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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 list 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
working 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 to the NAFB range.

The NRC staff made 'sit 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 list 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
limit 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.

f~ n J.inh-an, Director
p ositobye icensing and Quality
Assurance Project Directorate

Office of Nuclear Material Safety
and Safeguards

U. S. Nuclear Regulatory Commission

Ralph ein, Associate Director
Office of Systems Integration and

Regulations
Office of Civilian Radioactive
Waste Management

U. S. Department of Energy
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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 contended

that if the facility is not designed 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 vitalareas of the

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

aircraft using the airport, that is, aircraft weighing no more
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than 200,000 lbs. Consequently, the risk analysis discussed

later in this testimony Is concerned only with heavy aircraft,

those weighing more than 200,000 lbs. 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. I 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 detail 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. Consequently, the

Three Mile Island nuclear plants lie 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 flights, 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 aircraft in use today. The October 15, 1973
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edition of the Official Airline Guide (published 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-9 and Boeing 737.

A number of the three-engined Boeing 727 jet aircraft also make

scheduled flights 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 the Facility Manager at Harrisburg International

Airport to determine how much other 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 Doublas

DC-8's, and a few Convair 880's; these are all approximately

300,000 lb. aircraft. In addition, one charter operator is

expected to bring a Boeing 747 into the airport occasionally.

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

Considering all of these large aircraft movements, it was estimated

that there are now about 2000 movements per year (5-6 movements

per day) at Harrisburg International Airport of aircraft

weighing more than 200,000 lbs. These constitute about 2 or 3

percent of the total traffic.



TABLE I

TYPICAL AIRCRAFT WEIGHTS

Aircraft Type

Beechcraft King Air

Gates Learjet

Lockheed Jetstar

Convair 600

Grumman Gulfstream

McDonnell Douglas DC-9

Boeing 737

Lockheed Electra

Boeing 727

Boeing 720

Boeing 707

McDonnell Douglas DC-8

Boeing 747**

Lockheed C-5A**

No. and

2

2

2

2

2

2

2

4

3

4

4

4

4

4

Type of Engines

Prop.

Jet

Jet

Prop.

Jet

Jet

Jet

Prop.

Jet

Jet

Jet

Jet

Jet

Jet

Weight (lbs)*

10,000

12,000

40,000

50,000

55,000

100,000

100,000

120,000

150,000

200,000

300,000

300,000

70n,0OO0

700.000

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

The aircraft hazard analysis of a 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 without 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.

The aircraft hazard or risk analysis therefore requires establishment of the

protective capabilities of the structures which enclose the vital areas

of the plant and then an assessment of the likelihood 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 lbs. and travelling at 200 knots. It is
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probable that the structures can withstand the impact 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 systems were also required to cope with the large quantities

of fuel which might be spilled and ignited. The 200-knot impact velocity

was selected as a reasonable upper limit for aircraft involved in takeoff or

landing accidents. The 200,000 lbs. weight is characteristic of a Boeing

720, a four-engined jet, and this size limit was expected to include

most of the aircraft which use the Harrisburg International Airport. The

details of the structural analysis and the fire protection systems 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 lb. capability of the key structures, the risk or

probability of impact by a larger aircraft was calculated by using the

equation:

P = D x A x M

where: P is the probability

D is the distribution function

A is the target area

M is the number of movements

Or, in words, the probability is the product of the likelihood 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
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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 calculated. The crash distribution is listed in Table II 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 600 arc. Going to Table II we therefore

identified 0.96 x To 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

i
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TABLE II

CRASH DISTRIBUTION

DISTANCE FROM END
OF RUNWAY

0-1 Mile

PROBABILITY (x 108) OF A FATAL CRASH
PER SQUARE MILE PER AIRCRAFT MOVEMENT

U.S. AIR CARRIER

16.7

1-2 Mile

2-3 Mile

3-4 Mile

4-5 Mile

5-6 Mile

6-7 Mile

7-8 Mile

8-9 Mile

9-10 Mile

4.0

0.96

0.68

0.27

0.0

0.0

0.0

0.14

0.12

]/No crashes occurred at these distances within a 600 flight path.
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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 aircraft which might strike thecgpound adjacent to

