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Mr. Ralph Stein, Associate Director

Office of Systems Integration and Regulations
Office of Civilian Radioactive Waste Management
U. S. Department of Energy, RW-24

Washington, D. C. 20545

Dear Mr. Stein:

SUBJECT: MINUTES FROM FEBRUARY 8, 1989 MEETING ON OVERFLIGHTS OF THE
HIGH-LEVEL NUCLEAR WASTE REPOSITORY

Enclosed is a copy of the minutes from the February 8, 1989 meeting among the
U. S. Nuclear Regulatory Commission (NRC) staff and representatives from the

U. S. Department of Energy (DOE), the U. S. Air Force, the State of Nevada,

and Nye County, Nevada. The minutes were jointly prepared by the NRC staff and
representatives from DOE. As can be seen from the minutes, the meeting was
informational, and discussions centered on the NRC staff's concerns about
overflights of the Yucca Mountain, Nevada, high-level nuclear waste repository.

If you have any questions, please feel free to contact Mr. Joseph Holonich of
my staff at FTS 492-3403 or (301) 492-3403.

Sincerely,

ORIGINAL SIGNED BY

John J. Linehan, Director

Repository Licensing and Quality
Assurance Project Directorate

Division of High-Level Waste Management
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Bechtel, Clark County, NV
Gertz, DOE/Nevada
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4 ENCLOSURE

SUMMARY OF NRC-DOE-AIR FORCE MEETING
ON OVERFLIGHTS OF YUCCA MOUNTAIN

Summary:

On February 8, 1989, members of the U. S. Nuclear Regulatory Commission (NRC)
staff met with representatives from the U. S. Department of Energy (DOE), the
U. S. Air Force (USAF), the State of Nevada, and Nye County, Nevada. The
purpose of the meeting was to provide background information on NRC concerns
about overflights of NRC-licensed facilities. Attachment 1 is a Tist of
attendees. The Yucca Mountain candidate repository site is near a flight path
used by planes from the neighboring Nellis Air Force Base (NAFB). The flight
path is an access route for planes flying to the NAFB range north of the

site. DOE currently restricts Air Force overflights of the Nevada Test Site
abutting the Yucca Mountain site.

At the outset of the meeting, both DOE and USAF officials spoke of the good
vorking relationship they had developed with each other. They expressed
confidence in their ability to work out a mutually satisfactory arrangement to -
permit easier USAF access to the NAFB range without jeopardizing the safety of
repository operations. DOE's Yucca Mountain Project Office (YMP) said that

the Project has worked out an agreement with NAFB on overflights during site
characterization. The USAF has agreed to stay at least 500 feet above Yucca
Mountain during the overall site characterization program, and at least 1500
feet above the site during the time that construction crews are on location. In
addition, the USAF had initially had major concerns about overflight
restrictions but has developed a good cooperative relationship with DOE over

the site. The USAF went onto say that it could develop a system for assuring
continued access t? the NAFB range.

The NRC staff made it clear at the meeting that it has not developed a

position on what regulatory controls are needed for overflights of a repository
during licensed operations. The only existing staff positions apply to the
review of nuclear power plant license applications. The staff positions are

to assure that the risks due to aircraft hazards are sufficiently low, and, if
they are not, evaluate the applicant's plant design to assure that it is
protected against the potential effects of aircraft impacts and fires. The

NRC staff distributed copies of the section of the NRC Standard Review Plan
(NUREG-0800) criteria concerning the applicant's assessment of aircraft hazards
and two other guidance documents referenced in that publication. NRC staff
also agreed to provide a 1ist of reference documents on aircraft hazard
assessment methods and copies of the shorter documents.
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A copy of the reference list is contained in Attachment 2 and copies of the
documents are contained in Attachment 3.

The NRC staff explained its criteria for the analysis of aircraft hazards for
the licensing of reactors. This included a general explanation of the

background of the 10 7 per year probability criterion for aircraft accidents
resulting in radiological consequences greater than the 25 rem individual dose
1imit in 10 CFR Part 100, Appendix A. The NRC staff covered the regulatory
background for the minimum distance~from-plant and maximum
frequency-of-flight-operations requirements under which the probability of

aircraft accident consequences could be assumed to be less than 10 7 per
year by inspection. In addition, a description of some of the design basis
considerations that shaped the development of the guidance, and how the staff
applied the guidance in several reactor licensing cases was given.

In a preliminary discussion, the staff noted that the design basis
requirements in the guidance for reactor licensing may be conservative for a
repository. It was suggested by the NRC staff that in developing aircraft
hazard assessment methods for a repository, DOE might want to consider, among
other things, the potential consequences of an airplane crash on the site.
The consequences would depend on such factors as, for example, how much waste
inventory would be on the surface of the site, and the area that would have
to be decontaminated if the maximum credible amount of this inventory were
released. The NRC staff also suggested that DOE might want to take into
account the nature of the engineered structures at the site surface,
particularly with respect to their resistance to impacts and susceptibility
to fire hazards.

DOE noted that it is currently planning lag storage for 750 to 3,000 metric
tonnes of heavy metal equivalent at the site, but has not decided on the
design of the cask for this storage.

The State of Nevada representative noted that in reviewing an application at
Yucca Mountain, NRC would probably also have to consider the effect of an
aircraft accident on the underground facility through the potential impact of
a crash at a ramp or ventilation shaft. The NRC staff agreed that this was a
valid point. :

In a discussion of the relationship of the current and proposed flight
corridors to the NAFB range and the Yucca Mountain site, the USAF said that
the closest tactical approach comes about three miles from the site, but
there are probably unintentional overflights several times a week. The USAF
also stated that there is some low-altitude manuevering, and live

ordinance is carried in the vicinity. However, it did state that the current
overflight restrictions for the Yucca Mountain site characterization program



are not a problem. The principal USAF concern is that the requirement to
avoid the Nevada Test Site forces planes returning from the NAFB range to
fly a longer distance when they are low on fuel. The USAF has prepared an
environmental assessment for a new route for night operations planned to
begin this fall and continue until the repository becomes operational.
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October 26, 1973
THREE MILE ISLAND NUCLEAR STATION - DOCKET NO. 50-289
SUPPLEMENTAL TESTIMONY ON AIRCRAFT HAZARD
BY
ROBERT M. BERNERO

Contention #2

The facility should be so constructed, prior to operation, so as

to withstand a direct impact from a 707 Jet airplane crash or

from the crash of a super jet. It is contended that the probability
of a 707 or super jet crashing into the facility is significantly
high enough to warrant such protection. It is further conténded
that i1f the facility is not desiéned to withstand the impact

from the aforesaid aircraft, adequate monitoring systems must

be provided and adequate arrangements with nearby airports

must be made in order to avoid flight patterns of said aircraft

near or over the facility.

