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Welcome to the Controlled Flight Into Terrain (CFIT)
Education and Training Aid

Preventing CFIT accidents is the major goal of this training aid.  The training aid includes a document (two volumes)
and a video.  They are stored on this CD-ROM to provide a readily available source of information and to easily
enable the user to develop a program to prevent CFIT accidents.  This training aid was developed by an international
CFIT Task Force composed of representatives from organizations that possess extensive aviation expertise:  airplane
manufacturers, aviation training organizations, airplane equipment manufacturers, airlines, pilot groups and
government and regulatory agencies.

The document includes five sections.  Section One provides top-level management with a concise, broad view of
the document.  Section Two identifies areas where those people who govern, regulate, and run the industry can best
put their efforts to prevent CFIT.  Section Three provides the history of CFIT, along with causal factors, traps and
solutions.  This section is specifically aimed at the operator end of the scale.  Section Four provides specific academic
and simulator training programs aimed at informing the flight crews of their responsibilities and duties in preventing
CFIT.  Appendices include ground briefings, video script, and airplane-specific examples of the CFIT escape
maneuver.  Section Five contains selected readings, including the latest CFIT accident/incident information.  The
video “CFIT:  An Encounter Avoided” addresses the CFIT problem in its entirety.

Management is encouraged to take appropriate steps to ensure that a viable, effective CFIT training program is in
place within its organization.



MESSAGE FROM THE PRESIDENT OF THE COUNCIL
OF THE INTERNATIONAL CIVIL AVIATION ORGANIZATION (ICAO)

I wish to express my sincere appreciation for the work completed in the preparation of the controlled
flight into terrain (CFIT) prevention material by the International Civil Aviation Organization (ICAO)
and the Industry Controlled Flight Into Terrain (CFIT) Task Force. It has always been by conviction
that all personnel involved in civil aviation must understand the CFIT problem and must be aware of
the risk of such accidents. The training aid will provide a major contribution to the prevention of
CFIT. I strongly recommend that those in positions of responsibility in civil aviation apply the
recommendations of the CFIT Task Force and make the best use of this education and training aid.
ICAO will continue to assist States in their efforts and provide, through its Annexes, the regulatory
framework which will permit the improvement of the use of ground proximity warning system (GPWS)
in operations worldwide.



This document is disseminated under the sponsorship of the Department of Trans-
portation in the interest of information exchange. The United States Government
assumes no liability for its contents or use thereof.

The United States Government does not endorse products or manufacturers. Trade
or manufacturers’ names appear herein solely because they are considered essen-
tial to the object of this report.

Notice
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Units of Measurement

° degree (temperature)
deg degree (angle)
deg/s degrees per second
ft feet
ft/min feet per minute
ft/s feet per second
hPa hectoPascal
hr hour
in inch
inHg inches of mercury
kt knot
m meter
mbar millibar
mi mile
min minute
nm nautical mile
sec second

Acronyms
ADF automatic direction finding
AGL above ground level
ASRS Aviation Safety Reporting System
ATC air traffic control
ATCRBS Air Traffic Control Radar Beacon

System
ATIS automatic terminal information

service
CFIT Controlled Flight Into Terrain
CRM Crew Resource Management
DA/H decision altitude/height
EAS Emergency Safe Altitude
FAA Federal Aviation Administration
FAF final approach fix
FMC flight management computer
FMS flight management system
GPS Global Positioning System
GPWS Ground Proximity Warning

System
HAA Height Above Airport
HAT Height Above Touchdown
IAF initial approach fix
ICAO International Civil Aviation

Organization
IFR instrument flight rules
ILS Instrument Landing System
IMC instrument meteorological

conditions
INS Inertial Navigation System
MAP Missed Approach Point
MCA Minimum Crossing Altitude
MDA/H minimum descent altitude/height

MEA Minimum Enroute Altitude
MIA Minimum IFR Altitude
MOCA Minimum Obstruction Clearance

Altitude
MRA Minimum Reception Altitude
MSA Minimum Safe Altitude
MSAWS Minimum Safe Altitude Warning

System
MSL mean sea level
MVA Minimum Vectoring Altitude
NOTAM Notice To Airmen
PANS-OPS Procedures for Air Navigation

Services - Aircraft Operations
PAPI precision approach path indicator
PAR precision approach radar
PT procedure turn
RVV runway visibility point
SID standard instrument departure
SOP standard operating procedure
STAR standard terminal arrival
TCAS Traffic Alert and Collision

Avoidance System
TCH threshold crossing height
TERPS Terminal Instrument Procedures
VASI Visual Approach Slope Indicator
VDP visual descent point
VFR visual flight rules
VMC visual meteorological conditions
VOR VHF Omnidirectional Radio

Station
VOR/DME VOR Distance Measuring

Equipment
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CFIT Glossary

Certain definitions are needed to explain the
concepts discussed in this training aid. Some of the
definitions are from regulatory documents or other
references, and some are defined in the aid. Not all
of the defined words or phrases are used within the
training aid; however, they are associated with the
subject of CFIT and are included to provide a
readily available source for the reader.

Altitude (USA)
The height of a level, point, or object measured in
feet Above Ground Level (AGL) or from Mean Sea
Level (MSL).
1. MSL Altitude - Altitude expressed in feet

measured from mean sea level.
2. AGL Altitude - Altitude expressed in feet

measured above ground level.
3. Indicated Altitude - The altitude as shown by an

altimeter. On a pressure or barometric altimeter
it is altitude as shown uncorrected for instru-
ment error and uncompensated for variation
from standard atmospheric conditions.

Altitude (ICAO)
The vertical distance of a level, a point, or an object
considered as a point, measured from mean sea
level (MSL).

Appropriate Obstacle Clearance
Minimum Altitude
Any of the following:
1. Minimum IFR Altitude (MIA)
2. Minimum Enroute Altitude (MEA)
3. Minimum Obstruction Clearance Altitude

(MOCA)
4. Minimum Vectoring Altitude (MVA)

Appropriate Terrain Clearance
Minimum Altitude
Any of the following:
1. Minimum IFR Altitude (MIA)
2. Minimum Enroute Altitude (MEA)
3. Minimum Obstruction Clearance Altitude

(MOCA)
4. Minimum Vectoring Altitude (MVA)

Automatic Terminal Information Service
(ATIS)

The provision of current, routine information to
arriving and departing airplanes by means of con-
tinuous and repetitive broadcasts throughout the
day or a specified portion of the day.

Ceiling
The heights above the earth’s surface of the lowest
layer of clouds or obscuring phenomena that is
reported as “broken,” “overcast,” or “obscura-
tion,” and not classified as “thin” or “partial.”

CFIT (Controlled Flight Into Terrain)
An event where a mechanically normally
functioning airplane is inadvertently flown into
the ground, water, or an obstacle.

Controlled Airspace
An airspace of defined dimensions within which
air traffic control service is provided to IFR flights
and VFR flights in accordance with the airspace
classification.

Decision Height (DH) (USA)
With respect to the operation of aircraft, means the
hight at which a decision must be made, during an
ILS or PAR instrument apporach, to either con-
tinue the approach or to execute a missed ap-
proach.

Decision Altitude/Height (DA/H) (ICAO)
A specified altitude or height (A/H) in the preci-
sion approach at which a missed approach must be
initiated if the required visual reference to con-
tinue the approach has not been established.

Note 1: Decision altitude (DA) is referenced to
mean sea level (MSL) and decision height
(DH) is referenced to the threshold
elevation.

Note 2: The required visual reference means that
section of the visual aids or of the
approach area that should have been in
view for sufficient time for the pilot to
have made an assessment of the airplane
position and rate of change of position, in
relation to the desired flight path.
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Direct

Straight line flight between two navigational aids,
fixes, points, or any combination thereof. When
used by pilots in describing off airway routes,
points defining direct route segments become
compulsory reporting points, unless the airplane is
under radar contact.

Distance Measuring Equipment (DME)
Equipment (airborne and ground) used to mea-
sure, in nautical miles, the slant range distance of
an aircraft from the DME navigational aid.

Final Approach
The part of an instrument approach procedure that
commences at the specified final approach fix, or
point, or where such a fix or point is not specified.
1. At the end of the last procedure turn, base turn,

or inbound turn of a racetrack procedure, if
specified; or

2. At the point of interception of the last track
specified in the approach procedure; ends at a
point in the vicinity of an aerodrome from
which:
a.  A landing can be made; or
b. A missed approach procedure is initiated.

Final Approach Fix (FAF)
The fix from which the final approach (IFR) to an
airport is executed and that identifies the begin-
ning of the final approach segment.

Fix
A geographical position determined by visual
reference to the surface, by reference to one or
more radio NAVAIDs, by celestial plotting, or by
another navigational device.

Flight Crew or Flight Crew Member
A pilot, flight engineer or flight navigator assigned
to duty in an aircraft during flight time.

Flight Level
A level of constant atmospheric pressure related to
a reference datum of 29.92 inches of mercury.
Each is stated in three digits that represent hun-
dreds of feet. For example, Flight Level 250 repre-
sents a barometric altimeter indication of 25,000
ft; flight level 255, an indication of 25,500 ft.

Flight Management Systems (FMS)

A computer system that uses a large database to
allow routes to be preprogrammed and fed into the
system by means of a data loader. The system is
constantly updated with respect to position
accuracy by reference to conventional navigation
aids. The sophisticated program and its associated
data base ensures that the most appropriate aids are
automatically selected during the information
update cycle.

Flight Recorder
A general term applied to any instrument or device
that records information about the performance of
an aircraft in flight or about conditions encountered
in flight.

Glide Slope
Provides vertical guidance for airplanes during
approach and landing. The glide slope/glide path is
based on the following:
1. Electronic components emitting signals that pro-

vide vertical guidance by reference to
airborne instruments during instrument
approaches, such as ILS/MLS, or

2. Visual ground aids, such as VASI, that provide
vertical guidance for a VFR approach or for the
visual portion of an instrument approach and
landing.

3. Precision Approach Radar (PAR). Used by ATC
to inform an airplane making a PAR approach of
its vertical position (elevation) relative to the
descent profile.

Glide Path (ICAO)
A descent profile determined for vertical guidance
during a final approach.

Glide Slope Intercept Altitude
The minimum altitude to intercept the glide slope/
glide path on a precision approach.

Global Positioning System (GPS)
A space-base radio positioning, navigation, and
time-transfer system. The system provides highly
accurate position and velocity information, and
precise time, on a continuous global basis, to an
unlimited number of properly equipped users.
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Height Above Airport (HAA)
The height of the Minimum Descent Altitude above
the published airport elevation. This is published
in conjunction with circling minimums.

Height Above Touchdown (HAT)

The height of the Decision Height or Minimum
Descent Altitude above the highest runway eleva-
tion in the touchdown zone (first 3,000 ft of the
runway). HAT is published on instrument
approach charts in conjunction with all straight-in
minimums.

IFR (Instrument Flight Rules) Aircraft
An airplane conducting flight in accordance with
instrument flight rules.

IFR Conditions
Weather conditions below the minimum for flight
under visual flight rules.

ILS (Instrument Landing System)
Categories
1. ILS Category I - An ILS approach procedure

that provides for approach to a height above
touchdown of not less than 200 ft and with
runway visual range of not less than 1,800 ft.

2. ILS Category II - An ILS approach procedure
that provides for approach to a height above
touchdown of not less than 100 ft and with
runway visual range of not less than 1,200 ft.

3. ILS Category III—
a. IIIA - An ILS approach procedure that

provides for approach without a decision
height minimum and with runway visual
range of not less than 700 ft.

b. IIIB - An ILS approach procedure that
provides for approach without a decision
height minimum and with runway visual
range of not less than 150 ft.

c. IIIC - An ILS approach procedure that
provides for approach without a decision
height minimum and without runway visual
range minimum.

Inertial Navigation System (INS)
An RNAV system that is a form of self-contained
navigation.

Initial Approach Fix (IAF)
The fixes depicted on instrument approach proce-
dure charts that identify the beginning of the initial
approach segment(s).

Instrument Flight Rules (IFR)

Rules governing the procedures for conducting
instrument flight. Also a term used by pilots and
controllers to indicate the type of flight plan.

Instrument Landing System (ILS)
A precision instrument approach system that nor-
mally consists of the following electronic compo-
nents and visual aids:
1. Localizer.
2. Glide slope.
3. Outer marker.
4. Middle marker.
5. Approach lights.

Instrument Meteorological Conditions
(IMC)
Meteorological conditions expressed in terms of
visibility, distance from cloud, and ceiling less
than the minimums specified for visual meteoro-
logical conditions.

International Civil Aviation Organization
(ICAO)
A specialized agency of the United Nations whose
objectives are to develop the principles and tech-
niques of international air navigation and foster
planning and development of international civil air
transport.

Landing Minimums
The minimum visibility prescribed for landing a
civil airplane while using an instrument approach
procedure.
1. Straight-in landing minimums - A statement

of MDA and visibility, or DH and visibility,
required for a straight-in landing on a specified
runway, or

2. Circling minimums - A statement of MDA
and visibility required for the circle-to-land
maneuver.
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Descent below the established MDA or DH is not
authorized during an approach unless the airplane
is in a position from which a normal approach to
the runway of intended landing can be made and
adequate visual reference to required visual cues is
maintained.

Localizer
The component of an ILS that provides course
guidance to the runway.

MCA (Minimum Crossing Altitude)
The lowest altitude at certain fixes at which an
airplane must cross when proceeding in the direc-
tion of a higher minimum enroute IFR altitude
(MEA).

MDA (Minimum Descent Altitude)
The lowest altitude, expressed in feet above mean
sea level, to which descent is authorized on final
approach or during circle-to-land maneuvering in
execution of a standard instrument approach
procedure where no electronic glideslope is
provided.

MEA (Minimum Enroute IFR Altitude)
The lowest published altitude between radio fixes
that ensures acceptable navigational signal
coverage and meets obstacle clearance require-
ments between those fixes.

MOCA (Minimum Obstruction Clearance
Altitude)
The lowest published altitude in effect between
radio fixes on VOR airways, off airway routes, or
route segments that meets obstacle clearance
requirements for the entire route segment and that
ensures acceptable navigational signal coverage
only within 25 statute (22 nautical) miles of a
VOR.

MRA (Minimum Reception Altitude)
The lowest altitude at which an intersection can be
determined.

MSA (Minimum Safe Altitude)

1. The minimum altitude specified in FAR Part 91
for various aircraft operations.

2. Altitudes depicted on approach charts that
provide at least 1,000 ft of obstacle clearance
for emergency use within a specified distance
from the navigation facility upon which a
procedure is predicated. These altitudes will be
identified as Minimum Sector Altitudes or
Emergency Safe Altitudes and are established
as follows:
a. Minimum Sector Altitudes - Altitudes de-

picted on approach charts that provide at
least 1,000 ft of obstacle clearance within a
25-mi radius of the navigation facility upon
that the procedure is predicated. Sectors
depicted on approach charts must be at least
90 deg in scope. These altitudes are for
emergency use only and do not necessarily
ensure acceptable navigational signal
coverage.

b. Emergency Safe Altitudes - Altitudes
depicted on approach charts that provide at
least 1,000 ft of obstacle clearance in
nonmountainous areas and 2,000 ft of
obstacle clearance in designated mountain-
ous areas within a 100-mi radius of the
navigation facility upon which the proce-
dure is predicated and normally used only in
military procedures. These altitudes are
identified on published procedures as
“Emergency Safe Altitudes.”

Minimums
Weather condition requirements established for a
particular operation or type of operation.

MVA - (Minimum Vectoring Altitude)
The lowest MSL altitude at which an IFR aircraft
will be vectored by a radar controller, except as
otherwise authorized for radar approaches,
departures, and missed approaches. The altitude
meets IFR obstacle clearance criteria.
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Missed Approach

1. A maneuver conducted by a pilot when an
instrument approach cannot be completed to a
landing. The route of flight and altitude are
shown on instrument approach procedure charts.
A pilot executing a missed approach prior to the
Missed Approach Point (MAP) must continue
along the final approach to the MAP. The pilot
may climb immediately to the altitude specified
in the missed approach procedure.

2. A term used by the pilot to inform ATC that he
is executing the missed approach.

3. At locations where ATC radar service is

provided, the pilot should conform to radar
vectors when provided by ATC in lieu of the
published missed approach procedure.

MAP (Missed Approach Point)
A point prescribed in each instrument approach
procedure at which a missed approach procedure
shall be executed if the required visual reference
does not exist.

Night
The time between the end of evening civil twilight
and the beginning of morning civil twilight, as
published in the American Air Almanac, con-
verted to local time.

Nonprecision Approach Procedure
A standard instrument approach procedure in which
no electronic glide slope is provided.

NOTAM - Notice To Airmen
A notice containing information (not known
sufficiently in advance to publicize by other means)
concerning the establishment, condition, or change
in any component (facility, service, or procedure
of, or hazard in the National Airspace System), the
timely knowledge of which is essential to person-
nel concerned with flight operations.

Obstacle

An existing object, object of natural growth, or
terrain at a fixed geographical location or that may
be expected at a fixed location within a prescribed
area with reference to which vertical clearance is
or must be provided during flight operation.

Off Course
A term used to describe a situation in which an
airplane has reported a position fix or is observed
on radar at a point not on the ATC approved route
of flight.

Off Route Vector
A vector by ATC that takes an aircraft off a
previously assigned route. Altitudes assigned by
ATC during such vectors provide required
obstacle clearance.

Operators
The people who are involved in all operations
functions required for the flight of commercial
airplanes that carry at least 10 passengers, includ-
ing airplanes involved in cargo operations. This
includes such functions as air traffic systems,
flight crew, flight dispatch, flight scheduling, flight
training, and other supporting flight operations
functions.

Precision Approach Path Indicator
(PAPI)
An airport lighting facility providing vertical vi-
sual approach slope guidance to airplanes during
approach to landing by radiating a directional
pattern of high-intensity red and white focused
light beams. Four PAPI units located on one side or
on both sides of the runway adjacent to the glide
slope origin indicate to the pilot that he or she is
(1) “on path” if he or she sees (from each set of
units) two reds and two whites, (2) marginally
below or marginally above if he or she sees three
reds and one white or three whites and one red
(respectively), or (3) below or above if he or she
sees four reds or four whites (respectively).
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Precision Approach Procedure

A standard instrument approach procedure in which
an electronic glide slope/glide path is provided.

Procedure Turn (PT)
The maneuver prescribed when it is necessary to
reverse direction to establish an airplane on the
intermediate approach segment or final approach
course. The outbound course, direction of turn,
distance within which the turn must be completed,
and minimum altitude are specified in the proce-
dure.

Procedure Turn Inbound
That point of a procedure turn maneuver where
course reversal has been completed and an
airplane is established inbound on the intermediate
approach segment or final approach course.
A report of “procedure turn inbound” is normally
used by ATC as a position report for separation
purposes.

QNE
The barometric pressure used for the standard
altimeter setting (29.92 inches of mercury or 1013.2
hectoPascals).

QNH
The barometric pressure as reported by a particular
station.

Radar Approach
An instrument approach procedure that utilizes
Precision Approach Radar (PAR) or Airport
Surveillance Radar (ASR).

Radar Contact
Used by ATC to inform an airplane that it is
identified on the radar display and that radar flight
following will be provided until radar identifica-
tion is terminated. Radar service may also be
provided within the limits of necessity and
capability. When a pilot is informed of “radar
contact,” he automatically discontinues reporting
over compulsory reporting points.

Radar Vectoring

Provision of navigational guidance to airplanes in
the form of specific headings, based on the use of
radar.

Radio Altimeter
Airplane equipment that makes use of the reflec-
tion of radio waves from the ground to determine
the height of the airplane above the surface.

RNAV Approach
An instrument approach procedure that relies on
airplane area navigation equipment for naviga-
tional guidance.

Runway Profile Descent
An instrument flight rules (IFR) air traffic control
arrival procedure to a runway published for pilot
use in graphic and/or textual form and may be
associated with a STAR. Runway Profile Descents
provide routing and may depict crossing altitudes,
speed restrictions, and headings to be flown from
the enroute structure to the point where the pilot
will receive clearance for and execute an instru-
ment approach procedure. A Runway Profile
Descent may apply to more than one runway if so
stated on the chart.

Special VFR Conditions
Meteorological conditions that are less than those
required for basic VFR flight in Class B, C, D, or
E surface areas and in which some airplanes are
permitted flight under visual flight rules.

Standard Instrument Departure (SID)
A preplanned instrument flight rule (IFR) air traf-
fic control departure procedure printed for pilot
use in graphic and/or textual form. SIDs provide
transition from the terminal to the appropriate
enroute structure.

Standard Terminal Arrival (STAR)
A preplanned instrument flight rule (IFR) air traf-
fic control arrival procedure published for pilot
use in graphic and/or textual form. STARs provide
transition from the enroute structure to an outer fix
or an instrument approach fix/arrival waypoint in
the terminal area.
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Threshold
The beginning of that portion of the runway usable
for landing.

Threshold Crossing Height (TCH)
The theoretical height above the runway threshold
at which the airplane’s glide slope antenna would
be if the airplane maintains the trajectory estab-
lished by the mean ILS glide slope or MLS glide
path.

Touchdown Zone
The first 3,000 ft of the runway beginning at the
threshold.

Traffic Alert and Collision Avoidance
System (TCAS)

An airborne collision avoidance system based on
radar beacon signals that operates independent of
ground-based equipment. TCAS-I generates
traffic advisories only. TCAS-II generates traffic
advisories and resolution (collision avoidance)
advisories in the vertical plane.

Transponder
The airborne radar beacon receiver/transmitter
portion of the Air Traffic Control Radar Beacon
System (ATCRBS) that automatically receives
radio signals from interrogators on the ground and
selectively replies with a specific reply pulse or
pulse group only to those interrogations being
received on the mode to which it is set to respond.

Turbojet Aircraft
Airplanes having a jet engine in which the energy
of the jet operates a turbine that in turn operates the
air compressor.

Turboprop Aircraft
Airplanes having a jet engine in which the energy
of the jet operates a turbine that drives the
propeller.

Visual Approach Slope Indicator (VASI)
An airport lighting facility providing vertical
visual approach slope guidance to airplanes during
approach to landing by radiating a directional

pattern of high intensity red and white focused
light beams that indicate to the pilot that he is “on
path” if he sees red/white, “above path” if whiter/
white, and “below path” if red/red.  Some airports
serving large airplanes have three-bar VASIs that
provide two visual glidepaths to the same runway.

Visual Descent Point (VDP)
A defined point on the final approach course of a
nonprecision straight-in approach procedure from
which normal descent from the MDA to the
runway touchdown point may be commenced,
provided the approach threshold of that runway, or
approach lights, or other markings identifiable
with the approach end of that runway are clearly
visible to the pilot.

Vector
A heading issued to an airplane to provide naviga-
tional guidance by radar.

Visibility
The ability, as determined by atmospheric condi-
tions and expressed in units of distance, to see and
identify prominent unlighted objects by day and
prominent lighted objects by night. Visibility is
reported as statute miles, hundreds of feet or meters.
1. Flight Visibility - The average forward

horizontal distance from the cockpit of an
aircraft in flight, at which prominent unlighted
objects may be seen and identified by day and
prominent lighted objects may be seen and
identified by night.

2. Ground Visibility - Prevailing horizontal
visibility near the earth’s surface as reported by
the United States National Weather Service or
an accredited observer.

3. Prevailing Visibility - The greatest horizontal
visibility equaled or exceeded throughout at
least half the horizon circle which need not
necessarily be continuous.

4. Runway Visibility Value (RVV) - The visibil-
ity determined for a particular runway by a
transmissometer. A meter provides a continu-
ous indication of the visibility (reported in
miles or fractions of miles) for the runway.
RVV is used in lieu of prevailing visibility in
determining minimums for a particular
runway.

5. Runway Visual Range (RVR) - An instrumen-
tally derived value, based on standard calibra-
tions, that represents the horizontal distance a
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pilot will see down the runway from the ap-
proach end. It is based on the sighting of either
high-intensity runway lights or on the visual
contrast of other targets, whichever yields the
greater visual range. RVR, in contrast to pre-
vailing or runway visibility, is based on what a
pilot in a moving aircraft should see looking
down the runway. RVR is horizontal visual
range, not slant visual range. It is based on the
measurement of a transmissometer made near
the touchdown point of the instrument runway
and is reported in hundreds of feet. RVR is used
in lieu of RVV and/or prevailing visibility in
determining minimums for a particular run-
way.
a. Touchdown RVR - The RVR visibility read-

out values obtained from RVR equipment
serving the runway touchdown zone.

b. Mid-RVR - The RVR readout values
obtained from RVR equipment located
midfield of the runway.

c. Rollout RVR - The RVR readout values
obtained from RVR equipment located
nearest the rollout end of the runway.

Visual Approach
An approach conducted on an instrument flight
rules (IFR) flight plan that authorizes the pilot to
proceed visually and clear of clouds to the airport.
The pilot must, at all times, have either the airport
or the preceding aircraft in sight. This approach
must be authorized and under the control of the
appropriate air traffic control facility. Reported
weather at the airport must be ceiling at or above
1,000 ft and visibility of 3 mi or greater.

Visual Flight Rules (VFR)

Rules that govern the procedures for conducting
flight under visual conditions.

Visual Meteorological Conditions (VMC)
Meteorological conditions expressed in terms of
visibility, distance from cloud, and ceiling equal to
or better than specified minimums.

VHF Omnidirectional Range Stations
(VOR)
A ground-based electronic navigation aid trans-
mitting very high frequency navigation signals,
360 deg in azimuth, oriented from magnetic north.
Used as the basis for navigation in the National
Airspace System. The VOR periodically identifies
itself by Morse Code, and it may have an
additional voice identification feature.

Waypoint
A predetermined geographical position used for
route/instrument approach definition, or progress
reporting purposes, that is defined relative to a
VORTAC station or in terms of latitude/longitude
coordinates.
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1
Overview for Management

1.0 Introduction

Controlled Flight Into Terrain (CFIT) has been
and continues to be the dominant reason for
accidents involving airplane hull losses and fatali-
ties. CFIT is defined as an event in which a
mechanically normally functioning airplane is
inadvertently flown into the ground, water, or an
obstacle. Since the beginning of commercial jet
operations, more than 9,000 people have died
worldwide because of CFIT. It is imperative that
the CFIT accident rate be lowered. This is essen-
tial because the number of commercial airplane
departures is increasing greatly. If the current rate
is applied to the forecast number of departures,
CFIT could cause one major airline hull loss, and
associated fatalities, per week by the year 2010.

The Flight Safety Foundation organized an inter-
national CFIT Task Force in 1993 that was
dedicated to reducing CFIT accidents. Five teams
were formed to study the causes and factors of
CFIT accidents and make recommendations to
prevent these accidents. The Task Force was com-
posed of representatives from organizations that
possess extensive aviation expertise: airplane
manufacturers, aviation training organizations,
airplane equipment manufacturers, airlines, pilot
groups, and government and regulatory agencies.
This document, the CFIT Education and Training
Aid, is one product of the Task Force’s overall
effort to reduce CFIT accidents.

Because of the number of factors that contribute to
CFIT accidents, the Task Force Training and Pro-
cedures Team concluded that operators must be
made aware of the CFIT problem as well as trained
to avoid these accidents. Therefore, this CFIT
Education and Training Aid was produced for
operators. However, the Task Force also recog-
nized that in a great many CFIT accidents, sys-
temic factors made the flight crew the final link in
the accident chain of events. Thus, in order to
significantly reduce CFIT accidents, existing avia-
tion systems must also be improved. Many of these
potential system improvements are addressed in
Section 2, Decision Makers Guide.

The responsibility for aviation safety within a
company is at the top level of management. There
must be a commitment at this level to reducing
CFIT accidents. This is where the safety culture is
established, and this is where many of the contrib-
uting factors to a CFIT accident must be
eliminated. Typically, the role of management is
to ensure the survival of the company. If, in fact,
the current accident rate remains unchanged and
departures continue to increase, public confidence
in air transportation could be lost, first in
individual companies and eventually in the total
industry. Furthermore, lack of public confidence
and government intervention alone could place an
airline company in jeopardy. It is hoped by the
Task Force that when the CFIT accident problem
is put in this perspective, management will be
convinced to support the education and training
identified in this aid as an integral part of its overall
accident prevention program.

The cost of implementing the CFIT training pre-
sented in this training aid is expected to be mini-
mal. Regardless of how operators adopt this
material, a significant return is expected on funds
spent on CFIT prevention. The CFIT accident rate
has been greatly reduced in some areas of the
world where specific CFIT training is already
occurring and there is a common effort between
the ground and flight infrastructures. Operators
who are currently offering credible training will
find the addition of these suggestions to be princi-
pally a change in emphasis rather than an overall
replacement of existing training. Other operators
may find that using this aid will add only slightly
to their training budgets.

Effective training to improve CFIT awareness and
knowledge will help eliminate CFIT accidents and
incidents. This training aid, together with the ac-
companying video, is intended to assist all opera-
tors in creating or updating their own individual
CFIT prevention training programs. Management
must ensure that a viable and effective CFIT acci-
dent prevention program is in place within its
organization.
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1.1 General Goals and Objectives

Preventing CFIT is the major goal of this training
aid. This goal can be accomplished by improving
the knowledge and the decision making of the
people who operate the aviation system. Operators
and flight crews will benefit from increased
knowledge and awareness of the factors involved
in preventing CFIT.

Objectives in support of this goal are to:
• Educate both operational and management

personnel on CFIT hazards.
• Provide specific, appropriate educational

material.
• Propose an example training program that will

provide a basis for individual operators to
formulate training programs.

• Provide managers with an effective CFIT avoid-
ance strategy by adoption of appropriate oper-
ating policies, procedures, and airplane
equipment.

The Flight Safety Foundation has other CFIT avoid-
ance materials available. Included are the CFIT
Awareness Checklist, various videos, and other
written material. (Flight Safety Foundation, 601
Madison Street, Suite 300, Alexandria, VA 22314,
USA telephone: 703-739-6700, fax: 703-739-6708)

1.2 Documentation Overview
This CFIT Education and Training Aid includes
the following sections:

Section One: Overview for Management
• Provides top-level management with a concise,

broad view of the document.

Section Two: Decision Makers Guide
• Identifies areas where those people who

govern, regulate, and run the industry can best
put their efforts to prevent CFIT.

Section Three: Operators Guide
• Provides the history of CFIT, along with causal

factors, traps, and solutions. This  section is
specifically aimed at the operator end of
the scale.

Section Four: Example CFIT Training Program
• Provides specific academic and simulator

training programs aimed at informing the flight
crews of their responsibilities and duties in
preventing CFIT. Appendices include ground

briefings, video script, and airplane-specific
examples of the CFIT escape maneuver.

Section Five: CFIT Background Material
• Contains selected readings, including the latest

CFIT accident/incident information.

1.3 Industry Consensus
The educational material and recommendations
provided in this training aid were developed by the
CFIT Task Force Training and Procedures Team.
Through an extensive multiple review process, the
team achieved a consensus within the air transpor-
tation industry to include representatives from
organizations possessing extensive aviation ex-
pertise: airplane manufacturers, aviation training
organizations, airplane equipment manufacturers,
airlines, pilot groups, and government and regula-
tory agencies. The participants in the development
and/or review of this training aid include the
following:

Airbus Industries
Airline Pilot Association
Air Transport Association
Alaska Airlines
AlliedSignal Corporation
America West Airlines
American Airlines
The Boeing Company
Britannia Airways
British Airways
Civil Aviation Authority—United Kingdom
Delta Air Lines
Federal Aviation Administration
Flight Safety Foundation
FlightSafety International
Gulfstream Aerospace
Honeywell Technology
International Air Transport Association
International Civil Aviation Organization
Intnl. Federation of Airline Pilots Association
Japan Air Lines
Jeppesen-Sandersen
Joint Aviation Authorities—Europe
Lockheed Martin
McDonnell Douglas Corporation
National Business Aircraft Association
National Transportation Safety Board
Regional Aircraft Association
Scandinavian Airlines System
United Airlines
USAir
VARIG Brazilian Airlines
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1.4 Resource Utilization

This training aid is designed for use in its current
form or as a basis for operators to modify existing
CFIT training programs. Operators should use
both the academic and simulator training pro-
grams to achieve a well-balanced, effective CFIT
training program.

For some operators, the adoption of the CFIT
Education and Training Aid into their existing
training programs will require little more than a
shift in emphasis. For others, especially those in
the process of formulating complete training pro-
grams, this training aid will readily provide the
foundation for a thorough and efficient program.

The allocation of training time for CFIT within
both recurrent and transition programs will vary
with each operator. Integration into a typical pro-
gram is expected to take up to 5 min in each of two
simulator sessions and at least 0.5 hr of academic
training. The academic program should precede
the simulator program.

1.5 Conclusion

Effective training to improve CFIT knowledge
and awareness will help to reduce CFIT accidents.
This document and the accompanying video are
intended to assist all operators in creating or updat-
ing their own individual CFIT training. Manage-
ment is encouraged to take appropriate steps to
ensure that a viable, effective CFIT training
program is in place within its organization.
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Decision Makers Guide

2
2.0 Introduction

In any critical review of Controlled Flight Into
Terrain (CFIT) incidents or accidents, it becomes
evident that there many interrelated factors that
contribute to the causes of CFIT accidents. All of
these factors are derived from some level of deci-
sion making. It is accepted that the flight crew is
the last line of defense in preventing a CFIT
accident, and that they make operational decisions
that are critical to a safe flight. However, this
section will address the responsibility and
influence associated with higher level decision
making.

For the purposes of this discussion, Decision
Makers are those people and organizations who
make or influence policy matters. They are:
• Political leaders.
• Aviation regulatory agencies, including air

traffic control (ATC) authorities.
• International aviation organizations.
• Airline management.
• National safety advisory and investigation

agencies.
• Pilot associations and unions.
• Aircraft manufacturers.
• Aircraft lessors.
• Aircraft insurers.
• Financial institutions.

Many contributing factors associated with CFIT
accidents are embedded in policies and decisions
made by these Decision Makers. Therefore, the
goals of this CFIT Education and Training Aid
can only be achieved with the endorsement and
support of Decision Makers, not just the flight
crews and other operators. In fact, many recom-
mendations or strategies made in Section 3,
Operators Guide, can only be successful if they are
supported and implemented by the Decision
Makers.

The underlying goal of all aviation industry Deci-
sion Makers should be system safety; the public
expects it and assumes it. The reality is that humans
make errors and always will, and, therefore, there
will always be some level of risk associated with
the aviation industry. The goal at the Decision
Makers level must be management of this risk.
Each level of authority has the capacity to imple-
ment the recommended CFIT avoidance strategies
and achieve worthwhile results independently of
other levels. When all levels do so in coordination
with one another, the maximum effect can be
achieved.

Reducing CFIT accidents requires recognition that
such accidents are system induced; that is, that they
are generated by shortcomings in the aviation
system, including deficiencies in the organizations
that constitute that system. In discussing the prin-
ciple of joint causation and the influence of the
organization, Arostegui and Maurino1 state:  “Such
understanding will preclude the piecemeal ap-
proaches based on design, training, or regulations
which have plagued past safety initiatives. Look-
ing into the organizational context will permit one
to evaluate whether organizational objectives and
goals are consistent or conflicting with the design
of the organization, and whether operational per-
sonnel have been provided with the necessary
means to achieve such goals.”

While we acknowledge the broadness in the spec-
trum of those organizations we include as Decision
Makers, it is important not to overlook the great
influence that airline management has on safety in
general, and specifically on preventing CFIT acci-
dents. Airline management creates the safety
culture of the organization. This culture then
affects everyone within the organization. In an
article by the ICARUS Committee2, safety is placed
in perspective with other organization goals: “Ac-
cidents and incidents are preventable through
effective management:  doing so is cost effective.

1 Human Factors and Training Issues in CFIT Accidents and Incidents, Captain Roberto Arostegui and Captain Daniel
Maurino.

2 The Dollars and Sense of Risk Management And Airline Safety, Flight Safety Foundation, Flight Safety Digest, December
1994.
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An airline is formed to achieve practical objec-
tives. Although frequently so stated, safety is not,
in fact, the primary objective. The airline’s objec-
tives are related to production: transporting pas-
sengers or transporting goods and producing profits.
Safety fits into the objectives, but in a supporting
role: to achieve the production objectives without
harm to human life or damage to property. Man-
agement must put safety into perspective, and
must make rational decisions about where safety
can help meet the objectives of the organization.
From an organizational perspective, safety is a
method of conserving all forms of resources, in-
cluding controlling costs. Safety allows the orga-
nization to pursue its production objectives without
harm to human life or damage to equipment. Safety
helps management achieve objectives with the
least risk.”

