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Analisis de Riesgo de
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m ACRP Report 3 — Analysis of
Aircraft Overruns and Analysis of Aircraft | =
Undershoots for Runway O e ot Ao
Safety Areas

m Metodologia para analisis
cuantitativo de areas de
seguridad de pistas
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ACRP 4-08 - Improved Models for Risk Assessment
of Runway Safety Areas (RSA)

m Obijetivo: desarrollar una metodologia exhaustiva para
el analisis de areas de seguridad de pista, incluyendo
el software para facilitar el analisis

B Runway Safety Area Risk Analysis (RSARA)
Fle Software Parameters Input Data Analyss Output Help
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ACRP 4-08 - Improved Models for Risk Assessment
of Runway Safety Areas (RSA)

m Se utilizo la base de la metodologia presentada en el ACRP
Report 3

m La base de datos hay sido ampliada de 459 accidentes e
incidentes para 1414 eventos

m Se incluyo el analisis de salida lateral de la pista

Permitid el analisis de las distancias declaradas con la
introduccion de una "factor de criticidad"

Permitié el analisis de los obstaculos
Introdujo la posibilidad de evaluar el EMAS
Desarroll6 software de analisis

Valido los modelos y el software de analisis
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Base de Datos de Accidentes y Incidentes

NTSB Accident Database & Synopses

FAA Accident/Incident Data System (AIDS)

FAA/NASA Aviation Safety Reporting System (ASRS)
Transportation Safety Board of Canada

ICAO Accident/Incident Data Reporting (ADREP) system
Australian Transport Safety Bureau (ATSB)

Bureau d'Enquétes et d'Analyses pour la Sécurité de I'Aviation Civile
(BEA)

UK Air Accidents Investigation Branch (AAIB)

New Zealand Transport Accident Investigation Commission (TAIC)
Air Accident Investigation Bureau of Singapore

Ireland Air Accident Investigation Unit (AAIU)

Spain Comisiéon de Investigacion de Accidentes e Incidentes de Aviacion
Civil (CIAIAC)

Indonesia National Transportation Safety Committee (NTSC).
Netherlands Aviation Safety Board (NASB).
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Preguntas Frecuentes

o e - _ . -

m ;Por que no utilizar solo los
accidentes?

m ; Por que los accidentes en
otros paises no fueron
incluidos?

TOOR, 2005, Plan Voo, 110 kt
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Otras Fuentes

m Aeropuertos:
e EUA: AirNav
e Mundo: World Aeronautical Database (+10,000 aeropuertos)

m Condiciones Climaticas : National Oceanic & Atmospheric
Administration (NOAA)

m Otras Bases de Datos:

e MITRE Corp.

e ASN Aviation Safety Database

e World Aircraft Accident Summary
m Geografia: Google Earth
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Filtros Usados

m Accidentes e incidentes

m Ameérica del Norte, Europa Occidental, Australia, Nueva Zelanda,
parte de la Asia

= Alafija

m Parte 121 operaciones, 125, 129, 135 y una parte 91 (algunos
tipos de operaciones cuentan con reglamentos diferentes (por
ejemplo, capacitacion de los pilotos de aeronaves con peso
maximo de despegue))

@ MTOW > 5,600 libras) (evitar mezclar manzanas y naranjas)
m Exclusion de los aviones de piston y de un solo motor (lo mismo)

m Eliminacion de eventos que el punto de contacto o parada del
avion ocurriéo mas alla de 2.000 piés del umbral

m Eliminacion de eventos que la parada ocurrio mas de 1.000 pies
del eje de pista
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Base de Datos
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Accident Rates by Region of the World

Western-built transport hull loss accidents, by airline domicile,
1994 through 2003*

United States
and Canada
0.4

Latin America
and Caribbean
2.4

Insufficient fleet experience to generate reliable rate.

* 2003 Preliminary Information
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Europe c.l.s.!

0.7
JAA - 0.6

Non JAA — 1.2 China

0.5

Middle East

3.1 .
Asia  (Excluding

1.7 * China)
Africa

13.3

Oceania
0.0

World
1.0

Rates per million departures
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Limitaciones
m Datos disponibles

e Formularios estandar y informes con muchos campos en
blanco

e Descripcion muy basica del lugar del accidente, sin
dibujos o0 mapas

e Mayor cantidad de informacion asociada a los factores
considerados relevantes por el investigador o reportero

e Pocas alternativas de fuentes de datos

e Parametros como el peso y la criticidad de la operacion
requiere calculos adicionales y en algunos casos no fue
posible estimar por falta de informacion

e Problemas son comunes en los estudios que hacen uso
de la informacion historica de accidentes
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Limitaciones de Datos

m Datos de baja calidad
e Informacion incorrecta o contradictoria para el mismo evento
e Uso de terminos y nomenclatura incompatible
m las medidas de crisis
e Condiciones meteoroldgicas pueden cambiar rapidamente
e Evaluacion subjetiva del piloto
e Diferencias en condiciones meteorologicas
m La escasa informacion sobre los incidentes
e Parcialidad (notificacion voluntaria)
e Algunos incidentes no son reportados
e Disponible solo para los incidentes en los EE.UU.
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Ejemplo — Registros del NTSB