INTRODUCTION

The evaluation of the potential interaction between the Three
Mile Island Nuclear Station and aircraft using the Harrisburg
International Airport was performed by the Regulatory staff as
part of the construction permit consideration.' As a consequence
of that evaluation Three Mile Island Unit 1, was constructed
with special design features to protect vitayjareas of the

plant from impact énd fire effects of the crash of most of the

afrcraft using the airport, that i{s, aircraft weighing no more
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than 200,000 1bs. Consequently, the risk analysis discussed
later in this testimony is concerned only with heaVy aircraft,
those weighing more than 200,000 1bs. During the Regulatory
staff review of Three Mile Island Unit 1, for the operating
license, the aircraft hazard evaluation was reviewed to ensure
its adequacy. 1 participated in that review of the aircraft
hazard evaluation. A summary of the evaluation was presented
in Section 3.6 of the staff Safety Evaluation Report on

Three Mile Island Unit 1, dated July 11, 1973. This testimony
is intended to define that evaluation in greater detafl with

particular address of the concerns identified in the intervenors'

Contention 2.

HARRISBURG INTERNATIONAL AIRPORT

The Harrisburg International Airport is located alongside
the Susquehanna River on the East bank with the long, single
runway parallel to the river. The river takes a bend to the
right before reaching Three Mile Island. Consequéntl&, the
Three Mile 1sland nuclear plants 1ie about 2.5 miles along and

about 1.5 miles to the right side of the extended centerline of

the runway.

Harrisburg International Airport handles scheduled and

nonscheduled passenger and cargo f1ights, general aviation, and
some military cargo traffic. Originally designed as an Air

Force base, Harrisburg International Airport is capable of handling

flights by the largest ajrcraft in use today. The October 15, 1973



edition of the Official Airline Guide (pub]ished by Reuben H.
Donnelly) shows scheduled passenger flights mostly by twin-engined
aircraft, including the propellor-driven Beechcraft and Convair
models and the jet-engined McDonnell Douglas DC-8 and Boeing 737.
A number of the three-engined Boeing 727 jet aircraft also make
schedu1ed‘f1ights to Harrisburg International Airport as well as |,
one four-engined aircraft, TWA Flight 16 (a Boeing 707), which

uses the airport daily. Table I shows the weights of some of

the aircraft which use the Harrisburg International Airport now.

I also consulted with thg Facility Manager at Harrisburg International
Airport to determine how much othef traffic, of large aircraft,
currently uses the airport. The number of cargo and charter
flights of size comparable to or greater than the Boeing 707
averages about three or four movements (takeoff or landing) per
day. The aircraft involved are Boeing 707's, McDonnell Dou§1as
DC-8's, and a few Convair 880's; these are all approximately
300,000 1b. aircraft. In addition, one charter operator is
expected to bring a2 Boeing 747 into the airport.oécasional1y.

and the U.S. Air Force sometimes lands a Lockheed C-5A.

Considering all of these large aircraft movements, it was estimated
that theré are now about 2000 movements per year (546 movements

per day) at Harrisburg International Airport of aircraft

weighing more than 200,000 1bs. These constitute about 2 or 3
percent of the total traffic.



TABLE I
TYPICAL AIRCRAFT WEIGHTS

Aijrcraft Type No. and T&pe of Engines
Beechcraft King Air 2 Prop.
Gates Learjet 2 Jet
Lockheed Jetstar 2 Jet
Convair -600 2 Prop.
Grumman Gulfstream | 2 Jet
McDonnell Douglas DC-9 2 Jet
Boeing 737 2 Jet
Lockheed Electra 4 Prop.
Boeing 727 3 Jet
Boeing 720 4 Jet
Boeing 707 ' 4 Jet
McDonnell Douglas DC-8 A 4 Jet
Boeing 747%% 4 Jet
Lockheed C-5A** 4 Jet

*Approximate mean of loaded takeoff and landing weights. -
**(Occasional use expected (see text)

Weight (1bs)*

10,000
12,000
40,000
50,000
55,000
100,000
100,000
120,000
150,000
200,000
300,000
300,000
700,000
700,000
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AIRCRAFT HAZARD ANALYSIS -

The aircraft hazard analysis of & nuclear power plant such as Three Mile
Island Unit 1, is concerned with the possibility that an aircraft might
strike the plant and, either by direct impact effects or by attendant
fire, cause a release of radioactivity to the environment in excess of
the design basis. Therefore, the vulnerable areas of the plant which
merit concern are the reactor coolant pressure boundary, the spent fuel
in storage, and those plant systems which are needed for safe shutdown
of the plant. These vital portions of the plant are ordinarily enclosed
by some protecting structure such as the reactor containment building
which surrounds the reactor coolant system. It is possible that a
crashing aircraft might breach one of these enclosures withodt causing
the significant release of radioactivity with which we are concerned.
However, because of the difficulties in properly analyzing the course and
consequences of such an event, it is customary to make the conservative

assumption that any breach of the enclosing structure is potentially
damaging. |

protective capabilities of the structdres which enclose the vital areas

of the plant and then an assessment of the Yikelihood of a crash on these
structures by an aircraft which exceeds those capabilities. The Regulatory
staff agreed in the construction permit review that it was acceptable to
design the plant so that vital areas are protected by structures capable

of withstanding impact at the worst angle of incidence on the weakest point
by an aircraft weighing 200,000 1bs. and travelling at 200 knots. It is



probable that the structures can withstand the 1mpéct of much larger
aircraft without penetration if they strike at an angle to the_surface

of the structure or at some point other than the weakest. Special fire
protection systemé were also required to cope with the large qhantities
of fuel which might be spilled and ignited. The_200-knot‘imp§ct velocity
was selected as & reasonable upper limit for aircraft involved in takeoff or
landing accidents. The 200,000 1bs. weight is characteristic of 2 Boeing
720, a four-engined jet, and this size limit was ekpectéd to include

most of the aircraft which use the Harrisburg International Airport. The
details of the struciural analysis and the fire protection system§ are
presented in the Final Safety Analysis Report by the applicant and the
Safety Evaluation Report by the Regulatory staff; they will not be

addressed here.

Accepting the 200,000 1b. capability of the key structures, the risk or
probability of impact by a larger aircraft was calculated by using the
equation:
P=DxAxHM

where: P is the probébility - -

D is the distribution function

A is the target area

M {s the number of movements

Or, in words, the.probability {s the product of the 1ikelihood of an

| aircraft crashing in an area near an airport runway, the size of the

vulnerable area, and the number of movements by aircraft of significant



size.

