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ABSTRACT 

A computer based systcm for pedonning probabilistic 
safety assessments (PSAs) of aircraft cnslics to ground 
structures is under devclopmeni. The sysiem callcd 
ACRA (aircraft crash risk assessment) employs a G B  
(geographical information systcm) for locating, mapping, 
and characterizing grouild slructwcs; i r l d  LI mtiliiporameier 
data b a a  system that siipparls 111c ana1yIiciii PRA . 
(probabilistic fisk ilSSCSSRiCI11) iiiodcl for delcrmining 
PSAs for aircraft cr;ishcs. Tlte Salt Lake liitcmational 
Airport (SLC) is being  cmplc>yycd as the base case for 
study and application o f  ACRA and evaluiliolr of the 
projected safcty assessmcni. 

I. INTRODUCTION 

The close proximiiy of ihlrports and aircraft approach 
and departure paths has increased Ihc cxposure of Ihc 
public to health risks from thc environrncntal effects of 
noise, visual irnpairmcrir, emissions, and pcuticularfy to 
safety risks from pnnihtr airrmrt crash-. Rereally. it* 
Fcdcml Aviation Adminiriir-utioa (FAA) Jw3 rcduccd 
previcrns limits nn rakcdf iwd Iimding at many major US 
airports so traffic will iiicrcasc autl su will risks. 
Historically, the  prthbil i iy of uircrnlt cmshcv rcsulling in 
injury or hnth to persons on thc ground is lcsn than l V . 4  
Mashes per flight in ilrc US. r - l o w c ~ ,  rhe increased level 
of aircrafl operations and rclaxecl rcstriclions in aircraft 
operations in the vicinity o f  airpons may incrcase this 
risk, particdwly ai clirywm cnvimns wirh high aircraft 
tdFic ard large atrroimding populations. 

Kimura' has descrihcd flow r i d s  fluin aviation trmc 
w ground facilities Itilvc I w n  detcnnincd, quantified. 
modclcd, and assscsscd i r r  rllc pasi i1ild tiow sigiiificunt 
impmvcrnents to the% asscssmcnts havc bceri realized by 
examining actual traffic pircicnts n i  stlcctcd high aircraft 
activity airports. Rcccntly ilii impmvcd analytical model 
and computer code have bcca dcvclopd which morc 
accurately estimate crash frcquencics and ptovidc a 
maahnniom for oatimatiiig opcrn~innnl daia nccrssvy fw 
Producing accurate ~SSSCSSIIIC~I~S. l?ut ihermorc. sircraft 
operation and accidcnl d m  hiiVC bccn upd;itcd and 

:~addi(~onaI parnmeter dufn hiwc bccomc available to betlcr 
; support and validate the morlcl. 

C. Y. Kimura 
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This study describes how these enhanced models, 
increased data, and methodology improvements have been 
incorporated inlo the computer based aircraft cmsh risk 
assessment (ACRA) system currenlly under development. 
The operating airport chosen Lo test the utility o€ this risk 
asscssment system i s  the Salt Lake International Airport 
(SLC) lacatccl near Salt Lake City, Utah. The is 
idcntified hcre for convenience by the acronym, SLC 
which is lhe designation assigned to rhe Airpori by the 
Intcnlalional Air Riinswrt Associatioll (IATA). 

11. AIRCRAFT RISK MODEL 

The US Nuclear Regulatory Commission2 first 
quantified the risks that aircraft flights might pose to 
nuclear power plants located in the US. This quantitative 
risk articulation used the standard probabilistic risk 
assessment (PRA) methodology presenled in NUREG- 
0800 and dcvcloped for the WASH 1400 , melhodology 
studies. The assumplions and mhseqnent rndynis innde 
using NUREG-0800 were vcry coiiscrvalivc: and 
modificnlions for improving thc NUREG havc bcen 
~ I O ~ J S C C ~  tlt~d cvaiuatecl by t m t y  uihttm lncruatng 
IIornyik3, ~otomo114, arid SI~IJIIIS. 