This article also makes the point that, historically,
safety initiatives have originated at the institu-
tional levels closest to the accident, i.e., operators.
This has improved performance, and it has re-
sulted in enhanced aviation safety; however, the
industry has reached the point of diminishing re-
turns from this approach. A greater expenditure of
resources at the operational end of the system will
not result in proportionate safety benefits. There-
fore, it is now necessary for prevention strategies
to take into account the total aviation industry and
infrastructure.

2.1  Recommendations to Decision
Makers
Section 3, Operators Guide, contains many recom-
mendations that, when implemented, can mitigate
CFIT accident risk by addressing systemic and
other factors that lead to this type of accident.
Systemic problems may remain undetected for
years before they surface as a contributing factor
of a CFIT accident. What may initially appear to be
an operational breakdown in reality may have been
the result of omitting CFIT prevention training
from the overall training program or perhaps hav-
ing a marginal safety awareness program within
the organization.

Decision Makers must be involved in order to
implement these recommendations, as well as those
applicable to nonoperators. In order to provide
consistency and ease of identification, most of the
recommendations are summarized in this
Decision Makers section. A full report of the
Training and Procedures Work Group and

Aircraft Equipment Team is included in
Section 5. Decision Makers should review these
items and the other information included in these
secs. 3 and 5 and incorporate the policies and
recommendations into their organizations, if
appropriate.

2.1.1 Measurement and Evaluation of
System Performance

Many operators currently have insufficient
methods to provide systems and infrastructure for
monitoring and evaluating the operational
performance of management, flight crews, and
equipment. All operators should provide these
systems, with the objective of enhancing opera-
tional integrity. This can be accomplished by means
of some, or preferably, all, of the following:
• Flight data recorder analysis.
• Quick access recorder analysis.
• Flight Operations Quality Assurance Programs.
• Databases for safety analysis.
• Defined criteria for safety reporting.
• Establishment and encouragement of a

“no blame” reporting culture.
• Effective application by the management pro-

cess/culture of accumulated data.
• Implementation of an independent quality audit

function to achieve operational integrity.

2.1.2  Use of Autopilots
Flight crews do not take full advantage of auto-
matic systems to manage the progress of a flight
and reduce workload. The use of autopilots is
encouraged during all approaches and missed
approaches, in instrument meteorological condi-
tions (IMC), when suitable equipment is installed.
It is incumbent upon operators to develop specific
procedures for the use of autopilots and autothrottles
during precision approaches, nonprecision ap-
proaches, and missed approaches and to provide
simulator-based training in the use of these proce-
dures to all flight crews. Autopilot and autothrottle
functionality and limitations also need to be thor-
oughly understood by flight crews.

2.1.3  Acceptance of ATC Clearances
From time to time, ATC issues flawed instructions
that do not ensure adequate terrain clearance. Such
clearances are too often accepted by flight crews
without considering consequences and/or ques-
tioning instructions. Flight crews should not as-
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sume that ATC clearances will ensure terrain clear-
ance. If an ATC clearance is given that conflicts
with the flight crew assessment of terrain criteria
relative to known position, the clearance should be
questioned and, if necessary, refused, and suitable
action should be taken. Training programs should
address this issue.

2.1.4  Chart Supply
The failure of operators to provide flight crews
with adequate supplies of current navigation and
approach charts is a significant barrier to safety. In
some instances, current charting standards do not
provide adequate information to flight crews about
potential terrain hazards, or they are so complex as
to make clear interpretation difficult. Each flight
crew should be provided with accurate, current
charts with clear depiction of hazardous terrain
and minimum safe altitudes. Such charts should
depict hazardous terrain or minimum safe alti-
tudes, preferably in color, in a manner that is easy
to recognize, understand, and read under cockpit
lighting at night. Electronic displays should re-
semble printed charts to the maximum extent
feasible.

2.1.5  Use of Checklists
Poorly conceived procedures for use of checklists
can result in task saturation of flight crews during
critical phases of flight. Incidents and accidents
have occurred as a result of noncompletion of
relevant checklist(s). It is recommended that a
detailed policy on the use of checklists be formu-
lated by each operator and that a strict discipline
regarding their use be maintained. Such policies
should require that checklists be completed early
in the approach phase to minimize distraction
while maneuvering close to the ground. In the
absence of other guidance, checklists should be
completed no later than 1,000 ft AGL.

2.1.6  Allocation of Flight Crew Duties,
Use of Monitored Approach Procedures
The majority of CFIT incidents/accidents are
known to occur in IMC and at night, when the pilot
flying the approach also lands the aircraft. Proper
management of flight crew workload at night and
during IMC requires that precise and unambigu-
ous procedures be established. It is recommended
that operators consider adopting a monitored ap-
proach procedure during approaches and missed

approaches conducted in these conditions. In this
case, the First Officer will fly approaches and
missed approaches. The Captain will monitor ap-
proach progress and subsequently land the aircraft
after obtaining sufficient visual reference.

2.1.7  Rate of Descent Policy
High rates of descent in close proximity to terrain
are dangerous. They result in increased risk of
CFIT, high flight crew workload, and reduced
margins of safety. A policy should be established
that restricts the rate of descent allowed within a
prescribed vertical distance of (1) the applicable
Minimum Enroute Altitude (MEA) and (2) the
Minimum Sector Altitude, as defined by ICAO
Procedures for Air Navigation Services—Aircraft
Operations/Terminal Instrument Procedures
(PANS-OPS/TERPS). As an example, the restric-
tion could be 2,000 ft/min maximum rate of
descent at or below 2,000 ft above either of these
altitudes.

2.1.8  Route and Destination
Familiarization
Flight crews may be inadequately prepared for
CFIT critical conditions, both enroute and at
destination. Flight crews should be provided with
adequate means to become familiar with enroute
and destination conditions for routes deemed CFIT
critical. One or more of the following methods are
considered acceptable for this purpose:
• When making first flights along routes or to

destinations deemed CFIT critical, Captains
should be accompanied by another pilot
familiar with the conditions.

• Suitable simulators can be used to familiarize
flight crews with airport critical conditions when
those simulators can realistically depict the
procedural requirements expected of flight crew
members.

• Written guidance, dispatch briefing material,
and video familiarization using actual or
simulated representations of destination and
alternatives should be provided.

2.1.9  Stabilized Approaches
Unstable approaches contribute to many incidents/
accidents. Pilots should establish a stabilized
approach profile for all instrument and visual
approaches. A stabilized approach has the follow-
ing characteristics:
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• A constant rate of descent along an approxi-
mate 3-deg approach path that intersects the
landing runway approximately 1,000 ft beyond
the approach end and begins not later than the
final approach fix or equivalent position.

• Flight from an established height above touch-
down should be in a landing configuration with
appropriate and stable airspeed, power setting,
trim, and constant rate of descent and on the
defined descent profile.

• Normally, a stabilized approach configuration
should be achieved no later than 1,000 ft AGL
in IMC. However, in all cases if a stabilized
approach is not achieved by 500 ft AGL, an
immediate missed approach shall be initiated.

2.1.10  Crew Resource Management
Decision Makers should support effective Crew
Resource Management (CRM) and ensure that it is
the normal way that flight crews operate within
their organization. This is essential for safe, or-
derly, and profitable operation of an airline’s flights.

2.1.11 Standard Operating Procedures
Many studies show that airlines with established,
well thought out and implemented standard oper-
ating procedures (SOP) have consistently safer
operations. Clear, concise, and understandable
SOPs need to be developed by each airline. Through
these procedures and behaviors, the airline sets the
standards that the flight crews are required to
follow. Flight crews, on the other hand, must be
able to inform management when these proce-
dures are not producing the desired results.

All levels of decision making throughout the
airlines must ensure that appropriate SOPs are in
place and flight crews are trained to use them.
These SOPs must address not only the needs of the
airline, but the responsibilities of both manage-
ment and operations. If these policies are not
understood by either party, changes must be
proposed, agreed to by all concerned, and imple-
mented. Remember, this is an ongoing process. As
situations change, the policies must be reevaluated
for comparable change. Flight crews need to know
what is required of them.

2.2  Communication

The link between Decision Makers and operations
is communication and training. This should be
two-way communication. Decision Makers are
responsible for the broad scope of the operation,
and they set the tone for the everyday routine. They
must listen to those people who accomplish the
day-to-day tasks, take appropriate action based on
data obtained from operational performance moni-
toring systems, and be able to adjust the overall
scope to meet the operational challenges.

All who are involved in the aviation industry must
work as a team to prevent CFIT. This includes the
flight crew and cabin staff, the mechanic, the
airline CEO, the cockpit designer, ATC, the air-
plane manufacturers, and perhaps a nation’s elected
or appointed official or a sales representative. To
fix systemic problems, it takes a broad approach
that includes many people. All of these people
have a vested interest in the success of aviation, all
are rightfully proud of their contribution to the
common goal, and all are inexorably tied to one
another. We are all in this together. We share the
successes. We must also shoulder the responsibil-
ity for the shortcomings. We must work to mold
everyone into a highly professional and
dedicated team.

Managing flight crew resources means the dis-
semination of information—integrating and using
the entire flight crew aboard an airplane to bring
about a safe and smoothly running flight. This
CFIT team concept is just as applicable to the
broad spectrum of the aviation industry as it is to
the flight crew of a single airplane. With everyone’s
commitment, this industry can make airplane travel
even safer than it is now.

2.3  Short-Term Goals
To help stop CFIT from continuing to claim lives,
the entire aviation industry should work together
to institute some immediate measures.
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2.3.1  ATC Issues

At the highest levels, there should be a commit-
ment to installation of modern communication
facilities throughout the world. Upgraded radio
communication, radar, civilian air traffic control
of the airways, addition of precision instrument
approaches and addition of VASI or PAPI lights to
runways, and standardization of approach design
criteria and procedures should also be implemented.
Language training for both flight crews and air
traffic controllers should be improved and
intensified to enhance ATC’s ability to absorb the
increasing number of airplanes. If this is not pos-
sible, then remedial measures should be
considered.

2.3.2  Sharing Information
Airline management, ATC, and regulatory agen-
cies can do their part by being more open with
information. Any mistrust between these parties
needs to be addressed. Change occurs even faster
today than just 5 years ago, and the rate is increas-
ing. All parties involved need to be more open to
the new technologies and thinking. Safety in avia-
tion comes about, in part, by freely sharing infor-
mation. This means allowing flight crews to learn
from others’ experiences. Currently, the exchange
of this information is too highly
restricted, partly because some management poli-
cies tend to blame first and think about safety next
and partly because people don’t like to admit to
certain shortcomings.

If we learn from the mistakes of others, then it
seems logical to institute, within all air carriers, an
incident reporting system that will deliver infor-
mation, but without stigma. One of the
largest international carriers in the world has used
this system for years and has nothing but praise for
the results. This airline can confidentially track
trends with the use of flight data recordings and
subsequent analysis. The dissemination of this
information along with flight crew reports of
incidents and potential incidents can prevent  acci-
dents. Lives are being saved at little or no cost to
the carrier. This is not just a task for the airline
managers. Flight crews need to support this initia-
tive and be given assurance that inappropriate
punitive action will not be taken as a result. The
various industry associations also need to embrace
the idea that shared information will improve safety.

2.3.3  Standard Operating Procedures

There are some airlines that do not currently have
good SOPs. This can be resolved in a very short
time. While some airlines consider SOPs propri-
etary, it should be possible to share most of the
basic information with those airlines that need to
establish SOPs.

2.3.4  Ground Proximity Warning
System Installation and Modification
Updates

The installation of the Ground Proximity Warning
System (GPWS) on all airplanes in a carrier’s fleet
can reduce CFIT accidents. It is one of the major
weapons in the growing arsenal of CFIT
prevention methods. Every airplane in every fleet
in the world should be equipped with a fully
functioning GPWS. Airplanes currently using the
original Mark I GPWS should be retrofitted with
the newer, updated GPWS equipment to take ad-
vantage of technology improvements. Incorporate
automatic radio altitude voice callouts to improve
terrain awareness. This will give our flight crews
and passengers the best chance for survival.

2.3.5  CFIT Accident Prevention Training
Program
Airlines that are considered the safest in the indus-
try all have a complete training program that
includes CFIT prevention. Most are already teach-
ing their flight crews about the factors and causes
of CFIT accidents as well as techniques to avoid
getting into these situations in the first place.
These airlines make sure that all of their flight
crews understand the need for thorough briefings,
professional flying, and CRM.

This training aid includes a full training program
with both academic and simulator training. An
instructor briefing supplement, CFIT safety
briefing, and questions are also part of the
Example CFIT Training Program section in this
training aid. Airlines that currently have a CFIT
education and prevention training program in place
should review the contents of the Example CFIT
Training Program and choose those areas that they
deem appropriate for supplementing their current
training. Those airlines that do not include CFIT
prevention in their training program are encour-
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aged to use the entire Example CFIT Training
Program to ensure that their flight crews under-
stand the threat posed by CFIT.

2.3.6  Approach Procedure Design and
Specifications
The improved design of the nonprecision
approach can be accomplished at little cost. This
objective can be met by the simplification of the
nonprecision approach, the specification of a
stabilized approach, and the provision of a
nominal 3-deg glide path.

Specifications for approach criteria are contained
in ICAO PANS-OPS and U.S. TERPS. There are
many instrument approaches being used by
airlines that do not comply with either of these
specifications. Organizations, states, regulatory
agencies, and others who are responsible for
designing instrument approaches should adopt
these standardized specifications.

Additionally, significant terrain around airports
should be depicted on color contour approach
chart products. Flight crew situational awareness
would be greatly enhanced.

2.3.7  Barometric Altimetry
The loss of vertical situational awareness is the
cause of many CFIT accidents. The contributing
factors associated with this cause often have to do
with the barometric altimeter. These factors range
from misinterpretation of the three-pointer and
drum-pointer altimeter to confusion resulting from
the use of different altitude and height
reference systems, as well as altimeter setting units
of measurement. Flight crew training is now used
as a means of solving this problem, but consider-
ation should be given to discontinuing the use of
some altimeter designs and standardizing the use
of altitude and height reference systems and altim-
eter setting units of measurement.

2.4 Long-Term Solutions

The CFIT Training and Procedures Working Group
believes that a long-term solution to CFIT is in
communication and training. The management
structure must permit a free flow of information in
all directions. This would allow the timely passing
of information about safety issues that will help
prevent CFIT accidents and incidents. Equally
important is a comprehensive CFIT prevention
training program. All carriers should implement
and maintain intensive initial and recurrent ground
and simulator training that covers CFIT preven-
tion strategies.

Decision Makers control many of the systemic
solutions for preventing CFIT accidents. A
detailed analysis that includes the subjects covered
in this section should be made, and appropriate
action should be taken.
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Operators Guide

3.0 Introduction

This Operators Guide is Section 3 of the five-
section Controlled Flight Into Terrain (CFIT)
Education and Training Aid. Other sections in-
clude the Overview for Management, Decision
Makers Guide, Example CFIT Training Program,
and CFIT Background Material.

For the purposes of the CFIT Education and
Training Aid, the term “operators” refers to the
people involved in all operations functions re-
quired for the flight of commercial airplanes carry-
ing at least 10 passengers, including airplanes
involved in cargo operations. “Operators” is a
broad term that includes such functions as air
traffic systems, flight crew, flight dispatch, flight
scheduling, flight training, and other supporting
flight operations functions.

The goal of this training aid is to reduce the number
of CFIT accidents. This can be accomplished by
improving the knowledge and decision making of
those who manage and fly within the international
aviation system. This Operators Guide targets
these people.

The material and recommendations provided in
the CFIT Education and Training Aid were devel-
oped through an extensive review process to achieve
consensus within the international aviation
industry.

Portions of the data used in this aid came from the
NASA Aviation Safety Reporting System (ASRS).
While these are not objective reports, they are an
excellent source of CFIT factors that can and have
occurred. Even though ASRS reports may contain
some unintentional inaccuracy, the CFIT Industry
Team has included the information because its
value exceeds the risk of editorial comment or
inaccurate conclusions.
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Figure 1
Hull-Loss Accidents

for Worldwide
Commercial Jet

Fleet

3.0.1 Operators Guide Objectives

The objective of the Operators Guide is to
summarize and communicate key information
that is relevant to operators. This Operators Guide:
• Indicates the magnitude of CFIT accidents.
• Identifies the causes of CFIT accidents.
• Identifies factors that contribute to CFIT

accidents.
• Provides solutions and recommendations

that, when implemented, can prevent CFIT
accidents.

3.1 CFIT Accidents

A CFIT accident is defined as an event where a
mechanically normally functioning airplane is
inadvertently flown into the ground, water, or
an obstacle. These accidents have a history as old
as flight itself. In the early days of reciprocating
engine commercial airplanes, fully half of all acci-
dents were attributable to CFIT. Since the begin-
ning of commercial jet operations, more than 9,000
people have died worldwide because
of CFIT.

Figure 2
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Figure 3
Worldwide Airline
Accidents Classified
by Type - 1991
Through 1995

The worldwide accident rate (which includes CFIT)
for the commercial jet fleet decreased significantly
in the 1960s and 1970s. This rate stabilized at that
time and remains fairly stable today (Figure 1).
Operators can be very satisfied with this accom-
plishment, but let’s look at the actual number of
CFIT accidents that are included in this accident
rate. Figure 2 shows hull losses attributed to CFIT
for the U.S. fleet as well as the rest of the world’s
fleet. The reduction in CFIT accidents that started
in 1975 will be discussed later. The important
thing to understand about these accidents is that

they happened with normally functioning airplanes.
These are accidents that operators could have
prevented! From 1991 through 1995 there were
more CFIT accidents than any other type (Figure
3). These accidents led to almost 1,000 fatalities,
and in 1995 there were more fatalities attributed to
CFIT than to any other type of accident (Figure 4).
From November 1994 through December 1995,
there were five CFIT accidents and 336 fatalities.
CFIT is still happening.

Figure 4
Worldwide Airline
Fatalities Classified
by Type of Accident -
1991 Through 1995
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Figure 5
CFIT Accidents Per

Year—USA and
World Carriers

3.1.1 The Positive Results of the Ground
Proximity Warning System (GPWS)

The number of CFIT accidents reached a historical
high in 1973 (Figure 2). In the United States,
starting in 1975, large jet transport accidents
attributable to CFIT fell to an average of only one
every 2 years. A major reason for this was the
advent of the GPWS. In the early 1970s, Scandina-
vian Airlines System originated the concept of a
warning system that would alert flight crews of
imminent flight into terrain. Using the existing
radio altimeter and air data computers, AlliedSignal
(formerly Sundstrand Data Control) developed
this cost-effective and practical device for installa-
tion in airplanes. An aural warning tone that was
used in the original equipment to warn the flight
crew was quickly replaced by a “pull up”
command that was triggered by the airplane’s
flight path in relation to terrain characteristics.

In 1973, some airplane manufacturers and airlines
recommended that GPWS be installed on their
airplanes (Figure 5). During the following year,
GPWS became standard equipment on most new
airplanes. The United States Federal Aviation
Administration (FAA) issued a Proposed Rule
requiring that GPWS equipment be installed on all
airplanes that operated under Part 121 and Part 125
regulations. The FAA still had some doubts con-
cerning the effectiveness of GPWS in preventing
CFIT, and it did not want the industry to rely only
on GPWS for the prevention of CFIT accidents. In
fact, in early 1974, the FAA issued a statement
noting that “Present instrumentation and inflight
procedures provide for safe and adequate terrain
clearance as long as proper flight crew members
discipline is maintained and appropriate flight
operations procedures are followed.”
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Late in 1974 in the United States, a CFIT accident
resulted in more rapid reaction by the FAA. A 727
flying a VOR/DME approach to runway 12 struck
a hill 50 ft below the crest 20 mi from Dulles
Airport in Washington, D.C. There were more
than 90 fatalities. Subsequent to this accident, the
FAA enacted FAR 121.360, which required all
large jet and turbo-prop airplanes to be equipped
with GPWS by the end of 1975. The short response
time imposed by this ruling was met with initial
reluctance by the airline community. Even with
this reluctance and some technical problems that
accompanied the regulatory requirement for
GPWS, CFIT losses began a very significant and
continuous drop. In the United States, accidents
that were attributable to CFIT fell from the
previous eight per year to only one per 5 years
(Figure 2). In addition to GPWS, there were other
initiatives that also helped reduce CFIT accidents.
Expansion and upgrading of the air traffic control
(ATC) radar within the United States, Air Route
Traffic System III Minimum Safe Altitude Warn-
ing System (MSAWS), approach lighting, Visual
Approach Slope Indicator (VASI) and precision
approach path indicators (PAPI) systems, and In-
strument Landing Systems (ILS) all had a positive
effect in reducing the CFIT problem.

The United Kingdom Civil Aviation Authority
conducted an evaluation using actual airline flight
data. As a result of this, in 1975 it followed the
FAA lead and also mandated the installation of
GPWS by issuing Specification 14 as the technical
standard. The International Civil Aviation Organi-
zation (ICAO) established GPWS standards in
1979. All of these actions resulted in the reduction
of the number of worldwide CFIT accidents
(Figure 2).

Regional carriers in the United States were not
required to have the GPWS installed on their
airplanes until recently. It is interesting to note that
during the time that CFIT accidents for the large
carriers decreased to about one hull loss every
other year, the regional carriers without GPWS
were experiencing CFIT accidents that resulted in
an average of three hull losses per year.

3.1.2 GPWS Initial Reliability and
Follow-On Improvements

The first GPWS model, the Mark I, was not as
reliable as anticipated, because of the rush to meet
regulatory installation time requirements. It was
plagued with false and nuisance warnings. This led
to these prophetic remarks from the Air Transport
Association of America in late 1975: “Pilots will
quickly lose confidence in this system if this con-
tinues for even a short period of time. Once they
lose confidence, it will be practically impossible to
regain. Then, the efforts of both the FAA and
industry to realize the safety benefits which this
system promises will have gone for nothing. We
will have spent thousands of man-hours and mil-
lions of dollars on a black box that nobody trusts.”
In a survey conducted soon after the GPWS instal-
lation requirement, 83% of the pilots
surveyed expressed concerns about false or nui-
sance alerts. These concerns included the potential
for having a midair collision while performing a
mandatory pull-up, losing control of the airplane
while distracted, ignoring a valid warning because
of system credibility problems, and ignoring a
valid warning through a misunderstanding of the
cause of the warning.

Now, 20 years later, we still may be living with
these concerns. We are still trying to regain flight
crew confidence in GPWS. Flight  crew recogni-
tion and subsequent response is still being influ-
enced by GPWS warning integrity. Many CFIT
accidents have been attributable to flightcrews
failing to respond properly to valid GPWS warn-
ings even though modifications and improvements
were made to the system. (Refer to Sec. 5,
AlliedSignal Aerospace Report). The Mark I was
improved in 1975, and the Mark II version was on
the line in 1976. The Mark II allowed higher sink
rates at lower altitudes; provided for better high-
speed warnings; and added specific reasons for
warnings such as “Too Low-Gear” and “Terrain,
Terrain.” The latest versions of the GPWS, the
Mark V and VII, are tailored for terrain around
specific airports, and they are easily reprogrammed,
if needed. Although false alerts still occur and are
a cause for concern, there is no evidence that an
accident has been caused by these nuisance alerts.
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With the early Mark I GPWS, the frequency of
pull-up warnings was about one per 750 sectors.
(A sector is that portion of an airplane flight that
consists of one takeoff and one landing.) Recent
data show that pull-up warnings now average
about one for each 5,000 sectors for short-haul
carriers and once per 7,000 sectors for long-haul
carriers. Along with better validity in the GPWS
warnings came earlier warnings to the flight crew.
With the first versions of GPWS there was as little

Figure 6
Flight Path Profile:

707-300, Santa
Maria, Azores,

February 8, 1989

as 5 sec warning and no warning if the projected
impact point was on a relatively steep slope of a
mountain. Now, after continual upgrade modifica-
tions, the warning time has increased to almost 30
sec, and improvements are still in progress. The
significance of this improved warning time can be
seen by reviewing the flight path profile of a CFIT
accident that happened in Azores,
Portugal (Figure 6).
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Figure 8
Commercial Jet
CFIT Accidents:
7-Year Period -
1989 Through 1995

3.1.3 Industry Support Required for
GPWS

Installation of GPWS on all airplanes should be the
goal of the international aviation industry. It is
estimated that over the next 15 years, half of the
current unequipped airplanes will be retired from
service. However, this still leaves nearly 200 air-
planes that do not have GPWS installed.
Currently, less than 5% of the world’s commercial
airplane fleet is not equipped with GPWS; how-
ever, these unequipped airplanes are involved in
nearly 50% of CFIT accidents (Figures 7 and 8).
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3.2 CFIT and the Flight Crew

The most prevalent primary factor for hull losses
with known causes is the flight crew (Figure 9).
For worldwide airlines from 1991 to 1995, there
were more CFIT accidents than any other type
(Figure 3). What are the causes and contributing
factors for these accidents, and why do they occur?
The answers lie in two areas. One set of factors is
found primarily in the operations area and will be
addressed in this section. Of equal importance are
the factors that are present in the corporate, man-
agement, government, and regulatory area. These
factors are covered in Section 2 of this CFIT
Education and Training Aid.

3.2.1 Causes for CFIT Accidents
There are two basic causes of CFIT accidents; both
involve flight crew situational awareness. One
definition of situational awareness is an accurate
perception by flight crews of the factors and con-
ditions currently affecting the safe operation of the
aircraft and the crew. The causes for CFIT are the
flight crews’ lack of vertical position awareness or
their lack of horizontal position awareness in

relation to the ground, water, or obstacles. More
than two-thirds of all CFIT accidents are the result
of altitude error or lack of vertical situational
awareness. Simply stated, flight crews need to
know where they are and the safe altitude for
flight. The underlying assumption is that a flight
crew is not going to knowingly fly into something.
It follows then that CFIT accidents occur during
reduced visibility associated with instrument me-
teorological conditions (IMC), darkness, or a com-
bination of both conditions.

3.2.2 Factors That Contribute to CFIT
There are many factors that lead to CFIT accidents.
We all accept that the flight crew has the final
responsibility for preventing a CFIT accident, but
if many of the factors normally associated with
these accidents were eliminated, or at least miti-
gated, the potential for flight crew errors would be
lessened.
• In the following sections, abbreviated solutions

to counter CFIT factors and prevent CFIT acci-
dents are indicated by a bullet (solid dot) shown
here. More detailed discussion of CFIT preven-
tion strategies can be found in Section 3.3.

Figure 9
Primary Cause

Factors for
Hull-Loss Accidents

for Worldwide
Commercial Jet

Fleet

10 20 30 40 50 60 70

Last 10 years (1985 to 1994)

1959 to 1994

15

19

22

14

49

327

5

6

5

9

15

92

Total

Unknown or
awaiting reports

Total with
known causes

Miscellaneous

Airport/ATC

Weather

Maintenance

Airplane

Flight crew

Primary factor Percentage of total accidents with known causes

Total
Last 10
years

Number of
accidents

446

90

536

132

54

186

Legend:Excludes:

• Sabotage

• Military action

73.3

69.7

11.0
11.4

3.1
6.8

4.9
3.8

4.3
4.5

3.4
3.8



SECTION 3

3.9

3.2.2.1 Altimeter Setting Units of
Measurement Factors

Accidents and numerous incidents have been
recorded that involved the aircraft altimeter!
Errors associated with the use of the barometric
altimeter and its settings remain a problem that is
compounded by language, nonstandard phraseol-
ogy, and the use of different units of measurement.
While there is an international standard, it is not
adhered to by all states. Altimeter settings may be
given in inches of mercury (inHg), hectoPascals
(hPa), or millibars (mbars). Note: HectoPascals
replaced millibars (metric) as a unit of measure-
ment term for altimeter settings. Some air traffic
systems use meters and some use feet for altitude
reference. Most airplanes are only equipped with
altimeters that use feet as a reference. The unit of
measurement used depends on the area of the
world in which the flight crew is flying. A problem
can arise when a flight crew has been trained and
primarily operates in one area of the world and
only periodically operates elsewhere.

The following is an example of what can happen.
An ATC controller, who speaks English as a sec-
ond language, hurriedly advises the flight crew to
descend and maintain 9,000 ft using an altimeter
setting of “992.” The flight crew begins the let-
down and dutifully sets 29.92, not 992
hectoPascals that the controller was expecting to
be set. Throughout the approach the airplane will
be approximately 600 ft below the altitude indi-
cated on the altimeters. The airplane will prema-
turely descend to the next lower altitude on a
nonprecision approach and level approximately
600 ft below the MDA. This can make the differ-
ence between a normal landing at the destination
and a CFIT accident just short of the
runway.
• Know what altimeter units of measurement are

used for the area in which you are flying.
• Be especially vigilant during radio transmis-

sions of altimeter settings. If in doubt, verify
whether the setting was given in inches of
mercury or hectoPascals/millibars.

• Be prepared for the conversion of feet and
meters.

3.2.2.2 Altimeter Settings Factors
The QNH altimeter setting is obtained by measur-
ing the existing surface pressure and converting it
to a pressure that would theoretically exist at sea
level at that point. This is accomplished by adding

the pressure change for elevation above sea level
on a standard day. This QNH altimeter setting is
the standard used throughout most of the world.
Some states, however, report or use QFE.

The QFE altimeter setting is the actual surface
pressure, and it is not corrected to sea level. The
QFE altimeter setting results in the altimeter indi-
cating height above field elevation, while the QNH
setting results in the altimeter indicating altitude
above mean sea level (MSL).

There have been incidents in which a QNH setting
has been erroneously used as a QFE setting. This
results in the airplane being flown lower than the
required altitude (Source: Pilot report from Peoples
Republic of China).

The QNE altimeter setting is always 29.92 inHg,
or 1013 hPa/mbars. QNE is set when operating at,
climbing through, or operating above the transi-
tion altitude. Transition altitudes are not standard-
ized throughout the world, which increases the
potential for flight crews to make errors.

Extreme atmospheric anomalies, such as low tem-
peratures or low pressures, can affect altimeters
and result in reduced altitude margins of safety.
This incident was reported by a Jetstream 31 Cap-
tain: “The First Officer got the ATIS. Passing
FL180, the First Officer called the transition, al-
timeters 29.82. I questioned that setting, and he
recounted, stating the setting of 29.82. We ex-
ecuted the VOR RWY 25 via the arc. Turning
onto the inbound course, the minimum alt is 800
feet, to which I started to descend. We had been in
and out of clouds with a ragged ceiling and low
light conditions. My focus was inside the cockpit.
At about 1,400 feet, out of the side of my eye, I
noticed that the waves on the water looked awfully
close. I looked out the window and got the imme-
diate feeling something was horribly wrong. I told
the First Officer to verify altimeter setting, and
tower came back with 28.84. We were actually at
400 feet, not 1,400 feet! I added max power and
climbed up to 800 feet and we continued to a
landing on RWY 36 without further incident. I
thank God that conditions were not just a little
worse, or there had been less light, because we
would have descended into the water at 180 knots.”
(Source: ASRS report 257947.)
• Know what altimeter setting units of measure-

ments are used for your areas of operation.
• Know the phase of flight in which to apply the
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appropriate altimeter settings.
• Establish and use altimeter setting cross-check

and readback cockpit procedures.
• Cross-check radio altimeter and barometric

altimeter readings.
• Operate at higher than minimum altitudes when

atmospheric anomalies exist.

3.2.2.3 Safe Altitudes
Vertical awareness implies that flight crews know
the altitude relationship of the airplane to the
surrounding terrain or obstacles. Obviously, dur-
ing IMC and reduced-visibility flight conditions, it
is necessary to rely on altitude information pro-
vided by other than visual means. To assist flight
crews, instrument flight rule enroute charts and
approach charts provide Minimum Safe Altitudes
(MSA), Minimum Obstruction Clearance Alti-
tudes (MOCA) Minimum Enroute Altitudes
(MEA), Emergency Safe Altitudes (EAS), and in
most terminal areas, actual heights of the terrain or
obstacles. Traditional maps, such as Sectional or
Operational Navigation Charts, are available for
more detailed study. The potential for CFIT is
greatest in the terminal areas. Detailed altitude
information is provided to assist the flight crews in
maintaining situational awareness.

A flight crew on a flight to Portland, Oregon, USA,
made this report: “The area below us was like a
‘black hole’… The city lights were off the right
wing—a beautiful night. After being cleared for a
visual approach, I began descent so as to arrive...
at the recommended 3,000 feet mean sea level. ...at
4,100 feet MSL the GPWS went ‘Whoop, whoop!
Pull up! Terrain.’ For a split second we thought it
was a false warning, since we were still looking at
the airport/city. Then I noticed both radio altim-
eters go from 2,500 feet to 400 feet in 1-2 seconds.
I immediately applied full power and initiated a
max climb until over the city’s outskirts (lights).
Our whole crew serves this city daily and knows
the airport well. Simple fact is that most pilots
going into a familiar airport use the approach plate
and do not often refer to the area chart. ...We were
stupid and very lucky.” (Source: ASRS report
216837.)
• Make sure that adequate charts are available.
• Study the altitude information.
• Know and fly at or above the safe altitudes for

your area of operation.

3.2.2.4 Air Traffic Control Factors

The inability of air traffic controllers and pilots to
properly communicate has been a factor in many
CFIT accidents. There are multiple reasons for this
problem. With the growth of the aviation industry
throughout the world, the use of English as a
common language is more difficult to support. The
lack of English language proficiency can make
understanding controller instructions to the flight
crews and airborne information or requests from
the flight crews to the controllers much more prone
to errors. Heavy workloads can lead to hurried
communications and the use of abbreviated or
nonstandard phraseology. The potential for in-
structions meant for one airplane to be given to
another is increased. Unreliable radio equipment
still exists in some areas of the world, which
compounds the communication problems.

The importance of good communications was
pointed out in a report by an air traffic controller
and flight crew of an MD-80. The controller re-
ported that he was scanning his radar scope for
traffic and noticed that the MD-80 was descending
through 6,400 ft and immediately instructed a
climb to at least 6,500 ft. The pilot responded that
he had been cleared to 5,000 ft and then climbed
to... The pilot reported that he had “heard” a
clearance to 5,000 ft and read back 5,000 ft to the
controller and received no correction from the
controller. After almost simultaneous GPWS and
controller warnings, the pilot climbed and avoided
the terrain. The recording of the radio transmis-
sions confirmed that the airplane was cleared to
7,000 ft and the pilot mistakenly read back 5,000
ft and attempted to descend to 5,000 ft. The pilot
stated in the report: “I don’t know how much
clearance from the mountains we had, but it cer-
tainly makes clear the importance of good
communications between the controller and
pilot.” (Source: ASRS report 96032.)

ATC is not always responsible for safe terrain
clearance for the airplanes under its jurisdiction.
Many times ATC will issue enroute clearances for
flight crews to proceed off airway direct to a point.
When flight crews accept this clearance, they also
accept responsibility for maintaining safe terrain
clearance.
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Airspace constraints that are most prevalent in the
terminal areas many times require air traffic con-
trollers to radar vector airplanes at minimum
vectoring altitudes that can be lower than the
sector MSA. Proper vertical and horizontal situ-
ational awareness is vital during this critical phase
of flight. Humans make errors. From time to time
ATC may issue flawed instructions that do not
ensure adequate terrain clearance. While it may be
difficult for flight crews to know that an error has
been made, it is possible that mistakes can be
detected with good flight crew position and
altitude awareness.

The following is a report of an incident that took
place in El Paso, Texas, USA: “El Paso clearance
Delivery: cleared to Salt Lake City Airport, full
route clearance, radar vectors TCS, direct GUP,
direct HVE, direct SLC, maintain 7,000 feet,
expect FL350 10 minutes after departure...After
takeoff, fly heading 070 degrees. I read the above
clearance back as written above. El Paso clearance
delivery responded: readback correct. Runway 08
in use at the time. Winds reported calm. Several
minutes later, I requested if runway 04 would be
available (while still at the gate) El Paso clearance
delivery replied: ‘Affirmative, I'll forward your
request for runway 04.’ No amendments or changes
to the original clearance were issued until receiv-
ing takeoff clearance from tower. Approximately
25 minutes later we departed runway 04 with the
following instruction from El Paso tower: ‘After
takeoff, turn left heading 330 degrees. Cleared for
takeoff.’ While in a left turn to 330 degrees after
takeoff, combined tower/departure controller said:
‘radar contact, turn left heading 300 degrees.’ We
responded by acknowledging the heading and ‘leav-
ing 6 for 7,000 feet.’ Aircraft was leveled off at
7,000 feet MSL. Captain asked controller the el-
evation of the terrain below us. Tower replied:
‘5,800 feet.’ After approximately one minute level
at 7,000 feet MSL, the radar altimeter light came
on, indicating terrain less than 2,500 feet. A climb
was immediately initiated when the GPWS warned:
‘Terrain, Terrain.’ ATC was advised we’re climb-
ing. ATC replied: ‘Verify you’re climbing to
17,000.’ Captain replied that were issued 7,000
feet. ATC replied: ‘Climb and maintain
17,000.’...The controller said he was the new shift
replacement for the controller who had given us
the clearance.” (Source: ASRS 95474.)
• Exercise good radio communication discipline.
• Know the height of the highest terrain or

obstacle in the operating area.

