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ABSTRACT

The Aircraft Crash Risk Analysis Methodology (ACRAM] Panel has been formed by the U.S. Department
of Energy Office of Defense Programs (DOE/DP) for the purpose of developing a standard methodology
for determining the risk from aircraft crashes onto DOE ground facilities. in order to accomplish this goal,
the ACRAM Panel has been divided into four teams, the data development team, the model evaluation
team, the structural analysis team, and the consequence team. Each team, consisting of at ieast one
member of the ACRAM plus additional DOE and DOE contractor personnel, specializes in the
development of the methodology assigned to that team. This report documents the work performed by
the data deveiopment team and provides the technical basis for the data used by the ACRAM Standard
for determining the aircraft crash frequency.

This report should be used to provide the generic data needed to calculated the aircraft crash frequency
into the facility under consideration as part of the process for determining the aircraft crash risk to ground
facilities as given by the DOE Standard Aircraft Crash Risk Assessment Methodology (ACRAM). Some
broad guidance is presented on how o obtain the needed site-specitic and facility specific data but this
data is not be provided by this document.
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1. INTRODUCTION

The Aircraft Crash Risk Analysis Methodology (ACRAM) Panel has been formed by the U.S. Department
of Energy Office of Defense Programs (DOE/DP) for the purpose of developing a standard methodology
for determining the risk from aircraft crashes onto DOE ground facilities. In order to accomplish this goal,
the ACRAM Panel has been divided into four teams, the data development team, the model evaluation
team, the structural analysis team, and the consequence team. Each team, consisting of at ieast one
member of the ACRAM Panel plus additional DOE and DOE contractor personnel, specializes in the
development of the methodology assigned to that team. This report documents the work performed by
the data development team and provides the technical basis for the data used by the ACRAM Standard
[Ref. 1.1] for determining the aircraft crash frequency.

Aircraft crash risk analysis, like all transportation risk analyses, is highly dependent on the initiating event
frequency, that is the liklihood of the accident happening. This is because transportation risk analyses,
unlike nuclear power plant Probabilistic Risk Assessments (PRAs) do not analyze the mitigating features
on the transportation system which might serve to prevent or mitigate the effects of the transportation
accident. Therefore, the development of accident data, operational data, and characterization of the
accident becomes paramount in the transpontation risk analyses. Fortunately, for aircraft crash risk
analysis, the availability and quality of accident data and operational data, at least for the general aviation
and commercial aviation sector, are relatively good due to the efforts of the National Transportation
Satfety Board (NTSB) and the Federal Aviation Administration (FAA).

This document is divided into the following chapters. Chapter One presents introductory material.
Chapter Two presents the accident rates and the crash parameter distributions developed for Commercial
Aviation {Air Carriers and Air Taxi). Chapter Three presents the accident rates and the crash parameter
distributions developed for General Aviation. Chapter Four presents the accident rates and the crash
parameter distributions for Military Aviation. Chapter Five discusses the development of Aircraft
Operation data. Each chapter is followed by applicable appendices.

This chapter presents the definition of important terms used throughout this document in Section 1.1. it
also discusses how to use this report in Section 1.2 Section 1.3 presents the references used in this
chapter.
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1.1 DEFINITIONS OF TERMS

As the first step in the development of data for the ACRAM Standard [Ref. 1.1], it is important that
common definitions are understood for several significant terms which are used throughout this report.
The defined terms are listed in boldface and in alphabetical order. Where possible, the source of the
definition has been identified. In addition, where a defined term has been used as part of a detinition, it is
capitalized.

Active Alrcraft: As defined by the Federal Aviation Administration (FAA), all legally registered civil
aircraft which fiew one or more hours during the time period under consideration.

Alr Carrier: As defined by the Federal Aviation Administration (FAA), the commercial system of air
transportation consisting of the Certificated Air Carriers, Air Taxis (including commuters), Supplemental
Air Carriers, Commercial Operators of Large Aircraft, and Air Travel Clubs. As defined by air traffic
controliers in tabulating air traffic activity, aircraft in general commercial service capabie of carrying 70 or
more passengers irrespective of the the aviation flight rules under which the flight occurs.

Alrcraft Accident: As defined by the National Transportation Safety Board (NTSB), an occurrence
associated with the operation of an aircraft which takes place between the time any person boards the
aircraft with the intention of flight until such time as all such persons have disembarked, and in which any
person suffers a fatal or serious injury as a result of being in or upon the aircraft or by direct contact with
the aircraft or anything attached thereto, or in which the aircraft receives substantial damage.

Alrcraft Crash: For Commercial Aviation, see Commercial Aircraft Crash. For General Aviation, see
General Aviation Crash. For Military Aviation, see Military Aircraft Crash.

Alircraft/Aviation Category: The broadest, most general classification of aircraft and aviation used in the
ACRAM Standard [Ref. 1.1]. These categories are: 1) Air Carrier, 2) Air Taxi, 3) General Aviation, and 4)
Military Aviation.

Alrcratt Operation: As defined by the Federal Aviation Administration (FAA) near an airport, the number

of arrivals and departures from the airport at which an airport traffic control tower is located. Operations

include aircraft which: 1) operate in the local traffic pattern or within sight of the airport, 2) are known to

be departing for, arriving from flight in the local practice areas located within a 20-mile radius of the

giprpon, or 3) execute simulated instrument approaches or low passes at the airport. See also Airport
eration.

Aircraft/Aviation Subcategory: The next level of classification for aircraft and aviation used by the
ACRAM Standard [Ref. 1.1]. For Air Carriers and Air Taxis, no subcategories are defined. For General
Aviation, seven subcategories of aircraft/aviation are defined: 1) Single-engine piston powered, fixed-
wing, 2) Multi-engine piston powered, fixed wing, 3) Turboprop powered, fixed-wing, 4) Turbojetturbofan
powered, fixed-wing, 5) Piston-engine powered, rotary wing, 6) Turboshaft powered, rotary wing, and 7)
Other. For Military Aviation, three subcategories of aircraft/aviation are defined: 1) Large (which includes
most Bombers, Cargo or transports), 2) Small (which includes most Fighters, Attack aircraft, and
Trainers), and 3) Helicopters.

Alrcraft Type: As defined by 14 CFR 1.1 [Ref. 1.2}, a specific make and basic model of aircraft, including
modifications that do not change its handling or flight characteristics. As used with respect to the
certification of aircraft, those aircraft which are similar in design. Examples inciude the Douglas DC-7 and
the DC-7C, the Lockheed 1049G and 1049H, and the Fokker F-27 and F-27F.

Airport: As defined by the Federal Aviation Administration (FAA), an area of {and or water that is used or
intended to be used for the landing and takeoff of aircraft, and includes its buildings and facilities, if any.
Airports include heliports, STOLports, and seaplane bases.

Airport Approach Flight Phase: The Flight Phase which consists of the time the aircraft intercepts the
initial navigation fix defined by U.S. terminal approach procedures for that specitic airport, runway and
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approach, untii the aircraft crosses the outer marker defined by U.S. terminal approach procedures for
that specific airport, runway and approach.

Alrport Operation: For the ACRAM Standard [Ref. 1.1], an Aircraft Operation which occurs in the Near
Airport Environment. As defined by the Federal Aviation Administration (FAA), the number of arrivals and
departures from the airport at which the Airport Traffic Control Tower is located. Airport Operations are
classified as either Local or Itinerant Operations. See also Aircraft Operation.

Airport Tratfic: As defined by the Federal Aviation Administration (FAA), aircraft operating in the air or
on an airport surface exclusive of loading ramps and parking areas.

Alrport Traffic Control Tower (ATCT): As defined by the Federal Aviation Administration (FAA), a
central operations facility in the terminal air traffic control system, which consists of a tower cab structure,
including an associated IFR room if radar equipped, and uses air/ground communications, radar, visual
signaling, and other services to provide sate and expeditious movement of terminal air traffic.

Alr Route Traffic Control Center (ARTCC): The FAA air traffic control facility responsible for providing
air traffic control service to aircraft operating on IFR flight plans in controlied airspace, primarily Class A
Airspace. ARTCCs are the central authority for issuing IFR clearances, and provide nationwide
monitoring of each IFR fiight, usually during the Enroute Flight Phase.

Air Taxi: As defined by the Federal Aviation Administration (FAA), a classification of air carriers which
transports in accordance with 14 CFR 135 [Ref. 1.12], persons, property, and mail using small aircraft
(under 30 seats or a maximum payload capacity of less than 7,500 pounds). As defined by air traffic
controliers in tabulating air traffic activity, aircraft in general commercial service that carry less than 70
passengers. As this classification includes small single-engine aircraft, the tlight must usually be
identified as an air taxi flight in its fiight plan or the aircraft carries a commercial livery in order for the flight
to be counted as an Air Taxi flight.

Alrway: The system of designated routes between VOR or VORTAC stations. Included within the
definition of Airway are High Altitude (Jet) Routes, Low Altitude (Victor) Routes, and Military Training
Routes.

Armed Forces: As defined by 14 CFR 1.1 [Ref. 1.2}, the United States Air Force (USAF), United States
Army (USA), United States Navy (USN), United States Marine Corps (USMC), and the United States
Coast Guard (USCG)}, including their regular and reserve component and members serving without
component status.

Certificated Alr Carrier: As defined by the Federal Aviation Administration (FAA)}, an Air Carrier hoiding
a Certificate of Public Convenience and Necessity issued by the U.S. Department of Transportation
(DOT) to conduct scheduled services interstate. Nonscheduled or charter operations may aiso be
conducted by these carriers. These carriers operate farge aircraft (30 seats or more or a maximum
payload of 7,500 pounds or more) in accordance with 14 CFR 121 [Ref. 1.7].

Class A Airspace: As defined by by 14 CFR 71.33 [Ref. 1.3], that airspace of the United States,
including that airspace overtying the waters within 12 nautical miles of the coast of the 48 contiguous
States, from 18,000 feet Mean Sea Level 10 and including FL600 (60,000 feet mean sea level) excluding
the states of Alaska and Hawaii, Santa Barbara Island, Faralion Isiand, and the airspace south of latitude
25° 04' 00" North. All operations are conducted under instrument flight rules (IFR) and are subject to
ARTCC clearances and instructions. Aircraft separation and safety advisories are provided by the
ARTCC. Formerly called Positive Control Areas (PCAs).

Class A Mishap: As defined by the United States Air Force (USAF), any mishap incidenta! to flight which
results in the total cost of property damage, injury and/or iliness of $1,000,000 or more, or USAF aircraft
destruction, or fatality.

Class B Airspace: Generally the airspace from the surface to 10,000 feet mean sea level (MSL)
surrounding U.S. aimports with more than 150,000 annual instrument flight rule (IFR) operations or
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650,000 annual passenger enplanements. The configuration of each Class B Airspace is individually
tailored and consists of a surtace area, usually 5 nautical miles in radius from the primary airport, and two
or more layers extending laterally from the core at 3 to 10 nautical mile increments (typically) to a radius
of approximately 20 nautical miles, with each layer having a prescribed altitude floor. Class B Airspace is
designed to contain all published instrument procedures once an aircraft enters the airspace. Operations
may be under either IFR or visual flight rules (VFR) with all aircraft subject to air traffic control clearances
and instructions. Air traffic control provides aircraft separation and safety advisories. Formerly calied
Terminal Control Areas (TCAs).

Class B Mishap: As defined by the United States Air Force (USAF), any mishap incidental to flight which
:sults in the total cost of property damage, injury and/or iliness of $200,000 or more, but less than
1,000,000.

Class C Airspace: Generally, the airspace from the surface to approximately 4,000 feet mean sea level
{MSL) surrounding U.S. airports with more than 75,000 annual instrument flight rule (IFR) operations at
the primary airpont, or 100,000 annual IFR operations at the primary and secondary airports in the
terminal hub area, or 250,000 annual passenger enptanements at the primary airpont. The configuration
of each Class C Airspace is individually tailored and consists of a surface area of 5 nautical miles radius
from the primary airport, and another layer with a prescribed aftitude floor, extending laterally from the
core to a radius of 10 nautical miles. Operations may be under either instrument flight rules (IFR) or
visual flight rules (VFR), with all aircraft subject to air traffic control clearances and instructions. Air traffic
control provides aircraft separation between IFR/IFR and IFR/special VFR (SVFR) aircraft. VFR
operations are given traffic advisories and, upon request, collision resolution instructions. Formerly called
Airport Radar Service Areas (ARSAS).

Class C Mishap: As defined by the United States Air Force (USAF), any mishap incidental to fiight which
results in the total cost of property damage of $10,000 or more, but less than $200,000 or injury or
occupational iliness resulted in a lost workday case involving days away from work.

Class D Alrspace: The airspace from the surface to 2,500 feet above ground level (AGL) withina 5
statute miie (4.3 nautical mile) radius of the center of the airport. Operations may be under either
instrument flight rules (IFR) or visual flight rules (VFR), with all aircraft subject to air traffic control
clearances and instructions. Air traffic control separation service is provided to IFR aircraft only, but all
aircraft will be given traffic advisories and, upon request, conflict resolution instructions. Formerly called
Airport Traffic Areas (ATAs) and Control Zones (CZs). v

Climb to Cruise Flight Phase: The Flight Phase which consists of the time after the Takeoff Flight
Phase when the aircraft landing gear is retracted and all aircraft flaps are in their normal cruise
configuration until the aircraft has reached its initial assigned cruising or enroute attitude.

Commercial Alrcraft Crash: Any Aircraft Accident involving an aircraft type generally used for
commercial service during flight operations (defined as the beginning of takeoff roll to ianding touchdown)
which results in the destruction of or substantial damage to the aircraft. Fatal or serious injury sustained
as a result of the Aircraft Accident itself, without related destruction or substantial damage to the aircraft is
not a criterion for consideration as a Commercial Aircraft Crash.

Commerclal Airport: As defined by the Federal Aviation Administration (FAA), a Public Airport which is

determined to enplane 2,500 or more passengers annually and receive scheduled passenger service of
aircraft.

Commercial Aviation: All aspects of aviation involving aircraft operated under 14 CFR 121 [Ret. 1.7],
125 [Ret. 1.8}, 127 [Ref. 1.9], 129 [Ref. 1.10], and 135 [Ref. 1.12] regulations.

Commercial Operator: As defined by the Federal Aviation Administration (FAA), a person who, for
compensation or hire, engages in the intrastate carriage of aircraft in air commerce of persons or property
other than as an air carrier or foreign air carrier.
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Commercial Operator of Large Alrcraft: As defined by the Federal Aviation Administration (FAA), a
Commercial Operator operating aircraft with 30 seats or more or a maximum payload capacity of 7,500
pounds or more.

Commuter Air Carrier: As defined by the Federal Aviation Administration (FAA), an Air Taxi operator
which performs at least five round trips per week between two or more points and publishes flight
schedules which specify the times, days of the week, and points between which such flights are
performed. Also called Scheduled Air Taxis.

Crash Locsation Distribution: The normalized conditional probability distribution (i.e., given that the
aircraft crash occurs) in terms of x, y coordinates as a function of the location of the facility relative to the
airport. .

Cruise Flight Phase: See Enroute Flight Phase.

Descent from Cruise Flight Phase: The Flight Phase which consists of the time when the aircraft
begins its descent from its final assigned cruising or enroute altitude until the aircraft intercepts the initial
navigation fix defined by U.S. terminal approach procedures for that specific airpornt, runway and
approach,

Destroyed: As defined by the United States Air Force (USAF), sufficient damage sustained by the
aircraft in the accident such that it is uneconomical to repair. It is further defined by the number of man-
hours estimated as need to repair the aircraft to fiight status and depends on the aircraft type.

Demand Air Taxi: As defined by the Federal Aviation Administration (FAA), an Air Taxi operator which
performs charter air service or iess than five round trips per week between two or more points. Also
called Nonscheduled Air Taxis.

Enroute: Forthe ACRAM Standard [Ref. 1.1], Enroute includes the Climb to Altitude Flight Phase,
Enroute or Cruise Flight Phase, and the Descent from Cruise Flight Phase.

Enroute Analysis: The aircraft crash frequency analysis for Aircraft Operations outside of the Near
Airport and TRACON Environments. See also In-Flight Analysis.

Enroute Environment: The airspace outside of the Near Airport and TRACON Environments. See also
In-Flight Environment.

Enroute Flight Phase: For Air Carriers and Air Taxis, the Flight Phase which consists of the time when
the aircraft has reached its initial assigned cruising or enroute altitude until the time the aircraft begins its
descent from its final assigned cruising or enroute altitude. Minor adjustments in assigned cruising or
enroute altitude are considered to be part of the Enroute Flight Phase. For Military Aviation, the Flight
Phase from the point where the aircraft aftitude is not affected by its proximity to the runway. For Military
Aviation, aiso called in-Flight Phase.

Fatal Injury: As defined by the National Transportation Safety Board (NTSB), any injury which results in
death within 30 days of the accident.

Flight Mishap: As defined by the United States Air Force (USAF), a mishap involving a U.S. Air Force
aircraft when intent for flight exists.

Flight Phase: The parts of flight which are distinctly different for each due to the configuration of the
aircraft and/or the conditions under which the flight is taking place. The foliowing flight phases are
generally defined: Ground operations, Taxi, Takeoff, initial Climb, Climb to Altitude, Enroute or Cruise,
Descent from Cruise, Airport Approach, Runway Approach, Landing, and Other.

Flight Related: As defined by the United States Air Force (USAF), a mishap with little or no damage to
the aircraft and which does not affect the Mishap Rate.
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14 CFR 91: Flight operations conducted under Title 14 (Aeronautics and Space) of the Code of Federal
Regulations, Subchapter F, Air Traffic and General Operating Rules, Part 91, General Operating and
Flight Rules [Ref. 1.4].

14 CFR 103: Flight operations conducted under Titie 14 (Aeronautics and Space) of the Code of Federal
Regulations, Subchapter F, Air Traffic and General Operating Rules, Part 103, Ultralight Vehicles [Ref.
1.5]

14 CFR 105: Flight operations conducted uhder Title 14 (Aeronautics and Space) of the Code of Federal
Regulations, Subchapter F, Air Traffic and General Operating Rules, Part 105, Parachute Jumping [Ref.
1.6].

14 CFR 121: Flight operations conducted under Title 14 (Aeronautics and Space) of the Code of Federal
Regutations, Subchapter G, Air Carriers, Air Travel Clubs, and Operators for Compensation or Hire:
Certification and Operations, Part 121, Certification and Operations: Domestic, Flag, and Supplemental
Air Carriers and Commercial Operators of Large Aircraft [Ref. 1.7].

14 CFR 125: Flight operations conducted under Title 14 (Aeronautics and Space) of the Code of Federal
Regulations, Subchapter G, Air Carriers, Air Travel Clubs, and Operators for Compensation or Hire:
Certification and Operations, Part 125, Certification and Operations: Airplanes Having a Seating Capacity
of 20 or More Passengers or a Maximum Payload Capacity of 6,000 Pounds or More [Ref. 1.8).

14 CFR 127: Flight operations conducted under Title 14 (Aeronautics and Space) of the Code of Federal
Regulations, Subchapter G, Air Carriers, Air Travel Clubs, and Operators for Compensation or Hire:
Centification and Operations, Part 127, Certification and Operations of Scheduled Air Carriers with
Helicopters [Ref. 1.9].

14 CFR 129: Flight operations conducted under Title 14 (Aeronautics and Space) of the Code of Federal
Regulations, Subchapter G, Air Carriers, Air Travel Clubs, and Operators for Compensation or Hire:
Certification and Operations, Part 129, Operations: Foreign Air Carriers and Foreign Operators of U.S.-
Registered Aircraft Engaged in Common Carriage [Ref. 1.10].

14 CFR 133: Flight operations conducted under Title 14 (Aeronautics and Space) of the Code of Federal
Reguiations, Subchapter G, Air Carriers, Air Travel Clubs, and Operators for Compensation or Hire:
Centification and Operations, Part 133, Rotorcraft External-Load Operations [Ref. 1.11].

14 CFR 135: Flight operations conducted under Title 14 (Aeronautics and Space) of the Code of Federal
Regulations, Subchapter G, Air Carriers, Air Travel Clubs, and Operators for Compensation or Hire:
Certification and Operations, Part 135, Air Taxi Operators and Commercial Operators [Ref. 1.12].

14 CFR 137: Flight operations conducted under Title 14 (Aeronautics and Space) of the Code of Federal
Regulations, Subchapter G, Air Carriers, Air Travel Clubs, and Operators for Compensation or Hire:
Centification and Operations, Part 137, Agricultural Aircraft Operations [Ref. 1.13].

General Aviation: All aspects of aviation involving aircraft operated under 14 CFR 91 [Ref. 1.4), 103
[Ref. 1.5}, 105 [Ref. 1.6), 133 [Ref. 1.11], and 137 [Ref. 1.13] reguiations.

General Aviation Alrport: As defined by the Federal Aviation Administration (FAA), any Airport which is
used or to be used for public purposes, under the control of a public agency, the landing area of which is
publicly owned.

General Aviation Crash: As defined by the NTSB for Aircraft Accidents.

High ARtitude (Jet) Routes: The designated air routes based on radials from VOR or VORTAC stations

extending from 18,000 feet Mean Sea Level (MSL) and up to and including 45,000 feet Mean Sea Level
(MSL) (Flight Level 450).
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IFR Aircraft Handled: As defined by the Federal Aviation Administration (FAA), the number of IFR
Departures multiplied by two plus the number of IFR Overs. Assumes that the number of departures
(acceptances, extensions, and originations of iFR flight pians) is equal to the number of landings (IFR
flight plans closed).

IFR Departures: As defined by the Federal Aviation Administration (FAA), IFR Flights originating in the
A;’TAC‘:RC}‘% grea, accepted by the ARTCC under the Sole Enroute clearance procedures, and extended by
t . :

IFR Flight: As defined by the Federal Aviation Administration (FAA), flight conducted in accordance with
instrument tlight rules.

IFR Overs: As defined by the Federal Aviation Administration (FAA), IFR Flights that originate outside
the ARTCC area and passes through the area without {fanding.

ILS: Instrument Landing System.

in-Flight: For the ACRAM Standard [Ref. 1.1], In-Flight includes the Climb to Altitude Flight Phase,
Enroute or Cruise Fiight Phase, and the Descent from Cruise Flight Phase. For Military Aviation only, the
Flight Phase where the aircraft altitude is not affected by its proximity to the runway. See aiso Enroute.

in-Flight Analysis: The aircraft crash frequency analysis for Aircraft Operations outside of the Near
Airport and the TRACON Environments. See aiso Enroute Analysis.

in-Flight Environment: The airspace outside of the Near Airport and TRACON Environments. See aiso
Enroute Environment.

Initial Climb Flight Phase: The Flight Phase which consists of the time the aircraft wheels leave the
ground until the aircraft landing gear is retracted and all aircraft flaps are in their normal cruise
configuration.

instrument Landing System: A precision instrument approach system which normally consists of a
localizer to provide course guidance to the runway, a glide slope to provide vertical guidance during the
approach, and a marker beacon to provide aural and/or visual identification of a specific position along an
instrument approach landing.

Instrument Operation: An aircraft operation in accordance with an IFR flight plan or an operation where
IFR separation between aircraft is provided by a terminal control facility or an Air Route Traftic Control
Center.

itinerant Operation: As defined by the Federal Aviation Administration (FAA), all aircraft operations
other than Local Operations. See Airport Operations.

Jet Routes: See High Altitude Routes.

Landing: For ACRAM Standard (Ref. 1.1] for Air Carriers, Air Taxis, and General Aviation, Landing
includes the Airport Approach Flight Phase, the Runway Approach Flight Phase, and the Landing Flight
Phase. For Military Aviation, Landing will be considered as the Flight Phase from the point where the
aircraft altitude is affected by its proximity from the approach runway to its departure from the runway
under a controlled taxi.

Landing Flight Phase: The Flight Phase which consists of the time the aircraft wheels initially make
contact with the runway or landing surface until the aircraft leaves the runway or landing surface onto the
designated taxiway.

Local Operation: As defined by the Federal Aviation Administration (FAA), operations performed by
aircraft which 1) operate in the local traffic pattern or within sight of the airport; 2) are known to be
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departing for, or arriving from flight in local practice areas located within a 20-mile radius of the airport; or
3) execute simulated instrument approaches or low passes at the airport. See Airport Operations.

Low Altitude (Victor) Alrway: The designated routes based on radials from VOR or VORTAC stations
extending from a minimum of 1200 feet above ground level, up to but not including 18,000 feet Mean Sea
Level (MSL).

Military Aircraft Crash: All Class A and Class B Mishaps.

Military Aviation: All aspects of aviation involving the Armed Forces of the United States. Military
* Aviation does not include chanter flights performed for the Armed Forces.

Milltary Training Routes: The system of designated routes used by the Armed Forces of the United
States.

Mishap Rate: As defined by the United States Air Force (USAF), the number of Flight Mishaps per
100,000 flying hours.

Near Airport Analysis: The aircraft crash frequency analysis for Aircraft Operations in the Near Airport
Environment.

Near Alrport Environment: The airspace area extending from the center of the airport outwards to a
radius of approximately 5 miles to 35 miles depending on the presence {or absence) of a TRACON and
other air traffic controf considerations. The airspace near an Airport which encompasses the local airport
traffic pattern, the airport runway approach pattern(s), and the airport initial climb departure pattern(s).
This is generally the airspace near an airport where the aircraft are in the Runway Approach Flight Phase,
Landing Flight Phase, the Takeoff Flight Phase, and the initial Climb Flight Phase.

Nonairport Environment: The TRACON and the Enroute/In-Flight Environments. The airspace outside
of the Near Airport Environment.

Nonprecision Approach Procedure: As defined by 14 CFR 1.1 [Ref. 1.2}, a standard instrument
approach procedure in which no electronic glide slope is provided.

Nonscheduled Alr Taxl: See Demand Air Taxi.
PAR: Precision Approach Radar.

Precision Approach Procedure: As defined by 14 CFR 1.1 [Ref. 1.2], a standard instrument approach
procedure in which an electronic glide slope is provided, such as ILS and PAR.

Public Aircraft: As defined by 14 CFR 1.1 [Ref. 1.2], aircraft used only in the service of a government, or
a political subdivision. It does not include any governmemt-owned aircraft engaged in carrying persons or
property for commercial purposes.

Public Alrport: See General Aviation Airpont.

Operator: As defined by the National Transportation Safety Board (NTSB), any person who causes or
authorizes the operation of an aircraft, such as the owner, ieasee, or bailee of an aircraft.

Rotary Wing Alrcraft (Rotorcraft). As defined by 14 CFR 1.1 [Ref. 1.2], a heavier-than-air aircraft that

depends principally for its support in flight on the lift generated by one or more rotors. More commonly
known as helicopters.

Runway Approach Flight Phase: The Flight Phase which consists of the time the aircraft crosses the

outer marker defined by U.S. terminal approach procedures for that specific airport, runway and
approach, urttil the aircraft wheels initially make contact with the runway.
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Scheduled Alr Taxi: See Commuter Air Carrier.

Serious injury: As defined by the National Transportation Safety Board (NTSB) in 49 CFR 830.2 [Ref.
1.13] , any injury which 1) requires hospitalization for more than 48 hours, commencing within 7 days from
the date the injury was received; 2) results in a fracture of any bone (except simple fractures of fingers,
toes, or nose); 3) involves lacerations which cause severe hemorrhages, nerve, muscle, or tendon
damage; 4) involves injury to any internal organ; or 5) invoilves second- or third-degree burmns, or any
bums affecting more than 5 percent of body surface.

Substantial Damage: As defined by the National Transportation Safety Board (NTSB) in 49 CFR 830.2
[Ref. 1.13).

(1) Except as provided in subparagraph (2) of this paragraph, substantial damage means
damage or structural failure which adversely affects the structural strength, performance
or flight characteristics of the aircraft and which would normally require major repair or
replacement of the aftected component.

(2) Engine failure, damage limited to an engine, bent fairings or cowling, dented skin, small
punctured holes in the skin of fabric, ground damage to rotor or propelier blades, damage
to landing gear, wheels, tires, flaps, engine accessories, brakes, or wingtips are not
considered "substantial damage”.

Suppiemental Air Carrier (Charter): As defined by the Federal Aviation Administration (FAA), an Air
Carrier which holds Certificates of Public Convenience and Necessity issued by the U.S. Depanment of
Transportation (DOT), authorizing performance of passenger and cargo interstate charter services
suppiementing the scheduled service of the Certificated Air Carriers. The authority of Supplemental Air
Carriers to engage in military chanters is of an indefinite period. In Addition, they can perform on an
emergency basis, as may be authorized by the DOT, scheduled operations including the transportation of
individually ticketed passengers and individually waybilied cargo.

TACAN: Tactical Air Navigation. A UHF electronic rho (distance)-theta (azimuth) air navigation aid which
provides suitably equipped aircraft (primarily military) with a continuous indication of bearing and distance
to the TACAN facility.

Takeoff: Forthe ACRAM Standard [Ref. 1.1] for Air Carriers, Air Taxis and General Aviation, Takeoff
includes the Takeoff Flight Phase, and the Initial Climb Flight Phase. For Military Aviation, Takeoff will be
considered as the Flight Phase from the application of takeoff power on the runway to the point where the
aircraft altitude is not affected by its proximity from the departure runway.

Takeoff Flight Phase: The Flight Phase which consists of the beginning of the aircraft takeoff roll to the
moment the aircraft wheeis leave the ground.

TRACON: Temmninal Radar Control. The air traffic control facility responsible for providing

approach/departure aircraft separation, especially for IFR operations, for the airspace area approximately
5 miles radius from the primary airport extending outwards to approximately 35 miies from the primary

airpont.

TRACON Analysis: The aircraft crash frequency analysis for Aircraft Operations in the TRACON
Environment.

TRACON Environment: The airspace outside of the Near Airport Environment and inside and beneath
the Enroute/in-Fiight Environment in which all air traffic is under the control of the local TRACON.

VFR Flight: As defined by the Federal Aviation Administration (FAA), flight conducted in accordance with
visual flight rules.

Victor Airway: See Low Altitude Airway.
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VOR: Very high frequency Omnidirectional Radio range. Used as a basis for navigation in the national
airspace system.

VORTAC: Colocated VOR and TACAN navigation aids. An air navigation aid providing azimuth and
distance measuring equipment at one site.
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1.2 HOW TO USE THIS REPORT

This report shouid be used to provide the generic data needed to caiculated the aircraft crash frequency
into the facility under consideration as part of the process for determining the aircraft crash risk to ground
facilities as given by the DOE Standard Aircraft Crash Risk Assessment Methodology (ACRAM) {Ref.
1.1]. Some broad guidance will be offered on how to obtain the needed site-specific and facility specific
data but this data will not be provided by this document.

The frequency that an aircraft will hit a particular building or facility is generally calculated using the

the following formuia which incorporates the following four factors: (1) the number of flights or operations
near the area of interest, (2) the probability that an aircraft will crash or the expected crash rate, (3) the
liklihood that the aircraft will hit the particular location where the building or facility is located (crash
density function), and finally (4) the effective area of the building or facility. This expression is given as:

F = Lk Nik * Pik * Yk " Aj (1.1)
where:
F = estimated total annual aircraft crash impact frequency for the facility ot interest
{no./year);

Zijk‘ site-specific summation over each applicable flight phase, "I", aircraft category or
subcategory, "], and flight source, "k";

Niik = annual number of estimated site-specific aircraft operations near or affecting the
buiiding or facility for each applicable summation parameter (no./year);

Pijk = generic aircraft crash probability during landing, takeoff, and enroute phases for
each applicable category/subcategory and flight source;

f(x,y)ijk=  @eneric aircraft crash location probability density function (pdf) evaluated at

the facility location for each applicable summation parameter;

AF = the site-specitic effective target area for facility of interest that includes both the
skid and structural areas.

Tables 1.1 correlates the data needed for the factors of the four-factor formula with the data tables of this
document. While guidance is given as to the general location of needed data both in this document and
in the Modeling Technical Support Document [Ref. 1.15], the analyst is cautioned that interpretation and
understanding of the data is required in order to assure that the correct data is being used for the correct
purposes.
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TABLE 1.1
FREQUENCY SCREENING ANALYSIS,

NEAR AIRPORT ENVIRONMENT
CATEGORIES | N, Operations | P, Aircraft Crash f(x,y), Alrcratt AF, Facllity
Probabliity /Flight Crash Location Effective Target
Distribution Area
AirCarrier  INack  |Pac,TO f(x.y)com., Tok  JAFAC
(AC) Airport Specific | Pac, L f(x,y)com., Lk Facility Specific
Runway Specific LSKcom.
. Section 2.2, Section 2.3,
Section 1.3 Table 2.8 Tables 2.10, 2.11 Section 2.3,
Table 2.12
Alr Taxi (AT) | NATK PAT, TO f(x,y)com., TOk  |AFAT
Airport Specific | PAT, L f(x ¥)com., Lk Facility Specific
Runway Specific LSKGom.
) Section 2.2, Section 2.3,
Section 1.3 Table 2.9 Tables 2.10, 2.11 Section 2.3,
Table 2.12
General NGAK PGA, TO f(x,y)aA, TOk AFGA
Aviation (GA) | Airport Specific | PGA, L f(x.y)GA, Lk Facility Specific
Runway Specific LSKGA
. Section 3.4, Section 3.6,
Section 1.3 Table 3.37 Tables 3.45, 3.46 Section 3.6,
Figure 3.1
Military NMAK PMA, TO f(x.y)mMa, TOK AFMA
Aviation (MA) | Airport Specific | PMA, L f(X,Y)M A Lk Facility Specific
Runway Specific LSKMA
) Section 4.2, ion 4.3,
Section 1.3 Table 4.7 ?:g:elosn4.g -4.12 Section 4.3,
Table 4.20
Notes:
TO = Takeoff
L = Landing

Com. = Commercial Aviation = Air Carriers (ACs) and Air Taxis (ATs)

Each parameter with the subscript "K" must be determined specifically for that site with respect to the kth

airport.
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2. COMMERCIAL AVIATION
2.1 INTRODUCTION

Commercial aviation is the broad categorization of aviation activities which are performed for commercial
purposes. Such activities include passengers flights performed by scheduled airlines, cargo flights by
freight airlines, charter flights by nonscheduled airlines, etc. Because of the evolutionary deveiopment of
aviation, and the related evolutionary development of the Federal aviation regulations, several
classification schemes are currently in existence for classifying commercial aviation activities.

The Federal Aviation Administration (FAA) tabulates operations data for U.S. Air Carriers according to the
economic classification under which the operator of the aircraft is classified. Under this classification
arrangement, U.S. Air Carriers includes Certificated Air Carriers, Supplemental Air Carriers, Commercial
Operators of Large Aircraft, and Air Taxis (including commuters) [Ref. 2.1). This classification
arrangement can usually be correlated with the flights conducted under 14 CFR 121 [Ref. 2.1], and 14
CFR 135 [Ref. 2.2], respectively. The definition of these terms will be expanded in Section 2.2 for 14
CFR 121 Air Carriers, and in Section 2.3 for 14 CFR 135 Air Carriers.