a vital structure and skid into it. A sense of the conservatism of this

target area may be obtained by comparing it, 0.01 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 also be noted that using

this large target area is additionally conservative because the Impact

rating of the structure was based on the 200,000 lb. aircraft striking

the structure at the weakest point as well as at the worst angle. Taking

into account impacts at stronger points on the structures or at different

angles would give either a higher structural rating or a smaller 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 aircraft and postulating that 3% of that traffic would be

aircraft weighing more than 200,000 lbs. 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 a route in

the direction of the facility. An additional conservatism is involved in

that the calculation assumes that all 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 not be likely to travel.

Combining all the preceding terms, the probability of a potentially

damaging crash was calculated:

P = D x A x M

= 0.96 x 10'8/movement/mi2/yr x 0.02 mi2 x 2400 movements

= 5 x l07 per year (considering both plants)

CONCLUSIONS

Probabilities calculated in this manner are not intended to be precise

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 1o06 per year

calculated by this conservative model, is considered acceptably low for

a potentially damaging aircraft crash. Therefore, I consider the

probability of 5 x l07 per year for a potentially damaging aircraft

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 potentially damaging aircraft strike. Having concluded that the

calculated probability of 5 x lO 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 performed because, in my

judgement, the repeatedly conservative bases and the result calculated

indicate that even a tenfold increase 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 applicant 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 preliminary study was supported by the U.S.
Atonic Energy Commission, Division of Research, under
Contract No. A T(04-3)-34 P.A. 205 MAod. 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 104 for the probabilities, 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
square miles around LAX and 0.5 fatalities per year, per
eighty square miles around BUR (this eighty square-mile
region corresponds to about five-mile 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 5,000-6,000 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 accepted in the decision to fly and willingly borne by the
traveler. The general public may be less well aware of
potential risks to population in the vicinity of airports,
particularly with regard to low probability events with very
high consequences.

11igh consequence events are made hypothetically
possible by the patterns of land use which tend to appear

HAZARD PREVENTION
january/february 1975



near airports. Typically, airpb14 have been located at some
distance from urban centers but ticd-in to the local tran-s-
portation system with high volume access corridors. Access
to transportation, among other factors, has made these
areas 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 determine 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 events 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
aircraft 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 s zc, 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 occupants.
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 were integrated to
produce estimates of crash probabilities and expected
casualties 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

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,4,9,t) - probability of a plane crash per target
area,

Dd(r,e,t) = peak population density,
Dc(r,O,t) - continuous population density,
r - the distance from the crash point to the runway,
z the height of a target structure,
0 - the glide crash angle,
g - the angle defined by the landing or takeoff path ant!

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,,et)= (A"+A') . AoR(r)O(O)T(t) = (A"+A') .

P(r,O,t) where:
P(r,O,t) = probability of a plane crash per square mile,
A"+A' = target area (TA) of structure (square miles) and

is a function of z and 0, o
0(o) - 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.
AO - aircrash probability per square mile, averaged over

the square mile concentric about r=1 mile and 6=0°
A" - base area (ab) of target structure, in square miles
A' = shadow area of target structure (in square miles).
A'-(az)/tanf where * glide angle, z = height of

structure.
a,b = dimensions of base of target structure.
N - number of yearly aircraft operations.
p(t) - total population in any region as a function of

time.
R L(r) - the functional dependence of crash probability

at a distance r from the touchdown point on the runway.
RT(r) = the functional 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 S d s 1.

i - injury coefficient - the ratio of the number of
injuries in the structure to the number of people in the
structure: 0 c i I I, where 0 - d + i 1 I

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

MATHEMATICAL MODEL OF AIRCRASH l'ROB-
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 ha! lone in a previous study
by careful evaluation of - G statistical data, and
checking the derived models against observations.