Project Information (as of Jun 20, 2006 10:28

Project ID(mkey) Investigation Type Mode

62926 Accident Aviation

NTSB Accident ID Occurrence Date Location

DCAO6MAO09 Dec 08, 2005 Chicago Midway Airport, IL, United States

Docket Information

Docket ID Creation Date Last Modified Public Release Date & Time
41387 Mar 02, 2006 Jun 20, 2006 06/20/2006 09:00

List of Contents

File ID Filing Date Document Title Photo

346282
346283
346184
346285
346286
345988
348324
344068
344069
344070
344071
344072
344073
344074
344075
344076
344077
344078
344079
344080
344081
344082
344083
349390

May 01, 2006
May 01, 2006
May 01, 2006
May 01, 2006
May 01, 2006
Apr 26, 2006

Jun 02, 2006

Mar 27, 2006
Mar 27, 2006
Mar 27, 2006
Mar 27, 2006
Mar 27, 2006
Mar 27, 2006
Mar 27,2006
Mar 27, 2006
Mar 27, 2006
Mar 27, 2006
Mar 27, 2006
Mar 27, 2006
Mar 27, 2006
Mar 27. 2006
Mar 27, 2006
Mar 27, 2006
Jun 15, 2006

Order of Hearing: 1A

Notice of Designation of Chairman of Board of Inquiry: 1B
Designation of Hearing Officer: 1C

Designation of Parties to the Hearing: 1D

Notice of Hearing: 1E

Operations 2 - Factual Report of Group Chairman

Operations 2 - Attachment 1 Interview Summaries
Operations 2 - Attachment 2 - OPC Procedures

Operations 2 - Attachment 3 - Thrust Reverser Operation
Operations 2 - Attachment 4 - Normal Landing Operations
Operations 2 - Attachment 5 - Additional Landing Procedures
Operations 2 - Attachment 6 - Pilot Duties

Operations 2 - Attachment 7 - Home Study Package
Operations 2 - Attachment 8 - RBF A05116

Operations 2 - Attachment 9 - RBF A05141

Operations 2 - Attachment 10 - RBF A05108

Operations 2 - Attachment 11 - Captain's Handwritten Notes
Operations 2 - Attachment 12 - Captain's Irregularity Report
Operations 2 - Attachment 13 - First Officer's Handwritten Notes
Operations 2 - Attachment 14 - Flight Crew Comments
Operations 2 - Attachment 15 - OPC Programming For Landing
Operations 2 - Attachment 16 - Pilot Statements

Operations 2 - Attachment 17 - Flight Releases

Operations 2 - Attachment 18 - FAA Notice 8400.C082

= = e

EIJ
i'e)

—_
[ 2]

—

—_
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—

Expanding the Realm of Possibility



Ejemplo — Registros del NTSB (cont’d)

347003

347004
347104
347888
347889
347890
347891
3478592
347893
349732
348742
349734
349582
347680
347681

347682
347683

347684

Jun 15, 2006
May 24, 2006
May 24, 2006
May 24, 2006
May 26, 2006
May 16, 2006
Apr 11, 2006
Apr 11, 2006
May 15, 2006

Jun 13, 2006

May 17, 2006
May 17, 2006
Ma}r 11, 2004

Operations 2 - Attachment 18 - FAA Notice 8400.C082

ATC 3 - Factual Report of Group Chairman

ATC 3 - Attachment 2 ATC Transcript

ATC 3 - Attachment 3 DATIS Transcript

ATC 3 - Attachment 1 FAA Accident Package

Meteorology 5 - Factual Report of Group Chairman

Meteorology 5 - Attachment 1 Flight release and weather document
Meteorology 5 - Attachment 2 NWS Weather Study of Snow Event
Survival Factors 6 - Factual Report of Group Chairman

Survival Factors 6 - Attachment 3: MDW Friction Test Log, Snow Log,
Airfield Temperature Logs, and Airfield Condition Reports
Powerplants 8 - Factual Report of Group Chairman

Powerplants 8 - Attachment 1 - EEC Data

Syetame O Facinal Panosrt of Cronn Chatrman

May 11, 2}

y h ay m é S ' tronic Unit Faults Recorded

e And Results From Test

May 11,

]

May 11, 2006

May 11, 2006
May 15, 2006
May 25, 2006
May 25, 2006
May 25, 2006
May 25, 2006
May 25, 2006
May 25, 2006
Jun 19, 2006
Jun 07, 2006
Jun 19, 2006
Jun 16, 2006
May 23 2006
May 23, 2006