The distribution function was claculated on the basis of ten years'
accident statistics drawn from data provided by the National Transportation
Safety Board of the U.S. Department of Transportation. The data for air
carrier crashes during the period 1956 to 1965 were~used and a distribution
of crash probability as a function of distance from the end of the runway
was caléu1ated. The crash distribution is 1isted 1ﬁ‘Tab1e Il and, as
indicated, is Based on fatal crashes which occurred on takeoff or landing
within a 60° arc of the projected path of the runway. Attention was
confined to those crashes which caused fatalities because it was believed
that these included all the crashes where the lack of aircraft control

or ignorance of position and heading were sufficient to make

collision with a large power plant a possibility. As previously

noted, the Three Mile Island Nuclear Station is about 2.5 miles

beyond the end of the runway and about 1.5 miles to one side,

putting it just at the side of a 60° arc. Going to Table II we therefore
jdentified 0.96 x 'Io'8 per square mile per aircraft movement as the crash
distribution function appropriate to the Three Mile Island calculation. It
should be pointed out that the use of 1956-1965 data is also somewhat
conservative since, with improvements in equipment and control procedures,

successive years have shown lower accident rates.

The target area of the Three Mile Island Nuclear Station for this
calculation was taken as 0.01 square miles per nuclear unit or 0.02 square

miles for the station. This value for the target area was established



TABLE 11
CRASH DISTRIBUTION

DISTANCE FROM END ~ PROBABILITY (x 108) OF A FATAL CRASH
OF RUNWAY PER SQUARE MILE PER AIRCRAFT MOVEMENT
U.S. AIR CARRIER

0-1 Mile 16.7

1-2 Mile 4.0

2-3 Mile 0.96

3-4 Mile 0.68

4-5 Mile 0.27

5-6 Mile 0.0V

6-7 Mile 0.0

7-8 Mile 0.0

8-9 Mile 0.14

9-10 Mile 0.12

1/No crashes occurred at these distances within a 60° f1ight path.



by a conservative evaluation of the area exposed to impact when considering
conservative angles of incidence on a typical nuclear power plant. It
includes allowance for aircréft which might strike thergpound adjacent to

2 vital structure and skid into it. A sense of the conservatism of this
target area may be obtained by comparing it, 0.071 square miles or 280,000
square feet, to a simple projected area for the largest single vital
structure of the Three Mile Island plant, the reactor building, which stands
about 160 feet above grade with a 140 foot diameter and presents a side

view area of about 22,000 square feet. It should al1so be noted that using -
this large target area is additionally conservative because the impact
rating of the structure was based on the 200, 000 1b. aircraft striking

the structure at the weakest point as well as at the worst angie. Takingnr
into account impacts at stronger points on the structures or at different

angles would give either a higher structural rating or a sma11er target

area for use in the calculation.

The number of aircraft movements used in the calculation was 2400 per year.
This was originally established by estimating a total of 80,000 movements
per year by all afircraft and postulating that 3% of that traffic would be
aircraft weighing more than 200,000 1bs. Compared to the current level of
heavy aircraft traffic, about 2000 movements per year, the value used in

the calculation is about 20% conservative. There is further conservatism

of a factor of About two since, depending on the wind direction, only about
half of the takeoffs and landings on the runway would have 2 route in

the direction of the facility. An additional conservatism is 1nvolved in

that the calculation assumes that a1l these movements pass over the power
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plant, no discount of either the number of movements or the crash distri-
bution is made to reflect the fact that the plant is far to one side of

the runway path, over which aircraft would nbt be likely to travel.

Combining all the preceding terms, the probability of a potentially

damaging crash was calculated:

P=DxAxM
= 0.96 x 10'8/movement/mi2/yr x 0.02 mil x 2400 movements
=5 x 10"/ per year {considering both plants)
CONCLUSIONS

Probabilities calculated in this manner are not intended to be precfse
values of probability with high confidence levels. Rather, they are
intended to be upper bound estimates of the probability of an event
which can be used to assess how seriously that event may affect the
health and safety of the public. A probability less than 10'6 per year
calculated by this conservative model, is considered acceptably low for
2 potentially damaging aircraft crash. Therefore, I consider the
probability of S'x 10’7 per year for a potentially damaging atrcraft
strike calculated for the Three Mile Island Nuclear Station acceptably
low. I must emphasis that such a probability is not the probability

. of a major radiological accident but is rather only the probability of
a potentialiy damaging aircraft strike. Having concluded that the

calculated probability of 5 x 10'7 per year is acceptably low, I have

further concluded that no arrangements were necessary to avoid flight
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patterns of heavy aircraft near or over the Three Mile Island plants.

No traffic growth prediction studies were perfonnéd because, in my
judgement, the repeatedly conservative bases and the result calculated
indicate that even a tenfold iﬁcrease would not be critical. Moreover,
I don't believe that the Harrisburg area, with a population in the
range of a hundred thousand rather than millions, is likely to

generate so great an increase for large size aircraft traffic in the

future.

The aircraft hazard analysis was based on a heavy aircraft traffic of
2400 movements per year, about 20% greater than the current traffic, as
well as the other conservative bases indicated. The appiicant has
agreed to monitor the airport traffic and report on it to the AEC at
least annually. This is sufficient to detect changes important to

the safety of the plant in time to permit appropriate consideration.
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By Kenneth Alvin Solomon and David Okrent

{The £rehminary study was supported by the U.S.
Atomic Energy Commission, Division of Research, under
Contract No, AT(04-3)-34 P.A. 205 Mod, 2.)

ABSTRACT

Analysis of national aircraft accident statistics yielded an
average value of 4 x 10-9 as the approximate probability,
per square mile, per operation, of a crash within a five-mile
radius of a typical airport. Taking into account the appro-
priate annual air traffic results in average values of 1.6 x
10-3 and 4 x 10-4 for the probabilitics, per square mile, per
year, of a crash averaged over the five-mile radial region for
Los Angeles International Airport (LAX) and Hollywood-
Burbank Airport (BUR), respectively.

Using these crash probabilities and considering both
resident and transient populations, estimates of expected
annual mortalities were 0.8 fatalities per year, per eighty
squarc miles around LAX and 0.5 fatalities per year, per
eighty square miles around BUR (this eighty square-mile
region corresponds to about flve-mlle radius around the air-

port).