Air Traffic Controllers use another classification scheme in tabulating their data on airport operations. As
discussed in Ref. 2.3 and from discussions with the FAA staff which compiles the data on airport traffic
activity, air carriers are defined as aircraft in general commercial service capable of carrying 70 or more
passengers, regardless of whether that particular flight is being flown under 14 CFR 121 or 14 CFR 81
rules [Ref. 2.4]. All other aircraft in general commercial service that carry iess than 70 passengers are
classified as air taxies. However, since many air taxis operate small single-engine aircraft, air controllers
often count these flights as general aviation flights uniess the flight is identified by a flight planora
commercial livery is carried by the aircraft.

To estimate an accident rate, one must obtain the number of accidents that occurred during the
performance of some number of operational measures. The National Transportation Safety Board
(NTSB) defines an aircraft accident as an occurrence associated with the operation of an aircraft which
takes place between the time any person boards the aircraft with the intention of flight until such time as
all such persons have disembarked, and in which any person suffers a fatal or serious injury as a result of
being in or upon the aircraft or by direct contact with the aircraft or anything attached thereto, or in which
the aircraft receives substantial damage. Operational measures could be detined in terms of number of
departures or flights, number of aircraft hours flown, or the distance the aircrafts have flown (in terms of
miles, nautical miles, kilormeters, etc.).

The National Transportation Safety Board (NTSB) tabulates accident data for U.S. Air Carriers according
to the regulations under which the flight was conducted. Under this classification arrangement, U.S. Air
Carriers include flights conducted under 14 CFR 121 [Ref. 2.1], and 135 [Ref. 2.2).

For the ACRAM standard, the aircraft accidents of interest are those accidents which result in the ‘
destruction or substantial (major) damage to the aircraft. The reasoning behind this is that unless the
aircraft suffered destruction or major damage, then the impact forces imposed on the aircraft were
probably not very substantial, and therefore, the impact forces imposed on anything that aircraft hit, such
as a building, would not be very substantial. For commercial aviation, i.e. air carriers and air taxis, a
substantial portion of the accidents involve fatal or serious injuries but minor or no damage to the aircraft.
Examples of such accidents include ground accidents involving ramp personnel, or severe air turbulence
accidents involving passengers or crew members. Therefore, for the ACRAM standard, it is necessary to
define commercial aircraft crashes differently from commercial aircraft accidents. More formally, a
commercial aircraft crash is defined as any aircraft accident involving an aircraft type generally used for
commercial service during flight operations (defined as the beginning of takeoff roll to landing touchdown)
which results in the destruction or substantial damage to the aircraft. Fatal or serious injury sustained as
a result of the accident itself, without related destruction or substantial damage to the aircraft is not a
criterion for consideration as a commercial aircraft crash. Based on this definition for commercial aircraft
crashes, a crash rate for air carriers and air taxis can be calculated based on the number of aircraft
destroyed or substantially damaged per operational measure.
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For the ACRAM Standard [Ret. 2.5], commercial aviation will be considered to consist of two categories of
aviation: 1) Air Carriers and 2) Air Taxis. Air Carriers and Air Taxis will be defined in accordance with the
general practice used by air traffic controllers in classifying Air Carrier and Air Taxis operations.

The development of commercial aviation data for the ACRAM Standard is discussed in the following
sections: 2.2 Air Carrier (14 CFR 121) Accident and Crash Rates, 2.3 Air Taxi (14 CFR 135) Accident
and Crash Rates, 2.4 Commercial Aviation Crash Parameter Distributions, 2.5 Commercial Aviation
Aircraft Characteristics, and 2.6 References.

2. COMMERCIAL AVIATION 2-2 7/22/96




2.2 AIRCARRIER (14 CFR 121) ACCIDENT AND CRASH RATES

A Certificated Air Carrier is defined as an Air Carrier holding a Certificate of Public Convenience and
Necessity issued by the U.S. Department of Transportation (DOT) to conduct scheduled services
interstate. Nonscheduled or charter operations may also be conducted by these carriers. These carriers
operate large aircraft (30 seats or more or a maximum payioad of 7,500 pounds or more) in accordance
with 14 CFR 121 [Ref. 2.1].

A Commercial Operator of Large Aircraft is defined as a Commercial Operator operating aircraft with 30
seats or more or a maximum payload capacity of 7,500 pounds or more [Ret. 2.1}

A Supplemental Air Carrier or a charter Air Carrier is defined as an Air Carrier which holds Certificates of
Public Convenience and Necessity issued by the U.S. Department of Transportation (DOT), authorizing
performance of passenger and cargo interstate charter services supplementing the scheduled service of
the Certificated Air Carriers. The authority of Supplemental Air Carriers to engage in military charters is of
an indefinite period. In addition, they can perform on an emergency basis, as may be authorized by the
DOT, scheduled operations including the transportation of individually ticketed passengers and
individually waybilled cargo [Ref. 2.1]

The NTSB has been granted the authority to investigate all aviation accidents that occur in the United
States except for those involving military aircraft only and for certain public-use aircraft only. In addition,
the NTSB investigates other accidents as requested, e.g. U.S. air camier accidents in foreign airspace,
foreign air carriers in foreign airspace involving U.S. built aircraft and involving special circumstances, etc.
The NTSB tabulates accident data annually for U.S. Air Carriers according to the regulations or part under
which the flight was conducted, i.e. 14 CFR 121 [Ref. 2.1], and 14 CFR 135 [Ref. 2.2]. Flights conducted
14 CFR 121 involved aircraft capable of carrying 30 or more passengers or a maximum payload of 7,500
pounds or more. Tables 2.1 to 2.3 taken from the NTSB Annual Review of Aircraft Accident Data, U.S. Air
Carrier Operations [Ref. 2.6 to 2.26] and the NTSB News Annual Press Release on U.S. Alirline Accidents
[Ref. 2.27 and 2.28] presents the following information for the years 1973 to 1995:

The number of fatal accidents,

The total number of accidents,

The number of passenger fatalities aboard the aircraft flying under that part,

The number of crew fatalities aboard the aircraft flying under that par,

Other fatalities associated with the accident including ground fatalities and fatalities

aboard aircraft involved in the accident but not flying under that part, i.e. collisions,

The total number of fatalities,

The number of aircraft flying under that part involved in the accidents that were

destroyed,

The number of aircraft flying under that part involved in the accidents that were

substantially (major) damaged,

9. The number of aircraft flying under that part involved in the accidents that suftered minor
or no damage,

10. The total number of aircraft flying under that part involved in the accidents,

11. The number of aircraft hours flown by aircraft flying under that part,

12. The number of aircraft miles by thousands flown by aircraft flying under that part,

13. The number of aircraft departures performed by aircraft flying under that pan,

14. The average speed of aircraft flying under that part, calculated by dividing the number of
aircraft miles flown by the number of aircraft hours flown,

15. The average number of aircraft miles flown by aircraft flying under that part per flight or
g:paere. caiculated by dividing the number of aircraft miles flown by the number of

partures,

16. The average amount of time flown by aircraft flying under that part per flight or departure,
calculated by dividing the number of aircraft hours fiown by the number of departures,

17. The fatal accident rate per aircraft hour, aircraft mile, and departure, determined by

dividing the number of fatal accidents by the number of aircraft hours, aircraft miles, and

departures, respectively,

©® N® AN
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18. The total accident rate per aircraft hour, aircraft mile, and departure, determined by
dividing the total number of accidents by the number of aircraft hours, aircraft miles, and
departures, respectively.

19. The crash rate per aircraft hour, aircraft mile, and departure, determined by dividing the
number of crashes (defined as aircraft flying under that part involved in the accident that
were destroyed or substantially damaged) by the number of aircraft hours, aircraft miles,
and departures, respectively.

The total, average, and standard deviation for each of the above categories of information were
calculated for those years in which information was available, except for the calculated average speed,
distance and time per departure (14. to 16.) and calcufated fatal accident, total accident and crash rates
(17. to 19.) which had only the average and standard deviation calculated. Table 2.1 presents data for
the scheduled U.S. air carriers operating under 14 CFR 121. Table 2.2 presents data for the
nonscheduled or charter U.S. air carriers operating under 14 CFR 121. Table 2.3 presents data for total
U.S. air carriers operating under 14 CFR 121 and is the sum of Tables 2.1 and 2.2.

While Tables 2.1 to 2.3 were taken from NTSB documents [Refs. 2.6 to 2.28], only the accident data and
the aircraft damage data were compiled by the NTSB. All operations data are tabulated by the F.A.A. It

should be emphasized that all of the accidents, aircrafts involvement, and operations given in Tables 2.1

to 2.3 were tabulated on the basis of the part or regulation under which the flight was conducted and that
the accident and crash rates are calculated on a consistent basis.

Because the data of Tables 2.1 1o 2.3 were tabulated on the basis of the part or regulation under which
the flight was conducted, certain caveats should be associated with these tables when used in
conjunction with the ACRAM standard. As the final result desired by the frequency analysis of the
ACRAM standard is the aircraft crash frequency into the facility, the analysis should be based on the total
number of aircraft operations near the facility, regardiess of the part or regulations under which the flight
is conducted. This is exactly how air traffic controllers tabulate aircraft operations near airports and is
consistent with the requirements of the ACRAM Standard [Ref. 2.5]. The crash rate needed by the crash
frequency analysis however, is determined by the part under which the flight is conducted which is
inconsistent with the requirements of the ACRAM Standard. The result of using crash rate based solely
on the part or regulation under which the flight is conducted is that other flights such as repositioning
flights and training flights, flown by the same aircraft are conducted under Part 91 rules and are not
counted in the NTSB tables. The resultant error introduced by this inconsistency is probably not iarge,
but it is there nevertheless.

Another caveat associated with Tables 2.1 10 2.3 is that accidents by foreign air carriers in U.S. airspace
are not included. This is because foreign air carriers conduct their flights in U.S. airspace under 14 CFR
Part 129 rules [Ref. 2.29]. As the foreign air carrier operations in U.S. airspace are also not counted in
Tables 2.1 t0 2.3, no error is introduced. However, for the ACRAM Standard [Ref. 2.5], an aircraft crash
is equally damaging to a facility whether by a U.S. air carrier or foreign air carrier. This factor is
compensated {0 some degree by the fact that accidents by U.S. air carriers in foreign airspace are
counted by the NTSB and the operations by U.S. air carriers in foreign airspace are included. Again, this
is because these flights-are conducted under Part 121 rules even while in foreign airspace. Whether
these two factors are comparable and therefore one can consider them to cancel each other out is
unknown at this time.

The solution to this dilemma posed by these caveats would be to determine the crash rate regardless ot
the part or regulation under which that the flight is conducted. This would required determining the
number of U.S. and foreign air carrier accidents and operations which occurred in U.S. airspace only,
under all flight rules. 1t would be possible to develop this information but this would require additional
research.

Accident data compiled by the NTSB and operations data compiled by the FAA prior to 1980 were
gathered on the basis of the economic classification of the air camier, i.e. certificated route air carriers,
suppiemental air carriers, commercial operators of large aircraft, and all cargo air service. Flights
performed by these air carriers were further broken down into scheduled and nonscheduled service,
domestic and intemational service, passenger and other operations. The change in the way the NTSB
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and the FAA compiled their accident and operation data was due to the dereguiation of the U.S. airline
industry in 1978. One of the result of the deregulation of the U.S. airline industry in 1978 was that many
of the economic classifications were now obsolete and that classificatiion of operations and accidents
under the previous classification system was no longer desired. This is the main reason for the
changeover in 1980 by the NTSB and FAA to gather accident and operations data on the basis of the
economic classification of the air carriers to flight rules under which the flight was conducted. The result
of this changeover is that accident and operations data compiled prior to 1980 may be inconsistent with
accident and operations data compiled after 1980. Certain assumptions must be made regarding
accident and operations data compiled before 1980 if this data is included with accident and operations
data compiled after 1980. One of these assumptions is that the operations of U.S. Air Carriers operating
on scheduled certificated route operations are comparabie to the Scheduled U.S. Air Carriers operated
under 14 CFR 121 for the 1973-1979 time period. Another assumption is that the operations of U.S. Air
Carriers operating on nonscheduled certificated route operations are comparable to the Nonscheduled
U.S. Air Carriers operated under 14 CFR 121 for the 1973-1979 time period.

In order to calculate an accident and crash rate that is reasonably conservative and yet incorporates
recent data, it is necessary to include data over a reasonably long period of time that is complete and
current. For U.S. air carriers operating under 14 CFR 121, the years 1973 to 1994 were selected. This
enabled the accident and crash rates for 121 air carriers to be determined for a 22 year periods.

The accident and crash rates given by Tables 2.1 to 2.3 for 121 air carriers represent the accident and
crash rates over the entire flight. As experience and numerous past studies on commercial aviation
safety has shown, accidents do not occur with equal probability during the course of the flight. Certain
flight phases, e.g. landing and takeoff, experience significantly higher number of accidents and crashes.
To determine accident and crash rates by flight phase, it is necessary to determine the number of
accidents and crashes that occur in each flight phase.

Table 2.4 presents the total number of aircraft flying under 14 CFR 121 regulations involved in accidents
by fiight phase for the 1973-1994 time period. From the number of 14 CFR 121 aircraft involved in
accidents given by Table 2.4, and assuming 1.4 hour average flight duration, 570 miles average distance
flown per flight, and 407 miles/hour average velocity for each flight, for the 140,872,105 departures
(flights) flown by all U.S. Air Carriers (scheduled and nonscheduled) for 1973 to 1994, the accident rates
by flight phases are determined in Table 2.5. The adjusted number of accidents by flight phase in Table
2.5 (the 4th column from the left) are the number of accidents minus the accidents which occurred in the
taxi, ground accident, and unknown flight phases. The adjusted percentage by flight phase in Table 2.5
(the 5th column from the left is the adjusted number of accidents for that flight phase divided by the total
adjusted number of accidents. The ACRAM Standard [Ref. 2.5] defines three flight phases, takeoff,
landing and in-flight or enroute. Takeoff is defined as encompassing the actual takeoff roll and the initial
climb phase. Landing is defined as including the landing approach, and the actual landing roll. Enroute
or in-flight is defined as including the climb to cruise, cruise or enroute, and the descent from cruise flight
phases. To meet the needs of the ACRAM Standard, crash rates for the flight phases used by the
ACRAM Standard must be determined. This is also done by combining the accidents occurring in the
takeoft and initial climb phases into the ACRAM takeoff accident rate. The ACRAM in-flight accident rate
was determined by combining the accidentss occurring during the climb to cruise, cruise/enroute, and
descent from cruise flight phases. The ACRAM landing accident rate was determined by combining the
accidents occurring during the landing approach and landing flight phases.

Table 2.6 presents the number of aircraft flying under 14 CFR 121 regulations involved in crashes
(accidents resulting in destruction or major damage to the airframe) by flight phase for the 1873-1894 time
period. The crash rates of Table 2.7 are caiculated from the number of crashes determined in Table 2.6
by the procedure used in Table 2.5. Similar operations assumptions are also used in the calculation.
Crash rates by ACRAM defined flight phases are determined in the last four columns of Table 2.7.

Table 2.8 presents the number of aircraft flying under 14 CFR 121 regulations involved in crashes which

resulted in destruction or such major damage to the airframe that the aircraft is written off (major-w.o.) by
fliight phase for the 1973-1994 time period. The crash rates of Table 2.9 are calulated from the number of
crashes determined in Table 2.8 by the procedure used in Table 2.5. Similar operations assumptions are
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also used in the calculation. Crash rates by ACRAM defined flight phases are also determined in the last
four columns of Table, 2.9.

Among the primary assumptions used by the ACRAM Standard [Ref. 2.5] is that the facility under
consideration is located far enough from the airport that only aircraft impacts {crashes) located off the
runway need be considered. Untortunately, the information available on 14 CFR 121 Air Carrier
accidents in many instancas allows only the identification of whether the accident occurred on or off the
airpoft. In most cases, the accident which occurs on the airport aiso occurs on the runway. For these
reasons, a sort was performed on the 14 CFR 121 Air Carrier accidents to screen those events which
occurred on the airport.

Table 2.10 presents the total number of aircraft flying under 14 CFR 121 reguiations invoived in accidents
which occurred off the airport by flight phase for the 1973-1994 time period. The accident rates of Table
2.11 are calculated from the number of accidents determined in Table 2.10 by the procedure used in
Table 2.5. Similar operations assumptions are aiso used in the caiculation. Crash rates by ACRAM
defined flight phases are determined in the last four columns of Table 2.11.

Table 2.12 presents the number of aircraft flying under 14 CFR 121 regulations involved in crashes
{accidents resulting in destruction or major damage to the airframe) which occurred off the airport by flight
phase for the 1973-1994 time period. The accident rates of Table 2.13 are caiculated from the number of
crashes determined in Table 2.12 by the procedure used in Table 2.5. Similar operations assumptions
are also used in the calculation. Crash rates by ACRAM defined flight phases are determined in the last
four columns of Tabile 2.13.

Table 2.14 presents the number of aircraft flying under 14 CFR 121 regulations involved in crashes which
result in destruction or such major damage to the airfframe that the aircraft is written off (major-w.0.) which
occurred off the airpont by flight phase for the 1973-1994 time period. The accident rates of Table 2.15
are calculated from the number of crashes determined in Table 2.14 by the procedure used in Table 2.5.
Similar operations assumptions are also used in the calculation. Crash rates by ACRAM defined flight
phases are determined in the last four columns of Table 2.15.

Finally, Table 2.16 presents a comparison of the total number of aircraft flying under 14 CFR 121
regulations involved in accidents/crashes with the number of aircraft flying under 14 CFR 121 reguiations
involved in off airport accidents/crashes. Note that for the taxi, takeoff, landing, and ground flight phases,
the number of 14 CFR 121 aircraft invoived in off airport accidents/crashes are, be definition, zero.
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Table 2.16

Comparison of All 14 CFR 121 Aircraft Involved in Accidents/Crashes with
14 CFR 121 Aircraft Involved in Off Airport Accidents/Crashes

All ot All Off
Accidents  Airport Accidents  Airport
Total Total Destroyed Destroyed Destroyed/ Destroyed/
All ot or Major  or Major Maijor-W.O. Major-W.O.
Accidents  Airport Pet. Damage Damge Pct. Airframe  Airframe Pct.

No. of No.of  Off Airport/] No. of No.of Off Airport/] No. of No.of  Off Airport/
_Flight Phases | Accidents Accidents __ All Ace. Crashes Crashes All Acc. Crashes  Crashes Al Acc.
Taxi 79 0 0.0% 50 0 0.0% 2 0 0.0%
Takeoff (TO) 47 0 0.0% 34 0 0.0% 14 0 0.0%
Initial Climb (IC) 38 22 57.9% 32 20 62.5% 26 19 73.1%
Climb to 39 33 846% 14 11 786% 5 4 800%
Cruise {CC)
Cruise/ 126 121 96.0% 23 20 87.0% 11 10 90.9%
Enroute (ER)
Initial 55 53 96.4% 1 1 100.0% 1 1 100.0%
Descent (ID)
Airport 17 16 94.1% 13 13 100.0% 10 9 90.0%
Approach (AA)
Runway 39 28 71.8% 36 24 66.7% 23 19 82.6%
Approach (RA)
Landing (L) 91 0 0.0% 85 0 0.0% 28 0 0.0%
Ground 47 0 0.0% 12 0 0.0% 1 0 0.0%
Accident (G)
Unknown (?) 6 3 50.0% 4 1 25.0% 0 0 0.0%
TOTAL: 584 276 47.3% 304 90 29.6% 121 62 51.2%
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2.3  AIRTAXI (14 CFR 135) ACCIDENT AND CRASH RATES

An Air Taxi is defined as a classification of Air Carriers which transports in accordance with 14 CFR 135
[Ref. 2.2], persons, property, and mail using small aircraft (under 30 seats or a maximum payioad
capacity of less than 7,500 pounds). A Commuter Air Carrier is defined as an Air Taxi operator which
performs at least five round trips per week between two or more points and publishes flight schedules
which specify the times, days of the week, and points between which such flights are performed.

Tables 2.16 to 2.18 taken from the NTSB Annual Review of Aircraft Accident Data, U.S. Air Carrier
Operations [Ref. 2.6 to 2.26] and the NTSB News Annual Press Release on U.S. Airline Accidents [Ref.
2.27 and 2.28] presents the following information for the years 1975 to 1995:

The number of fata! accidents,

The total number of accidents,

The number of passenger fatalities aboard the aircraft flying under that part,

The number of crew fatalities aboard the aircraft flying under that pan,

Other fatalities associated with the accident inciuding ground fatalities and fatalities

aboard aircraft invoived in the accident but not flying under that pan, i.e. coliisions,

The total number of fatalities,

The number of aircraft flying under that part involved in the accidents that were

destroyed,

The number of aircraft flying under that part involved in the accidents that were

substantially (major) damaged,

9. The number of aircraft flying under that part involved in the accidents that suffered minor
or -no damage,

10. The total number of aircraft flying under that part involved in the accidents,

11. The number of aircraft hours flown by aircraft flying under that part,

12. The number of aircraft miles by thousands flown by aircraft flying under that part,

13. The number of aircraft departures performed by aircraft flying under that part,

14. The average speed of aircraft flying under that part, calculated by dividing the number of
aircraft miles flown by the number of aircraft hours fiown,

15. The average number of aircraft miles flown by aircraft flying under that part per flight or
departure, calculated by dividing the number of aircraft miles flown by the number of
departures,

16. The average amount of time flown by aircraft flying under that part per flight or departure,
calculated by dividing the number of aircraft hours flown by the number of departures,

17. The fatal accident rate per aircraft hour, aircraft mile, and departure, determined by
dividing the number of fatal accidents by the number of aircraft hours, aircraft miles, and
departures, respectively,

18. The total accident rate per aircraft hour, aircraft mile, and departure, determined by
dividing the total number of accidents by the number of aircraft hours, aircraft miles, and
departures, respectively.

19. The crash rate per aircraft hour, aircraft mile, and departure, determined by dividing the

number of crashes (defined as aircraft flying under that part involved in the accident that

were destroyed or substantially damaged) by the number of aircraft hours, aircraft miles,
and departures, respectively.

© N orONp=

The total, average, and standard deviation for each of the above categories of information were
calculated for those years in which information was available, except for the calculated average speed,
distance and time per departure (14. to 16.) and calculated fatal accident, total accident and crash rates
(17. to 19.) which had only the average and standard deviation calculated. Table 2.17 presents data for
the scheduled or commuter U.S. air carriers operating under 14 CFR 135. Table 2.18 presents data for
the nonscheduled or air taxi U.S. air carriers operating under 14 CFR 135. Table 2.19 presents for total
U.S. air carriers operating under 14 CFR 135 and is the sum of Tables 2.17 and 2.18.

While Tables 2.17 to 2.19 were taken from NTSB documents [Refs. 2.11 to 2.28], only the accident data

and the aircraft damage data were compiled by the NTSB. All operations data are tabulated by the F.AA.
It should be emphasized that all of the accidents, aircraft involvment, and operations given in Tables 2.17
to 2.19 were tabulated on the basis of the part or regulation under which the flight was conducted and that
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the accident and crash rates are conculated on a consistent basis.

The caveats stated for 14 CFR 121 Air Carriers in Section 2.2 generally apply to the 14 CFR 135 Air
Carriers (Air Taxis), i.e., repositioning or ferry flights, and training flights are not counted as part of the
operations, and operations by foreign air carriers in U.S. airspace are not counted. The errors introduced
by these restrictions on the data are not known but are assumed to be small. The number of air taxi
flights by foreign air carriers in U.S. airspace are expected to be particularty small because of the
distances involved and the range limitation of air taxi aircraft types.

In order to calculate an accident and crash rate that is reasonably conservative and yet incorporates
recent data, it is necessary to include data over a reasonably long period of time that is complete and
current. For U.S. air carriers operating under 14 CFR 135, the years 1980 to 1993 were selected. This
enabled the accident and crash rates for 135 air carriers to be determined for a 14 year periods.

The accident and crash rates given by Tables 2.17 to 2.19 for 135 air carriers represent the accident and
crash rates over the entire fight. As experience and numerous past studies on commercial aviation
safety has shown, accidents do not occur with equal probability during the course of the tlight. Certain
flight phases, e.g. landing and takeoff, experiencs significantly higher number of accidents and crashes.
To determine accident and crash rates by flight phase, it is necessary to determine the number of
accidents and crashes that occur in each flight phase.

Table 2.20 presents the total number of accidents involving aircraft flying under scheduled 14 CFR 135
reguiations by flight phase and by aircraft damage state for the 1980 to 1993 time period except for 1981
[Refs. 2.13 to 2.26]. From the number of accidents invoiving Scheduled 14 CFR 135 aircraft given by
Table 2.20, and assuming 0.7 hour average flight duration, 127.5 miles average distance flown per flight,
and 179.5 miles/hour average velocity for each flight, for the 36,582,419 departures (flights) flown by
Scheduled 14 CFR 135 Air Carriers for 1980 to 1993, the accident and crash rates are determined in
Table 2.21. The ACRAM Standard [Ref. 2.5] defines three flight phases, takeoff, landing and in-flight or
enroute. Takeoff is defined as encompassing the actual takeoff rolf and the initial climb phase. Landing
is defined as including the landing approach, and the actual landing roll. Enroute or in-flight is defined as
including the climb to cruise, cruise or enroute, and the descent from cruise flight phases. To meet the
needs of the ACRAM Standard, crash rates for the flight phases used by the ACRAM Standard must be
determined. This is also done by combining the crashes occurring in the takeoff and initial climb phases
into the ACRAM takeoff crash rate. The ACRAM in-flight crash rate was determined by combining the
crashes occurring during the climb to cruise, cruise/enroute, and descent from cruise flight phases. The
ACRAM landing crash rate was determined by combining the crashes occurring during the landing
approach and landing flight phases.

Table 2.21 has a column (2nd from the left) which lists the caiculated number of accidents. This was
determined by taking the flight phase percentages determined in Table 2.20 and applying the
percentages o the total number of Scheduled 14 CFR 135 accidents for the 1980-1993 time period
determined from Table 2.17. This was done because the number for Scheduled 14 CFR 135 accidents
by flight phase for 1981 was not available at the time Table 2.20 was prepared. It is hope that this data
can be obtained and that these tables can be revised to present the actual 1981 data in the calculations.

Finally, applying the assumption used by the ACRAM Standard [Ref. 2.5] that tacilities considered by the
ACRAM Standard are located far enough from the airport that only aircraft impacts (crashes) located off
the runway need be considered, cannot be done for 14 CFR 135 aircraft due to unavailability of that data.
Therefore, the crash rates presemed by Table 2.21 represent alt Scheduled 14 CFR 135 accidents, both
on and off the airport. A possible factor which couid be applied to the crash rates of Table 2.21 is to apply
the off airpori/total accident percentages of 14 CFR 121 Air Carriers determined in Tables 2.16 to the

Scheduled 14 CFR 135 Air Carrier crash rates. it should be noted that there are significant differences in
the type of aircrafts used in 14 CFR 121 operations versus Scheduled 14 CFR 135 operations. In
addition, the type of operations performed under 14 CFR 121 differ significantly from the type of
operations performed under 14 CFR 135 except for the largest Scheduled 14 CFR 135 Air Carriers flying
the larger aircraft types. Another possible factor which couid be applied to the crash rates of Tabie 2.21 is
to apply the off runway/total accident percentages for General Aviation determined in Chapter 3 to the
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Scheduled 14 CFR 135 Air Carrier crash rates.
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2.4 COMMERCIAL AVIATION CRASH PARAMETER DISTRIBUTIONS.

Cakulation of the impact frequency for near airport crashes by means of the four factor methodology given
by the ACRAM Standard [Ret. 2.5] requires the probability distribution of impact location, as well as
representative values of impact angle and skid distance. These distributional quantities may readily be
extracted from results from a more general methodology derived in LLNL report UCRL-1D-122512 [Ref.
2.32], which provides frequency estimates of hitting a facility at or above a specified velocity, and models
both off-runway impacts and runway run-offs and overruns. Since in DOE applications the facility of
interest will by assumption be located sufficiently far from any runway that the contribution from runway
run-offs or overruns is negligible, the relevant probability distributions for the LLNL evaluation are those
which model the off-runway impact location, angle, and velocity, and the heading and deceleration after
impact. Reasonable parametric families of distributions and associated parameter settings have been
obtained from the examination and analysis of a large data base extracted from published reports of
commercial aircraft accidents. The data base is essentially compiete for accidents that occurred between
1950 and 1990 and which involved large commercial jets. The runway is a contributor to the modei only
through its role in orienting the coordinate system. Locations are measured in reference to the runway;
only the runway's length, q, and width, 2, are pertinent. The prototypical runway has length q=10000
feet and width 2i=150 feet. The origin in the LLNL development, unlike the Standard’s origin which is at
the center of the runway, is at the center of the threshoid end of the runway for a landing; the point (-q, 0)
is at the center of the departure end for a takeoff. Successful takeoffs and landings are assumed to go
from right to left. {in the Standard the intended direction of travel is the opposite: left to right.] See Figure
2.1.

¥
runway I
%
-l
-q
departure threshold
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Figure 2.1 Coordinate system and direction of travel of Ref. 2.32.

Most quantities modeled have finite ranges. Beta distributions have been successfully applied in cases of
limited ranges, e.g. heading angles. in cases of finite but essentially open-ended variables, e.g. impact
locations, velocities, and decelerations, truncated versions of common distributions with infinite range
(lognormal and Weibull) have been successtully fitted to the data.

All results should be viewed as preliminary. Additions and revisions of data will undoubtedly lead to
improved parameter estimates. More detail than required by the Standard is presented here for the sake
of faithfulness to the LLNL approach.

The units used are (feet, seconds, radians) for (distance, time, angle).
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2.4.1. OFF-RUNWAY IMPACT LOCATION DISTRIBUTIONS.

Consider the location of an impact caused by a crash on takeoff. The x-coordinate measures the position
along the extended runway center line, the intended direction of travel is right to left, and the origin is at
the right extreme (threshoid end) of the runway. Since the data base shows a dependency between x and
y. the joint pdf £X_ Y(x, y) is derived as

fx, v(x, y) = fx(x) fypx(yix). (2.1)

The data base shows no accidents with x-coordinate larger than 0, as this would require the aircraft to
impact at a point behind where it commenced its takeoff run down the runway. In addition, all impacts have
x-coordinates greater than -90000 (about 15 miles beyond the departure end of the runway), since
impacts less than this figure would occur only if the aircraft is beyond the takeoff/climb phase of flight. A
truncated lognormal distribution has been found to adequately fit the x-coordinate of takeoff impacts.
Specificalty, the pdf fx(x) is given by

h(x)

fx(x) = ToHRY (2.2)
where h(x) = -_—)—(—}2—_1—:; ex T:;Z-[In(—x) - u]z), -0 <X <0, (2.3)
and H(t) = f " h(x) dx, (2.4)

with x| = -80000, p = 8.3663, and ¢ = 0.4913. Essentially In(-X) is normally distributed with mean 9.3663
and standard deviation 0.4913, with truncation on the ieft at x = -90000. The mean of this distribution is
around -13200, implying that a typical impact occurs about 3200 feet beyond the departure end of the
runway. See Figure 2.2. The distribution of the y-coordinate of impact depends on the value of the x-
coordinate, since the distance from the extended runway center line tends to increase as the flight
progresses and a jetway is followed toward a destination. A Weibull log linear regression that employs
maximum likelihood techniques on exact, censored, and interval data has produced a satisfactory fit. The
conditional pdf ty|x(y|x) is determined as follows:

. Y | x s distributed as Wy + 75 with probability 1/2, and as -Wy - 75 with probabiiity 1/2,
if-10000 < x < 0

. Y | x is distributed as Wy with probability 1/2, and as -Wy with probability 1/2, if -90000 < x < -10000
. Wy is Weibull with scale parameter

afx) = exp(4.9576 - 0.00009955 x) and shape parameter ¢ = 0.5381,
i.e., Wy has pdf

o) = oS5(ara) e (- [atal} (2.5)

a(x)\ a(x) a(x)

2. COMMERCIAL AVIATION 2-32 7/23/96




4-=—_.—as—-‘-"-—/ —
-40000 -30000 -20000 - 10000 5]
Figure 2.2

The truncated iognormal pdf for the x-coordinate of off-runway takeoff crashes.

A feature of the dependency of Y on x is shown in Figure 2.3 in which the median y-coordinate is plotted

against x for impacts above the runway. The mirror image is valid for impacts below the runway.
Y

10000 A

8000

6000

4000

2000

N
\
0 -+ X

~50000 ~-40000 ~30000 -~20000 -10000 o
Figure 2.3

The median y-coordinate of impact for off-runway takeoff crashes above the runway.
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A similar approach can be used to model the location of off-runway landing impacts. Landing phase
crashes tend to occur short of the runway. Since no data base crashes occurred beyond the runway
departure end, and crashes with x-coordinate greater than 105000 (about 20 miles before the runway
threshold) are not viewed as landing/landing approach phase accidents, an x-coordinate range from
-10000 to 105000 seems appropriate. A truncated lognormal distribution provides an adequate fit for the
x-coordinate of landing impacts. Specifically, the pdf fx(x) is given by

#x(x) = ?k(%’(% , (2.6)

where k() = — 1 exp(— —1—(ln[x - Xp] - u)z) X > Xq (2.7)
(x—=xoW2ro 202 ' '

and K(t) = f " k(x) dx , 2.8)

with xy; = 105000, xg = -10000, u = 9.6607, and ¢ = 0.4947. Thus In{X + 10000) is normaily distributed
with mean 9.6607 and standard deviation 0.4947, with truncation on the right at x = 105000. The mean of
this distribution is around 7600, implying that a typical impact occurs about 7600 feet short of the
threshold end of the runway. See Figure 2.4. The distribution of the y-coordinate of impact depends on
the x-coordinate, since typical landing pattems involve turning toward the extended runway center line.
The Weibull log linear regression methodology empioyed for the takeoff data has been used to fit the
landing data with comparable success. Landing phase impacts tend to fall closer to the extended runway
center line as the flight progresses and the approach to the runway is executed.
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Figure 2.4 The truncated lognommal pdf for the x-coordinate of off-runway landing crashes.

The conditional pdf fy|x(ylx) is determined as follows:

. Y | x is distributed as Wy with probability 1/2, and as -Wy with probability 1/2, if 0 < x < 105000
. Y | x is distributed as Wy + 75 with probability 1/2, and as

-Wy -75 with probability 1/2, #f -10000 < x < 0
. Wy is Weibull with scale parameter

a(x) = exp(5.8542 + 0.000056063 x) and shape parameter ¢ = 0.82406,
i.e., Wy has pdf (2.5).
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In Figure 2.5 the median y-coordinate is plotted against x for impacts above the runway. The mirror image
is valid for impacts below the runway.

Y
3000
e
2000 o
__,._u——'—"'h-u-——-—"‘-»'
o x
-10000 0 10000 20000 30000 40000

Figure 2.5 The median y-coordinate of impact for off-runway landing crashes above the runway.

Crash frequency screening requires a grid of impact location probabilities for takeoff and landing crashes.
Such grids are provided in Table 2.22 (Takeofts) and Table 2.23 (Landings). Abbreviated versions are
given in the ACRAM Standard [Ref. 2.5]. It is important to note that the ACRAM Standard screening uses
a ditferent origin, namely the center of the runway, rather than the threshold end of the runway used in the
LLNL report. Moreover, the direction of flight is left to right in the Standard, as opposed to right to left in
the LLNL report. The entry in Table 2.22, (x € [2,3], ¥ € [1.2]), is seen to be 3.818E-03. This number is
the conditional probability, given a takeoff crash occurs, that the impact will take place within the one
square mile area characterized by {(x, y}:2<x £ 3, 1 Sy £ 2}, where (x, y} denotes the impact coordinates
based on the origin situated at the runway center and the intended direction of travel being left to right.
[For a runway of iength 2 miles, the corresponding region in the coordinate system having origin at the
runway threshold and flight from right to left would be {(x, y): -4 £x < -3, 1 sy £2}.] The entries in Tables
2.22 and 2.23 were computed by integrating the appropriate joint densities (2.1).
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2.4.2. OFF-RUNWAY HEADING DISTRIBUTIONS.