May 23, 2006
May 23. 2006

May 23, 2006

N483WN

Systems 9 - Attachment 3 - Revised Reverse Thrust Interlock Position
Procedure

Systems 9 - Attachment 4 - Spreadsheet Of Resultant TRA Positions
Flight Data Recorder 10 - Factual Report of Group Chairman

Flight Data Recorder 10 - Attachment 1 FIt 1248 Tabular Data

Flight Data Recorder 10 - Attachment 2 UAL Flt 1446 Tabular Data
Flight Data Recorder 10 - Attachment 3 Flt 2920 Tabular Data

Flight Data Recorder 10 - Attachment 4 flt 321 Tabular Data

Flight Data Recorder 10 - Attachment 5 Flt 2947 Tabular Data

Flight Data Recorder 10 - Attachment 6 Flt 1830 Tabular Data
Cockpit Voice Recorder 12 - Factual Report of Group Chairman
Aircraft Performance 13 - Factual Report of Group Chairman
Aircraft Performance 13 - Group Study

Aircraft Performance 13 - Study Addendum 1

Human Performance 14 - Factual Report of Group Chairman

Human Performance 14 - Attachment 1 SWA FOM/FRM Guidance
Human Performance 14 - Attachment 2 SWA Autobrakes Checkairman
Training Handout

Human Performance 14 - Attachment 3 Boeing FCTM 73 7NG Wheel
Brakes

Human Performance 14 - Attachment 4 SWA Autobrakes Evaluation
Pilot Comments

Expanding the Realm of Possibility
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ASIAS BRIEF REPORT

GENERAL INFORMATION

Data Source:
Repart Number
Lecal Date:
Local Time:

City

State

Airpert Name
Event Type

Mid Air Colsion

AIRCRAFT INFORMATION

Aircraft Damage
Adrcraft Make
Aircraft Model
Aircraft Series
Acframe Hrs
Operator

MNARRATIVE

ACCIDENT AND INCIDENT DATABASE
198709
28-SEP-87

SAINT LOUTS

MO

LAMBERT-ST LOUIS INTL
NCIDENT - AIR CARRIER
NOT A MIDAIR

NONE
MCDONNELL-DOU
MD-50

2

AS-BOEING

TRANS WORLD AIRLINES

AN AIRCRAFT LANDED SHORT OF A DISPLACED THRESHOLD, DAMAGING WIRING. INCONCLUSIVE EVIDENCE THIS AIRCRAFT WAS THE ONE

Detail

Primary Flight Type:
Secondary Flight Type:
Type of Operatien
Registration Nbr-
Total Aboard

Fa
Inunes:

Landing Gear
Aircraft Weight Class:
Engine Make

Engine Model

Engine Group:

liries

Number of Engines
Engine Type

Environmental/Operations Info

Primary Fhight Conditions.
Secondary Flight Conditions
Wind Direction(deg).

Wind Speed(mph)
Visibality(mi )

Visiblity Restrictions
Light Condiion:

Flight Plan Filed

Approach Type

Pilot In Command

Pilot Centificates.

Pilot Rating

Pilot Qualification

Flight Time Total Hours

Tetal in Make Model
Total in Last 90 days.

Total in last 90 days Make Model

END REPORT

SCHEDULED AIR CARRIER
PASSENGERS

Ejemplo de Reporte de Incidente — antes de 1995

... maximo 115 letras por campo!

OVER 12500 LBS

UNKNOWN
WEATHER NOT A FACTOR

DAY
INSTRUMENT FLIGHT RULES
VISUAL

AIRLINE TRANSPORT

AIRPLANE SINGLE, MULTI-ENGINE LAND
QUALIFIED

6208

4 ARA
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Google Earth

St Lows Internatlonal Alrport RWY 3OR

STHE CAPT APPLIED SOME REVERSE THRUST AND SEEING THAT DEP WAS A POSSIBILITY
TURNED TO THE L IN AN ATTEMPT TO MISS STRUCTURES STRAIGHT AHEAD AND TO KEEP
THE ACFT ON RWY 24. | IMMEDIATELY PREPARED TO RUN THE EMER EVAC CHKLIST. THE
CAPT HAD THE JUMP SEATER OPEN THE COCKPIT DOOR AND COM WITH THE L1 FLT
ATTENDANT TO ASSESS THE GENERAL SIT AND DETERMINE THE NEED FOR AN EMER EVAC.
gllﬁ/Ile:I'_A'\l'éE’EOUSLY, | COMMUNICATED WITH ATC THAT THE ACFT WAS OFF THE PREPARED

DR W ® R T
ointer, 38344158315 Ml 90721333512 W,
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Resumo de los Eventos

- de 1980 hasta 2009 -

# of Events

Accidents/Incidents by Type

500
400
300
200
100
o m m N
LDOR LDUS LDVOFF TOOR TOVOFF
O ACC 138 51 111 61 22
H INC 363 60 448 62 98
Type of Event