• Know your position in relation to the
surrounding high terrain.

• Challenge or refuse ATC instructions when
they are not clearly understood, when they are
questionable, or when they conflict with your
assessment of airplane position relative to the
terrain.

3.2.2.5 Flight Crew Complacency
Complacency can be defined as self-satisfaction,
smugness, or contentment. You can understand
why, after years in the same flight deck, on the
same route structure to the same destinations, a
flight crew could become content, smug, or self-
satisfied. Add to this equation a modern flight deck
with a well-functioning autopilot, and you have
the formula for complacency.

Here is an example of flight crew complacency.
The flight crew is flying an arrival. They get a
nonstandard clearance to descend to a lower alti-
tude, in an unfamiliar sector. Suddenly, the GPWS
warning sounds: “Pull up! Pull up!” The flight
crew is not sure what to do, because they have
never experienced this before. They may hesitate
to pull up, or they may ignore the warning—with
disastrous results.

In this scenario, the GPWS warning may not have
registered with the flight crew. They have flown
into this airport hundreds of times, but because of
complacency, their brains may very well have
disregarded aural and visual cockpit warnings. At
the other extreme, flight crews may also be ex-
posed to continued false GPWS warnings because
of a particular terrain feature and a GPWS data-
base that has not been customized for the arrival.
The flight crew becomes conditioned to this situ-
ation since they have flown the approach many
times. This can also lull the flight crew into com-
placency, and they may fail to react to an actual
threat. Note: The newer versions of GPWS can be
programmed by the manufacturer for specific air-
field approach requirements, so that these nui-
sance warnings are eliminated.
• Know that familiarity can lead to complacency.
• Do not assume that this flight will be like the

last flight.
• Adhere to procedures.



SECTION 3

3.12

3.2.2.6 Procedural Factors Associated
With CFIT

Many studies show that operators with established,
well thought out and implemented standard
operating procedures (SOP) consistently have safer
operations. It is through these procedures that the
airline sets the standards that all flight crews are
required to follow. CFIT accidents have occurred
when flight crews did not know the procedures, did
not understand them, and did not comply with
them or when there were no procedures estab-
lished. More than one CFIT accident has occurred
when the flight crew delayed its response to a

GPWS warning during IMC. If an SOP had
addressed this situation and provided the flight
crew with specific guidance, maybe an accident
could have been avoided. In the absence of SOPs,
flight crews will establish their own to fill the void
in order to complete the flight. Some crews think
the weather is never too bad to initiate an ap-
proach! It is the responsibility of management to
develop the comprehensive procedures, train the
flight crews, and quality control the results. It is the
responsibility of the flight crew to learn and follow
the procedures and provide feedback to manage-
ment when the procedures are incorrect,
inappropriate, or incomplete.

Figure 11
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Figure 12
Primary Cause
Factors for Hull-
Loss Accidents for
Worldwide
Commercial Jet
Fleet

Figure 13
Geographical
Location of CFIT
Accidents

• Do not invent your own procedures.
• Management must provide satisfactory

SOPs and effective training to the flight crew.
• Comply with these procedures.

3.2.2.7 Descent, Approach, and
Landing Factors
CFIT accidents have occurred during departures,
but the overwhelming majority of accidents occur
during the descent, approach, and landing phases
of the flight (Figure 10). CFIT accidents make up
the majority of these accidents. An enlightening
analysis of 40 CFIT accidents and incidents was

accomplished for a 5-year period, 1986 to 1990.
The airplanes’ lateral position in relation to the
airport runway and the vertical profile were plot-
ted. (Figures 11 and 12). One of the interesting
things is that almost all the position plots in Figure
11 are on the runway centerline inside of 10 mi
from the intended airport. The vertical profiles
shown in Figure 12 are also significant. The flight
paths are relatively constant 3-deg paths—right
into the ground! Most of the impacts are between
the outer marker and the runway.
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The geographical locations of CFIT accidents dur-
ing the 1970s show a different pattern than those in
the late 1980s and 1990s (Figure 13). During the 5-
year period from 1972 through 1977, there were 75
CFIT accidents or incidents. Twenty-five of these
accidents/incidents were greater than 8 nm from
the runway. The preponderance of the remaining
accidents/incidents were inside the middle marker.
However, for the period 1986 to 1990, the distribu-
tion of accidents/incidents was relatively even.
This difference may be the result of improvements
made in runway approach aids that took place
during this time period. Additional ILS were in-
stalled, as well as runway approach lighting sys-
tems. Continued capital investment in runway
precision approach and lighting systems needs to
be made worldwide.
• Know what approach and runway aids are

available before initiating an approach.
• Use all available approach and runway aids.
• Use every aid to assist you in knowing your

position and the required altitudes at that
position.

Most CFIT accidents occur during nonprecision
approaches, specifically VOR and VOR/DME
approaches. Inaccurate or poorly designed
approach procedures coupled with a variety of
depictions can be part of the problem. Figure 14 is
an example of an approach procedure produced by
different sources. There are documented cases that
the minimum terrain clearances on some
published approach charts have contributed to
both accidents and incidents. For more than a
decade, a worldwide effort has been under way to
both raise and standardize the descent gradient of
nonprecision approaches. There are gradients as
little as 0.7 deg in some VOR approach proce-
dures. ASRS report 254276 illustrates the hazard
of shallow approaches coupled with other confu-
sion associated with the procedure design (Figure
15). In addition to the shallow approach gradients,
many approaches use multiple altitude step-down
procedures. This increases flight crew workload
and the potential for making errors.
• Study the approach procedure(s) before

departure.
• Identify unique gradient and step-down

requirements.
• Review approach procedures during the

approach briefing.
• Use autoflight systems, when available.

Figure 14
Approach Procedure
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Figure 15
Flight Path
Profile—ASRS
Report 254276

There is more than one standard for approach
procedures in the world. The U.S. standard is
Terminal Instrument Procedures (TERPS). The
ICAO standard is Procedures for Air Navigation
Services—Aircraft Operations (PANS-OPS), and
the Russian Federation uses still another. Flight
crews, therefore, may be exposed to different stan-
dards and different margins of terrain clearances.
• Study anticipated approach procedures before

departure.

• Know that there are different approach design
standards.

Different approach procedure charting require-
ments and printing can also make it more difficult
for flight crews to safely fly an approach. High-
elevation obstacles and terrain surrounding air-
ports have been annotated on charts for years, but
the actual terrain has not been depicted. Slowly,
the publishing and printing organizations for
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aeronautical and approach charts have begun to
use color and depict terrain or minimum safe
altitude contours. Recently, some of the larger
international operators have started printing their
own customized charts that include these features.
This greatly helps the flight crews to recognize the
proximity of high terrain to the approach courses.
Hopefully, this will result in fewer accidents.

Unstable approaches contribute to many CFIT
accidents or incidents. Unstable approaches in-
crease the possibility of diverting a flight crew’s
attention to regaining better control of the airplane
and away from the approach procedure. A stabi-
lized approach is defined by many operators as a
constant rate of descent along an approximate 3-
deg flight path with stable airspeed, power setting,
and trim, with the airplane configured for landing.
• Fly stabilized approaches.
• Execute a missed approach if not stabilized by

500 ft above ground level or the altitude
specified by your airline.

In some modern glass-cockpit aircraft, the flight
guidance system has the capability to display flight
path vector / flight path angle. Use of this mode
enables a stabilized approach to be flown at the

required slope during a nonprecision approach,
with automatic correction for the effects of wind.

Flight management systems also have the capabil-
ity to provide a computed profile for a nonprecision
approach. Required conditions for the use of lat-
eral and vertical navigation functions for this
purpose are that the approach profile is included in
the database, that it is verified in  accordance with
obstacle clearance criteria, and that the FMS
accuracy is confirmed to be high.

The use of these techniques, in conjunction with
the autoflight system, reduces crew workload and
should ensure a higher level of safety. Procedures
specific to the airline type are given in the appli-
cable Flight Crew Operating Manual. Crews should
be adequately trained, either in the simulator or in
flight, to use the procedures associated with these
features.
• If a nonprecision approach is necessary, use the

recommended flight guidance system function
to fly a stabilized profile at the required angle
whenever possible.

• Continuously monitor position and track by
reference to the basic approach aid(s).

Figure 16
The Last “Safety

Net”: 767
La Guardia,

February 1983 ATC - …“Descend to 2,700 ft, cross GRENE at 2,700 ft,
cleared for ILS approach to runway 4, hurry out of 4,500 ft!”
(altitude selector inadvertently set to 0000)
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3.2.2.8 Autoflight System Factors

“On final approach into La Guardia Airport, New
York, USA, with the weather 400 foot overcast,
the descent was made below the minimum maneu-
vering altitude. I feel that a dangerous situation
existed this time, and I will try to give a history of
the events (Figure 16).

“Our clearance was ‘descend to 2,700 feet, cross
GRENE at 2,700 feet, cleared for the ILS approach
to runway 4, hurry out of 4,500 feet’. Using the
flight level change mode on the mode control
panel we descended to 2,700 feet. The first officer
was flying and asked for flaps 20, gear down.
Acting as copilot and doing the copilot duties, I put
the gear handle down and the flaps at 20 degrees.
The gear amber light was on, so it was necessary to
recycle the landing gear.

“Three green lights appeared after cycling. It was
night time, so I turned on the overhead reading
light and completed the landing checklist. As I was
replacing the checklist to the card holder, the
GPWS sounded two pull-up warnings, and I said
‘Pull up, pull up.’ The autopilot was disengaged
and maximum power was added. At about this
point, we crossed the LOM. An attempt was then
made to get back on the localizer and glide slope,
but we were not able to do so. A missed approach
was made and another approach and landing was
uneventful. On the missed approach, the altitude
select on the mode control panel indicated 0000.
Neither of us know how it got there.

“The aircraft was descending below the glide slope
all the way down and did not capture, but was
going to 0000 feet as asked for by the altitude
selector.

 “I feel that there was some failure in the system as
well as in the coordination of the flight crew. I feel
that we all must be more cognizant of the fact that
the monitoring of... instruments must be abso-
lutely primary by both pilots. We may have been
saved by the GPWS and I feel that closer monitor-
ing by both pilots would have prevented this
situation. The only reason I write this is to once
again alert each of us to the many traps these new
concepts and the new instrumentation can lead us
into. Heads up is the answer.” (Source: ASRS
report PAN AM Flight OPS magazine.)

A minimum of three to five autoflight-related
near-collision with the terrain incidents occur each
year. Not all incidents are reported. The actual
number of incidents may be much greater. The
advancement of technology in today’s modern
airplanes has brought us flight directors, autopi-
lots, autothrottles, and flight management sys-
tems. All of these devices are designed to reduce
flight crew workload. They keep track of altitude,
heading, airspeed, and the approach flight path,
and they tune navigation aids with unflagging
accuracy. When used properly, this technology
has made significant contributions to flight safety.
But technology can increase complexity, and it can
also lead to unwarranted trust or complacency.
Autoflight systems can be misused, may contain
database errors, or may be provided with faulty
inputs by the flight crew. These systems will
sometimes do things that the flight crew did not
intend for them to do.

Imagine this situation. You are descending, and
the autoflight system is engaged and coupled to fly
the FMC course. It is nighttime, and you are flying
an instrument arrival procedure in mountainous
terrain. The FMC has been properly programmed,
and the airplane is on course when ATC amends
the routing. In the process of programming the
FMC, an erroneous active waypoint is inserted.
While you and the first officer are reconciling the
error, the airplane begins a turn to the incorrect
waypoint! It does not take very long to stray from
the terrain altitude protected routing corridor.
• Monitor the autoflight system for desired

operation.
• Avoid complacency.
• Follow procedures.
• Cross-check raw navigation information.

3.2.2.9 Training Factors
Most of the factors that have been identified are the
result of deficiencies in flight crew training pro-
grams. Therefore, training becomes a significant
factor that contributes to CFIT. Well-designed
equipment, comprehensive operating procedures,
extensive runway approach aids, and standardized
charting or altimeter setting procedures and units
of measurement will not prevent CFIT unless
flight crews are properly trained and disciplined.
• Develop and implement effective initial and

recurrent flight crew training programs that
include CFIT avoidance.

• Implement Flight Operations Quality
Assurance Programs.
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3.3 CFIT Prevention

In Section 2 of this document (the Decision
Makers Guide) we point out that CFIT prevention
encompasses more than operator-related
actions. There are system-related problems that,
when solved, will help operators avoid situations
that may lead to CFIT. Some progress has been
made in solving the systemic problems, but much
more needs to be done. In the meantime, opera-
tors can also do much more to prevent CFIT
accidents.

3.3.1 Minimum Safe Altitude Warning
System (MSAWS)
The Minimum Safe Altitude Warning System
became operational in the United States in 1976.
MSAWS alerts the air traffic controller with both
visual and aural alarms when an airplane pen-
etrates, or is predicted to penetrate, a predeter-
mined MSA in the protected terminal area. It
operates in two modes: surveillance in all sectors
of the terminal area and a mode tailored to monitor
airplane altitude versus position on the final ap-
proach course. This capability is especially valu-
able when airplanes are being radar vectored and it
is more difficult for the pilots to maintain situ-
ational awareness. While MSAWS is an excellent
aid in preventing CFIT, it is not widely available
outside the United States.

This report was extracted from a 1986 Pan
American Flight Operations magazine. The air-
plane was on a very short flight and never got
above 5,000 ft. The time was 0145 local. Ap-
proaching destination, the airplane was cleared for
a visual approach and was handed off to the tower
for landing. The flight crew then descended below
a cloud deck in order to keep the airfield in sight.
The approach briefing was short, and there was a
mention of the short runway during the briefing.
The crew continued to descend by flying on the
ILS glide slope to an altitude of 200 ft. The Captain
later reported that the airplane seemed unusually
low in spite of an on-glide-path indication. During
this time, the radar at the ATC center noticed the
airplane getting unusually low; in fact, the radar
reported the airplane below 50 ft at times! The
center contacted the destination tower operator
and reported its observations. The tower
operator immediately contacted the inbound flight
and warned the flight crew of the situation.

When asked about their altitude, the flight crew
reported “level at 200 ft.” Actually, they were 50
ft above the water and had been for almost a
minute! Just after the query the airplane climbed to
600 ft. The ILS glide slope, that was previously
centered, snapped to the full fly-up position. The
airplane completed a normal landing.

Figure 17
Flight Path Profile

“Airport in sight”
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The GPWS never alerted the crew to the low glide
slope because the ILS had locked on to a false lobe,
and it had never alerted the flight crew to the
altitude deviation because the gear was down and
the flaps were in the landing position. The GPWS
was operating normally, because it used inputs
from the Captain’s instruments that reflected an
on-glide-slope condition. The GPWS never reached
a limit that was considered out of tolerance.

The flight crew noticed the low altitude, but paid
little attention; the tower operator could not see the
airplane, but the MSAWS on the ATC center radar
noticed and saved the flight! (Figure 17)

3.3.2 Crew Briefings
Many of the CFIT accidents show a lack of flight
crew communication. For example, while one
pilot flew the approach, the other did not know or
understand the intentions of the flying pilot. This
lack of communication can lead to breakdowns in
flight crew coordination and cross-checking. One
of the best ways to let the nonflying pilot know
what to expect is to conduct a briefing before each
takeoff and each approach. While this seems
elementary, many flight crews simply ignore the
obvious safety implications of the briefings.

Accident statistics show that the vast majority of
accidents occur during the approach at the destina-
tion airport. Is it not logical then to prepare care-
fully and properly for the arrival, approach, and
landing? The approach briefing sets the
professional tone for your safe arrival at the
destination. The flying pilot should discuss how
he or she expects to navigate and fly the procedure.
This will not only solidify the plan for the
approach, but it will inform the nonflying pilot of
the flying pilot’s intentions, which provides a basis
for monitoring the approach. Deviations from the
plan now can be more readily identified by the
nonflying pilot. The approach briefing should be
completed before arriving in the terminal area so
that both pilots can devote their total attention to
executing the plan.

Operators should require briefings by the flight
crew. As operations vary from country to country,
some briefing items may be more important than
others and some unique items may be added, but
there are some items that should always be cov-
ered. Use the following briefing guidelines if
other guidance is not provided by standard oper-
ating procedures or the airplane manufacturer.

Takeoff briefing:
♦ Weather at the time of departure.
♦ Runway in use, usable length (full length or

intersection takeoff).
♦ Flap setting to be used for takeoff.
♦ V speeds for takeoff.
♦ Expected departure routing.
♦ Airplane navigation aids setup.
♦ Minimum sector altitudes and significant

terrain or obstacles relative to the departure
routing.

♦ Rejected takeoff procedures.
♦ Engine failure after V1 procedures.
♦ Emergency return plan.

Approach briefing:
♦ Expected arrival procedure to include altitude

and airspeed restrictions.
♦ Weather at destination and alternative airports.
♦ Anticipated approach procedure to include:

- Minimum sector altitudes.
- Airplane navigation aids setup.
- Terrain in the terminal area relative to

approach routing.
- Altitude changes required for the procedure.
- Minimums for the approach DA/H

or MDA/H.
- Missed approach procedure and intentions.

♦ Communication radio setup.
♦ Standard callouts to be made by the

nonflying pilot.
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3.3.3 Autoflight Systems

Proper use of modern autoflight systems
reduces workloads and significantly improves flight
safety. These systems keep track of altitude,
heading, airspeed, and flight paths with unflagging
accuracy. Unfortunately, there are a great number
of first-generation airplanes that are still operating
that do not have the advantages associated with
well-designed, integrated systems. There are also
some flight crews whose airplanes do have modern
autoflight systems, that do not take full advantage
of these systems to manage the progress of the
flight and reduce workload. To assist in prevent-
ing CFIT, the proper use of autoflight
systems is encouraged during all approaches and
missed approaches, in IMC, when suitable
equipment is installed. It is incumbent upon
operators to develop specific procedures for the
use of autopilots and autothrottles during preci-
sion approaches, nonprecision approaches, and
missed approaches and to provide simulator-based
training in the use of these procedures for all flight
crews.

3.3.4 Route and Destination
Familiarization

Flight crews must be adequately prepared for CFIT
critical conditions, both enroute and at the destina-
tion. Flight crews must be provided with adequate
means to become familiar with enroute and
destination conditions for routes deemed CFIT
critical. One or more of the following methods are
considered acceptable for this purpose:
• When making first flights along routes, or to

destinations, deemed CFIT critical, Captains
should be accompanied by another pilot
familiar with the conditions.

• Suitable simulators can be used to familiarize
flight crews with airport critical conditions when
those simulators can realistically depict the
procedural requirements expected of crew mem-
bers.

• Written guidance, dispatch briefing material,
and video familiarization using actual or simu-
lated representations of the destination and
alternatives should be provided.

3.3.5 Altitude Awareness

It is essential that flight crews always appreciate
the altitude of their airplane relative to terrain and
obstacles and the assigned or desired flight path.
Flight crews need to receive and use procedures by
which they will monitor and cross-check assigned
altitudes as well as verify and confirm altitude
changes. As a minimum, in the absence of SOPs or
airplane manufacturer guidance, use the following
procedures:
• Ascertain the applicable MSA reference point.

Note: The MSA reference point for an airport
may vary considerably according to the
specific approach procedure in use.

• Know the applicable transition altitude or
transition level.

• Use a checklist item to ensure that all altimeters
are correctly set in relation to the transition
altitude/level. Confirm altimeter setting units
by repeating all digits and altimeter units in
clearance readbacks and intracockpit
communications.

• Call out any significant deviation or trend away
from assigned clearances.

• Include radio height in the pilot
instrument scan for all approaches.

• Upon crossing the final approach fix, outer
marker, or equivalent position, the pilot not
flying will cross-check actual crossing altitude/
height against altitude/height as depicted on the
approach chart.

• Follow callout procedures (refer to The Use of
Callouts, Section 3.3.6).

3.3.6 The Use of Callouts
Callouts are defined as aural announcements by
either flight crew members or airplane equipment
of significant information that could affect flight
safety. These callouts are normally included in an
airline’s  SOP. In the absence of other guidance,
use these callouts to help prevent CFIT accidents.
A callout should be made at the following times:
• Upon initial indication of radio altimeter height,

at which point altitude versus height above
terrain should be assessed and confirmed to be
reasonable.
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• When the airplane is approaching from above
or below the assigned altitude (adjusted as
required to reflect specific airplane
performance).

• When the airplane is approaching relevant
approach procedure altitude restrictions and
minimums.

• When the airplane is passing transition
altitude/level.

3.3.7 GPWS Warning Escape Maneuver
The GPWS warning is normally the flight crew’s
last opportunity to avoid CFIT. Incidents and acci-
dents have occurred because flight crews have
failed to make timely and correct responses to the
GPWS warnings. The available time has increased
between initial warning and airplane impact since
the first version of the GPWS; however, this time
should not be used to analyze the situation. React
immediately. With the early versions, there was as
little as 5 sec warning, and none at all if the impact
point was on a relatively steep slope of a mountain.
There may be as much as 30 sec for newer and
future versions.

In the absence of standard operating procedures
or airplane manufacturer guidance, execute the
following maneuver in response to a GPWS warn-
ing, except in clear daylight VMC when the flight
crew can immediately and unequivocally
confirm that an impact with the ground, water, or
an obstacle will not take place:
• React immediately to a GPWS warning.
• Positively apply maximum thrust and rotate to

the appropriate pitch attitude for your airplane.
• Pull up with wings level to ensure maximum

airplane performance.
• Always respect stick shaker.

Continue the escape maneuver until climbing to
the sector emergency safe altitude or until visual
verification can be made that the airplane will
clear the terrain or obstacle, even if the GPWS
warning stops.

3.3.8 Charts

Flight crews must be provided with and trained to
use adequate navigation and approach charts that
accurately depict hazardous terrain and obstacles.
These depictions of the hazards must be easily
recognizable and understood. On modern-tech-
nology airplanes, the electronic displays should
resemble printed chart displays to the maximum
extent feasible.

3.3.9 Training
Flight crew training can be a contributing factor to
CFIT. It is also the key to CFIT accident preven-
tion. Modern airplane equipment, extensive stan-
dard operation procedures, accurate charts,
improved approach procedures, detailed check-
lists, or recommended avoidance techniques will
not prevent CFIT if flight crews are not adequately
trained. The cause of CFIT is the flight crew’s lack
of vertical and/or horizontal situational aware-
ness. We know the solutions to these causes:
a proper support infrastructure and a trained and
disciplined flight crew. An example CFIT training
program is provided in Section 4 of this
training aid.

3.4 CFIT Traps
In the previous sections, the causes of CFIT and
contributing factors are identified, along with rec-
ommendations and strategies that may be used to
avoid CFIT accidents and incidents. It could be
misleading to the reader when causes and factors
are discussed separately. Accidents and incidents
do not normally happen because of one decision,
or one error. They rarely happen because the flight
crew knowingly disregarded a good safety prac-
tice. Accidents and incidents happen insidiously.
Flight crews fall into traps—some of their own
making and some that are systemic. Let’s look at
some examples of traps that could happen when a
flight crew employs one recommendation, but
disregards another.
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We have identified that nonprecision VOR instru-
ment approaches are especially hazardous when
they include shallow approach paths and several
altitude step-down points. We recommend that the
autoflight system be used, if available, to reduce
the workload. While this technique may mitigate
the problem with the approach procedure, it can
create another trap if the flight crew becomes
complacent and does not properly program the
computer, monitor the autoflight system, make the
proper cockpit callouts, etc.

In another situation, flight crews are encouraged to
use the displays that modern cockpits provide to
assist them in maintaining situational awareness.
However, if they disregard the raw navigational
information that is also available, they can fall into
a trap if any position inaccuracies creep into the
various electronic displays.

The importance of takeoff and arrival briefings is
stressed as a means to overcome some of the
factors associated with departures and arrivals.
However, if the briefings do not stress applicable
unique information or become rote or are done at
the expense of normal outside-the-cockpit vigi-
lance, their value is lost and the flight crew can fall
into another trap.

It should be evident that there is no single solution
to avoiding CFIT accidents and incidents. All the
factors are interrelated, with their level of impor-
tance changing with the scenario. Be aware, the
traps are there! Section 5, CFIT Background
Material, provides many more examples of traps
that can happen to you.
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4
Example CFIT Training Program

4.0 Introduction

The overall goal of this CFIT Education and Train-
ing Aid is to reduce CFIT accidents and incidents
through appropriate education and training. The
Example CFIT Training Program is an
example of the type of training that should be
conducted to meet that goal. The program is prima-
rily directed toward two aspects of the CFIT
problem: avoidance and escape.

The most important goal for any flight crew is
maintain vertical and horizontal situational
awareness in relation to the ground, water, and
obstacles. When this is not accomplished and the
potential for impact with the ground, water, or
obstacles is imminent, the proper escape maneu-
ver must be used to improve the chance of surviving.

This CFIT training program is structured to stand
alone, but it may be integrated into existing initial,
transition, and recurrent training and check pro-
grams. The Academic Training Program is
designed to improve awareness by increasing the
flight crew’s ability to recognize and avoid im-
pending CFIT situations. The Simulator Training
Program is designed to apply this knowledge as
well as develop proficiency in an escape maneuver
that must be used as a last resort for survival.

The Academic Training Program consists of a
description and a suggested method for applying
the academic training portions of this CFIT Educa-
tion and Training Aid. For pilots who do not
receive simulator training, it provides a compre-
hensive review of the factors and causes of CFIT
accidents and incidents and ways to avoid CFIT
traps. For pilots who undergo simulator training,
this program prepares them for the decision
making needed and critical performance required
to avoid a CFIT accident.

The Simulator Training Program includes a simu-
lator briefing outline and two simulator exercises.
These exercises are designed for flight crews to
practice the escape maneuver and demonstrate
airplane performance in critical situations. The
second simulator scenario requires flight crews to
recognize CFIT traps and make critical decisions
in order to avoid an accident.

The simulator implementation information assists
simulator technical personnel in incorporating a
potential CFIT scenario into the simulator
database and lesson plans. It also provides data
that may be used in developing a simulator that
accurately reflects airplane performance
characteristics.

4.1 Academic Training Program
The Academic Training Program contains several
instruction modules. These modules may be used
as a stand-alone program or in combination with
existing training programs and the Simulator Train-
ing Program.

4.1.1 Academic Training Objectives
The objectives of the Academic Training Program
are to provide the pilot with the ability to:
• Recognize the factors that may lead to CFIT

accidents and incidents.
• Know the prevention strategies that will ensure

a safe flight.
• Improve situational awareness in order to

avoid CFIT.
• Learn an escape maneuver and techniques

designed to enhance the possibility of survival.

A suggested syllabus is provided. All of the
individual training materials are designed to stand
alone or be used as a part of a larger program. No
single training format is best for all training
situations. Therefore, a modification should be
made to meet specific training requirements. There
is some redundancy in subject material in order to
provide flexibility. It is recommended that the
training materials be used in sequence when used
as a stand-alone program.

4.1.2 Academic Training Program
Modules
The following academic training modules are avail-
able to prepare an academic training program:
• Operators Guide (CFIT Education and Train-

ing Aid, Section 3) is a comprehensive study of
CFIT, its causes, contributing factors, and solu-
tions to counter the factors and prevent CFIT
accidents. This is a source document that may
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be reviewed at any time by the flight crew and
others in the operations spectrum of the avia-
tion industry. Pilots should read this before
formal CFIT academic or simulator training.

• The Operators Guide to CFIT Questions
(Appendix 4-B) is a set of questions designed to
test the flight crew’s knowledge of each section
of the Operators Guide. In a CFIT training
curriculum, these questions may be used as a
part of the review of the Operators Guide or as
an evaluation to determine the effectiveness of
self-study before academic or simulator
training.

• The CFIT Safety Briefing (Appendix 4-C) is a
paper copy of overhead viewfoils, with the
descriptive words for each foil. This briefing
may be used as a classroom or one-on-one
presentation, and it supports a discussion of the
Operators Guide.

• The video “CFIT: An Encounter Avoided” ad-
dresses the CFIT problem in its entirety. It
shows the causes and contributing factors of
CFIT accidents and incidents and emphasizes
how to avoid CFIT. The video also presents the
CFIT prevention safety philosophy of some
leaders in the aviation industry. Finally, the
video points out future capabilities of the GPWS.
A copy of the video script is provided in Appen-
dix 4-E.

4.1.3 Academic Training Syllabus
Combining all of the academic training modules
results in the following suggested Academic
Training Syllabus (Figure 1).

4.1.4 Additional Academic Training
Resources

Section 5, CFIT Background Material, is an excel-
lent source of information for an instructor who
seeks more information or detailed explanations of
material contained in the Operators and Decision
Makers Guides. The video script “CFIT: An En-
counter Avoided” is also an excellent source of
information. Throughout the Operators Guide are
figures and charts that may be used individually to
stress certain teaching points. The Instructor Pilot
Syllabus Briefing Supplement, Appendix 4-A,
provides detailed information about the GPWS
operating modes.

4.2 CFIT Simulator Training Program
The Simulator Training Program provides the op-
portunity for pilots to practice CFIT prevention
strategies, but it primarily addresses the second
aspect of avoiding CFIT accidents: the escape
maneuver. Note: The term “maneuver” is associ-
ated with the sequence of steps the pilot is re-
quired to accomplish in order to avoid impact
with the terrain. It is recognized that some air-
plane manufacturers have established procedural
steps that the pilot is required to accomplish for
that particular airplane. For simplicity, the term
“maneuver” will be used for both situations.
Training and practice are provided for the pilot to
experience realistic situations that require timely
decisions and correct responses. During the train-
ing, the escape maneuver should be practiced to
proficiency by both pilots. This training can be
inserted into existing simulator profiles during
less intensive workload periods. Initial training

Operators Guide Self-study/classroom
Operators Guide to CFIT Questions Self-study/classroom
Video, "CFIT: An Encounter Avoided" Classroom
CFIT Safety Briefing Classroom

Training Module Presentation MethodFigure 1
Academic Training

Syllabus
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should occur in VMC and should emphasize the
need to react to all GPWS warnings.

To be fully effective, the simulator training
requires the student to be knowledgeable of the
materials in the academic training portion of
this aid.

Effective flight crew coordination should be em-
phasized, especially when operating in the high-
potential-CFIT phases of flight: takeoff,
approach, and landing. Each operator should con-
sider incorporating unique airports and conditions
from its route structure into its individual CFIT
simulator training program. Some suggestions for
CFIT scenarios include:
• A low-altitude level-off just after takeoff, with

a radar vector turn toward high terrain, and no
subsequent vectoring.

• An early enroute descent into a mountainous/
hilly terminal area in an intensive communica-
tions environment.

• A missed approach with a low-altitude level-
off and a turn toward high terrain.

4.2.1 Simulator Training Objectives
The objective of the Simulator Training Program
is to provide the flight crew with the ability to:
• Recognize the contributing factors that can lead

to a CFIT incident.
• Maintain proper horizontal and vertical

situational awareness.
• Communicate and coordinate on the flight deck

during critical phases of flight.
• Recognize a potential CFIT situation and take

appropriate action to avoid it.

• Gain confidence in the GPWS.
• Perform a successful CFIT escape maneuver.

4.2.2 Simulator Training Syllabus
CFIT simulator training should be given during
initial, transition, and recurrent training. This train-
ing should follow a building block approach to
learning. It is recognized that there are many
contributing factors that may lead to the loss of
vertical and horizontal situational awareness by
the flight crew. Because of this, the flight crew
cannot be exposed to all of the situations in the
simulator that they may confront during their nor-
mal flight operations. However, a well-structured
training program will include exposure to a suffi-
cient number of contributing factors in each exer-
cise to make the training as realistic as possible.
The simulator training should include:
• A briefing.
• A minimum of two exercises. Refer to Figure 2.
• A critique.

4.2.3 Pilot Simulator Briefing
Before the first CFIT exercise:
• Review contributing factors and causes of CFIT

accidents.
• Explain the need for good flight crew coordina-

tion throughout the flight, but especially during
critical phases, such as takeoff, approach, and
landing.

• Discuss the GPWS operating modes.
• Review the airplane escape maneuver/proce-

dure and pilot techniques.
• Discuss common flight crew errors.

Exercise Description Training Objectives

1

2

* Invisible, rapidly rising terrain simulator feature.

Insert a simulator "mountain*" 
in VFR conditions during 
flight on the downwind leg of 
the traffic pattern.

Demonstrate GPWS warnings 
and proper response times and 
procedures for the escape 
maneuver.

Insert a simulator "mountain*" 
in IMC during an appropriate 
phase of flight.

Demonstrate flight crew 
awareness and coordination in 
CFIT situations. Practice 
correct escape maneuver 
procedures.

Figure 2
Summary of
Simulator Training
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Before the second CFIT exercise:
• Review the need for crew awareness and

coordination.
• Discuss the importance of knowing GPWS

warnings and the requirement for rapid flight
crew response to these warnings.

• Review CFIT traps.
• Review the escape maneuver/procedure and

pilot techniques.

4.2.3.1 Generic GPWS Warning Escape
Maneuver
It is understood that each airplane type is different.
Airplanes produced by one manufacturer may have
different technologies that could dictate separate
maneuvers. Appendix 4-D shows the escape ma-
neuver for the airplanes of several manufacturers.
If your airplane is not included in the appendix,
contact the manufacturer and request the informa-
tion. If your airplane manufacturer or operations
policy or operations manual does not provide a
GPWS warning escape maneuver or procedure,
use the following maneuver.
These steps must be taken immediately in response
to a GPWS warning, except in clear daylight VMC
when the flight crew can immediately and un-
equivocally confirm that an impact with the ground,
water, or an obstacle will not take place:
• React immediately to a GPWS warning.
• Positively apply maximum thrust and rotate to

the appropriate pitch attitude for your airplane.
• Pull up with wings level to ensure maximum

airplane performance.
• Always respect stick shaker.

Continue the escape maneuver until climbing to
the sector emergency safe altitude can be com-
pleted or until visual verification can be made
that the airplane will clear the terrain or obstacle,
even if the GPWS warning stops.

4.2.4 Simulator Exercises
These are detailed descriptions of sample simula-
tor training exercises. They illustrate the type of
information that training departments should pass
on to the flight crews. To optimize learning, these
exercises may be modified by individual training
departments to better fit their particular syllabus,
operating area, and requirements. The scenarios
are designed to introduce CFIT into the overall
training environment without requiring that a large
amount of time be devoted to the subject.

These scenarios will give the student the basic
knowledge of CFIT, its causes, and how to escape
from a potential CFIT encounter.

4.2.4.1 Exercise 1: VMC Initial Introduc-
tion of Potential CFIT
The initial conditions for this exercise should be
typical for the airfield and airplane model of the
operator. These should represent “average” condi-
tions, so as not to detract from the primary purpose
of developing proficiency in the mechanics of the
CFIT escape maneuver. The CFIT encounter should
be prompted by a clear indication of the problem
when the electronic “mountain” appears in front of
the airplane. The duration of the escape maneuver
should be long enough that the airplane is flown to
its maximum performance and continues at maxi-
mum performance, so that the pilot demonstrates
proficiency at maintaining airplane maximum per-
formance and a safe altitude. This should take
several thousand feet of altitude gain. The instruc-
tor may then remove the “mountain.”

The airplane weight should be appropriate for the
visual pattern, but heavy enough to make the
escape maneuver realistic. After the “mountain”
appears, the instructor should ensure that the flight
crew is aware of the GPWS warnings and fully
understands their meanings. The escape maneuver
should be accomplished using the appropriate air-
plane maneuver. Repeat the exercise, as needed, so
that the flight crew understands the requirement
for rapid response to the warning and it has at-
tained proficiency in maintaining maximum air-
plane performance and executing the escape
maneuver.

Initial conditions:
Airplane: appropriate for the operators fleet.
Airplane gross weight: near maximum
landing weight.
Flaps: approach setting for the airplane.
Center of gravity: appropriate for the
airplane.
Ceiling and visibility: clear.
Wind: calm.
Temperature: 80°F/24°C.
Airport elevation: appropriate for operators
airfields.
Altimeter QNH: 29.92/1013.
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Pilot requirements:
Upon receiving a GPWS warning, the pilot will
practice the CFIT escape maneuver. If your air-
plane manufacturer or operations policy or op-
erations manual does not provide a GPWS warn-
ing escape maneuver or procedure, use the fol-
lowing maneuver:
• React immediately to a GPWS warning.
• Positively apply maximum thrust and rotate to

the appropriate pitch attitude for your airplane.
• Pull up with wings level to ensure maximum

airplane performance.
• Always respect stick shaker.

