” variation due to the imhked amount of historical data. Although recognized,
this uncertainty ks nelther quani¥ied nor included In the provided estimates of crash frequencies. Rather,
the estimates provided are considered plausible point estimates of the appropriate frequencies.

Two analyses were considered In developing estimates for crash frequencies. Ons enalysis Is basedon a
seview of the brief summaries of mishaps as provided by the Alr Force/Army safety sgencles. This
approach is discussed and the resutting estimates of crash frequencies are presented In Section 4.2.2.
The second analysis is based on the Alr Force mishap database developed for the Minuteman Ill WSSA.
This analysis and the resulting estimates are discussed in Eection 423,

This Standard Is expected o be applicable to facHiies off an sifiekd and not In the immediate vicinky of &
rurnway. Therefore, military takeoft &nd landing crashes were identified as “on runway” (i.e.. crashes in
which the inltial impact occurred on the runway and the roliing/skicding gircratt departed the runway or
remained on the runway) or "off unway” (i.e., the initial impact occuned off the runway). Although the oft
" runway crashes include some that occurred on an girfisld, the off runway crash frequency estimated from
the historical data Is conskdered a reasonable conservative estimate applicable for this Standard.

For mititary aviation the cnsise phase of fiight Involved & number of differert types of operations in addition
10 *normar” flight from one base 1o another. A signiiicant part of the cruise portion of flight, particularly for
milkary atieck, fighter and trainer gircratt, involved maneuvers. Since this type of activity is not expected
1o affect facilities covered by this Standard, accidents occuring during maneuvers, & shows, &nd other
special operations were not included in developing the estimated Intlight crash frequencies. Deleting
those accidents from consideration required that the mileage fiown, which Is the denominator of crash
frequencies, be adjusted. Since the evailable miary fiight information Is in flight hours, considerable

t was involved In developing estimates of the number of miles flown during *normar” flight. Again,
this needs o be recognized In using the provided estimates of crash frequencles.

Ideally, estimates of crash frequencles can be developed for each type of military gircraft. This was the
goal in the second enalysis (Section 4.2.3). Due to imfled data end the reasonable expectation that actual
trequencies are comparable for some subsets of sircraft, estimated crash frequencies are provided per
a%maﬁtypeo:grwpultypes.m philosophy of this Standard s to use three subcategories of military
alrcraft: ' . _

Y 4

Large elrcratt: bormber and cargo sircratt such es the B-1, B-2, 862, C5, C-9, KC-10,C-21,C- -
180, KC-135 and C-141 . ~ | : B

Small elrerafi: etiack, fighter end trainer alreraft such as the A7, A-10, A-S7, F-4, F-5, F-15, F-16,
F-106, F-111, F-117, 7-88, 7-37, 788, T-89 and T-41

Helicopters: H-1, H-3, H-63 and H-60 _ , -
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Estimates of crash frequencies gre provided for each subcategofy as well &s for &l miltary aircrafi. These
combined estimates are based on & weighted sverage of the individual frequencies, weighted by the
respeciive normalized number of takeofisNandings &nd nurmber of miles flown during “nomnat” flight.
Application of the combined frequencies s appropriste onty when (1) the distribution, among the ditierent
types cf gircratt {e.g., T-38, F-16, B-52, ..}, o the nurmber of takeotis/landings &t the airfield ot interest
and (2) the distribution, among sircraft types, of the enroute overtlights in the vicinlty of the facility of
interest are comparable to the distributions In the historical data. i operations &t & given location are
much different than the overall distribution In the historical data, shemative estimates of crash
frequencies, based on the appropriate mix of sircratt at the location, shouid be considered.
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421 ESTIMATES OF CRASH FREQUENCIES BASED ON AN ANALYSIS OF IMPACT ACCIDENTS

Air Force mishap data soficited from the Alr Force Satety Agency [Ref. 4.8-4.5) provides one bass for ' X
estimating crash frequencies for miitary aviation. Alr Force classification of mishaps Is based on the
economic costs of damage 10 the shrerafl end personne! costs and are detined as follows:

Flight Mishap - A mishap involving an Alr Force gircraft when intent for flight exists.

Class A- A mishap in which the resulting total cost of property damage, injury and #ness ks
$1,000,000 or greater; or an Alr Force sircraft ks destroyed; or & fatalily occurs.

Class B - A mishap in which the resutting total cost of propsrty damage, injury and liness is
$200,000 or more, but less than $1,000,000. i '

ClassC-  Amishap in which the resulling total cost of property damage ts §10,000 or more,
but less than $200,000 or injury or occupational Biness resutted in & lost workday
case involving days away from work.

Destroyed-  Destroyed means uneconomica! o fepair, defined by the number of man-hours
estimated as needed 1o repair the gircraft. Repalr time varies depending on the

type of alrcratt. -

Mishap Rates - Rates &re computed on basis of the number of mishaps per 100,000 flying hours.