The study identified nine sites in the vicinity of LAX at
which large numbers of people are frequently brought
together. Maximum occupancies varied from several
hundred to many thousands of persons. Probabilities of
accidental aircraft impact while occupied, per year, per
target site, varied from 1.6 x 10-6 to 3.5 x 10-4, Three of
these sites were large sports facilities — analysis for one of
them, Hollywood Park Race Track, is presented later in
detail, The probability of an aircraft impact on Hollywood
Park is estimated as 6.6 x 10-5 per year. The probability
that such an accident will occur while the facility is
occupied is estimated as 1.3 x 10-5, Maximum mortalities,
based on capacity occupancy of 50,000 people and a

-hypothetical, direct impact by one of the largest aircraft in

service, is estimated as 32,000 people; this is a much lower
probability event than the average crash, It is estimated that
the average crash into the grandstand during occupancy
would result in §,000-6,000 mortalities.

Twenty-five sites of frequent high occupancy in the
vicinity of BUR were identified and investigated, Maximum
occupancies vary from 450 to 5000 persons. Probabilities
of impact while site is occupied vary from 2.8 x 10-7 to 4.0
x 10-5 per year, per target site,

The values derived in this study are based on extrapo-
lated statistics from existing data on prior aircraft crashes in
the vicinity of airports throughout the United States, The
results stated in this study are subject to an element of
uncertainty due to a variety of assumptions, one of which is
that LAX and BUR are typical large airports,

INTRODUCTION

Air travel is one of the great conveniences of our time.
Airline passengers are generally well aware of the hazards of
flying and the accident record of aircraft. The risk involved
is accepled in the decision to fly and willingly borne by the
traveler. The genceral public may be less well aware of
potential risks to population in the vicinity of airports,
particularly with regard to low probability eveats with very
high consequences.

High comsequence events are made hypothetically
possible by the patterns of land use which tend to appear

HAZARD PREVENTION
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near airports. Typically, airM have been located at some
distance from urban ccnters but ticd-in to the local trans-
portation system with high volume access corridors. Access
to transportation, among other factors, has made these
greas attractive to developments such as sports facilities
which tend to concentrate large numbers of people in a
very small area, Thus, the existence of such facilities creates
the possibility of an aircraft crash during full occupancy
which would have severe consequences comparable to many
other catastrophes.

The analysis gave detailed consideration to two specific
airports: Los Angeles International (LAX), and Hollywood-
Burbank (BUR). The environs of these airports were care-
fully surveyed to determinc average local residential popula-
tions and to identify sites with frequent temporary high
occupancy rates, Detailed analysis and computations were
carried out to approximate crash probabilities, ranges of
expected consequences in the event of crashes, and ex-
pected annual mortalities. LAX and BUR were selected for
© study because of their proximity to where the study was
conducted. The values derived in this study are subject to
an element of uncertainty due to the variety and degree of
assumptions made.

METHODOLOGY

The methodology of this risk assessment was designed to
meet the goal of providing a realistic analysis with an
emphasis on low probability events with very high con-
sequences. These events are the possible accidental impact
of aircraft on facilities in which large numbers of people are
gathered together at the time of impact. Realistic analysis
of such cvents demands consideration of such factors as:
probability of aircraft crash and its variation with geometric
relationship to intended flight path; geometric relations
between flight paths in use and sites with high consequence
potential; patterns of population density near airports and
their variation with time; and the probable structural
damage and attendant threat to occupants resulting from an
sircraft impact. Two specific airports were chosen for the
analysis and consideration of the relevant factors was based
upon currently prevailing conditions. The study required
several distinct analyses which are presented in the next
section. )

It was necessary to identify the most important para-
meters affecting variation in the probability of aircraft
impact and represent the effect of these parameters in a
mathematical model. Relations were inferred from study of
crash statistics, and the formulation and the calibration of
the model is presented. )

Detailed surveys were made of population densities and
patterns in the vicinity of the airports. Sites with frequent
high occupancy level included sports facilities, theaters,
office complexes, shopping centers and industrial facilities.
Population statistics also are presented.

Part of the next section is devoted to presentation of
important characteristics of the two airports used for the
study, LAX and BUR, Orientation of runways, day and
night flight patterns and similar characteristics were con-
sidered in the analysis,

Determination of the probable physical damage to

impacted structures is a complex problem, Relevant factors

include size, velocity and impact angle of the aircraft as
well as the strength of the structure impacted. Structural
analysis was required to estimate the extent of physical
damage in the event of an impact and hence, by inference,
the relative number of fatalities and injuries to occupanis,
Methodology used in the analyses is presented. One case,
Hollywood Park, is considered in detail as an illustration of
the application of the method.

Finally, results of all the analyses werc integrated to
produce estimates of crash probabilities and expected
casualtics for the cases considered. These computations are
illustrated for selected cases, and detailed results are tabu-
lated for all cases considered,

Where data were unavailable, it was necessary to fill the
deficiency by assumptions. One very important assumption

HAZARD PREVENTION
january/february 1975

%

is that LAX and BUR are typical, commercial United States
airports,

ANALYSIS
SYMBOLS AND DEFINITIONS - Several functional rela-
tionships are developed in this analysis of aircrash prob-
abilities:

PT! (r,z,c},_e,t) = probability of a plane crash per targei
area,

Dy(r.0,1) = peak population density,

D(1,0,t) = continuous population density,

r = the distance from the crash point to the runway,

z = the height of a target structure,

¢ = the glide crash angle,

8 = the angle defined by the landing or takeoff path and
the line drawn from the runway to the crash point, :

t = the time of day of the crash.

It has been shown that:

PT(r,z,0,0,t) = (A"+A") . AoR(r)O(B)T(L) = (A"+A") .
P(r,0,t) where: .

P(r,0,t) = probability of a plane crash per square mile,

A"+A’ = target area (TA) of structure (square miks) and
is a function of zand ¢, .

6(8) = 0 dependence of the aircrash probability
(dimensionless),

T(t) = the time dependence of crash probability,

R(r) = functional dependence of crash probability on r
(distance from runway).’

* ADDITIONAL SYMBOLS USED:

A = aircrash probability per square mile, averaged over
the ten square miles immediately adjacent to the runway.

Ag = aircrash probability per square mile, averaged over
the square mile concentric about r=1 mile and 8=0°

A" = base area (ab) of target structure, in square miles

A’ = shadow area of target structure (in square miles).

A’=(az)/tan¢ where ¢ = glide angle, z = height of
structure.

a,b = dimensions of base of target structure,

N = number of yearly aircraft operations.

p(1) = total population in any region as a function of
time,

R(r) = the functional dependence of crash probability
at a distance r from the touchdown point on the runway.

R7(r) = the functiona! dependence of crash probability
at a distance r from the takeoff point on the runway,

d = destruction coefficient = the ratio of the number of
mortalities in the structure to the total population of the
target structure: 0 = d < |,

i = injury coefficient = the ratio of the number of
injuries in the structure to the number of people in the
structure: 0 £ i<, where 0 S d+i< |

SUBSCRIPTS:
¢ = continuous or average or residential population.
d = dicrete or peak or crowd population.