0-DEPENDENCE - The angle e 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 0-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
0-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 1. awill give a larger shadow area (A'). The
effective target area can be defined as the sum of the base
area of the structure (A", = ab) and the shadow area (A'
az/tant). A previous study derived the 4-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

b
i

% MAIRCRAS" PROBABILITY FOR BSE AREA AKIASSUING MO BUILDING PRItNlT

I SAIRCRASH PROBABILITY FOA BASE AREA XPLUS SHADOW AREA A

^* * tec

* * 0IDI ANGI.OFAICRCRAPTiASSdiIED0 e20 UNLIESSTATEDOTHERWISEi

* * A * Ak1A-

B B . So .. IPI AND -TIESUML I -330 FT

#*O I * l.?ie? V T FT AkD II * 11C MI LR MFT

A * Al. ATAGETAfItA

Figure 2. Calculation of Aircrash Probability, B, as a Function
of Height of Structure, z, and Angle of Glide of Aircraft, 0.
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Figure 1. Spherical Coordinates Used to Calculate
Crash Probabilites.

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 landing,
inferred from statistical data, are derived in a previous
study.

DEPENDENCE ON TARGET AREA AND GLIDE
ANGLE, 4 - The probability of an aircrash into a structure
Idepends on the height of the structure (z), the base area of
the structure (ab), and the glide crash angle of the plane (4)
(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 smaller glide angle that intersects the earth within
this shadow area would result in impact with the structure.
The height of a structure :ind its shadow area are thus both
related to crash probability. For any given angle 0, a greater

is

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
the fact that many more flights occur during daylight
hours.

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 5:30 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 during
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:

(1/3 of year) x (80%c of accidents during daylight) x 75%
chance that Park is open during the day) = approximately
20%.

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
crowded when there is an overhead or nearly overhead
flight).

NORMALIZATION COEFFICIENT AO - Ao is the open
field crash probability, per square mile, per operation, con-
centric about the square mile where r - I mile and 0 0°.
The average value for AO, calculated for all commercial
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airports in the U.S., for I1, ) 72, is approximately 1.5 x
10-7 per flight, per square miter

COEFFICIENT A - A is the open field crash probability,
per operation, per square mile, averaged over the ten square
miles Immediate y adjacent to the runways, where 0.5 < r
1.5 miles and U.c e < 360' A has been calculated for the
years 1965-1972 (inclusive), and is estimated to be 2.0 x
1 0-8 per flight, per square inile.

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(rG,t), is not only a function
of position, (viz, r,e), 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,O,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
.A b, and 0 K 0 I 2. In particular:

p(t) W D(rS,t)r drd9

In order to calculate D(r,O,t) we must divide our analysis
into two parts. In the first analysis, we must consider those
areas 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,B,t), where the subscript d stands for discrete
point. Dd(r,9,t) is obtained from aerial photographs, maps
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TABLE 1. High Population Density Areas, Dd(r.9,t)
Adjacent to LAX
and by surveying the area by car for areas of high popul.
tion density (see Figure 3). Table I lists the high population
density areas for such points as Hollywood Park, Ihe
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
Dd(r,O,t) from about 50,000 people per square milte up to
almost 2,000,000 people per square mile.

From Cornell's formula, the simple model to calculate
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:

Xeff = (6.3 x 10-6) (4) 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 V, miles [ter
hour and in general is ejected a distance somewhat greater
than the effective scabbing distance, Xeff.

The average population density, Dc(ri,t) is determined
from surveys of residential areas. Figure 4 graphs Dr(r.G.t)
for 12 midnight. From 6 p.m. to 6 a.m. one would expect
Dc(r,e,t) to be at its maximum, since the family members
are most likely to be at home. Dc(rOt) is assumed to
decrease-by a factor of one half during daylight. Wh'lien
calculating Dc(r,9,t) the values of Dd(r,8,t) were of course
not averaged into the results.