Howevcr, all at the variotls (PRA) models employ thc 
common assuinptiai drat 1 1 1 ~  freqwincy that an alrbome 
aircraft will slrike a partictitar hsilding or facility is 
acceplably modcled and quantified by the following four 
measurable factors: 

number of flights or operations in h e  specific 
location of inerest 
site specific frcqucncy of an aircraft ~ccidenl  or ilie 
c x p c c t c d ~ r ; r r e  
prohnbilily Ihat Ihc aircraft will impact a prrrliculilr 
locith w h m  I building or gmiind facility is locaw 
effective impact area and coilision energy 
(pcnclwrion and damage volume) d c l i v a d  lo the 
building or facility 

Thc a n n d  frcqucluy ut aiiu;llt a:aIit!s, P. Is glven 
by the followitq integral cxfwession involving the pin1 
prohsbilby clcnsity function f(x.y) i jk 
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F annual fnquency of  ;in ilircrrtft crash islo a given 
gmund grid ccll 

N annual n u m b  d aircraft operations near or affecting 
the building or facility 

P generic probnhiMy of an aircraft crashing per 
Operation (e.g., landing, takeoff) expressed as cmles 
per distvlce flown. or hour flown, or pcr flight 

Me double integral ccprcsents the crash probability 
into a givcn ground struclurc as a function of Ihc cffecrive 
target area A, impact angle. impact velocity, and other 
crash-spdic  paramcters given the Occurrence of a crash. 
Equation (1) accounts for the observation that the crash 
location joint prob:ihility density function. f(x.y) is 
dependent on various crash kincniatics pmelcrs such as 
Crash impact angle, aircnrt s p e d ,  aircraft type, and other -- 

This model for aircraft crash frequency provides the 
mathtmatical basis for quanrifying risk using the computer 
based PSA system, ACRA (itcronym for Aircraft Crash . 
Risk Assessment) cuircicntly ui\cler dcvclnpincnc and tcsling 
for SLC. 

11. DESCRIPTION O F  S A L T  LAKE 
INTERNATIONAL ALRPORI' 

The SLC (Salt Lake loicrnaiional Airport) currently 
has four operational rrircriili runways and nurncrous major 
buildings, taxiways, fucl storage ranks, and support 
facilities Commcrciiil air IrilfIic is s m e d  by rtinways: 

16R/34L (3659 m long and 46 m wide) bcgan 
operation in laic 1995 
16W34R (2925 m lorig ;ind 46 m widc) 
17/35 (2925 m long arid 46 m wide) 
14/32 (1614 m Lorcng :u\d 46 m wide) mo~tly scmes 
gened aviation tnCfic and air taxi flights. 

The SLC also pscsscs  numerous gmund structures 
which house signific;rnt numbers of the people during 
certain portions of llic day. Other fxilitics such as 
petroleum storage arms iind areas with high densifies of 
parked auiomobiles. ti.azardous material storage areas, and 
other fealuns that pose risk to public heailh and safety m 
the event of an aircraft cnnh lo that a m  OT facility. 

Collecting and incorporating in the asscssmcnt system 
all of the Silt specific diila associated with these gmund 
fealures and in the nearby surrounding arcas is a data 
intensive task. But this is  rcquircd to pcrform accurate site 
specific risk assessments using the ACRA syslcm. The 
most efficient manncr of accomplishing this tusk of 
accumulating and manipulating tlic data effectively to 
perform risk assessnicnt is tlic construction 2nd use of 
efficient and manageahlc data bases. ACRA uses 
specialized computer snf1w;trc and an associated d a b  base 

rcferred to as a Geographical Infonnolion System or GIS to 
accomplish this task. 

This paper describes the ACRA system and the GIS 
supporting the system and how ACRA uti!& the data to 
calculate the aircraft risk to ground facilities. Much of the 
actual statistical and operational data required for modeling 
the SLC using the GIS in ACRA is  presented in 
companion papcrs by Kimwa1*6. 

111. SALT LAKE INTERNATIONAL AIRPORT 
OPERATJONAL DATA 

The SOY Lake International Airport (SLC) is a major. 
commercial airport served by a FAA staffed tower. In 
1994, 42 certified route air carriers performed 90,510 
aircraft departures with 7,828,969 enpfancd passengers and 
87,754 revenue freight tons. Delta Airlines is the 
dominant air carrier in the area with a major domestic hub 
established at SLC. Delta perfomed 56,988 departures in 
1994 carrying 5,610,399 enplaned passengers which 
rcprescnts 63% of the total aircraft departures and 72% of 
the enplaned passengers at SLC. General aviation 
operations comprised 25 percent and military aviation 
operations made up the remaining 3 percent of the tolal 
aircraft operations at SLC. 