MATHEMATICAL MODEL OF AIRCRASH PROB-
ABILITY — The probability that an aircraft will crash into
a structure is a function of many variables. The calculation
of crash probabilities is based on empirical data and
historical records. An analytical expression for crash prob-
ability has been derived, based on observed dependencies of
aircraft accidents on specific parameters, such as time of
day, distance from the runway, etc. In the calculations the
assumption has been made that all the parameters are
independent and the probability equation is therefore
separable,

The aircrash probability per year, per target area, is the
product of Equation and N, the number of yearly overheat
operations.

FUNCTIONAL DEPENDENCIES OF CRASH PROB-
ABILITY - To determine the specific form of Equation it
is necessary to establish the functional relation between
crash probability and the various parameters in the equa-
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tion (see Figure 1). This has ‘one in a previous study
by careful evaluation of . statistical data, and
checking the derived models against observations.

O0-DEPENDENCE -~ The angle 0 is the angle defined by the"

landing path and the line drawn from the runway to the
crash point. Most previous methods used to calculate crash
probabilities assumed essentially no 6-dependence,
Statistics show, however, that the greatest probability for
aircrash occurs when the aircraft is on the landing or takoff
path. A recent study derived a functional relation for
O-dependence.

r-DEPENDENCE - The results of many surveys on airplane
crashes indicate that crash probability increases (for land-
ing) as the plane approaches the runway, and decreases (for
takeoff) as the plane departs from the runway.

Specifically, the surveys show that it is about as likely
for a plan to crash within five miles of the runway (while
landing) as five or more miles away. But it is about two
times more likely that the plane will crash one mile from
touchdown than two miles from touchdown.

structural L anill give a larger shadow area (A°), The
effective target area can be defined as the sum of the base
arca of the structure (A™, = ab) and the shadow area (A° =
az/tand). A previous study derived the ¢-dependence.

TIME DEPENDENCE ~ An airplane is more likely to crash
in poor weather than in good weather and is more likely to
crash during the night than during the day. For the entire

. 1S
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Figure 1. Spherical Coordinates Used to Calculate
Crash Probabilites. :
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Figure 2. Calculation of Aircrash Probability, B, as a Function
of Height of Structure, z, and Angle of Glide of Aircraft, §.

Other statistics indicate that, for takeoffs, the crash
probability is about three times greater for one mile
distance than for two miles. The functional relations for
crash probability dependence on r, for takeoff and ianding,
inffirred from statistical data, are derived in 2 previous
study, -

DEPENDENCE ON TARGET AREA AND GLIDE
ANGLE, ¢ - The probability of an aircrash into a structure
depends on the height of the structure (2), the base area of
the structure {ab), and the glide crash angle of the plane ($)
{see Figure 2). If the height of the structure were zero, the
crash probability would be proportional to the area of
ground occupied by the structure. With zero height, any

glide crash angle terminating outside this area would result -

in no impact with the structure. As the height of the struc-
ture increases, however, the likelihood of impact also
increases, A line drawn parallel to the aircraft flight path,
extending from the top of the structure to the ground,
marks the limit of a shadow area (A'). Any glide path at
this or a smatler glide angle that intersects the earth within
this shadow area would result in impact with the structure.
The height of a structure and its shadow area are thus both
related to crash probability, For any given angle ¢, a greater
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U.S,, the vast majority of all air operations occurs during

daylight hours. Approximately eighty percent of all air

traffic accidents occur during daylight hours. The fact that

any single flight is more likely to crash at night than during

the day is considered a second-order effect, compared to

;he fact that many more flights occur during Jaylight
ours,

The time dependence of aircrash probabilities derived in
this study is based on accident statistics, and is empirical.
As an example of the technique employed, consider the
probability of an aircrash into Hollywood Park, near Los
Angeles Airport (LAX).

Daylight in Los Angeles (in summer) extends from
approximately §:30 a.m. to about 7:30 p.m. and in winter,
about 7:30 a.m. to about 5:30 p.m. Hollywood Park is-
occupied about one third of the year (late spring into early
summer) and is crowded with people from about 10 a.m, to
about 6 p.m. The Park, when open, is thus occupied duning
70-75 percent of the total daylight hours. Hence, if it is
assumed that Hollywood Park is involved in an aircrash
accident, the probability that the Park is crowded at the
time of the accident is:

(173 of year) x (80 of accidents during daylight) x 75%
;la;?ce that Park is open during the day) = approximately

Since the Park sometimes has dusk and night events,
there may be a total of about a 25 percent chance that a
plane would crash into the Park while it is occupied, The
twenty percent figure has been used for calculations
involving Hollywood Park, in this study. The above
empirical method was used in calculating the time depend-
ence of crash probability for other crash points.

This twenty percent probability will be referred to as a
twenty percent capacity factor relative to overhead flights
(i.e., the Park has about a twenty percent chance of being
lqlron/c;ed when there is an overhead or nearly overhead

ight).

NORMALIZATION COEFFICIENT A, — Ay is the open
field crash probability, per square mile, per operation, con-
centric about the square mile where 5 = | mile and 8 = (P,
The average value for Ag, calculated for all commercial
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zirports in the US,, for |-
10-7 per flight, per square mile;

COEFFICIENT A — A is the open field crash probability,
per operation, per square mile, averaged over the ten square
miles immediately adjacent to the runways, where 0.5 < £ <
1.5 miles and 0°< 6 < 360°, A has been calculated for the
years 1965-1972 (inclusive), and is estimated to be 2.0 x
10-8 per flight, per square mile.

POPULATION DENSITY - The location of any point
relative to the location of the runway can be described by
spherical coordinates. Consider the center of coordinates to
be the touchdown point on the runway; then any other
point can be located by knowing r, the distance from the
touchdown point of the landing plane to the point of
interest; 9, the angle inscribed by the landing path and a
line drawn from the point of interest to the touchdown
point; and t, the time.