Dd(r,9,t) is usually many times larger during the day
since people come in from other parts of the city to work
and go to sports 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 derived. There have been 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 people
per square mile as a function of location for the eighty
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 discrete and continuous)
varies between 0 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 fifteen miles WSW of downtown
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Figure 3. High Population Density, Ddir,0,timaxY,
People/Square Mile Adjacent to LAX
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Los Angeles. The center of geographical coordin ates of
LAX is at longitude I 1S'32' 30" W and latitude 34Ol0' 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
latitude 34°12' 5.7" N. The elevation of the airport is 775
MSL.

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). Other
coefficients can be calculated also, the injury coefficient, i,
is defined by the ratio of the number of people injured to
the total number of people in the structure. Clearly, d + i I
I where ro, GO and go represent a fixed location and to is a
particular time. The monetary damage can be described in
terms of a monetary damage coefficient, m. which is
assumed to be equal to the numeric value of the destruction
coefficient d. where in varies between 0 and I 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 bullet-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 sedbi source of information is a group of
studies on aircraft impact into nuclear reactor buildings.
The scaling problem here arises 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 use 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
identified 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 considerable 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-101 Is 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 carries
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 coefficient is normalized to have a maximum
value of I; dml implies that the entire structure is
demolished and all the people in the structure are killed. A
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value of 0.50 implies that only half the people are fatalities
wheni 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 coefficient, 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 ninety percent confidence interval
can be calculated to be approximately l/2d<dapprox.<1`d.

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: I) 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.

K)
wood Park. Since there are about 200,000 yearly landing
operations over Hollywood Park and only about 1,000 to
3,000 yearly 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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Table 3. Expected Number of Mortalities per Year at
Hollywood Park Due to L 101 's, DC 10's or 747's Hitting
the Park While the Park is Occupied.

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.
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MORTALITIES FOR STRATEGIC TARGET AREAS
SNEAR LAX - Table 3 summarizes the number of
mortalities at llollywood 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 operations over llollywood 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) (100,000) (. |I x 10-8)=-6.6 x I 0-5.

The value of crash probability of 6.6 x I0-5 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-lOs, L-101 Is. or 747s. (i.e. Jumbo
Jets), then the air crash probability for all DC-10, L-101 I
and 747 operations per year, per target area, at Hollywood
Park is (1/3) (6.6 x 10-5 )-2.2 x 10-5. The remaining opera-
tions involve smaller 4.4 x 10-5 for the target area at Holly-

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 10-9 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 104 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. Ilence. the expected
yearly mortality in the eighty square miles isotropically
surrounding LAX is:

( * Gil ) X (57 % Doi tumT) X M18 #|@1 lw40 .. 4l159

ED M e ftSfr N " q mile 4Oft pt p fUAt
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RESULTS F'OR IIOLLYWO%. IRBANK AIRPORT -
The crash probabilities and mor.4tics per year calculated
by the same methods for Hfollywood-Burbank Airport are
summarized in Table S. When the consequences are
summed over all targets, it is estimated that the expected
annual mortalities to ground population arising from com-
mercial airline crashes within a five-mile radius of Burbank
is 0.5 fatalities per year.

V)

1
4

.I I

,..
i

LOCATION

(miles)

2
2
8 1/2

12
1/2

21/2
112
11/2
1112
3

STRATEGIC POINT

e
(0 From
Flight
Path)

10 Hollywood Park
10° Forum
450 Coliseum

Office Building
Complex,

0° 11)

100 (2)
30 13)

3400 (4)
2700 (5)
2800 (6)
260° Oil Refinery'