Continue the escape maneuver until climbing to
the sector emergency safe altitude or until visual
verification can be made that the airplane will
clear the terrain or obstacle, even if the GPWS
warning stops.

Demonstrate proper flight crew coordination.
Monitor the radio altimeter during the maneuver.
The pilot not flying should call out the radio
altitudes and trend, e.g., “500 feet, decreasing”;
“300 feet, decreasing”; “600 feet, increasing.” The
maneuver should be continued until the maximum
performance of the airplane is reached and a safe
altitude is attained.

4.2.4.2 Exercise 2: IMC Potential CFIT
Encounter
The airplane should be nearly at maximum allow-
able weight for takeoff or landing. Ensure that the
weights do not exceed the airplane limits. The
exercise may include takeoff, followed by a low
altitude level-off or a maximum weight landing.
Either scenario should be in IMC to ensure that the
flight crew does not see the “mountain” as they
approach it. With the correct “mountain” in the
simulator database, the pilot must perform the
escape maneuver properly in order to avoid impact
with the terrain. This “mountain” is actually a
given angle that will require the pilot to attain the
maximum airplane performance. The duration of
the escape maneuver should be long enough that
the airplane is flown to its maximum performance.
It should continue at maximum performance so
that the pilot demonstrates proficiency at main-
taining airplane maximum performance and a safe
altitude. This should take several thousand feet of
altitude gain. The instructor may then remove the
“mountain.” Repeat this exercise as necessary for

the flight crew to become proficient in recognizing
CFIT traps and executing the escape maneuver.

Initial conditions:
Airplane: appropriate for the operators fleet.
Flaps: appropriate for the phase of flight.
Center of gravity: appropriate for the
airplane.
Ceiling and visibility: 200-ft ceiling/0.5 mi
visibility.
Wind: calm.
Temperature: 80°F/24°C.
Airport elevation: appropriate for operators air-
fields.
Altimeter QNH: 29.92/1013

4.2.5 Pilot Requirements
Particular attention must be paid to situational
awareness throughout this lesson. Good flight crew
coordination is essential to the success of the
exercise. Flight crews should be aware of the
controls and indicators associated with the GPWS.
Accidents have happened because the system has
been deactivated or inhibited. Flight crews should
not inhibit the GPWS unless they can immediately
and unequivocally confirm that an impact with the
ground, water, or an obstacle will not take place.
Upon receiving a GPWS warning, the pilot will
execute the CFIT escape maneuver. In the absence
of an airplane manufacturer’s established maneu-
ver, use the following maneuver:
• React immediately to a GPWS warning.
• Positively apply maximum thrust and rotate to

the appropriate pitch attitude for your airplane.
• Pull up with wings level to ensure maximum

airplane performance.
• Always respect stick shaker.

 Continue the escape maneuver until climbing to
the sector emergency safe altitude or until visual
verification can be made that the airplane will
clear the terrain or obstacle, even if the GPWS
warning stops.

Demonstrate proper flight crew coordination.
Monitor the radio altimeter during the maneuver.
The pilot not flying should call out the radio
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altitudes and trend, e.g., “500 feet, decreasing”;
“300 feet, decreasing”; “600 feet, increasing.” The
maneuver should be continued until the maximum
performance of the airplane is reached and a safe
altitude is attained.

4.3 Simulator Implementation
This is designed to assist the simulator program-
ming and checkout departments. If not previously
accomplished, the addition of a pop-up “moun-
tain” will be required in the simulator models.
Ideally, the “mountain” feature should include an
adjustable slope of up to a minimum of 17 deg, and
it should be controllable by the simulator instruc-
tor. As a minimum, the “mountain” must be ca-
pable of triggering the GPWS warning, and it must
meet the requirements of the exercises described
in Sections 4.2.4.1 and 4.2.4.2. The biggest chal-
lenge, once this “mountain” is installed, is to
ensure that the simulator accurately reflects the
handling characteristics of the particular airplane.
This is especially true at very heavy airplane
weights.

4.3.1 Simulator Fidelity Check
Operators that use this training aid should ensure
that the simulator scenarios accurately reflect air-
plane characteristics and performance to the extent
necessary to achieve the training objectives. In
order to prevent negative learning experiences, it
is important that unrealistic simulator characteris-
tics be removed and the proper simulation of the
“mountain” be provided.

Certified full-flight simulators generally contain
testing programs that enable engineers to confirm
the accuracy of the simulation. When purchasing
new simulators, ensure that the data from the
manufacturer are up to date in order to accurately
simulate maximum performance climbs necessary
for the CFIT escape maneuver. The concept is to
meet the training objectives by taking full advan-

tage of simulator quality. In older simulators,
always strive to improve simulator fidelity.

The simulator manufacturer should be consulted,
if necessary, in order to provide the capability to
support this CFIT prevention training.

4.3.2 Computer Analysis/Simulator
Study Data Requirements

The analyses are shown in Appendix 4-D. These
analyses and simulator studies are divided into
different subsections for each manufacturer. When-
ever possible, the data shown are for identical
parameters. When different parameters are used,
they will be noted in the analysis. Each scenario
will be studied for time versus distance and time
versus altitude gained. For commonality, the data
were derived using the following parameters:
• Weight: maximum takeoff.

Flaps: takeoff position.
Landing gear: up.
Speed: V2.
Thrust: maximum applied at GPWS warning.

• Weight: maximum landing.
Flaps: up.
Landing gear: up.
Speed: maneuvering.
Thrust: maximum applied at GPWS warning.

• Weight: maximum landing.
Flaps: approach position.
Landing gear: down.
Speed: minimum flap speed.
Thrust: maximum applied at GPWS warning.

• Weight: maximum landing.
Flaps: landing position.
Landing gear: down.
Speed: VRef plus 5 kt.
Thrust: maximum applied at GPWS warning.

Time versus distance and time versus altitude
gained plots will be taken for each pull-up. These
plots will also be recorded to the stick shaker using
the following parameters:
• 3-deg/s pull-up to 15 deg and continue to stick

shaker.
• 3-deg/s pull-up to 20 deg and continue to stick

shaker.
• 4-deg/s pull-up to 15 deg and continue to stick

shaker.
• 4-deg/s pull-up to 20 deg and continue to stick

shaker.
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App. 4-A.1

Instructor Pilot Syllabus Briefing Supplement

4-A
A potential CFIT situation is clearly an unantici-
pated event on the part of the flight crew. The
warnings come unexpectedly, and they often re-
quire the flight crew to make decisions based on
only one stimulus, instead of the many confirming
stimuli associated with routine flight events. Since
the Captain is responsible for the safety of the
passengers, flight crew, and airplane, he or she
should exercise appropriate emergency authority
to respond to the situation.

If airplane-unique GPWS information is not avail-
able, the following information may be used dur-
ing the simulator briefings. Emphasis should be
placed on the capability and credibility of the
GPWS. The GPWS is an important piece of safety
equipment, and recent versions can be programmed
to accommodate an operator’s particular needs.

Table of Contents
Section Page

4-A.1 GPWS Warning Modes (Mark VI) .......................................................................... App. 4-A.2
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Figure 1B
Mark VI GPWS

Mode 1

Figure 1A
Mark VI GPWS

Mode 1

4-A.1 GPWS Warning Modes (Mark VI)

GPWS Mode 1
Mode 1 provides alerts and warnings for excessive
rates of descent with respect to the airplane’s
possible collision with the ground. Radio Altitude
and Barometric Decent Rate (FMP) are monitored
to determine Mode 1 warning conditions
(Figure 1A).

Two distinct audio warnings, “Sinkrate” and “Pull
up” are generated by Mode 1. During these alerts
the red “GPWS Warn” lamp is illuminated. When
the outer warning curve is penetrated, the “Sinkrate”
alert is repeated every 3 sec. If the airplane descent
continues into the inner warning curve, the em-
phatic “Pull up!” alert is given. Both alerts stop
when the airplane exits the warning curve.

Mode 1 is automatically desensitized when repo-
sitioning the airplane down onto a glide slope
beam (Figure 1B). This allows pilots more room to
maneuver the airplane without triggering an alert.

When the airplane is below a glide slope centerline,
the Mode 1 sensitivity is increased. This provides
additional warning time for excessive descents
when below the glide slope.
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Figure 2B
Mark VI GPWS
Mode 2
Desensitized for
Landing
Configuration

Figure 2A
Mark VI GPWS
Mode 2

GPWS Mode 2

Mode 2 supplies warning protection when terrain
below the airplane is rising dangerously fast. These
warnings are given well ahead of the airplane’s
projected collision with terrain. Radio Altitude
(AGL) and Terrain Closure Rate is monitored to
determine Mode 2 alerts (Figure 2A). Mode 2 also
expands as a function of airplane speed. The faster
the airplane is traveling, the sooner the excessive
closure rate alerts are given.

“Terrain, Terrain!” and “Pull Up!” audio warnings
are produced by Mode 2. During Mode 2 alerts, the
red “GPWS Warn” lamp is illuminated. When the
outer Mode 2 curve is penetrated, the “Terrain,
Terrain!” call is given once, and it is followed
immediately by the “Pull Up!” warning message
until the closure rate is no longer present and the
curve is exited. The visual “GPWS Warn” lamp
will remain illuminated until safe terrain clearance
has been restored (Figure 2A).

Manual activation of the “GPWS Flap Override”
switch by the pilot will change the Mode 2 curve,
as is automatically done when landing configura-
tion is detected by the GPWS. In either case, Mode
2 warnings are desensitized to allow the airplane
maneuverability in closer proximity to terrain,
when approaching airports, while still providing
appropriate terrain warning protection (Figure 2B).

The ability to effect the Mode 2 change with the
use of the “GPWS Flap Override” is especially
valuable to airplane maneuvering to land in visual
conditions at airports in mountainous areas.
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Figure 3A
Mark VI GPWS

Mode 3

Figure 3B
Mark VI GPWS

Mode 3

Figure 4
Mark VI GPWS

Mode 4

GPWS Mode 3

Mode 3 warns the flight crew of an excessive
altitude loss after takeoff or after a missed ap-
proach (Figure 3B). Mode 3 monitors the amount
of Radio Altitude gained. If Barometric Altitude
loss equals approximately 10% of Radio Altitude
gained, the “Don’t Sink” audio message is given
and the “GPWS Warn” lamp is illuminated (Fig-
ure 3A). The “Don’t Sink” warning will stop and
the “GPWS Warn” lamp will extinguish when a
positive rate of climb is reestablished.

A “Takeoff” or “Missed Approach” is detected
when the GPWS computer sees an increase in
Airspeed, Radio and Barometric Altitude, gear

retraction, etc. Once the airplane reaches 50 ft
AGL, Mode 3 is active. Once above 925 feet AGL
for 15 to 20 sec, Mode 3 becomes inactive until the
GPWS again detects a “Takeoff” or “Go Around.”
When Mode 3 becomes inactive, it is replaced by
a warning floor below the airplane based on air-
plane speed and configuration (Figure 4C). This
floor protects the airplane for the remainder of the
climbout to enroute altitudes.

During training or special pattern work, the “GPWS
Flap Override” switch may be activated above 50
ft. This will desensitize the Mode 3 alert envelope
to the right, thereby allowing approximately 20%
loss of Barometric Altitude before the alert is
given (Figure 3A).
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Figure 4B
Mark VI GPWS
Mode 4
Flap Override

Figure 4A
Mark VI GPWS
Mode 4

Figure 4C
Mark VI GPWS
Mode 4
Warning Floor

GPWS Mode 4

Mode 4 warns the flight crew of insufficient terrain
clearance during the climbout, cruise, descent, and
approach phases of flight. This protection is espe-
cially valuable when the airplane’s flight path is
too shallow to develop excessive closure rates
with terrain (Mode 2) or excessive descent rates
(Mode 1). Mode 4 has three different alerts, de-
pending on the phase of flight and configuration of
the airplane (Figure 3B).

For climbout, cruise, and initial descent during
normal flight, the airplane is generally in a clean
configuration with gear and flaps up. During these
flight phases, the Mark VI provides a “floor”
below the airplane to warn of insufficient terrain
clearance. At speeds above 200 kt, a “Too Low,
Terrain” alert will be given and the red “GPWS
Warn” lamp will illuminate if the airplane flies
within 750 ft of terrain. At speed from 178 to 200
kt, this same alert will occur, but at lower altitudes
AGL corresponding to the slower speed
(Figure 4A).

For the initial approach, at speed below 178 kt, the
Mark VI monitors airplane configuration. If the
airplane descends below 500 ft AGL with landing
gear up, the alert “Too Low, Gear” will be given
and the red GPWS Warn lamp will illuminate.

On final approach, if the airplane descends below
170 ft AGL with the flaps not in landing configu-
ration, the alert “Too Low, Flaps” will be given
and the red “GPWS Warn” lamp will illuminate.
This alert may be precluded for landings with
partial flaps by pilot activation of the guarded
“GPWS Flap Override” switch (Figure 4B).
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Figure 5A
GPWS Mode 5

Warning Emphasis

Figure 5
GPWS Mode 5
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Mode 5 warns pilots that the airplane is descending
below an ILS glide slope. It is automatically armed
when the pilot selects an ILS frequency, gear is
down, and the airplane is below 925 ft AGL.

The warning envelope contains two boundaries,
“Soft” and “Hard,” determined by glide slope
deviation (Figure 5). When the airplane penetrates
the “Soft” alerting region, the audio “Glide slope”
warning is given and the yellow “Below Glide
slope” lamp illuminates. The initial “Glide slope”
message is 6 dB quieter than the system’s other
audio messages. The audio repetition rate increases
as AGL altitude decreases (Figure 5A). If the
airplane subsequently enters the “Hard” alerting
region, the audio level increases to that of the other
audio messages.

Below 150 ft of Radio Altitude, the amount of
glide slope deviation required to produce an audio
warning is increased to reduce nuisance warnings
that could be caused by close proximity to the glide
slope transmitter. Mode 5 can be inhibited by
pressing the “Below Glide slope” lamp to permit
deliberate descent below the glide slope in order to
use the full runway under certain landing
conditions.

All other warnings, except the excessive bank
angle advisory, always have priority over a “Glide
slope” alert. With the Mark VI GPWS computer,
possible nuisances from erratic glide slope signals
are automatically eliminated.
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Figure 7
GPWS Mode 6
Smart Callouts

Figure 8
GPWS Mode 6
Steep Bank Angle
Callout

GPWS Mode 6

Mode 6 alerts increase situational awareness on
final approach and for excessively steep bank
angles.

Two audio messages are available to increase
altitude awareness on final approach: “Five Hun-
dred” and “Two Hundred” (Figure 7). The “Smart”
500 ft callout occurs once per approach whenever
a precision glide slope is not being flown, or if the
airplane is well below a glide slope being flown.
The 200-ft callout occurs once per approach at 200
ft AGL. The 200-ft callout is always annunciated
for altitude awareness.

When the decision height discrete from the radio
altimeter indicator is connected to the GPWS,
“Minimums, Minimums” is annunciated once per
approach as the airplane descends through the
“bug” or “DH” setting.

An aural “Bank Angle” warning alerts the flight
crew of steep bank angles (Figure 8). The warning
limit tightens from 50 deg at 190 ft AGL to 15 deg
at ground level (Figure 8). This mode protects
flight crews who might be unaware of a potentially
dangerous bank angle while maneuvering close to
the runway in marginal visibility or at night.
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Operators Guide to CFIT Questions

4-B
This appendix to the Example CFIT Training Program contains an examination covering important areas
in Section 3.

The first part of Appendix 4-B contains the Student Examination. Instructions for answering the
questions are provided.

The second part of this appendix is the Instructors Examination Guide. This part contains the questions
in the Student Examination, the correct answers to each question, and the section in the Operators Guide
where the correct answer may be found.
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Student Examination

Instructions

These questions are based on the material in the Operators Guide to the CFIT Education and Training
Aid. The questions are all multiple choice, fill in the blank, or true/false questions. There is one answer
to each question which is most correct. Circle the correct answer.

Questions
1. The definition of a CFIT accident is an event in which:

a. An airplane impacts the ground, water, or an obstacle during the descent, approach, or arrival
phase of flight.

b. A mechanically normally functioning airplane is inadvertently flown into the ground, water,
or an obstacle.

c. An airplane is inadvertently flown into the ground, water, or an obstacle because of
malfunctioning navigational aids.

d. An airplane is inadvertently flown into the ground, water, or an obstacle during an inflight
emergency.

2. The basic causes of CFIT accidents are:
a. An insufficient number of instrument approach aids and runway visual aids.
b. Flight crew complacency and visual illusions.
c. Altimeter anomalies and complex instrument procedures.
d. The lack of flight crew vertical and horizontal situational awareness.

3. There are _________ factors that lead to CFIT accidents.
a. Only a few.
b. Two.
c. Only pilot.
d. Many.

4. Is there an international standard for the altimeter setting unit of measurement?
a. Yes, and it is inches of mercury.
b. Yes, but it is not adhered to by all states.
c. Yes, but it is only adhered to by the United States.
d. No.

5. If you set an inches of mercury altimeter setting of 29.92 instead of a hectoPascal setting of 992,
the airplane will be flying at an altitude that is in error of about:
a. Plus 600 ft.
b. Plus 1,000 ft.
c. Minus 600 ft.
d. Minus 1,000 ft.

6. If you incorrectly use a QNH altimeter setting instead of a QNE altimeter setting, the airplane’s
altitude above the ground will be:
a. Higher than required.
b. Lower than required.
c. Higher or lower, depending on the QNH setting.
d. Insignificant.
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7. When pilots accept an ATC enroute clearance to proceed off airway direct to a point:
a. The clearance ensures safe terrain clearance.
b. ATC must also include an altitude that ensures safe terrain clearance.
c. The pilot is responsible for determining a safe altitude and flying at or above it.
d. None of the above.

8. The best way(s) for flight crews to overcome communication errors with ATC that contribute to
CFIT is to:
a. Exercise good radio communication discipline.
b. Know the height of the highest terrain or obstacle in the operating area.
c. Know their position in relation to the surrounding high terrain.
d. Challenge or refuse ATC instructions when they are not clearly understood, are questionable,

or conflict with their assessment of airplane position relative to the terrain.
e. All of the above.

9. A good way(s) for flight crews to overcome complacency is to:
a. Know that familiarity can lead to complacency.
b. Not assume that this flight will be like the last flight.
c. Adhere to procedures.
d. None of the above.
e. All of the above.

10. Many studies show that airlines with established, well thought out and implemented standard
operating procedures consistently have safer operations.
a. True.
b. False.

11. The majority of CFIT accidents occur during which phase(s) of flight?
a. Departure.
b. Enroute and descent.
c. Landing.
d. Descent, approach, and landing.

12. In the approach phase of flight, most CFIT accidents occur during:
a. Visual approaches.
b. ILS approaches.
c. ADF approaches.
d. VOR and VOR/DME approaches.

13. Which of the following recommendations will mitigate the hazards associated with flying a
nonprecision instrument approach?
a. Study the anticipated approach procedure(s) before departure.
b. Identify unique gradient and step-down requirements.
c. Review approach procedures during the approach briefing.
d. All of the above.

14. The autoflight system will sometimes do things that the flight crew did not intend for it to do.
a. True.
b. False.
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15. When using an autoflight system, flight crews should:
a. Monitor the system for desired operation.
b. Avoid complacency.
c. Follow procedures.
d. Cross-check raw navigation information.
e. None of the above.
f. All of the above.

16. One of the best ways to let the nonflying pilot know what to expect is to conduct a briefing
before each takeoff and each approach.
a. True.
b. False.

17. To assist in preventing CFIT, the proper use of autoflight systems is encouraged during all
approaches and missed approaches, in IMC, when suitable equipment is installed.
a. True.
b. False.

18. Route and destination familiarization training programs for flight crews will assist in preventing
CFIT accidents and incidents. Written guidance, dispatch briefing material, and video familiar-
ization using actual or simulated representations of destination and alternates is adequate for
this training.

a. True.
b. False.

19. Flight crews should confirm altimeter setting units by repeating all digits and altimeter units in:
a. ATC clearance readbacks and intracockpit communications.
b. Only ATC clearance readbacks
c. Only initial contact with approach control.
d. None of the above.

20. It is essential that flight crews always appreciate the altitude of their airplane relative to terrain
and obstacles and the assigned or desired flight path.
a. Always true.
b. Only during instrument approaches.
c. Only during darkness or reduced visibility.
d. Only if the airplane is not equipped with a GPWS.

21. In lieu of any guidance from your standard operating procedures, a callout (aural announce-
ments by either crew member or airplane equipment of significant information that could affect
flight safety) should be made:
a. Upon initial indication of radio altimeter height.
b. When the airplane is approaching from above or below the assigned altitude.
c. When the airplane is approaching relevant approach procedure altitude restrictions and

minimums.
d. When the airplane is passing transition altitude/level.
e. All of the above.
f. Only c above.
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22. Which is the most appropriate flight crew response to a GPWS warning during IMC?
a. Quickly verify that the warning is valid and execute the escape maneuver, if the warning is

valid.
b. Recheck the barometric altimeter setting and execute the escape maneuver, if the setting is in

error.
c. Immediately execute the escape maneuver.
d. None of the above.

23. The GPWS escape maneuver should be continued:
a. Only until the GPWS warning ceases.
b. Until the airplane has reached the sector emergency safe altitude.
c. Until visual verification can be made that the airplane will clear the terrain or obstacle.
d. Answers b or c above.

24. Flight crews should be provided with and be trained to use adequate navigation and approach
charts that accurately depict hazardous terrain and obstacles.
a. True.
b. False.

25. CFIT accidents and incidents happen insidiously; flight crews fall into traps.
a. True.
b. False.
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Instructors Examination Guide

Instructions
This guide contains questions that are based on the material in the CFIT Education and Training Aid.
The answers to each question can be found in Section 3, Operators Guide of that document. The questions
are all multiple choice, fill in the blank, or true/false questions.

There is one answer to each question that is most correct. The correct answer is listed after each question,
along with the section where the correct answer may be found.

Questions
1. The definition of a CFIT accident is an event in which:

a. An airplane impacts the ground, water, or an obstacle during the descent, approach, or arrival
phase of flight.

b. A mechanically normally functioning airplane is inadvertently flown into the ground, water,
or an obstacle.

c. An airplane is inadvertently flown into the ground, water, or an obstacle because of
malfunctioning navigational aids.

d. An airplane is inadvertently flown into the ground, water, or an obstacle during an inflight
emergency.

Answer:  b. (Section 3.1)

2. The basic causes of CFIT accidents are:
a. An insufficient number of instrument approach aids and runway visual aids.
b. Flight crew complacency and visual illusions.
c. Altimeter anomalies and complex instrument procedures.
d. The lack of flight crew vertical and horizontal situational awareness.

Answer:  d. (Section 3.2.1)

3. There are _________ factors that lead to CFIT accidents.
a. Only a few.
b. Two.
c. Only pilot.
d. Many.

Answer:  d. (Section 3.2.2)

4. Is there an international standard for the altimeter setting unit of measurement?
a. Yes, and it is inches of mercury.
b. Yes, but it is not adhered to by all states.
c. Yes, but it is only adhered to by the United States.
d. No.

Answer:  b. (Section 3.2.2.1)
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5. If you set an inches of mercury altimeter setting of 29.92 instead of a hectoPascal setting of 992,
the airplane will be flying at an altitude that is in error of about:
a. Plus 600 ft.
b. Plus 1,000 ft.
c. Minus 600 ft.
d. Minus 1,000 ft.

Answer:  c. (Section 3.2.2.1)

6. If you incorrectly use a QNH altimeter setting instead of a QNE altimeter setting, the airplane’s
altitude above the ground will be:
a. Higher than required.
b. Lower than required.
c. Higher or lower, depending on the QNH setting.
d. Insignificant.

Answer:  c. (Section 3.2.2.2)

7. When pilots accept an ATC enroute clearance to proceed off airway direct to a point:
a. The clearance ensures safe terrain clearance.
b. ATC must also include an altitude that ensures safe terrain clearance.
c. The pilot is responsible for determining a safe altitude and flying at or above it.
d. None of the above.

Answer:  c. (Section 3.2.2.4)

8. The best way(s) for flight crews to overcome communication errors with ATC that contribute to
CFIT is to:
a. Exercise good radio communication discipline.
b. Know the height of the highest terrain or obstacle in the operating area.
c. Know your position in relation to the surrounding high terrain.
d. Challenge or refuse ATC instructions when they are not clearly understood, are questionable,

or conflict with their assessment of airplane position relative to the terrain.
e. All of the above.

Answer:  e. (Section 3.2.2.4)

9. A good way(s) for flight crews to overcome complacency is to:
a. Know that familiarity can lead to complacency.
b. Not assume that this flight will be like the last flight.
c. Adhere to procedures.
d. None of the above.
e. All of the above.

Answer:  e. (Section 3.2.2.5)
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10. Many studies show that airlines with established, well thought out and implemented standard
operating procedures consistently have safer operations.
a. True.
b. False.

Answer:  a. (Section 3.2.2.6)

11. The majority of CFIT accidents occur during which phase(s) of flight?
a. Departure.
b. Enroute and descent.
c. Landing.
d. Descent, approach, and landing.

Answer:  d. (Section 3.2.2.7)

12. In the approach phase of flight, most CFIT accidents occur during:
a. Visual approaches.
b. ILS approaches.
c. ADF approaches.
d. VOR and VOR/DME approaches.

Answer:  d. (Section 3.2.2.7)

13. Which of the following recommendations will mitigate the hazards associated with flying a
nonprecision instrument approach?
a. Study the anticipated approach procedure(s) before departure.
b. Identify unique gradient and step-down requirements.
c. Review approach procedures during the approach briefing.
d. All of the above.

Answer:  d. (Section 3.2.2.7)

14. The autoflight system will sometimes do things that the flight crew did not intend for it to do.
a. True.
b. False.

Answer:  a. (Section 3.2.2.8)

15. When using an autoflight system, flight crews should:
a. Monitor the system for desired operation.
b. Avoid complacency.
c. Follow procedures.
d. Cross-check raw navigation information.
e. None of the above.
f. All of the above.

Answer:  f. (Section 3.2.2.7)
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16. One of the best ways to let the nonflying pilot know what to expect is to conduct a briefing
before each takeoff and each approach.
a. True.
b. False.

Answer:  a. (Section 3.3.2)

17. To assist in preventing CFIT, the proper use of autoflight systems is encouraged during all
approaches and missed approaches, in IMC, when suitable equipment is installed.
a. True.
b. False.

Answer:  a. (Section 3.3.3)

18. Route and destination familiarization training programs for flight crews will assist in preventing
CFIT accidents and incidents. Written guidance, dispatch briefing material, and video familiar-
ization using actual or simulated representations of destination and alternates is adequate for
this training.
a. True.
b. False.

Answer:  a. (Section 3.3.4)

19. Flight crews should confirm altimeter setting units by repeating all digits and altimeter units in:
a. ATC clearance readbacks and intracockpit communications.
b. Only ATC clearance readbacks.
c. Only initial contact with approach control.
d. None of the above.

Answer:  a. (Section 3.3.5)

20. It is essential that flight crews always appreciate the altitude of their airplane relative to terrain
and obstacles and the assigned or desired flight path.
a. Always true.
b. Only during instrument approaches.
c. Only during darkness or reduced visibility.
d. Only if the airplane is not equipped with a GPWS.

Answer:  a. (Section 3.3.5)

21. In lieu of any guidance from your standard operating procedures, a callout (aural announcements
by either crew member or airplane equipment of significant information that could affect flight
safety) should be made:
a. Upon initial indication of radio altimeter height.
b. When the airplane is approaching from above or below the assigned altitude.
c. When the airplane is approaching relevant approach procedure altitude restrictions and

minimums.
d. When the airplane is passing transition altitude/level.
e. All of the above.
f. Only c above.

Answer:  e. (Section 3.3.6)
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22. Which is the most appropriate flight crew response to a GPWS warning during IMC?
a. Quickly verify that the warning is valid and execute the escape maneuver, if the warning is

valid.
b. Recheck the barometric altimeter setting and execute the escape maneuver, if the setting is in

error.
c. Immediately execute the escape maneuver.
d. None of the above.

Answer:  c. (Section 3.3.7)

23. The GPWS escape maneuver should be continued:
a. Only until the GPWS warning ceases.
b. Until the airplane has reached the sector emergency safe altitude.
c. Until visual verification can be made that the airplane will clear the terrain, or obstacle.
d. Answers b or c above.

Answer:  d. (Section 3.3.7)

24. Flight crews should be provided with and be trained to use adequate navigation and approach
charts that accurately depict hazardous terrain and obstacles.
a. True.
b. False.

Answer:  a. (Section 3.3.8)

25. CFIT accidents and incidents happen insidiously; flight crews fall into traps.
a. True.
b. False.

Answer:  a. (Section 3.4)
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Summary of Answers

1. b
2. d
3. d
4. b
5. c
6. c
7. c
8. e
9. e
10. a
11. d
12. d
13. d
14. a
15. f
16. a
17. a
18. a
19. a
20. a
21. e
22. c
23. d
24. a
25. a





APPENDIX

4-C

App. 4-C

CFIT Safety Briefing

4-C



SECTION 4-C

CFIT Safety Briefing

CFIT: How Do We Terrain-Proof Our Pilots?

Page 4-C.1

Controlled Flight Into Terrain (CFIT) is defined as an event in which a mechanically normally functioning airplane is
inadvertently flown into the ground, water, or an obstacle. Since the beginning of commercial jet operations, more than
9,000 people have died worldwide because of CFIT.

The Flight Safety Foundation organized a CFIT Task Force to study the causes and make recommendations to reduce
CFIT accidents by 50% by the year 1998. The Task Force was composed of representatives from aircraft manufacturers,
airline operators, government regulators, industry associations, pilots groups, and others.

A consensus was achieved within the industry Task Force, and those recommendations and solutions are included in this
briefing.



Figure 4-C.1

CFIT:
How Do We Terrain-Proof

Our Pilots?



SECTION 4-C

CFIT Safety Briefing

Hull-Loss Accidents for Worldwide Commercial Jet Fleet

Page 4-C.2

The worldwide accident rate (which includes CFIT) for the commercial jet fleet decreased significantly in the 1960s and
in the 1970s. The rate stabilized and remains fairly stable today.



Figure 4-C.2
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Controlled Flight Into Terrain

We can be very satisfied with this accomplishment, but let’s look at the actual number of CFIT accidents that are included
in this accident rate.



Figure 4-C.3
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This chart shows hull losses attributed to CFIT for the United States fleet as well as the rest of the world’s fleet. The
reduction in CFIT accidents that started in 1975 will be discussed later. The important thing to understand about these
accidents is that they happened with normally functioning airplanes.

These are accidents that operators could have prevented!
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Worldwide CFIT accident data was not available until the mid-1960s. In the United States starting in 1975, large jet
transport accidents attributed to CFIT fell to an average of only one every two years. A comparable reduction took place
worldwide. A major reason for this was the advent of the Ground Proximity Warning System (GPWS). There were also
other reasons for the reduction of accidents. Expansion and upgrading of Air Traffic Control (ATC) radar within the
United States and installation of Approach Lighting Systems and Instrument Lighting Systems were some of the reasons
for better flight safety. However, GPWS is generally accepted as making the biggest impact in reducing the number of
CFIT accidents.

The most prevalent factor for hull losses with known causes is the flight crew. There are normally more CFIT accidents
than any other type. The GPWS is the flight crew’s last chance to avoid an impact with the ground, water, or an obstacle.
While this briefing will include information on the use of GPWS, it is logical to emphasize the causes and contributing
factors of CFIT so that appropriate accident prevention strategies are developed. Hopefully, this will assist the flight crew
in avoiding situations that force them to react to a GPWS escape warning.
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There are two basic causes for CFIT accidents; both involve flight crew situational awareness. (One definition of
situational awareness is an accurate perception by pilots of the factors and conditions currently affecting the safe
operation of the aircraft and the crew).

The causes of CFIT are the flight crews’ lack of vertical position awareness or their lack of horizontal position awareness
in relation to the ground, water, or an obstacle. More than two-thirds of all CFIT accidents are the result of altitude error
or lack of vertical situational awareness.

Simply stated, flight crews need to know where they are and the safe altitude to fly. It follows then that CFIT accidents
occur during reduced visibility associated with instrument meteorological conditions (IMC), darkness, or a combination
of both conditions.
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There are many factors that lead to CFIT accidents. We all accept that the pilot has the final responsibility for preventing
a CFIT accident, but if many of the factors normally associated with these accidents were eliminated or at least mitigated,
the potential for pilot errors would be lessened.

Each of these contributing factors will be discussed. Solutions to counter these factors will be included in the discussion.

Factors That Contribute to CFIT
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Accidents and numerous incidents have happened because of problems associated with the aircraft altimeter. These
factors associated with altimeters can be grouped into two areas: altimeter units of measurement and altimeter settings.

While there is an international standard for units of measurement, it not adhered to by all countries. Settings may be given
in inches of mercury, hectoPascals, or millibars. Additionally, some air traffic systems use meters and some use feet for
altitude reference. The unit of measurement used depends on the area of the world in which the flight crew is flying. A
problem can arise when the flight crew is trained and primarily operates in one area of the world and only periodically
operates elsewhere.

Here is what can happen. An ATC controller, who speaks English as a second language, hurriedly advises the crew to
descend and maintain 9,000 feet using an altimeter setting of “992”. The crew sets 29.92 inHg, not 992 hPa that the
controller was expecting to be set. Throughout the approach the airplane will be approximately 600 feet below the altitude
indicated on the altimeter. This can make the difference between a normal landing at the destination and an accident.

Prevention:

• Know what altimeter units of measurement are used for the area.

• Be vigilant during radio transmissions. Verify if in doubt.

• Be prepared to convert feet and meters.
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• Know what altimeter units of measurement are used for the area.
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• Be prepared to convert feet and meters.

HectoPascals

Millibars



SECTION 4-C

CFIT Safety Briefing

Page 4-C.9

The QNH altimeter setting is obtained by measuring the existing surface pressure and converting it to a pressure that
would theoretically exist at sea level at that point. This is accomplished by adding the pressure change for elevation above
sea level on a standard day. This QNH altimeter setting is the standard used throughout most of the world. Some
states, however, report or use QFE.

The QFE altimeter setting is the actual surface pressure and is not corrected to sea level. The QFE altimeter setting results
in the altimeter indicating height above field elevation while the QNH setting results in the altimeter indicating height
above mean sea level.

There have been incidents in which a QNH setting has been erroneously used as a QFE setting. This results in the airplane
being flown at a lower than required altitude.

The QNE altimeter setting is always 29.92 inches of mercury, or 1013 hectopascals/millibars. QNE is set when operating
at, climbing through, or operating above the transition altitude. Transition altitudes are not standardized throughout the
world, which increases the potential for pilots to make errors.

Extreme atmospheric anomalies, such as low temperatures or low pressures, can affect altimeters and result in reduced
altitude margins of safety.

It is easy to make mistakes with altimeters. For example, 28.82 inches of mercury is an unusually low setting. Pilots have
erroneously set 29 instead of 28 because of the rare occurrences of such a low setting. They have formed a habit of using
the “normal” 29. This mistake will make you fly 1,000 feet lower than required!
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• Know what altimeter units of measurement are used for the area.

• Know the phase of flight to apply the appropriate altimeter setting.

• Use altimeter setting cross-check and readback cockpit procedure.

• Cross-check radio altimeter and barometric altimeter readings.

• Operate at higher than minimum altitudes during atmospheric anomalies.

“Oh No! What
altimeter settings do
I use with QNH, QFE,
and QNE??!!”
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Vertical awareness implies that pilots know the altitude relationship of the airplane to the surrounding terrain or
obstacles. Obviously, during IMC and reduced visibility flight conditions, it is necessary to rely on altitude information
provided by other than visual means. To assist pilots, instrument flight rule enroute charts and approach charts provide
Minimum Safe Altitudes (MSA), Minimum Obstruction Clearance Altitudes (MOCA), Minimum Enroute Altitudes
(MEA), Emergency Safe Altitudes (EAS), and in most terminal areas, actual heights of the terrain or obstacles.
Traditional maps, such as Sectional or Operational Navigation Charts, are available for more detailed study. The
potential for CFIT is greatest in the terminal areas. Detailed altitude information is provided to assist the pilot in
maintaining situational awareness.

• Make sure adequate charts are available.

• Study the altitude information.

• Know and fly at or above the safe altitudes for your area of operation.