The aircraft's heading after an off-ninway impact is not explicitly given in accident reports. The resting
location of the wreckage is however reported, and the heading is estimated by calculating the angle,
relative to the extended runway center line, of the line from the impact point to the center of the main
wreckage segment. The heading distribution is not used in the ACRAM Standard [Ref. 2.5].

The heading of the aircraft after a takeoft crash depends on the impact location. Because typical takeoft

flight patterns tend to require a turn away from the extended runway center line, the heading is usually
greater than the arc tangent of the position of the aircraft. See Figure 2.6.

Y

threshold
<

Figure 2.6 The heading 6 of the aircraft on takeoff is typically greater than the arc tangent
8, = tan1(lylix|) of its position.

A regression on headings in off-runway takeoff impacts has found the mean heading 65 to satisfy the log
linear relation

6, = 0.97126+0.16906 |n(eo), (2.9)
where 6p marks the nominal heading on impact, i.e.,

09 = tan-1(ly)/Ix|), (2.10)
and the heading itself to be fit adequately as

9=6;+21t(B-1/2), (2.11)
where B denotes a symmetric beta distributed random variable with parameter 132. That is, B has pdf

a+b - -
gB(x;a,b)=ﬁ;—)-ﬁbi)xa 1(1-%°"1,0<x<1, (2.12)

with a = b = 132. Therefore the conditional pdf fg|X, Y used in calculations of crash frequency is given by

_ 1 [8-6+m
bixv(@1x% y)= o gs( o

The mean heading 66 as a function of nominal heading 8¢ is shown in Figure 2.7.

;132,132], 0, -n<0<0,+7.. (2.13)

The headings in off-runway landing impacts do not appear from the data base to depend on the location.
A beta distribution with a modest tendency for headings away from the extended runway center line
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Figure 2.7 The mean heading, in degrees, at impact for off-runway takeoff crashes as a function of
the nominal heading, in degrees.

provides a satisfactory fit. Specifically, © is distributed as

<~)=2u(a--;-). (2.14)

where B has pdf (2.12) with a=61.18 and b=56.76, so that the conditional pdf fg|X, Y used in calculations
is given by
0+m

fxv(@1xy)= -l-ga( o ;61.18, 56.76), -n<O<m (2.15)

2n
This density is plotted in Figure 2.8. The mean value is 6.75 degrees.
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Figure 2.8 The beta pdf of heading, in degrees, for off-runway landing crashes.
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2.4.3. OFF-RUNWAY IMPACT VELOCITY, IMPACT ANGLE, AND DECELERATION DISTRIBUTIONS.

The ACRAM Standard [Ref. 2.5] requires the mean cotangent of the impact angle and the mean skid
distance in its impact frequency calculation. The cumulative distribution function of impact velocity is used
in the structural response calculations. The LLNL development models deceleration after impact, rather
than skid distance, because of the apparent independence of deceleration, a ground related quantity,
and impact velocity/angle, pilot related quantities.

Although impact velocities and angles are provided in accident reports, decelerations after impact are not.
Nonetheless, since the resting point of the main wreckage is reported, the deceleration rate may be
caiculated from Newtonian principles. The deceleration, assuming a constant rate along the straight tine
segment of iength s from the impact point to the resting point, is given by

2
- -‘@%';i-"i. (2.16)

impact velocities and angles as well as decelerations do not appear to depend on whether the accidents
are takeoff or landing related. The impact velocities are adequately modeied by a truncated Weibull
distribution. Speciﬁcally the off-runway impact velocity pdf fv is given by

fy(v) = tr[ -1exp( [ “y“)]c)/h—exp( [v“ M"]c)]yk<v<vk, (2.17)

where a = 161.7, ¢ = 1.951, and (xk. Vk) ={100.,500.). The mean of this distribution is about 243. See

Figure 2.9. The cumulative distribution function associated with this pdf is used in the Standard's
structural response calculations.

e s

// \\

/ \\
100 200 300 400 500

Figure 2.9 The truncated Weibull pdf of impact velocity for off-runway takeoff or landing crashes.

Impact angles depend on impact velocities as larger angles are associated with both smaller and larger
velocities. Weibull log linear regression provides a satistactory fit to allow evaluation of the conditional CDF
Fo [V, required in calculations. In fact, ® | V, is distributed as a truncated Weibuil with pdf

o61)= 255 o65) "H <v)U "HE%WH“”"HE’(%U peoss

(2.18)
with ¢ = 1.08931, (v} = exp(1.8580 - 0.022191 v + 0.000036529 2), and (¢,) = [ = ’2‘) ie., the

range is from 1/2 to 90 degrees. The median impact angle as a function of impact velocity is shown in
Figure 2.10. The mean cotangent of impact angle is used by the Standard in effective area calculations.
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This quantity, obtainable in principle from the marginal distribution of impact angle, which is a function of
(2.17) and (2.18), was computed in fact by Monte Carlo simulation based on two million realizations of
(Vk. ®|VK). See Table 2.24.
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Figure 2.10 The median impact angle in degrees as a function of impact velocity for off-runway
takeoff or fanding crashes.

The calculated decelerations are adequately modeled by a truncated lognormal distribution. Specifically,
the off-runway deceleration pdf fa is given by

1 1 2
1 (a) = BV2EO exP[ 207 ("2 H) ]
A o(ina-p)/c)-d(Ina-u}/o)’
where p = 3.0390, o = 0.6770, (a,a)=(1.,150.), and & is the standard normal CDF,

®(z) = jv.;?t-exp(--;-tz)dt. (2.20)

The mean deceleration is approximately 26. See Figure 2.11.

asas<a, (2.19)

et O
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/ N

0 10 20 30 40 90

Figure 2.11 The truncated Weibull pdf of deceleration for off-runway takeoff or landing crashes.
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The LLNL commercial model uses the deceleration distribution in conjunction with the ground impact
velocity and angle distributions to characterize the sliding, or skidding, into a structure at a given velocity.
Atternative models, such as the Standard’s, which do not stochastically address the aircraft's velocity at the
moment of skidding impact with the structure, make use of the skid distance distribution. The distance S
that the aircraft slides, or skids, until it comes to rest is given by the Newtonian relation

S VZ cos2®

5A (2.21)

The pdf of S can be derived in principle from the distributions obtained earlier for Vi, ®|V, and A. It is

easier, however, to determine the distribution by Monte Carlo computer simulation. In Table 2.25 selected
percentiles of the skid distance distribution are presented, based on Monte Carlo simulation with two
million realizations of (Vik, ®|Vk, A). To construct effective areas in crash frequency screening the
Standard empioys the mean skid distance.

2. COMMERCIAL AVIATION 2-40 7/23/96




96/€2/L e NOILLVIAY TVIOHIWWNOD 2

HOONBL U0 YSRID © USALD ‘uopeaoT 1oedwi Jo sepliiqeqold [SUoipuc)d
w'eee)l
01 818 FYUN

Awauni jo J0jueo sy ujbyo
W 0) Yoy B 1AL 10 LCHIGIP PEPUSIU|

Soz6¢ Jo03006 0 Jeo-3vei | [90-3029 ¢ [e0-3001 9 J£0-3189 1 JZ0ICYPE JL0°35v2 9 [90-36¥Z 1 [0 aEEL £ J90°05CE S.MQ._‘*S.M 77y J0-30Zv C [p0I560 | [20-3069 [003165 0 [60-969L v [11-3906 S [ri-3069¢ | fas-'0z-)
90-3607 T SELY 903
UEL
3960

3000 [80°30V9 0 [60-3190 1 |80-3696" ySOCL |10 3500 € |20-3211 L 903625 | [90-3062 2 90-3065¢ [90-396L v [90°3011'9 [90-3251¥ |90 3062 03085 [0-d6ez ¢ [60-3veus Jor-3ei0t Jri3206s | tai-eil
3zo1 v [60-3EI6 6 [00-3E16 L 0-310) y3060 1 [£0-3100€ |20 35152 [00-301v's [00-360vZ [p0-30i6€ [90321€G [90-3006°G Jo0-3ce6 Y [80-30092 [o0-3010t 70320671 [e0-35e2t Joi Seo0e fet-azort | Li-tes-]
S6Z¥ |80-30026 [00-3008 1 100-395¢. 10-31261 J10-35/0 ¢ |20°3656 Z [90-32191 [90-30692 [90-301C ¥ [00°3¥6A'G [90-3650 9 [80-35109 _S.u.ﬁ..o.." 90-308¢ | |20-3990 ¢ [00-3160¢ |ot-azecc tei-3c00 | fei-as)
Jors v Jeo-accs 6 Joo-ave0 2 [o5avey'y [e0-3ceve [T I610Z [z0-3061 v |Z0-319ve [0-areot [e0-aveeZ [9o-3eery [90-320/ 9 9032006 [0-3606 L 1903007 ¥ Joo-3ie0t z0-3Eent [0 IveEt Joi-3oc fevavezs | ksi-terl
2065y Jo0-3060°6 Jeo-Iretz Jo0- 3010 % Jo0-30166 JL0-3ri1 2 [20-352vy [20-36069 [90-3052 1 [90-3061 € 9037629 |90-3622 2 |90-3E0v 6 |00-3vv6 @ 190-30609 Jo0 38192 B.mos.._s‘mﬁh 5 [so-aivl Jerazize | viss-l
3o Too3620 1 oo vEz 2 100-3919% 11630001 |10°3022 % [t0-3069 ¥ |20 36106 [96-3069°F [90-av6v'E [90°-32166 [90-3960 0 [S0-31111 |90 3601t [90-3060 L [00-3120¢ [10-3692 6 [6-3100') [60-3Ei62 213050 S | fes-'ns-]
eoazev Jo0-92i01 oo e ¢ oo aev0's |10 36601 [t0azse 2 [Z0-3006 7 9021601 [90-36v0¢C [90-35vaE [90-3vEw 0 [90-341011 [S03cce s [oo3eze | [o3ovo L 0030129 [00-358v L |70 36101 16032509 Jii-359e | | L2i-'ss-]
6036619 J90-3224 | [W030EY" _8.#8. 051} [£0-396v 2 |L0-3E2ES [90-3011 | [90-3ECZE |90-IESTY (80-380Y ] *w.mﬂ. 50-3605 | 9032271 [S0°326E 1 |9030€5 L _mvmaa. 10-3z22¢ Jeo-azez s Jii-3esac | (-l

Jtvv's [00°3001 ¢ [00-3795°¢ |00 30099 |LOJE2E L [L0-3/50 ¢ |20°3004§ [0-310Z | [90- 38V € 10O-IELY —orq 2150 |00/ | {90326 1 [G0-3961 T _m.q.. 52601 5030011 |90-36L€ |26 3609 |90-3920¢ [01-30001 | 0s-"t4-]

: e
y

60-3262'% [00-3Cve | 10031122 190-3006 8 1£0-320€ L J20-36v8Z [20-3961°9 90-380€ ) [90-39692 {90-390CC 39526 90-3929°¢ 8@!«8. 50-3260 ¢ [S0-3909 2 |90-3299 3 [90-359€ © 90-390% 1 160-32599 [01-36182 ls-'0s-]

60-30909 100-301C 1 [00-3208 2 [00-3v€E'9 1L0-396E'1 120-3990°€C 1/0-3€609 & _s.wco',w 90-3066 2 [90-3000' —mmawp. 90-30v8°') [90-3r€6 2 [90-3012€ 1S0-3059°€ [S0-395G¢ 190-
60-3607 9 |00-300v § |00-3000 ¢ ]90-3500 9 120-3909 | [£0-382¢ € 120-3vic2 190-3999°1 [90-308€'C [90-39G0'8 150-3 7 [66-3v0L ¢ |90-3vS6 ¥ 5030529 [503vv0 ¥ [90-3276 1 [80-3916¥ |Z0-3iciv js03zree | L-el
60-3956 9 [90-3Z19'¢ |90-avet ¢ [90-362cZ [£0-30v0 | [£0-3089°¢C [0-36000 190-3vis'L 190-3G18E 190-36C6 4 [SO31LG 190-3908°Z 190-30.4 ¥ | 29 J150-3184 ¢ JS0-31€9'9 1S0-3669°€ 190-3260°) 190-3L€1 L [80-3150°4 2]
! '} [80-39v9 € 190-3101°9 |10-3019 39509 2030408 190-3¥10 & |90-366€ ¥ ]90-325€6 [50-3v06'4 190-3 GRS JS0-3006 9 J90-38¥G8 [v0-3v6i L [v0ILELL 190-391€L 90-3209'Z 100-321v € |e0-30LL ¥ 'l
G0-3¥90 ¥ 190-3/¥06 120-3cc0¢ J20-3005 ¥ [90-3760'L _90-32¢€ ¢ [90-3v01'S 50-3821°4 1SO-3/0€2 _8 3604y ]90-3019°8 i |r0-32Z26° —qucs‘m" |v0-3005'L ]S0-306. 79 [S0-3eri 1 [20-3660 rel
$0-3920 ¢ [20-3200 1 [Z0- I ¢ L0 39669 [90-261E | |90-3202 & [80-3Z0C 9 |S0-3607 | 150-38S0€ [90-399€°0 [r0-3GEZ4 v0-36L4 r3509°€ [v0-3610Z [90-3¥ESY [90-30v0° vl
90-3¥08 9 120-319Z 1 1L0-3920Z J20-396y'9 190-3208'1 [90-3099 € [90-3900 3099°¢_1S0-310T¥ 190-3002°6 {¥0-3916
00-3¥Z1°L [20-3020'% [L0-3ivZ € JL0-3060°8 [90-Ivv0C 190-3508'Y 903661 4 S0-3v62°C JSO-3EES9 r0-3829L [vO-JEM E
L [L0-30v9'4 |L0-J2aL FIET 3060 [90-3&/0'S [90-36pC 4 {90-ILELE 3286 L 36202 {¥0-352y'S {€0-3r9Y
£0-3999'} _|20-320L ¥I1C00 |90-3060C [90-3220'S |20-36vZ 1 90-J1ELE [S0-I266L Jr0-35202 [v0-3SLv'S _8.w<0<.
'€ 180-3021 £ 120-30298 [O-3ive 120-3069 ¢ |90-3¥¥0 2 190-35¥6 ¥ |90-35G1 § 50-3vS2 ¢ [SO-IEES D 1v0-3829°1 JvO-IEOV S J ] _ac.w-on ©0-3950 3010 sl
90-3705 0 |Z0-319Z § 120-30202 [L0-396¥ 9 [90-3209 | [0-388v € [80-3980 9 150-3099'L 150-3102¥ [90-3002'6 |r0-3916 |vo-3969¢€ rO-I¥SES jro-366 '8 00-3120°8 90-391€2 {v0-3v622 (903144 L x4}
00-929 ¥ }120-3200'L J20-3v7EZ JL0-ICES [90-3812'4 [90-328L° g 50-3050°€ [90-395€'9 [¥0-3SEZ 1 [v0-35412 —wc.wn—nn Jro-3980 ¥ [r0-2509°€ _vo.wo:: 150-3v€S'Y [90-30v0° brel
90-3¥90'Y_190-32v0'6 [20-3€C0Z JL0-309SY [80-3.60'L —.Rlu.wmoa. 50-3£9€ £ 190-3002 ¥ [90-3018 @ |r0-300v'} [v0-32261 |v0-3890C [¥0-3 90-3862°9 js0-38ri'i [10-3660° ')
90-3999 € |00-3101'8 1£0-3019°} J£0-3950'y [20-300'6 190-3¥10 "6 |S0-3v06 1 [90-31C9°C [90-300¢  |50-39vS 8 [vO-Iv6L L JrO-3€61 L [90-391EL ]90-3209°Z ]90-3Zi¥€ [80-30L1'Y 1]
90-3vec € 100-36£€2 120-3009'1 [20-3059°€ 1£0-3600°€C |90-3vZZ L 190-3S10€ [90-36£64 [S0-3126'8 [90-3889'Z [50-30.L 'y JS0-INLLY J90-IN8L —ne.m— 99 [50-3¢68°¢€ [90-3260¢ [90-3LEY" jeo-3150'8 | e}

Y3076 | Y70 A1)
9

30014 [90-30¥¢ ¢ [20-32191 joi-3ese@ | ke'e)

ZZC | J90-ALVE,

¢ [yO3cic € [ro-300 ¥ |

¥0-391€" _ 3veee jeorawzse | ke

€ [o0-319¢ 958§ |¥0-3010° {33

"Z 110-3029 _.umi. 2o3vcoe | ‘v
1

"Z 110-3025 1 |10°3500 | Je0-avee

%-3990'¢ 190-35009 |£0-3505°1 [L0°302c € J10-aviC L 00 30991 |90-309¢ ¢ |90-3950°9 [00-322c 1 [90-3Lve € [G0-390L € |90-3v56y (036529 [so-avvoy 1032281 Jeo-3eiey Hodiciv Jeodzvec | W
032002 J00- 70 [£0-396E 1 J20°3990C |20-30999 90 37Cw' 1 [90-3066°2 [00- 30000 |50°3821 1 [0-30r8 | |S0- 37662 |90-3012€ J50-36S9 € JS0-INI 2 [90-3001 1 J80-30ve € |10°32ivt Joi3esee | lo'al
9031422 [00-30609 |20-3206 1 [L0-39ve 2 |10-3951 9 |90-300C & [90-3969°¢ [90-380CS [90-39516 150-3620° 567 [50-3909°2 [903200+ |90-399€ 9 [90°3001 § [00-32509 Joi-36162 | lov'el
90-3Y95 2 [00-3605'9 [20-362Z | [20-32602 |£0-360L |90-31021 [60-30v¥ _S.mxu: | e .._W.mﬁ_.. L2081 |90-3961 T |50°3260 L [50-3001 *m..mE‘ 20-37609 [90-3020C J01-30001 | hi‘odl
S0 3evE |00 3v0c s (10 3v51s [L0366vE |(0°962 6 [90-30111 |00-ICE2Z (90365 ¥ [90-308v2 [90-36Z1t [90-3685 | |S0-312/ | |SO3/66T |90 IKTL JeoIvee e 10-ALZ  Jooazez 1 [ii-aesec | ev'ssl
0-TYZE 7 |00 3009 J£0 36601 [0 IZ5CE [10-39067 [00°3160'1 |00-36902 [80-39v0'c 003090 [S0-3Z10+ [co-3eect [S0-IE/E T 190°30v0'L (06 36ied JoIoavy 120-3sc | 1003290 i

£0-3C196 [60°30641 |90 36y _e?m«.o. 9039608 [90-3101 1 [90-3601 | [90°-3066 L 00120 [70-36826 |20-3100°1_|60-3C167

903

4
60-3SLLY _S.WQS. R0-IZZT 190-3918 ¥ 120-3000'1 1203022 Z 110-3060'Y
¥ [60-3068'6 180-IvC1 T [00-3019F 100-3816'6 [10-avii 70-352v ¥ |20-3666 0 |80-309Z 1 [90-3081 € 3762 [90-3¢2Z 1 |90-3¢0r 8 [90-3rv69 190-3080'9 [90-3819¢ [20-3580'9 |00-32LL'9 J60-3L¥Y

60-30vy ¥ [60-36€5 6 [00-3v902 [00-3r2y'y [90-3/0v 6 1L0-3E10E 1£0-F68L Y [20-FISP _Swhm.o.. 90-3r26°2 —oo.ws ['v_[00-3282°9 [90-3200'% |90-360€2 190-380LF 190-316@'% 120-3€06 90-3¢6€°€ _[01-320€2
60-396Z ¥ _[60-3002'6 190-3006 1 [00-3992 [00-3960 r3ies ‘Me.wmha.n 10-3656 Z |90-3215) 190-3069Z |90-304C ¥ 90-3v66°G [90-3658 9 [90-35109 190-3620°€ 190-300€ 20-3990°C 100-31€02 104-320.€
60-3204 ¥ 00-ICI6'S

ERE
N
£
3
g

20361671 [90-3101°% J00 4Z6£ 4 JZ0-3660's [coaiel € J20-3515 £ [90-Fuir] [S0JcUvE [90-3016€ [90-3ZITS [90-3006 5 [90-3c06 v |p0-39692 1903810'L 170-3200'3 J90-3SE2 1 101 3E00E
203159 | [90-3696 ¢ [90-36076 [L0-329/s |20°-3500°€ [Z0-3211 2 [90-362C | [80-3962¢ |90 3095 ¢ |90-35¢Z ¥ [90-3011§ 90-3eSt v 8030622 10I005'L 120-36€Z | J60- V2oL [01-3810
90-3v6L 1 [00-3070¢ |90°-3908°9 J(031691 120-36y¥€ |20-35v2 9 [90-36vZ 1 |90-36ci € [80° 3052 € 90-32te v [s0-3ivvy [00-3e/v'E [90-3500 L [20°3069'G [90-2109°@ J0-360L Y [11-3906S Jri-3069 € loz'es]

' 3 1) N7 ¥3) X1 i ior ¥ 9! v i v T Xk




Bulpuu] Lo YSBID B ULAID ‘U0NIB207 JoRdW] JO SHNIIIQRGOAd [BUORIPUOD

YW 9w SYUN
ARmun 0 301080 8} o
WO 0) Y81 9 |BARI JO UGHIOUD PUPUBI

2’4 |90-3002'L 00-3€.8'¥ ]20-3€6C '€ J20-3E0r'€ |20-32E8°C |L0-3EELE

Z1-30vy € J01-3961 1 |60

52 ]90-3€£0'L [90-3600'9 1£0-3/89°

(. |60-3€28'0 [60-308S

W
A

T

9

s b
.-§
#

W
f

NiNnio[wle
IR WA IR MR Mt ek )

"L 120-3L6¥'9 [L0-3089°€
9 _j20-31609 [(0-3096€C
'} J20-3894'9 JLO-3REY

lzs_ g

2

'0 J00*3000 0 [21-3968°8
'0 J00*3000°0 191-3EL1 €

4
N
P

'} 10031262 [00-3900°€ |90-3Z2L ¥ |90-3¥10

g

"4 j20-36ves [10-3LEL
' _J20-36€v'8 [L0-3t81
"4 110-366r'6 120-3/0L°

() er)
-4

o
~

0030000 [91-3vE0'Y 9 190-38€E L {90-38€8°

'9_|90-32vLs [90-34LL

i

B~

'L JSO-3980T ]90-3621°2 190-3296

1-39LEC
91-32526
Z21-31SE'Y
90-3¥9S ¥
€0-3626'9
€0-3828'9
90-IYPS

L
-
o

SO-3055 ¥ 190-3900F
L O30T [¥0-3990°

-

‘L [90-3220'L [O-39IEE
'2 ]90-3812°L [10-32E0¢

'Z 190-300¥' L 120-3069°L
'Z [90-3069'1 [L0-3%68
'€ [90-30€8'1 [80-3200
'y 190-3209T 1903952 4
‘L 190-3€19°€ [90-3CEN

"L |00-3EIVE [90-3660 L
¥ [90-3C00 2 _[00-399Z |

a e tued |

(g€ 190-38668'1 190-30v0'L

IV
Ziaiecy
(IR

Z 190-3Zi¥ € 1S0-J06¢

J61-391€

90-3€52°'6 150-3€29°

'Z |90-30€9 L |Z0-3w6 8
"Z |90-300v1 [20-3068°L
X3 .*.S.ma&_ ]

3000
00+ 3000 ¢
00+ 3000

00+ 0 00+ 3000

00+ 3000
00+ 3000
00+ 3000

"1 120-32€E°6 J90-3€262_[90-32IE €

'y 16138026 [24-308LE

30000 [91-3€L1'€ |E1-Je88

"1 [60-3906 € [00-3cout

30000 [£1-3961 L [vi-

2L’} J00-362€°% [90-3200'8 120-3882'9 [10-3REY

'L {90-3v21°L 120-3008'8 |10-3160'9 [£0-3896°C

90-3680% JL0-3€LL 'y [£0-3021°6 |90-3€0€°

00+ 3000

00+3000 0 00+3000 0 [00*+3000° [60-316¢ 1 |e0-3v09°6 [20-3c26Z |20-3cZ2 9 [£0-3v.56 [90- 't 19030001 J20-3€S2°L §£0-326¥'S [L0-3050 €

00+ 3000

'8 120-3969'8 |£0-36v8'9 [£0-3€26'y 1L0-3¥9E€
2 120-368C2 [20-3$90°9 [20-3605'¥ |.0-3901°€

60-3£20'9 |80-308Z'G 120-32r8

106+3000°6 00*30000

01-3c20€ _[60-391Zy J80-30162Z [20-3068°1 J20-3528°C

00+ 3000
3000
D0+ 3000
3000

'9 120-399€'8 [20-9€9€'S 20-3560F [20-36.0"
‘g §20-3109'9 j20-3802'% 120-392L€C 1£0-3298
'y [20-3€8L’ 120-3992 ¥ [10-396EC [L0-360F

[60-3£20°2 [80-3529'L 90-3/62L [L0-3€20°2
-3v0R'y_Joi-3ese'e J60-3251'6 [90-3vesy [20-320v L
v [60-3961°G ]80-3228'2 |80-30€8°6

3000

Z [60-32262 00310 2039202 [20-3220¢ %

168'C

3000
i

20-3€92 1 |20-300€Z [L0-300Z€_]20-

lor-o03-)
TR 15 ]
lee-'os-]
o2}
Iss-9i-)
TR 1Y
[ 1570
izs-c-l
[V 10
o114}




percentile angle
5 1.5
10 2.5
15 3.6
20 4.6
25 58
30 7.0
35 8.2
40 9.6
45 11.0
50 12.6
S5 144
60 16.4
65 18.6
70 21.2
75 243
80 28.1
85 33.0
90 40.0
95 52.0

mean: 17.64
mean cotangent: 9.554

angle COF
5 0.2160
10 0.4150
15 0.5660
20 0.6780
25 0.7610
30 0.8220
35 0.8670
~ 40 0.8000
45 0.9245
50 0.9436
55 0.9580
60 0.9680
65 0.9778
70 0.9846
75 0.9829
80 0.9941
85 0.9974
90 1.0000
Table 2.24

impact Angle Distribution Properties
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: Selected Skid Distance Percentiles (ft)

2. COMMERCIAL AVIATION

percentile distance »
5 160] ¢
10 260]
15 350
: 20 440
. 25 530
- 30 620
- 35 710 -
- 40 820
. 45 930
. 50 1050
55 1190| .
- 60 1340
65 1520
70 1730]
75 1990
80 2320
85 2760
90 3430]
95 4700
mean: 1570
Table 2.25
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25 COMMERCIAL AVIATION AIRCRAFT CHARACTERISTICS

This section was prepared to provide to the analyst those characteristics of aircraft that could be
important to determine the effect of the aircraft on the facility. Such aircraft characteristics which could be
crucial in determine whether a facility could withstand an impact from an aircraft could be the weight ot
the aircraft, the amount of fuel aboard the aircraft, the speed of the aircraft, the dimensions of the aircraft,
and potential missiles generated by the aircraft as its structure failed. Many of these parameters wouid
vary greatly during the course of the flight, but the values of the characteristics given in this section could
be considered the upper bound of these parameters. To determine the characteristics of an aircraft at the
moment of impact in a particular accident, the analyst should refer to the specific accident repont.

Tables 2.26 and 2.27 taken from References 2.33 and 2.34 presems the following information on
commercial aviation aircraft characteristics:

Aircraft type,

Powerplant(s), number and type,

Nominal power rating of each powerplant,

Operating empty weight expressed in pounds, and kilograms,

Maximum aliowed (or certificated) takeoff weight expressed in pounds, and kilograms,
Maximum aliowed (or certificated) landing weight expressed in pounds, and kilograms,
Maximum zero-fuel weight expressed in pounds, and kilograms,

Maximum fuel-capacity expressed in imperial galions, and liters,

Overall wing span expressed in feet and inches, and in meters,

10. Overall length expressed in feet and inches, and in meters,

11. Overall height expressed in feet and inches, and in meters,

12.  Wing area expressed in ft.2 and meters?,

13. Takeoff runway length according to Federal Air Regulations (FAR) requirements,
expressed in feet,

14. Landing runway length according to Federal Air Regulations (FAR) requirements,
expressed in feet,

15. Stail speed with gear flaps deployed, expressed in miles/hour.

CONDOTEWN~

Powerplant(s) were included as potential missile generators. Weights were given for mass during various
points of the flight. Fuel capacity was included in order to provide the maximum fuel available for a fire
following the crash. Aircraft dimensions will be needed when the facility effective area is determined. The
takeoff runway length and landing runway length were provided so that an analyst could screen certain
aircraft from certain airports due to their inability to operate from the airport's runway(s). Stall speed was
provided so that an estimate of the impact speed could be made as a large percentage of commercial
aircraft crashes occur during the landing approach flight phase, and most commercial aircratt fly the
approach phase at about 1.3 times the stall speed.

Table 2.26 presents the characteristics of Air Carrier aircraft that generally conduct flights under 14 CFR
121 reguiations. The aircraft types are arranged in descending order of maximum takeoff weight with jet-
powered aircraft listed first, followed by turboprop aircraft and pistonprop aircraft.

Table 2.27 presents the characteristics of Scheduled Air Taxi aircraft that generally conduct flights under
14 CFR 135 regulations. Again, the aircraft types are arranged in descending order of maximum takeoft
weight. it should be noted that many general aviation aircraft types are aiso used for Air Taxi flights,
particularly nonscheduled flights, but also for scheduled flights. These types have not been included due
to lack of time but could be added in the future,

Finally, additional research is needed to characterize the missiles (projectiles) generated during the
course of an aircraft's crash. Obvious examples of such missiles are the aircraft's engines, the auxiliary
power units (APUs), and the landing gear. Much of the information on these aircraft components is not
readily available and may have to be obtained directly from the aircraft or engine manufacturer or from the
company that produces the component.
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Table 2.28

Characteristics of Air Carrier (14 CFR 121) Alrcraft

{Reference 2.33 and 2.34}
Nominal  |Operating Maximum Maximum Maximum
lant(s’ Power Empty Weight Takeo!! Weight Landing Weight | Zero-Fuel Weight

Alrcrat Type No.{Type Fating (each) Pounds Pounds
AlR CARRIER (14 CFR 121) JETS

4 |RR. RB.211-524G HBTF 58,000 Ibs. st.

4 |GE. CF6-80C284 HETF 57,900 tbs. st.

4_|P&W. PW4058 HETF 58,750 Ibs. 1.

4_|GE. CF6-50C2 HBTF 55,000 ibs st

4_JPAW_JST9D-7TR4G2 HBTF 54,750 s 81

4 _|AR. RB.211-524D4 HBTF 53,110 bbs. st.

4_|GE. CF8-50E2 HETF 500 Ios. st.

4 _{PawW. mo-msz HBTF $4.750 e 8!

4 {RR. Rem-s'«mnBTF 53,110 ibs. 8t

4 GELOFQ-EOEz HBTF 500 ios. 8t.

3 IGE. CF8-80C2 69,200 1bs. 8L

3 [Paw. PW43ss 58,000 b8 81,

3 IGE. CFe-50C28 HETF 54,000 ibs. st.{ 2687,197] 121,198] 580,000 263,085] 403 000| 182,766} 368,000] 166,822

3 |GE. CF&-50C1 HBTF 52,500 ibe st} 267,197] 121,198] 580,000] 263 085] 403 000! 182,766] 366,000( 166 822

3 _|GE. CF6-50A HETF 49,000 ibe. st.| 267 197] 121,188} 580,000 moeslaoaooo 182,766] 368,000] 166,822|

4_|CFM!I. CFM56-583 HBTF 30,800 the. st.| 245.000] 111,130] 542 300] 248.000] N.A. NA | NA | NA

4_|CFM!. CFMS&-553 HBTF 30,600 tbs. st.| 245.000! 111.130] 542.300{ 246000] N.A. NA | NA [ NA

3 |RR. AB211-524B4 50,000 ibs. st | 245000] 111,312} 510,000] 231,330] 368,000{ 166 920] 338,000 153315

2 |GE. CF6-80C2 HBTF 64,000 1bs. 81.| 245.000 111.130] 450,000 204.000] N.A. NA | NA [ NA

2_|P&W. PW4000 HBTF 60,000 ibs. st.} 245,000| 111,130 450,000] 204.000] N.A. NA | NA | NA

4 _{RR. Olympus 583 Mk 610 TJ 36,050 Ibs. s1.} 173,500| 78,700} 408,000] 185,065] 245,000 111,130} 203,000] 92,080

2 |GE. CF8-80C2 HBTF 56,000 tbe_st.| 187,787] 89 715] 375880] 170500 NA N.A | 266 6001 130,000

4 {CFM. CFM56-2-C5 HBTF 24 000 Ibs. s1.| 166 500! 755001 355,000] 161,025] 258,000 117.000] 231.000{ 104 780

2 |P&W. JTSD-7R4E HBTF 50,000 Ibs. 31.| 188.800] 85638| 352 158 755] 300,000] 136,078| 278.000] 126,098

2 |GE. CF8-80A2 HBTF 50,000 Ibs. .| 188 800 85 638! 352,200] 150.755] 300,000] 136,078] 278.000{ 126 008

2 {P&W.JTSD-7TR4E1 HBTF 50,000 tbe. s1.| 169.842] 77,040] 337,305] 153,000} 271,170} 123,000] 249.120} 113,000

4 {PAW_JT3D-7TF 18,000 toe st.| 146 400 66 408| 333 600] 151,315[ 247,000] 112,037 230,000] 104 330

2 |Paw._JT9D-7R4D HBTF 48,000 ibs. st.] 176.200] 79,923] 3150001 142.881] 272,000] 123,377] 250,000{ 113,388

2 |GE. CFe-80A HBTF 48,000 tbe. 81| 178,200 78.923] 315,000} 142.681| 2720001 123.377! 250,000f 113,398

2 _|RR. AB211-535E4 HBTF 40,100 tbe st.| 126 2501 57,267] 240,000] 108.846] 190,000! 89,813 184,000] 83462,

2 |Paw. PW2037 HBTF 38,200 the_st.| 126 250! 57,287] 240.000] 108.848] 196,000] 89813 184.000] 83462

3 |Paw. JTBDA7RTF 18,000 tbe. st.| 101.773] 48 184 209 500 95027 161, 73,028] 144.000] 65315

2 _|CFMI. CFM56-581 HETF 31,000 tbe st] 104 748! 47512] 182984] 83000] NA NA | NA N.A

2 |IAE. V2528-D5 TF 28,000 ibs. st.! 04455 42644 172500 782451 N.A. NA | NA | NA
ing 2_|CFMI CFM56-784 HBTF 24000e. 51! NA | NA {183500] 784301 N.A NA | NA NA,

i . 2 |CFMI. CFMS6-5 HBTF 25000 ibs. st 85604 38830( 158,730] 72,000] 138,890] 83.000{ 130.072] 53.000
McDonnell \as MD-90-30 2 JIAE. V2525-D5 TF 250001 st} 82,2001 40007 156,000] 70,760] N.A. NA | NA N.A.
Boeing 737-700 2 _|CFMI. CFM56-7B4 HEBTF 24000me. 81| NA | NA [149000] 67585] NA NA_ | NA NA.
Airbus A 320-100 2 |CFMi. CFMS6-5 HBTF 250001bs. st} 841711 38180 145 503 68.000] 134 480] 61.000] 125 662] 67,000
{McDonnell Dougias MD-81 2 [Paw_JT8D TF 18,500 Ibe s1] 78.420] 35570( 140,000] 63,503 128,000] 58,080! 118,000 53,524

2 _{CFMI_CFM56-38-2 HBTF 22000 ibs. s1.] 73710] 33.435] 138,500] 62,820] NA. NA | NA N.A.
2 _|CFMI. CFM56-382 HETF 22,000 1bs. st.] 69,5801 31561] 135.000] 61.235] 114.000] 51,710] 106,500 48,308
2 |Paw_JT8D-17RATF 16,400 tbs. 31.] 60.210] 27.310] 128.100] 56,108 107,000{ 48,534] 95.000] 44806
2 |Paw_JT8D-17 TF 16,000 e st.| 57,1800 25 940l 121,0000 54.8as5! 110000l 4g8@95] 985000 44678
2 |Paw. JT8D-7 TF 14,000 tos st] 86,2591 30055! 119,048] 54,000 108,127] 49,800] 87,081{ 39500
2 |RR. Spek Mk512DW TF 12,550 ibs. st1.| 64 582| 24 758] 104 500] 47400} 87,0001 30.482] 81000] 36741
ing ALF 502R-5 HBTH 6970 1s.st] 50500] 22861] 983000] 42184{ 81000 36741] 73500{ 33330
2 |RR. Tay Mkg20-15 TF 13,3201 51| 51260 23.250] 91,500] 41500 64 500! 28330| 76500 34700
2 |RR RB.183-2 Spey Mk555-15P T{ 9000 ibs. st| 38000[ 17645] 73000l 33113 89,500] 31.525] 62000 28123

N.A_» iInformation not available when tabie prepared.
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HBTF = High Bypass Tutbofan TP = Turboprop

TF « Turbofan
TJ = Turbojet

2-46

AP = Radial Piston
1P = in-Line Piston

7/26/96




Tabie 2.26 (continued)
Characteristics of Air Carrier (14 CFR 121) Alrcraft

[Reference 2.33 and 2.34]
JMaximum Overall Takeott | Landing | Stall Speed
Fuel J Wing Span Overali MJFWL Wing Area Dist. (f) | Oist. (t) |(gear/Maps
Aircran Type imp. GalJLiters  [FLin. ’mm Flin. [Mewrs [FLIn. |Mewn [Fi2 M= 2 (FAR) { (FAR) {down, mph)
NA | NA T 2vveleadim] 281 iocj7088m] 6351933 m ] 56500] S249] NA NA NA.
NA | NA | 211oleasim ] 231 1cf7088m] exsitessm] 56500 5248] NA NA. NA,
NA | NA | 21106431 m | 23110717008 m| 63571933 m]| 56500 52401 NA NA. NA

46,3851 210.087{ 195'8°(5664m.{ 231'10°17086m.| 63 $°(18.33m.i $5000( 5110 10450 8920 N.A.
46,388] 2100687] 195'@'Iseeam. 231°10°170088 m| €35°119.33m| 55000{ $11.0] 10450 8920 NA.
48,;%5] 210067] 195'8°{5964m | 231°10°j 7086 m.] 6511933 m.| 550001 5110/ 10450 8920 NA.
48,385| 210867| 195 8" Se64m| 231°10°(7086m | 63S°11933m | 55000; 51101 1045 £820 NA
gkasﬂ 210867| 195'8"15064m| 231°10°{7086m | 835711933 m| 55000/ 5110 10400 6950 N.A.
48,305] 210.867{ 195'8°15864m | 231'10°17068m.| 63511933 mi 55000 5110 10400 6,950 NA.
46.385| 210,067| 195'8°|5864m} 231°'10°17086m | 63511933 m| 55000 511.0{ 10400 8950 N.A.