For the p i o d  1987 to 1994, the Boeing 727,737 and 
757 constitute lhe dominant commercial aircraft typcs and 
providcs 85 percent of the total certified air carricr 
departurcs from the SLC. New long range wide body 
aircraft lypes such as the Airbus A.330 and A.340. and the 
Bocing I77 may be sfowly hlroduced at SLC if it dcvclops 
into a major international akpat. However, Los Angles, 
San Francisco, and Denver Airports also compete in this 
international air lransportation passenger market. An 
aircraft risk analysis using the certificate air carrier aircraft 
type survey bascd on the 1987 to 1994 time period us& 
hcre will probably be applicable for several y e a s  even with 
the introduction of U l e  short haul aircrafl lypcs at SLC. 

The ncxt term ncedcd in the calculation of UIC aircraft 
crash frcquency into a facility is the probahility of an 
aircraft crash occurring during takeoff or hnding operations. 
The consequences to ground siructwes for a i m f t  accidcnts 
occumng during taxing or ground pbsc operations arc nol 
consiclercd as crash candidam in chis study. A l a  accidents 
that result in oniy serious injuries or fatalilies to pasons in 
the aircraft o r  on the ground, but do no1 result in 
substanlid damage to  he airframe, an: not cansidercd as 
crash candidate for A m  6.4~ ;tssessment. 

n t e  average US crash rates for the 1978-1994 period as 
compiled by the National "ransportation Safely Board 
(EFTSB) with aircraft dcstruction or major airframe dankage 
is a follows: 

121 Airenrdus 
1.6 E-6 crasks/alrcrdft-hr 
3.9 8-3 crshcs/aimdt-mile 
22 E4 crnshcd- 

. .  



Thc crash rate for SLC h:iscd on Ihc limircd number of 
crashes which have uccurrccl near SLC is 2.866 pcr flight. 
This is slightly highcr thnn tiic iivcragc cruli  rate repncd 
in 14 CFR 121 (Titlc 14, P;irt 121 of  the US W e  of 
Fedanl Rcgulations) air ciinicrs of 2.2E-6 pcr dcparturc. It 
is assumed lhal the accidm rate given by the NTSB (i.e., 
2.2E-6 aashes pcr dcpartirrc) for all 14 CFR 121 air carrim 
can be applied lo aircraft opwiting iii thc vicinity of SLC 
and the ACRA data hsc is ;I rcasnnablc approximation o l  
thc actual crash rate at SLC. 

IV. GIS BASED ACHA RlSK ASSESSMENT 
MODEL 

The various geographic (lata buses used by ACRA are 
develovd and manipul;rrcd as dam layers lkat arc 
conformably mapped IO sccuratcly overlay lhe refcrcncc 
ground feature data layer. Tlic gronnd data Iaycrs dcfiic rlic 
basic grid cells that arc used to control and characterize the 
metric for aU other dafa bycrs. Each overlay hycr may be 
selectively viewcd ;ind pwccsscd by thc computer as 
respective aerial plan vicws over rltcsc ground laycrs. The 
complete set of the scvcral iicrinl &rla layers gcncrates ihe 
vertical volumetric air spacc ccils that conlain the airborne 
aircraft traffic movement under asscssment. 

The GIS ground data laycrs arc composed of two 
different sets of layer dm his grids devcbpcd for ACRA 
as follows: 

Par-field dsta base grid which incorporales the 
FAA flight conlrol p;ittcins within the airport control 
areas and [he: major ground fcatures within the 
metropolitan Salt Lake City area where the 
population is locatcd illat miiy be impacted by aircraft 
aashcs 
Near-field data base grid which contains the 
aircraft runway and taxiways, thc landing m d  apptoach 
pathways and ahcr irnnicdiate a i m  environs. 