[Optional supporting information]

A pilot on a flight to Portland, Oregon, USA, made this report. “The area below us was like a ‘black hole’ because of
forest and it was unpopulated. The city lights were off the right wing—a beautiful night. After being cleared for a visual
approach, I began descent so as to arrive... at the recommended 3,000 feet mean sea level. ...At 4,100 feet MSL, the GPWS
went‘Whoop, whoop! Pull up! Terrain.’ For a split second we thought it was a false warning, since we were still looking
at the airport/city. Then I noticed both radio altimeters go from 2,500 feet to 400 feet in 1-2 seconds. I immediately applied
full power and initiated a max climb until over the city’s outskirts (lights). Our whole crew serves this city daily and
knows the airport well. Simple fact is that most pilots going into a familiar airport use the approach plate and do not often
refer to the area chart. ...We were stupid and very lucky.” (Source: ASRS report 216837.)



Figure 4-C.10

• Make sure adequate charts are available.

• Study the altitude information.

• Know and fly at or above the safe altitudes for your area of operation.

“Mountain range off to
left—check. MSA—check.
Minimums—check.”
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The inability of air traffic controllers and pilots to properly communicate has been a factor in many CFIT accidents. There
are multiple reasons for this problem. With the growth of the aviation industry taking place throughout the world, the
use of English as a common language is more difficult to support. The lack of English language proficiency can make
understanding controller instructions to the pilots and airborne information or requests from the pilots to the controllers
much more prone to error. Heavy workloads can lead to hurried communications and the use of abbreviated or non-
standard phraseology. The potential for instructions meant for one airplane and given to another is increased. Unreliable
radio equipment still exists in some areas of the world, which compounds the communication problems.

• Make sure adequate charts are available.

• Study the altitude information.

• Know and fly at or above the safe altitudes for your area of operation.

[Optional supporting information]

The importance of good communications was pointed out in a report by an air traffic controller and flight crew of an
MD-80. The controller reported that he was scanning his radar scope for traffic and noticed that the MD-80 was
descending through 6,400 ft and immediately instructed a climb to at least 6,500 ft. The pilot responded that he had been
cleared to 5,000 ft and then climbed to…The pilot reported  that he had “heard” a clearance to 5,000 ft and read back
5,000 ft to the controller and received no correction from the controller. After almost simultaneous GPWS and controller
warnings, the pilot climbed and avoided the terrain. The recording of the radio transmissions confirmed that the airplane
was cleared to 7,000 ft and the pilot mistakenly read back 5,000 ft and attempted to descend to 5,000 ft. The pilot stated
in the report: “I don’t know how much clearance from the mountains we had, but it certainly makes clear the importance
of good communications between the controller and pilot.” (Source: ASRS report 96032)
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“Flight 00, proceed to
center (POP) way
(SNAP) (Buzz,Buzz)
Nose up (Pow) land.”

“What?! Tower, please
say again. I don’t
understand and I have
a bunch of static!!”

“No bunching, stay clear
of other plane (buzz)!”
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ATC is not always responsible for safe terrain clearance for the airplanes under its jurisdiction. Many times ATC will
issue enroute clearances for pilots to proceed off airway direct to a point. When pilots accept this clearance, they also
accept responsibility for maintaining safe terrain clearance.

• Exercise good radio communication discipline.

• Know the height of the highest terrain or obstacle in the operating area.

• Know your position in relation to the surrounding high terrain.

Airspace constraints that are most prevalent in the terminal areas many times require air traffic controllers to radar vector
airplanes at minimum vectoring altitudes that can be lower than the sector Minimum Safe Altitude. Proper vertical and
horizontal situational awareness is vital during this critical phase of flight. Humans make errors. From time to time, ATC
may issue flawed instructions that do not ensure adequate terrain clearance. While it may be difficult for flight crews
to know that an error has been made, it is possible that the mistake can be detected with good pilot position and altitude
awareness.
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• Exercise good radio communication discipline.

• Know the height of the highest terrain or obstacle in the operating area.

• Know your position in relation to the surrounding high terrain.

“Proceed direct
to airport.”

“Roger that…I better
check my altitude
requirement.”
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• Challenge or refuse ATC instructions when they are not clearly understood, are questionable, or conflict with
your assessment of airplane position relative to the terrain.

• Know the height of the highest terrain or obstacle in the operating area.

• Know your position in relation to the surrounding high terrain.

[Optional supporting information]

“While in a left turn to 330 degrees after takeoff, combined tower/departure controller said: ‘Radar contact, turn left
heading 300 degrees.’ We responded by acknowledging the heading and ‘leaving 6 for 7,000 feet. Aircraft was leveled
off at 7,000 feet MSL. Captain asked controller the elevation of the terrain below us. Tower replied: ‘5,800 feet’. After
approximately one minute level at 7,000 feet MSL, the radar altimeter light came on indicating terrain less than 2,500
feet. A climb was immediately initiated when the GPWS warned: ‘Terrain, Terrain.’ ATC was advised we‘re climbing.
ATC replied: ‘Verify you’re climbing to 17,000.’ Captain replied that we’re issued 7,000 feet. ATC replied: ‘climb and
maintain 17,000.’...The controller said he was the new shift replacement for the controller who had given us the
clearance.” (Source: ASRS 95474.)

Complacency can be defined as self-satisfaction, smugness, or contentment. You can understand why after years in the
same flight deck, on the same route structure to the same destinations, a pilot could become content, smug, or self-
satisfied. Add to this equation a modern flight deck with a well functioning autopilot, and you have the formula for
potential complacency.

Flight crews may also be exposed to continued false GPWS warnings because of a particular terrain feature and a GPWS
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• Challenge or refuse ATC instructions when they are not clearly understood,
are questionable, or conflict with your assessment of airplane position
relative to the terrain.

• Know the height of the highest terrain or obstacle in the operating area.

• Know your position in relation to the surrounding high terrain.

“Flight 258 proceed
present position Delta
intersection via Victor 2.
Cruise 1000 feet. Cleared
for the approach, Maintain
2000 feet until passing the
outer marker.”
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database that has not been customized for the arrival. The flight crew becomes conditioned to this situation, since they
have flown the approach many times. This can also lull the flight crew into complacency, and they may fail to react to
an actual threat. Note: The newer versions of GPWS can be programmed by the manufacturer for specific airfield
approach requirements so that these nuisance warnings are eliminated.

• Know that familiarity can lead to complacency.

• Do not assume that this flight will be like the last flight.

• Adhere to procedures.

Many studies show that operators with established, well thought out and implemented standard operating procedures
(SOP) consistently have safer operations. It is through these procedures that the operator sets the standards that all flight
crews are expected to follow.

CFIT accidents have happened when flight crews did not know the procedures, did not understand them, or did not
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• Know that familiarity can lead to complacency.

• Do not assume that this flight will be like the last flight.

• Adhere to procedures.
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comply with them, or when there were no procedures established. In the absence of standard operating procedures, flight
crews will establish their own to fill the void in order to complete the flight. Some flight crews think the weather is never
too bad to initiate an approach! It is the responsibility of management to develop the comprehensive procedures, train
the flight crews, and quality control the results.

It is the responsibility of the flight crew to learn and follow the procedures and provide feedback to management when
the procedures are incorrect, inappropriate, or incomplete.

• Do not invent your own procedures.

• Management must provide satisfactory standard operating procedures and provide
effective training to the flight crew.

• Comply with these procedures.

CFIT accidents have occurred during departures, but the overwhelming majority of accidents occur during the descent,
approach, and landing phases of the flight. CFIT accidents make up the majority of these accidents.

An analysis of 40 CFIT accidents was accomplished for a 5-year period, 1986 to 1990. The airplanes’ lateral and vertical
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• Do not invent your own procedures.

• Management must provide satisfactory standard operating procedures
and provide effective training to the flight crew.

• Comply with these procedures.
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positions were plotted in relation to the airport runway. Almost all the position plots are on the runway centerline inside
of 10 miles from the intended airport. The vertical profiles showed flight paths at a relatively constant 3 degrees, but right
into the ground!

The geographical location of CFIT accidents during the 1970s show a different pattern than those in the late 1980s and
1990s. During the five-year period from 1972 through 1977, there were 75 CFIT accidents or incidents. Twenty-five of
these accidents/incidents were greater than 8 nautical miles from the runway. The preponderance of the remaining
accidents/incidents were inside the middle marker. However, for the period 1986 to 1990, the distribution of accidents/
incidents was relatively even. This difference may be the result of improvements made in runway approach aids that took
place during this time period. Additional Instrument Landing Systems were installed, as well as runway approach
lighting systems.

• Know what approach and runway aids are available before initiating an approach.

• Use all available approach and runway aids.

• Use every aid to assist you in knowing your position and knowing the required altitudes at that position.

Most CFIT accidents occur during nonprecision approaches, specifically VOR/DME approaches. Inaccurate or poorly
designed approach procedures, coupled with a variety of depictions, can be part of the problem.
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• Know what approach and runway aids are available before initiating an approach.

• Use all available approach and runway aids.

• Use every aid to assist you in knowing your position and knowing the required
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This is an example of an approach procedure produced by different sources. There are documented cases that the
minimum terrain clearances on some published approach charts have contributed to both accidents and incidents. For
more than a decade, a worldwide effort has been underway to both raise and standardize the descent gradient of non-
precision approaches. There are gradients as little as 0.7 degrees in some VOR approach procedures.

In addition to the shallow approach gradients, many approaches use multiple altitude step-down procedures. This
increases the pilot workload and the potential for making errors.

• Study the approach procedure(s) before departure.

• Identify unique gradient and step-down requirements.

• Review approach procedures during approach briefing.

• Use autoflight systems, when available.

There is more than one standard for approach procedures in the world. The United States standard is Terminal Instrument
Procedures (TERPS). The ICAO standard is Procedures for Air Navigation Services-Aircraft Operations (PANS-OPS),
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• Use autoflight systems, when available.
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and the Russian Federation uses still another. Flight crews, therefore, may be exposed to different standards and different
margins of safety.

• Study anticipated approach procedures before departure.

• Know that there are different approach design standards.

Unstable approaches contribute to many CFIT accidents or incidents. Unstable approaches increase the possibility of
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• Study anticipated approach procedures before departure.

• Know that there are different approach design standards.
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diverting a pilot’s attention away from the approach procedure to regain better control of the airplane. A stabilized
approach is defined by many operators as a constant rate of descent along an approximate 3 degree flight path with stable
airspeed, power setting, and trim, with the airplane configured for landing.

Use the display and control modes recommended for the type of approach being flown, and as specified in the standard
operating procedures applicable to the airplanes type. Be aware of the limitations associated with the specified
procedures.

• Fly stabilized approaches.

• Execute a missed approach if not stabilized by 500 feet above ground level
or an altitude specified by your SOP.

A minimum of three to five near collision with the terrain autoflight-related incidents occur each year. Not all incidents
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• Fly stabilized approaches.

• Execute a missed approach if not stabilized by 500 feet above ground level
or an altitude specified by your SOP.

“I’m not stabilized.
I’m going around!”
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are reported. The actual number of incidents may be much greater. The advancement of technology in today’s modern
airplanes has brought us flight directors, autopilots, autothrottles and flight management systems. All of these devices
are designed to reduce pilot workload. They keep track of altitude, heading, airspeed, and the approach flight path, and
they tune navigation aids with unflagging accuracy. When used properly, this technology has made significant
contributions to flight safety. But technology can increase complexity and also lead to unwarranted trust or complacency.

Autoflight systems can be misused, contain database errors, or be provided with faulty inputs by the flight crew. They
will sometimes do things that the flight crew did not intend for them to do.

• Monitor the autoflight system for desired operation.

• Avoid complacency.

• Follow procedures.

• Cross-check raw navigation information.

[Optional supporting information]

Imagine this situation. You are descending, and the autoflight system is engaged and coupled to fly the FMC course. It
is night time, and you are flying an instrument arrival procedure in mountainous terrain. The FMC has been properly
programmed, and the airplane is on course when ATC amends the routing. In the process of programming the FMC, an
erroneous active waypoint is inserted. While you and the first officer are reconciling the error, the airplane begins a turn
to the incorrect waypoint! It does not take very long to stray from the terrain-altitude-protected routing corridor.



Figure 4-C.20

• Monitor the autoflight system for desired operation.
• Avoid complacency.
• Follow procedures.
• Cross-check raw navigation information.

“What’s the autopilot doing now?
It’s supposed to do that.

Why is it doing that?
I don’t know.

But it knows, doesn’t it?!!
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Most of the factors that have been identified are the result of deficiencies in flight crew training programs. Therefore,
training becomes a significant factor that contributes to CFIT. Well-designed equipment, comprehensive operating
procedures, extensive runway approach aids, and standardized charting or altimeter setting procedures and units of
measurement will not prevent CFIT unless flight crews are properly trained and disciplined.

• Develop and implement effective initial and recurrent flight crew training programs that consider CFIT.

• Implement Flight Operations Quality Assurance Programs.
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• Develop and implement effective initial and recurrent flight crew training
programs that consider CFIT.

• Implement Flight Operations Quality Assurance Programs.

"Whoop,
Whoop!
Pull up!"
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In Section 2 of the CFIT Education and Training Aid (the Decision Makers Guide), we pointed out that CFIT prevention
encompasses more than operator-related actions. There are system-related problems that, when solved, will help
operators avoid situations that may lead to CFIT. Some progress has been made in solving the systemic problems, but
much more needs to be done. In the meantime, operators can also do much more to prevent CFIT accidents.
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• Crew briefings

• Autoflight systems

• Route and destination familiarization programs

• Altitude awareness techniques and procedures

• Callouts

• GPWS escape maneuvers

• Better charts

• Better training
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Many of the CFIT accidents show a lack of flight crew communication. For example, while one pilot flew the approach,
the other did not know or understand the intentions of the flying pilot. This lack of communication can lead to breakdowns
in flight crew coordination and cross-checking. One of the best ways to let the nonflying pilot know what to expect is to
conduct a briefing before each takeoff and each approach. While this seems elementary, many pilots simply ignore the
obvious safety implications of the briefing.

Operators should require briefings by the flight crew. As operations vary from country to country, some briefing items
may be more important than others and some unique items may be added, but there are some items that should always
be covered.
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“Don’t forget your
briefing before
you take off and
before you land.



SECTION 4-C

CFIT Safety Briefing

Page 4-C.24

Use the following takeoff briefing guidelines if other guidance is not provided by standard operating procedures or the
airplane manufacturer.

• Weather at the time of departure.

• Runway in use, usable length (full length or intersection takeoff).

• Flap setting to be used for takeoff.

• V speeds for takeoff.

• Expected departure routing.

• Airplane navigation aids setup.

• Minimum sector altitudes and significant terrain or obstacles relative to the departure routing.

• Rejected takeoff procedures.

• Engine failure after V1 procedures.

• Emergency return plan.



Takeoff Briefing
• Weather at the time of departure.

• Runway in use, usable length (full length or intersection takeoff).

• Flap setting to be used for takeoff.

• V speeds for takeoff.

• Expected departure routing.

• Airplane navigation aids setup.

• Minimum sector altitudes and significant terrain or obstacles
relative to the departure routing.

• Rejected takeoff procedures.

• Engine failure after V1 procedures.

• Emergency return plan.

Figure 4-C.24
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The accident statistics show that the vast majority of accidents occur during the approach at the destination airport. Is
it not logical then to prepare carefully and properly for the arrival, approach, and landing? The approach briefing sets
the professional tone for your safe arrival at the destination. The flying pilot should discuss how he or she expects to
navigate and fly the procedure. This will not only solidify the plan for the approach, but it will inform the nonflying pilot
of intentions, which provides a basis for monitoring the approach. Deviations from the plan now can be more readily
identified by the nonflying pilot. The approach briefing should be completed before arriving in the terminal area, so that
both pilots can devote their total attention to executing the plan.

Use the following approach briefing guidelines if other guidance is not provided by standard operating procedures or
the airplane manufacturer.



Approach Briefing

• Expected arrival procedure to include altitude and airspeed
restrictions.

• Weather at destination and alternate airports.

• Anticipated approach procedure to include:
- Minimum sector altitudes.
- Airplane navigation aids setup.
- Terrain in the terminal area relative to approach routing.
- Altitude changes required for the procedure.
- Minimums for the approach DA/H or MDA/H.
- Missed approach procedure and intentions.

• Communication radio setup

• Standard callouts to be made by the nonflying pilot.

Figure 4-C.25
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Proper use of the modern autoflight systems reduces workloads and significantly improves flight safety. These systems
keep track of altitude, heading, airspeed, and flight paths with unflagging accuracy. Unfortunately, there are a great
number of first-generation airplanes that are still operating that do not have the advantages associated with well-designed
integrated systems. There are also some flight crews whose airplanes do have modern systems, but who do not take full
advantage of the autoflight system to manage the progress of the flight and reduce workload.

To assist in preventing CFIT, the proper use of autoflight systems is encouraged during all approaches and missed
approaches, in IMC, when suitable equipment is installed.

It is incumbent on operators to develop specific procedures for the use of autopilots and autothrottles during precision
approaches, nonprecision approaches and missed approaches, and to provide simulator-based training in the use of these
procedures for all flight crews.
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“On course, on glide
path, on airspeed;
nice job, autopilot!!
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Flight crews must be adequately prepared for CFIT critical conditions, both enroute and at the destination. Flight crews
must be provided with adequate means to become familiar with enroute and destination conditions for routes deemed
CFIT critical. One or more of the following methods are considered acceptable for this purpose:

• When making first flights along routes, or to destinations, deemed CFIT critical, Captains should be
accompanied by another pilot familiar with the conditions; or,

• Suitable simulators can be used to familiarize flight crews with airport critical conditions when those simulators
can realistically depict the procedural requirements expected of flight crew members; or,

• Written guidance, dispatch briefing material, and video familiarization using actual or simulated representations
of destination and alternatives should be provided.
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SECTION 4-C

CFIT Safety Briefing

It is essential that flight crews always appreciate the altitude of their airplane relative to terrain, and the assigned or desired
flight path. Flight crews need to be provided with and need to use procedures with which they will monitor and cross-
check assigned altitudes, as well as verify and confirm altitude changes. As a minimum, in the absence of standard
operating procedures or airplane manufacturer’s guidance, use the following procedures:

• Ascertain the applicable MSA reference point. Note: The MSA reference point for an airport may vary
considerably according to the specific approach procedure in use.

• Know the applicable transition altitude or transition level.

• Use a checklist item to ensure that all altimeters are correctly set in relation to the transition altitude/level.
Confirm altimeter setting units by repeating all digits and altimeter units in clearance readbacks and intracockpit
communications.

• Call out any significant deviation or trend away from assigned clearances.

• Include radio height in the pilot instrument scan.

• Upon crossing the final approach fix, outer marker, or equivalent position, the pilot not flying will cross-check
actual crossing altitude/height against altitude/height as depicted on the approach chart.

• Follow callout procedures.
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• Ascertain the applicable MSA reference point. Note: The MSA
reference point for an airport may vary considerably according to the
specific approach procedure in use.

• Know the applicable transition altitude or transition level.

• Use a checklist item to ensure that all altimeters are correctly set in
relation to the transition altitude/level. Confirm altimeter setting units
by repeating all digits and altimeter units in clearance readbacks and
intracockpit communications.

• Call out any significant deviation or trend away from assigned
clearances.

• Include radio height in the pilot instrument scan.

• Upon crossing the final approach fix, outer marker, or equivalent
position, the pilot not flying will cross-check actual crossing altitude/
height against altitude/height as depicted on the approach chart.

• Follow callout procedures.

Altitude Awareness



SECTION 4-C

CFIT Safety Briefing

Callouts are defined as aural announcements, by either flight crew members or airplane equipment, of significant
information that could affect flight safety. A callout should be made at the following times:

• Upon initial indication of radio altimeter height, at which point altitude versus height above terrain should be
assessed and confirmed to be reasonable.

• When the airplane is approaching from above or below the assigned altitude (adjusted as required to reflect
specific airplane performance).

• When the airplane is approaching relevant approach procedure altitude restrictions and minimums.

• When the airplane is passing transition altitude/level.
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• Upon initial indication of radio altimeter height, at which point
altitude versus height above terrain should be assessed and
confirmed to be reasonable.

• When the airplane is approaching from above or below the
assigned altitude (adjusted as required to reflect specific
airplane performance).

• When the airplane is approaching relevant approach procedure
altitude restrictions and minimums.

• When the airplane is passing transition altitude/level.

Callouts
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CFIT Safety Briefing
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The GPWS warning is normally the flight crew’s last opportunity to avoid CFIT. Incidents and accidents have occurred
because flight crews have failed to make timely and correct responses to the GPWS warnings. The available time has
increased between initial warning and airplane impact since the first version of the GPWS; however, this time should
not be used to analyze the situation. React immediately. With the early versions, there was as little as 5 seconds warning,
and none at all if the impact point was on a relatively steep slope of a mountain. There may be as much as 30 seconds
for newer and future versions.

In the absence of standard operating procedures or airplane manufacturer guidance, execute the following maneuver
in response to a GPWS warning, except in all but clear daylight VMC, when the flight crew can immediately and
unequivocally confirm that an impact with the terrain, water, or obstacle will not take place:

• React immediately to a GPWS warning.

• Positively apply maximum thrust, and rotate to the appropriate pitch attitude for your airplane.

• Pull up with wings level to ensure maximum airplane performance.

• Always respect stick shaker.

Continue the escape maneuver until climbing to the sector emergency safe altitude or until visual verification can be
made that the airplane will clear the terrain or obstacle, even if the GPWS warning stops.
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• React immediately to a GPWS warning.

• Positively apply maximum thrust, and rotate to the appropriate pitch attitude
for your airplane.

• Pull up with wings level to ensure maximum airplane performance.

• Always respect stick shaker.

“Whoop!
Whoop!
Pullup!”
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CFIT Safety Briefing
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Flight crews must be provided with and must be trained to use adequate navigation and approach charts that accurately
depict hazardous terrain and obstacles. These depictions of the hazards must be easily recognizable and understood. On
modern technology airplanes, the electronic displays should resemble printed chart displays to the maximum extent
feasible.

Flight crew training can be a contributing factor to CFIT. It is also the key to CFIT accident prevention. Modern airplane
equipment, extensive standard operation procedures, accurate charts, improved approach procedures, detailed checklists,
or recommended avoidance techniques will not prevent CFIT if flight crews are not adequately trained. The cause of
CFIT is the flight crew’s lack of vertical and/or horizontal situational awareness. We know the solutions to these causes:
a proper support infrastructure and a trained and disciplined flight crew.
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CFIT Safety Briefing

Page 4-C.32

In the previous discussion, the causes of CFIT and contributing factors were identified, along with recommendations
and strategies that may be used to avoid CFIT accidents and incidents. It could be misleading to the reader when causes
and factors are discussed separately.

Accidents and incidents do not normally happen because of one decision or one error. They rarely happen because the
flight crew knowingly disregarded a good safety practice. Accidents and incidents happen insidiously. Flight crews fall
into traps: some of their own making and some that are systemic.

Let’s look at some examples that could happen when a flight crew employs one recommendation, but disregards another.
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CFIT Safety Briefing
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We have identified that nonprecision VOR instrument approaches are especially hazardous when they include shallow
approach paths and several altitude step-down points. We recommend that the autoflight system be used, if available,
to reduce the workload. While this technique may mitigate the problem with the approach procedure, it can create another
trap if the flight crew becomes complacent and does not properly program the computer, monitor the autoflight system,
make the proper cockpit callouts, etc.

In another situation, flight crews are encouraged to use the displays that modern cockpits provide to assist them in
maintaining situational awareness. However, if they disregard the raw navigational information that is also available,
they can fall into a trap if any position inaccuracies creep into the various electronic displays.
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“Keep checking.
Don’t get trapped.”
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The importance of takeoff and arrival briefings is stressed as a means to overcome some of the factors associated with
the departures and arrivals. However, if the briefings do not stress applicable unique information or become rote or done
at the expense of normal outside-the-cockpit vigilance, their value is lost and the flight crew can fall into another trap.
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“For this approach,
we’ve got got some
special considerations.”
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It should be evident that there is no single solution to avoiding CFIT accidents and incidents. All the factors are
interrelated, with their level of importance changing with the scenario. Be aware, the traps are there!

The last link in the chain of events that lead to CFIT accidents is the flight crew. Be ready!

[Optional supporting information]

The CFIT Training and Education Aid, Section 5, CFIT Background Material, provides many more examples of traps.
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Are you terrain-proof?



APPENDIX

4-D

App. 4-D.1

Escape Maneuvers

Appendix 4-D provides a single-source reference for GPWS warning escape maneuvers.
Note: The term “maneuver” is associated with the sequence of steps the pilot is required to accomplish
in order to avoid impact with the terrain. It is recognized that some airplane manufacturers have
established procedural steps that the pilot is required to accomplish for that particular airplane. For
simplicity, the term “maneuver” will be used for both situations. The generic escape maneuver
developed by the CFIT Task Force is included, along with supporting information. This maneuver
should be used if your standard operating procedures or airplane manufacturer does not provide other
model-specific guidance for reacting to a GPWS warning. Space has also been provided for the insertion
of model-specific escape maneuvers and data from airplane manufacturers. Several manufacturers have
included their specific escape maneuver and supporting information. Operators who desire additional
information, or the escape maneuver for airplanes not included in this appendix, should contact the
appropriate manufacturer.
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App. 4-D.2

4-D.1 Generic GPWS Warning Escape
Maneuver

In the absence of standard operating procedures
or airplane manufacturer guidance, execute the
following maneuver in response to a GPWS
warning, except in clear daylight visual meteo-
rological conditions when the flight crew can
immediately and unequivocally confirm that an
impact with the ground, water, or an obstacle
will not take place.
• React immediately to a GPWS warning.
• Positively apply maximum thrust and rotate to

the appropriate pitch attitude for your airplane.
• Pull up with wings level to ensure maximum

airplane performance.
• Always respect stick shaker.

Continue the escape maneuver until climbing to
the sector emergency safe altitude can be com-
pleted or until visual verification can be made
that the airplane will clear the terrain or obstacle,
even if the GPWS warning stops.

4-D.1.1 GPWS Warning Escape Maneu-
ver Analysis

Airplane performance data, through computer
analysis and simulator studies, were compiled to
determine the feasibility of an industrywide, com-
mon CFIT escape maneuver. Performance charac-
teristics for specific airplanes were supplied by the
various airplane manufacturers.

Preliminary information indicates that performance
data for different airplanes are remarkably similar.
Using an initial pitch of 20 deg shows a better
altitude gain than a 15-deg pitch for the same
horizontal distance traveled during the initial
pull-up and during low-altitude recoveries. Dur-
ing extended climbs and for recoveries initiated at
higher altitudes, the 20-deg pitch will eventually
fall below the 15-deg pull-up pitch.

Maximum altitude will be gained in the shortest
horizontal distance by using a pull-up directly to
stick shaker. However, this technique results in
very low airspeeds and varying pitch attitudes,
depending on airplane configuration and elevator
effectiveness.

Studies show that there is little difference in per-
formance between a pull-up rate of 3 deg/s and 4
deg/s. Because of this, it is recommended that the
standard pull-up rate is 3 deg/s. The studies re-
vealed that airplanes in the takeoff configuration
had the worst performance characteristics. Data
were collected using V2 speed instead of the more
nominal V2 + 15 to 25 kt.

Currently, it appears that a 3 deg/s pull-up, similar
to a normal takeoff rotation, to a pitch attitude of 20
deg will result in the most altitude gained for
horizontal distance used without exposing the flight
crew to excessively high pitch attitudes while
flying at low airspeeds.
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TERRAIN AVOIDANCE PROCEDURES FOR AIRCRAFT WITH FBW AND
WITH CONVENTIONAL FLIGHT CONTRO1.~

1. During daylight VMC when positive visual verification is made that no hazard exists,a
GPWS terrain warning may be considered as cautionary. If a GPWS warning occurs and the
crew cannot make this visual verification, as in IMC or at night, the crew should immediately
and aggressively execute the terrain avoidance procedure applicable to the aircraft type. There
should be no attempt to evaluate the warning.

2.1. For Airbus fly-by-wire aircraft having full low speed protection, the procedure is as
specified on page 2. Push thrust-levers immediately to TOGA and simultaneously pitch nose-
up, wings level, disconnecting autopilot. Immediate ~ aft side-stick will produce maximum
performance climb, trading speed for altitude, in the minimum distance. The speed-brakes
should be retracted without delay if they are extended. In any case, they will retract
automatically when the angle of attack reaches (x prot. Maintain gear and flaps position,
maintain full back stick until adequate terrain clearance is assured, as indicated by cessation of
the GPWS warning and increasing radio altitude. In normal law, the high angle of attack
protectionwill ensure ct max is not exceeded, and stall margin is maintained.

2.2. For fly-by-wire aircraft in degraded flight control law, the side-stick should be pulled
back, wings level, disconnecting auto-pilot, increasing pitch attitude, if necessary until IAS
reaches Vsw. Stall warning must be respected to ensure the maintenance of stall margin.

3.1. For the A300 and A31 O families, with conventional flight control systems, the
procedure is as specified on page 3. Apply full rated thrust, disconnect the autothrottle system,
and simultaneously pitch up to at least 20°, wings leveL Check speed brakes are retracted.
Maintain gear and flaps position, monitor the radio altimeter and if necessary, continue to
increase pitch attitude smoothly until Vss and / or operation of the stick shaker. Use stick

shaker onset to limit Pitch a~itude” Stick shaker or buffet must be resPected at all times to
ensure appropriate maneuver and stall margins are maintained. Maintain this pitch until
adequate terrain clearance is assured.

3.2. Also on EFIS equiped aircraft, speed trend and Vsw display can help to make a
smooth approach to V~s. The FPV may be selected to show climb angle achieved during the

maneuver.

4. For both categories of flight control systems, when adequate terrain clearance is
assured, smoothly reduce pitch and accelerate, maintaining a positive rate of climb. When
adequate IAS is obtained, clean up and reduce thrust as required.

AusRE’r-F - 02/95 01 4D ABI-4



TERRAIN AVOIDANCE PROCEDURE

Applicable to FBW aircraft: A319, A320, A321, A330, A340 in NORMAL LAW

Immediately:

- THRUST LEVERS TOGA

I
- A/P DISCONNECT

SIDE-STICK* PUU UP, WINGS LEVEL

- SPD BRK Check retracted

[f necessary, use full back stick and maintain a max speed untilterrain clearance is assured,
(GPWS warning ceased and radio altitude increasing).

● When flight path is safe, decrease pitch and accelerate.

● When speed above VLs and V/S positNe, retract flap and gear as required.

*In pitch alternate or direct law, pull up agressiveiy, wings level. if necessary, maintain speed at
stall warning until terrain clearance assured.



TERRAIN AVOIDANCE PROCEDURE

Applicable to: A300, A310 and A300-600 aircraft

Immediately:

-1THROTTLES FULL FORWARD
A/THR DISCONNECT

-1AIP DISCONNECT
PITCH At least 20° U~ WINGS LEVEL

- SPD BRK Check retracted

If necessary, pitch up to V~~ on speed scale, maintain until terrain clearance assured (GPWS

ceased and radio altitude increasing).

● When flight path is safe, decrease pitch and accelerate.

● When speed above VLs and V/S positive, retract flap and gear as required.

AUSFUST-F - 02/95 03 4D ABM
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CFIT ESCAPE MANEUVER
A300 B2/B4 FROM 3° GLIDE SLOPE,

CONFIGURATION 25°/250 - GEAR DOWN
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CFIT ESCAPE MANEUVER
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CFIT ESCAPE MANEUVER
A310 FROM LEVEL FLIGHT.
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CFIT ESCAPE MANEUVER
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The Boeing Company

Terrain Avoidance
The Boeing Company conducted an escape maneuver aerodynamic study and a flight simulator pilot
human factors study. These studies and other information formed the basis for the terrain avoidance
procedure.

Contents:
1. Terrain Avoidance procedure.
2. Boeing Aerodynamic study results.
3. Boeing flight simulator pilot human factors study results.

The material contained in this Boeing appendix is considered correct and accurate; however, since it is
intended to be informative only, it should not be consulted in lieu of official operations manuals.



TERRAIN AVOIDANCE

The following is immediately accomplished by recall whenever the threat of
inadvertent contact with the terrain exists. Any of the following conditions is regarded
as presenting a potential for terrain contact:

● Activation of the” PULL UP” warning.
o Other situations resulting in unacceptable flight toward terrain.

PILOT FLYING PILOT NOT FLYING
● Disconnect autopilot ● Assure maximum* thrust
* Disconnect autothrottle(s) ● Verify all required actions have been
● Aggressively apply maximum* thrust completed and call out any omissions
● Roll wings level and rotate at a rate of 30

per second to an initial pitch attitude of
200

● Retract speedbrakes
● If terrain remains a threat, continue

rotation up to the pitch limit indicator (if
available) or stick shaker or initial buffet

● Do not change gear or flap configuration ● Monitor vertical speed and altitude
until terrain separation is assured c Call out any trend toward terrain

● Monitor radio altimeter for sustained or contact
increasing terrain separation

QWhen clear of the terrain, slowly
decrease pitch attitude and accelerate

NOTE: Aft control column force increases as the airspeed decreases. in all cases,
the pitch attitude that results in intermittent stick shaker or initial buffet is the
upper pitch attitude limit. Flight at intermittent stick shaker may be required
to obtain positive terrain separation. Smooth, steady control will avoid a
pitch attitude overshoot and stall.

NOTE: Do not use Flight Director commands.

* Maximum thrust means “maximum cettified thrust”. On engines without electronic
thrust limiting capability, overboost or “firewalling the thrust lever” should only be
considered during emergency situations when all other available actions have been
taken and terrain contact is imminent.



Boeing Aerodynamic Study Results
The aerodynamic study evaluated a set of pull-up maneuvers to avoid terrain after receiving a ground
proximity warning. The parameters used for the study were three pitch attitudes ‘orangle of attack, two
pitch rates, two initial altitudes, and four flap configurations. Figures 1-12 show each plot in various
configurations for various Boeing models. Altitude (ft) is graphed on the vertical axis and distance
traveled (ft) is graphed on the horizontal axis.
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Boeing Flight Simulator Pilot Study
The flight simulator pilot study was conducted in a Boeing 767-200 airplane simulator to evaluate
ground proximity warning escape maneuvers. This simulator is indicative of the general performance
of the Boeing airplanes, and data will vary little from other Boeing models. The initial conditions for the
study are typical of an airplane encountering rapidly rising terrain. Altitude (ft) is graphed on the vertical
axis and distance traveled (ft) is graphed on the horizontal axis.
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ATextrcn Company

Cessna used an engineering simulation of the Citation X to examine three
different escape strategies for four flight conditions. The flight conditions were:

1. takeoff, sea level, max. take off weight, 15 deg flap, gear up, V2
2. takeoff, 10000 ft
3. landing, sea level, max. landing weight, 35 deg flap, gear down, Vref +

5kt
4. maneuvering, sea level, flap and gear up, Va

The three escape maneuvers used the same pitch rotation rate of about 3
deghec, with the throttles set to takeoff thrust 0.5 sec after initiating a pullup.
Rotation was continued to either 15 deg., 20 deg., or stick shaker onset.

The time histories of altitude gained vs. distance for the Citation X simulation
show that rotating to 20 deg. pitch attitude is always better than 15 deg. Rotating
to stick shaker onset produces more altitude gain initially in all cases, but
altitude falls slightly below the 20 deg. case. at some distance downrange for the
takeoff flight conditions. Thus, we would recommend always rotating to 20 deg.,
and continuing to rotate to stick shaker onset if the GPWS warning continues.

CessnaAircraftCompany One Cessna 13culevard,P.O. Box 7704, Wichita, Kansas67277-7704. 316KMI%CKHI
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Introduction

GulfStream evaluated G-IV airplane performance data with a computer
analysis of a 3“ - 4° per second pitch rate to a final pitch
attitude of 15° nose up and 20° nose up. The computer analysis
indicated that additional energy was available with the Gulfstream
airplane and could be used for further altitude gain.
Subsequently, simulator tests and verification flight tests in the
Gulfstream IV were accomplished to verify that greater performance
indeed was available.

Four scenarios were evaluated for the Gulfstream IV.

1. Flaps 20, Max Takeoff weight (74,600 lbs), gear up, V2 (150
KCAS )

2. Flaps O, max landing weight (66,000 lbs), gear up, maneuvering
speed (206 KCAS) .

3. Flaps 20, max landing weight, gear down, V~~f+10 (163 KcAS)

4. Flaps 39, max landing weight, gear down, V~~f+5 (154 KCAS)

Simulator and Airplane Test Procedure

1. Establish flight condition and airplane configuration.

2. At start of maneuver, advance throttles to max continuous
thrust and initiate pitch up at 3 to 4 deg/sec rate.

3. When pitch attitude reaches 35 degrees (t 5 degrees), lower
nose to achieve and maintain v~~f’20.

4. Continue at V~,f-2o for at least 30 seconds. (Shaker should
not be triggered but if it is, respond appropriately.)

Conclusions

It is concluded based upon the results of both simulation and
flight test that the CFIT escape maneuver as shown in Figure 1 is
confirmed to be effective over a range of starting flight
conditions. Figures show that the pitch angle was quickly
increased as specified at the start of each maneuver. Maximum
pitch attitudes reached in flight range from 26° to 39°. Simulator
results agree closely.