McDonnell Dougias MD-11 32,185] 146,300] 160°€'151.70m| 198 7-[8050m| 87 9-1760m| 36740{ 3413 10100] _ 6470 NA
McDonne!i Dougias MD-11 _32.185] 148.300| 169 ¢[s170m| 196 7leosom| 57 e'|17e0m| 36740 3413] 10100] €470] NA

ias DC-10-30 38,850} 150,850f 185'4°15040m| 182 1°}15550m.] 58 1°17.70m| 39580 367.7] _9.268] 5870 NA
les DC-10-30 38,850| 150,850] 165'4°15040m| 182 1°15550m| 58 1°117.70m | 395801 23677 9289 5970 NA
las DC-10-30 39,850| 150850 185'4°1S040m.; 182 1°15550m) $8'1°117.70m.] 28580 387.7 9,289 5870 NA

24,500( 111,380| 190 0'} 580m| 2088 636m| 5515 168m| 35000 3252] NA | NA NA.

24,500] 111,380f 100" 0"| 580m| 194 10°{5938 m | 55'1.57 168m]| 35000] 3252 NA | NA NA.

{Lockheed L1011-500 26.347] 119.774] 164 4°50.08m1184' 2815005 m| 55 4°|1687m] 35410 3200| 92001 6770 NA
Airbus A.330 24,500] 111,380( 190 0| 580m 205457 626m| 55 157 168m| 35000 3252 NA | NA NA.
Airbus A.330 24,500] 111,380] 190 0’| 580m 20545 626m| 5515 168m| 35000] 3252] NA [ NA NA,
Asrospatiaie BAC Concorde 28,350] 119,786| 83 10°7|2556m| 203 o'|€210m| 37 5|1140m| 38560 3563 11200] 7300 NA.
Airbus A.300-800 13836 62900 147 1'(4484m| 177 5 15408m| S4 65 [1662m| 27066] 2600] 76000 5025 NA.
Douglas DC-8-73 20213 91,800 148 5°14520m| 187 &[57.12m| 430 (1311 m| 29270] 2719 10000 _ €500 NA.
767-300 13900] 63216 157 19|4757m| 180 3[54Bam| 520°|1585m| 30500 2833] 7900|  5600] NA.
Bosing 767-300 13900] 3218] 157 1-|4757m) 180°3'|5494m| 620'|1585m| 30500 2833] 7900| 5600 NA.
Airbus A 310-300 15016] 68,260 144'0°|4390m| 153 1°|4666m| 51°10°[1581m| 23570 2180]  7575]  5000| NA.

707-320C 19083| 90209] 145 9"las42m| 1521171 466m| 4¥sf1283m| 30500 2834] 10020] 6400 NA.
13,9001 63,218] 158'1°147.57m. ] 159°2°14851m | 520°11585m) 3,050.0} 2833 5850 4750 NA.
139001 63.216] 156'1°147.57m.| 159'214851m| S20°11585m.| 30500 2833 5850 4,750 NA
9.370] 42897] 124°10°13805m | 155 3'147.32m.| 44'€'1135m | 16040] 1853{ 7760 _4.6800 NA.
9.370] 42587 124'10°13805m| 155'3'|4732m.| 44'6°11356m | 19940] 1853 7,760 4 800 NA

7,282] 40010] 108'0"13202m| {53 2°14668m| 34'0711038m} 17000 1578| 9950 4 900 NA

NA | NA T111953409m] 146 0lassom] 3885 T1180m] 13200 1230 NA NA. NA.

fgs MD-80-55 NA | NA 107103287 m| 1527|4651 m! 3071 833m| 12000 1123] NA NA. NA.

NA | NA | 111'2°[3390m| 1286 2020m] 38601113 m] 13440 1250] NA NA. NA.

51501 23410[111°9.5'[3408m | 123 3[3758m| 38'BE'[1180m | 13200 1280] 56301 4750 NA.

McDonnel Douglas MD-80-30 NA | NA 1071073287 m] 152 77]4851m| 30 7] 833m| 12090 11231 NA NA. NA.
Boeing 737-700 NA | NA | 111 213380m] toveaioom] 36641113m| 13440 1250] NA. NA NA.
Airbus A.320-100 3380 15385] 111°3|3301m| 123°3(3758m] 387 |1176m| 13175 1224] 5e30] 475] NA
McDonnell Dougias MD-81 4812] 21876] 107 10°[3287m | 147 10°l45086m| 208" so4m] 12700 1180 7250l asso| NA
Boaing 737-400 NA | NA 940" 2888 m] 118 7]3645m] 36 6°11.93m| 11350] 1054] NA N.A. NA
Boeing 737-300 5006 23170] s4'otloseem]| 109 Tiasdom| 3sel1113m]| 11350 1054] €360] 4580 NA
Boeing 737-200 49711 228508] sz 0f2835m| jo0 >[30s3m| 3rof112em! 10080] 1020] €000 4430 NaA
DC-8-30 3063 13925] ey s(zs4armltio3slsearm| 2rel s3sm| 10007] 930 5530|4200 NaA
ISUD-EST SE.210 Carsvelie 1083 4,180 19000 1128f3430m[108 353001 m| 287 872m] 15790] 1467] 6850l s180] NA
BAC 1-11-500 3785] 17208 o3 e|28S0mi w07 ¢ [3261m| 246 747m| 10310 56l 7300 NA NA.
Britsh Aerospace BAe.148-200 2838] 12001] se512634m| a3 10°028e0om] 283 se1m| es20f 773] 4@s0] 37e0l NaA
Fokker 100 2888 13.040] 92 1.5'28.08m 115 10.3°3531 m{27°105'] 850m| 1.0147] 943 S970l 4430! NA
‘Fokker F.28 Fellowship 2,088] 13,040 82 3°|2507m.| 97 18° 2861 m| 27 8.5° 647m] 8500  78.0, 5200 3495 NA.

N.A. = information not available when mbie prepared.
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Tabie 2.26 (continued)
Characteristics of Alr Carrier (14 CFR 121) Alrcraft

. {Reference 2.33 snd 2.34)
Maximum
{Powerpiam(s) t__12ero-Fuel Weight
Aircraft Type No.{Type Pounds |Kiogram:
AR CARRIER (14 CFR 121) TURBOPROPS
Lockheed L-100-30 Hercuiles 4_|Abison 501D-22A TP 4 680 77,680 35235 158 70,2081 135.000] 61,235 128,790 58420
Lockheed L-188A Elecra 4_|Athson 5010-13 TP 3,750 shp! 61.500] 27.895] 118.000] 52664| 95850 43385| 86,000 39010
Vickers Viscount 800 4 _JAR. Dart Mk510 TP 54.000] 24 454
i 2 _|ANson 501-D13H TP NAL __NA
ATP 2 {pawe. Pwi24 TP 44,300] 20084
2_}Asison AE2100A TP A A | NA | NA
2 |PAWC. PW1i24B TP 2,180 shp| 27558] 12 47400] 21500] NA NA | NA N.A
] 2 {PaWC PWi24 TP 2150 shp| 27850! 126331 45900l 208201 41.065] 18990l 403s0] 18303
Fokdwr F.27 Friendship 2 |RR. Dant Mk522 TP 2280 ohpl 228061 10,205] 450001 20410] 41,000] 18800] 38,500{ 17817
DeHavilland Can. DHC-7-100 4 [Paw. PTBA-50 TP 1,120shp| 27890 12,560] 440001 19958] 44000 19,858| 239.000] 17,690
ATR.42-200 2 [PAWC. PW120 TP 1800shp] 2198681 99073] 34722] 157501 34,171] 15500] 31866 14.500
DeHavilland Can. DHC-8-100 2 |PAW. PW120A TP 1800shp| 21500 9.783] 34.500] 15849] 33900] 14.923] 31000 14062
CASA-Nurtanio CN 235 2 |GE.CT?-7A TP 1700shp] 20723] 9.400] 31748] 14400 31.305] 14.200] 29882 13,600
Dornior 328 2 [Paw. Pw119B8 TP 1850shp| 19,420] 8,810] 30071] 13640 NA. NA. NA | NA
Saab Fairchild 340 2 |GE. cT7-5A2 TP 1,738shp| 17218{ 7e08] 272751 12371] 28s00] 12020] 25000 11340
Shorts 360 2 |P&W PTBA-65AR TP 1424shp] 16,950 7,689 26,000 11,783] 25700 11857] NA | NA
AIR CARRIER (14 CFR 121) PISTONPROPS
4_[W R3350-EA1 RP 3.400 hp| 80,000 36,2871 143000 64865 N.A N.A. NA | NA
4_lw_R3350-EA1 AP 3400 hp| 66.200] 30.030] 126,000 57,153] N.A. N.A NA | NA
4 _lPaw R2800-CB17 RP 2500 hp| 620000 28123[ 107,000] 48534] 88,200] 40000| 83.200] 37,740
4_|P&W R2000-250-BG RP 1450shp| 43300] 19.480f 73,000] 33112 NA. NA. NA | NA
2 {Paw R2800-CB17 AP 2500hp] 33314] 15110] 48700] 225441 476s50] 21814 47.000] 21320
2 |PaW R2800-34 RP 2000 shp] 33,000 14870 480001 21772[ 46.800| 21.228] 45168} 20488
2 {PaW R2800-CB16 RP 2400np] 20488! 13375 47000l 213201 NA NA. N.A NA
2 |Paw R2800-CA18 RP 2000 hpl 276001 12,520] 41.780] 18956] N.A NA. N.A N.A
2 |Paw R1830-92 RP 1200hp] 177201 8030] 28000] 12700] NA. N.A. NA. N.A
N.A. = information not available when table prepared. ' HBTF » High Bypass Turbofan TP = Turboprop
TF = Turbotan RP = Radial Piston
TJ = Turbojet IP = in-Line Piston
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Table 2.28 (continued)
Characteristics of Alr Carrier (14 CFR 121) Alreraft

[Refersnce 2.33 and 2.34]
Maximum Overali Takeof! |1 Landing | Sia¥ Speec
Fusl i Wi Overali th Overall He Wing Aroa Dist. (ft.) | Dist. (ft.) {(Qear/Maps
Aircrat Type imp. Gal.|Liters [Ft.In. Metwrs {Ft.in. ilhm F.in. imm {F12 rw‘z (FAR) (FAR) |down, mph)

4041m| 1129734 37m| s F[116m| 1,7450 1621 @200 as8S0l NA
018m| vore3isim] 3210 10oom] 1,3000] 1208] 4720 4300 NA
2885m] eseoeiiml 269 815m| eeso] esd] s310] 49s0] NA
212m| svelaasam| 2027 seom| 9200 58] 4700 a160] NA

we3m| esaff2101m] 23sf 71am| o430 7831 NA T NA NA.
2476m| esef27oom]| 254 773m] ecool 571 NA | NA NA.
270sm]| evzizviem| 251 7esm| essel e1ol NA | NA NA.

|2000m.] 82°10"12525m | 20°7°| 860Om]| 7540 700 $.770 3490 NA
2800m] 77382386 m| 27'11° 851m| 7535 70.0 3,240 3,280 N.A.
2835m]  sUef2454m| 2627 798m| 8800 79.9 2250 2,160 76
2457m| 7445712287 m| 24'11°] 758m | 5866 54.5 3,575 3,150 NA
12681mt 730%2225m| 247 749m| 5650 544 3,110 3,150 NA.
2581mj70'075"21.35m | 26107 818m| 8458 80.0] 2,165 1,920 NA.
2098m; 6g87i21.22m| 238" 724m| NA NA. NA N.A. NA
2144m| 64'811972m| 22'65" 687m.| 4500 418 4,000 4,000 NA.
2281m| 70°10°(21.59m| 238" 721 m| 4530 42.1 4,200 4,020 N.A.

3880m.| 112373423 m 31'8° 965m. 168370] 1520] NA NA. NA

Dougias DC-7F NA N.A. 117 6°13581 m.| 108'11°{33.24 m. 20°3°| 892m| 14630] 1358] NA NA NA.

Douglas DC-68 4580! 20820{ 117673581 m. | 105 713218 m 29°3°] 892m.| 14630 1359 8,150 5,000 N.A

{Oougias DC-4 N.A. N.A. 1176713581 m | 83 10°128.60 m. 27°6€"| 838 m.| 14600 1356{ NA NA. NA
Convair 440 14401 6548 105'4°13212m.} 81'6°124.84 m. 2002} 859m| 9200 855| NA NA. NA.

Curtiss C-46 Commando 1400 US 5305] 108'0°(3292m.| 764°'123.27m 21'6°] 6680mt 135801 12621 NA N.A. NA.

Convair 340 N.A N.A 105'4%13212m.|  79'2°124 13 m. 28| 859m| 8200 855 NA NA NA

Convair 240 NA N.A 81912797 m.| 74'8712276m | 26'11°] 820m| 817, 758 NA NA. NA

Douglas DC-3 670 3048; 950°[2696m | €4'6°116066m |16 115" 516m| 96870] 91.7F N.A N.A. N.A

N.A. = information not availabie when tabie prepared.
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Table 2.27
Characteristics of Scheduled Air Taxi (14 CFR 135) Aircraft

{Reference 2.33 and 2.34)
Nominal  |Operating Maximum

Powerplani(s) Power lEmE! Weight Weight __|12ero-Fuel Weight
Alrcraft Type No.{Type Rating (each) {Pounds [Kilogramd KIogan Pounds lKlogmn
Embrasr EMB-120 Brasiia 2 {PAWC PW118 TP 1800shp! 15183] 6878 112501 23.148] 10500

British Asrospace Jetstream41 | ‘2 [Garrett TPE3I31-14 TP 1,650shp| 14 6,350 A | NA
iale Nord 262C ‘2_{Turbomecs Bastan VIIA TP 1,130 15 7,225 10,300

Shons 330-200 :2 [PAWC. PTEA4SR TP 1198 sho| 147271 6680 N.A.
Britsh Aerospace Jetsweam 31 | 2 [Garen TPE331-10UF TP 940shp| 9.570] 4341 6,300
Fairchild Swearingen Metro 1l 2 _|Garren TPE-331-11U-811G TP 1,000 8| 8737] 3983 5 670
1800 2 {PawC. PTeA-858 TP 1,100 8 2,700 _ 3,948 8,350
Embrasr EMB-110 Bandeirante | 2 |P&WC._PTEA-34 TP 750shp| @8 ses| 38ss 5450
Dornier 228 2 [Garrett TPE331.5-2520 TP 71Sehp| 7820] 3847 5 400
DeHavikand Can. DHC.6-300 2_|Psw. PTBA-27 TP 620shp] 74151 3,383 500{ 5, 5 579

Beechcratt C99 2 [PaWC PTEA-38 TP 715shp] s404] 2946] 11.200] A | NA

GAF Nomad 24A Communertiner | 2 |Detron Alison 250-817B TP 400shp! 51971 NA N.A.
GAF Nomad N228 Commumwertiner] 2 JAliison 250-817C TP 420shp| 5438] 2446 3,742
Pilatus BN 2T Turbo isiancer 2_{Detroit Alison 250-817C TP 400shp] 4040] 1832] 7000f 3175] 6800 3084 €300] 2857

N.A. = informaton not available when tabie prepared. HBTF = High Bypass Turbofan TP = Turboprop
TF = Turbotan AP = Radial Piston
TJ = Turbojet P = In-Line Piston
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Table 2.27 (continued)
Characteristics of Scheduled Air Taxi (14 CFR 135) Aircraft

[Refersnce 2.33 and 2.34)
Maximum Overall Takeoff | Landing | Stall Speed
Fue! g%m Wing Span Overall Longth __{Overall Height | Wing Area Dist. {ft) | Dist. (ft) |(gear/tiaps
Aircrah Type Imp. Gal|Liters  |Ft.in, ]Mem Ft.in. |Meters [Ft.in. ims«s Ft=2 HM"z (FAR) | (FAR) {down, mph)
Embraer EMB-120 Brasilia 734]  3340/64'108'1978m ! 65 7f2000m] 20107 635m| 4245 394] 4660] 4495] NA
it NA | NA esocrf1829m] ey 2°1925m| 18107 574 m| 3508 326] NA NA. NA.
ses! 2570] 74'2z280m]| ex3[1528m| 204" 621m| 5920] 550] 2690 NA N.A.
560] 2546 74'8'2276m]| 5805 1769m| 1637 495m| 4530] 421 3420] 3380 NA
378] 1.718] Szolisesm) 47181437 ml 1756 532m]| 2713] 252] 3200 3B20] NA
540| 2452 5710(1737m| s 42’]180emi 168 s08em| 3090 287 3250 2805 9
ss8| 1627] seei1esim] 5710°1763m| 14'11°] 454m] 3030] 2820 3260 28400 NA
38| 1720] 50351533m| 49°65°]1510m]1618°] 492m] 3132] 201 4000] 4400 NA
825] 2306 S55¢l1697m| 542]i655ml15115° 48em| 3443] 320] 1945 19701 NA
383] 1783 esofiesim! sieli577m]| 196 584m| 4200 390] 1500] 19840
310] 1412]45105f1398m] 44 7]1358m] 14'4' 437mj 27971 260] NA NA. NA.
389] 17700 NA | NA | NA | NA | NA | NA | NA | NA 1706] 1380 85
AF Nomad N228 Commutetiner] 371] 1ess! sa2f1es1m| ar3li2s7m] 1827] 554m]| 3240 309 1,180] 1340 _62]
Pilatus BN.2T Turbo islander 108 492] s307]1615m] 383811107 m | 13887 418m] 3370l 313] 1950 1115 WA
N.A = information not available when table prepared.
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APPENDIX 2. COMMERCIAL AVIATION

APPENDIX 2.1 NATIONAL TRANSPORTATION SAFETY BOARD (NTSB) 14 CFR
121 ACCIDENT DATABASE USED IN THE ACRAM DATA
DEVELOPMENT TECHNICAL SUPPORT DOCUMENT

This appendix presents the database of aircrafts that suffered an accident while flying under 14 CFR 121
reguiations during the years 1973 to 1994. This database was used in the development of the ACRAM
Data Development Technical Support Document and was derived primarily from the National
Transportation Safety Board accident database and various other NTSB publications. The following
information, listed in order of columns from left to right, is presented for each accident in the database:

Accident Date (ACC. DATE)

Airline or Operator of Aircraft and Flight Number (OPERATOR Fit. No.)
Type of Flight (FLT. TYPE)

AIRCRAFT TYPE

Registration Number (REGN. NO.)

AIRCRAFT DAMAGE

Flight Phase that Accident Occurred (FLT. PHS.)

Airport Proximity (on/off)

ACCIDENT LOCATION

10. Degree of Injuries Associated with Accident (Injury Degree)

1. Crew FATALITIES

12. Passenger (Pass.) FATALITIES

13. Other FATALITIES

14. Total (Crew+Pass.+Other) FATALITIES

15. Number of Serious Injuries (Serious Injury)

16. Total Crew Aboard Aircraft (Crew Aboard AC)

17. Total Passengers Aboard Aircraft (Pass. Aboard AC)

18. NTSB Report Where Information Was Obtained (NTSB Report)
19. NTSB File Number

20. NTSB First Occurrence Classification

CIXINONHWN =
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3. GENERAL AVIATION
3.1 INTRODUCTION

General aviation is the broad categorization of all aviation activities which do not fall under the categories
of commercial aviation and military aviation. It includes diverse and dissimilar aviation activities such as
personal flying, business flying, corporate/executive flights, aerial (spray) application, and instructional or
training flights. As the first step in compiling the data necessary to determine the risk to facilities from
general aviation aircraft crashes, the term general aviation must be more formally and precisely defined.
This definition will determine which aircraft accidents and operations (flights, departures, landings, aircraft
hours, aircraft miles, etc.) will be tabulated to determine the aircraft crash rate relevant to the risk
analysis.

The Federal Aviation Administration (FAA) in their General Aviation Activity Survey [Refs. 3.1 to 3.8},
defines general aviation as all aircraft in the U.S. civil air floet except those operated under 14 CFR 121
[Ref. 3.9} and 14 CFR 127 [Ref. 3.10). Thus, under the FAA definition, general aviation includes all
aircraft of the U.S. civil air fieet operated under 14 CFR 91 [Ref. 3.11], 103 [Ref. 3.12], 105 [Ref. 3.13],
125 [Ref. 3.14], 133 [Ref. 3.15], 135 [Ret. 3.16], and 137 [Ref. 3.17]. Note that this definition excludes alf
foreign owned and foreign operated aircraft . Those foreign aircraft which operate as air carriers in U.S.
airspace and foreign operators of U.S. registered aircraft engaged in common carriage operate under 14
CFR 129 [Ref. 3.18].

As defined by the National Transportation Safety Board {NTSB) in their compilation of accident data
[Refs. 3.19 to 3.25], general aviation is considered as all accidents involving U.S. registered aircraft that
were not conducting air carrier revenue operations under 14 CFR 121, 125, 127 or 135. So, under the
NTSB definition, general aviation includes aircraft operated under 14 CFR 91, 103, 105, 133, and 137.
Note that the difference between the FAA's definition and the NTSB's definition of general aviation is the
inclusion or exclusion of aircraft operating under 14 CFR 125 and 135.

For the purpose of developing the ACRAM Standard [Ref. 3.19], general aviation will be as defined by the
NTSB in their compilation of general aviation accident data, that is all accidents involving U.S. registered
aircraft that were not conducting air carrier revenue operations under 14 CFR 121, 125, 127, or 135.

The reason for adopting the NTSB for general aviation is because of the method that the FAA uses to
tabulate their estimate of the general aviation operations. In conversations with the FAA staff which
prepares the General Aviation Activity Survey [Refs. 3.1 to 3.8] and reviewing the operational data in
those documents, it was discovered that contrary 1o their definition given in their introductory section, no
14 CFR 125 operators, and those operators that were known to be scheduled 14 CFR 135 operators
were not included in the survey. Nevertheless, despite a conscious effort to exciude these operators,
some scheduled 14 CFR 135 operators (commuter air carriers) were included in the survey along with
nonscheduled 14 CFR 135 operators (air taxis).

If the FAA definition was used for general aviation, it would be necessary to determine the accidents of
those particular scheduled 14 CFR 135 operators along with all of the nonscheduled 14 CFR 135
operators which were included in the General Aviation Activity Survey [Refs. 3.1 to 3.8]. This would
require the identification of those scheduled 14 CFR 135 operators and the nonscheduled 14 CFR 135
operators which were included in the General Aviation Activity Survey, and determining the accidents that
occurred to the particular aircraft operated by these operators while performing scheduled 14 CFR 135
flights. These accidents woukd then have 1o be added to the accidents compiled by the NTSB for general
aviation. Then an accident rate couid be determined using the combined accidents of the NTSB for
general aviation and the scheduled 14 CFR 135 operators included in the General Aviation Activity
Survey, divided by the total number of operations (landings, aircraft hours, aircraft miles, etc.) as
estimated by the General Aviation Activity Survey.

Instead, we have chosen to subtract the operations of the scheduled and nonscheduled14 CFR 135
operators included in the General Aviation Activity Survey from the total number of general aviation
operations estimated. It is then possible to determine the general aviation accident rate by dividing the
total general aviation accidents tabulated by the NTSB by general aviation operations (total-scheduled
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135 and nonscheduled 135 operators) calculated from the General Aviation Activity Survey. This method
was chosen because it was judged to be easier to accomplish.

The major category of general aviation has been divided further into seven subcategories. This was done
because the general aviation covers a wide array of dissimilar aircraft types, accident and operational
data was available for the subcategories, and by determining the general aviation accident rates by
subcategory would enable certain subcategories of general aviation aircraft to be screened from further
analysis due to facility structural considerations, i.e. the facility is built such that it could withstand the
direct impact with smaller general aviation aircraft subcategories. For general aviation, seven
subcategories are defined: 1) single-engine piston, fixed wing, 2) multiple-engine piston, fixed wing, 3)
turboprop, fixed wing, 4) turbojet, fixed wing, 5) piston, rotary wing, 6) turbine, rotary wing, and 7) other.
The seventh subcategory, other, developed only for the purpose of completing the accident and
operations table such that it could be screened from further consideration. Aircraft included in the "other”
subcategory include hanggliders, gliders, balloons, and any other aircraft which did not fit the previous six
subcategories.

The development of general aviation data for the ACRAM Standard is discussed in the following sections:
3.2 General Aviation Crashes, 3.3 General Aviation Operations, 3.4 General Aviation Crash Rates, 3.5
General Aviation In-Flight Non-Airway Crash Rate, 3.6 General Aviation Crash Parameter Distributions,
3.7 General Aviation Aircraft Characteristics, and 3.8 References.
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3.2 GENERAL AVIATION CRASHES

Tables 3.1 to 3.13 taken from the NTSB Annual Review of Aircraft Accident Data, U.S. General Aviation
[Ref. 3.20 to 3.27] presents the following information by years for the years 1986 to 1993:

1. The number of fatal accidents by phase of operation for each year,

2. The number of injury accidents by phase of operation for each year,

3. The number of property damage accidents by phase of operation for each year, and
4, The total number of accidents by phase of operation for each year.

The tables listed below gives the general aviation subcategories for which the general aviation accidents
by phase of flight operation table was created.

Table 3.1  Single-engine reciprocating (piston), fixed wing

Table 3.2 Multiple-engine reciprocating (piston), fixed wing

Table 3.3 Turboprop, fixed wing

Table 3.4 Turbojet, fixed wing

Table 3.5 Total, fixed wing (summation of Tables 3.1 to 3.4)

Table 3.6 Reciprocating (piston), rotary wing

Table 3.7 Turbine, rotary wing

Table 3.8 Total, rotary wing (summation of Tables 3.6 and 3.7)

Tab.e 3.9 Total powered aircraft (summation of Tables 3.1 to 3.4, 3.6 and 3.7)
Table 3.10 Gliders

Table 3.11 Balloons

Table 3.12 Other aircraft

Table 3.13 Total aircraft (summation of Tables 3.1 10 3.4, 3.610 3.7, 3.1010 3.12)

The years 1986 to 1993 were chosen as the period of interest because it is the most current and
complete. General aviation accident data compiled by the NTSB prior to 1985 were tabulated by on the
bases of aircraft destruction, aircraft substantial damage, or minor or no aircraft damage. it would be
possible to tabulate NTSB general aviation accident data prior to 1985 and to combine it with the current
tables. However, the utility of that exercise would be limited due to limitations on the operations data
compiled by the FAA prior to 1985. See Section 3.3 for further discussion on the general aviation
operations data prior to 1985.

Because of the number of phases of operation used by the NTSB in their general aviation accident
summary documents [Ref. 3.20 to 3.27}, and because the ACRAM standard defines only three tlight
phases for its frequency analysis, it was judge necessary to combine the phases of operation into a
smaller set of flight phases that couid be more easily matched with the ACRAM flight phases. The
phases of operation calied standing, stand-preflight, standing-standing engine(s), standing-engine(s)
operating, standing-engine(s) not operating, and standing-idling rotors were combined into the standing
flight phase. The phases of operation called taxi, taxi-to takeoff, take-from landing, and taxi-aerial were
combined into the taxi flight phase. The phases of operation called takeoff, takeoff-aborted, and takeoff-
ground run were combined into the takeoff flight phase. The phase of operation calied takeoff-initial climb
was retained as the intial climb flight phase. The climb and climb-to-cruise phases of operation were
combined into the climb (to cruise) fiight phase. The phases of operation called cruise, cruise-normal,
and cruise-holding (IFR) were combined into the cruise (enroute) flight phase. The Phases of operation
called descent, descent-normal, descent-emergency, and descent-uncontrolied were combined into the
descent (from cruise) flight phase. The flight phases calied approach, approach-VFR pattern-downwind,
approach-VFR pattern-base turn, approach-VFR pattemn-base to final, approach-VFR pattern-final
approach, approach-go around (VFR), approach-{AF to FAR/outer marker (IFR), approach-FAR/outer
marker to threshold, approach-circling (IFR), and approach-missed approach (IFR) were combined in the
landing approach flight phase. The phases of operation calied landing-aborted, landing, landing-
flare/touchdown, and landing/roll were combined in the landing flight phase. The phases of operation
called maneuvering, manuevering-aeria! application, manuevering-turn to reverse direction, manuevering-
turn to landing area (emer.), and hover were combined into the manuevering flight phase. The other,
unknown, and not reported phases of operation were combined into the other/?/NR flight phase. The
manuevering and other/?/NR flight phases were created for the sole purpose of tabulating the accidents
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to assure that the numbers in Tables 3.1 to 3.13 were consistent with Refs. 3.20 to 3.27. These flight
phases were not incliuded in determining the accident percentages by flight phase.

One additional feature of Table 3.13 is the inclusion of aircraft damage for each year. The NTSB did not
tabulate accident data according to aircraft damage by flight phase after 1986 but did include totals on
aircraft damage. These data are included at the bottom of Table 3.13. An noteworthy feature is that of
the 18.418 general aviation accidents tabulated by the NTSB for 1986 to 1993, only 236 accidents or
1.28% of the total resulted in minor or no damage to the aircraft. From this, it was determined that for
general aviation, different definitions for aircraft accidents and aircraft crashes were not necessary since
virtually all general aviation accidents resulted in destruction or substantial damage to the aircraft.

Therefore, for general aviation only, the terms aircraft accidents and aircraft crashes are used
synonymously.

Table 3.14 summarizes the general aviation accidents by phase of flight operation and by aircraft
subcategories as presened by Tables 3.1 to 3.13. Table 3.15 presents the same information as Table
3.14 (General aviation accidents by phase of flight operation and by aircraft subcategories) except that
accidents during the standing, and taxi flight phases and accidents classified as either other, unknown, or
not recorded flight phases have been excluded. This was done in order the develop the aircraft accident
percentages occurring in the flights phases applicable to the ACRAM standard frequency analysis.
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3.3 GENERAL AVIATION OPERATIONS

General aviation operations are tabulated by the FAA Office of Aviation Policy, Plans, and Management
Analysis in their publication General Aviation Activity and Avionics Survey published annually by calendar
year. According to the introduction of this survey, all facets of civil (nonmilitary) aviation are included in
this survey except for flights conducted by air carriers under 14 CFR 121 [Ref. 3.9] and 14 CFR 127 {Ref.
3.10]. However, in comparing the operations data for commuter carrier with the data published by the
NTSB for scheduied 135 air carriers and in conversations with the FAA staff which prepares the General
Aviation Activity and Avionics Survey, it was discovered that no 14 CFR 125 operators and those
operators that were known to be scheduled 14 CFR 135 operators were not included in the survey.
Despite a conscious effort to exclude these operators, some scheduled 14 CFR 135 operators (commuter
air carriers) were included in the survey along with all nonscheduled 14 CFR 135 operators (air taxis).

To determine the general aviation operations consistent with the NTSB definition for general aviation, it is
necessary 1o subtract the scheduled 14 CFR 135 operations (commuter carriers) and the nonscheduled
14 CFR 135 operations (air taxis) from the total operations given by the General Aviation Activity and
Avionics Survey. This can be accomplished very readily for hours flown and nautical miles flown since
the General Aviation Activity and Avionics Survey lists these numbers separately under total, commuter
and air taxi. Determining the number of flights (or landings) for strictly general aviation is another matter.
The General Aviation Activity and Avionics Survey gives numbers only on the total number of landings.
No breakdown by commuter or air taxi or any other primary use is provided. An estimate of the number of
commuter and air taxi flights must be made in order to continue the development of the general aviation
accident rate by flight phase.