Flight Related - When there Is & mishap with little or no damape to the alrcraft, the incident does
nol affect the mishap rate. : .

-

-One set of data provided by the AFSA is based on the lietime mishap history, up 1o the early 1884 time -
frame, of & large number of Alr Force efrcraft. A total of §171 Class A, 2450 Class B, and 3598 Destroyed
mishaps are included in this data set. A summary of these mishaps, by sircraft type, is given in Teble 4.1.
Related flight intormation included In the table is the total flight hours for each type of aircrafl. Also
included in the table are estimates of mishap rates, given as rates per 100,000 flight hours.

The various gircrefi types were grouped by the three subcategories of military aviation, small aircraft,

tarpe aircrafl, and helicopler.The mishap data for the three subcategories are summarized in Tables 4.2

10 4.4. Agzin, estimates of mishap rates &re per 100,000 fiight hours. Since T-33 gircraft have been out of

:,he Alr Fonlale inventory for some time, mishap rates for small gircraft are estimated excluding the T-33
ata as well.

The mishaps recorded in Tables 4.1 10 4.4 include a large number of mishaps not applicable to crashes
into off airtield facifities, e.g., nonimpact mishaps, on airfiekd crashes, elc. Therefore, the mishap rates
provided in these tables may be over estimates of crash rates into off airfleld structures. In addition,
takeof! and landing incidents ere fikely 10 be significant contributors to crashes into structures; thus, R is
appropriate 10 develop crash rates per takeoff and kanding. To do this It ie necessary o have &8 more

detalled description of the mishap. -

A second set of data provided by the AFSA included summary information for mishaps in the 1678-1833

time period. Useable information was derived from 142€ mishaps. To develop crash frequency estimates,

the 1426 mishaps were classified elther &s Impact or non-impact mishaps. Impact mishaps included

accidents involving ground, runway, waler, midalr, terrain, vehicle, and bullding impact. Non-impact

mishaps inchuded incidents Involving foreign objects, birds, ete., and parked aircraft fires and other such

incidents. Non-mpact mishaps are considered not applicable. There were 1092 impact mishaps. Those -
mishaps included all classes of damage fo the crashing aircrafl. The mishaps were panitioned by alrcraft :
*skze" (large, small and helicopter) end by flight phase {takeoff, tanding and inflight). Tekeoff end landing

were further partitioned into "on runway” and “ofi runway” mishaps. in-flight mishaps were partitioned tnto . )
*normal” and “special”, .., low atRude and mansuvering operation mishaps. A graphical description of )
the classiication of the mishaps Is shown in Figure 4.1. For this analysis, takeoff includes takeoff rofl, -
abort/discontinue, end inttlal climb portions ©f & flight; landing includes the pattern, final approach, flare
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and roliout portions; normal in-flight includes climb to cruise, cruise between an originating girfield and an
operations &rea, ¥ applicable, and cruise descent portions; and special in-fiight includes low leve! and
maneuvering operations in restricted eirspace. ’

The number of impacting mishaps for each subcategory of aircratt and flight phase, approprite fiight
information &nd the resulting estimates of crash frequencies are summarized in Table 4.5.

Crash frequencies for t1akeoffs nd landings &re per takeofifanding. Crash frequencies for “normarl”
intiight operation, are “per mile.” The estimated mileage derived to estimate inflight 1ates is based on &an
snalysis of the expected number of miles flown during *normal fiight. This analysis etternpted to account
for the time in the takeol and tanding phases of flight &s well &s the time in maneuvers and other special
operations. This required 8 considerable smount of judgment by the analyst.

For some facilities, particularly hardened structures, a more appropriate estimate of a crash frequency
may be one based on only considering impact mishaps in which the crashing aircraft was destroyed. Ot
the 1083 impact mishaps, & crashing gircratt was classlied &s *destroyed” in 818 mishaps. These kmpact
destroyed mishaps were partitioned inthe same way 85 impact mishaps &s shown in Figure 41.A

summary of this data and the resulling estimates of crash frequencies are given in Table 4.6.

Basic mishap data, fight Information and parthioning of mishaps -by gircratt subcategory and flight phase
were developed by T. Lin &t Sandia National Laboratory [Ret. 4.6). Development of estimated miles flown
during *norrnal” inflight cperations is based on an enalysis of aircratt operations by Logicon RDA [Ref.