The altitude time histories indicate an initial zoom climb)
followed by a sustained climb at a lessor rate. This is a
desirable profile, since in a CFIT avoidance situation, one needs
to acquire as much altitude as quickly as possible.

The escape maneuver of Figure 1, although derived from GIV flight
test and simulation, was determined by computer analysis to also
apply to GII and GIII aircraft.



FIGURE 1

CFIT ESCAPE MANEWER FOR GULFSTREAM AIRCRAFT

APPLICABLE TO GII, GIII, AND GIV

Upon receipt of a GPWS warning, the following procedure must be
immediately executed:

A. Disconnect the Autopilot and apply Go-Around Power.

B. Rotate at 3-4 degrees/second to increase pitch attitude to the
highest possible value. (A pitch attitude of 25 degrees has
been demonstrated on the GIV at maximum landing weight with
flaps at 39 degrees)

c. When stick shaker is encountered, or as V~~~ is approached,
reduce pitch rate/angle of attack to intercept V~~~-20 KCAS.

D. Check power setting.

E. Monitor Radar altimeter.

NOTE : Analysis and flight simulation have consistently
shown that the highest altitude gain results from
pitching at the highest rate to the highest angle while
decelerating as quickly as possible to the lowest
acceptable airspeed. Flight test demonstrated that a
pitch attitude of 40 degrees can be reached and 25
degrees can be sustained at light weight on the GIV.
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Introduction
To develop the information provided, seventy two cases were defined from four standard scenarios. Various combinations of
altitude, pitch rate, and pitch attitude were run through a simulation program which utilized the MD-11 Aerodynamic Model.
Time history plots for each case were generated using the following parameters: velocity, altitude, elevator deflection, pitch
attitude, pitch rate. alpha, elevator column force, and normaI acceleration.

The four scenarios are:
Scenario #1: Maximum takeoff weight; Flaps—takeoff position; Landing gear-up; Speed—V2; Thrust—maximum thrust
applied at GPWS initiation.

Pitch attitude, deg

1.000

800

600

Altitude
gained, ft

400

200

I -15” l---’’j2o” -ss I
—
II -

1. -L -t-

r

u
SLJ3 SU4 5tv3 51V4 1OK13 1oK/4

Elevation, ft
Pitch rate, degkec

Scenario #2: Maximum landing weight; Flaps—up; Landing gear-up; Speed—maneuvering; Thrust-maximum thrust
applied at GPWS initiation.
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Scenario #3: Maximum landing weight; Flaps-approach position; Landing gear-down; Speed—minimum flap speed;
Thrust - maximum thrust applied at GPWS initiation.
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Scenario M: Maximum landing weight; Flaps—landing position; Landing gear-down; Speed - Vref -i-5: Thrust -
maximum thrust applied at GPWS initiation,
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All scenarios were run with rotation rates of 3° per second and 4° per second with 15°,20°, and stick shaker (SS) initiation nose
up attitudes, All scenarios were run at sea level, 5,000 feet, and 10,000 feet altitudes.



Resuks
Utilizing a rotation rate of 3° to 4° per second (about the same as a normal takeoff rotation rate) to a pitch attitude of 20° results
in the best altitude gain over a given time period in almost all cases.

Although the data was computed with the MD- 11 Aerodynamic Model, it is estimated that the trends for all Douglas Commercial
Jet aircraft are roughly the same.

Conclusion

Under certain conditions of flight where immediate visual reference to surrounding terrain is not available, prompt and decisive
action is required for a GPWS warning.

Caution: Do not ignore short duration warnings. Take immediate and aggressive action.

Flight crews should become familiar with the following sequence of actions and use them immediately and aggressively upon
activation of an aural or visual GPWS warning.

Thrust – Disengage the autothrottles and aggressively apply necessary thrust to ensure adequate airplane performance. Avoid
engine overboost unless necessary to avoid ground contact. When airplane safety has been ensured, adjust thrust to maintain
engine parameters within normal limits.

Autopilot – Disengage the autopilot.

Pitch – Immediately rotate the airplane at a rate of 3° per second (similar to a normal takeoff rotation rate) to 20° pitch attitude.
Trade airspeed for climb performance. If necessary (to prevent ground contact), continue to increase pitch attitude until stick
shaker actuates. In this situation, consider use of engine overboost by moving throttles to their mechanical limits. Although there
are no pitch Imitations in emergency conditions, caution must be exercised to keep from maintaining pitch attitudes that result
in continuous actuation of stick shaker.

Speed Brakes - Retract speed brakes.

Flight Director – Turn flight director off or disregard commands.

Level the wings to assure maximum airplane performance.

At positive climb rate (when radio altimeter shows an increasing altitude), retract landing gear (if extended).

After GPWS warning ceases, continue climb to published minimum safe altitude.

Revisions

The material in this section is considered accurate; however, since it is intended to be informative only, it should not be consulted
in lieu of official operating manuals.
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Video Script: “CFIT: An Encounter Avoided”

4-E
This video is part of an international industrywide effort to reduce Controlled Flight
Into Terrain (CFIT). The Flight Safety Foundation formed a Task Force to produce a
CFIT Education and Training Aid. This video is part of that training aid, and it was
produced by The Boeing Company.
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(Narrator)

Flight Sixty-Six was a Boeing
Seven Forty-Seven cargo flight
enroute to Kuala Lumpur,
Malaysia.The first officer was
flying the approach to runway
Three-Three during the pre-dawn
darkness. The I-L-S to runway
Three-Three was out of service as
reported in both the current
NOTAMS and arrival ATIS. The
crew, after being cleared by ATC
to fly a N-D-B approach, misread
the descent clearance and is
descending to four hundred feet
instead of two thousand, four
hundred feet.

In the first half of the nineteen
nineties (1990s), almost two thou-
sand people died in accidents
attributed to Controlled Flight Into
Terrain! As you can tell, C-F-I-T
accidents and incidents can hap-
pen anywhere, at any time.

The difference with an incident is
that the last link in the chain held.
The crew was trained and re-
sponded to a  GPWS warning...the
ATC controller noticed the air-
plane  descending towards ter-
rain... or  standard operating
procedures were effective.
Remember, everyone must be
involved!

Because of the international
increase in air traffic, C-F-I-T
projections for the next twenty
years show that if trends continue,
we can expect to lose one large
airplane, worldwide, to a C-F-I-T
accident EVERY OTHER WEEK!!

1. Fade up to still graphics (TBD) of a
map of Malaysia.
CG: weather plate over map:
Wind calm
Visibility 6000 meters/misty
Sky conditions: 3 Octas surface

6 Octas/4267
meters

Temperatur: 23°C/73°F
Dew point: 22°C/72°F
Altimeter: 1011 hectoPascals

229.86 inHg

2. Scroll list of most recent accidents
listing month, day, year, place, and
number of fatalities/injured.
(overseas/domestic mix)

3. ADO Build Short shots of GPWS
warning, ATC on radar, and flight
deck briefing.

4. C-F-I-T Incident CG over red
question mark. Scroll future
accidents.
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21 Dec. 1999 Molokai, HI 117
8 Jan. 2000 Ackh, Inur, Malaysia 52
26 Jan. 2000 Hualien, Taiwan  148
5 Feb. 2000 Everett, WA 79
19 Feb. 2000 Kinshasa, Zaire 129
1 March 2000 Koyuk, AK 56
13 March 2000 Oucalpa, Peru 112
26 March 2000 Paris, France 267
7 April 2000, Portland, OR 146
25 April 2000, Bhartpur, Nepal 86
9 May 2000, Bandung,

Indonesia 55
21 May 2000, Tripoli, Libya 245
4 June 2000, Attenrhein,

Switzerland 23
17 June 2000, Istanbul, Turkey 152
31 June 2000, Posadas,

Argentina 113
16 July, 2000, Juneau, AK 38
22 July, 2000, Cozumel, Mexico 15
3 Aug, 2000, Medan,

Indonesia 111
20 Aug 2000 Denver, CO 77
6 Sept 2000 Cucuta, Columbia 245
24 Sept 2000, Rio de Janeiro,

Brazil 120

5. National news broadcast of the
small airplane crash on approach to
Auburn-Lewiston airport in Maine,
1985, carrying Samantha Smith.

6. Location is C-F-I-T site, Hurricane
Ridge. Talent starts talking off-
screen, then walks into frame.

That’s twenty-eight airplanes and
the hundreds and hundreds of
people on them,  lost,  every  year!!
These statistics conceal the
human sadness, as well as the
commercially devastating effects
on an air carrier’s business.

(Network broadcast of plane crash)

(On-camera talent)
An accident occurred just at this
point. It happened at night.The
weather was clear. It was the end
of a long duty day. The crew could
actually see the landing runway.
They died less than five hundred
feet from the top of the ridge!
Why would pilots fly perfectly
good airplanes into the ground?
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7. CG over Talent: as a build;
Causes and Contributing

        Factors

Avoiding C-F-I-T Traps
System Solutions
Training Solutions

8. Talent walks into frame at Boeing
simulator bay.

9. Old footage of flight decks with
early versions of radio altimeter.

10. On a modern flight deck, 737, we
see and hear the Ground Proximity
Warning System.

11. Earth shot with calendars and
number of fatalities CG over globe.

This question is at the heart of our
investigation into the causes of
controlled flight into terrain acci-
dents.

We’re going to show you how
pilots can get into a C-F-I-T situa-
tion, AND ways to avoid these
traps. You’ll see how  changes to
the way the aviation industry does
business can improve the way we
all think  and act about safety.

Finally, we’ll talk about effective
approaches to C-F-I-T training.
To see what the industry has been
doing to reduce C-F-I-T accidents,
let’s look at some history.

(Narrator)
In the late (1960s),  as part of the
Category Three  All Weather Land-
ing System, radio altimeters were
installed on many  airplanes. For
the first time, pilots had a com-
paratively reliable indication of
their height above terrain.

The next major improvement was
the Ground Proximity Warning
System. Agencies around the
world began mandating G-P-W-S
for all large airplanes beginning in
nineteen-seventy-five (1975).

In one area of the world, before
GPWS was mandated, hull losses
for large airplanes were averaging
eight a year. With the requirement
for GPWS, the C-F-I-T hull loss
rate is currently  about  one every
two years.  C-F-I-T accidents can
be reduced. This is significant
because the decline has occurred
while the airplane fleet has almost
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12. Graphic comes out of globe;
“Incidents are still occcuring daily
throughtout the world.”

Yellow dots depict incidents as they
        build on.

13. In flight, crew giving “One
Thousand” foot callout.

14. Graphics.

15. Approach Control for Seattle-
Tacoma International Airport
(Auburn) console/screen showing
M-S-A-W-S alert. Set up demo of
aircraft penetrating minimum safe
altitude.

doubled, and the number of flights
have tripled!

Don’t be misled however by these
low accident rates. Incidents that
could have resulted in accidents
are still occurring daily through-
out the world. According to some
experts a C-F-I-T incident occurs
at least every two weeks even in
those areas considered the “saf-
est”. GPWS still forms the last
safety net. We still have room for
improvement.

Remember, high technology solu-
tions are no substitute for good
airline philosophy and flight deck
management.

The International Civil Aviation
Organization, I-K-O, mandated the
installation of G-P-W-S in the late
nineteen-seventies (1970s). How-
ever, about three hundred of the
world’s jet transports still do not
have Ground Proximity Warning
Systems. This about three per-
cent. This three percent generates
fifty percent of C-F-I-T  accidents!
Not surprisingly,  it’s also the
oldest generations of aircraft that
have the highest accident rates.

It’s not just G-P-W-S, and the
upgrades to it that have reduced
C-F-I-T accidents. The installation
of altitude reporting systems
alerts Air Traffic Controllers by
using visual alarms when aircraft
penetrates, or is predicted to
penetrate, a minimum safe altitude
in  the terminal area.
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16. ATC personnel at scopes.
Interior flight deck during landing.

17. Jan Stenberg, President/Chief
Operating Officer

Akira Kondo, President, JAL
Dr. Assad Kotaite, President,

Council of ICAO

While the installation of these
systems is limited, the continual
investment by air traffic services
in expanding and up-grading ATC
radar, the minimum safe altitude
warning system, along with run-
way navigational aids and proce-
dures, have all helped reduce the
C-F-I-T risk.

(On-camera testimony)
Jan Stenberg (SAS)
To solve CFIT problems, we re-
quire commitment from all people
throughout the aviation industry.
We must advocate the safety
culture because it is the right
thing to do, and besides, it’s just
good business. In our company,
we constantly talk about how to
improve safety. It’s an obsession
with us, and it should be with you.
There are no excuses not to pro-
vide our customers with the safest
air travel possible.

Akira Kondo (JAL)
Solid investment in training is of
the greatest significance. Nothing
stands still where safety is con-
cerned, and although operational
circumstances are constantly
changing, safety will always be
the key element in our planning.
All of Japan Airlines people are
dedicated to safety. That is our
mission.
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18. Video clip from Windshear and
TCAS CG titles:
“Windshear Avoided, What the
Crew Can Do.”
“Traffic Alert and Collision
Avoidance System” (TCAS)

19. Graphic.

20. Graphic build from scene 19.

21. Graphic continues from scene 20.
Builds to reflect C-F-I-T.

22. On-camera narrator.

Dr. Assad Kotaite (ICAO)
Full implementation of the GPWS
requirements and of the Con-
trolled Flight Into Terrain preven-
tion program are essential in order
to meet the objective of fifty per-
cent reduction in the global Con-
trolled Flight Into Terrain accident
rate by the year 1998.

The commitment that aviation
industry showed in the effort
against the problems of windshear
and mid-air collisions shows our
efforts can make a difference”

Accident fatalities used to be
divided between C-F-I-T, midair
collisions, windshear, and “other.”
Of these, Controlled Flight Into
Terrain accounted for less than
one half of the total.

Here’s what we can do when we
work together. By the end of the
1980’s, increased awareness and
improvements in training, along
with new technology such as
TCAS and windshear detection
have reduced midair collision and
windshear accidents, and they
almost disappear from the charts.

But look what happened to
C-F-I-T! It grew to eighty-one
percent (81%)!

(On-camera talent)
Why are C-F-I-T accidents so
difficult to prevent??  One factor
is just human nature.
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23. DVE of talking faces sliding along
and through frame. Each quote is
from a different pilot.

24. Nightime view of aircraft on
approach coming out of clouds.
Cut to Astro of 757 at dusk.

25. In fog/out fog.

26. MS of airplane on approach.

27. Graphic (chart build finishes from
scene 26).

(On-camera sound bites)
“I’ll see it coming and know what
to do”.
“I’d never make that kind of mis-
take”
“I’ve never flown in weather that’s
too bad.”
“I’ve always found the runway.”
“Did I ever NOT know my posi-
tion? Well, I’d never admit that!”
“I’ve been flying that route for
years. And I know my airplane. It’s
the most modern one in the fleet.
It’ll never happen to me!”

(Narrator)
Well, it does happen. Given the
right chain of events, C-F-I-T could
happen to any of us.
One constant in all of these acci-
dents is that outside visibility was
limited, or the accident occurred
at night. The terrain could not be
seen easily...until just before
impact!

C-F-I-T accidents have occurred
on departures as well as on
missed approaches. However,
most of the recent C-F-I-T acci-
dents and incidents occurred
during nonprecision approaches
and landings. Let’s look at the
position and vertical profile of
these accidents in relationship to
the landing runway.

This chart shows the vertical path
of these events. Notice how stable
many of these vertical paths are...
right into the ground!
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28. Graphic.

29. On-camera testimony of pilot from
inside flight deck.

30. Interview with decision maker.
Sir Colin Marshall,

British Airways
Gordon Bethune, President/Chief

Operating Officer,
Continental Airlines

David Hinson,
FAA Administrator

Almost all are on the runway center
line inside of fifteen miles.

(On-camera testimony)
Each C-F-I-T accident has ulti-
mately been held to be the pilot’s
responsibility. The pilot had the
last chance  to save the aircraft.

(On-camera testimony)
Sir Colin Marshall (British Airways)
We believe that the danger of Con-
trolled Flight Into Terrain will be
reduced only through much greater
awareness of contributory factors
and commitement to taking neces-
sary action to eliminate them. This
involves investment in the right
technology, with strict adherence
to optimum operating procedures;
comprehensive, effective pilot
training; and acceptance of the
vital need for an open, incident-
reporting culture.

Gordon Bethune (Continental
Airlines)
Hello, I’m Gordon Bethune, Presi-
dent and Chief Executive of Conti-
nental Airlines, and also a Boeing-
trained 757-767 pilot, so I think I
know something about Controlled
Flight Into Terrain and the value of
technology and safety and how all
that runs into a company’s bottom
line. I gotta tell you that here at
Continental, safety is an important
investment. You can’t pay enough
attention to putting the right
investment in the right place, and
Controlled Flight Into Terrain is an
issue that I think every airline
needs to address. I hope yours
does too.



APPENDIX

4-E

App. 4-E.11

31. Still photo of CFIT accident (van).

32. Graphic turns red and title up:
CFIT Contributing Factors

33. Graphic from above with CG:
 Lack of Vertical Awareness

34. Citation climbing in clouds; lay in
TRACON audio for radar vectors:
Lack of Vertical Awareness

35. Graphic of Azores accident of 707.

David Hinson (FAA)
I urge everyone, airlines, opera-
tors, pilots, and crewmembers, to
become aware of the dangers of
C-F-I-T and to make sure that
they’ve had the training, and they
have the equipment, to help avoid
this dangerous situation. Safe
flying to you all.

Let’s look at some of the major
factors affecting C-F-I-T accident
rates and the traps they can
present. Then you’ll see some of
the solutions the international
aviation community recommends.

Accidents have  many contribut-
ing factors. Investigators always
reveal a chain of events that may
even reach back to support
organizations.

(Narrator)
Two-thirds of all C-F-I-T are a
direct result of altitude error or
lack of vertical situational
awareness.

Pilots must remain aware of
terrain when accepting radar
vectors. Some believe that A-T-C
will provide obstacle clearance
while enroute off airways. This is
not true! Remember, the pilot is
ultimately responsible for obstacle
clearance.

For example, in one accident, if
the crew had known where they
were and understood that the
clearance they received would
take them  below the Minimum
Enroute Altitude, the aircraft
would not have struck the moun-
tain just ten feet below the crest.
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Some communication errors and
misunderstandings are due to
language differences, lack of stan-
dardized phraseology, readback
errors, or heavy workloads.

Radar vectors force pilots to rely
on A-T-C controllers for terrain
avoidance. However, the pilots
must retain vertical situational
awareness while  under radar
vectors.

Barometric altimeter settings er-
rors remain a problem. There have
been cases where pilots use the
wrong standard for the area.

(Weather forecast in foreign
accent)
“CURRENT WEATHER IS TWO
OCTAS AT TWELVE HUNDRED,
FIVE OCTAS AT  THREE THOU-
SAND, WIND TWO NINER ZERO AT
TWELVE, GUST TWENTY,
ALTIMETER NINER NINER EIGHT.”

For example, if pilots set inches of
mercury instead of hectoPascals, it
can eventually result in large errors
in the altitude indicated on altim-
eters.

Cases of navigational errors
involve disorientation with respect
to the nav aid, improper transition
on approach, selecting the wrong
nav aid, or just plain lack of hori-
zontal situational awareness.

36. Return to Graphic build:
Pilot-ATC (Communication
errors)
Video of pilot on headset.
CG: Language differences:
Lack of Standarized

Phraseology
Readback errors
Heavy workloads

37. Graphic build (continued):
Approach and Departure

Procedures
Video of aircraft flying, audio of
ATC giving vectors.

38. Graphic build (continued):
         Altimeter (setting)

Record audio of British ATC giving
altimeter setting.

39. CU of setting altimeter in inches
and hectoPascals.

40. Graphic build (continued):
        Navigational (errors)

CG:
Disorientation
Improper Transition
Selecting Wrong Nav Aid
Lack of Horizontal Situational

Awareness
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Today’s modern airplanes have
sophisticated flight directors,
autopilots, autothrottles, and flight
management systems. These
devices make significant contribu-
tions to the overall safety of flight.

But remember, these are only
machines that follow instructions.
They’re smart, but they don’t
think! They do whatever is asked
of them... even if it’s wrong.

When commanded, they will
unerringly follow your instructions
straight into the ground! Each
crew member must ensure that
both vertical and horizontal
modes are correct and engaged.
Treat  autopilots like inexperi-
enced crewmembers. Cross-check
them constantly!

Other factors include misinterpret-
ing display range marks, proce-
dure errors, database errors, or
barometric pressure anomalies.

In the accident you’re about to
see, many of the factors we just
described occurred. As you watch
this re-creation, see if you can
identify  these factors.

(Last three minutes of Flying
Tigers re-creation)

41. Graphic build (continued):
Autoflight (misuse)
WS of 777 FFS. Slow push to CU
of EADI-EHSI.

42. CU of FMC in sim.

43. MS of MCU, finger pushing.
LNAV engaged.

44. Graphic build (continued):
CG:
Other Misinterpreting

display range marks
Procedure Errors
Data Base Errors
Barometric Pressure

Anomalies

45. Lack of vertical awareness
Pilot-ATC communication errors
Approach and departure procedures
Altimeter setting
Navigation errors
Autoflight misuse
Other

(Recreation of Flying Tigers
accident)
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(On-camera talent)
This crew failed to react to eight
G-P-W-S warnings. Why did the
crew get into this situation? One
of the solutions to the C-F-I-T
problem is proper training.
Let’s look at a training situation in
the simulator where crews learn to
avoid C-F-I-T as well as perform
the escape maneuver.

Before takeoff the crew completed
a departure review and briefing.
Here we see  them as they are
going through the approach
briefing.

The common thread running
through C-F-I-T accidents is situ-
ational awareness. This includes
not only horizontal awareness,
knowing where you are over the
ground, but vertical awareness as
well.

Approach charts should be stud-
ied before leaving cruise altitude.
Key fixes and airport elevation
must be noted and associated
with terrain and obstacles along
the approach path. Pilots should
have a good understanding of
both approach and departure
design criteria in order to fully

46. CG bullets during Flying Tigers
(at “OK, 4.0.0”):
1. Pilot-ATC communication

error
CG at “You got 2-5-5....”:
2. Navigational Errors
CG at “You by there 3-20-9”:
3. Lack of Vertical Awareness
CG at “You’re alright, just...”:
4. Lack of Vertical Awareness

47. Talent on camera/sim bay.

48. WS inside simulator with crew and
instructor pilot doing nonprecision
approach.

49. Scene continues.
CG:
Situational Awareness

50. WS inside simulator,Talent is
checking approach charts.
CG:
Situational Awareness
• Study approach charts
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understand the obstacle clearance
margins built into them.

Some Captains have spent hours
studying a first-time approach into
a terrain critical airport. Terrain
and obstructions should be stud-
ied using a chart that shows el-
evation contours, preferably   a
chart with color.

Know your altitude and distance
from the landing airport. Cross-
check the altitudes with the ap-
proach charts or enroute maps.
Understand that you are respon-
sible for knowing this information,
not the A-T-C controller.

Most modern airplanes use elec-
tronic displays that show your
position. This information is a
great help. But remember, errors
can occur.

Make sure that the navigational
radios are properly set. Several
C-F-I-T accidents have occurred
because the pilot was flying an
instrument approach while the
navigational radios were incor-
rectly tuned.

If your airplane has a flight
management computer, make sure
it is correctly programmed. Each
pilot should independently verify
the information entered into the
computer.

51. CU of colored chart.

52. WS of sim (insert RMDI swinging).
 Add audio of Beacon.
 Crew calls out “1000 feet.”
CG:
Situational Awareness
• Know altitude and distance

from airport
• Cross-check altitudes with

charts

53. CU of EHSI.

54. MCU of round dial (steam gage).
HSI.
CG:
Situational Awareness
• Study approach acharts
• Know altitude & distance from

airport
• Crosscheck altitudes with charts
• Check nav radios

55. CU of FMC (sim).
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56. Simulator scene continued: MCUs
of VOR/DME CUs (out before auto
enagage).
CG:
Situational Awareness
Study approach charts
• Know altitude and distance from

airport
• Cross-check altitudes with charts
• Check nav radios
• Monitor raw data

57. Add CG:
Use all data to assist you

58. Graphic of Approach plate with old
glide path; then overlay with new
glide path.

59. Simulator scene continued: CU of
each pilot talking about approach.

        CG:
Stabilized Approach

60. MS of stack of manuals.
CG:
Standard Operating
Procedures

During the approach, the pilots
must carefully monitor both raw
data from the V-O-R,  D-M-E, or
N-D-B, and information from the
barometric and radio altimeter.

Use every available aid to assist
you in knowing your position and
the recommended altitude at that
position.

Hazards exist using low descent
quadrant or step-down ap-
proaches. When authorized, a
continuous descent angle of
approximately three degrees is an
effective way to fly a stabilized
nonprecision approach.

Studies show that one of the
common factors in C-F-I-T acci-
dents is the lack of a stabilized
approach. Operators considered
the safest in the business all have
procedures about when an ap-
proach must be stabilized and
what the crew should do if it is
not.

These same operators also have
wel-defined standard operating
procedures.
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Communication is the key. Each
pilot must have situational aware-
ness  to ensure the final descent
path is correct.  If any flight deck
member is unsure, ...execute a
missed approach.

One of the solutions to the C-F-I-T
problem is classroom instruction
and simulator training for the
crews. Training needs to include
not only C-F-I-T causes and traps,
but recovery as well.

Based on extensive simulator
studies, we’ve found that unless
daylight visual verification is
made that no hazard exists, the
proper C-F-I-T escape maneuver
is:
...React immediately to a G-P-W-S

warning without hesitation.
...Positively apply max thrust and

rotate to the appropriate pitch
attitude for your airplane.

...Pull up with wings level to
ensure maximum airplane
performance.

... Always respect stick shaker.

61. Simulator scene continues: MCUs
of pilots talking to each other. We
hear some sound bites of
conversation.
CG:
Situational Awareness
• Study approach acharts
• Know altitude and distance from

airport
• Cross-check altitudes with charts
• Check nav radios
• Use all data to assist you
• Stabilized approach
• Communication

62. Long shot of sim bay; Talent
walking down bay, turns and
enters classroom.

63. DVE slide to briefing room.
Instructor is just completing a
neatly printed (TV safe) chart that
has key points. As he talks, camera
cuts to chart.

       CG:
CFIT Escape Manuever

64. WS sim of Dave/Rob executing
escape manuever.

Disclaimer bullet:
CONSULT YOUR AIRPLANE
MANUAL FOR THE EXACT
MANEUVER.
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(Ambient sound of crew inside
simulator performing CFIT
avoidance)

The near future will see the instal-
lation of Enhanced G-P-W-S. This
technology uses a database that
includes the terrain around all
major airports. Incorporating this
terrain modeling with the current
state-of-the-art G-P-W-S will
enable the pilot to receive both
aural and visual warnings much
sooner than with current equip-
ment.

Let’s review the major points of
this program. We need to reduce
C-F-I-T accidents. All of us can
help. Worldwide regulations
governing flight should be
standardized.

This will allow aircrews to be
familiar with procedures and
approach charts, no matter where
they are in the world.

Operators throughout the world
must make sure that their stan-
dard operating procedures are
correct, up to date, and under-
stood by those that use them.

Air traffic control systems must
continue to be upgraded. A-T-C
controllers and aircrews must
ensure that clearances are
understood.

Aircrews must be constantly
aware of the factors that can lead
to a C-F-I-T accident. Some of
these factors are:  lack of both
vertical and horizontal situational
awareness.

65. WS inside full-flight sim as student
pilots correctly perform CFIT
avoidance.

66. Footage of enhanced GPWS use.
Ambient audio: “Terrain, terrain!
Pull….”

67. CG: SUMMARY
Standardized Regulations

68. Inside 767 SAS in flight.

69. International footage.
CG:
Standard Operating Procedures

70. ATC room.
CG:
ATC Improvements

71. In flight.
CG:
Vertical and Horizontal
Situational Awareness
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72. Inflight.
CG:
Improved Communication

CG:
Altimeter Awareness

73. CU of nav setup.
CG:
Correct Navigation Radios

74. Flight deck.
CG:
Autoflight Modes Correct and
Engaged

75. Classroom.
CG:
Training

76. Flight deck.
CG:
Study and Brief Departures and
Arrivals

77. CU of altimeter on plate.
CG:
Cross-check Altitudes and
Distances

78. Crew.
CG:
Timely Communication

Communication errors between
A-T-C and the crew. Ultimately, the
pilot is responsible for terrain
avoidance. Be aware of barometric
altimeter setting errors.

Always cross-check your position
and know the navigational radio
setup. Many accidents occur
because the wrong nav aid is set
in the radios.

Even with the state-of-the-art
electronics and autopilots,
remember, they are only
machines. Cross-check them!

Training is the best way to make
the crews aware of the C-F-I-T
problem and to give them the
knowledge to recognize a problem
and get out of the situation.

Study and brief both the departure
and arrival. Make sure everyone
involved understands what is
planned. Any deviations to the
briefing should be immediately
questioned.

Always cross-check altitudes and
positions. Know where you are
and what altitude is safe.

Good crew communication and
callouts are essential.
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79. CU of nav radio.
CG:
Monitor Navigation Radios

80. WS flight deck.
CG:
React Immediately to a GPWS
Warning

81. CG:
Apply Maximum Thrust

82. CG:
Rotate Airplane to Proper
Attitude

83. CG:
Pull Up Wings Level

84. CG:
Always Respect Stick Shake

85. On-Camera talent at Hurricane
Ridge, Olympic Mountains. CFIT
accident site in distance.

86. Same site of CFIT accident as used
in opening: Hurricane Ridge,
Olympic Mountains.

Check the navigational radios.

Unless daylight visual verification
is made that no hazard exists,
react immediately to a G-P-W-S
warning without hesitiation.

Apply maximum thrust.

Rotate the airplane to a pitch
attitude recommended by the
airplane manufacturer.

Pull up with wings level.

Always respect stick shaker.
New technological advances are
on the horizon, and more will
follow.

(On-camera talent)
By now, you should be aware of
the C-F-I-T traps and some ways
to avoid becoming a victim of a
C-F-I-T encounter. All of us in the
aviation industry can contribute to
solutions. Effective C-F-I-T train-
ing is essential! Together, the
aviation community can eliminate
Controlled Flight into Terrain
accidents.

(Music up)
Credits
(Fade to black)
Credits
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5
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5.0 Introduction

Controlled flight into terrain is certainly not a new
phenomenon, but when an accident does occur, it
is guaranteed worldwide newspaper headlines.
There are initiatives under way to improve flight
crew training and also attack many other systemic
problems that lead to CFIT accidents. Many people
and organizations have been seeking solutions to
prevent CFIT. This section includes information
associated with some of this work. This selected
information represents only a portion of the exten-
sive literature available within the aviation
industry.

5.1 General Goals and Objectives
The material in this section is intended to be a
resource for those who are developing policies,
procedures, and training standards. It may also be
used to help develop classroom material and as a
resource for answering questions during the train-
ing. Only through knowledge can a true under-
standing of the problem be realized. This section is
intended to improve that understanding. The infor-
mation in this section supports the overall goal of
the CFIT Education and Training Aid, which is to
prevent CFIT.

It is recommended that the user of this training aid
include other appropriate information in this sec-
tion so that all the information may be readily
available in a single source.

5.2  Overview of Background Information

While all the selected information in this section is
valuable, there are some documents that should be
very useful in understanding and preventing CFIT.
The Flight Into Terrain document that is included
in this section is an extensive compilation of CFIT
accidents and incidents, and it is a particularly
valuable resource for instructors. Also included
are the reports from the various CFIT Task Force
Working Groups that provide the basis for much of
the information in the previous sections. The Flight
Safety Foundation CFIT Checklist is included,
and it can be used to evaluate specific flight opera-
tions and enhance flight crew awareness of the
CFIT risk. Additionally, the Safety Alert Bulletin
is included to highlight the CFIT problem. The
table of contents should be used to locate other
readings.
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ContmUed flight into termin (CF1’T)
Hnman Factm and O~anizational lksues

1. This is an update on the activities of the International Civil Aviation Organization (ICAO)
Air Navigation Bureau (ANB) with respect to controlled flight into terrain (CFIT) occurrences, within the
context of its Flight safety and Human factors Programme.

2. Since October 1993, the ANB has reviewed and analymd data available from ofl~citd
sources in an attempt to identify the Human Factors and organizational issues underlying CFIT
oscumences. The review has produced the data which is attached. The attachment also includes a
description of the methodology used by the ANB in conducting the analysis of the data.

3, The accidents selected for analysis involved commercial air transport turboprop/ turbojet
aircrafl accidents investigated by States between 1984 and 1994, independent of aircraft mass or seating
capacity, The data gathered reflects factual data extracted from the States’ official investigation reports,
without inferences or assumptions by the Secretariat. The purpose of the analysis was to determine
whether there exists a set of human petiormance issues involved in CFIT accidents which consistently
emerge from oflicial investigation reports. This analysis applied the Reason Model (succinctly discussed
in the attachment) in an attempt to define the “anatomy” of a CFIT accident from the perspective of
Human Factors.

4. It has been a fundamental premise of the ICAO Flight Safety and Human Factors
programme since its inception that operational personnel performance does not take place in a social
vacuum, but within operational contexts which either resist or foster inherent human weaknesses and
flaws. This became obvious as the analysis of the official accident reports progressed. Lapses in human
performance were cited in all CFIT reports analyzed. All the reports also disclosed flaws and deficiencies
in the aviation system which adversely affected human performance in the particular circumstances under
which accidents occurred.

5. The a&lysis thus discloses a dual pathway leading to CFIT accidents: an “active”
pathway, generated by actions or inactions of front-line operational personnel (i.e., pilots, controllers,
mechanics and so forth) ; and a “latent” pathway, generated by deficiencies in various aspects of the
aviation system, for which managers and decision-makers are responsible.

.

6. The data indicates a preponderance of the “latent pathway” (approximately 88%), over
the “active pathway”, (slightly above 12Yo),in the genesis of CFIT occurrences. Figure 2 in the attachment
provides an integrated picture of the Human Factors and organizational issues underlying CFIT
occurrences. Figures 2 through 7 present a breakdown of the data obtained from the analysis,

7. The ANB intends to establish further correlations among this data. Likewise, the
Secretariat will distribute this information among selected parties, including the Flight Safety and Human
Factors Study Group, in an attempt to obtain feedback to further the analysis in depth. The analysis
nevertheless clearly suggests the multi-dimensional aspects of Human Factors in CFIT accidents, This
reaffkms the need for a systemic, collective approach to safety and prevention.



1. Sources of data

1.1 All accident information examined was extracted fxum the official investigation reports
pnxh.wd by the States’ safety agencies. The list of aviation accidents included in the study comptises
the following.

Aircrafi Occurrence Report, Nahanni Air Services Ltd.&Havilland of Canadd DHC-6-1OOC-FPPL, Fort
Franklin, Northwest Territories, 9 October 1984. Report Number 84-H40004

Aviation Occurrence Report, Labrador Airways Ltd. &Havilland of Canada DHC-6-1OOC-FAIYS,Goose
Bay, Lubrador, Ntn@ound@d, II October 1984. Report Number 84-H40005

Aviation Occurrence Report, Simpson Air Ltd., BeechcrajlKing Air B-90 C-GDOM, Fort Simpson Airport,
Northwest Terntories, 16 October 1988. Report Number A 88W0234

Aircraft Accident Report, Embraer 110 Bandeirante, OH-EBA, in the vicinity of Ibnajoki Ai~ort, Finland,
November 14, 1988. Major Accident Report NO. 2/1988, Hei2inki, 1990. Ministry @Justice, Ibnajoki
Aircrqfi Accident Investigation Board

Aviation Occurrence Report, Voyageur Airways Ltd. Beechcrajl King Air A-100 C-GJUL, Chapleu,
Ontario, 29 November 1988. Report Number8800491

Aviation Occurrence Report, Air Creebec Inc., Hawker Sidde&y HS 748-2A C-GQSV, Wdwganish,
Quebec, 3 December 1988. Report Number A88Q0334

Aircr@ Accident Report, Fiu”rchildSwearingen Merlin HI SA226T, A?26RT,Hel.sinki-Vantaa Airport,
Finhnd, February 23, 1989. Accident report No. 1/1989, Heikinki, 1989. Ministry of Justice, Planning
Commisswn for the Investigation of Major Accidents

Aviation Occurrence Briqf, Ptarmigan Airways Ltd., Piper PA-31T Cheyenne C-GAMJ, Hall Beach,
Northwest Territories, 17 April 1989. Brief Number A89C(X)69

Aviation Occurrence Report, S@iink Airlines L&., Faa”rchiidAircraji Corporation SA227 Metro III C-
GSLB, Terrace Airport, British Columbia, 26 Sept&r 1989. Report Number 89HOO07

Aircrajl Accident Report, Aloha Islandair, Inc.. Flight 1712, de Havilland Twin Otter, DHC-6-300,
N707PV, Hakzwa Point, Molokai, Hawaii, October 28,1989

Report on the Accident to Indian Airlines Airbus A-320 Aircrajl VT-EPN on 14th February, 1990 at
Bangatore. Government of India, Ministry of Civil Aviation.