The number of commuter and air taxi flights can be estimated by two methods. One is 1o base the
estimated number of flights on the number of primary use hours flown divided by the average trip time for
that particular subcategory of aircraft. The other method is to base the estimated number of flights on the
number of primary use nautical miles flown divided by the average trip iength for that particular
subcategory of aircraft. Both methods were used and two estimates in the number of commuter and air
taxi flights were calcutated. The reason for the difference in two estimates is due to rounding in the
various factors used to estimate the number of tlights.

Tables 3.16 to 3.26 taken from the FAA General Aviation Activity and Avionics Survey [Ref. 3.1 to 3.8]
presents the following information by years for the years 1986 to 1993.

1. Population (from Ref. Table 2.1},

2. Number active (from Ref. Table 2.1),

3 Total hours flown (from Ref. Table 2.1),

3a. Commuter hours flown (scheduled 14 CFR 135) hours flown (from Ref. Table 3.2),

3b. Air taxi hours flown (nonscheduled 14 CFR 135) hours flown (from Ref. Table 3.2),

3c. Total day hours flown {from Ref. Table 4.1),

3d. Total night hours flown (from Ref. Table 4.1),

3e. Visual Meteorological Conditions (VMC) day hours fiown (from Ref. Tabie 4.2),

3t Visual Meteorological Conditions (VMC) night hours flown (from Ref. Tabie 4.2),

3g. Total Visual Meteorological Conditions (VMC) hours flown (from Ref. Table 4.2),

3h. instrument Meteorological Conditions (IMC) day hours flown (from Ref. Table 4.3),

3i. instrument Meteorological Conditions (IMC) night hours flown (from Ref. Table 4.3),

3i. Total instrument Meteorological Conditions (IMC) hours flown (from Ref. Table 4.3),

4. General aviation hours flown = 3. total hours-3a. commuter hours-3b. air taxi hours

§. Total landings (from Ref. Table 2.5)

5a. Local landings (from Ref. Table 2.6),

Sb. Cross country landings (from Ref. Table 2.7),

6. Estimated flights (based on primary use hours/average trip time),

6a. Commuter flights (determined from 3a. commuter hours flown/13. average trip time),

6b. Air taxi flights (determined from 3b. air taxi hours flown/13. average trip time),

7. Estimated flights (based on primary use nautical miles/average trip length)

7a. Commuter flights (determined from 9a. commuter nautical miles flown/12. average
trip lengthy),
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16.

Air taxi flights (determined from Sb. air taxi nautical miles flown/12. average trip
length),
General aviation flights,
Based on hours/average trip time (determined from 5. total landings-6a. commuter
flights-6b. air taxi flights),
Based on nautical miles/average trip length (determined from 5. total landings -7a
commuter flights-7b. air taxi flights),
Total nautical miles flown (from Ref. Table 3.3),
Commuter nautical miles flown (from Ref. Table 3.3),
Air taxi nautical miles flown (from Ref. Table 3.3),
General aviation nautical miles flown = 9. total nmiles-9a. commuter nmiles-9b. air taxi
nmiles, .
Average speed (nmiles/hour) (determined from 9. total nmiles flowrv5. total landings),
Average trip length (nmiles/hour) (determined from 9. total nmiles flown/3. total hours
flown),
Average trip time (hoursfanding) (determined from 3. total hours flowrv/S. total landings),
Average commuter speed (nmiles/hour) (determined from Sa. commuter nautical miles
flowrv3a. commuter hours flown),
Average air taxi speed (nmiles/hour) (determined from 8b. air taxi nautical miles flown/3b.
air taxi hours flown),
General aviation average speed (nmiles/hour) (determined from 10. general aviation
nautical miles flown/4. general aviation hours flown).

The tables listed below gives the general aviation subcategories for which the general aviation operations
table were created:

Table 3.16
Table 3.17
Table 3.18
Table 3.19
Table 3.20
Table 3.21
Table 3.22
Table 3.23
Table 3.24
Table 3.25
Table 3.26
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Single-engine reciprocating (piston), fixed wing,

Multiple-engine reciprocating (piston), fixed wing,

Turboprop, fixed wing,

Turbojet, fixed wing,

Total fixed wing (summation of Tables 3.16 to 3.19),

Reciprocating engine (piston), rotary wing,

Turbine engine, rotary wing,

Total rotary wing (summation of Tables 3.21 and 3.22),

Total powered aircraft (summation of Tables 3.16t0 3.19, and 3.21 to 3.22),
Other aircraft (includes gliders and balloons),

Total aircraft (summation of Tables 3.16 to 3.19, 3.21 t0 3.22, and 3.25),

For consistency with the accident data of Section 3.2, general aviation operations data were added and
summarized for the 1986 to 1993 time period. General aviation operations data tabulated by the FAA
prior to 1986 are not as complete as operations data tabulated from 1986 onwards. Important information
such as the estimated number of total landings were not tabulated prior to 1985. Prior to 1983, the
estimated number of general aviation nautical miles flown were not tabulated. General aviation
operations data were found only as far back as 1977 and could be added to Tables 3.16 {0 3.26 i it
becomes necessary to extend these tables backwards in time further. However, the utility of this exercise
would be limited because of the incompleteness of the data. Therefore the decision was made to
consider only the 1986 to 1993 time period for general aviation operations.

Table 3.27 summarizes the general aviation operations by aircraft subcategories for 1986-1993 and is
based on the information developed in Tables 3.16 through 3.26.
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3.4 GENERAL AVIATION CRASH RATES®

Table 3.28 presents the general aviation accident (or crash) rates by aircraft subcategories. All accident
data are taken from Table 3.15 of Section 3.2. All operations data are taken from Table 3.27 of Section
3.3. .

Tables 3.29 to 3.37 presents the iollowihg information by flight phases for each subcategory of general
aviation: :

Number of accidents,

1.

2. Percent of total subcategory accidents,

3. Average percent of subcategory flight time,

4, Average flight time per tlight phase,

5. Assumed subcategory average flight phase speed in miles/hour,

6. Assumed subcategory average flight phase speed in nmiles (knots)/hour,
7. Calculated subcategory average flight phase distance flown in miles,

8. Calculated subcategory average flight phase distance in nmiles (knots),
9. Calculated crash rate by flight phase, expressed in

9a. Crashes/landing,

9b. Crashes/aircraft hour fiown,

9¢. Crashes/mile fiown,

9d. Crashes/nmile (knot) fiown,

10. Combined ACRAM flight phase crash rate, express in

10a. Crashes/landing,

10b. Crashes/aircraft hour flown,

10c. Crashes/mile flown,

10d. Crashes/nmile (knot} fiown,

The tables listed below gives the general aviation subcategories for which the general aviation crash rate
by flight phase table were created:

Table 3.29 Single-engine reciprocating (piston), fixed wing,

Table 3.30 Mutltiple-engine reciprocating (piston), fixed wing,

Table 3.31 Turboprop, fixed wing,

Table 3.32 Turbojet, fixed wing,

Table 3.33 Total fixed wing (summation of Tables 3.29 to 3.32)

Table 3.34 Reciprocating (piston) engine, rotary wing,

Table 3.35 Turbine engine, rotary wing

Table 3.36 Total rotary wing (summation of Tables 3.34 and 3.35)

Table 3.37 Total powered aircraft (summation of Tables 3.29 to 3.32, 3.34 and 3.35)

The number of accidents for each flight phase by general aviation subcategory were taken from Table
3.15 of Section 3.2. The hours average flight duration, nmiles average flight distance, and the number of
landings were taken from Table 3.27 of Section 3.3. The number of estimated flights were taken to be
equal to the estimated number of general aviation landings for that subcategory and is the average of the
two methods used to estimate this number. The first method is to base the estimated number of flights on
the number of primary use hours flown divided by the average trip time for that particular subcategory of
general aviation. The other method is to base the estimated number of flights on the number of primary
use nautical miles flown divided by the average trip length for that particular subcategory of general
aviation. Flight times for each flight phase were assigned based on conversations with licensed pilots and
instructors and engineering judgment and experience. A more formalized process for assigning flight
times to the flight phases would be to solicit opinions from qualified pilots and instructors and to adjust the
flight times for the flight phases appropriately. A process similar to the NRC expert opinion solicitation
process could be followed if a more formalized, accepted procedure was desired. This was not done
because of the time and resource constraints. Average fiight phase velocities for the subcategory were
then adjusted until the average flight distance was approximately equal to the average flight distance of
Table 3.27. Again, as with commercial aviation, the seven flight phases used in Tabies 3.29 to 3.37 were
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combined to the three defined ACRAM flight phases, takeoff, landing, and in-flight or enroute. Again, as
with commercial aviation, takeoft is defined as encompassing the actual takeoff roll, and the initial climb
flight phase. Landing is defined as including the landing approach, and the actual landing roil. The
enroute or in-flight phase is defined as including the climb to cruise, cruise or enroute, and the descent
from cruise flight phases.

in the ACRAM Standard’s [Ref. 3.19] estimation of the frequency of an impact with a facility, the near
airport contribution is based on the assumption that the facility is located far enough from any runway that
only impacts caused by off runway crashes need be considered, i.e., the contribution from on runway
accidents (considered to be runway overruns and runway runoffs) is negligible. The fixed wing crash
rates of Tables 3.29 to 3.33 include both off runway and on runway accidents, and thus they must be
adjusted for use in the ACRAM Standard. Rotary wing aircraft are not considered to be capable of
runway overruns and runway runoffs as their takeoff and landing runs are considered to be small (tens ot
feet versus hundreds or even thousands of feet for fixed wing aircraft). Analysis of the General Aviation
NTSB database by SAIC has determined that approximately 89% of the general aviation takeoff crashes
are off runway accidents, and 94% of the general aviation landing crashes are off runway accidents.
Therefore, the appropriate crash rates that should be used in the ACRAM Standard are obtained by
multiplying the relevant values of Tables 3.29 to 3.33 by 0.89 for takeoffs and 0.94 for landings. These
adjusted crash rates are given in Table 3.38. .
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3.5 GENERAL AVIATION IN FLIGHT NONAIRWAY CRASH PARAMETERS

Previous efforts to estimate nonairport related aircraft crash frequencies are based on the assumption
that aircratt fty within fixed air corridors; such an assumption is not realistic for GA aircraft. Based on the
product-kernel method for estimating multidimensional probability density functions, the Standard uses a
data driven approach for estimating the GA nonairpont crash frequency at a given DOE site. This
approach is data driven since it directly uses the coordinates (latitudes and longitudes) of previous GA
nonairport crsahes to make its estimates; no assumptions have been made about 1) an aircraft’s position
(either its coordinates or altitude) prior to a mishap that results in a crash, or 2) an aircraft's trajectory
(flight path) from the point where a mishap occurs until ground impact (which would require an
assessment of the aircraft’s flight characteristics, such as glide ratio and the pilot’s ability to maneuver the
aircraft following the mishap).

Table A3.1 provides a hsttng of the 1250 crash locations as longitudes and latitudes with their NTSB
number.
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3.6 GENERAL AVIATION CRASH PARAMETER DISTRIBUTIONS
3.6.1 GENERAL AVIATION CRASH LOCATION

A stepwise process was used to compile data which could be used to evaluate the probability of a
damaging general aviation crash for facility sites in the vicinity of airports. The National Transportation
Safety Board electronic database for the period between 1983 and 1989 was reviewed. In order to
segregate the crashes that provided a potential hazard to either a nuclear or chemical facility, only those
accidents were included that were general aviation, that involved substantial damage or destruction of the
aircraft, that were off the airstrip/off the airport by at least one mile, and that were helicopters or airplanes
(aircraft such as ultralights, gliders, dirigibles, balloons, etc., were excluded). The narratives for crashes
with suspect information were reviewed and some were added and others were deleted. 680 applicable
crashes were chosen for evaluation. ‘

The crash locations records obtained from the database allowed for an empirical evaluation of the crash
location density f(x,y) for the general aviation category and phase operations. Due to the limited number
of records in several GA subcategories, the database for crash location is insufficient for an effective
statistical analysis of all subcategories and phases. Specifically, the fixed wing turbojet subcategory has
seven observations and the combined rotating wing subcategories have four. Also, the subcategory
fixed wing turboprop and takeoff phase has only four observations. it has been decided to combine all the
subcategory crash location data for the takeoff phase, and likewise for the landing phase, to determine
two GA category crash location density functions, one for takeoffs and one for landings.

The crash location f(x,y), based on a nonparametric bivariate estimation technique [Refs. 3.28 and 3.34]
and the crash location data from the GA category, is given in Equation 3.1. Techniques based on
parametric models are not as well suited to this location data.

) =3 {lofe)-of o) o}« wafofe) - ofs)fofa) - o] @1

® represents the standard normal cumulative distribution function. The quantities hy , hy, and ¢ are
"bandwidths” for the estimator. They control the smoothness and diffuseness of the density f. Also,
X, =x+05%=x-05,y,=y+05, and y, = y - 0.5, where the units are miles, and w and w,,, are the
relative frequencies of crash locations in the database off and on the airport, respectively. Values for the
quantities (n, h,, h,, G, W, W,,) are included as Table 3.39.

TABLE 3.39 Constants Required to Formulate Location Estimate Using Equation 3.1

PHASE n h, h, o] Wos W
GA Landing 574 0.85 0.41 0.46 0.4815 0.5085
GA Takeoft 106 0.69 0.45 0.46 0.4546 0.5454

The tables listed below give the GA crash locations and probabilities:

Table 3.40 General Aviation Takeoff Crash Locations

Table 3.41 General Aviation Landing Crash Locations

Table 3.42 General Aviation Takeoff Crash Location Probabilities
Table 3.43 General Aviation Landing Crash Location Probabilities.
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3. GENERAL AVIATION

x coordinate | y coordinate x coordinate | y coordinate x coordinate | y coordinate
1 -1.000 0.000 36 0.985 0.174 71 1.000 0.000
2 -1.000 0.000 37 0.993 0.122 72 1.000 0.000
3 -0.857 -0.515 38 0.996 -0.087 73 1.000 0.000
4 -0.342 -0.940 39 0.996 -0.087 74 1.000 0.000
5 0.000 -1.000 40 0.996 0.087 75 1.000 0.000
6 0.000 1.000 41 0.999 0.035 76 1.000 0.000
7 0.174 -0.985 42 0.999 0.035 77 1.000 0.000
8 0.174 -0.985 43 1.000 -0.017 78 1.286 1.532
9 0.174 0.985 44 1.000 0.000 79 1414 1.414
10 0.174 0.985 45 1.000 0.000 80 1.500 2.598
11 0.342 -0.940 46 1.000 0.000 81 1.638 -1.147
12 0.342 0.940 47 1.000 0.000 82 1.813 0.845
13 0.500 -0.866 48 1.000 0.000 83 1.879 0.684
14 0.500 0.866 49 1.000 0.000 84 1.913 -0.585
15 0.695 -0.719 50 1.000 0.000 85 1.970 -0.347
16 0.707 0.707 51 1.000 0.000 86 1.970 0.347
17 0.707 0.707 52 1.000 0.000 87 2.000 0.000
18 0.766 -0.643 53 1.000 0.000 88 2.000 0.000
19 0.766 0.643 54 1.000 0.000 89 2.000 0.000
20 0.819 0.574 55 1.000 0.000 90 2.000 0.000
21 0.866 -0.500 56 1.000 0.000 91 2.000 0.000
22 0.866 -0.500 57 1.000 0.000 92 2.000 0.000
23 0.866 0.500 58 1.000 0.000 93 2.571 -3.064
24 0.866 0.500 59 1.000 0.000 94 2.819 1.026
25 0.940 -0.342 60 1.000 0.000 95 2.954 -0.521
26 0.940 -0.342 61 1.000 0.000 96 3.000 0.000
27 0.940 0.342 62 1.000 0.000 97| 3.000 0.000
28 0.940 0.342 63 1.000 0.000 98 3.000 0.000
29 0.940 0.342 64 1.000 0.000 99 4.698 1.710
30 0.940 0.342 65 1.000 0.000 100 4.698 1.710
31 0.966 0.259 66 1.000 0.000 101 5.000 0.000
32 0.966 0.259 67 1.000 0.000 102 5.000 0.000
33 0.985 -0.174 68 1.000 0.000 103 5.000 0.000
34 0.985 -0.174 69 1.000 0.000 104 5.000 0.000
35 0.985 0.174 70 1.000 0.000 105 5.438 -2.536
106 6.000 0.000
Table 3.40

Generat Aviation Takeotf Crash Locations
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3.6.2 IMPACT VELOCITY DISTRIBUTION

An important input to the detailed caiculation of aircraft crash likelihood is the distribution of aircraft velocity
at the time of impact. The NTSB database records airspeeds at impact using 11 ordinal categories; this
information was regrouped into five segments to ensure adequate cell counts for turther statistical
analysis, as shown in Table 3.44.

Table 3.44
DISTRIBUTION OF IMPACT VELOCITIES
Impact Velocity

(knots) Percentage
0-30 6.3

__30-60 29.7
60-90 38.4
90-120 14.2
> 120 11.4

An investigation was conducted to see if impact velocities were correlated to the angle of impact or to
aircraft weight; results of an analysis of variance (ANOVA) indicated no significant interactions at the 0.05
significance level.
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3.6.3 IMPACT ANGLE DISTRIBUTION

An important input to the detailed caiculation of aircraft crash likelihood is the distribution of aircraft impact
angle. In this study, the term impact angle is defined as the aircraft's flight path angle as measured with
respect to horizontal (e.g., 0 degrees implies level flight while 90 degrees implies that the aircraft is
traveling straight down); impact angle is not related to an aircraft's orientation, as measured by its roll, pitch,
and yaw angles. The NTSB database records impact angles using nine ordinal categories; this information
was regrouped into five segments to ensure adequate cell counts for further statistical analysis, as shown
in Table 3.45. ;
Table 3.45
DISTRIBUTION OF IMPACT ANGLES
Impact Angle
(degrees) Percentage

0-10 ‘ 42.6

10-20 19.0

20-30 11.2

30-60 14.9

> 60 12.3

As noted in Section 3.6.2, results of an analysis of variance (ANOVA) indicated no significant interactions
among impact velocity, impact angle, and aircraft weight at the 0.05 significance level.
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3.6.4 SKID DISTANCE DISTRIBUTION

In order to support the screening analysis, an empirical distribution of skid distances was developed from
the NTSB database (Figure 3.1) by combining the data across all aircraft subcategories, impact velocities,
and impact angles. it should be noted that about 32.1% of all aircraft crashes do not result in 2 measurable
skid distance. Approximately 90% of all skids are less than 135 feet, and this value is suggested for use in
the screening analysis.

in order to support the detailed anaiysis, multipie regression analysis was used to correlate skid distances
to aircraft weight, impact velocity, and impact angle since these parameters dictate an aircraft's momentum
at the time of impact. Regression analysis is well-suited since skid distance and aircraft weight are
continuous quantities, and the influence of the ordinal impact velocity and impact angle groups can be
readily accommodated using indicator variables. The basic form of the regression equation is:

5 5
InL=brminW= X S;+ I Aj+e (3.2)
=l J=lp,

where: L = skid distance,
W= aircraft weight,
Si= indicator variables for impact velocity,
Aj=  indicator variables for impact angle,
b= intercept term,
m =  slope coefficient related to weight,
oj=  differential intercept coefficients related to impact velocity,
Bi= differential intercept coefficients related to impact angle,

€=  normal random variable with mean = 0 and variance = G2,

It should be noted that the indicators variables are set as ordered quintuples when using the regression
equation. For example, if the impact velocity range is 30-60 knots and the impact angie range is 0-10
degrees, then{Sy =0,S5,=1,87=0,S4=0,Sg=0}and {Ay=1,Ay =0,Aq=0,A4 =0, A5 = 0}.

Results of the multiple regression are shown in Table 3.46. As expected, the signs and magnitudes of
the regression parameters coincide with common sense: skid distance increases as the aircraft weight
and impact velocity increase, and decreases as the impact angle increases. A plot of the residuals (Figure
3.2) shows a linear trend (distorted at the tails), tending to confirm the normality of the error term.

The results of the regression analysis can be used to predict the skid distance distribution given aircraft
weight, impact velocity, and impact angle. For example, consider the situation in which the aircraft weight
is 1500 pounds, the impact velocity range is 60-90 knots, and the impact angle range is 20-30 degrees.
Then,

inL =0.184 + 0.349 in 1500 +(-0.485° 0-0.310 * 0 + 0.000989 * 1 +0.206 * 0 + 0.626 * 0)

+{(0471°0+0.116*0-0.236"1-0.405"0-0.559"0)
=250 (3.3)
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Recalling that In L is normally distributed, then L is log-normally distributed, i.e.,

Inx-2.50
= Q| ——— 3.4
Pr{L<x} q>[ =2 ] (3.4)
where:
®{y]= standard normal distribution function (3.5)

Thus, the 90th percentile of the skid distance for this example (i.e., the value of x such that
Pr{L <x} = 0.90}) is given by:

X4 = exp [2.50+1.2816 -1.32] (3.6)
=66.1 feet

Table 3.46
MULTIPLE REGRESSION ANALYSIS FOR SKID DISTANCE
Parameter Value
b (intercept term) 0.184
m (aircraft weight-related slope) 0.349
differential intercept coefficients
for impact velocity
0-30 knots: oy -0.485
30-60 knots: a, -0.310

" . 0.000989
60-90 knots: ag 0.206

90-120 knots: ay4 0.626

> 120 knots: og

differential intercept coefficients

for impact angle
0-10 degrees: By

10-20 degrees: Bo
20-30 degrees: P,
30-60 degrees: f4
> 60 degrees: Bg
coefficient ot multipie regression (R)
sigma
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3.7 GENERAL AVIATION AIRCRAFT CHARACTERISTICS

This section was prepared to provide to the analyst those characteristics of aircraft that couid be
important to determine the effect of the aircraft on the facility. Such aircraft characteristics which could be
crucial in determine whether a facility could withstand an impact from an aircraft could be the weight of
the aircraft, the amount of fuel aboard the aircraft, the speed of the aircraft, the dimensions of the aircraft,
and potential missiles generated by the aircraft as its structure failed. Many of these parameters would
vary greatly during the course of the flight, but the values of the characteristics given in this section could
be considered the upper bound of these parameters. To determine the characteristics of an aircraft at the
moment of impact in a particular accident, the analyst should refer to the specific accident report.

Tables 3.47 to 3.52 taken from References 3.29 to 3.35 presents the following information on general
aviation aircraft characteristics:

Aircraft type,

Powerplant(s), number and type,

Nominal power rating of each powerplant,

Operating empty weight expressed in pounds, and kilograms,

Maximum allowed (or certificated) takeoff weight expressed in pounds, and kilograms,
Maximum aliowed (or certificated) landing weight expressed in pounds, and kilograms,
Maximum zero-fuel weight expressed in pounds, and kilograms,

Maximum fuel-capacity expressed in imperial gallons, and liters,

Overall wing span expressed in feet and inches, and in meters,

Overall length expressed in feet and inches, and in meters,

Overall height expressed in feet and inches, and in meters,

Wing area expressed in ft.2 and meters2,

Takeoff runway length according to Federal Air Regulations (FAR) requirements,
expressed in feet,

Landing runway length according to Federal Air Regulations (FAR) requirements,
expressed in feet,

15. Stall speed with gear flaps deployed, expressed in miles/hour.

CONOO AW

—_ b b b
Wp ~o

-t
o

Powerplant(s) were included as potential missile generators. Weights were given for mass during various
points of the flight. Fuel capacity was included in order to provide the maximum fuel available for a fire
following the crash. Aircraft dimensions will be needed when the facility effective area is determined. The
takeoff runway length and landing runway length were provided so that an analyst could screen certain
aircraft from certain airports due to their inability to operate from the airport's unway(s). Stall speed was
provided so that an estimate of the impact speed could be made as a large percentage of general aviation

aircraft crashes occur during the landing approach flight phase, and most general aviation aircratft fly the
approach phase at about 1.3 times the stall speed.

The tables listed below gives the general aviation subcategories for which the general aviation aircraft
characteristics table were created:

Table 3.47 Single-engine reciprocating (piston), fixed wing,
Table 3.48 Single-engine agricultural, fixed wing,

Table 3.49 Multi-engine reciprocating (piston), fixed wing,
Tabie 3.50 Turboprop, fixed wing,

Table 3.51 Turbojet, fixed wing,

Table 3.52 Rotary wing,

Aircraft are listed in descending order of maximum takeoff weight within each subcategory.
A separate table for single-engine agricultural, fixed wing aircraft was created because the size, weight,
engine power, and flight profiles of these aircraft differed so greatly from the standard single-engine

piston, fixed wing aircraft population. We have not attempted to characterize the agricultural aircraft
population in terms of number of active aircraft, distribution of active aircraft, number of opertions, etc.
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This could be an area in which additional research wouid be justified, particularly i a facility has a large
number of agricuftural aircraft operations in the nearby vicinity.

Finally, additional research is needed to characterize the missiles (projectiles) generated during the
course of an aircraft's crash. Obvious examples of such missiles are the aircraft's engines, the auxiliary
power units (APUs), and the landing gear. Much of the information on these aircraft components is not

readily available and may have to be obtained directly from the aircraft or engine manufacturer or from the
company that produces the component.
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Table 3.47

Charscteristics of Single-Engine Reciprocating, Fixed Wing General Avietion Alrcrsft

References 328 10 3.35
Nominal : jOperating - Maximum Maximum Maximum
Powerpiant(s Power | |Empty Weight | Takeo!f Weight _[Landing Weight | Zero-Fuel Weight
Aircrat Type No.|Type Rating (sach) [Pounde |KikogramgPounds Pounds 1 Pounds |Kilograms
SINGLE-ENGINE RECIPROCATING (PISTON), FIXED WING :
Cessna Pressurized Centurion | 1_jContinental TSIO-520-P PP s1ohp| 2240] 1081} 40168 1822 NA | NA | NA | NA
Cessna Turbo Centurion 1_[Continental TSIO-520-R PP 3tohpl 2221] 1007] 4018] 1822] NA | NA | NA | NA
Cessna Turbo Stationair 8 1_|Continenal TSIO-520-M PP 3tohp| 2183 900] 3816l 1731] NA | NA | NA NA.
1_|Continemat |0-520-F PP 300hpl 2,105 955! 3@12f 1729] NA. | NA | NA | NA
1 JContnenmilO-s20L PP |  ohp| 2133 oesi 3ei2f 1 7291 NA | NA | NA 1 NA
1_|Continenwal TSIO-520-UB PP 300hp| 2260 1 3esof 1658] NA | NA | NA | NA
1 _|Continental TSIO-520-M PP 3ohp| 2,003 90| 3e16] 1640 NA | NA | NA | NA
LPMQW—M G50 PP 300hp! 1,920 671l 3615] 1e40] NA | NA | NA | NA
1_jContinental {0-520-F PP 300hp! 1927 g7a] 3812] 1638] NA | NA | NA | NA
1_jLycoming TIO-540-S1AD PP 0hp! 20731 940l 3600l 1633] NA | NA | NA | NA
1l 10-540-K1G50 PP 300hp| 1088 so1] 38001 1633 NA | NA | NA | NA
1_|Continental 10-520-88 PP 285hpl 2191 904l 3600l 1633] NA | NA | NA | NA
1_]Continental 10-520-88 PP 205hp| 2132 967] 34001 15421 NA | NA | NA N.A.
1 [Continental 10-520-B8 PP 285np| 2117 960] 3400] 1542] NA | NA | NA | NA
[Cessna 185 Skywagon 1 _|Continental 10-520-D PP 00hp! 1688 768] _9.362 1525] NA. 1 NA | NA T NA
Cessna Turbo Skylane RG 1 |Lycoming O-540-L3C5D PP 235hpt 1,791 812] 3112] 1412] NA | NA | NA | NA
Cessna Skylane AG 1_{Lycoming O-540-L3C50 PP 235hp| 1,750 794] 31121 1412 NA | NA. | NA NA
Cessna Turbo Skylane RG I 1_jtycoming O-540-L3CS0 PP 235hp| 1,781 808 3100] 1408] NA | NA | NA | NA
Piper Turbo Saratoga 1 _tLycoming TIO-540-SIAD PP 300hp] 1617 733] 3000f 13611 NA | NA | NA | NA
Piper Dakota 1 _jLycoming O-540-J3A5D PP 235hp| 1634 74t] 3000] 13811 NA | NA | NA | NA
Cessna 162R Skylane it 1_{Continental 0-470-U PP 230hp| 1733 786] 31001 1408] NA | NA | NA NA.
Piper Turbo Arow IV 1_{Continental TSIO-380-F PP 200hp| 1,680 7671 2900l 1315] NA | NA | NA | NA
Piper Turbo Dakota 1_|Continental TSIO-360-FB PP 200hp| 1579 718] 29001 1315 NA | NA | NA NA.
Mooney Turbo 231 1 _|Continental TSIO-360-GB PP 210hp! 1,800 818] 2900l 13151 NA | NA | NA | NA
lMsulo M-5-180C 1 ILycoming O-360-C1F PP 180hp| 1,300 s90] 29001 1315] NA ! NA | NA | NA
Cessna 180 Skywagon 1_{Continenta! O-470-U PP 230hp| 1643 7451 298100 12750 NA | NA 1 NA | NA
Piper Arow IV 1_[Lycoming 10-360-C1C6 PP 200hp] 1,641 744] 27501 12470 NA 1 NA | NA | NA
Beechcratt Sierra 200 1_{Lycoming 10-360-A1B8 PP 200hp| 1713 777] 2751 12471 NA. | NA | NA | NA
Mooney 201 1_lLycoming 10-360-A386 PP 200 hp| _1.840 744] 2740 12431 NA | NA | NA | NA
Laks Aircratt Lake Buccanneer | 1 [Lycoming PP 200hp] 15855 705] 2600] 1220] NA I NA | NA | NA
Cutlass RG 1_|Lycoming O-360-F1A8 PP 180hp| 1558 7071 2658] 1208] NA | NA | NA | NA
Cessna Hawk XP 1_|Continental |0-360-K8 PP 195hp] 1,538 698] 28581 1160] NA | NA | NA | NaA
Piper Archer |i 1_[Lycoming O-360-A4M 180hpl 1418 643 2550l 1157] NA | NA ] NA | NA
Mavie M-6 1 NA. N.A. 1,450 658] 2500 1134] NA | NA | NA | NA
{i_ﬂub M5-235C 1 _|Lycoming O-540-J1ASD PP 235hp] 1,400 635| 25001 1134] NA | NA | NA | NA
Maule M5-210TC 1_jLycoming TO-360-F1A6D PP 210hp] 1,400 635] 2500f 1134] NA | NA | NA | NA
{Mauie M5-210C 1_IContinental 10-360-D PP 210hp| 1,350 612] 2500f 1134] NA | NA. | NA | NA
{Bescheratt Sundowner 1_JLycoming O-360-A4K PP 180 hol 1502 681] 2450] 1111] NA [ NA | NA | NA
Piper Warrior i 1_{Lycoming O-320-D3G PP 160hp] 1,340 e08] 2325] 10551 NA )} NA | NA | NA
Cessna Skyhawk 1_|Lycoming O-320-H2AD PP 160hp| 1,403 836] 2307] 1048] NA NA. | NA | NA
Varga 2180 1 _fLycoming O-320A NAl 1178 533] 1870 48] NA | NA | NA | NA
Varga Kachina 2150A 1_|Lycoming O-320-A2C PP 150hp] 1126 s10f 1817 824] NA | NA | NA | NA
[Piper PA-18-150 Super Cub 1 _jLycoming O-320 PP 150hp| 946 428 1750 784 NA | NA | NA | NA
iBeechcmﬂ 77 Skipper 1_|Lycoming O-235-L2C PP 760 NA. | NA | NA
[ Piper PA-38-112 Tomahawk 1_|Lycoming O-235-12C PP 757, NA. | NA | NA
Cessna 150 Commumer il 1_|Continental 0-200-A PP 726 NA. | NA NA,
Cossna 150 1_]Continentai 0-200-A PP NA | NA NA.
Taylorcratt F-21 1_lLycoming O-235-L2C PP NA | NA | NA
Piper J4-3C-65 Cub 1_|Continental A-85-1 PP NA NA | NA

N.A. = information not available when tabie prepared.
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Table 3.47 (Continued)
Charscteristics of Single-Engine Reciprocsting, Fixed Wing General Aviation Alrcraft