PROBABILITY OF
PLANE CRASH FOR
ALL OVERHEAD OP-
ERATIONS, FOR
TARGET AREA, PER
YEAR, WHILE OC-
CUPIED t

1.3x 10 -
1.0 x 10 -
1.2 x 1046

3.5 x 10 4
4.6 x 10 6
4.6 x 10i5
3.1 x 10 5
2.0 x 10 -6
3.B x 10 6
1.6 x 10-6

AVERAGE NUMBER
OF MORTALITIES
PER YEAR AT SITE

(4.1 to 7.0) x 10'3
11.0 to 2.0) x 10 '3
(3.0 to 6.01 x 10 -5

(6.1 to 7.0) x 10o4
(5. to6.3) x 1046
(5.3 to 6.0) x 10 6
(22 to 5.1)x 10o'
12.0 to 9.01 x 10 6
(1.8 to4.0) x 106
11.0 to 1.S x i0 7

(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 IS stories)
(Airport Blvd. & Century Blvd.)

(4) Several large buildings (Crenshaw Blvd. and Imperial
Blvd.)

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

(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.

* *0 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 target area
for the entire year (occupied or not) is 6.6 x 10-5 - most
overhead nights 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 Coliseum while
people are at the Coliseum is 1.2 x 10-6 for all 200,000
yearly, overhead landing operations.

I,

FRO6ABILIIY OF A
PL.ANE CRASH fOR
ALLO VERNEAD Ore-
RATIONS. FOR "AR.

LOCATION STRATISGICPOIF4T OET AREAOF0 INTER.
S 6 5~ ~~~ ~~1 . FI R V I A R .

1..I &4 ' ..11.1 TS ll .,,GET

11TRUCTURE ai Occu*
PIE0

*.ls "I
3.610 221
2.10 260
s265 260
2 35 245
1.60 221
t.2s 215
0 60 160
1.40 SOD
1.80 100
2.20 600
3 20 102

4 20 $003420 160

2.22 10
2 To D0
220 0

2 4 6 ¶20
3 2. 121
2 I0 120

3 4 110
130 ¶60

1. Shoo. ... C -.r 6.1% *
3 IA.C ~4 0..N fll,.p" . ,. . ¶0 4
4. $..b*.*. KS. IA4. 10 '
66,..-4.l.kew Is. 10

S. M~k4 46.104
1. U &.,r 6.3 . SO
6. sh.oop..C 1.o,. 4.0 . 10 6

¶0. SO0." 10.2 . ,o4
II. V.lwv VlwC.,IV S6.404
12. C IO. .o- . S" ow ..g B.6 10 4
121 f ..wSitel. 2 .1lo
14. AP, 611j. .. 10 4

16 S-,w." C.". 3 . la
1? LI'v., S'.... 12,1 .104

it S-.' PC.... .M t .o. B I0 '

2 3 l . 3 . 4 0 .

2 a. 1l at, 36 S

AVERAGE NUMBER OF
VUORIAILITIIO PER

SIAN AT STRATEGIC
POINT

i7 .6,31. 0

6231.621. *104
tl~ o I6 * 10.6

4211. 4:to so

(116so1.61 0
42.S lo26. *
1161.2la 16

172.6 we. I0~
4 161 3 1 la

I 31t 1.441 * 06
123 o14)6 * 0 4
42.41. 36II. 40.

5414t0461 .16 1.

18.40.1IqI. 1lo
140 ts4511. 6lo

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 ait 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 50,000 people 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 mortalities.

Ts1. S. LMwl.Iood of C..A NW Nd~b of Mortaiiese Per VON,
ta t a .i .11 N . l l w p S twe An h irpo u
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19. SMiRT Conference, London Imperial College, September 1, 1975,
"Weld Inspection Procedures".

20. ANS Conference, New Orleans, Louisiana, June 11, 1975,
"CACS Reliability in the HTGR".

21 RAMS Conference, Washington, D. C., January 29, 1975,
"Contingency System Optimization for Nuclear Power Plants".

22. ANS Student Conference (Best Paper Award), University of
Idaho, Pocatello, Idaho, April 1972, "Nuclear Reactor Stability".

ACCEPTED FOR PUBLICATION OR PRESENTATION

23. "Reliability of the Core Auxiliary Cooling System" to Nuclear
Engineering and Design.