4 ARA
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Enfoque de la Investigacion

1 — Revisao
Bibliografica 2 - Analise
Funcional dos

Perigos

4 — Coleta de dados
sobre acidentes e
incidentes

3 — Identificagao de
fatores causais e
contribuintes

Software p/ analise
de risco

Validagao

4 ARA

5 — Consolidagao dos
dados e preparagao para
modelagem

6 - Modelagem
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Analisis Funcional de los Peligros

m Categorias
e Aeronaves Yy fallas de los sistemas
e Factores humanos

e Caracteristicas del aeropuerto y fallas
de los sistemas

e Las condiciones climaticas

¢ Cuales son las categorias que el aeropuerto se encargara de la
mitigacién de riesgos?

4 ARA
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Datos de operaciones normales

m Enfoque

e Evaluar el numero de operaciones sin incidentes
sujetos a ciertas condiciones

e Generar los riesgos relativos y cuantificar la
importancia de los factores

m Fuente: Enhanced Traffic Management System
Counts (ETMSC) de la FAA y la base de datos de
datos climaticos de la National Oceanic and
Atmospheric Administration's (NOAA)

m La muestra final es compuesta por aproximadamente
230.000 operaciones de 78 aeropuertos, 2000 hasta

2005

4 ARA
\ Expanding the Realm of Possibility




Enfoque de
Riesgo

Three-Part Risk Model

Event Location
Consequences
probability D probability D L
I'—'—"""—'—'—"'i ''''''''''''''''
. operating conditions | T T """"""" ! T T """""" !
: (airplane performance, type of | | RSA characteristics, | | type, size and
operation, runway distance : | geometry, ; ; location of
available and elevation, | presence of EMAS ! : obstacles
weather conditions) | ! o ! o

_______________________________________________

___________________________________

m Probabilidad del Evento:

m Probabilidad de

m Consecuencias:

Localizacion:

4 ARA

Risk Classification

_

depende del tipo y criticidad de la operacion
y las condiciones meteorologicas

distancia desde el extremo de la pista o
desde el borde lateral

depende del tipo de obstaculo, tamano,
ubicacion y tipo de aeronave
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Modelos de Frecuencia
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Modelos de Frecuencia

m Probabilidad = N,, / N,, (bajo ciertas condiciones)

| 1
P{Accident Occurence} = [ b0+ Xy +5, X5 b Xy + -

m P{Accident_Occurrence} es la probabilidad (0-100%)
de ocurrir un incidente bajo las condiciones

operacionales

m X = f(techo, visibilidad, viento cruzado, viento de cola,
rafagas, condicion de la pista, tipo del avion, etc.)

4 ARA
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Un Ejemplo Simples

—

Possible cut-off points

Probability of Event (e.g. LDOR)

; >
W,  TW

2 Risk Factor (e.g. crosswind)

% ARA
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Curva ROC

Sensibilidad es la probabilidad de
que la prueba indica "positivo" si
el evento es en realidad un
incidente

Especificidad es la probabilidad
de que la prueba indica "negativo”
si el evento es una operacion
normal

Sensibilidad: Tasa de verdaderos
positivos (porcentaje de incidentes
correctamente clasificados como
incidentes)

1 - Especificidad: Tasa de falso-
positivos (porcentaje de vuelos
normales clasificados
incorrectamente como incidentes)

4 ARA

1.0

0.8

Sensitivity
=}
»

o
~

0.2

0.0

ROC Curve

S

0.0

0.2

0.4 0.6 0.8 1.0
1 - Specificity
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Modelos de Ubicacion — Salidas de Fin de Pista

P{Location> ¢} = 2> *

4 ARA
\ Expanding the Realm of Possibility



Modelo de Ubicacion — Aterrizaje Corto

P{Location> ¢} = 2~ *

a
RESA

o—— >

< -
LIl

4 ARA
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Modelo de Ubicacion — Salida y Deviacion Lateral

m

P{Location> v} =27

Distribucion de
probabilidad de
deviacion lateral

4 ARA
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.
Coordenadas Utilizadas

Salidas de fin de pista ? s S - %|

y e}
Aterrizajes cortos ? i i ------------------- ~ - i

y \ 4
Salidas laterales ? — — = i

4 ARA
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Modelo de Ubicacion — Salidas de Fin de Pista

P{Location> ¢} = 2~ *

100% 4

Distribucion de
%,  probabilidad de parada
s del avidn
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Modelo de Ubicacion — Salidas Laterales

s 1
9
H -
S %
O
Q .
>
= &
® @
RS y"
= X P{L jon> ‘=
3n {Locatio }
P{Loc >y,} I« “%..
“aa,
———— R O ;. ................
(1] nil L NREmsssssnsnnEmEmEEEEEEERE.