References 3.29 t0 3.35
{Muimum Overali Takeof! | Landing | Stall Speed
Fuel i |Wing Span Overali Length m!ul_ulggm Wing Area Dist. (ft.) | Dist. (1t.) | (gearMaps
Alrcratt Type imp. GalJLivers  [Ftin.  Meters [Ftin. [Mewrs [Ftin. [Mewrs an."z—ﬂM"z (FAR) | (FAR) |down, mph)
SINGLE-ENGINE RECIPROCATING (PISTON) FIXED WING
Cessna Pressurized Centurion e9]  40s] NA | NA | NA | NA | NA | NA | NA | NA 2160! 1500 66
Cossna Turbo Centurion @] 405! NA | NA | NA | NA | NA [ NA | NA | NA 2,160 1,500 86
Cessna Turbo Stationair 8 73] 332l NA ] NA | NA | NA T NA | NA [ NA | NA 1860 1500 66}
Cessna Statonair 8 73] 332l NA [ NA T NA T NATT NA T NA T NA | NA 1970 1500 8}
Cessna Centurion e8] 405! NA | NA | NA | NA [ NA | NA | NA | NA 2030 1500 84
Beschcraft Bonanza A3ETC 724 el NA | NA | NA | NA | NA | NA | NA NA. 2012 1,440 85!
Cossna Turbo Stationair 6 88 a00] NA | NA | NA | NA | NA | NA | NA | NA 1640 1395 62}
Sara 107] 4861 NA | NA | NA | NA | NA | NA | NA | NA 1573] __ 15% )
Cessna Stationair 6 s8] 400 N.A NA NA. | NA | NA NA NA NA 1,780 1395 62)
iper Turbo Saratoga SP 107) 488] NA NA | NA. | NA | NA NA NA NA 1420 1640 69
Piper Turbo Sarakoga 107, 488] NA NA | NA I NA | NA NA NA NA 1573 1612 68
Boechcrah Bonanza A36 74 338] NA N.A NA | nA | NA NA NA N.A 2040] 1450 60
Beechcraft Bonanza F33A 74 338] NA N.A N.A NA NA | NA NA NA 17| 1324 ia_l '
Beechcraft Bonanzs V358 74 338] N.A NA N.A NA NA | NA NA. | NA 17680 1324 58
Cessna 185 Skywa_pon 84 382 N.A. N.A. N.A. N.A. NA. NA. N.A. N.A. 1430 1,400 56
[Cessna Turbo Skyiane ARG 88 400 NA | NA | NA | NA | NA | NA | NA | NA 1570] 1,320 57
Cessna ne RG 88] 400l NA | NA TNA T NaA T NA T NA T NA | NA 1570 1320 57
{Cessne Turbo Skytane AG I _ 92 48] NA | NA | NA | NA T NA | NA [ NA | NA NA. NA. 56,
Piper Turbo Saratoga 107) 488 NA | NA | NA | NA | NA | NA | NA | NA 14201 1700 9]
i 77 350 NA [ NA | NA | NA | NA | NA | NA | NA 1218l 1410 84
88 400} 35'10°{1082m. 28'0° 853 m. 9 3" 2.§2Lm. 174.0 16.18 1,350 1,350 57
77 350l NA | NA I NA | NA | NA | NA | NA | NA 1820f 1555 66
77 350l NA | NA | NA | NA | NA | NA | NA | NA 1402} 1697 66}
72 3271 NA | NA | NA | NA | NA | NA | NA | NA 2060l 2280 85|
83] 2e8] NA | NA | NA | NA | NA | NA T NA | NA 600 600 38
84] 382l NA | NA | NA | NA | NA | NA | NA | NA 1,205] 1368 55|
77} 350 NA | NA | NA | NA ] NA | NA | NA | NA 1800f 1525 83
57 250l 3297 ssem| 259 78s5m| @1 248m] NA. | NA 168601 1462 69
] 201] NA | NA | NA | NA ] NA | NA | NA | NA 1517 1810 81
54 2451 NA N.A. N.A. N.A. N.A. NA. N.A. N.A. 1100 (W} 600 (w) 45
_62 262] NA | NA | NA | NA | NA | NA | NA | NA 1775 1340 57,
68 300! N.A. N.A. N.A. NA. N.A. N.A. NA. N.A. 1,360 1,270 83
50 227} N.A. N.A N.A. N.A, NA. N.A. NA. N.A. 1,825 1400 81
69 314} NA. N.A. N.A NA. N.A. NA. N.A. N.A. NA. N.A. 26
83 2081 N.A. N.A. N.A. N.A. N.A. NA. N.A. N.A. 600! 600 a8
63 288 NA | NA | NA [T NA | NA T NA [ NA | NA 600 600 38|
83| 28| NA | NA | NA ! NA_ | NA | NA | NA | NA 600 600 _ag{
57 259 NA | NA | NA | NA | NA | NA | NA | NA 1955 1484 g
50 227] NA | NA | NA | NA | NA | NA | NA | NA 1480 1118 57
50} 227] NA | NA ] NA | NA | NA | NA | NA | NA 1,390 125 50
35 158 NA | NA | NA | NA | NA T NA | NA | NA 1310] 1425 52|
35 1591 NA | NA ] NA ["NA | NA T NA T NA | NA 440 450 52
6| 164l 3s3l1075m]| 227 esem]| @9 202m| 1785l 1688] 500 885 42|
20| 132] 300] s14m| 2e0] 732m) 711 241m] 1208 1206] 1280 1313 54
PA-38-112 Tomahawk 32 145l aacf103em| 231 704m| 94 277m| 1247] 11591 1460] 1544 6}
Cassna 150 Commuter 37 168] 33 2f1011m| 2311 728m{ @€ 258m| 1570 1488 1340f 1200 50
Cassna 150 37 188] 33'4°]1017m. 21'6'f 856 m. 8'11°] 211 m. 156.5{1 14.80| 1.340 1,200 50
ft F-21 24 100] aeofiogem| 223! erem| 6] teem| 1835 17.10 _350 350 43
J-3C-65 Cub NA | NA a5 3f1075ml| 223] e7aml e8] 20m] 1785l 1860] NA NA. N.A.
N.A. = informasion not available when tabie prepared. W = Water
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Table 3.48
Characteristics of Single-Engine Agricuitural, Fixed Wing General Avistion Aircraft

References 3.29 to 3.36
Nominal [Operating IMummm Maximum Maximum
Powerplani(s) Power  |Empty Weight __ {Takeotf Weight _ fLanding Weight _{Zero-Fuel Weight |
Aircraf Type No.{Type Rating (sach) [Pounds Fnlogmnlm JGlogram{Pounds |KGilogram{Pounds {Kilogram
SINGLE-ENGINE AGRICULTURAL , FIXED WING
Ayres 400 Gal. Turbo Thrush 1_|PAW._PTBA-4AG TP 7sohpt NA | NA | NA | NA | NA | NA | NA | NA
JAyres 400 Gal. Turbo Thrush 1_{PaW. PTBA-15AG TP 6s0hpl 3ec0l 1633] 82001 3715] NA | NA | NA | NA
1_{Lycoming LTP 101/600A-1A TP NA 250} 191e1] 7000 3175] NA | NA | NA | NA
1 lnw. PTBA-11AG TP soonp] NA | NA | NA I NA | NA | NA | NA | NA
1 |PA-RISPP? eoonpt 3700] 1678] esool 3130] NA | NA | NA | NA
1_{P&W. R1340 PP _soohp] 3700l 1678 6000] 3130] NA | NA | NA | NA
1_|PawW. R1340 PP eoohp] 3255l 1478l e07s] 2756] NA | NA | NA | NA
1 |Paw. Roes PP asohpl 3100l 1408] 6075| 27568] NA | NA | NA | NA
jAyres 1200 HP Buil Thrush 1_|Wright R1820 PP 1200hp| 4,890 z.zeal o000l 2722] NA | NA | NA | NA
Ayres 500 Gal. Turbo Thrush 1_|PAW. PTBA-34AG TP NA_ 3900] 1789] e000f 27221 NA | NA | NA | NA
INZ Aero. ind. Fiercher FU24-954 | 1 [Lycoming 10-720 PP 400hp! 2620] 1.188] 5430 ﬁz_l«sal NA | NA | NA | NA
e 300 Bipiane 1_|Lycoming 10-540-M1ASD PP NA 2322] 1053] 5400l 2449] NA | NA | NA | NA
e 220 Bi 1_|Continental W-670-6N PP NA. 2549] 1158] s100] 2313l NA | NA | NA | NA
Weatherly 820 TP 1 |Paw. PTBA-11AG TP Soohpl 2500f 1134 5000] 22881 NA | NA | NA | NA
Waeatherly 620 1 |Paw. Rogs PP asohp] 2850l 1293] 5000 22681 NA | NA | NA | NA
Cessna Ag Husky 1_{Continental TSIO-520-T PP 310hpl 230s| 1046] 4400l 1996] NA | NA | NA | NA
Cessna Ag Truck 1_|{Continental 10-520-D PP 20hp| 2235] 1014] 4200 905! NA | NA | NA [ NA
Piper Brave 375 1_lLycoming 10-720-DICD PP arshpl 2485] 1118] 39001 1789] NA | NA | NA | NA
Piper Brave 300 1 _|Lycoming I0-540-K1G5 PP o0hp! 2188l 997 3900f 17e8] NA | NA | NA | NA
Fy Pawnee D-235 1_lLycoming O-540 PP 235hp| 1599 72s] 2900l 1315] NA | NA | NA | NA
N.A. = information not available when tabie prepared.
TP = Turboprop hp = horsepower
PP = Pistonprop
3. GENERAL AVIATION 3-88 7/26/96




Table 348 (Continued)
Characteristics of Single-Engine Agricuitural, Fixed Wing Generat Avistion Aircraft

References 3.29 10 3.38
|Maximum -~ |Overatt Takeof! | Landing | Stall Speed
Fuel ty Wi Overali Lon Overall Height Area Dist. (ft.) | Dist. (ft) |(gearMaps
Alrcraft Type imp. Gal|Liters  [FL In. [Mewrs [FLin. [Mewrs [Ft.in. [Mewrns rnf'z M**2 (FAR) | (FAR) [down, mph)
SINGLE-ENGINE AGRICULTURAL . FIXED WING
400 Gal. Turbo Thrush A, A N.A. NA. NA | NA NA. NA. NA. NA. NA, NA. NA.
NA, NA. NA, NA. NA. NA. NA. NA. 815 500! 57
N.A N.A N.A N.A NA NA. N.A N.A NA N.A _52
N.A N.A NA | NA NA N.A. NA NA NA. N.A NA.
NA N.A N.A NA NA. | NA NA N.A 775 500 64
106 N.A N.A N.A NA NA. NA. N.A NA 775 500 64/
80| N.A N.A N.A NA NA NA N.A N.A 850 1,054 54
80 N.A N.A N.A NA N.A N.A NA NA 1,090 933 53}
Ayres 1200 HP Bull Thrush 190! 864] N.A N.A N.A NA NA. N.A N.A N.A £50) 550 57,
Ayres 500 Gal. Turbo Thrush 100 455] N.A. NA NA 1 NA NA. NA. NA. NA. 800 500 57
INZ Aero_ Ind. Flexcher FU24-954 | N.A. NA NA | NA NA | NA | NA NA. NA. NA. 1220 1,260 56
Eagle 300 Bipiane & 314] NA N.A N.A NA N.A. NA N.A NA N.A N.A 54
Eagle 220 Bi 69 3141 NA N.A N.A. N.A NA. NA N.A N.A NA N.A 51
Weatherly 620 TP 65{ 2051 NA N.A NA | NA NA NA N.A N.A N.A 9680 €6,
Weatherly 620 85} 2051 NA N.A N.A. N.A. NA. NA, NA. NA. N.A. 980 [
Cessna Ag Husky 54 245! 41'e’l1270m| 266 8.08m. g2 249m | 2050] 19.05 1975 1,265 61
jCessna Ap Truck 54, 245] 4v'gl1270m] 25'11°] 790m. 82| 249m} 2050/ 19.05 2140 1,265 65!
Piper Brave 375 86| 391] NA NA NA. NA NA. NA. NA. NA. 1,208/ 1,850 76!
Piper Brave 300 88l 391 NA N.A. N.A NA. NA. NA. NA. N.A. 1525 1,650 71
ng Pawnes D-235 39{ 173L NA. NA. N.A. NA. NA. NA. NA. NA. 135! NA. 70

N.A. = Information not available when mbis prepared.
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Table 3.49

Characteristics ot Multi-Engine Reciprocsting, Fixed Wing General Avistion Alreraft

References 3.28 to 3.35
Nominal  |Operating Maximum Maximum Maximum
Powerplani(s) Power  |Empty Weight __ [Takeot! Weight _]Landing Weight | Zero-Fue! Weight |
Arcratt Type No.[Type Rating (sach) {Pouncs |Kiiogram{Pounds [Kilogram{Pounds quognm Pounds {Kilogram
MULTI-ENGINE RECIPROCATING (PISTON). FIXED WING
{Pitatus BN 2A M I1i-2 Trisiander | 3 {Lycoming O-540-E4CS PP 260hp] s600] 2540] 10000] 4538} NA | NA | NA | NA
Cessna Titan Courier 2 Camnmm_a) GTSIO-520-M PP 375hp| 4844 2197 84501 3 833] N.A N.A. NA. N.A.
Cessna Titan Ambessador 2_{Continental GTSIO-520-M PP 375 h 48168] 216851 84501 38633 NA. N.A. N.A. N.A
Cossna Titan Freighter 2 jContinental GTSIO-520-M PP 375hp! 46851 2 125] 8450] 3833] NA N.A. N.A N.A.
Cessna 421 Golden Eagle 2_iContinenwmi TSI0-520-L PP a7shp 4,m| 2007] 7500 3402] NA | NA | NA | NA
Jggr Chistain 2 |Lycoming TIO-540~J280 PP asonpl 4221] 1918] 7000l 31475] NA | NA | NA | NA
Cessna 402C Businessiiner 2_{Continental TSIO-§20-VB PP 325hp! 40741 16481 68851 3 123] NA. N.A. NA. N.A.
[Cessna 402C Utliner 2_jContinental TSIO-520-VB PP 325 h 41268] 18721 68501 3107} 68501 3107] 65151 2955
Cessna 402 2 {Continentat TSIO-520-VB PP 325nhp! NA | NA. 68851 31231 NA N.A. N.A. N.A.
Ceossna Chancelior 2 _{Continental TSIO-520-NB PP 310 h 4358 1976] €785 3078] NA. NA. N.A. N.A.
_2_‘1_.f[eovn'mn TIO-541-E1C4 PP 380 h 4408] 19090l 6775 3073] NA N.A. N.A. N.A.
2 Jiycoming O-540-E4CS5 PP 2680 h 36121 1638] 68600f 2994] NA. N.A. N.A. N.A.
2_lLycoming 10-540-K185 PP 00hp] 3762] 1.708] 6600 29841 NA NA N.A. N.A.
2_lLycoming 10-540-K185 PP - 300 h 37221 1688] e560] 2976f NA N.A. NA. N.A.
2_{iLycoming TI0-540-F280 PP 325nhp] 4000] 18%] 6500f 2948 NA | NA | NA | NA
2_{Lycoming TIO-540-A2C PP 310hp! 4003 10818| 6500] 2948] NA N.A. N.A. N.A.
2 _{Continental TSIO-520-WE PP 325 N 4 020 1,8_2_3_‘ 62001 28121 NA N.A. NA. N.A.
2 [Continental TSI0-520-WB PP 325hpl 3783} 1,720 6200f 28121 NA NA. N.A N.A
2_{Continental TSIO-520-NB PP 310h 3.911' 1,774] 6025) 2733] NA N.A. N.A. N.A.
2_{Lycoming iO-540-S1A5 PP 200hp| 40se|l 1840] 8000l 27221 NA | NA | NA | NA
2_lLycoming I0-540-S1AS PP 200 hp 3985 1808 6000 2722 NA N.A. N.A. NA.
2_|Continentai 10-520-CB PP 285 hp 3383] 1525 S 400/ 24481 NA. N.A. N.A. N.A.
2 ]Continental 10-520-CB PP 285hp! 3208] 1491 5300] 24041 NA N.A. N.A. NA.
2_|Continental TSIO-520-AE PP 250 h 3305] 14991 51751 23471 NA. NA. NA. N.A.
B 2_|Continental I0-470-L PP 260hpl 3,233 1,468 5,100/ 23131 NA NA NA N.A.
r_f-‘_ipor Seneca I 2 {Continental TSIO-360-E 200 h 2,641 12891 4570 2073] NA N.A. N.A N.A.
Piper Turbo Seminole 2 |Lycoming LO-380-E1ASD PP 180 hp 2,430 1,102 3,025 1,780] NA. N.A. N.A NA
Cplo;chcrarﬁ Duchess 2 jLycoming O-360-A1G6D PP 180hpi 24801 1116] 39001 17681 NA N.A. N.A. NA
ﬂpr Seminole 2_JLycoming O-360-E1AED PP 180 hp! 2.354 1,088 3800 17241 NA N.A. N.A. N.A.
Wing D-1 Derringet 2_|Lycoming 10-320-B1C PP 180 h 2,100 953 3050 13831 N.A N.A. N.A. N.A.
1
N.A. = Information not availabie when tabie prepared.
PP = Pistonprop hp = horsepower
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Teble 3.49 (Continued)
Charscteristics of Muiti-Engine Reciprocsting, Fixed Wing Ganeral Aviation Alrcraft

References 3.29 to0 3.35
Maximum Overall Takeoff | Landing | Stall Speed
[Fuel ] Wing §qg Overaii L Overall Height __IWing Area Dist. (.} | Oist. (tt) | (gearMaps
Alrcratt Type imp. Gal[Lters  [FLin. [Mewrs [Ft.in. [Mewrs [FLin. imm [Frez [w~2 (FAR) | (FAR) ]down, mph)
MULTI-ENGINE RECIPROCATING (PISTON]), FIXED WING
Puatus BN 2A Mk 1i1-2 Trisiander 196] 8ol NA [ NA T NA T NA T NA | NA | NA | NA 1918] 1430 58
Cessna Titan Courier a4l 1564l NA | NA | NA T NA | NA T NA | NA | NA 23871  21% &
Cessna Titan Ambassador a4l 1564f NA | NA | NA | NA | NA | NA | NA | NA 23871 2130 8
|Cessna Titan Freighter 344l 1564f NA | NA | NA [ NA | NA | NA | NA | NA 2367| 213 8
Cossna 421 Golden Eaglo 232’ 1191] NA | NA | NA | NA | NA | NA | NA | NA 2323| 2,293| 85
iper Chisftain 2] 673l NA | NA | NA | NA | NA | NA | NA | NA 2450 1880 NA

Cassna 402C Businessiiner 208 o8l NA | NA | NA | NA | NA T NA | NA | NA 2195 _ 248s| 78
|Cessna 402C Utliner 178]  ®08] 44'15°]1345m] 38 45'5100m] 1165 349m | 2258) 210 2195] 2485 78!
23] _ves] NA | NA 1| NA | NA | NA | NA | NA | NA 219050 2485 78]
208] 636f NA { NA | NA | NA | NA | NA | NA | NA 25051 2393 402_{

232] 1055 NA | NA | NA | NA 1 NA | NA | NA | NA 2828] 3065 8
137] e23] NA | NA | NA | NA | NA T NA | NA | NA 1090] 960 48|
196f eo1] NA | NA [ NA | NA | NA | NA | NA | NA 1,100 960 48|

13s5]  e1a] NA | NA | NA | NA T NA | NA | NA | NA 1,100 960 48

192] 873] NA | NA | NA ! NA | NA | NA | NA | NA 2080 1818 [

w2l 873l NA | NA | NA b ONA | NA T NA | NA | NA 2085 1818 _80

190] 864l NA | NA | NA | NA | NA | NA | NA | NA 26431 2427 [

190] se4] NA | NA | NA | NaA | NA | NA | NA | NA 2643 2427 20

207 o4 NA I NA | NA | NA | NA | NA | NA | NA 2175 1850 81

174l vor] NA | NA T NA | NA ! NA | NA | NA | NA 24%0| 2030 87

174  7otl NA | NA | Na | NA T NA T NA | NA | NA 2480l 203 87

104 882l NA | NA | NA | NA | NA | NA | NA | NA 2101 2498 85

166l 755! NA | NA | NA T NA | NA ] NA | NA | NA 2050l 2202 84

155] 705] NA | NA | NA | NA | NA | NA | NA | NA 2100 1535 72

an 136 818] NA | NA | NA | NA | NA | NA | NA | NA 2154 2148 8

Piper Senecs Ii 128] se2] NA | NA | NA | NA | NA | NA | NA | NA 12401 2090 70
Piper Turbo Seminole 110 s00] NA | NA | NA | NA T NA | NA | NA | NA 15001 1,190 70
Beechcraf Duchess 100] 455] NA | NA | NA | NA | NA | NA | NA | NA 2118 1181 69
Piper Seminole 190 500l NA | NA | NA | NA | NA | NA | NA | NA 1400 1190 8
Wing D-1 Demnger 871 396 NA | NA | NA | NA | NA | NA | NA | NA 1240 NA 72

N.A. = Informaton not aveilable when tabie prepared.
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: Table 3.50
Charscteristics of Turboprop, Fixed Wing General Avistion Aircraft
References 3.29 10 3.35

Nominal i Maximum Maximum Maximum
Powerpiant(s) Power  |Empty Weight  [Takeot! Weight _[Landing Weight | Zero-Fusi Weight
No.[Type Rating (sach) |Pounds [Kiogram{Pounds | Pounds |KGlogram{Pounds |Kilogram
2_|AR_Der 529-8X or 8E TP 1,900 shp| 21.900] 9933| 35100] 15920] 33,600 15,240 26.170] 11,870
2_|P&WC_PTEAB0A TP 1,050shp| 9,030 4008] 15000 6604| NA | NA | NA | NA
2 |Garrett TPE-331-110601G TP NA. 9100] 4128] 142000 6441| NA | NA | NA | NA
2 [P&WC_PTEASOATP 1050shp| 8490 3851| 1a000] €350] NA | NA | NA [ NA
2_|Gamret TPE-331-10U-503G TP goosnp| 8150 3607] 12500] 5670 NA | NA | NA [ NA
2_[Paw_PTeA41 TP 850shpl 7543] 3421] 12500] 5670] NA | NA_| NA | NA
2_{Garrett TPE-331-6-2528 TP 7i5shp|  7112] 3206] 118000 5352] NA | NA | NA | NA
2_|Gamren TPE-33110-501M TP 778shp| 7850 3470] 11,5751 525 NA. | NA | NA | NA
2_|Germen TPE-33110 TP NA. NA | NA | 112500 S108] NA | NA | NA | NA
2 lpa.w. PTEA41 TP 720shp| 6240l 28] 11,000] 4990] NA | NA | NA | NA
2 |P&W._PTBA-135 TP 750shpl @640l 3012 10950] 4967] NA. | NA | NA | NA
2 NA. NA NA | NA I 10775] 4887] NA | NA | NA | NA
2_|Garrett TPE-331-10-501M TP 727 shp|_7,010] _3.180] 104701 4749] NA | NA | NA | NA
2_|Garrett TPE-331-10-Soik TP 717shpl 82711 2844] 103251 4883 NA | NA | NA | NA
Gulstream Am_Commander 840 | 2 |Garrett TPE-331-5-524K TP 7i7shp| 61201 2776] 10325( 4683 NA | NA | NA | NA
Cossna 441 Conquest 2_|Garreti TPE-331-8401S TP 635shpl  5708] 2568 ©850] 4468] NA | NA | NA | NA
Beechcratt E90 King Air 2 [P&W._PTBA-21 TP ssoshp| 5778] 26211 0850] 4377] NA | NA | NA | NA
Beechcrah C90 King Air 2_|PAW_PTEA21 TP ssoshp| _5765] 2615] 9850] 4377] o1es] 4159 NA | NA
Beechcraft 80 King Air 2_|P&WC_PTEAB TP sooshp| 5318] 2615] 9300] 4377] NA_| NA | NA | NA
Piper PA-317 Cheyenne 2_|P&W_PT6A28 TP e2osnpl 4983 2007] o000 4082] ®o000| 4082] 7600 3447
Pilatus PC-12 1_|PAWC_PTEA67B.1P 1200shp] 52601 2386] 6818] 4000] NA | NA | NA | NA
[Piper Cheyenne | 2 |PaW_PTeA-11 TP 500shp| 4904] 2224] 8700l 348 NA | NA | NA | NA
Cossna 425 Corsair 2 |P&W_PTBA-112TP asoshp| 490 2200] 8200l 3718] NA | NA | NA | NA
Cessna 206 Caravan | 1_|P&W.PTEA114 TP 600shp| 3800] 1724] 8750] 3968] 7300l 3311 NA | NA
Lear Fen 2100 2_|P&W_PT68-35F TP NA 4000l 1814] 7250] 3289] NA | NA | NA | NA
@ PC-8/B2-H4 Turbo Porter | 1 IP&wc‘ PTEA-27 TP 550 shpl 1,411 uol 2028] 920l NA_ | NA | NA | NA

N.A = information not availabie when tabie prepared.
TP = Turboprop shp = shaft horsspower
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Tabile 3.50 (Continued)
Charscteristics of Turboprop, Fixed Wing General Avistion Aircraft

References 3.29 to 3.35
Maximum Overall Takeoff | Landing | Stall Speed
Fuel Wi Overall Overat Height __|Wing Area | Diat. (1) | Dist. () {(gearmape
Aircraft Type imp. Gd.fum Fiin. IMewrs [Fiin. IMewrs |[FLin. i“"" L2 FM"z (FAR) | (FAR) [down, mph)
[TURBOPROP, FIXED WING
Grumman 150 Guiistream | 1200 sees| 7e'e23e2m] e39i194am| 229 so4ml €103 se7ol 2875] 2125 NA
NA | NA | s7111785m] 4e8l1422m| 14'4] 437ml 3100 2880 NA NA. NA.
Meriin (VC 648 2046] NA | NA | NA | NA | NA | NA | NA | NA 2850 2532 29
i NA | NA | sesliseim] 43101338m] 144 437mi 30301 2813 NA NA NA.
648 2948] NA | NA | NA T NA | NA § NA | NA | NA 3ssol 3150 102
Sea; 2473] seeliesim| 439133mi 1500 457m| 3000 2045 25780 2074 86l
470l 2137] 4511 f1400m! 3o 111217 m] 185 a70mi 278.7] 2s5.08] 2e04] 2679 ssl
: 403} 1@32[ NA | NA | NA | NA | NA | NA | NA | NA 2170] 2200 87
Guifstream Am. Commander 1000 474 21551 NA | NA | NA | NA | NA | NA | NA | NA | NA NA. NA.
400] 1818] NA | NA | NA | NA | NA | NA | NA | NA 2369] 2820 95
Beschcratt F90 King Air 470! 21371 4511°[1400m) 39101213 m] 1517 480omi 2797 2598] 2856] 2224 &
IGulem Am Commander800f NA | NA | NA | NA | NA ] NA | NA | NA | NA 1 NA 1937] 26981 NA
Mitsubishi MU.2 Solitaire a03] 1832l NA I NA I NA | NA | NA | NA | NA | NA 1800 1950 84
Gulfstream Am. Commander 980 430] 1955] NA | NA | NA | NA | NA | NA | NA | NA 1830} 2150 86
Gutistream Am. Commander 840 40| 1955 NA | NA | NA | NA | NA | NA | NA | NA 1833] 203 88
{Cessna 441 Conquest 475] 21501 4g°4(1504m] 390f11e9m| 131 401m| 2536] 2356 24650 1875 87
Beechcratt £90 King Air 384l 1746] NA | NA | NA | NA | NA | NA | NA | NA 2261 1672 87
Beechcratt C90 King Air 30! s4s4| sofi1s532m| 3s'ef1082ml 143| 434mi 2039l 2731] 2261} 2010 87
Beecheratt 80 IGng Air NA | NA 1 4511°]1398m] 3sef1082m} 14'9] 447m! 2707] 25801 NA NA. NA
[Pipar PA-31T Cheyenne 405| 1385l 42871301m| 3481057 m| 129l 3eem| 22001 2130] 2650] 2100 NA
Pilatus PC-12 NA | NA | szo'lisoem] 472]1438m] 1407 a28m] 2778 258 NA. NAL NA
Piper Cheyenne | 8l 1400 NA | NA | NA | NA | NA | NA I NA | NA 2444] 2223 &3
Cessna 425 Corsair 3671 _1888] 44'15'11345m [ 351011083 m|{ 127 364m| 22500 2090] NA NA NA
Cessna 208 Caravan ! 335 1288l 521'1588m| 37701148mi 14'2f 432m| 2704l 2596 1ees] 1850l NA
Lear Fan 2100 250f 1137) NA | NA | NA | NA | NA | NA | NA | NA N.A NA] NA
Pllatus PC-8/B2-H4 Turbo Porter | NA | N.A 521°11587m| 3e1l110oml 406] 320m] 3245 3015] 3825 3270 50
N.A. = information not avsilabie when table prepared.
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Table 3.51
Charscteristics of Turbojet, Fixed Wing Geners! Aviation Alrcraft

References 3.29 t0 3.35
Nominal  |Operating ruuimum Maximum Meximum
Powerpiant(s) Power IEmm wF' ht__ [Takeotf Weight __ lLanding Weight _|Zero-Fuel Weight
Aircraft Type No.{Type Rating (each) [Pounds |Kilogram{Pounds |KilogramgPounds {Kilogram{Pounds |iilogram
TURBOJET, FIXED WING
2 IRR. Spey Mk511-8 TF 10342 e 32500] 14.742] €9.700] 31,6151 NA. NA N.A. NA
2 |GE CF3s5-38 TF 87201bs! NA i N.A. 47,700f 21 836] N.A. NA N.A. N.A.
3 _|Garett TFE 731-S8RA TF 4750 Ibs | 22575 10,240] 45500] 20838 N.A. N.A. N.A. N.A.
2 |GE. CF34-3A TF 91401bs | 25.500] 11567] 45100 20:457| N.A. NA N.A. N A
4 _jGarrett TFE 731-3 TF 3700k 24178] 10967] 437501 19,8451 N.A. N.A. NA N.A
3 {Gamett TFE 731-3TF . 18497 N.A. NA. N.A. N.A.
2 |Avco Lycoming ALF 5021 TF . 40125) 182001 NA | NA | NA | NA
2 |CFE CFE738-1-1BTF DO 158761 N.A N.A. N.A. NA.
2 {Gareit ATF 3-6A4C TF 14.8515] NA. N.A. NA N.A.
2 |GE. CF700-2D-2 TF 13.000] N.A. NA. NA N.A
2 {Garrett TFE-731-3C-200G TF 11,1811 NA. N.A, N.A. N.A.
{IAI 1124A Westwind Ii 2 _|Garen TFE-731-1-100G TF 107271 NA | NA | NA | NA
Leeriet 60 2 JPAWC PW305A TF 104781 N.A. N.A. N.A. N.A
Cessna 650 Citation Vil 2 |Garren TFE 7314R-2S TF . ¥ 22 10183 NA | NA | NA ] NA
Cessna 650 Citation ItV 2_|Garrett TFE 731-38-100S TF 3,850 tbe. st 12.zoo| 5534 22000l 9978] 17000l 7711] NA | NA
Learet 55 2 |Gamett TFE-731-3A-28 TF 37001bs | 13258] 6014] 21000] 95251 NA N.A. N.A N.A.
1Al 1128 Westwind | 2 |GE. CJ-610-8TJ 3,100 ibs. 11750] 533 _20,700] 9,389 N.A. N.A. N.A. N.A.
Dassautt Faicon 100 2 |Garen TFE 731-2C TF 32%01bs] 11145]  5055] 19300 87541 NA | NA ! NA | NA
Dassauit Falcon 10 2 |Gamrett TFE 731-2C TF 323 1bs.| 107601 48811 18740] 8500] N.A N.A. N.A. N.A.
Leanet 36A 2 |Garrent TFE-731-28 TF 3500Ibs.} 101201 4580 18 300 83011 NA. NA. N.A. N.A.
Leanot 35A 2 {Garrett TFE-731-28 TF 3500ibe ! 10120 45801 18.300{ 6301 N.A. NA N.A. N.A.
C&sn! 560 Citation V 2 |P&W. JT15D-5A TF 29001e sti 88268! 4004] 15800 7.2121 N.A NA NA NA.
Cessna S550/551 Citation S11, S/§ 2 |PAW. JT15D4B TF 2500 1be sti 8060] 3,656] 151001 €849 N.A. N.A. N.A. N.A.
Learet 29 2 |GE. CJB10-BATF : 2,950 Ibs. 8,224 3.730] 15,000 6804] NA. N.A. N.A. N.A.
Learjet 28 2 |GE. CJB10-8A TF 29501es.| 8268] 3750] 15000] 6804] N.A N.A. N.A. N.A.
Leariet 25D 2 IGE. CJ810-8A TF 2,950 tbs. 7840] 3485] 15000] 6804 NA N.A. N.A. N.A.
Cessna 550/551 Citation It 2 |P&W. JT1504 TF 2,500 ibs. st} 7,181 3,257} 13300] 68033] NA. N.A. N.A. N.A.
Leanet 24D 2 NA. N.A. N.A. N.A. N.A. NA | NA N.A. N.A. N.A.
Mitsubishi Diamond VBeechiet 2 [PSW. JT15D-5TF 2900 1bs.st] 8050 36851) 157801 7.158f N.A N.A. N.A. N.A
Learjet 23 2 |cE. csB104 T4 285 ibs| 65501 2971] 12500} 5670] NA. N.A N.A. N.A.
Cessna 500/501 Citation VSP 2 |PaW. JT1SD-1AIB TF 2200e. st ©6831] 3008] 11850] 53751 11350] S148{ N.A. N.A.
Cessna 500 Citation 2 |P&wW.JT15D-1 TF 2,200 bs. st} 5408 2,453{ 108501 49821 NA N.A. NA. N.A.