Aviation Occurrence Report, Frowner Air Ltd., Beechcrqfl C99 Airliner C-GFAW, Moonsonee, Ontario,
30 April 1990. report Number A90HOO02

Accident Investigation Report, Beech King Air E90 VH-LFH, Wonddi, Queensland, 26 July 1990. BASI
Report B/901/1047

Finat report of the Federal AircrajlAccidents Inquiry Board concerning the Accident of the aircraftDC-9-
32, AL17XLIA. Flight No. AZ404, I-ATJA on the Stadlerberg, Weiach, 14 November 1990
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Table1. Organizationalprocesses

Gml-smillg Cunlmilnicating
policy-making m@@fYm
Organizing Purchasing
~g Sqporting
Pbnning Rawuching
Sdwduling Marketing
M8MgingOpclations selling
Mllnagingmdntmmx hfornution-handling
Managingprojects Motivuing
Mmsgingrafcty Monitoring
Managingchange checking
Fn’mcing Auditing
Bndgdng Inspecting
Alkating rcsourccs (%ntrolling

2.1.2 Defenq barriers and saf~ards

These are masures aimed at xemoving, mitigating or pmt.ecting agatnst qxrationa.1
personnel hazards. They seine different functions and pnxent diffenmt modes of application. Table 2
introduces a classification of defences, barriers and safeguards.

2.12.1 Corporate culture

A set of beliefs, values, norms and assumptions that the organization makes atwut itself,
the nature of people in general and its environment. A set of unwritten rules that govern acceptable
behaviour within and outside the organization (“The way we do business hen?”).Although not a distinct
component of the model employed as analytical tool, corporate culture deserves a special mention, since
it has been recognized by IKXXntmarch undetien by organizatiomll psychology as one of the most
important and effective barriersagainst hazards and safety breakdowns in high-technology systems.

Table 2 Defenq barriers and safeguards

Modes of application

o Engineered safety devices (automaticdetectionand shutdown,etc.)
o Policies stamiards and controls (administrative and managerial measums designed to

pmrnote standardksed and safe working practices-together they constitute the safety
management system and have as their adjuncts techniques (cause-consequence analyse&
etc.)

o Procedures, instructions and supervision (measures aimed at providing local task-related
know how).

a Training, briefing, drills (the provision and consolidation of safety awaxeness and safety
knowledge).

o Personal protective equipment (anything fium safety boots to space suits).
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2.1.3 Latent Failures

Decisions taken in the managerial and organizational spheres. These are people separated
in time and space from the operational interface. Latent failures are originated in flawed organizational
processes which break though systems defences, barriers and safeguards. Latent failures may remain
undetected for considerable periods of time, before they combine with active failures and local triggers
to generate an accident.

2.1.4 Local working conditions

These are the factors that influence the efficiency and reliability of human performance
in a particular work context. Table 3 and 4 present a breakdown of local working conditions and list the
principal factors.

Table 3. Situational and task factors

Error factors Common factors Violation factors

Change of routine Time shortage Violations condoned
Negative transfer Inadequate tools and Compliances goes
Poor signal-noise ratio equipment unrewarded
Poor human-system Poor procedures and Procedures protect
interface instructions (ambiguous or system not person
Poor feedback from system inapplicable) Little or no autonomy
Designer-user mismatch Poor tasking Macho culture
Educational mismatch Inadequate training Perceived licence to bend
Hostile environment Hazards not identified rules
Domestic problems Undermanning Adversarial industrial
Poor communications Inadequate checking climate (them and us)
Poor mix of hands-on Poor access to job Low pay
work and written Poor housekeeping Low status
instructions (i.e., too much Bad supervisor/worker ratio Unfair sanctions
reliance on knowledge in Bad working conditions Blame culture
the head) Inadequate mix of Poor supervisory example
Poor shift patterns and experience and Tasks affording easy
overtime working inexperienced workers shortcuts
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Local working conditions (cont.)

Table 4. Personal factors

Error factors Common factors Violation factors

Attentional captwe Insufficient ability Age and gender
Preoccupation Inadequate skill High risk target
Distraction Skill overeomes danger Behaviouml beliefs

Memory failures Unfamiliarity with task (gains outweigh risks)
Eneodiig interference Age-related factors Subjective norms
Storage loss Poor judgement ecmdoning violations
Retrieval failwe Illusion of control Pemeived behavioral
Prospective memory Lease effofi (cognitive eonttul

Strong motor programs economics) PersonaMy
Frequeney bias Overconfidence Non-compliant
Similarity bias Performance anxiety Unstable extravert

Perceptual set (deadline plessules) Low morale
False sensations Arousal state Bad mood
False pfXCt@OllS Monotony & IxmixIom Job dissatisfaction
Confirmation bias Emotional stless Attitudes to system
Situational unawareness Management
Incomplete knowledge Supqviscxx
Inaccurate knowledge Discipline
Inferenee & reasoning Mispmeption of hazards
Stress & fatigue Low self-esteem
Disturbed sleep patterns Lamed helplessness
Error proneness

2.1.5 Active Failures

13mrs and violations committed by operational pemonnel, the emsequenees of which am
revealed immediately and have an immdlate impact.

2.1.6 Local triggers

Technical faihnes, adverse weather conditions or any other particular (i.e., local)
atypie.al/abnormalsystem operatingconditions.

—
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Defences, barriers and safeguards
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FIGURE 6

Local working conditions

(based on 24 reports)
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FIGURE 7
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HUMAN FACTORS AND TRAINING ISSUES IN CFIT
ACCIDENTS AND INCIDENTS

Capt. Daniel M autio
Sec~tary, Flig@Safety and Human Factors Study Group, ICAO

INTRODUCTION

Controlled fli@t into tenain (CFIT) accidents and incidents are those in which an airaaft, under the
control of the crew, is flown into tenain (or water) with no prior awareness on the part of the crew of the
impending disaster (Wiener, 1977). Recent statistics su~st that close to 45% of aircraft losses during the
period 1979-1990 can be accounted under this category (Fligkt Safd-y Foundation, 1992). This has led major
interriatioml organizaticm, inclnding the International Civil Aviation Organization (ICAO), the Fli@ Safety
Foundation (FSF) and the Inta-natioml Air Transport Association (IATA), to multiply their endeavors
destined to reduce CFIT accklents and inciients.

Concern over CFIT occurrences was f~st refkcted in regulations aft= a B-727 strwk a mountain durjng a
non-preciskn approach to Dunes, Vir&la. A premature descent was attributed to ambiguous p ilot-contmller
cormmnications and unclear information in the approach chart (NTSB-AAR-75-16). This was one in a series of
acciients in which otherwise airworthy aircraft were flown into the surface by prop erly cetilcated fli@ crews.
ImpCementationof the Ground Proximity Warning System (GPWS) requirement for lar~, turbine-powered
airplanes en-d in international opemtions (lCAO Annex 6, 197~ and its ground counterp art, the M inimum
SafeAltitude Warning (M SAW) as a feature of the automated radar terminal system (ARTS-3), were deemd the
solution to preclude this type of accidents (Loomis and Porter, 198 Z). Althou@ GPWS has reduced the
incklence of CFIT occurrences, on balance it is a fair assessment that it has falkn short of fidiilling the
expectations with which it was introduced. Slatier (1993) provides an excellent account of the shoticomin~ in
the introduction of the GPWS as well as opemtional solutions to improve GPWS effectiveness as a safdy net.

Duringthe 1980’s, enthusiasm regarding Humm Factors led industry efforts to try to fmd solutions to
CFIT occurrences through enhanced flight crew performance The accident in which a DC-8 crashed during
approach to Portland, Oregm, after running out of fbel (NTS’B+4AZ?-797),was one of several approach and
landing CFIT occurrences attributed to breakdowns in fli@t crew cootiination and discipline. It acted as a
triger. Dedkated Human Factors trarning for flig$t crews, namely crew resource management (CRM) and Lino-
Orknted Fli@ Training (LOFT) (Cooper, White and Laulxr, 197% Lauber and Foushee, 1981; Orlady and

Fou.sheej 1986 Helnu-eich, Kanti and Wiener, 1993), emphasizing the need for impmved intn+cockpit
comrmnication, exchange of relevant opemtional information and situational awareness boormd acrem the
airlines. This was accompanied by the inevitable exhortations about cockpit disap line and professional
behaviour, elusive terms which escape sound definition and only generate uninmginative solutions with rather
dubkms results. As with GPW~ altbou~ the contribution of CRM and LOFT to aviation safdy has been
monumental, the p evasiveness of human error in CFIT occurrences su~sts that Human Factors training is only
a partial solution to CFIT occurrences.
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Reducing CFIT occurrences requires recognition that such acckfents and incidents are system-induced
(Wiener, 1977), i.ev they are generated by shortcoming in the aviation system, including deficiencies in the
organizations which constitute it. The accident in which a DC-10 crashed into an active volcano in Antarctica
(AirmrfiAcctient Report No. 79-139) because of inccxrect cooniinates in its computer-generated fli@t plan has
been asserted as an example of these shortcon@s and the systemic nature of CFIT occurrences (J@@z, 1981;
?%tte, 1984; Johnston, 1985; Mcfwlane, 1994. Depbying people and fimds -- always finite re.wuves -- in
furthering regulations, design or trahing will not liiely improve CFIT statistics. Remedial and reform actbns
(Reason, 1999 aimed at reducing CFIT should address system failures and organizational deficiencies, sin=
these are the areas where the gpatest gains in sa.fktyimprovement canbe realised.

BACKGROUND

In dealing with CFIT occurrence% the industry followed a time-honoumd approach. Upon observing one
particular safety defkiency (CFIT), remedial action directed to opemtional persome~ essentially backwards-
looking and aimed only at that def~iency led to regulations (Anmx 6 and others), des~ (GPWS and M SAW)
and training (CRM and LOFT). Remedial actkm based on regulations, design andtraii.ng has world reasonably
well in the p ass whik the level of technology aviation empbyed to achkve its prodnct ion goak (trmsportation
of people and goods safely and efficiently) was relatively low, and the intcmctions between people and
technology simple and predictable On the other hand the relatively unsophisticated level of technology utibed
up to the 70’s imposed considembk limitations on system goals, which in turn denied the system opportunities
to foster human error. Examples of these limitations inclnde, among othtrs, simple air trtilc control systems,
high weather min~ opemtions restricted to visual conditions, flexible schedules, shorter leg+, more layovers
which alleviated circadian dishythmia and simple equipment, transparent in use, demanding bask cognitive skills
and respondingto simple, well-rehearsed mental models.

Although systemic elenxmts can be found in acckknts and inckkmts since the beginning of aviation,
humm em(x-in those times of low technology was more a consequence of operational personnel impmperly
applying their acquired knowledge and skills -- or not applying them at all -- becwe of shortcornin~ in
equipment design, defkient training or silmt regulations rather than induxd by stringent system dernmds.
Within this context, strmgthenhg or addrng local defmses (Mawino, 199.2) through regulations ales@ or
training appeared a sensible approach to folbw. Such an approach provided considerabk yiekis and elevated
aviation to its status as the safest mode of tramp ortation. The piti%llbehind this pro~ess is that every sin~e
piece of equipment designed and conceived to provide wider berth to hurnm error eventually impgsed greater
demands over the very hurnms they were supposed to alleviate, by increasing system production demands.
Technical advmces are never used to increase the safdy of the aviation system as a whok by creating wider
saf@y maqj.ns. They areused to strcfch system limits, leaving safdy ma.qjns lar@y unclnngixl.

Aviation in the 90’s has become an extremely complex system. It is also very sensitive, in the sense that
even the smdest interference can lead to catastrophe consequences. In the quest to minimise humm error and
maximise production, high-technology has been introduced in lar~ scak. Those who watched this intmduct im
with imprrtial jud~ent suggxt two bask flaws in it: (1) such introduction was technology driven rather than
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lmrnan-cent~d (BiWzgs, 1992), and (2) it stopped shoti at the micro rather than at the macm level of system
design analysis (Me.shkati, 199.2).The consequence of the first point is that technology, rather than eliminating
human error, has merely displaced it (Wiener, 1988). The absence of macro analysis in the introduction of
technology makes the system complicated and difficult to grasp conceptually rather than simple and easy to
understand. New high technology is inherently opaque. The consequences of the inttract ions arqong people,
technology and oth~ system components in the safety of the system remain lar@y unknown (Reason, 1992).

People and technology interact at each human-machrne interface. Both components are highly
interdependent, and op crate unda the primip le of joint causation (Pidgeon, 1991), i.e. people and machines are
affkcted by the same causal events in the surrounding environment. Furthermore these inttzactions do not take
place in a vacuum, but within the context of organizations, their goals, polkies and procedures (Bru=ink, 1999.
Undastandrng theprincip Ie of joint causation and the influence of the orgmizational context up on the aviation
system op emtions is central to understanding CFIT occurrences and their prevention. Obsa-ving joint causation
will avoii the p iecemeal approaches based on design, training or regulations which have p Iag_tedpast safety
initiatives. Looking into the organizational context will p errnit to evaluate whether organizational objectives and
~ak are consistent or conflictingwith the design of the organization, and whether the opemtional personnel has
beenprovided with thenecctwuy mean+to achieve such goak.

DISCUSSION

The success of the windshear training aid package (l+L4, 198~ in reducing windshear-rnduced accklents
has lured the aviation community into adopting similar approaches to otha obsaved safety def~iencits. The
recently produced takeoff training aid package (FX4, 1992) stands as a good example, and it will undoubtedly
contribute in reducing abotied takeoff, ovem.maccidents. Not surprisingly, many advocate for a training paclcqy
to reduce CFIT occurrences. It is asserted, however, that neither technical nor Human Factors training are the

solution to reduce CFIT statistics. Furthermore any CFIT training p ackage would be redundant with existing
training curricula and therefore an unnecessary and unproductive waste of resources.

.

The success of the windshear -- and hopefhlly the takeoff -- training aids resides in the fact that both
winckhear and abotied takeoff occurrences are sp ecific situations, with inlwent factors which can be punctually
adchessed. In both cases specific knowledge must be acquired, specific skilk have to be developed and mental
models must be revised. Examples of such punctual knowledge include undtrstandrng the dynamics of
windshear, the consequences in terms of aircraft performance as well as the aerodynamics involved in an
encounter, the certification conditions behrnd demonstrated talmff distances, the sequence of controls selection
or movements, etc. Specific skills must be developed and mental models changed to fly at high body angks, to
“fly the stickshaker”, to apply maximum braking etc; impmp er application of punctual knowledge or skins
specific to these situations may triggeroccurrences.

The~ are no factors inherently specific to CFIT occurrences. All the factors listed as contributing to
CFIT occurrences (SWter, 1993) are currently adchessed by existing training curricula: navigational errors, non-
compliance with approach or departure procedures, altimeter setting errors, misinterpretation of approach
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procedures, limitations of the flig$t director/autopilot, etc. All these factors are addressed either durhg ground
school or simulator training. Those factors not covered by technical training are included in CR.M training
maintenance’loss of situational awanaess, defiiient intro-cockpit intaactio~ fli$N crew communications etc. A
dedkated training package wouki be a mea~e contributim to reduce CFIT occurrences.

The answer to CFIT occurrences lies in looking at them born a systems persp ectivq and act upon the
Iatent failures which have stipped into the syst~ ready to combine with operational p ersonnel act ive-faihwes
and, further compounded by adverse environmental conditions, may combine to produce an accident (l?eason,
1999. Examples of these latent failures include poor strategic planning of opemtions, absence of cltxr channels
of cornnmnication between management and op emtiorudp ersonnel (a wideiy kumnted but seldom acted up oq
typ kal system failure), defiiient sta.mktrdopemtional procedures (a direct consequence of the afomnentioned),
corporate objectives which are difficult or impossible to achieve with existing rescwrces and corporate goals
inconsistent with dechred saftfy @ak, among others. It is impossible to act upon a problem unless awareness
about it is gained. Thtmfore, it is advanced that the f~st answer to reduce CFIT occurrences is education,
Education and trafiing are term loosely used among opemtional personnel. They are, however, quite distinct
and certainly not interchangeable (ICJO, 1989). While familiar with training opemtiord personnel is sekkm
exposed to education, since it is assumed that it forms part of the bask individualbagiy~ everyone carries befm.
being hired. Given the complex and opaque nature of to~’s avi~ion syst~ it has been suggxted that it is
time to revkw the need to further education in aviation (Kanbwitz, 199~.

Rather than a ~ what is needed to decrease CFIT events is an educational packags,

dinzted both to management and opemtional personnel, to acquaint them with the concepts of high technology
sy stern failures, how they manifkst through organizatimal def~iencies, how they may lead to incklents and
accidents and the ways to cope with them The secmd answer is to take into acca.mt Humm Factors
considerateims during system design, both at the micro and macro level. At the micm level, the Humm Factors
analysis must w beycnd knobs and disk in the traditional ergonomicsense, towwds the more complex co~t ive,
M&matiowprocessing and commmicatian processes between people and between people and technology. At
the rnacm Ievt$ the interface between the humm-machrne sub-system must be considered within the context of
the aviation system as a whok, inckding the declared system goak and the resources allccated to achkve them
If education takes place, this seared step is perl&ctly achiwable.

A CASE STUDY

On 15 November 1975, a Fokker F-28 Mkl 000 with six crew mernkers and sixty-five passengers on
board crashed whik attempting to land following a circling non-precisim night approach in poor weather
conditions at Concordia, AI-gentina (Exp.No.xzkx, JL4AC).In a “textbook” appmch and landin~ CFIT accfient,
the aim-aft hit the densely forest~ sloping terrain less than one mile short of the inttmded landing runway. The
aircraft was completely destroy @and althou@ thers were three injured (one of them the captain) thm were no
fatalities. The investigating agmcy took the view that the accident was attributable to pilot error. The pilot was
fined by the civil aviation autlmrity and demoted by the airline. Eventually -- and at%r duly receiving additional
training -- he was re-rnstated to captaincy. Less than appropriate consideration was given to the dif%cultiesof
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the imnmliate environment, replete with visual illusion-inducing conditions and with precarious navigation and
approach aids. Neither did the investigatkm addressed the reasons whid induced the crew to attempt an
approach in such adwxse conditions. The saft%y and prevention lessons which might have been learnt were
effectively burkd by the honest, but undoubtedly misdirected invest igation, limited to the cockpit activities
immediately preceding the accident.

When looking at this acciient from an organizational perspectiv~ multiple latent failnres within the
airline become evident. The most obvious organizational def~iencies include lack of strategic p laming regarding
the F-28 opemtion and incompatibility between the corporate w als assigned to the F-28 fleet and the resources
provided to achieve them The F-28 had recently been introduced into the airline and the process had been
p lapped with problems, including the adequacy of the qualifications of the airline training staff as well as the
stability of the training organization. Ground school was conducted in-house with inappropriate means and with
scant consideration paid to the fact that student captains had no previous jet expe,ience and student frst offiers
were beinginducted into the airline.No fli$t simulator was available at that timq so dl training was conducted
in the aircraft, with its i.n.krent limitations. Line+indoctrinationwas hurriedly completed due to the pressing need
for crews to meet an ambitious commrcial schedule, notwithstanding the mentioned lack of jet exptrience.

Management’sinability to establish clear lines of communicat ion with op emtional p ersonnel was another
serious organizational def~iency. This translated into deficient crew scheduling and pairing impmp er
consideratim to environmental and equipment limitations when scheduling regular cornrmrcial services into
destinations with doubtfi.d infrastructures andunfiiendly environments and, most important, an absolute lack of
guidance to fli~t crews in term of standard opemtional procedures as well as the limitations inherent to the
operations. Because of these deficient lines of corrnnmications, newly qualified fli@t crews had no clear
guidance as to which were the opemtionalbehaviours management exp&ted from them This lack of guidance --
and support -- has been recqgized as an organizational failure which contributes to flawed decision-making by
op emtionalpersonnel (.ik?o.shansky,1992).

Lack of strategic planning incompatible wak, failure to commmicate goak and to properly train
personnel to achtive them are but a few exarq?les of latmt failures. They generate working environments rep kte
with conditions which foster human errcr. Most important, such environments oftentimes make violations
inevitable if tasks are to be achiwed. An example of violation-producrng conditions are those air traffic control
procedures which gena-ate nuisance GPWS warnings. Unless revised, they force crews to ignore warnings,
the~by generatingviolations to opemtional orders to fullil such procedures. Eventually environment or task
conditions which generate errors and violations leadto system-induced accidents. Accident databases are rep We
with CFIT occurrences which support this contention.

CONCLUSION

When looking for solutions to CFIT occurrences, it is imperative to think in collective rather than
individual term (llea@, 1993. It is naive to brand an entire professional body as being mainly responsible for
aviation safety. It is equally impmsible to anttiipate the many dis~ises human error may adopt to bypass even
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the most cleverly designed safety devkes. Lastly, it is an unattainabk goal to eliminate all system det%iencies
leadingto acci.ients.

The solution rests in securing a maximum level of system “safi%yfitmxs” (Reason, 1992), by working
upon kdmt system failures, such as incompatibk goals, poor communication, inackquate control, training and
maintenance defxiencies, poor operating procedures, poor plaming and othtr orgmizational def~iencies which
modern accident causation app reaches syndicate as responsible for disasters in hightethnology systems.

Ptx%dic checking of these system “health condition” markers and continuously actioning upon them
remain the singJemost important keys to reduce CFIT occurrences.



The Real World of Human Factors:

Where are we, and where are we going?’
John K. Lauber

National Transpodafion Safety Board

Washington, DC

Good morning-it is a real pleasure to be here witi all of you in beautiful Serni-Ah-M~! 1 look fen+’ard
10the nexl couple of days-based on past experience, this is a meeting well worthwhile.

Let me stan by Lhart.kingBob I-Mb, Bob Bulq, and Will Russell for organizing this morning’s panel.
/md whiie I’m at it, let me note for Lherecord that all of us owe a great debt of gratitude to Bob Buley and
Will Russell for their outstanding effork to promote the advancement of human factors within the airline
rxmmuniy. Their efforts. under the aegis of the ATA Human Factors Task Force, have been instrumental
in pro~tidinga broad blueprint for needed human factors efforts as embodied in the National Plan for
Human Factors. and in securing needed suppon from both government and industry organizations, Th~
hme done an impressive jobfthanks Bob and Will, and thanks to ail of you for suppxting their efforts.

The top!c for our panel today is the real world of human factors, a topic tit not tcmmany years ago many
of :our predecessors might have said is an ox?noron, I will never forget a comment made by Han
Langer”s predecessor (several times removed), Bill Dun.kle,about his \tiew’sof NASA scientis~ in
general. and human factors specialists in particular, “Human factors scienth.” Durdde said, “always
seem 10me to be a bunch of people w-ring white coats, -Led around a big table, holding hands. and
~“mg 10establish contact witi t-heIi\-ing!” And lest you get the wrong impressio~ let me add quickly
Mat Bill Dunkle was an extremely important, early proponent and supporter of human factors efforts to
lmpro~e aviation safe~-w;thoul his earl:; sttppon, the NASA program night well have gone nowhere

But Durrkle”spint ;vas a good one, then and fortunately to a much lesser extent, now AH too often.
human factors specialists ha~e not been god at esmblishlng effective contact with the li~ing, and for this
reason. their work has often had little signi!icam impact upon the re,d world. Too often. there has been.
and continues 10be. a genuine disconnect between”the profession and those people. Iike yoursdves. who
need practical. effective. and timely solutions to problems. The purpose of this panel, as I understand it M
10 s~epback and take a look at where human factors stands, including a lcmkat some of the successes. and
a look al some of the artm where we”need to redouble our efforts. As always, your support for Lhis\vork 1s
absolute]} cntical—wihout you there is no cmomer. no consumer, and therefore. no market.

I thought it might be useful to .stN-Iat the beginning-with a definition of “human factors.”
Unfortunately. the term has come to have many meanings, especially in the popular press. One of my
fa~onte e.xa.mplesof this occurred a couple of years ago in New York City where I accompanied the “go-
te.am””to conduct an irmrestigationof a fatal subway accident. As frequently happens in these situations.
one of the local papers, a classic New York tabloid, did a “human interest” story on the investigative team.
lnclud]ng Board Member Jokn Lauber. Although I tied carefully during the intenlew to define what
human factors is ~1 about. the headline the nest day told the sto~, “NTSB Tam Headed by Doctor of
Human Tragedy” When I got started in this business, 1didn’t realize just what I was getting into!

Le[ me stan Nih what human factors is NOT, It is not clirucal p~cholo~. it is not counseling
pmcholo~. it is not hand-holding. let‘s-be-warm-and-tizzy-hot tub stuff (although I personally have
nothing against hot tubs or warm and fuzzy stuff), Human factors people do a 10[of analysis. but t_hey
don’t “anal}ze people’”i.fyou get my drift.

; Rem3rks presented a[ Alr Transport Association of America Opera(ions Forum. Semi-Ah-Nlw. W’.4
Scp(ember 19, t 994



Hm factor IS an eckczic combination of engineering, experimental psychology, ncuroscierm,
computer science, and ergonomi~literally, “the science of work.” It is the application of scientillc
methodology and principles to the srr.tdy,desigm maintenance, and operation ofcomplcx man-machine
vsrerns. Human factors fwuses upon individuals, team, and orgmhtiom; and upon controls, displays.
and tasks. The primary objective of human factors engineering is to optimize the performance of systems
~ a&pting humans to t.hc machines, for example, through training and by adapting the machines to the
humans, for example. through the application of such design principles as “Controkiispiay compatibility”
Human factors is, in shofi a cenwa.1,crir.icd mmponenl of systems engineering.

Let’s take a quick look at where we’>’ecome in aviation human factors. One of the best examples of how
hw factors research can cxxtribute to the sd.stion of real-world problems is CRM4rew Resource
Management-d-ie notion that flying a modem aircraft invohs considerably more than simple stick-and-
rudder skiIls Decision-making, communications, and good leadership and followership skiHs are just as
important (o the safe and Mrcient operation of your aircraft as are the highly tuned manual control skills
Lraditional!yassociated with being a pilot. h is now diilktdt to go anywhere in the world and find no
indication of at leas some understanding or appreciation of the import.amx of good CRM. The cxxtcqx is
being appIied in diverse organizations around the globe, although I must say, still with widely varying
degrees of eilicacy and success. N=ertheless. it is clear that the concept has had a major impact upon the
wa} ~~etrain airline pilots meryw here It’s an area that several of us here, including Clay and myself.
hm e had a long association with, and I know that I can speak for bodr of us when I say that we arc ve~
proud of u hat has been accomplished in this area

Another comparath”e human factors success story can be found in the NASA fatigue countermeasures
program There is an entire panel d~oted to tkis topic later on this progrm. so I won’t dwell on it here.
but i{is another esampie of how reai-worid oriented. scientifk+ sound human factors research can
make a genuine contribution to safety and efficiency in aircrafi operations.

WhIIe recounting where we have come in this area, let me also note that, compared to a decade or WO
ago. tie oWrational community is much more highly aware of the importance of human factors problems
and solu(ions Note. for example, tit it is difficult to pick up any trade publication, aviation safety
journal. or other a~iauon-oriented publication withoul finding frequent reference to human factors issues
in the afiation world. I take it as a special tribute to the human factors community that this pad comes
first m your busy program, and that two other scheduled panels are also focused on human factors issues
Agatn. Nis di..flicuh10go an}vhere in the op.%at.ionalworld and not find some example illustrating the
fact M as a communitj, the a~iation indumy is now much more knowledgeable about human factors
problems. and solutions. than prm-iously. ICAO has implemented requirements for pilot licensing that
include a human factors educational component. Accident investigation authorities now nearly
urm ersall: appl} some form of human factors inquiry in their conduct of official accident invcstigauorw
incIud]ng esaminauon of indi~tidual. team, and corporate crdtural factors as dtey might be related to
indiv}duai accidents. Ail the major airframe manufacturers employ human factors ptwtitionets in various
stages of the design process, again with varying degrees of success. Government regulatory authorities
lilte~ise now displa~ significant appreciation for the role of human factors in the aviation system In short.
I tink we can safely say to Bill Dunkle Lhatthe human factors community has, in faq been successful in
establishing contact with t-heIiving. The challenge now is to keep &hatline of communication opsn.

That’s the gmd news BUI.can we just pack it up and go home? I think no~ and here area couple of
thoughts about what else we as a mmmuniq must do in tie human factors arena-and I know each of the
other panelists also intend to offer Crtelrviews on this question of where do we go from here Between the
several of us, we ought to generate a fairly comprehensive set of conomu

Let me start b] talk~rrgabout the role of human factors in design, although I know that Curt and Kath}
also w’iliaddress this area. It N clear. based on a history of recent incidents and accldcnts tit we have
no{ yet hit upon an opilrnd approach 10t-hedestgn of the interface between flight crew and highl}
automated aircraft The accident at Nagoya, the incident at Hong Kong, and previous accidents involjlng
htghl: automated aircral? all raise some unseUlin~ questions, And although these merits have Iargel}
in~ol\ed aircrti~ from one manufacturer. it is no~wise 10assume that the underlying problems don’t exIs[

g ( ‘.,



elsewhere— 1doubt rlmt any ~tiaffurers’ aircrafl are completely free of potential for human error
incidents wUor accidents; i.e., they ha~re,ifieren[ in their design, whal Professor Jmes Reason calls,
latent failures: pahogenic bugs that will only-me manifest under the “tight” set of conditions,
sometimes With only embarrassing consequences, Md sometimes with U@C on=. wt this says to me
is that human factors considerations are mill not sufllcient.fyintegrated into the dmign process; it’s not
LM manufacturers are producing bad designs, but hey are not optimal designs, and they can, on
cccasion. trap the unwary (and sometimes even the wary]. I think what is required is a more systematic.
forrnaJ approach that incorporates human factors exqmise not only in the preliminary and initial design
stages of a product qcle, but throughout tha( product’s service life, making use of iflorrnat.ion learned
from m-smite experience for appropriate design modifications, when appropriate, but probably more
importantly. using such feedback from line SCM= to other elements of the q’stem, most importamly,
procedure development. and training and educatiorud programs. in she% ultimate solution of human
factors related design issues is dependent upon the application of a true systems approach. Clearly, one
implication of this is that a formal, open line of communications between you, the maintainers and
operators. and the manufacturers is of $itd impomrtce.

AnoLherarea of concern that I have is, unfonunmely, artd unintentionally, implicit in the discussion just
completed’ al this stage in the development and application of real-world human factors programs. the
fwus has been largely on the cockpit. It is a fact that many of our pressing problems have their origin
well beyond the cwkpi[ door, For e.sample. there is increasing recognition of and attention to the problem
of achie~ing effecti~”eintegration of cockpit and cabin crews, There are some laudable efforts underway
that appl) CRM training and operating principles to cabin crew; similar comments can be made for
dispatchers and maintenance personnel. I am a proponent of such efforts to extend the concep[ of cre~
resource managemem to the other legitimate members of the crew: I think the record clearly indicates
t.h3t such effons are n ortk’bile.

But ~naddiLionto the application of CRM principles 10maintemnce crew as well, 1think one of the areas
of highest potential payoff to you. both in terms of safety and economic benefits, is in attending to the
fun~mema] human factors of aircrafi and ~stems maintenance, David Marx, under Curt Graeber’s
direction al Boeing. has done some outstanding work in this area. and has some good quantitative drm
)Iluslrau ng ~hemagnitude of the problem (and thereby, the ~gnitude of the petentiaI rewards). They
h3\e shov-n. for example. tha[ a signi.tlcaru number of in-flight mrnbacks are directly attributable to

m3]n[enance error, The ve~ same principles of human error management and containment that apply to
{he cockpii apply to shop and iine maintenance operations. And the very same fundamental solut.ion—
through the application of a true qstems approach to the design, manufacture, and in-s.mice operation of
alrcmft-appl} in Lhisarea 100,

Yep slm]lar comments can be made in one other area that also has direct. bot[om-line impact on af-iar.ion
sde~ and economics. alr trfilc umtrol, Again. there are efforts undem’ay to apply such concepts as
CR\l 10the alr tralT]c control suite: these seem to be promising. But also again. fimdamenral human
factors Issues ranging from selection and training, to task and equipment design, have no[ been adequately
addressed a! this t]me. Although outside your direct contro!, it seems clear to me that you have a \ital
ln[eres[ in seeing Lha[these issues are effectively weated, and the sooner the better.

LeI me close on another point that I want you to consider I mentioned at the outset of my remarks the
Nauona] plan for Human Factors. develo~d by clay Foushee during his stay at the FAA using the broad
blucpnm pro~”ided by the ATA Human Factors Task Force. Although Clay did a tremendous job in
o~erseelng the prelimina~ de~elopment and deployment of the plan, his departure left a hole that has
ne~er been filled, I can’t in g~ ~nscience dance around the issue—I believe the NatioMl Plan for
Human Factors is withering on the \-ine and has a good chance of dying unless here is a concerted effort
[o resurrect ][ b! you and others who are the ultimate customers for its products. NASA-Ames, the
]nsu[u[]onal home of much of the research, and now. apparently, Fti’s RE A D effort are undergoing
major reorganizations. lhus rmmpounding the danger, at lest m the short term The program needs
SUppOrt. and most ~mponantl:. leadership, to reverse the entropic dissolution of what once was a highl!
promis]rtg start This is on]! like]! to hap~n with your direct support and eflons The Administrators of
both \hc F.4A and K.AS.4 need to hear directly from y(x, the consumer of their pnma~ products. that }OU



support the effons of both agencies in this hd area. CongmssionaJ leaders need to know of t-hissupport
as well. And I urge you to continue your supwrt for these acti~ltks through the committee aructure of
your Uade asswiation; tit of cow-se, includes pro~’idingadequxe reso”um—+xmpie-to make the system
work Such activities are tital if we are, as an industry, ever going to grealy diminish the proprtion of
accidents due to human error. If we don’t succeed in this, we are dooming ourselves to rep%it Lhesad
eqxriences of those who have gone before, and stand in danger of loosing Lhe es!abiished lines of
communication with Lhe living.

Thanks again. and I look fomard to hearing your ~iews on this rnauer



chart design revision could enhance safety of
non-precision approach and landing operations

Thedesign of noz-precision approach charts could be improved by jwovidizg
the pilot with a stabilized, 3-degYe

T
HE PROBLEM posed by shallow
final approach slopes in non-preci-
sion instrument approaches is

being considered by a number of opera-
tors. One international operator has identi-
fied many non-precision approaches where
the procedure appears to produce a shal-
iow approach. State aviation authorities
and operators have for many years sup-
ported the use of a standard approach
slope of 3 degrees for all types of approach
— visual and instrument, precision and
non-precision. Thk is a part of the doctrine
of the stabilized approach. which is consid-
red vital to the safe~ of approach and

,anding operations. A 3-degree approach
slope gives a rate of descent of 300 feet per
nautical mile, or a 5 per cent descent gradi-
ent. Pilots are taught to approach a runway
on a 3-degree slope and this, in general,
is the approach provided by precision
approach and visual approach slope indica-
tor systems. .% an extension of this con-
cept, it follows that !evel Wlght should not
be entered at the minimum descent aiti-
tude (MDA): instead, if visual contact is
established. the descent is continued to
land and, should no visual contact occur, a
missed aDDroach is initiated.

e appyoach Profile.

the procedure designer considers the
approach slope as an integral part of the
design. Since glide slope guidance is pro-
vided on the profile shown on a precision
approach chart, it is expected that the pilot
will fly the procedure.

In the case of the non-precision a~
preach. however, there is no consideration
of the approach slope other than not exceed-
ing the maximum descent rate of 400 feet
per nautica3mile.The protile shown on a non-
precision approach chart is not then the
profile that the pilot should fly but the one
that provides the minimum prescribed obs-
tacle clearance. The result is that a profile
on a non-precision approach chart may show
an apparent approach slope well below the
desired 3 degrees. The profile shows. in
effect. an obstacle clearance surface.