T >
rwy border Yi Distance y from runway border y
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Modelo de Ubicacion Longitudinal de LDOR

Probability of Stopping Beyond X

0.8

0.4

0.2

0.0

Prob=exp((-.00321)*X**(.984941))
R2=99.8%

= A A

o

400 800 1200 1600
Distance X from Runway End (ft)

2000

4 ARA
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Comparacion LDOR / TOOR

Prob=exp((-.00321)*X**(.984941))
R2=99.8%

1.0
X

2 08
o
>
[
m

2 06
Q.
Q
TOOR 2
n

‘c 04

z \.
Prob=exp((-.00109)*X**(1.06764)) =
R2=99.2% = \

1.0 -S 0.2

o
o o "N
0.8 0.0
' 0 400 800 1200 1600 2000
Distance X from Runway End (ft)

\L LDOR

\,\\

0.2

Probability of Stopping Beyond X

L
0.0 A 2
0 400 800 1200 1600 2000

Distance X from Runway End (ft)
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Engineered Material Arresting System (EMAS)

m Velocidad Maxima de Salida de la Pista
v =3.0057— 1.832910g@ITOW + i1.1482102€ 1,15 _

. _’
o ,/,
..t
i
L R
o B
.z“.,(-g °
O Tord
o t a2
7
.

P Al
.o
oA

2

. s, A%
m Desaceleracion en el EMAS a = —
EMAS ZS

m Distancia Equivalente Sy, = LEmas Seius = F - Sgips
A Rs4

La distancia equivalente es calculado para cada tipo de
aeronave para ajustar el tamarno de la RESA

4 ARA
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Modelo de Consequencias

Tipo, Tamanho, Loc
del Obstaculo

Operacionales

—

[——]

Distancia hasta el 4 =
Obstaculo % @
>
Probabilidad Modelo de -
de Ocurrir ”U:> Consecuencias il>
Media
Baja
Condiciones @ ﬁ

Pavimentacion

4 ARA
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Modelando las Consecuencias

n
: - X
P{Location> ¢} = 2

o, A
100% 7, Distribucion de
probabilidad de

parada del avién

Obstaculo

(0
L
a,
fan,
“a
.~y
.....
-------
LN N
-------------------------------
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Modelando las Consecuencias

4 ARA

X (dist. to obstacle5

2000ft

2000ft
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Consecuencias

4 ARA

Wingspan (WS)

_ 13WS

@
i mw M

N e e

Wingspan (WS)

. 1BWS

=

e
EOB:(-_
O

=%
|
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Modelando la Probabilidad de Colisién con
el Obstaculo

Distribuciéon de
probabilidad de
deviacion lateral

% ARA
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Ejemplo

Cliff

Obstacle 1 - Building
Category 2

P s

Obstacle Max Speed A (ft)
Category (knots) (See Figure 29)
1 0
2 5 20
3 20 80
4 40 320

4 ARA

<

Obstacle 2 - Tree
Category 4

<
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Aplicacion Practica de los Modelos

1 — Realizar

inspecciones y definir los
limites de zonas de

seguridad

l

2 — Obtener muestra de
trafico p/ el aeropuerto

(LD&TO, 1 Afio)

l

3 — Obtener datos
meteorologicos para el
periodo da muestra de

trafico

l

4 — Montar los

escenarios de riesgo

8 — Seleccionar la
alternativa

;

7 — Comparar las
alternativas (riesgo, costo,
practicidad, plazo para
implantar)

N

4 ARA

A 4

5 — Calcular el riesgo para
cada escenario
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Aplicacion Practica de los Modelos

RSA 10L - Total

120000 - - 100%
- 90%
100000 - —F - 80%
§ 80000 - requency : g(o):)?
qg’_ 60000 - =eo— Cumulative % i 50‘V§
- [0)
£ 20000 - 3o
20000 - I i %83//«;
0 - I I I ] I . — I I I I _Elil;_ 0%

NN N e N A A I A A A
N A W A ¢ A S
NN RPN AR IENUEN AN NP

Probability Interval

4+ ARA
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Ejemplo — Comparando Dos RESAs

Probability Aircraft Will Overrun During Landing
and Stop Beyond X

S LN
* *
*
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

< Acceptable Risk High Risk >

Airport or Threshold A

Airport or Threshold B

Frequency

Probability WL > X

4 ARA
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Software de Analisis

Runway Safety Area Risk Analysis (RSARA),

Fie  Software Parameters InputData  Analysis  Output  Help

E8 Airport Characteristics Input

Analyst: | [ETREE Project ID:
Airport Characteristics Risk Criteria
Elevation (i} 1500 Taugel Level of Safety: [1.0E-006 (Eg 1068
AnnualVohime: 50,000 Aipart Commuler Ops by Type of ficialt? [
NV 9 e @) s RSA 33-OR - Microsoft Excel =
Expected Traffic Growth (%} 2 Aipon Hub (res o Nol: k
Home Insert Page Layout Formulas Data Review View Developer -8 X
Runway Configuration I CK80 il &) &l
Appoach Catego AsAT
i __Geor RUNWAY END
| Seale(