The population density, D(r,8,t), is not only a function
of position, (viz, r,8), but also of time of day or week, (viz,
t), since people change their location throughout the day.
The total population density can be defined by D(r,6,t).
Then, the total population per region at time t is defined by
p(t) where the region of interest is the area defined by a £ r
‘Xb,and 0 < 6 <2, In particular:

v b
p(t) = f f X(1,0,t)r drdé
o da

In order to calculate D{r,0,t) we must divide our analysis
into two parts. In the first analysis, we must consider those
greas that are very highly populated, (e.g., race tracks, base-
ball stadiums, theaters, shopping centers, and so on). These
areas are usually very heavily populated only at certain
times. Let us define these areas of very high density popula-
tion as Dd(r,68,t), where the subscript d stands for discrete
point. D4(r,0,t) is obtained from aerial photographs, maps

72, is approximately 1.5 x

W —

VAT

Pt ot (YL TPe Pqutanatmay . - .
LY -t P » s B ol b} Heopu Ll o) e
whody Prvgtr Pagider M- Wewsd When bbar P orga
hrlmrm e A Frove me
& aymeatPor 3000 un 1eent ? » w Aed ) 2ty
LTY T

Bt mn LT "L 10 m® 2 - .- L] Voorut
€ Ladomon -mn " LTS awz -» - Voo
Vil i § 200 XTIy ML . 0 .

» tam new ve.w? w - B T

3 200 MK 1eem® w witw T e

. ann e 1810 2w [ - .

Y vom M 100 m® i [ -

. 200 "M tos (X7 el -

"w

F O Relopey N e S puinein el 0.0 3 o E ]
[*TIY hatian * -

AL Gt w1 D avannr)
IH T10 4ol e ctu gt e o LA O ()
HAFew b stowm e P mpon )

TABLE 1. High Population Density Areas, Dglr,0,t)
Adjacent to LAX

®°

1x 105 reOrLEAN2
12 105 rEOPLEMIT

va 1o peorLemi?

LAX RUNWAY

], ., MILES
L
¢ w21 sMILes

*DURING BUSINCSS HOURS SEE YASLE 7FOR LETTLR KEY

CENTER OF RUNIWAY AT ¢ » OAULES LAX AIRPORY
‘Figure 3. High Population Density, Dgl(r,8,t*max),
People/Square Mile Adjacent to LAX

HAZARD PREVENTION
january/february 1975

and by surveying the area by car for areas of high popula-
tion density (see Figure 3). Table 1 lists the high population
density areas for such points as Hollywood Park, The
Forum, office buildings and various other locations.

Areas of high population density are usually about .01
to .06 square miles in target size and could have a value of
Dy(r,B8,t) from about 50,000 people per square mile up to
almost 2,000,000 people per square mile,

From Cornell’'s formula, the simple model to calculute
the distance that an airplane travels across the ground from
the point of impact to the point where the plane stops
(assuming there are no obstructions in its path), is given by
the effective scabbing distance, Xeff:

w2
Xeff = (6.3 x 10-6) (—Kl-) miles,

where Vo is the crash velocity of the plane and K is a
velocity dependent parameter,

For Vo = 400 mph, then K = 4 and Xeff = 0.2 miles and

For Vo = 500 mph, then K = 1.5 and Xeff = 0.8 miles.

The scabbing area (in square miles) is assumed equal to
the wingspan of the aircraft (in fractions of a mile) times
the scabbing distance in miles.

Fuel is ejected from the crashed plane at Vg, miles per
hour and in general is ejected a distance somewhat greater
than the effective scabbing distance, Xeff. -

The average population density, D(r,6,t) is determined
from surveys of residential areas. Figure 4 graphs D¢(r.8.t)
for 12 midnight. From 6 p.m. to 6 a.mn. one would expect
D(r,0,t) to be at its maximum, since the family members
are most likely to be at home. D{(r8,t) is assumed to
decrease. by a factor of one half during daylight. Whean
calculating D¢(r,0,t) the values of Dg(r,8,t) were of course
not averaged into the results,

Dy(r,0,t) is usually many times larger during the day
since people come in from other paris of the city to work
and go to sporls events. There are many more flights during
the day than at night. The population density of people per
square mile for peak population areas in the vicinity of
BUR has been degived. There have becn 25 strategic points
determined. The maximum total population at each of
those points has been determined as well,

The average (or residential) population density of prople
per square mile as a function of location for the cighty
square miles isotropic about BUR runway at a time (6 p.m.
to 6 a.m.) when the largest number of people are present
has been determined.

The population density (both discrele and continuous}
varies between O people per square mile (on the runway) to
over 10,000 people per square mile,

DESCRIPTIONS OF LOS ANGELES INTERNATIONAL
AND HOLLYWOOD-BURBANK AIRPORTS -~ The Los
Angeles International Airport (LAX) is located near Ingle-
wood, California, about {ifteen miles WSW of downtown
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Los Angeles. The center of geographical coordipates of
LAX is at longitude 118°32" 30 W and latitude 34°01° 15"
N. There are approximately 400,000 to 500,000 operations
per year at LAX. In the calculations of this study 400,000
operations were assumed.

Hollywood-Burbank Airport (BUR) is located approxi-
mately four miles NW of Burbank, California. The geo-
graphical coordinates are longitude 118°21° 25.5” W and
Ib.';tsii‘ude 34°12* 5.7 N, The elevation of the airport is 775

STRUCTURAL DAMAGE DUE TO AN AIRPLANE
CRASH AND CALCULATION OF DESTRUCTION COEF-
FICIENT — The purpose of this section is to determine
how much damage is done to a structure when an airplane
is postulated to hit it and, in particular, to calculate a
destruction coefficient, The destruction coefficient, d is
defined as the ratio of the number of mortalities when the
target structure is struck to the total number of people in
the structure at the time. Of course, the destruction coef-
ficient, d, has a numeric value between zero (no mortalities)
and one (all people in the structure are mortalities). Qther
coefficients can be calculated also: the injury coefficient, i,
is defined by the ratio of the number of people injured té
the total number of people in the structure, Clearly, d +i £
1 where 1o, $o and Bg represent a fixed location and tgis a
particular time. The monetary damage can be described in
terms of 2 monetary damage coefficient, m, which is
assumed to be equal to the numeric value of the destruction
coefficient d, where m varies between O and 1 and
represents the percent of the total worth of the structure
that is destroyed., .

Most data on structural damage are obtained from two
fundamental sources. The first source is papers on military
projectile damage due to bullei-like projectiles. Unfortun-
ately, some problems result in scaling up the dimensions of
bullets to the dimension of aircraft and scaling down the
mass and velocity of bullets to the mass and velocity of

20

. aircraft. The acw source of information is a group of

studics on aircraft impact into nuclear reactor buildings.
The scaling problem here ariscs because nuclear reactor con-
tainment structures are much. stronger than grandstands or
office building structures.

Initially an analytic model is developed to represent the
accident involving an airplane and a structure. Structural
size, structural type, airplane size, airplane type and
amount of fuel on the airplane are all usc as parameters in
the analytic model, A collision glide angle of 20%is assumed.
The analytic model is then applied to the structures in the
area surrounding LAX and BUR airports.