N.A. = inforrnation not available when tabie prepared. -
TF = Turbofan 1bs. st. = pounds thruet static
TJ = Turbojet
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Tabie 3.51 (Continued)
Characteristics of Turbojet, Fixed Wing General Aviation Alrcraft

References 3.20 10 3.35
Maximum Overalt Takeotf | Landing | Stal Speed
Fuel Capacity Wing Span Overali Length Overalf Height Area Dist. (f1.) [ Dist. (ft.) {(gearnaps
Aircraf Type Imp. GalfLiters {FL.In. IMewrs {Ftin. {Mewrs [Ft.in. [Meters [F1°*2 |M*°2 {FAR) (FAR) ldown, mph)
GENERAL AVIATION TURBOJET, FIXED WING
4133| 18788] 7790 2372m| 831°02532mi 24'S| 743m| 9346 888631 $58% 3400 139
N.A. N.A. 81'1071885m.) @8'52085m}] 2087 630m} S5200] 48311 NA NA. NA.
N.A. NA 635°118.33m.| 68412021 m| 24'8" 755m.| 5274] 49001 NA NA. NA.
NA. NA. 81°10°j1885m{ 88572085m| 208 630m| 5200 4831 NA NA. NA.
NA. N.A. 54'57116680m.| 605'i1842mi 2057 623m| 5425! S040I NA NA. NA.
2316] 10520] e1'114{1886m| 61'11°1852m | 22°117 607m| SO41] 4683 4900{ 3600 87
N.A. N.A. e1'10°11885m.| e8'5i2085m| 208 6.30m| 4500] 41821 NA NA. N.A.
NA | NA 83811934m| 68'4°72023m) 232 708m| 527.7] 4902 NA NA. NA.
1566, 7210} S37[1632m)| S6311745m| 176°) 532mj 4413 41.00 5.700! 2610 NA.
1969] 6224 SY7Tj1€632m. 56’ 3°117.15 m. 176" 532m} 441.3] 41.00 4 800 1975 96}
N.A. N.A. szej1005m| s57[180aml 182 583m]| 3166] 2941 NA NA. NA.
1424 B 474] 44'5°11365m. s a3lise3ml 15107 481 m| 230831 2864 $,250 2450 114
12121 S5810] 43'9°[13.34m. 58 @°117.88 m. 14'8°) 447m| 26451 2457 5130 2950 113
NA. N.A. syejiesim| 55611690mj 18°10° S12mi 31201 2000 NA NA. NA
9911 45051 S36°(1631m. 55'6'11600m.! 16'10°t 512m.! 3120 29.00 3800/ 2,690 101
J015] 46814] 439'11334m | 551°11679m| 14'8°) 447m] 2845 2457 4 550 2950 113
2 W 13001  5910] 44'5'11365m| 5231503 m| 1510°] 481 mi 3083] 2864 4 950/ 2,450 114
Dassault Faicon 100 882] 4010] 4211°11308m| 456°1386m.| 152'] 461 m| 2500/ 2410 4,500 2,750 90,
Dassault Faicon 10 882} 4010 4211°{1308m.| 45'6°[1386m| 152'i 461m| 25001 2410 4,500 2,750 90
Leanet 36A _1110] S5048f 39'6°11204m| 48'8°01483m| 1237 373m| 25331 2353 4.784 2884 110
jLeariet 35A 931] 4232] 39/8°11204m.| 48811483m.j 1237 3.73m 253.3' 2353] 4224 2884 119
Cessna 560 Citation V N.A. NA | 52311500m | 48'11°11490m | 150" 457m | 3426] N 83 NA NA. NA.
|Cessna S550/551 Citation S/l S/ N.A. N.A. sz3{isoomi 473*j1438m| 150 457 ml 3426 3183 NA NA. NA.
Leanet 29 802 36461 4310°11335m) 47 711450m| 123 1373m.| NA NA. 3,040 2734 104
, 98] 3178, 35 7°11085m} 47 7°11450m.] NA. N.A. N.A. NA. 3,040 2734 104
9101 41371 35'8'l1084m| 477{1480m} 1223 |373m | 2318] 2153 3937 2,744 112
714 3246 51°8°[15.75m{ 436"(13.26m. | NA. NA. N.A. N.A. 2,800 2,270, 83
NA. NA. | 357[1084m 43 3" 125m] NA NA. NA. N.A. NA. NA. NA,
Mitsubishi Diamond /Beechijet 732/ 3,3_22‘ 43'6°11326m | 48'5'11478m}t 13'95° 42mi NA. NA 4.100! 2,700 87
N.A. N.A 35'8°11084m| 43 3°(13.18m. 123" 3.73m. 2318 21.53] NA. NA. N.A.
Cessna 500/501 Citation V'SP 564 2564] 47 1°11435m.) 43€°113.28m. 14°3°| 4.36m. 278.5 25.90! 29% 2270 B4
Cessna 500 Citation 564} 2564] A 9"13.32m] 42'8°}13.26m. 143 43 m] 2600 24151 NA. NA. NA.
N.A. = informaton not available when tabie prepared.
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Table 3.52
Characteristics of Rotary Wing General Avistion Alrcraft

Refersnces 3.29 10 3.35
Nominal  |Operating Maximum
Powerplani(s) Power |Empty Weight _{Takeof! Weight
Aircraft Type No.|Type Rating (each) {Pounds Pounds
ROTARY WING
Verwol 234LA Chinook 2 |Lycoming AL 8512 TS . 4075 shp] 25900] 11,748] 81,000] 231331 NA NA. I NA | NA
Sikorsky S-81N Mk ii 2 {GE. CT58-140-2 TS ' 1500shp] 12510] S674] 220001 99070] N.A NA | NA | NA
Ei AS332L Super Puma | 2 [Turb Makila 1.755shpl 9635|4370 19840] 8900] NA NA | NA | NA
Verw! BY 107 2 |GE. CT58-110-1 TS 1,250shpl 10723] 4084l 19000 8618} NA NA | Na | NA
Bell 214ST 2 |GE. CT7-2ATS 1625shp| o9a4e1] 430m] 175001 76381 NA NA | NA | NA
Asrospatisie SA330) Puma 2 [Turbomeca Turmo IVC 1575shp!  8308] 3.767] 16535 7.500] NA. NA | NA | NA
Betl 2148 Big Lifter 1 Iy 550-80 TS 28%0shp| 7.827] 35501 160001 7.257] NA NA | NA | NA
Shorsky S-58T 1 !Pawc PTET-8 TS 1875shp] 7400} 3357] 13000 58971 NA. NA | NA [ NA
Bell 412 2 |Paw. PTET-38 1S 1,308 s6070] 2753] 11.500] S5218] N.A NA | NA | NA
Bell 212 2 IPAW_ PTET-3 TS 1250shp] eoe7] 27es] 11.200] 5080 NA NA | NA | NA
Bell 205A-1 1_lLycoming 7531-138 TS 1250shp| 5323] 24141 10500 47631 NA NA | NA | NA
Sheorsky S-76 Mk Il 2 JAlison 250C-30 TS 650shp| 56001 25401 103001 4672] NA N.A. NA | NA
i 2 |Turbomeca Arriet 1C2 738shp] 4940 2241] 93701 4250] NA. N.A. NA | NA
2 |Lycoming LTS-101-650C TS es0shp| 4577] 2076 8250 3742] NA NA. | NA ] NA
1 |GE CT58-110-1 TS 1,250shp| 4860l 2204 7900] 3583 NA NA | NA 1 NA
2_[Lycoming L TS-101-750-8-1 TS so2shp| 3e807] 17270 79385] 3350 NA NA | NA | NA
1_{AiResearch TSE 331-3U-303 TS esoshpl 4700 21320 72000 32861 N.A NA, NA | NA
1_[Turbomeca Astazou XVIIA TS 1050shpl _3428] 1565] e€613f 3,000 NA. NA. NA | Na
2 |Alison 250C-208 TS 420shp] 3128] 1418] 57321 26001 NA NA NA | NA
2 |Afison 250C-20F TS 420shpl 2877] 1305] 5732 2600] NA NA | NA | NA
2 |Aliison 250C-208 TS 420shp] 2868] 1301] 5811 2500] NA NA | NA | NA
1_{Turbomeca Artouste I8 ss0shpl 2250 10211 soro] 2300 NA NA | NA [ NA
1_{Turbomeca Astazou XIVB 800shpl 25131 11401 40860] 22501 N.A. NA | NA | NA
2 {Aliison 250C-20R TS 450shpl 2748] 1248 4550] 20841 NA. NA. NA | NA
1 [Turbomeca Arriel 101 732shp| 25411 1,153] 4960] 22501 NA NA | NA | NA
1_{Turbomeca Asiazou XIV 858shp| 2149 975] 4180l 1901 NA NA NA | NA
1_|Atlison 250C-288 TS 500 shpl 2,160 9080] 4150] 1882] NA NA | NA | NA
1_]Aliison 250C-204 TS 420shp| 1,835 742] 3350] 1520] NA NA | NA | NA
1_[Allison 250C-208 TS 301 hp] 1,850 748] 3100] 1406] NA NA | NA | NA
1_|Allison 250C-208 TS 301 h 1,850 748] 31001 1408 N.A. NA. NA | NA
1_lLycoming VO-540-C2A PS 305hp| 1,838 833 3100] 1406 N.A. N.A. NA | NA
1_{Lycoming VO-540-C2A PS 05hp| 1759 798] 31001 1408 N.A N.A. NA | NA
1_|Alison 250C-208 TS 4208hp| 1,360 617] 30001 1361] NA NA. NA | NA
Boll 47G-38-2A 1_lLycoming TVO-435-F1A 280 hp| 1,893 859] 29s0f 1.338] NA NA NA | NA
IHillor UH FH1100 1_|Allison 250C-11B TS NA| 1395 633] 2750] 1247 NA NA | NA | NA
|Enstrom 280FX Shark 1_|Lycoming HIO-360-F1AD PS 225hp| 1,585 719] 2800] 1,178 NA NA, NA | NA
Enstrom F-28F 1_|Lycoming HIO-360-F1AD PS 225 hp| 1,500 680] 2350] 1.068] NA. NA | NA | NA
1 lLieomig HIO-360-EIAD PS 205 hp| 1,500 680| 2350] 10661 NA N.A NA | NA
1_lLycoming HIO-360-C18 PS 205hp| 1,450 es8] 2150 975 N.A. N.A. NA | NA
1_{Lycoming HIO-380-D1A PS 225hp] 104681  474] 2050 830 N.A. NA | NA | NA
1 _{Lycoming IVO-380-A1A PS 180hp] 1020f 463 1670 7571 NA. | NA | NA | NA
1_lLycoming 0-320 PS 124 hp 798| 361] 1,300| 530] N.A. NA | NA | NA
1 JAw-14s PS 145 hp 780 354] 1263)  573] NA NA | NA | NA
1 NA. NA NA | NA | NA N.A. NA. NA | NA | NA
N.A_ = information not available when table prepared.
TS = Turboshaft shp = shaft horsepower
PS = Pistonshaft hp = horsepower
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Teble 3.52 (Continued)
Characteristics of Rotary Wing General Avistion Alrcraft

References 3.29 10 3.35
Maximum Main Rotor Number
Fuel-Ca Fowr Diameter Wm Overali Hoight __iDisc Area Number | Rotor
Arcran Type np. Gal.il.hou Fi.in. [Mewrs [FLIn.  |Mewrs [FLIn. [Mewrs [FL "2 [M—2 Roor(s) | Blades
ROTARY WING
Verwo! 234L R Chinook 2000f eso1] eocfiszem| sziliserm| 1ee| seem| sessol sesa 2 3
Sikorsky SS1N Mk Il : NA | NA szoliegoml se'11]1798m| 17e] 532m] 3018.0] 20047] 1 s
Ei AS332L Super Puma aoe| q8ssi awelisoem] so't1fissaml 161 av2m| 19228] 178e0f 1 4
Veriol BV 107 NA | NA soorjis2am| 4o7l1350m] 1697 soem| 3025.0] 3s4e0f 2 3
Bell 214ST 410] 1064l szorfisesm| soofis2am| 1511°) 48amli 21240] 197.30] 1 2
Asrospatiale SA330.) Puma NA | NA agefisoem| 4el1408m]| 1611 514mi 19050] 17700] 1 4
Bell 2148 Big Lifter 204 927 soclis2amf NA | NA | NA | NA | 19835] 182401 1 2
Sikorsiy S-58T NA | NA 58'0°11707ml 4731441 m] 144 438m| 24800] 22850] 1 4
Bolt 412 25| o771 ssofiao2m| svofizrom| 150 457m{ 1ee20f 15440] 1 4
Belt 212 18] o77] agjiaeom| 4azstfizeom] 14107 453mi t1ece6] 18810 1 2
Bell 205A-1 218 o77] 4ago0jt48am| 4avef1265m| 147l 445m] 18080{ 16800 1 2
1273 axoli341m| 474f1322m]| 1467 441m) 15205] 141300 1 4
1320] 3o2f1ieam]| ar7jioeem| 131 3sem]| 12050 11180 1 4
838] 420li1280m| 422(1285mj 116l 351m]| 13854] 12870] 1 2
NA. syofliei7m] aa'7l13eom| 142 432m| 22077 205.1o| 1 3
NA. 3 1[110om| 3zel ee1m]| 12 3esml 10230 8503 1 4
NA. syorl1etem] 42 ¥l1287ml| 1347 40emi 20077] 20510
1eg] 788 3revj11s5om| 36091086m| 11'6° 3.50m| 11180] 10367] 1 4
148 ee4| 23¢1fiioom| aslro7im] 1010 330m} jo228] es03] 1 4
864l 3s51°fi08om] 3510°{1091m] 1047 314m| 9681 8975 ¢ 3
N.A. 374 9eam] 20'11° 881 m]| 9117 302m| se188] 7605 1 4
_eot| aezrl11oem| 33efiozem| 1027] 3oem| 10267] es3sl 1 2
e01] ae2f1102m| 32°11{1003m] 910 300m! 10267] o538l 1 3
NA arotfireem] 323 eevm| 1047 314m] 10752 esss| 1 2
g38| 351°J1069m| 3s10°f1091m| 104 314m] e8] eo75] 1 3
NA | 3¢6] 1osm! 31'3°] 9853m]| 105 318m| o310 8esof 1 3
48] arol1128m] 33311043m| 104 314mi 10752 e9sol 1 2
76| 348] 3zafioseml 312 esoml| 97 291m) 8727 6107 1 2
48] 200] NA. [ NA | NA | NA | NA | NA | NA | NA NA. NA.
48] 200] NA | NA | NA | NA | NA | NA | NA | NA NA. NA.
48 209] NA | NA | NA | NA | NA | NA | NA | NA | NA NA
48] 208] NA | NA | NA | Na T NA T NA | NA | NA NA NA.
29t NA | NA | NA I NA | NA | NA | NA | NA NA NA.
NA arzf1132m| 317 963m| 94 283m] 10850} 10080] 1 2
18]  618] NA | NA | NA | NA | NA | NA | NA | NA NA NA
191 320"l 675mi NA | NA | NA | NA 0040l 7460] 1 3
19 NA | NA | NA | NA | NA T NA [ NA | NA NA. NA.
182 NA | NA | NA | NA T NA T NA | NA | NA NA. NA.
o2l 320 975m{ NA | NA | NA | NA 8040 74690 1 3
18] NA T NA | NA | NA T NA | NA | NA | NA NA. NA.
141 2397 724m| 219 e62m| €9 208m| 4430l 4118] 1 3
1] NA | NA | NA T NA T NA T NA | NA | NA NA N.A
| 88] NA | NA | NA | NA T NA | NA | NA | NA NA. NA.
NA | NA | NA | NA T NA | NA | NA | NA | NA NA. N.A

N.A = information not availabie when tabie prepared. .
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4. MILITARY AVIATION
41 INTRODUCTION

For the ACRAM Standard [Ref. 4.1], military aviation is defined as the broad categorization of aviation
activities performed by military personnel in fulfillment of their official duties. Such activities include
passenger and cargo transport, in-flight refueling, flight training, etc. Activities associated with military
operations areas (MOA) and training ranges, such as air combat training, low level navigation, personnel
and stores drops, are not included. However, cruise phase of flight between an originating airfield and the
MOAs, as well as training associated with takeoff and landing at an airfield, including touch and go's;
simulated emergency landings, e.g., no flap, flameout; and missed approach/go-arounds, are included.

To quantify the risk of a military aircraft crashing into a facility it is necessary to estimate the number of
military flights in the vicinity of the facility, the frequency of military aircraft crashes and the probability that
the aircraft crashes into the tacility. The latter requires knowledge about the location of aircraft crashes,
given an incident leading to a crash, as well as some crash kinematics, e.g., glide or impact angle,
heading angle, and skid distance.

To estimate military aircraft crash frequencies, relevant crash and flight information was solicited from the
U.S. Air Force, Army and Navy safety agencies. Useable information for fixed wing and rotary wing
(helicopter) aircraft were received from the Air Force. The Ammy provided data on Army helicopters. Data
received from the Navy was judged to be of limited value for this.application, and is not included in the
estimates presented here. Analysis of available crash data and the resulting estimates of military aircraft
crash frequencies are presented in Section 4.2,

Crash kinematic and crash location data were derived by reviewing Air Force aircraft mishap reports from
1976 to 1993. A database of aircraft crash data was developed as part of the DNA supported W78/W87
Minuteman Ill Weapon System Safety Assessment (WSSA) [Ref. 4.2]. That formed the basis for
developing crash kinematics and crash location probability distributions. Data analysis and distributions
are summarized in Section 4.3.

Section 4.4 includes a summary of some of the appropriate characteristics of military aircraft which are
necessary for the structural analyses.
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4.2 MILITARY AVIATION CRASH FREQUENCIES

Development of estimates of aircraft crash frequencies is based on an analysis of aircraft crash and flight
data supplied by Air Force and Army safety agencies [Ref. 4.3-4.6] and the database of Air Force
mishaps developed for the DNA supported Minuteman il WSSA [Ref. 4.2].

For the ACRAM Standard, the flight phases of interest for military aviation are
Takeoffs at airfields in the vicinity of the facility of interest
Landings at airtields in the vicinity of the facility of interest
Overtiights, during the cruise phase of flight, in the vicinity of the facility of interest

Analysis of the military crash data required the identification of the phase of flight in which the crash
occurred as well as screening of crashes to delete those not applicable to crashes into structures, e.g.,
crashes involving taxiing and/or parked aircraft. This required a review of the individual accident
reports/summaries to assign each accident to the proper phase and, occasionally, invoived judgments in
the applicability of an accident. Thus, there is some uncertainty in the estimates of crash frequencies in
addition to inherent "statistical” variation due to the limited amount of historical data. Although recognized,
this uncertainty is neither quantified nor included in the provided estimates of crash frequencies. Rather,
the estimates provided are considered plausible point estimates of the appropriate frequencies.

Two analyses were considered in developing estimates for crash frequencies. One analysis is basedon a
review of the brief summaries of mishaps as provided by the Air Force/Army safety agencies. This
approach is discussed and the resulting estimates of crash frequencies are presented in Section 4.2.2.
The second analysis is based on the Air Force mishap database developed for the Minuteman Ill WSSA.
This analysis and the resulting estimates are discussed in Section 4.2.3.

This Standard is expected to be applicable to facilities off an airfieid and not in the immediate vicinity of a
runway. Therefore, military takeoff and landing crashes were identified as “on runway” (i.e., crashes in
which the initial impact occurred on the runway and the rolling/skidding aircraft departed the runway or

~ remained on the runway) or "off runway” (i.e., the initial impact occurred off the runway). Although the oft
runway crashes inciude some that occurred on an airfield, the off runway crash frequency estimated from
the historical data is considered a reasonable conservative estimate applicable for this Standard.

For military aviation the cruise phase of flight involved a number of different types of operations in addition
to "normal” flight from one base to another. A significant part of the cruise portion of fight, particularly for
military attack, fighter and trainer aircraft, involved maneuvers. Since this type of activity is not expected
to affect facilities covered by this Standard, accidents occurring during maneuvers, air shows, and other
special operations were not included in developing the estimated inflight crash frequencies. Deleting
those accidents from consideration required that the mileage flown, which is the denominator of crash
frequencies, be adjusted. Since the available military flight information is in flight hours, considerable
judgment was involved in developing estimates of the number of miles flown during "normal” flight. Again,
this needs to be recognized in using the provided estimates of crash frequencies.

ideally, estimates of crash frequencies can be developed for each type of military aircraft. This was the
goal in the second analysis (Section 4.2.3). Due to limited data and the reasonable expectation that actual
frequencies are comparable for some subsets of aircraft, estimated crash frequencies are provided per
a@rcr:t;tt type or group of types. The philosophy of this Standard is to use three subcategories of military
aircraft:

Large aircraft: bomber and cargo aircraft such as the B-1, B-2, B-52, C-5, C-9, KC-10, C-21, C-
130, KC-135 and C-141

Small aircraft: attack, fighter and trainer aircraft such as the A-7, A-10, A-37, F-4, F-5, F-15, F-16,
F-106, F-111, F-117, T-33, T-37, T-38, T-39 and T-41

Helicopters: H-1, H-3, H-53 and H-60
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Estimates of crash frequencies are provided for each subcategory as well as for all military aircraft. These
combined estimates are based on a weighted average of the individual frequencies, weighted by the
respective normalized number of takeoffs/landings and number of miles flown during "normai” flight.
Application of the combined frequencies is appropriate only when (1) the distribution, among the different
types of aircraft (e.g., T-38, F-16, B-52, ...), of the number of takeofts/landings at the airfield of interest
and (2) the distribution, among aircraft types, of the enroute overflights in the vicinity of the facility of
interest are comparable to the distributions in the historical data. if operations at a given location are
much different than the overall distribution in the historical data, alternative estimates of crash
frequencies, based on the appropriate mix of aircraft at the location, shouid be considered.
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421 ESTIMATES OF CRASH FREQUENCIES BASED ON AN ANALYSIS OF IMPACT ACCIDENTS

Air Force mishap data solicited from the Air Force Safety Agency [Ref. 4.3-4.5] provides one basis for
estimating crash frequencies for military aviation. Air Force classification of mishaps is based on the
economic costs of damage 10 the aircraft and personnel costs and are defined as follows:

Flight Mishap - A mishap involving an Air Force aircraft when intent for flight exists.

Class A - A mishap in which the resulting total cost of property damage, injury and ilness is
$1,000,000 or greater; or an Air Force aircraft is destroyed; or a fatality occurs.

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

ClassC- A mishap in which the resulting total cost of property damage is $10,000 or more,
but less than $200,000 or injury or occupational iliness resulted in a lost workday
case involving days away from work.

Destroyed - Destroyed means uneconomical to repair, defined by the number of man-hours
estimated as needed to repair the aircraft. Repair time varies depending on the
type of aircraft.

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

Flight Related - When there is a mishap with little or no damage to the aircraft, the incident does
not affect the mishap rate.

One set of data provided by the AFSA is based on the lifetime mishap history, up to the early 1994 time
frame, of a large number of Air Force aircraft. A total of 5171 Class A, 2450 Class B, and 3598 Destroyed
mishaps are inciuded in this data set. A summary of these mishaps, by aircraft type, is given in Table 4.1.
Related flight information included in the table is the total tlight hours for each type of aircraft. Also
included in the table are estimates of mishap rates, given as rates per 100,000 flight hours.

The various aircraft types were grouped by the three subcategories of military aviation, small aircratt,
large aircraft, and helicopter.The mishap data for the three subcategories are summarized in Tables 4.2
to 4.4. Again, estimates of mishap rates are per 100,000 flight hours. Since T-33 aircraft have been out of
the Air Force inventory for some time, mishap rates for small aircraft are estimated excluding the T-33
data as well.

The mishaps recorded in Tables 4.1 to 4.4 include a large number of mishaps not applicable to crashes
into off airfield facilities, e.g., nonimpact mishaps, on airfiekd crashes, etc. Therefore, the mishap rates
provided in these tables may be over estimates of crash rates into off airfield structures. in addition,
takeoff and landing incidents are likely to be significant contributors to crashes into structures; thus, it is
appropriate to develop crash rates per takeoff and landing. To do this it is necessary to have a more
detailed description of the mishap.

A second set of data provided by the AFSA included summary information for mishaps in the 1979-1993
time period. Useable information was derived from 1426 mishaps. To develop crash frequency estimates,
the 1426 mishaps were classified either as impact or non-impact mishaps. impact mishaps included
accidents involving ground, runway, water, midair, terrain, vehicle, and building impact. Non-impact
mishaps included incidents involving foreign objects, birds, etc., and parked aircraft fires and other such
incidents. Non-impact mishaps are considered not applicable. There were 1093 impact mishaps. Those
mishaps included all classes of damage to the crashing aircraft. The mishaps were partitioned by aircraft
"size” (large, smali and helicopter) and by flight phase (takeoff, 1anding and inflight). Takeoff and landing
were further partitioned into "on runway" and "off runway” mishaps. in-flight mishaps were partitioned into
"normal” and "special”, i.e., low altitude and maneuvering operation mishaps. A graphical description of
the classification of the mishaps is shown in Figure 4.1. For this analysis, takeoff includes takeoff roll,
abort/discontinue, and initial climb portions of a flight; landing includes the pattern, final approach, flare
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and roliout portions; normal in-flight includes climb to cruise, cruise between an originating airfield and an
operations area, it applicable, and cruise descent portions; and special in-flight inciudes low level and
maneuvering operations in restricted airspace.

The number of impacting inishaps for each subcategory of aircraft and flight phase, appropriate flight
information and the resulting estimates of crash frequencies are summarized in Table 4.5.

Crash frequencies for takeoffs and landings are per takeoft/landing. Crash frequencies for "normal”
inflight operation, are “per mile." The estimated mileage derived to estimate inflight rates is based on an
analysis of the expected number of miles flown during "normal” flight. This analysis attempted to account
for the time in the takeoff and landing phases of flight as well as the time in maneuvers and other special
operations. This required a considerable amount of judgment by the analyst.

For some facilities, particularly hardened structures, a more appropriate estimate of a crash frequency
may be one based on only considering impact mishaps in which the crashing aircraft was destroyed. Of
the 1093 impact mishaps, a crashing aircraft was classified as "destroyed” in 819 mishaps. These impact
destroyed mishaps were partitioned in the same way as impact mishaps as shown in Figure 4.1. A
summary of this data and the resulting estimates of crash frequencies are given in Table 4.6.

Basic mishap data, flight information and partitioning of mishaps by aircraft subcategory and flight phase
were developed by T. Lin at Sandia National Laboratory [Ref. 4.6]. Development of estimated miles fiown
during "normal” inflight operations is based on an analysis of aircraft operations by Logicon RDA [Ref.
4.7).
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422 ESTIMATES OF CRASH FREQUENCIES BASED ON AN ANALYSIS OF THE MISHAP
DATABASE DEVELOPED FOR THE MINUTEMAN 1l WSSA

Another source of mishap information is the mishap database developed for the DNA-supported
Minuteman lil WSSA [Ref. 4.2]. This database was developed from data extracted from individual mishap
reports, also available from the AFSA. Its primary use was as a resource for crash location and crash
kinematic information, but it is also useful as a basis for estimating crash frequencies. Development of
crash frequency estimates using this database is based on identifying mishaps involving a "crash™ which
is defined as "An aircraft mishap associated with flight that prevents the aircraft from coming to a full stop
landing on its gear.” In addition, for this analysis, flight phases are defined as:

Takeoff: The phase of flight from the application of takeoff power on the runway to the point
where the aircraft altitude is not affected by its proximity from the departure runway.

Landing: The phase of flight from the point where the aircraft altitude is affected by its proximity
from the approach runway to its departure from the munway under a controlled taxi.

In-flight: The phase of flight where the aircraft altitude is not affected by its proximity to the
runway.

A summary of the crash data, estimated crash frequencies and applicable flight information for individual
aircraft types and groups of aircraft types, as well as for the three subcategories of aircraft, is presented in
Tables 4.7 and 4.8.

The basic crash data and flight information were deveioped by M. Fuentes at Sandia National
Laboratories [Ref. 4.6]. The estimated miles used for estimating crash frequencies during the inflight
phase of flight is based on analysis of military aircraft operations by Logicon RDA.
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Table 4.1

Summary of U.S. Air Force Crash Mishap History
(Mishap Rates, per 100000 Flight Hours)

Aircraft Class A Class A Class B Class B Destroyed | Destroyed Flight
Model Number Rate Number Rate Number Rate Hours
A-7 101 5.71 24 1.36 102 577 1,768,958
A-10 79 2.62 44 1.46 78 2.58 3,020,198
A-37 36 4.92 6 0.82 32 4,38 730,977
B8-1 10 5.25 8 4.20 4 2.10 190,551
B-2 0 0.00 0 0.00 0 0.00 663
B-52 94 1.28 162 2.20 74 1.00 7,363,422
C-5 15 1.04 34 2.37 4 0.28 1,436,120
C-9 2 0.30 1 0.15 1 0.15 657,344
C-10 2 0.42 5 1.06 0 0.00 473,334
C-12 2 0.58 0 0.00 1 0.29 346,438
C-21 1 0.20 0 0.00 1 0.20 500,859
C-130 138 1.03 139 1.03 79 0.59 13,449,405
C-135 77 0.73 115 1.09 63 0.59 10,596,663
C-141 32 0.33 28 0.29 14 0.14 9,715,118
F-4/RF-4 593 5.75 387 3.76 516 5.01 10,304,926
F-4 468 5.80 308 3.82 411 5.09 8,066,975
F-5 39 8.82 16 3.62 40 9.05 442,176
RF-4C 125 5.59 79 3.53 105 4.69 2,237,767
F-15 83 2.74 127 4.19 80 2.64 3,031,730
F-16 201 5.06 24 0.60 191 4.81 3,871,946
F-106 151 9.35 61 3.78 118 7.31 1,614,846
F-111 113 6.23 94 5.18 94 5.18 1,814,333
F-117 1 2.01 2 4.03 1 2.01 49,640
T7-33 2,351 13.67 589 3.43 1,189 6.92 17,193,534
T-37 131 1.18 31 0.27 129 1.13 11,439,050
T-38 183 1.57 90 0.77 180 1.54 11,664,996
T-39 29 1.10 21 0.80 12 0.45 2,641,197
T-41 7 1.16 5 0.83 3 0.50 602,788
H-1 48 3.35 14 0.98 34 2.37 1,434,316
H-3 31 4,29 20 2.77 21 2.91 722,328
H-53 24 6.69 15 4.18 18 5.01 359,002
H-60 4 3.74 1 0.93 3 2.80 107,083
Totals: 5171 4.04 2,450 1.91 3,598 2.811 127,948,683
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Table 4.2
Summary of Small (High-Performance) Aircraft Mishap History
(Mishap Rates, per 100000 Flight Hours)

Aircraft

Class A

Class A

Class B

Class B

Destroyed

Destroyed

Fiight

Model

Number

Rate

Number

Rate

Number

Rate

Hours

A7

101

5.71

24

1.36

102

5.77

1,768,958

A-10

79

2.62

44|

1.46

78

2.58

3,020,188

A-37

36

4.92

6

0.82

32

4.38

730,877

F-4/RF-4

5.75

3.76

5.01

10,304,926

F-4

468

5.80

3.82

5.09

8,066,975

F-5

39

8.82

16

3.62

9.05

442,176

RF-4C

5.59

79

3.53

4.69

2,237,767

F-15

83

2.74

4.19

2.64

3,031,730

F-16

5.06

24

0.60

4.81

3,971,946

F-108

8.35

61

3.78

7.31

1,614,846

F-111

6.23

94

5.18

5.18

1,814,333

F-117

2.01

2

4.03

2.01

49,640

T-33

13.67

3.43

6.92

17,193,534

T-37

1.15

31

0.27

1.13

11,439,050

7-38

1.57

90

0.77

1.54

11,664,996

T-39

29

1.10

21

0.80

12

0.45

2,641,197

T-41

7

1.16

5

0.83

3

0.50

602,788

Totals:

4,691

5.82

1,908

2.37

3,281

4.07

80,596,037

Calculation of crash rate without T-33*

Totals: |

2,340}

3.69|

1,319

2.08

2,092

63,402,503

*T-33 excluded from crash rate caiculation due to its withdrawal from active service.
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Summary of Large (Bomber and Cargo) Aircraft Mishap History

Table 4.3

(Mishap Rates, per 100000 Flight Hours)

Aircraft | Class A Class A Class B Class B Destroyed | Destroyed Flight

Model Number Rate Number Rate Number Rate ‘Hours
B-1 10 5.25 8 4.20 4 2.10 190,551
B-2 0 0.00 0 0.00 0 0.00 663
B-52 94 1.28 162 2.20 74 1.00 7,363,422
C-5 15 1.04 34 2.37 4 0.28 1,436,120
C-9 2 0.30 1 0.15 1 0.15 657,344
C-21 1 0.20 0 0.00 1 0.20 500,859
C-130 138 1.03 139 1.03 79 0.59 13,449,405
C-135 77 0.73 115 1.09 63 0.59 10,596,663
C-141 32 0.33 28 0.29 14 0.14 9,715,118
Totals: 369 0.84 487 1.11 240 0.55 43,910,145

Table 4.4
Summary of Helicopter Aircraft Mishap History
(Mishap Rates, per 100000 Flight Hours)

Aircraft | Class A Class A Class B Class B Destroyed | Destroyed Flight

Modsl Number Rate Number Rate Number Rate Hours
H-1 48 3.35 14 0.98 34 2.37 1,434,316
H-3 31 4.29 20 2.77 21 2.91 722,328
H-53 24 6.69 15 4.18 18 5.01 359,002
H-60 4 3.74 1 0.93 3 2.80 107,083
Totals: 107 4.08 50 1.81 76 2.90 2,622,729
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43 MILITARY AVIATION CRASH PARAMETER DISTRIBUTIONS

in addition to an assessment of crash frequencies and level of activity (i.e., numbers of flights), an
analysis of the effects of a crashing aircraft on the safety of a facility requires a description of crash
conditions, given a crash. Relevant crash parameters include crash locations as well as crash kinematics,
e.g., crash velocity, impact angle, efc. Since crash locations and crash kinematics vary between crashes,
these variables are considered stochastic (random) variables. Descriptions of the crash conditions are
based on developing probability distributions for each of the crash parameters. The specitic crash
parameters considered relevant for this Standard are

1. crash location

2. impact angle of the crashing aircraft

3. air speed and horizontal velocity of the crashing aircraft
4. skid distance of the aircraft, given a crash.

The data used to develop probability distributions for the crash parameters was extracted from the crash
information in the database developed for the Minuteman til WSSA [Ref. 4.2]. The data in the database
was derived from Air Force mishap reports covering the 1976-1993 time period. Quantification of the
crash parameters from the mishap descriptions in the reports often required considerable judgment. In
addition, information about some crash parameters is very limited. Thus, there is considerable uncertainty
associated with the probability distributions derived from the available data. Following the philosophy
stated earlier, this uncertainty is not built into the distributions provided, rather the distributions provided
are considered plausible estimates of reality.

A variety of statistical techniques were used to analyze the data and develop the probability distributions.
Both parametric and non-parametric methods were used. The choice of the final distribution selected as
the estimated distribution was primarily based on analyst judgment although some statistical tests of
"goodness of fit” were applied. The 2-dimensional crash locations are correlated. Because of the scarcity
of data, a non-parametric bivariate kernel estimation technique [Ref. 4.8] was used to develop the crash
location density function. The same technique was used to develop the joint distributions of impact angle
and crash velocity, and horizontal velocity and skid distance, which were also considered correlated. For
the distribution of heading angle and the marginal distributions of impact angle, crash velocity and skid
distance, a parametric fit to the data was attempted. Initially, a computer code, Best Fit [Ref. 4.9], was
used to select an appropriate family of probability distributions. Then, either (1) the distributional
parameter values provided by the program were used; or (2) if applicable, when truncated distributions
are appropriate, maximum likelihood estimates of the distributional parameters, were developed.

Distributions were developed for the following classes of military aircraft types and flight phases:

Large aircraft, takeoff
Large aircraft, landing
Small aircraft, takeoft
Small aircraft, landing

Af\alysis of helicopter crash parameter data, derived from Air Force and Army mishap reports, is in
progress.

Section 4.3.1 provides a summary of crash iocation analysis and probability distributions. The analysis
and distributions for impact angle and the cotangent of the impact angle are discussed in Section 4.3.2.
The air speed and horizontal velocity of the crashing aircraft is covered in Section 4.3.3. The marginal
distribution of skid distance is the topic of Section 4.3.4.
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43.1 CRASH LOCATION DISTRIBUTIONS

Before describing the probability distributions of crash locations, it is necessary to specify the coordinate
convention used to quantity locations. For military aviation, crash locations are quantified in Cartesian
coordinates consistent with the coordinate convention established for the Standard, specifically:

1. The origin of the coordinate system is at the center of the runway.

2. The x axis of the coordinate system coincides with the extended centerline of the runway such
that the positive direction is the direction of flight during takeoff and landing.

3. The positive y axis coincides with a line defined by a 90 degree counterciockwise rotation of
the positive x axis.

For military aviation, landings and operations at an airbase, e.g., touch and go's, involive flight patterns
associated with each runway. At each airbase there is a well defined side of the runway for flight pattems.
Since more traffic exists on the pattern side of the runway, crash locations tend to be biased to that side
as well. For descriptive purposes in this document, the pattern side is assumed to be to the right of the
direction of flight, i.e., in the negative y direction. As discussed in the Standard, in applying crash location
distributions it is appropriate to identify where the facility of interest exists relative to the pattern side of the
source runway. At non-military airfields, unless there is a well established pattern side, a conservative
analysis would be based on assuming that the facility is on the pattern side.

Crash locations in the Minuteman Il WSSA database, derived from mishaps reports about Air Force
aircraft crashes between 1976 and 1994, were used to develop conditional, given a crash, distributions of
crash location in terms of the joint distribution of the x,y coordinates of the crash location. A
nonparametric kernel estimation technique (Ref. 4.8) was used to model the joint distributions. Because
of differences in flight patterns and operations, separate crash location distributions were developed for:

« Large aircraft, ianding
s Large aircraft, takeoft
¢ Small aircraft, landing
¢ Small aircraft, takeoft
Plots of the estimated joint distributions are shown in Figures 4.2 to 4.5.

For application in the crash frequency calculations, the crash location distributions are used to assess the
probability, per unit area, of an aircraft crashing into a given focation, given the aircraft crashes. Tables of
these probabilities, per square mile, are given in Tables 4.9 to 4.12 for the four combinations of aircraft
size and phase of flight. The entries in the tables were computed by integrating the appropriate joint
probability distributions.
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43.2 IMPACT ANGLE DISTRIBUTIONS

The impact angle associated with a crashing aircraft is one of the crash kinematics involved in the crash
trequency calculations. It is used in the effective area calculations in the form of the cotangent of the
impact angle. It, combined with the crash velocity, determines the horizontal velocity of the aircraft at
impact which, in turn, affects the distance a crashing aircraft skids prior to coming to its final location after
a crash and which is an important input into analyses of the response of a structure to the impact of a
crashing aircraft or the impact of a significant component, e.g., an engine, of the crashing aircraft. For
purposes of describing the crash kinematics associated with military aviation in this Standard, the impact

angle is defined as the angle between the velocity vector of the crashing aircraft and the horizontal, often
referred to as the flight path angle.

Development of the marginal distribution of the impact angle and the cotangent of the impact angle, the
variable used in the effective area calculation, are based on data in the Minuteman il WSSA database.
Given the data, the computer code Best Fit (Ref 4.9) was used to select candidate families of distributions
to describe the distribution of impact angles of future crashes. Statistical goodness of fit tests and analyst
judgment were combined to select an appropriate family. Given the selected distributional family,
maximum likelihood methodology was used to estimate values of the distributional parameters. For the
impact angle, truncated lognormal distributions were chosen for large aircraft and beta distributions were
chosen for small aircraft. For the cotangent of the impact angle, Weibul! distributions were selected for
both large and small aircraft.