(s andy

Project ID: [
@ ASDA(K: | Lo
Lam: |
Existing Historical Dperations in the D atabase Calegerr |
HOD ID DATE&TIME RUNWAY An/Dep FA#_Code FLIGHT_Categ|
1/10/2006 12:03 &M 15 A A319 AlR
2 1/10/2006 12:14 AM 33 A MD83 AR
3 1/10/2006 1217 AM 33 A B752 AR
4 1/10/2006 1219 AM 15 o) BE SR
1 i (s
5 1/10/2006 12:21 AM 33 = Mese e ""WT’;‘ Poms Oy Reden
6 171072006 12:26 AM 33 L0 T L
A B [
7 1/10/2006 12:27 AM 33 7
o 1.7102900€ 1990 Ak r) 2 1 b B
< 3 2 1/10/06 1214 AM” 2|
4 3 1/10/0612:17 AM 33
Total number of records: 2000 5 3l 1/10/06 12:19 AM” 1
[ 5 1/10/0612:21 AM” 33
Crosts Now 7 6 1/10/0612:26 am " 33
8 7 1/10/0612:27AM” 3
I [] 8 1/10/0612:30AM” 3
10 9 1/10/0612:33AM” 33
1 10 1/10/06 12:34 AM” 33 - I
Edit Existing 12 1 1/10/0612:46 AM " 33 D COA1743
Input File 13 12 1/10/0612:48 AM_ 33 ] NWA362
14 13 1/10/0612:53 AM” 3 ) SCX398
33 ) AALS30
33 ) AAR283
33 A AWESTS
33 A LNEEIAE
3 ) MXAL4S
3 A JALGOSS
33 A ENX26

4 ARA
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RSA Risk Analysis - Summary of Results

Res u I l a d OS OverallResults Normal Analysis Summary of Results by Runway
Summary Tobie Risk in Events per Operation

o Avrg # of Years =i Avrg#ofYearsto Type of Accident RSA
Accident \E'?,E to Critical PSADOVE| rritical Incident ve 15 33
Probability Indid TLS for LS
paceRt or LDOR 1.00E-09 | 133€-09
LDOR 12E-09 >100 0.0 30 TOOR 6. 28E-08 | 7.26E-08
TOOR 6.8BE-08 >100 0.0 30 LDUS 2 61E-08 | 190E-08
LD 22E-08 >100 0.0 30 LDV O 172E-07 | 157E-07
LOVD 16E-07 B9 37 30 TOVO 4.03E-08 | 5.09E-08
TOVO 4 5E-08 >100 0.0 30
Total 15E-07 66 0.1 17 Averoge # of Years Between Accidents
RSA
- Type of Accident
Airport Annual Velume: 50,000 15 3
Expected Traffic growth rate: 200% LDOR =100 =100
Target Level of Safety (TLS): 1.0E-06 TOOR 100 100
LDUS =100 >100
Airport: Anywhere Airport LDV O =100 =100
Date of Analysis: 12/1,/2010 TOVO 100 100
Analyst: Jane Doe
Note: fieldsin yellow may be changed by user | Percent Events Above 1 0E-06
T f Accident RsA
e of
. . e 15 3
Histogram ofTotal Risk
LDOR 000 0.00
TOOR 000 0.00
LDUS 000 0.00
LDV O 380 361
55 TOVO 000 0.00
5
E Summary of Operations Challenging the RSAs
E] Movements Challenging each RSA
£ de RSA
Type of Accident
e 15 3
LDOR 471 447
TOOR 520 548
LDUS 447 471
Probability Inte rval Lovo a7 471
TOVO 548 520
( — Total 233 | as7
1- Fieldsin orange may be directly changed in spreads heet byuser
2- Results for overrun and undershootconsiderallmovements
challenging each RSA adjacent to theendsofeach runway
3- The total risk for theaimport is permovement|land ngand taking-
off)
4- Each takeoff will challenge the RSA adjacent to the departureend
for overrunsand the lateral safetyareasfor veer-offs
5- Each landing wil| chal lenge the RS A adjacentto thearrival end for
undershoots, theR5A adjacentto thedepartureend foroverrunsand
the lateral safety areasforveer-off

each movement challengingthe RSA

S
HRH Expanding the Realm of Possibility

(Histogram forthewhole airportisfor any ty pe of eventand include




Validacion

Stat Airport Name Location ID City Hub
e

FL | Miami International MIA Miami L
AK | Ted Stevens Anchorage ANC Anchorage M

International

MO | Lambert-St Louis International STL St Louis M
WA | Spokane International GEG Spokane S
SD | Joe Foss Field FSD Sioux Falls N
WV | Yeager CRW Charleston N
AZ | Deer Valley International DVT Phoenix GA
FL | Ft Lauderdale Executive FXE Ft Lauderdale | GA