In order to develop the analytic model, it is important to
consider three modes of structural damage when an airplane
strikes a target structure. The first type of damage is
jdentified as the performation mode, where the aircraft
perforates the structural component upon impact. The
second type of damage is caused by a collapse mode, where
the structural member yields considerably at all restraints.
The load corresponding to the collapse mode is obtained by
using yield line theory. In this mode of damage, the struc-
tural component loses all of its integrity, and the falling
debris from the aircraft or structure may enter the struc-
ture, The third type is identified as the cracking mode,
where the concrete of the structure cracks under impact.
The loads corresponding to this mode are obtained by
making use of elastic analysis. Thus, the load obtained by
using this criteria will not cause extensive deformations. In
this mode of damage only one portion of the structure
reaches the ultimate moment capacity and thus the struc-
ture as a whole may still have considérable reserve capacity
to counteract the load.

Depending on the function of the structure (i.e.,
whether it is a grandstand, a building or an oil storage area),
one might be interested in evaluating the perforation mode,
collapse mode or cracking mode of damage.

AIR OPERATIONS — About one third of the 400,000
yearly operations at LAX involve either 747s, L-10}1s or
DC 10s. The remainder of the operations involve medium
size commercial airliners such as 707s and 727s. At
Burbank all operations involve 707 and 727 size airplanes
and smaller planes. When a plane is taking off, it caries
more fuel than when it is landing, and thus it is far more
likely to cause a large fire if a crash occurs on takeoff.

At LAX there are 400,000 operations per year and
about half are over land. There are about 100,000 opera-
tions at Hollywood-Burbank Airport; all are over land.

IDEALIZATION OF AIRCRAFT AS A PROJECTILE - It
is known that the weight of the engine or engines of the
aircraft is proportional to the weight of the entire aircraft,
Most airplane penetration data are expressed in terms of
engine weight rather than aircraft weight. For very small
aircraft (four passengers or less), the fuselage offers little
resistance upon impact and the majority of the structural
damage.is done when the engine hits the target area.

In this study, for the purposes of computation of per-
foration thickness, only the engine weight is used. It is
believed that the damage obtained using the momentum,
mass and energy of the engine (or engines) and scaling up to
the momentum, mass+and energy of the aircraft give more
conservative results than those obtained by using the
characteristics of the fuselage.

CALCULATION OF DESTRUCTION COEFFICIENT: d —
The destruction coefficient is determined for various types
of structures (grandstands, oil tanks, office building,
theaters, apartment buildings and shopping centers}) by
integrating the methodology discussed above,

Since the velocity of an airplane is essentially constant
within five miles of an airport, the destruction coefficient is
a function only of the type of plane, the type of structure
hit, and the mode of flight at the time of the crash. The
destruction cocfficient is normalized to have a maximum
value of 1; d=] implies that the entire structure is
demotlished and all the people in the structure are Kitled, A
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value of 0.50 implies that only half the people are fatalities
when the plane hits the structure, and so on. Of course, a
plane that is taking off contains more fuel than one that is
landing, so a crash of a plane taking off could cause more
serious fire damage.

The destruction coefficients are used to calculate the
number of mortalities per year due to airplane crashes
within a five-mile radius of LAX and BUR.

A recent study illustrates how to calculate the destruc-
tion cocfficient, d, for the most serious possible air crash
over Hollywood Park. The method is applied to all struc-
tures near both LAX and BUR and the destruction coef-
ficients are listed in Table 2,

The destruction coefficients listed in Table 2 are average
upper bound values. A ninely percent confidence interval
can be calculated to be approximately 1/2d<dapprox.<2d.

In other words, with ninety percent certainty, a 747
crashing into Hollywood Park while attempting to take-off
will have a destruction coefficient between 0.10 and 0.40.
The possibility of d being 0.63 (maximum upper bound for
d for Hollywood Park) is very slight,

CALCULATION OF THE NUMBER OF GROUND
MORTALITIES DUE TO A POSTULATED AIRCRAFT
CRASHES NEAR LAX — The number of yearly fatalities,
F, on the ground, as a result of aircrash is equal to the
product of: 1) the crash probability per operation per
square mile, 2) the target area in square miles, 3) the
average destruction coefficient for the structure or struc-
- tures in the target area, 4) the number of overhead or near
overhead yearly operations, and 5) the total population in
the target structure or structures.

.wood Park. Since therc are about 200,000 yearly landing

operations over Hollywood Park and only about 1,000 to
3,000 ycarly takeoff's over the Park, then the probability
of a plane crashing into the park while landing is about two
order of magnitude greater than while taking off.
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The expected yearly mortality rate due to potential
plane crashes into Hollywood Park is about 4.9 x 10-2 for
all size aircraft and about 6.7 x 10-3 for just jumbo jets.

Figure 5 compares the probability of an aircrash into
Hollywood Park, per year, when the Park is occupied with
the expected mortality toll per crash. For calculation pur-
poses it is assumed that the park holds 50,000 people at the
time of the crash. The comparison is made for an average
crash and for the most serious direct hit.

APPLICATION OF METHOD TO NUMBER OF
MORTALITIES FOR STRATEGIC TARGET AREAS
-NEAR LAX - Table 3 summarizes the number of
mortalities at Hollywood Park assuming a direct hit by a
jumbo plane to the center of mass of the grandstand. The
grandstand and adjacent areas are considered to contain the
maximum number of people (about 50,000).

The majority of all opcrations over Hollywood Park are
landing operations. The probability of a plane crashing into
the square mile area adjacent to Hollywood Park (while
landing) is 1.1 x 10-8 per operation, per square mile,
Assuming that the target area size of Hollywood Park is .03
square miles and that 200,000 landing air operations per
year at LAX pass over or adjacent to Hollywood Park. then
the probability that a landing airplane of any commercial
size will crash into the Hollywood Park target area, per
year, for all operations in a year is:

(.03) (200,000} (1.1 x 108)76.6 x 10-5,

The value of crash probability of 6.6 x 10-5 per target
area, per year, for all landing operations is averaged for all
types of aircraft. Since about one third of all operations at
LAX involve either DC-10s, L-1011s, or 747s, (i.e. Jumbo
Jets), then the air crash probability for all DC-10, L-3011
and 747 operations per year, per target area, at Hollywood
Park is (1/3) (6.6 x 10-5)22.2 x 10-5. The remaining opera-
tions involve smaller 4.4 x 10-$ for the target area at Holly-
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Figure 5. Probability of an Airplane Crash into Hollywood
Park Per Year While Park is Occupied Versus Expected
Mortality Toll per Crash. '

* Table 4 lists the probability of planes crashing into other
strategic points and the average number of mortalities per
year as a result.