The far-field grid providcs a macroscopic plan view of 
the area surrounding Uic aiqmrt and the airspace ahove this 
airport from which aircnft incjdcnis could rcamnably occur 
and result in a cnsh of rltc aircraft rcsuiting in injury and 
dcath to persons on thc ground. Typically. thc far-field grid 
data base is composed of a fcw tholmnd rectangular ground 
#rid cells (usually one quarter square kiiometcr in area). 
Thc ground leatuures (e.g.. buildings. srrwtwes. quipmcni. 
population density, elc.) arc sitmied within a ground grid 
cell to provide mean data values for risk asmsment. 
Significant chatlrctenmhlc ground fenturcs include shaping 
centers, schools. qxms iircnw iiidiistriol plants, rcsidential 
areas, fuel Storage &pols or rcfinerics, a restricted flight 
zone over Ihe Camp Williiuns (National Guard) Sitc about 

. . . .  
.?' , 

25 krn soulh of the SLC, and two small municipal airports 
war the SLC. 

For the SIX, Lhe far f d d  grid size is 22 km by 40 km 
(3520 grid cells each ll4 square km in area) and encloses 
most of thc populated areas and significant ground featurw 
in the Salt Lake mcuopoiilan area. The far-field data b e  
for SLC encoinpasses a population of abaut 1.85 million 
pcople and permits a c o m ~ M i v e  assessment of lhe risk 
to health and safcry for essentially all people living with 
rhc meiroplifan m a  surrounding the SLC. The mean 
pguiation in the far field area is 2102 people per square 
km wilh a standard deviation of 1740 peoplc p squan krn. 
A simple scan and assessment of the maximum 
consequences fmm a single large commercial aircraft crash 
to a vital ground SlNcture in the far-field grid could produce 
about a thousand injuria arid fatalities. 

The near-field grid utilized by ACRA for SLC 
addresses aircraft incidents in final landing and takeoff 
operations in the SLC airport-terminal area which result in 
aircraft c r i c s  posing risk of injury and dcarh to persons in 
tIH: immcdiace environs of thc airpon. For ihe SLC thcrc 
iuc 1800 near-ficld grids ha1 overlay the 4 major runways. 
Thc basic ground grid cell is a square 100 meters on edge 
which permits detailed consequence analysis and risk 
assessment for each major ground fealurc al SLC. 
Complete covcnge of these major features is provided by a 
matrix of 60 by 30 grid cells &e., a total aeriaI covemge of 
6 km by 3 km) oird encloscs both airport terminals, parking 
lots and garages. postal delivery and shipping terminals. 
fucl storage, and other associated airport activities and 
fiuilitics. 

ACRA performs a risk assessment to the grwd base 
population by selecting sequentially cach of the vertical 
grid volumes within the near or far-field mapping. In lhis 
air space volume the probabilities of the presence of a 
particular type o€ aircraft, its direction and spced (ie., 
velocity vector) arc determined for the standard flight path 
as prescribed by FAA for the given aircrtft type (B-727, 
737.757). Thc data bases influencing the probability of M 
incident leading to the crash of the aianfl to lhe around nn 
then interrogated (e.g., probability of anolhcr aimaft within 
a collision path, mechanical failure, flight crew errors. 
weather conditions such as icing or wind shear, etc.) and thc 
probability of the aircraft crashing to thg ground over the 
approprhtc distribution of the ground cells is determined. 
This process is rcpcated for cach verlical grid volume and 
the total risk to pcrsbns at cach ground celb iS summed to 
provided 05 the total annual risk €or that givcn.lype of 
aircraft. When all vedcal cells arc evaluated thc total risk 
is summed for each ground cell. and displayed. The total 
distribution of risk to the public is displayed on the 
geographical ground map of ACRA. Color variations in 
the computer display (intense red to white) pcnnit an 
immcdiatc risk assessment survey €or various kwls of risk. 
Actual numerical risk data is also rvaiiable for printout 
from the data base for any specifkd grid I d o n .  
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v. CONCtUSlON 

The ACRA systcm7, ii computcr based system for 
performing pmbabiiislic safcty asscssmenrs (PSAs) of 
ahxaft crashes to ground strrtcturcs, is being lest& and 
evaluated using the Saft Lkc international Airpart (SLC) * 
as a base case. Use of n GIs9 data base and data 
Mnagcmcnt syslem have provcn to be invaluable in 
i-hg the many expilded features provided by the 
model. Bath the near and far-field grids permit the detaikd 
analysis of the ground struclure location. characteristics, 
associated flight paths. schedules and risk pcrsed to ground 
structures within both grids. This comprehensive risk 
asseisment may serve as a basis for review of current 
landing and takcoff patterns for the SLC. 
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