% ARA
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Validacion - Incidentes

1.4E-06
m O U.S. Historical
8' 1.2E-06 W Actual for Sample ||
g 1.0E-06 B Estimated for Sample |-
LJ 8.0E-07
© 4
o’ 6.0E-07
T 4.0E-07 H
3
Bl i ml Nl BB
£ 0.0E+00

LDOR LDUS LDVO TOOR | TOVO

O U.S. Historical 9.5E-07 | 2.4E-07 | 1.2E-06 | 2.4E-07 | 2.6E-07
B Actual for Sample 5.8E-07 | 2.6E-07 | 1.1E-06 | 3.7E-07 | 2.1E-07
B Estimated for Sample | 1.2E-06 | 2.9E-07 | 7.0E-07 | 3.1E-07 | 2.6E-07

Type of Incident

% ARA
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Validacion - Accidentes

4 5E-07 —
’2\ 4. 0E-07 O U.S Historical
o 3 5E-07 lAct.uaI for Sample
5 o M Estimated for Sample
= o 3.0E-07
X o
o 8 25E-07
O
© 9N 2.0E-07 1
0 &  15E-07 +
sz 5
Q 1.0E-07
L 5.0E-08 +— —
0.0E+00
LDOR LDUS LDVO TOOR TOVO Total
O U.S Historical 2.3E-07 | 1.2E-07 | 2.2E-07 | 1.2E-07 | 4.7E-08 | 3.7E-07
B Actual for Sample 1.6E-07 | 1.1E-07 | 2.6E-07 | 2.6E-O7 | 0.0E+00 | 4.0E-07
B Estimated for Sample | 3.7E-07 | 6.4E-08 | 1.8E-07 | 8.6E-08 | 7.9E-08 | 3.9E-07
Type of Accident

% ARA
\ Expanding the Realm of Possibility



Caso Ejemplo — Aeropuerto Somewhere

Runways: 01R/19L
01L/19R
10R/28L
10L/28R

4 ARA
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- e—
RWYs 19R and 19L

Google-
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RWYs 01R and 01L

Expanding the Realm of Possibility



Consideraciones Adicionales para Aterrizaje
Corto

Cuando los obstaculos estan presentes en la aproximacion al
aterrizaje, la disposicion de la RESA debe considerar a la sombra

del obstaculo

RESA Pista de Aterrizaje

L undershoots

L

overruns

<+ ARA
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Ejemplo SMW — RWYs 19R e 19L — RESA para LDUS

7°36'28.10" N 122°22'52.87" W

4 ARA
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Alternativa 1

R&A=1,000" ——

- omm —

Fwy 19R TORA / TODA / ASDA / LDA =7,500° ——
Rwy 1L TORA / TODA f ASDA / LDA =T 500" —

Selback = 35" —=

unwzy Dl;]éil:!t"'-'ee-ﬁa-aa-

) Hunﬁ-;yﬁm:[ﬂai

Assumptlons:
- max|/mlze EMAS bed |engths on Rwy 19s
- Implement Rwy 19L ASDA / LDA

—— Avallable RSA= 177"

Service Road
|s the Limiting Object

Nan-Standard
EMAS Bed
=122'x 218'

San Franclseo Bay

l"_.— Standard R
- | wond R

Curva In Sarvice Road
ls the Limlting Object

=-— Avallable RSA = 859" —

Men=Standard EMAS Bed

=211"x 218"
Setback = 358 —

Fwy 1R TORA f TODA [ ASDA / LDA = 8,648

[~ Awvailable RSA = 246

Rwy 190 TORA / TODA = B,648'

RSA = 1,000°

Rwy 18L ASDA S LDA = & 507

Expanding the Realm of Possibility



Alternativa 2

Relzcated ADA Fance , w
T Is the Limlting Object Rwy 198 TORA / TODA J ASDA / LDA =7,500" —— = - Install standard EMAS [ hﬂ?‘ 1l
| —— Rwy 1L TORA [ TODA f ASDA = 7,500 Oany1g ands
- Shift Rwy 1R/19L north

=— RSA=a00

RSA =1,000 ———
to create a 1,000' RSA

Rwy Shift = 216" Rwy Shift=218"
Selback =50' —

Runway-Obiee: Free-Arsa-

Relocated Service Road
Bay FlIl { Platfarm
=281"x 770

San Franclsco Bay

Relocated
Service Road

————— * EMAS Bed = 550" x 218°

- EMAS Bed
,-:) =550"x 218"

<}
S
]
)

‘,t“
.&

—_—— ——

iy
o

'_v_'-'._
N
by
N
S
."