Tabulated values of the cumulative probability distributions for the impact angle and the cotangent of the

impact angle, for the four combinations of aircraft size and phase of operation, are given in Tables 4.13
and 4.14 respectively.
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433 CRASH VELOCITY DISTRIBUTIONS

Two other crash kinematic parameters are needed for the calculations associated with this Standard are
the airspeed and horizontal velocity of the aircraft at the time of impact. Both of these parameters are
necessary inputs into the structural response calculations. For purposes of describing the crash
kinematics for military aviation in this Standard, the airspeed of the crashing aircraft is referred to as the
crash velocity. The horizontal velocity is the crash velocity in the horizontal direction, i.e., the crash
velocity adjusted by the cosine of the impact angle.

The Minuteman Il WSSA database was the source of the data used in developing the distributions of the
crash and horizontal velocities. The same analysis techniques as were used for the impact angle were
used in selecting and estimating appropriate distributions for the velocities associated with future military
aviation crashes. Lognormal distributions were selected for the crash velocity for both large and small
aircraft. The logistic distribution seemed to be the best descriptor for the horizontal velocity.

Tabulated values of the cumulative probability distributions for the crash velocity and the horizontal

velocity, for the four combinations of aircraft size and phase of operation, are given in Tables 4.15 and
4.16 respectively.
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43.4 SKID DISTANCE DISTRIBUTIONS

The final crash parameter applicable to the aircraft crash risk analysis methodology, as presented in this
Standard, is the distance an aircraft travels after its initial principle impact, assuming that the initial
principle impact point is the recorded crash location. This parameter is an important element of the
effective area caiculation. Use of the distance described above implies that impacts with ‘insignificant’
objects, such as telephone poles or trees, as the aircraft descends are not considered in establishing
crash locations. it also implies that the distance traveled can include the flight distance if the aircraft
becomes airborne after its initial principle impact. For purposes of describing the distributions of crash
kinematic parameters for military aviation for this Standard, the distance traveled, as described above, is
referred to as the skid distance. in most aircraft crashes there is considerable breakup of the aircraft after
its initial impact. For purposes of assessing skid distance, judgment must be used regarding when a
‘significant’ part of the skidding aircraft still exists rather than it being just debris. This is a judgment made
by the analysts who derived the information from the available mishap reports.

As with the other crash kinematic parameters, development of the marginal distributions for the skid
distance was based on the data in the Minuteman |l WSSA database. Since this Standard is applicable
only to facilities not on an airfield, the data in the database was screened to delete mishaps for which part
of the skid distance involved travel along a runway. This is appropriate since skidding along the paved
runway is different than what is expected to be experienced by a crashing aircraft at a location away from
the airfield. Based on a review of the military mishap data, it was observed that in almost all cases, if the
impact angle is greater than 20 degrees, there was no skid. Rather, there was an initial crater and
considerable breakup of the aircraft and a scattering of debris. Thus, the appropriate model for describing
the distribution of skid distance is a mixture distribution in which a portion of the distribution is at zero, i.e.,
no skid, and the remainder of the distribution is defined on the positive axis. This is the model selected to
describe the marginal distributions of skid distance for military aviation crashes. The proportion of the skid
distance distribution at zero is 50%, 57%, 41%, and 62%, for large aircraft during landing and takeoff and
for small aircraft during landing and takeoff, respectively. The distributions of skid distance, conditional on
the distance being greater than zero, seemed to be best described by Pearson Vi distributions for both
large and small aircraft.

Tabulated values of the cumulative probability distributions for skid distance, for the four combinations of
aircraft size and phase of operation, are given in Table 4.17.
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Skid Distance

Large Aircraft Small Aircraft
%“fo";‘ggi‘l'i{; Landing | Takeoff | Landing | Takeoff
40% 0 0 0 ol
5% 0 0 131 ol
50% 0 0 200 0
55% 185 0 262 0
60% 262 1326 326 o]
85% 335 1498 306 125
70% 414 1568 477 242
75% 505 1717 574 330
80% 617 1817 698 431
85% 768 1925 868 560
0% 999 2056 1142 752
95% 7461 2245 1740 1134
00%] = ” - -

Table 4.17 Estimated Cumulative Distributions
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44 MILITARY AVIATION AIRCRAFT CHARACTERISTICS

This section was prepared to provide to the analyst those characteristics of aircraft that could be
important to determine the effect of the aircraft on the facility. Such aircraft characteristics which could be
crucial in determining whether a facility could withstand an impact from an aircraft could be the weight of
the aircraft, the amount of fuel aboard the aircraft, the speed of the aircratt, the dimensions of the aircraft,
and potential missiles generated by the aircraft as its structure failed. Many of these parameters would
vary greatly during the course of the flight, but the values of the characteristics given in this section could
be considered the upper bound of these parameters. To determine the characteristics of an aircraft at the
moment of impact in a particular accident, the analyst should refer to the specific accident report.

Tables 4.18 to 4.20, taken from References 4.10 to 4.18, presents the following information on military
aviation aircraft characteristics:

Military aircraft designation (commercial type, if applicable),
Powermplant(s), number and type,

Nominal power rating of each powerplant,

Operating empty weight expressed in pounds, and kilograms,
Maximum allowed takeoff weight expressed in pounds, and kilograms,
Maximum fuel-capacity expressed in imperial gallons, and liters,
Overall wing span expressed in feet and inches, and in meters,
Overall length expressed in feet and inches, and in meters,

Overall height expressed in feet and inches, and in meters,

10.  Wing area expressed in ft.2 and meters2,
1. Nominal takeoft length, expressed in feet,
12. Takeoff runway length to clear 50 ft. obstacle, expressed in feet,
13. Landing runway length to clear S0 ft. obstacle, expressed in feet,

CONOOAWN -

Powerplant(s) were included as potential missile generators. Weights were given for mass during various
points of the flight. Fuel capacity was included in order to provide the maximum fuel available for a fire
following the crash. Aircraft dimensions will be needed when the facility effective area is determined. The
takeoff runway length and landing runway length were provided so that an analyst could screen certain
aircraft from certain airports due to their inability to operate from the airport's runway(s).

Table 4.21, taken from References 4.10 10 4.18, presents the following information on military aviation
helicopter characteristics:

Military aircraft designation (commercial type),

Powerplant(s}, number and type,

Nomina! power rating of each powerplant,

Operating empty weight expressed in pounds, and kilograms,
Maximum allowed takeoff weight expressed in pounds, and kilograms,
Maximum fuel-capacity expressed in imperial gallons, and liters,
Rotor diameter, expressed in feet and inches, and in meters,
Fuselage overall length expressed in feet and inches, and in meters,
R Owerall height expressed in feet and inches, and in meters,

0. Number of rotor(s),

1. Number of rotor blades per rotor,

oo NOOAWN -

Powerplant(s) were included as potential missile generators. Weights were given for mass during various
points of the flight. Fuel capacity was included in order to provide the maximum fuel available for a fire
following the crash. Aircraft dimensions will be needed when the facility effective area is determined.
Helicopter rotor diameter shouid be considered equivalent to aircraft wingspan. The number of rotor(s)
and number of blades per rotor were provided as potential missile generators.

The tables listed below gives the general aviation subcategories for which the military aviation aircraft
characteristics table were created:

4. MILITARY AVIATION 4-29 7/31/96




Table 4.18 Large military aircraft,

Table 4.19 Small high performance miilitary aircraft,
Table 4.20 Small low performance military aircraft,
Table 4.21 Military helicopters.

Aircraft are listed in descending order of maximum takeott weight within each subcategory. Aircraft are
also listed in ascending order according to military aircraft designation, i.e., A for attack aircraft, 8 for
bomber, C for cargo aircraft, E for electronic warfare aircraft, F for fighter aircraft, H for helicopter, O for
observation aircraft, P for maritime patrol aircraft, R for reconnaissance aircraft, S for anti-submarine
warfare aircraft, T for training aircraft, T for training aircraft and U for utility aircraft.

The criterion for the determination of large military aircraft from small military aircraft was arbitrarily set at
100,000 Ibs. maximum takeoff weight. Also, because of the wide dissimilarity of flight performance, smali
military aircraft were further divided into high performance aircraft and low performance aircraft. All
turbofan and turbojet aircraft were classified as the high performance aircraft. All small military aircraft
which derived their propulsion power primarily through propellers were classified as low performance
aircraft.

Finally, additional research is needed to characterize the missiles (projectiles) generated during the
course of an aircraft's crash. Obvious examples of such missiles are the aircraft’s engines, the auxiliary
power units (APUs), and the landing gear. Much of the information on these aircraft components is not
readily available and may have to be obtained directly from the aircraft or engine manutacturer or from the
company that produces the component.
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S. AIRCRAFT OPERATIONS
5.1 INTRODUCTION

The determination of the number of aircraft operations near the facility under consideration in the aircraft
crash frequency analysis is usually the foremost piece of information needed to perform this analysis.
This determination of aircraft operations may be quite complicated depending on the particular location of
the facility and the type and scaie of aircraft operations that may take place nearby

The term Aircraft Operation, as defined by the Federal Aviation Administration (FAA), is the number of
arrivals and departures from the airport at which an airport traffic control tower is located. For the
ACRAM Standard [Ref. 5.1), the term Aircraft Operations will be used in a broader sense. Aircraft
Operations will refer to the operation of any powered aircraft in any airspace. Aircraft Operations which
occur in the Near Airport Environment will be referred to as Airport Operations. Aircraft Operations which
occur in the Nonairport Environment, i.e. the Enroute/ln-thm and the TRACON Environments will simply
be referred to as Aircraft Operations.

Before describing Aircraft Operations further, it may be useful at this point to describe how an aircraft is
guided by the various air traffic facilities to ensure that aircraft are safely separated from each other and
are guided sately to their destinations. .As an aircraft takes off from an airport, they are initially given
directions by the Airport Traffic Control Tower (ATCT). As the aircraft climbs, it is guided by the TRACON
or Terminal Radar Control. As the aircraft climbs to its assigned cruising altitude, the Air Route Traffic
Control Center or ARTCC guides the aircraft towards its destination. As the aircraft approaches its
destination, it begins its descent. As it leaves 11,000 feet Mean Sea Level, and approximately 35 miles
from its destination airport, the aircraft is handed over for guidance from the ARTCC to the TRACON. At
about 5 to 20 miles, the aircraft is handed over for guidance from the TRACON to the Airport Traffic
Control Tower. This narrative has described a typical flight by an Air Carrier or Air Taxi. Not all aircraft go
through this process for every flight. Most General Aviation flights never enter the airspace controlled by
an ARTCC because they fly below their airspace responsibility. Many Military Aviation flights remain
under the control of military air traffic control facilities for most if not all of their flight. However, near busy
airports, all forms of aviation, Commercial, General and Military do come under the guidance of a
TRACON and/or the Airport Traffic Control Tower

This chapter is an attempt to provide some general guidance on the determination of aircraft operations
near a facility. It should be noted that in many parts of the United States, unique situations may have
developed in the air traffic flow patterns and thus, what is generally true in one part of the U.S., may not
be applicable to other parts of the U.S.

Table 5-1 shows the results of a survey performed on 15 of the major Department of Energy (DOE) sites,
airports near the site, and air traffic control facilities which provide guidance to air traffic near the site.
Below each DOE site name in the first column of Table 5-1 is the name of the sectional map where the
airport information was found. The second through fourth columns of Table 5-1 provides the name of the
nearby airport(s), whether it has a control tower, and its iongest runway in hundreds of feet. After each
airport name is the three character designation for that airport. if an airport lacks the three character
designation, it is considered a private airport. For larger airports, the class of airspace around that airport
is given directly below its name, i.e. Class B, Class.C. Further discussion on airspaces around airports is
provided in Section 5.2. The fifth column of Table 5-1 gives the air traffic control facility which provides
terminal approach and departure control. Note that TRACONS, or Airport Traffic Control Towers could
provide this service. This is discussed further in Section 5.4. Finally, the last column of Tabie 5-1 gives
the air traffic controt facility which provides Class A overflight control. This is always an ARTCC. More
discussion on this service is given in Section 5.3. Table 5.1 is not intended to be an exhaustive or a
conclusive list of Airports near DOE sites which should be considered in an aircraft crash frequency
analysis. There may be Airports known locally which are not listed in Table 5.1. Some of the Airports
listed in Table 5.1 may be too small or even closed to be considered further. All of these factors shouid
be considered by the analyst in their aircraft crash frequency analysis of their facility.

This chapter discusses aircraft operations in the following Sections: 5.2) Near Airport Environment, 5.3)
Enroute/In-Flight Environment, 5.4) TRACON Environment, and 5.5) References.
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DEPT. OF ENERGY SITE

NEARBY AIRPORT(S)

Towered?
(YeaNo)

Longest
AW (1007

Class A Overtiight
Control

Hanford/Richiand National Engineering
Laboratory, Richland/Pasco, WA
(Seattie Sectional)

Tri-Cities (PSC)
Richiand (RLD)
Vista (S98)
Desert (Pvi)

[Mattawa (Pvt)

Christensen Bros. (Pvi.)
McWhorter (PVt.)

|Basin City (Pvt)

Yes
No
No
No
No
No
No
No

77
40
38

Seattie ARTCC

Lawrence Livermore National Laboratory
{LLNL), Livermors, CA
(San Francisco Sectional)

Livermore Municipal (LVK)
Meadowilark (Pwt.)

Yes
No

INevada Test Site (NTS), NV
(Las Vegas Sectional)

indian Springs (INS)
Desert Rock (Pvt)
Jackass (U75)
Pahute Mesa (Pvt.)

|Beatty (BTY)

Frans Star (2L1)

Los Angeles ARTCC

Idaho National Engineering Laboratory
(INEL), Idaho Falls, ID
(Salt Lake City Sectional)

Idaho Falls Municipal (IDA)
Arco/Butte Co. (AOC)
Howe (U97)

Micway (U37)

Mud Lake (1U2}

Big Southern Butte (U46)
QB One (Pvt)

Salt Lake City ARTCC

Rocky Flats Plant, Boulder, CO
{Denver Sectional)

Denver Intl (DEN)
Class B Airspace
Jefterson Co. (BJC)
Boulder (1V5)

Denver TRACON (D84)

jLos Alamos National Laboratory (LANL) jLos Alamos (Pwvt)
Los Alamos, NM
(Albuquerque Sectional)

Abuquerque ARTCC

Sandiia National Laboratory (SNL),
Abuquergque, NM
(Albuquerque Sectional)

Albuquerque intn't (ABQ)
Class C Airspace

Abuquerque intn't (ABQ)

Albuquerque ARTCC

Pantex Plant, Amarillo, TX
(Dallas/Ft. Worth Sectional)

Amarillo Intn'l (AMA)
Class C Airspace
Tradewind (TDW)
Panhandle Carson (T45)
Eagles (PWt)

Finiey Ranch (Pvt)
True (Pvt.)

Stampts (Pvt.)

Finley Farm (Pvt.)

Yes

No
No
No
No
No
No
No

-
w
o

R8st

Amarilio ntn'l (AMA)

Albuquerque ARTCC

Tabje 5-1

Survey of Major DOE Sites and Air Traffic Controf Facilities
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Towered?  Longest |Terminal Approach and [Class A Overfiight
DEPT. OF ENERGY SITE NEARBY AIRPORT(S) (YesMNo) RW (100) |Departure Control Control
Argonne National Laboratory (ANL), Chicago O'Hare (ORD) Yes 130 Chicago TRACON (C90) {Chicago ARTCC
Argonne, iL Class B Airspace
(Chicago Sectional) Chicago Midway (MDW) Yes €5
Class C Airspace
Schaumburg (06C) No 30
lambﬁdgo {PW.) No 28
Kansas City Plant lKansas City Intn't (MCI) Yes 108 Kansas City intn1 (MCl) |Kansas City ARTCC
Kansas City, MO Class B
(Kansas City Sectional) Jﬂbhanh Gebaur (GVW) Yes 5
Kansas City Downtown (R(  Yes 70
Heart (MOO06) No 50
Lee Summit (K84) No 30
independence Memorial (3 No 25
Paducah Gaseous Dittusion Plant, Barkley Regional (PAH) Yes 65 “N.A. Memphis ARTCC
Paducah, KY " [Metropolis (M30) No 30
(St. Louis Sectional) Farrington (Pvt.) No 29
- | Terry (Pvt) No 25
Portsmouth Gaseous Diffusion Plant, |Pike Co. (157) No 42 N.A. indianapolis ARTCC
Piketon, OH Morkassel (Pvt.) No 19
{Cincinnati Sectional) Hidden Quarry (Pvt.) No 11
Glade STOL (Pvt.) No 10
Brookhaven National Laboratory (BNL), {Long island Islip (ISP) Yes 60 New York TRACON (N90) {New York ARTCC
Upton, NY Ciass C Airspace
{New York Sectional) Navy Calverton (CTO) Yes 100
Gabreski (FOK) Yes 90
Brookhaven (HWV) No 43
Lufker (4NY7) No 23
Spadard (1N2) No 22
Savannah River Site, Aiken, SC Augusta Bush Field (AGS) Yes 80 Augusta Bush Field (AGS)| Atlanta ARTCC
{Atlanta Sectional) Class C Airspace?
Bamweli Co. (BNL) No 51
Wade (Pvt.) No 45
Windy Acres (Pvt.) No 23
Harman (Pvt.) No 20
Oak Ridge National Laboratory (ORNL), |Oliver Springs (Pvt.) No 28 ‘N.A. Atianta ARTCC
Oeak Ridge, TN Higdon (Pvt.) No 15
(Atianta Sectional)

N.A. = not applicable
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5.2 NEAR AIRPORT ENVIRONMENT

The Near Airport Environment is defined as that airspace area that extends from the center of the Airport
outwards to a radius of approximately 5 miles to 35 miles depending on the presence or absence of a
TRACON and other air traffic control considerations. This airspace near the Airport encompasses the
local airport traffic pattern, the airport runway approach pattern(s), and the airport initial climb departure
pattern(s). Generally, this is the airspace near an airport where aircraft are in the Runway Approach
Flight Phase, the Landing Flight Phase, the Takeoff Flight Phase, and the Initial Climb Flight Phase. The
airspace near an airport is classified as Class B Airspace, Class C Airspace, or Class D Airspace.

Formerly called Terminal Control Areas (TCAs), Class B Airspace is generally the airspace from the
surface to 10,000 feet mean sea level (MSL) surrounding U.S. airports with more than 150,000 annual
instrument flight rule (IFR) operations or 650,000 annual passenger enplanements. The configuration of
each Class B Airspacae is individually tallored and consists of a surface area, usually 5 nautical miles in
radius from the primary airport, and two or more layers extending laterally from the core at typically 3 to
10 nautical mile increments to a radius of approximately 20 nautical miles, with each layer having a
prescribed altitude floor. In many respects, Class B Airspace has been likened to upside down wedding
cakes. Class B Airspace is designed to contain all published instrument procedures once an aircraft
enters the airspace. Operations may be under either IFR or visual flight rules (VFR) with all aircraft
subject to air traffic control clearances and instructions. Air traffic control provides aircraft separation and
safety advisories.

Class C Airspace, formerly called Airport Radar Service Areas (ARSAs), is generally the airspace from
the surface to approximately 4,000 feet MSL surrounding U.S. airports with more than 75,000 annual IFR
operations at the primary airport, or 100,000 annual IFR operations at the primary and secondary airports
in the terminal hub area, or 250,000 annual passenger enplanements at the primary airport. The
configuration of each Class C Airport is individually tailored and consists of a surface area of 5 nautical
miles radius from the primary airport, and another layer with a prescribed altitude fioor, extending laterally
from the core to a radius of 10 nautical miles. Operations may be under either IFR or VFR, with ail
aircraft subject to air traffic control clearances and instructions. Air traffic control provides aircraft
separation between IFR/IFR and IFR/special VFR (SVFR) aircraft. VFR operations are given traffic
advisories and, upon request, collision resolution instructions.

Class D Airspace, formerly called Airport Traffic Areas (ATAs) and Control Zones (Czs), is the airspace
from the surtace to 2,500 feet above ground level (AGL.) within a § statue miie (4.3 nautical mile) radius of
the center of the airport. Operations may be under either IFR or VFR, with all aircraft subject to air traffic
control clearances and instructions. Air traffic control separation service is provided to IFR aircraft only,
but all aircraft will be given traffic advisories and, upon request, conflict resolution instructions.

For the ACRAM Standard [Ref. 5.1] , the term Airport Operation will be used to describe Aircraft
Operations that occur in the Near Airport Environment. An Aircraft Operation, as defined by the Federal
Aviation Administration (FAA), is the number of arrivals and departures from the airport at which an
Airport Traffic Controi Tower is located. Operations which inciude aircraft that: 1} operate in the local
traffic pattern or within sight of the airport, 2) are known to be departing for, arriving from flight in the local
practice areas located within a 20-mile radius of the airport, or 3) execute simulated instrument
approaches or low passes at the airport, are classified as local operations. All other operations are
classified as itinerant operations.

Air traffic controllers at the Airport Traffic Control Towers classify the Aircraft Operations into the following
four categories: 1) Air Carriers (AC), 2) Air Taxis (AT), 3) General Aviation (GA), and 4) Military Aviation
(MA). Air carriers are defined as aircraft in general commercial service capable of carrying 70 or more
passengers, regardiess of the flight rules under which the flight is conducted, e.g. 14 CFR 121 or 14 CFR
91 rules. Foreign air carriers are also included under the category of air carriers as long as the aircraft
type is capable of carrying 70 or more passengers. All other aircraft in general commercial service that
carry less than 70 passengers are classified as Air Taxis. However, since many Air Taxis operate small
single-engine aircraft, air traffic controllers often count these flights as General Aviation flights unless the
flight is identified by a flight plan or a commercial livery is carried by the aircraft. Again, air traffic
controllers classify Air Taxi flights by the aircraft type (carries less than 70 passengers), regardless of the
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flight rules under which the flight is conducted, e.g. 14 CFR 135 or 14 CFR 91. (See Section 2 for further
discussion on the regulations under which Air Carriers and Air Taxis flights are conducted). Military
Aviation operations are classified as all Aircraft Operations operated by the Armed Forces of the United
States. Finally, General Aviation operations are classified as all Aircraft Operations which were not
included under the previous three categories.

Airports, may be classified as military or civilian. These airports may be further divided as to whether or
not they have a control tower. A control tower is very important to the airport in that it not only provides
control over the air traffic near the airpor, i is also the location where counts are made on Airport
Operations. Almost all civilian airports with a control tower are either staffed by F.A.A. personnel or under
contract to the F.A.A. Most military airports with a control tower are staffed by military personnel.
However, there are a few joint-use military airports where the control tower is staffed by F.A.A. personnel,
e.g. Charleston AFB, SC. For the most current information on airport operations and flight patterns, the
analyst should contact the Airport Traffic Control Tower directly. Airport operations and flight pattems do
change due to population growth, new development, new businesses, airlines establishing or moving
traffic hubs, and changes at other nearby airports. The analyst should obtain sufficient historical
information on airport operations to assure the growth patterns are not undergoing radical changes.
Most Airport Traffic Control Towers keep oniy limited historical data on Airport Operations. For historical
data on airport operations at airports with F.A.A. control towers, the analyst should obtain the document
"F.A.A. Air Traffic Activity" distributed by the F.A.A. Office of Aviation Policy, Plans and Management
Analysis each fiscal year. In addition, future airport plans could radically alter current airport operations
so the analyst should be aware of future airport developments. For projections of future airport
operations, the analyst shouid obtain the document "Terminal Area Forecasts" again distributed by the
F.A.A. Office of Aviation Policy, Plans and Management Analysis each fiscal year. For detailed
information on future airport deveiopments, the analyst should contact local airport planning offices.
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5.3 ENROUTHE/IN-FLIGHT ENVIRONMENT

The Enroute or In-Flight Environment is defined as the airspace outside of the Near Airport and TRACON
Environments. The Near Airport Environment is described in Section 5.2. The TRACON Environment is
described in Section 5.4. The Enroute/in-Flight Environment encompasses all airspace above 11,000
feet mean sea level (MSL) and most airspace above 10,000 feet MSL. Generally, this is the airspace
where aircraft are in the Climb to Cruise Flight Phase, Enroute or Cruise Flight Phase, and the Descent
from Cruise Flight Phase. included within the Enroute/in-Flight Environment is Class A Airspace. All
airspace over the Continental United States from 18,000 feet MSL to 60,000 feet MSL has been
established as Class A Airspace (formerly called Positive Control Area or PCA) by 14 CFR 71.31 [Ref.
5.2]. For General Aviation, the Enroute/In-Flight Environment can include the airspace outside of the
Near Airport and TRACON Environments and below 10,000 feet MSL.

In past aircraft crash frequency analyses, aircraft flights outside of the Near Airport Environment were
considered as flying on established airways. Airways were established to assist aircraft in their navigation
in the United States. A system of air routes were established based on radio navigation facilities called
VORTACSs (Very high frequency Omnidirectional Radio range and Tactical Navigation). When a VOR is
colocated with a TACAN navigation aid (which is basically a military version of a VOR), it is referred to as
a VORTAC. Airways are classitied as Low Altitude Airways or Victor Airways, High Altitude Routes or Jet
Routes, and Military Training Routes. Low Altitude (Victor) Airways are the designated air routes between
VOR or VORTAG stations located below 18,000 feet MSL. Air routes established in Class A Airspace
from 18,000 feet MSL to 45,000 feet MSL are called Jet Routes. Jet Routes are actually available to any
aircraft capable of operating at 18,000 feet or above, not just jet traffic [Ref. 5.3]. Military Training Routes
are the system of designated routes used by the armed forces of the United States.

During the late 1950s and early 1960s, several serious high altitude midair accidents in the United States
spurred the development of an air traffic control system which would contro! alt high altitude air traffic and
ensure a minimum separation distance between aircraft. The facilities established to provide air traffic
control service to aircraft operating on Instrument Flight Rules (IFR) flight plans within controlied airspace,
principally during the en route phase of flight are the Air Route Traffic Control Centers (ARTCCs).
ARTCCs are the central authority for issuing IFR clearances, and provide nationwide monitoring of each
IFR flight. Within the Continental United States, there are 20 ARTCCs, each responsible for handling en
route traffic passing through a specific geographic area. Because of the size of the area covered by each
ARTCC, each ARTCC's area is further divided into smaller blocks of airspace called Sectors. Each
sector is monitored by one or more controllers who maintain lateral and/or vertical separation of aircraft
within its airspace boundaries. Figure 5-1 presents the ARTCCs and their associated airspace
boundaries within the Continental United States. [Refs. 5.3 to 5.6). This situation has remained
unchanged since 1976 when the Great Falis, Montana ARTCC was merged with the Salt Lake City, Utah
ARTCC.

All civil aviation operations conducted in Class A Airspace must be conducted under IFR as established
by 14 CFR 91.135 [Ref. 5.7]. Therefore, all air traffic in Class A Airspace including traffic in Jet Routes
are under the direction and control of the ARTCCs. However, in discussions with the Federal Aviation
Administration (FAA), the recent trend for routing of air traffic in Class A Airspace is toward increased
point-to-point routing rather than the assignment along specific Jet Routes. Beginning.in 1995, all flights
above 41,000 feet MSL in Class A Airspace were allowed to be routed point-to-point, if so desired. At
approximately two month intervals, the lower limit for point-to-point routing in Class A Airspace was
decreased. Rtis currently at 31,000 feet MSL as of January 1996 and can be expected to be decreased
aven further in the near future. As a point of explanation, point-to-point routing is not equivaient to the
concept of free flight. All separation margins between aircraft in Class A Airspace are maintained by the
ARTCCs in point-to-point flights. What has been changed is that the point-to-point flights are not
restricted to within a 4 mile air corridor on each side of the Jet Route centerline. This allows more direct
flights between points (hence the name point-to-point). In contrast, the free flight concept, in its fullest
application, would not be under the control of the ARTCCs and separation margins between aircraft in
Class A Airspace would be maintained by onboard aircraft systems, perhaps an advanced version of the
Trattic Collision Avoidance System (TCAS.
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Data on the number of IFR aircraft handled by each ARTCC is available from the FAA Office of Aviation
Policy, Plans, and Management Analysis document FAA Air Traffic Activity published annually by Fiscal
Year. The FAA defines IFR Aircraft Handled by an ARTCC as including {FR Departures, and IFR Overs,
where IFR Departures are defined as IFR Flights originating in the ARTCC's area, accepted by the
ARTCC under Sole Enroute clearance procedures, and extended by the ARTCC. IFR Overs are defined
as IFR Flights that originates outside the ARTCC area and passes through the area without landing. IFR
Aircraft Handled are then the number of IFR Departures mutltiplied by two plus the number of IFR Overs.
This definition assumes that the number of departures (acceptances, extensions, and originations of IFR
flight plans) is equal to the number of landings (IFR flight plans closed).

Data on the number of IFR Aircraft Handled for the 20 Continental United States ARTCCs has been
tabulated and summarized for the 1975 to 1994 time period in Table 5-2.

5. AIRCRAFT OPERATIONS 5-7 73196




Figure 5-1
ARTCCs and Airspace Boundaries
within the Continental United States
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5.4 TRACON ENVIRONMENT

TRACON or Terminal Radar Control, refers to the air traffic control facility which is responsible for
providing approach/departure aircraft separation, especially for IFR aircraft operations, for the airspace
area from approximately 5 miles radius from the primary airport extending outwards fo approximately 35
miles from the primary airport. The TRACON Environment is defined as that airspace outside of the Near
Airport Environment (which is usually under the control of the Airport Traffic Control Tower) and inside
andhbengaté\ éhe Enroute/In-Flight Environment Environment (which is below the minimum control altitude
of the ARTCC).

The TRACON Environment may be important for those facilities which are located outside or beneath the
Class B, or Class C Airspaces of Airports but are within the airspace controlied by the TRACON. An
example of such a situation is the Lawrence Livermore National Laboratory (LLNL) which is located
outside of the Class B Airspace of the San Francisco intemational Airport (SFO) and the Class C
Airspaces of the Oakland Intemational Airport (OAK) and the San Jose international Airport (SJC). The
LLNL is located (barely) within the Class D Airspace of the Livermore Municipal Airport (LVK). Because
of the peculiarities of the terrain in the San Francisco Bay area and the air traffic patterns which have
developed, much of the air traffic entering the San Francisco Bay area from the Southeast, East, and
Northeast is directed by the Bay TRACON (O90) to the V195 Airway located within 5 miles of LLNL. This
air traffic is then directed to intersect the SUNOL intersection where Bay TRACON directs the air traffic to
their respective airpont. In the Enroute/In-Flight Environment, air traffic was assumed to be spread more
or less uniformly across the airspace of the ARTCC. Inthe TRACON Environment, the control of the
TRACON serves to concentrate the air traffic within TRACON airspace especially in Low Altitude Airways.
If the tacility is located outside the controlled airspace of nearby Airports, then the air traffic being directed
by the local TRACON will not be counted by the Airport Operations of the local Airports. The number of
aircraft handied by the local TRACON could be used as an estimate of air traffic handled by the TRACON
near the facility of interest except for two important reasons. One is the that the number of aircraft
handled by the TRACON refers to only the number of instrument operations handied by the TRACON and
does not include visual flight rules (VFR) flights. The second reason is that the TRACON count includes
the total number of instrument operations coming into the TRACON airspace from all directions.
Directionality is not considered in the TRACON counts. So for the case of LLNL, the Bay TRACON
undercounts due to the exclusion of VFR flights, then overcounts due to counting of flights coming into the
San Francisco Bay area from the South, West and North.

Because of the difficulty of obtaining reasonable estimates of the air traffic handied by a TRACON near a
facility, it is fortunate that in only a few situations is it necessary to perform the aircraft crash frequency
analysis for the TRACON Environment. in most cases, if the facility is located near a large population
center, the facility is located within the Class B, or Class C Airspace associated with the primary airport
and thus the Airport Operations of the Airport Traffic Control Tower (ATCT) can be used. The aircraft
crash frequency analysis would be done as for the Near Airport Environment Environment except that the
radial distance that the airspace would be considered within the Near Airport Analysis could be extended
beyond 5 miles depending upon the class of airspace designated for that Airport and other air traffic
considerations. For those cases where the facility is located far from a large population center, there is
usually no TRACON to provide terminal approach and departure service since TRACONs exist to provide
air traffic guidance and separation because of air traffic congestion. No large popuiation center implies
that air traffic is minimal and therefore the need for a TRACON does not exist. It is only for those cases
where a facility is located outside the Class B or Class C Airspaces of Airports and where a TRACON
exists to provide terminal approach and departure control service, is it necessary to consider the aircraft
crash frequency analysis in the TRACON Environment.

The terminal approach and departure control service is not always provided by a TRACON facility. Many
of the major U.S. Airports have their terminal approach and departure control service provided by the
Airport Traffic Control Tower. Of the 33 major U.S. Airports designated with Class B Airspaces, only the
19 have terminal approach and departure control service provided by a TRACON facility. Three of these
airports have their terminal approach and departure controf service provided by the same TRACON
facility (the New York TRACON). These airports are:
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Major U.S. Airports

Las Vegas NV

Los Angeles, CA

San Diego, CA

San Francisco, CA
Denver, CO

Battimore, MD ;
Chicago O'Hare, IL
Boston, MA
Minneapolis/St. Paul, MN
St. Louis, MO

Phoenix, AZ

Newark NJ

New York Kennedy, NY
New York LaGuardia, NY
Detroit, Mi

Dallas/Ft. Worth, TX
Houston, TX

Salt Lake City, UT
Seattle/Tacoma, WA

TRACON

Facility (FAA Designation)
Las Vegas TRACON (N90)
Southern California TRACON (SCT)
San Diego TRACON (NKX)

Bay TRACON (090)

Denver TRACON (D84)

Baltimore TRACON (B95)

Chicago TRACON (C90)

Boston TRACON (A90)

Minneapolis TRACON (M98)

St. Louis TRACON (T75)

Phoenix TRACON (P50)

New York TRACON (N90)

New York TRACON (N90)

New York TRACON (N90)

Detroit TRACON (D21)

Dallas/Ft. Worth TRACON (D10)
Houston TRACON (190)

Salt Lake City TRACON (S56)
Seattle/Tacoma TRACON (S46)

Most U.S. Aimorts with Class C Airspaces have their terminal approach and departure contro! provided by
the Airport Traffic Control Tower. There are several U.S. Airponts designated with Class C Airspaces that
have their terminal approach and departure control service provided by a TRACON facility. These

Airports are:
U.S. Airports ]

Anchorage, AK
Ontario, CA
Qakiand, CA
San Jose, CA
Sacramento, CA
Pensacola, FL
Chicago Midway, IL
Hartford, CT
Omaha, NE
Tucson, AZ
Portiand, OR
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TRACON

Eacility (FAA Designation)
Anchorage TRACON (A11)
Ontario TRACON (040)
Bay TRACON (080)

Bay TRACON (090)
Sacramento TRACON (MCC)
Pensacola TRACON (P31)
Chicago TRACON {C90)
Yankee TRACON (Y90)
Omaha TRACON (R90)
Tucson TRACON (U90)
Portland TRACON (P80)
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