The average crash probability is 4.0 x 109 per opera-
tion, per square mile within a five-mile radius of LAX. The
average crash probability within a five-mile radius of LAX
for all operations is 16 x 10-4 per square mile. The average
population density for the eighty square miles isotropically
surrounding LAX is 4.7 x 103 people per square mile. The
average destruction coefficient is assumed to be equal to
0.1 and the effective scabbing area for an average crash is
assumed to be 0.013 square miles. Hence, the expecied
yearly mortality in the cighty square miles isotropically
surrounding LAX is:

1a w0t

sl X

AL r;;rk X %0 anl 0 (U 013 mil efiedine
- . sabvhing v al

B0 1 people in entire KU wusre Mibe g1ea per year
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RESULTS FOR HOLLYWO. JRBANK AIRPORT -
The crash probabilities and mohtics per year calculated
by the same methods for Hollywood-Burbank Airport are
summarized in Table 5. When the consequences are

sumimed over all targets, it is estimated that the expected . 4
annual mortalitics to ground population arising from com- 3 ?
mercial airline crashes within a five-mile radius of Burbank _
is 0.5 fatalities per year. b . i
LOCATION STRATEGIC POINT PROBABILITY OF AVERAGE NUMBER
PLANE CRASH FOR OF MORTALITIES
, e ALL OVERHEAD OP-  PER YEAR AT SITE
. ERATIONS, FOR
{miles) :,‘:i:,::’m TARGET AREA, PER
Path) YEAR, WHILE OC-
CUPIED .

2 10 Hollywood Park 13x10°6 4.1 10 7.0) x 103

2 10° Forum 10x105 1.0t02.0) x 103

81/2 45° Coliseum 12x 106 {3.0 10 6.0) x 105

Office Building :
Complex*®

1 o° h 35x104 6.1107.0}x 106

12 10° 2 46x105 {58 106.3) x 106

12 3° (3) 46x10% {5.3106.0) x 106

2172 340° {4) 31x105 28t 5.1)x 10°6

1112 270° (5) 20x 106 (201080} x 106

112 280° () 38x 106 (1840 x 106

3 260° Oil Refinery** 1.6x106 1.0t 18)x 107

(1) Sheraton Hotel (10 stores plus three other smaller
buildings (96th St. and Aviation Blvd.)

(2) Many small stores, markets, and a bank (Sepulveda
Blvd and Manchester Blvd,)

(3) Two buildings (one is 6 stories and one is 1S stories)
(Airport Blvd, & Century Blvd.)
B!v(d4) Several large buildings (Crenshaw Blvd. and Imperial

(5) Hughes building ten stories (Imperial Blvd. and
Sepulveda Bivd.)

(6) Airport Blvd, (10 stories and Medical Building (13

stories)
* See map to identify location of office buildings

Table 4, Likelihood of Crash and Number of Mortalities per
Year for Strategic Points Near LAX. ’

#% People die as a result of inhalation of fumes due to
fire in oil and gasoline tanks.

$¢¢ Multipuly by the number of operations per year and
target area size to get the total yearly aircrash probability
per target area .

t For Hollywood Park Crash Probability per tarpet area
for the entire year {occupied or not) is 6.6 x 10-5 — most
overhead flights occur during Hollywood Park busy hours,
For the Coliseum the crash probability per target area for
the entire year is 7.0 x 10-7 since many Coliseum events are
during non-peaked air traffic times (after sundown), the
probability that an airplane crashes into the Coliscum while
people are at the Coliseum is 1.2 x 10-6 for all 200,000
yearly, overhead landing operations,

PROBABILITY OF A

PLANE CRASH FOR
. ALL OVERHEAD OPE-
WATIONS, FOR TAR.  AVERAGE NUMBER OF
LOCATION STRATEGIC POINT GET AREA OF INTER.  MORTAILITIES PER
) [] EST, PER YEAR, YEAR AT STRATEGIC
fulgs  degroes WHILE THE TARGET  POINT
STRUCTURE I8 OCCU-
PIED
A% 7 1. Saytan Shopoing Conwes 481107 Jweyured
380 221 2. Shoopeiq Cemer oynto? 730981%108
210 3 WMcCambruige Recreson 18210 8 N1w32s104
365 260 4. Buibank M.S. sant0? 78108811104
23 25 5. Bank/Markets 181108 2030 s
180 21 4. Maket 48.104 B3eeNut0d
125 218 1. Maket 23108 (7841612103
080 100 8. Shooung Center €008 25104912103 d
440 100 9 Maue 282108 2Vwi6ivi0?
1.0 100 10 Si04s 02008 193013 nx 10 S
220 10 1. Vartey Plara Conter 38x1048 76 w82103
3120 100 12. Coldwater SNoppmg agutr0d 330810
30 00 13 Many Stores 28x 1048 Qlwlsici0s
20 o 14, Ape Buas. 1621048 Wetw3arnin?d
320 8 5. Moy Stoves Ja.wd 12Z803Mcind
385 85 16 $~opoing Conter 33v108 127w38 w03
22 M 17 Mary Stmes 127,108 (o) 109
220 %0 18, Apt. Biagy 127108 Mt atod
220 625 19 LeiPuraMayCo.  4B0u 1048 13308318 103
288 120 I Tompie My et 3% t0? I8 INat$
325 125 21. $houpimng Conter 184107 121104
0 10 2?2 Temple 154107 WawsNat0$
3w s 23 Maket 38107 Q1wdadinr s
Je5 110 24 Stunping Center 28410°) Zrwisiat0d
21 140 25. Thewier 28107 2iwisiarn®
B Sush 1018 A

Table 5. Likelihood ef Crash and Number of Mortalities per Year  yeer 21 hah puowis
« for$ gic Points Near Holly d Burbank Airport,
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CONCLUSIONS

National aircrash statistics lead to an estimate of 4 x
10-9 as the probability of a crash, per square mile, per
operation, within a five-mile radius of an airport. For Los
Angeles ‘International Airport (LAX), and Hollywood-
Burbank Airport (BUR), the probability of a crash, per
square mile, (within a five-mile radius) per year is 1.6 x
10-3 and 4.0 x 10-4 respectively (due to the large number
of operations at the airports), Expected mortalities within
the five-mile radius based on these estimates are 0.8 and 0.5
per year, LAX and BUR, respectively.

Dense population sites (such as Hollywood Park) contain
large crowds at peak time and the probability of a crash
into such a site, per year, while the Park is occupied is 1,3 x
10-5. If the Park contained 5$0,000 pcople at the time of
the hypothetical crash, the maximum mortality figure
expected is 32,000, An average crash while the Park was
occupied is expected to result in 5,000 to 6,000 mortalitices,
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