A

_..\
)
B
o

s

3

>

=S AN bl
Rwy Shift=141° L Selback =50
— RSA =600 —

Rwy Shift = 141"

Rwy 1R TORA F TODA | ASDA J LDA = 8,648

RSA =1,000

Rwy 19L TORA / TODA | ASDA / LDA = 8,648’

<+ ARA
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Alternativa 3

Mon-Standard —, Runway Shift = 374'

EMAS Bed
=495 x 218

Rwy 198 TORA / TODA / ASDA / LDA = 7,500
Rwy 1L TORA/ TODA / ASDA / LDA =T 500"

Runway Shift =374’
Setback = 35" —

— Runway Object Free Area

u—

Assumptions;
-reallgn Twy A
- shift runways to avold bay flll

Rsa=530 |- - maximlze and balance EMAS

b Service Road
/ Is the Limiting Object
Mon-Standard
/Ems Bed = 495 x 218

San Franclsco Bay

Curve In Service
Road Is the
Limiting Object

RSA =401

Runway Shift = 156"

Mom=Standard EMAS Bed
= 366" x 218"

P
Tt
AP Mor-Standard
_ EMAS Bed
_— = 366" x 218
Sethack = 358" —=| [=—
— — RSA =407

Runway Shift = 156"

Dlsplaced Threshold = 54" —={ [=—

Fwy 1R LDA =5,554'

Rwy 1R TORA TODA / ASDA = 5,648

(Maxlmum TSS)

Rwy 19L TORA | TODA f ASDA / LDA = 8,648

4 ARA
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Alternativa 4

4 ARA

'.

WIGNPNININD,
# " "_%l IJ,h ’n |
R I

Runway Shift =43

-— RSA =600 —

Rwy 1L TORA 7 TODA / ASDA J LDA = 7,500

-

Ry 198 TORAJ TODA ] ASDA [ LDA =T 500"

Runway Shift = 204"

N Funway Object Free Area- | -~

Runway Shift =304

- il B E

~ ) \irsmmer | _

1 Y
|\ | =

= RSA =600 —

- reallgn Twys A & A1
- Install standard EMAS
- shift runways to minimize bay fill

-— Sethack = 50"

Bay Flll / Platfarm = 153" x 770
/EMA.S Bed = 550" x 218"

San Franclsco Bay

Relocated Servlce Road

Fwy 1R TORA / TODA | ASDA J LDA = 8,648

Fwy 19L TORA ! TODA / ASDA / LDA = 8,648'

Runway Shift=43" —

=— Setback =50’

—— HSA =600
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Trafico de Avions

Arrival Total # of Movements

End/RESA Challenging the Area

19R 17 3,864 75,728 79,609

19L 101 17,660 138,738 156,499

01R 17,660 101 294 18,055

01L 3,864 17 1,355 5,236

28R 433 189,570 12,160 202,163

28L 251 131,294 11,809 143,354

10R 131,294 251 51,806 183,351

10L 189,570 433 49,322 239,325

Total 343,190 | 343,190 | 341,212 1,027,592

Expanding the Realm of Possibility




TS

Resultados

4 ARA

|Average Probability for all Movements (Existing) 1.35E-07

Alternative 1 Rank
RESA O1R o1L 19R 19L
Average Probability for all Movements 6.20E-08 3.29E-08 1.41E-07 1.48E-07
% Decrease in Probability Relative to Existing 18.4% 59.6% 20.8% 24.8%
Total Airport Probability 1.19E-07 4q
RESA Contribution to Airport Probability Decrease 0.3% 0.3% 3.2% 8.3%
Total % Decrease (all RESAs combined) 12.0%

Alternative 2
RESA 01R o1L 19R 19L
Average Probability for all Movements 6.12E-08 4.13E-08 4.34E-08 5.60E-08
% Decrease in Probability Relative to Existing 19.4% 49.3% 75.6% 71.7%
Total Airport Probability 8.66E-08 2
RESA Contribution to Airport Probability Decrease 0.3% 0.2% 11.6% 23.9%
Total % Decrease (all RESAs combined) 36.0%

Alternative 3
RESA 01R o1L 19R 19L
Average Probability for all Movements 6.69E-08 3.59E-08 4.98E-08 8.16E-08
% Decrease in Probability Relative to Existing 11.8% 55.9% 72.1% 58.7%
Total Airport Probability 9.33E-08 3
RESA Contribution to Airport Probability Decrease 0.2% 0.3% 11.0% 19.6%
Total % Decrease (all RESAs combined) 31.1%

Alternative 4
RESA O1R o1L 19R 19L
Average Probability for all Movements 5.13E-08 3.35E-08 4.49E-08 5.60E-08
% Decrease in Probability Relative to Existing 32.5% 58.8% 74.8% 71.7%
Total Airport Probability 8.64E-08 1
RESA Contribution to Airport Probability Decrease 0.5% 0.3% 11.5% 23.9%
Total % Decrease (all RESAs combined) 36.1%
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Preguntas?

N
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