24. "General Risk Assessment" to Hazard Prevention Tournal.
D. M. Layton, Editor.

25. "Hazard of Meteorites to Nuclear Reactors", to Hazard
Prevention Tournal. D. M. Layton, Editor

26. "Risk of the Chemical Industry", to Hazard Prevention Tournal,
D. M. Layton, Editor.
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PUBLICATIONS

1. Transactions. 3rd International Conference on Structural
Mechanics in Reactor Technology, (SMIRT), London, Imperial
College, September 1975, "Weld Inspection Procedures", by
K. A. Solomon, D. Okrent and W. E. Kastenberg.

2. Transactions American Nuclear Society CANS) Conference,
New Orleans, Louisiana, June 1975, "CACS Reliability in The
HTGR", by K. A. Solomon, D. Okrent and W. E. Kastenberg.

3. "Development of Flaws in Nuclear Reactor Pressure Vessel
Welds", by K. A. Solomon, D. Okrent and W. E. Kastenberg,
UCLA-ENGR 7496, February 1975.

4. "Prediction of Core Auxiliary Cooling System Availability and
Reliability", by K. A. Solomon, D. Okrent and W. E. Kastenberg,
UCLA-ENGR 7495 February 1975.

5. "Airplane Crash Model", by K. A. Solomon and D. Okrent,
Hazard Prevention Tournal. Volume 11, No. 3, JaiVFeb. 1975,
D. M. Layton, Publisher.

6. "Estimates of Hazards to Nuclear Reactors from Random Impact of
Meteorites", by K. A. Solomon, R. C. Erdmann and D. Okrent,
Nuclear Technoloqg. January 1975.

7. Transactions. 1975 Annual Reliability and Maintainability Symposium,
(RAMS), Washington D. C., January 1975, "Contingency System
Optimization for Nuclear Power Plants", by L Bazovsky and
K. A. Solomon.

8. "Risk Benefit Study", UCLA/NSF grant, contributing author to
Quarterly Reports, June, 1973 to present.
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9. "Nuclear Power Plant Reliability", by K. A. Solomon,
Ph. D. Dissertation, UCLA, School of Engineering and
Applied Science, December 1974.

10. Contributed to AEC Study WASH 1400. "Reactor Safety Study",
June 1974.

11. "Potential Hazards to a Nuclear Reactor from the Random Impact
of Meteorites", by K. A. Solomon, R. C. Erdmann, T. E. Hicks,
and D. Okrent, UCLA-ENG-7426 March 1974.

12. "The Risk of Catastrophic Spills of Toxic Chemicals", by
J. A. Simmons and R. C. Erdmann, edited by K. A. Solomon et al.,
UCLA-ENG-7425. March 1974.

13. "Airplane Crash Risk to Groung Population", by K. A. Solomon,
T. E. Hicks, R. C. Erdmann and D. Okrent, UCLA-ENG-7424,
March 1974. 4golJ Am 4Ae R . Qab4y ti1s.m4, UCLA CGAP.
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14. "MHD topping Cycles", Jet Propulsion Laboratory Report,
TPL 1200-59. May 18, 1973.

15. Transactions, ANS Calculational Physics Topical Meeting,
University of Michigan, Ann Arbor, Michigan, April 1973,
"Fault Tree Analysis of Reactor Safety Systems with Application
to the Residual Heat Removal System of a BWR', by R C. Erdmann,
D. Okrent, P. Godbout, and K. A. Solomon.

16. Transactions, Western-Midwestern Meeting of the student branches
of the ANS, Pocotello, Idaho, April 1972, "Nuclear Reactor Stability".

17. "Linear Stability of Fast and Thermal Reactors", by K. A. Solomon
and W. E. Kastenberg, Nuc. Sci. & Encr.: 49:99-108, 1972.

18. "Methods of Determining Oscillations and Linear Stability of
a Nuclear Reactor using Space Dependent Kinetics", M. S. Thesis,
UCLA, School of Engineering and Applied Science, September 1971.
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