4.7
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422 ESTIMATES OF CRASH FREQUENCIES BASED ON AN ANALYSIS OF THE MISHAP
DATABASE DEVELOFPED FOR THE MINUTEMAN IIl WSSA

Ancther source of mishap information Is the mishap database developed for the DNA-supponted
Minteman Il WSSA [Ref. 4.2]. This database was developed from data exiracted from individual mishap
reports, also evailable from the AFEA. its primary use was &s & resource for crash location and crash
kinematic information, bunt | is &1so useful &s & basks for estimating crash frequencies. Development of
crash frequency estimates using this database is based on identitying mishaps knvolving & “crash”™ which
Is defined as "An gircratt mishap associzted with fight that prevents the glrcratt from coming 1o & full stop
tanding on s peer.” In addition, for this analysis, fight phases are defined as: '

Tekeof!: The phase of flight from the epplication of takecH power on the nunway 10 the point
where the aircrafi altitude ks not &ffected by s proximity from the departure runway.

Landing: The phase of fiight from the point where the gircratt ghitude ks atiected by its proximlty
from the approach runway to s departure from the runway under & controlied taxL

In-flight: The phase of flight where the aircraft aftitude s not efiectsd by its proximity to the
runway.

A summary of the crash data, estimated crash frequencles gnd applicable flight information for individual

sircratt types and groups of gircratt types, as well as for the three subcategories of aircraft, is presented in -

Tebles 4.7 and 4.8. .
The besic crash datzs and ﬂighx information were developed by M. Fuentes at Sendia National

Laboretories [Ref. 4.6]. The estimated miles used for estimating crash frequencies during the inflight
phase of light is based on analysis of military sitcraft operations by Logicon RDA.

4. MILITARY AVIATION ' 4-6 w3106

L2



ﬁﬁﬁﬁﬁ

%gszggfgsgaﬁotgviigﬁo

syejqal

so3ece [W8  Josediss [ eo-3s2 Jevl  joie3c Jooo'ede’ 28 Jooo'sives
80-389'6 |8 Lov3oTe | LO-ES0T [ib Zo+a0cs  Jood'erv's  1000'620'% e )
ey TS Torgert [ o0 aves 001 [60r3c50  JoIuEcee |000carve |G v SWIBG IV __
coazlt or l60raivz  [o0ased (o [eo*362¢  fooawad el |0000I90l SLEV
(603091 [ 30'30cy 6036l [¢ | [0°3066  JooveZZ [0004vE ) sLwqo| T
B03c0) |8 lcovaort Jeoazie (1 e0+30et G090 [00060r's | Gel -opesedng (s1) ssoupiy
TS0SIv T |IT (903087 J60aids v [80°300 ZITS  [000VSE Y g B
603258 |90 |oovazbe [eoaive |cob  [eotaecy 61 [0002erel 2w Y
03t [eL 80*300Y | BOr3L9C |2V Bov505 Y |o006L0¢  [0000Cs') 8 '8y W0
o306 [ssz  lcorseaz [ 50500 |67 [0°TLT |00 Baer_[0002oc e | KT uewg
G03el6 [or _ [wormory | so3ere [ sov30L¢  Joco'srd’s  [000'659 had g ewead)
Goasre |09 |e0°3014 - J 6orasce v 80vI00'9 VR [000 T wia]  omen|(ed) senf
P O GO T T o I EEN [oo0ess’s vd
G0-a608 |2v [00°3098 | so-3vi'e [ul 5073018 |00CI6E  [0000rL's Y] (sv) wouuy
yreTe R T TR E S R T eorebas W] | Bl |
Z03zvs [vob . [s0*30c6 | w-3saC (o6 9id|. - efag
Z0-aso't [cr  |e0v309¢ § @036i¢C [6 g ]
SO aere [ob Joorascs | 6ra0st Job |oovascs _ Jooa'iesce |0006sed 0 sa) oiewtav|
603052 |28 |ootSsLy | 603s9t 8 GOvaaLY |00 WEOZ [0009r89 e v
60-398C |1 go*305c | 60398 |4 S0v305'E  [ooo'ses s - |ooo's2s T SQ WG
[01-309°S |4 FETTI IR %0 o o) - (s0) olusg}
0306 [0 50301t § 053606 [ ; Y . SSION| efin
€0a09 (08 |6030s) | 60-aze¢ |v . GE10
w30t |9 203008 | 603007 (2 ; = 454 260 18 Gg) Wequog

N SeiD  Seu T T T ) WWH | MOS0 :
SO jo'oN  paswysd fasuysuo jocoN  Peswesd | WAl soquny

Bpedg Wb (vuion




WLEAR RZGULATOMY COMMESIUN

oeret Ho. | eraE N SIATE S/
in the motiar of PES

Stafi [DENTIFED

Applicant RECCVED -

Intervancs — REJECTED

Other ___ WITHDRAWN

DATE ‘f,/ ¢ ‘l—,/ 0 1— _ Witness -

Clers ]

_.._._._——__—————-_.__--—.___.__,_-_...._‘—-—