In the same way that pilots are trained
and conditioned to fly 3-degree approach-
es, they are trained to fly the procedures
given on an instrument approach chart.
When a pilot accurately flies the profile for
a non-precision approach, the approach is
conducted with the minimum allowed
obstacle clearance. h must also be remem-
bered [hat the altitudes given are for inter-
national standard atmosphere (ISA)
temperatures and the allowances have to
be made, particularly in very cold condi-
tions, to maintain the required clearance.

There are two problems. There is a dif-
ference in the type of information provided
on a non-precision approach chart from. .

When designing a precision approach. that provided on a “precision approach
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Non-precision profile showing a 2.2-degree slope (black) having a descent rate of 234 feet

per nautical mile and a descent gradient of 3.66 per cent. Desired 3-degree slope is super-
imposed (green).
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chart. There is also a difference behveen
the outlook of the procedure designer and
that of the pilot. The procedure designer
provides obstacle clearance information for
a non-precision approach. As a result of
training and conditioning, however, the
pilot will probably treat the non-precision
profile as the procedure to be tlown.

The ability to approximate a 3-degree
approach slope has been available, where
distance measuring equipment (DME) is
provided. for many years. Many instruc-
tors have been teaching that non-precision
approaches should be flown with a steady
rate of descent of about 300 feet per nauti-
cal mile, even when no distance informa-
tion is available. We now have increasing
numbers of aeroplanes which are capable
of internally generating an angle of
descent. We also have navigation systems
that can provide distarice information.

It is apparent, therefore, that we should
change the philosophy applicable to non-
precision approach charts and provide on
the profiles of those charts the desired, or
3-degree, approach which the pilot can t.l;:
while maintaining the normal stabilized
approach procedures. Such an action
would also effectively eliminate many oi
the stepped non-precision approach proce-
dures since the 3-degree profile would be.
in many cases, higher than the profiles cmi-

rently provided on these charts. This logic
cannot of course be applied where obsrd-
cles demand a steeper than 3-deg-ree
approach. Action to introduce a proilk to
be flown would materially increase the
safety of non-precision approach and ianci-
ing operations. The accompanying tiguce
illustrates these points.

Discussion is required to finalize how
best to include optimum flight path guid-
ante on non-precision approach procedure
charts while still showing the obstacle
clearance information. It is time that this
problem was solved.

—
—
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THOUGHTS ON = SWJECT OF NON-PRECISION lNSTRUiMENT APPROACH
PROCEDURE DESIGN FROM = POINT OF VIEW OF THE PILOT. CONCENTRATING
WON:

THE DESCENT GRL4DIENT PROmED IN SUCH APPROACH PROCEDURES;

THE POSSIBILITY THAT mT.IPLE PROCEDURES 703 THE SAME RUNWAY,
USXNG THE SAME NAVIGATION ADS, COULD BE RATIONALIZED; AND

INC~UDING THE WAY IN WHfCH ~SE PRO CIHXRES ARE PRESENI%D ON
COMMERCIALLY AVAILABLE APPROACH PLATES AND IN THE APPROACH
INFORMATION PROVIDED IN STATES @S.

INI3?ODUCTION
The problem of shallow find approach descent gradients has been raised of late, paiticul~ly by

the CFIT Task Force, Aircraft Equipment Group at its recent meeting in Mcmtreai. One major
international operator, concerned witi this problem, has identified ?? non-precision approaches where
the final descent gradient is less than 4.3%, 2.5 clegrees, at ?? different aerodromes in ? iCAO Regions.
This operator has specified descent schdules for use by its own tlight crews which provide a descent
gradient of at least 2.5 degrees.

DISCUSSION
Pilot-training staff have been teaching for many years that the only way to conduct a consistently

safe approach is to fly a stabilized approach. This means that, even in “visual” conditions, the aeroplane
shouid be set up in the landing conf%mralionwith appropriate steady airspeed and power by the time it
descends through 500 feet above touchdown. In the case of any instrument approach procedure this
means that the approach must be stabilized from the commencement of the final descent. lrI the case of
the non-precision approach, current teaching is that a stabilized approach should not include a change to
level flight at the minimum descent altitude (MDA), whilst a visual search for the approach’ area and -
runway is made.

Pilots are taught that the correct flight path is a 3 degrees approach, or 5%, which equates to a
descent of 300 feet per nautical mile. This is normal practise and most precision approaches approximate
to 3 degrees. The standard setting for visual approach slope indicators (VASIS) is 3 degrees. Pi!ots
know the configuration and the power requirements neecbxi to achieve this approach slope (with
appropriate adjustments for wind and loading). Pilots also become accustomed to L!e view of the
aerodrome and the runway from a 3 degree approach. A 3 degree approach is the normal visual approach
without any aids.

Descent ori a non-precision approach shouId approximate m 3 degrees and, should the runway
environment not be in view, when the aeroplane reaches the MIJA, a missed approach procedure should
be commenced. There should not be a level fljght element at the MDA.

——— ——— ..__ — —.
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The concern here is with approach= at the great majority of aerodrcmes world-wide and not with
special requirements or situations where, for example, a separate access ianding system might be
deveioped for the larger jets and commuter trafilc.

The development of the 3 degree approach was no mistake, it is suitable for past and current
aerop]anes. A steeper approach causes difficulty in airspeed control; there is insufficient drag, power
may have to be r~uc~ perhaps below mat which provid~ adequate response to thrust demands. A
shallower approach requir= increased firust which rwulm in increased fuel consumption and noise; the
view of the approach area. deteriorate=; most impofiantly, the aeroplane is closer to the terrain, ac all
stages of the descent, than is necessary. In either case the view of the runway from the final approach
is not that toxwhich most pilots are accustomed. Pilots are accustomed to the view from the 3 degree
approach siope. n~s is not to say fiat some aeroplan= are not compatible with approach slopes greater
than 3 degrees.

Any factor which deviates from nomud practise is a potential hazard. The investigation into the
problem of controlled fli@ into terrain (Cl%f’) accidents has revealed that there may be such a hazard
in non-precision instmment approaches where they deviate from the optimum. There are approaches
where the descent gradient is well below 5%, 3 degrees; one has been identified where the approach is
less than one degree. A one degree approach gives a descent rate of 100 fthrn. There are also non-
precision approaches where the angle of the approach is well above 3 degrees.

Another problem is posed by stepped descents in non-precision approaches. The use of a stepped
procedure is contrary to the need to generate a steady descent to the MDA. Also the manner in which
the vertical profiles of stepped approaches are shown on approach piates invites eariy descent to the step
altitude. This type of depiction is not shown in the Aeronautical Chart Manual. Stepped approaches have
been identified where the use of an optimum descent would eliminate any need for the steps. In these
cases the entire approach, down to MDA would, if a 3 degree approach were uscxl, be above the vertical
profile of the current, stepped, procedures. It is probable that this would apply in many more cases and
many stepped procedures could therefore be eliminated.

It is possible to understand that there may be cogent reasons for a descent gradient that is steeper
than the optimum. ICAO PANS OPS (DOC8168) states mat the d=cent gradient, or slope, for the final
descent in non-precision operations, should not exceed 5%, 3.0 degrees (PANS OPS, VO111, Part HI,
26.4.5). This paragraph fufier states mat where a steeper descent gradient is necessary, the maximum
permissible is 6.5%2 3,7 degrees. PANS OPS, whilst quoting an optimum finai approach descent
gradient, and a maximum, does not give a minimum descent gradient. The gradient is calculated from
the distance from the final approach fix to tie threshold, and the vertical distance between the height over
the final approach fix and 15 m (50 R) over the threshold.

Pilots may find it difflcuh to understand why it should ever be necessary to design an instrument
approach procedure with a slope of less than he optimum. From an examination of the rules of
procedure design, which st~ with the departur: fi~m the approach fix into the procedurs, from the
altitude of the highest minimum sector altitude (MSA), it appears that approaches may be made to fit into
the airspace below this MSA. Many instrument approaches do commence from an altitude above that
of the MSA, however, it does appear that procedures are designed paying attention m the wrong
priorities. It appears that instrument approach procedures are designed from the top down, whereas
logically these procedures should be designed from the ground up, based on a 3 degree approach, unless
there were unavoidable reasons for a steeper approach. PANS OPS, Volume II, Part III, 1.4, refers to
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segment application and that the final approach track should be identified first. This para~r {.lJ};does not
state that the final approach profile should also be a controlling factor.

The current concept of efficient use of airspace may concentrate on the use of airspace in the
terminai area. It is time that this concept was reversed and the priority given to the safety of the
approach to land operation. This may mean that a particular instrument approach procedure may have
to be redesigned to commence at a higher altitude. The overriding requirement must be for the safe
approach and landing of the aeroplane. The provision of a safe approach would surely be the most
efficient use of airspace.

The Instrument Flight Procedures Construction Manual (DOC9368) contains more than one
example of non-precision approaches which show the final approach descent gradient to be less than 3
degrees. The manual also shows approaches where a change in the descent gradient is indicated, from
a figure less than the optimum to the optimum of 3 degrees. As stated above, it is difilcult to understand
why a descent rate of less th~ the optimum should ever be necessary. Such problems are illustrated on
pages 3-19/3-20, 4-5/4-6, 5-7/5-8, and 10-6/10-7 of DOC9368. Any of these examples may, in the
absence of any definition of a minimum’ approach gradient, leaQ an instrument approach procedure
desibwer to design an approach with a below optimum descent gradient. In some of the cases a higher,
and optimum, descent gradient’ would resolve tie problem that the designer was trying to solve with a
stepped descent or a varied rate descent.

Other problems related to procedure design concern how these procedures are presented on
approach plates. The problems examined here are those in the presentation of alternative approaches.
The procedure provided for a VOR approach when the DIME element of a VOR/DME approach is not
available or the procedure provided for a local-uer only approach when an ILS glide slope is not
available. Annex 4, 11.10.6.2 c), states that the missed approach procedure profile shouid be shown by
an arrowed broken line. Annex 4, 11.10.6.2 d) states that the profil e for any additional procedure should
be shown by an arrowed dotted line. ~is usage also appli= to tracks. Guidance material in the
Aeronautical Chart Manual (DOC8697), pages 7-11-15, 7-11-17 and Specimen Chart 9, and in Circular
187, Instrument Approach Chart - ICAO, Guidance to Chart Makers provide illustrations of the Annex
14 Standard. Impropery use is made of the broken line in both commercial and State material to indicate
the vertical profile for additional approaches.

Profiles for non-precision approaches are also shown in a manner which invites pilots to carry
out an eariy descent to the MDA and then to maintain level tlight at the MDA, to the missed approach
point. It should also be noted that Annex 4, 11.10.6.2 b), c), d) and e), Doc 8697 and Circu!ar 187 all
use the word “track” where “profile” should be used. The heading to Annex 4, 11.10.6 should also be
amended to read “Portrayal of procedure tracks and profiles”.

Some examples are given below to illustrate the types of problems with the slope of the final
descent, stepped descents, and the presentation of the approach procedures, which have been described
above. They occur both on commercially available approach plates and on approach procedures contained
in States AIPs.
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Non-prewision approach - shallow final approach descent gradient.
The first example (Fig. 1) shows a VO~DME or a VOR approach where the MDAIH for both

approaches is 1960/395 ft.

_—
IWy 06 threshold elev 1562’.

VOR: f)7.5 Vof?
start I -244° 5000’

turn at ,3000’I~
- (3435’)

3 Min
(1425’)

I @40N OCL RWY 06
I 1953’(388’]
i

7.5
0.7 ()~

MISSED APPROACH: ciim~ on 064°tO 4ooo’(2435’)or as directed.

Figure 1. VOWDME and VOR
(source - commercial approach plate,

the State AIP gives the same information)

The distance provided for the final descent is 8.2 nm. The height through which the aeroplane
must descend from the procedure turn to r~ch a point 50 feet above the threshold is 1385 feet, This
giv~ a required descent rate of 170 fthrn, an angle of 1.6 degrees. Considering the same distance for
the final approach, a 3 degree approach would require mat tie procedure turn was raised by 1075 fe~t.
To maintain the same final distance the proc~ure mrn ShOUMbe at ~ altitude of 4000 feet (to be exact
4075 feet).

Two accidents involving hull kxse.s have OCCUrred on this pw~icular non-precision approach.
Both aeroplanes, a DC-8 and a B 707, stmck the terrain, within 1 mn of each other, at approximately
9 nrn on finals, at night. In =ch case fie crash occurr~ at a greater distance than that at which the final
descent should have been commenced. It is not possible to say what difference a 3 degree approach slope
for the procedure would have made, other than to say that such a change might have broken the accident
chain in one, or both cases. Since we have not received ADREP reports for either of these accit!wm \ve
do not know whether the navigation aids were even working.

lNori-precision approach - shallow stepped approach.
The second example (Fig.2, 3 and 4) shows three shallow stepped VOR/DME approaches, to the

same mnway, where the MDAiH is 480/454 ft in each case.

The same commercial source provides these three procedures, VOR DME-1, VOR DME-2 and
VOR DME-ARC, to the same runway using the same VOR/DME facilities. By comparing the vertical
profiles in F&gures2, 3 and 4 it can be seen that all are shown as stepped descents, ~e average descent
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gradi~~,s are all well below 5%, 3 degrees. The final descents, for the three approaches, commence from
two different altitudes and three different DME distances; the check DME points are either different, or
if he same, indicate a different check altitude. The only features in which the three proctxlures agree
are in the use of the same VOR/DME facility and the same MDA/H.

procedure based on 150 KT TAS. VOR 126O_
3000’
(2974’} D7-5

OCA(H) RWY 32
480’ {454’) ‘

,
4.4 ‘

RWY 3226’ i 3..5 ! \.5 \ 2.5 \

APT.~61 0.5

MISSED APPROACH: clim”b to 2000’(1974’)on track 324°and contact ATC.

I .-_..-——
Figure 2. VOR DME-1

(source - commercial approach plate)

The procedure departs the VOR at 3000 ft QNH, commences a level turn at 7.5 DME at 1500
ft QNH. Distance to threshold 8 nm, descent 1424 ft, average 178 IWnmor 1.67 degrees.

I procedure based on 150 KT TAS.

D12. O
D5.O

VOR

OCA(H) RWY 32
480’ (J54’)

.G1-””A~ ‘“o’

i

APT.26J “- U.a

MISSED APPROACH: Climab to 2000’(/974’)on track 324° and contaci ATC.

L..

Figure 3. VOR DME-2
{source - commercial approach plate)
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The procedure dep’m a holding fix at 12 DME on the extended approach at 3000 ft QNH
commencing immediate ck.scent. Distance to threshold 12.5 nm, descent 2924 ft, average 234 Wnm, 2.2
degre~.

! procedure based on 180 KYTAS.
,

VOR
D?. (?

D6. O /
D2.5 D4. o

I
. 1500’

OCA(ti) RWY 32
480’ (454’)

I I
700’

1 1000’ #@O-y ,( IJ7J’)

\480’ 1
. (674’) ‘1 ‘974’]4 I

I )

RV4Y 3226’ 2.5 1 1.5 I 1.5 I 3.0 /

APT.26’
~

0.5

MJSSED APPROACH: Clim”b to 2000’ (J974’) on 324° and contacf ATC.

1

Figure 4. VOR DIvE-ARC
(source - commercial approach plate)

This procedure is based on a 10 DME arc flown at 3000 ft QNH. T& final descent commencw
from 9 Dh4E at 1500 ft QNH, distance to threshold 9.5 nm, descent 1424 ft, average 150 ft/run, 1,4
degre~:

Information availabIe from the State AIP, held in ICAO, covers orJIy the VOR DIME-ARC
procedure. The vertical profile from the AIP is shown i-nFigure 5.

90=2(?’
... ... . . . .

.- L“’-IL’

Figure 5. VOR DME-ARC
(source - State AIP)
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Whilst Figure 5 does not show a ste:)~td approach, the descent to the threshold is again 150
ft/nm, or 1.4 degrees. Figures 4 and 5 ShOWarrival at the MDA, 480 ft, at a distance of 3 nm or more
prior to the threshold. At 3 nm on this approach tie ~timde, for an optimum descent, should be 1000
ft (in fact 3 x 300 -t 50 -t 26 = 976 ft).

Approach plates for the VOR DME-I, VOR DME-2 and VOR DME-ARC approaches to the this
same runway are provided, for direct comparison, in Fiawre 6. There would not appear to be any reason
why the three stepped final approaches to this runway should not be eliminated, and a 3 degree approach
slope instituted. The descents should commence at the same DME and aItitude. This would provide
standardization for the approaches to tie same ~nway, and the optimum approach slope. The check
DME distanc~ and altitudes on the descent for the find approach should be the same for each of these
similar approach procedures. Different procedures will be required to bring aeroplanes to the inbound
final track and to the point at which the descent should be commenced.

Non-precision approach - misleading depiction of vertical profile.
The third example (Fig.7 and 8) shows an alternative localizer approach for an ILS glide slope

out situation. The vertical profiles are taken from a commercial approach plate and from the AIP. The
vertical profile shown in Fi=~re 7 is a direct invitation to the pilot to make an early descent to the MDA.
The ILS DA/H is 1814/252 ft and the LOC (GP out) MDA/H 1920/358 ft.

Figure 7. ILS and LOC (GS out) approach.
(source - commercial approach plate)
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—. ..-.
DME “Xi+” idicales zero range a! threihold RWY 06.

“-, . . . . ,. ,,. . . .

Tram;tion bid

VOR
#&&$

4.4DMEKN
Tr.mzilion Altitude ,5000

P7N RIGHT

!7.3000
MISSED APPROACH;

climb on track U64° rO 4000 (2439)

OCL
or as dkec!ed by ATC.

[1$ 1814 (252)

U.Z (GP INOP) 791 -S (3S2)
i

ELEV 1562
(IHR RWY 015)

NM \ I I i I I I I i J NM :
, 7654321 01 2

... -.-— .-. .-— ___

Figures 7
irwitationto eariy
Figure 7.

Figure 8. ILS and LLZ (GP INOP) approach.
(source - State AIP)

and 8 show information for the same approaches, with a misleading d.ep~ction, an
descent, with improper use of the broken line, to show the alternative approach, in

INFORMATION ON .NON-P~CISION INmRmENT APPROACHES VV13ERETHE FINAL
APPROACH 1S LESS m 2.5 DEG~= PROWED BY A MAJOR INTERNATIONAL
OPERATOR
(material yet to be receivedfiom Brirish Ahwaysi&R4D)

CONCLUSIONS
1. It must be accepted by all operational persomel that standardization of instrument

approaches and the use of the optimum final approach descent gradient is a major flight
safety objective which would increase the safety of the approach to landing phase of
flight. This is where the majority of accidems occur.

2. Non-precision instrument approaches should be designed with the priority on the
optimum, 5%, or 3 degree, final approach descent gradient.

3. ICAO should pubiish a ii=imum final approach descent gradient in PANS OPS and
apply more emphasis on tie use of the optimum of 3 degrees .

4. ICAO instrument approach procedure design guidance material should be revised to
ensure that there is no encouragement to design shallow approaches.

——
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5. Immediate efforts should be made to have all non-precision appr>ZJ5n.S,where the final
approach is less than 2.5 degrees, redesib~ed to a minimum of 2.5 :c~rees and preferabl y
to 3 degrees.

6. Non-precision approaches that are stepped, and average less than a 3 degrees, should be
redesigned with a minimum 3 degree approach which would elirninate many stepped
procedures.

7. Efforts should be made to ensure that the depiction of a vertical profl e for an alternative
non-precision approach does not invite pilots to conduct an early descent to the JMDA.

8. Efforts should be made to ensure L5eusage of arrowed broken and dotted lines, as set out
in Annex 4, 11.10.6.1 and 2. B~oken lines should not be used to show the vep.ica~
profiles, or tracks, of additional approaches, only for showing the missed approach
profile and track.

9. Annex 4, 11.10.6and the Aeronautical Chart Mariuai (DOC8697) should be amended to
properly reflect the different usage between “track” a-id “proiiie”.

10. The Aeronautical Chart Manual (Doc 8697) should be expanded to include i!!ustratiom
of various types of instrument approach procedure.

RTS 8 .4pri1 1994
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Managing Automation in the Cockpit
lJohn A. Wise, lDonald S. Tilden, zDavid W. Abbott, zJennifer L. Dyck, k ‘Patrick C. Guide

lEmbry-Riddle Aeronautical University 2U~vemity of Central Florida
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Abstrach Automation has been promoted as a way to improve both aviation safety and
efficiency. In many ways automation has indeed kept its promisq in many other ways it has been
found to be lacking. This study’s data were collected using questionnaires, interviews, flight
observation, and simulation training observation. While the fiidings were supportive of the earlier
work of Wiener and Nagel, they also identified several new problems. The pilot-computer
interfaces are generally non-intuitive for pilots. In addition, several interface problems were due to
the inadequate memory of the host computer. These design shortfalls create management
challenges for pilots and operators alike.

Key words: humart factors, ergonomics, automation, human-computer interface, corporate
aviation, regulations, safety, training

INTRODUCTION

Corporate aviation] is expanding its use of automation, with some corporate aircraft having
greater sophistication than air carrier aircraft. Previous studies (Wiener & Curry, 1980; Wiener,
1989) have identified a number of safety concerns associated with automation in the airline
industry. The problems identified were often associated with periods of change (e.g., amendments
in flight plan, vectors for traffic). Because the raison d’&re of corporate aviation is flexibility and
change, it would appear to follow that the corporate aviation industry maybe more susceptible to
some of the negative effects of automation. As a matter of fact, NASA’s Aviation Safety
Reporting System2 identified 84 self-reported incidents between 1986 and 1991 (Aviation Safety
Reporting System, 1992) that involved advanced automated corporate aircraft.

Corporate aviation by its nature describes a very wide range of activities and sophistication.
Operations vary from a small business where the owner personally flies herself to meetings, to
dispersed fleets of large aircraft, As a result, the levels of automation vary from a simple two axis
autopilot to sophisticated computer based fright management systems capable of flying the aircraft
from lift-off to touch down while maintaining optimum performance throughout. It was therefore
necessary to limit the scope of this study to only a those aircraft with both cathode ray tube based
displays and computer-based flight management systems. The study included observations of
flight departments that varied from dispersed multiple location operations to an operation where
one person acted as manager, maintainer, and pilot (the aircraft used was approved for single-pilot
operation).

Another area that makes corporate aviation unique is that its pilots are usually type-rated in
more than one aircraft. While this was a challenge in the days of conventional controls and
displays — where the pilots had to learn bakic systems and flight characteristics of the various
aircraft — the new world of automation also makes it necessary that pilots essentially learn
different computer operating systems. This problem is exacerbated by the fact that the interface for

1 Corporate aviation is the part of general aviation that supports the travel of businesses and corporations,
particularity the upper management of those organizations.

2 It should be noted that since it is a voluntary report, only a fraction of all incidents are reported to the System.



mechanical designs, and it maybe some time until familiarity with the systems and creativity mix to
allow the creation of a truly superior interface. But, improvements are needed if the reaI potential
of the automation is to be achieved.

One area of the human-computer interface that needs significant work is coding. Much of the
coding techniques have become aircraft and/or manufacturer specific. In some ways we have come
full circle and now transitiming between automated aircrail is ofien like transitioning between
aircraft in the ’30s and ‘40s, when each manufacturer put the basic flight instruments where they
wanted. Every time one changed airplanes (often within the same aircraft model) one had to learn a
new cross-check sequence. Basic coding standards need to be developed and followed.

Standards are especially needed for color coding. Color appears to be primarily used as a
marketing tool and very seldom is based on the perceptual and cognitive attributes of the color.
Basic principle driven criteria need to be established and followed for color coding. The
application of color without such guidelines can and often does result in decreased performance
(e.g., eflors).

Awareness of the mode within which the system is operating is an aspect of automation use
which shows a steep learning curve that never asymptotes (even for those who s~nd over 400
hours per year in automated aircraft). The mode awareness survey showed that unexpected or
unexplained FMS events tend to be infrequent, minor in nature, and quickly detected. However,
the open ended responses were frequent and describe a variety of surprises experienced by the
pilots. Such errors suggest that the feedback should be improved so that pilot awareness of system
mode and expected action is more easily accomplished. For example, several inflight experiences
demonstrated pilots changing from “Heading” to “FMS” mode and being surprised by the abrupt
change in direction of flight. Such actions are technically correct for the automation, but not what
the pilot intended. A clearer display of mode and/or the design of the system to more typically
match the mental model pilots have of how things operate would reduce such experiences.

The pilot-computer interface problems identified by this study can usually be resolved by
altering the human, the computer, or both. In many cases, the errors made by pilots are desi~-
induced errors; that is, if the interface was designed differently, these errors would not occur.
Thus, while it often appears easier to alter the human side of the equation (i.e., training), it is
usually most efficient in the long run to alter the computer side of the equation. The following
recommendations are offered for discussion.

“ Human factors criteria for the human-computer interface of civilian aviation equipment should
be developed. These criteria should be principle driven rather than “design specifications”.

“ A minimal set of interface standards needs to be developed that would be required for all
automated systems. An aircraft’s equipment behavior and the pilot’s expectations of that
behavior should match and should be system independent.

● The amount and type of feedback from the automated systems to the pilots should be
improved in order to decrease mode errors.

● Automated systems should be designed to be as consistent as possible, both within and
across aircraft. Consistency is an overriding principle that affects usability of a system.

—



Flight Safety Foundation

CFIT Cheddist
Evaluate the Risk and Take Aetim

Printing and distribution made possible by a grant from

Flight Safety Foundation (FSF) designed this controlled-flight-into-terrain (CFIT) risk-assessment safety tool
as part of its international program to reduce CFIT accidents, which present the greatest risks to aircraft, crews
and passengers. The FSF CFIT Checklist is likely to undergo further developments, but the Foundation believes
that the checklist is sufficiently developed to warrant distribution to the worldwide aviation community.

Use the checklist to evaluate specific flight operations and to enhance pilot awareness of the CFIT risk. The
checklist is divided into three parts. In each part, numerical values are assigned to a variety of factors that the
pilot/operator will use to score his/her own situation and to calculate a numerical total.

In Part Z: CFIT Risk Assessment, the level of CF’ITrisk is calculated for each flight, sector or leg. In Part H:
CFITRisk-reduction Factors, Company Culture, Flight Standards, Hazard Awareness and Training, and Aircraft
Equipment are factors, which are calculated in separate sections. In Part 111:Your CFITRisk, the totals of the
four sections in Part 11 are combined into a single value (a positive number) and compared with the total (a
negative number) in pan I: CFZTRisk A~ses~ment to detemine your Cm Risk Score. TO score the checklist,
use a nonpermanent marker (do not use a ballpoint pen or pencil) and erase with a soft cloth.

Part 1: CFIT Risk Assessment
Section 1- Destination CFIT Risk Factors Value
Airport and Approach Control Capabilities:

ATC approach radar with MSAWS .................................................................................... O
ATC minimum radar vectoring charts ................................................................................ O
ATC radar only .................................................................................................................... -lo
ATC radar coverage limited by terrain maskmg ..................................................................l5
No radar coverage available (out of service/not installed) ..................................................3O
No ATC service ................................................................................................................... -30

Expected Approach:
Airport located in or near mountainous terrain ...................................................................2O
ILs ...................................................................................................................................... 0
VOR/DME ...........................................................................................................................l5
Nonprecision approach with the approach slope from the FAF to

the airport TD shallower than 2 3/4 degrees ...................................................................2O
NDB .....................................................................................................................................3O
Vkual night “black-hole” approach .....................................................................................3O

Runway Lighting:
Complete approach lighting system ................................................................................... O
L]mited lighting system .......................................................................................................3O

Controller/Pilot Language Skills:
Controllers and pilots speak different primary languages ...................................................2O
Controllers’ spoken English or ICAO phraseology poor ....................................................2O
Pilots’ spoken English poor ................................................................................................-20

Departure:
No published departure procedure ........................................,,,,,,,,,,,,,,,,,,,,,4,’,.....................-lo

Score

Destination (WIT Risk Factors Total (-j



Section 2- RLsk Multiplier
Value

Your Company’s Type of Operation (select only one value):
Scheduled ............................................................................................................................ 1.0
Nonscheduled ...................................................................................................................... 1-2
Co~orate ............................................................................................................................. 1.3
Charter ................................................................................................................................ 1.5
Business owner/pilot ........................................................................................................... 2.0

Regional .............................................................................................................................. 2.0
Freight ................................................................................................................................ 2.5
Domestic ............................................................................................................................. .
International ........................................................................................................................ :.:

Departure/Arrival Airport (select single highest applicable value):
AustralidNew Zealand ....................................................................................................... 1.0
United States/Canada .......................................................................................................... 1.0
Western Europe ................................................................................................................... 1.3
Middle East ...................!..................................................................................................... 1.1
Southeast Asia ..................................................................................................................... 3.0

Euro-Asia (Eastern Europe and Commonwealth of Independent States) .......................... 3.0
South America/Caribbean ................................................................................................... 5.0
Africa .................................................................................................................................. 8.0

Weather/Night Conditions (select only one value):
Night — no moon ....................................................................i.......................................... 2.0
IMc.....................................................................................................................................3.0

Night and IMC .................................................................................................................... 5.O

Crew (select only one value):
Single-pilot i%ght crew ....................................................................................................’.. 1.5
Flight crew duty day at maximum and ending with a night nonprecision approach .........1.2
Flight crew crosses five or more time zones ....................................................................... 1.2
Third day of multiple time-zone crossings ......................................................................... 1.2

Add Multiplier Values to Calculate Risk Multiplier Total

Destination CFIT Risk Factors TotaI * RKk Multiplier Total = CFm RiskFactors To@

Score

Part 11: CFIT Risk-reduction Factors
Section 1- Company Culture

value Score

Corporate/company management:
Places safety before schedule .............................................................................................. 20

CEO signs off on flight operations manual ......................................................................... 20 —
Maintains a centralized safety function ............................................................................... 20 _
Fosters reporting of all CFIT incidents without threat of discipline ................................... 20

Fosters communication of hazards to others ....................................................................... 15 _
Requires standards for LFRcurrency and CRM training ..................................................... 15 _
Places no negative connotation on a diversion or missed approach .................................... 20 _,

115-130 points Tops in company culture
105-115 points Good, but not the best Company CuItureTotal (+)_ *

80-105 points Improvement needed
Less than 80 points ~~gh Cm risk



/v~@/ ; Section 2- Flight Standarck

/
5. ./ ~ Specific procedures are written for:

Value

Reviewing approach or departure procedures charts ........................................................... 10
Reviewing significant terrain along intended approach or departure course ...................... 20
Maximizing the use of ATC radar monitoring ..................................................................... 10
Ensuring pilot(s) understand that ATC is using radar or radar coverage exists ..................20
Altitude changes ................... ................................................................................................ 10
Ensuring checklist is complete before initiation of approach ............................................. 10
Abbreviated checklist for missed approach ......................................................................... 10
Briefing and observing MSA circles on approach charts as part of plate review ...............10
Checking crossing altitudes at IAF positions ...................................................................... 10
Checking crossing altitudes at FAF and glideslope centerinuly............................................. 10
Independent verification by PNF of minimum altitude during

stepdown DME (VOR/DME .orLOC/DME) approach ................................................. 20
Requiring approach/departure procedure charts with terrain

in color, shaded contour formats ................................................................................... 20
Radio-altitude setting and light-aural (below MDA) for backup on approach ...................10
Independent charts for both pilots, with adequate lighting and holders ............................. 10
Use of SoO-foot altitude call and other enhanced procedures for NPA ............................... 10
Ensuring a sterile (free from distraction) cockpit, especially during

INK/night approach or dep*re .................................................................................. 10
Crew rest, duty times and other considerations especially

for multiple-time-zone operation .................................................................................. 20
Periodic third-party or independent audit of procedures ..................................................... 10
Route and familiarization checks for new pilots

Domestic ........................................................................................................................ 10
International .................................................................................................................-20

Airport familiarization aids, such as audiovisual aids ......................................................... 10
First officer to fly night or IMC approaches and the captain to

monitor the approach ....................................................................................................-20
Jump-seat pilot (or engineer or mechanic) to help monitor terrain clearance

and the approach in IMC or night conditions ............................................................... 20
Insisting that you fly the way that you train .......................................................................-25

300-335 points Tops in CFIT flight standards
270-300 points Good, but not the best Flight Standards Total (+-)_ *
200-270 points Improvement needed
Less than 200 Highcm fisk

Section 3- Hazard Awareness and Training
Value Score

Your company reviews training with the training department or training contractor .........10 _
Your company’s pilots are reviewed annually about the following:

Flight standards operating procedures .......................................................................... 20
Reasons for and examples of how the procedures can detect a CFIT “trap” ................30
Recent and past CFIT incidents/accidents ...................................................................- 50
Audiovisual aids to illustrate CFIT traps ...................................................................... 50
Mhimum altitude definitions for MORA, MOCA, MSA, MEA, etc. ......................... 15

You have a trained flight safety officer who rides the jump seat occasionally ...................25
~

dm.mmm.....mm‘y ~ You have flight safety periodicals that describe and analyze CFIT incidents ..................... 10 _

~~ You have an incidentlexceedance review and reporting program ....................................... 20
Your organization investigates every instance in which minimum

terrain clearance has been compromised ...................................................................... 20
$$
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You annually practice recoveries from terrain with GPWS in the simulator ...................... 40

w

A
You train the way that you fly .............................................................................................. 25 —

/ A,



FLIGHTSAFETYFOUNDATION

Safety Alert
Flight Safety Foundation recommends immediate implementation of the following ground-

proximity warning system (GPWS) procedures by all flight operations:

When a GPWS warning occurs, pilots should immediately, and without hesitating to
evaluate the warning, execute the pull-up action recommended in the company
procedure manual;

In the absence of a company procedure, an immediate maximum performance full-
power climb should be initiated and continued until the GPWS warning stops@ the
crew determines that terrain clearance is assured;

This immediate pull-up procedure should be followed except in clear daylight visual
meteorological conditions when the flight crew can immediately and unequivocally
confirm a false GPWS warning; and,

Air traffk control (ATC) should be notified as soon as possible after a GPWS warning
or pull-up.

B
/’”/ Flight Safety Foundation, drawing on broad support from the worldwide aviation industry, has

..+4/8...’ launched an ambitious international project to reduce by 50 percent the number of controlled-

.$$@’:/” flight-into-terrain (CFIT) accidents and approacManding accidents during the next five years.

/ . This Safety Alert is being distributed to air carriers and other flight operators throughout the
“$jJ,. world as a result of the Foundation CFIT task force’s early findings, which are listed below.

“’2$3
CFIT represents the single largest risk to aircraft;

Fifty percent of recent CFIT accidents occurred to aircraft without operational
others involved early-generation GPWS known to give false warnings;

GPWS; many

Of those CFIT accidents in which aircraft were equipped with a properly operating GPWS, an
alarming number of flight crews did not follow recommended pull-up procedures in response
to GPWS warnings; and,

Flight crews in CFXT accidents often ignored GPWS warnings; delayed recommended pull-up
qymcedureswhfle trying to evaluate “theaccuracy of the GPWS warning; or failed to respond
with sufficient aggressive pull-up action.
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The Dollars and Sense of Risk Management
And Airline Safety

Risk managementprograms are essential tools for airline management to achieve
acceptable safety standards while pursuing production objectives,

reports Flight Safety Founalztion ICARUS Committee.

ICARUS Committee

Responsibilityfor aviationsafetybegins at the very top of an
airline company. History has demonstrattxlrepeatedly that
withoutthecompletecommitmentof thehighestmanagement
levels within a company, operational safety margins are
seriously eroded.This does not suggest that a companywill
havean acciden~but it does suggestthat the risk of havingan
accidentis high — the laws of probabilitywill prevail.

Management has great leverage in affecting operational
safety within a company.Through its attitudes and actions,
managementinfluences the attitudes andactions of all others
wit.ldna company: Management defines the safety culture
of an organization. This safety culture extends all the way
to the maintenance shop floor, to the ramp, to the cabin and
to the cockpit. Furthermore, the public and government
authorities are increasingly recognizing management’srole
in air safety by holding management accountable for a
serious incident or acciden~ this accountability is magnified
many-fold if a company suffers several such incidents or
accidents during the course of a few years.

The followinginformationis designedto provide insight into
thecosts, causesand preventionof aviationaccidents— to be
a prxtical guide for management,not a theoreticaltreatise.

Safety Fits into Production Objectives

Accidents and incidents are preventable through effective
management doingso is cost-effective.Anairlineis formedto
achieve practical objectives. Although frequently so stated,
safety is noh in fac~ the primary objective. The airline’s
objectivesare related to production: transportingpassengers
or transportinggoods and producing profits. Safety fits into
theobjectives,but ina supportingrolextoachievetheproduction
objectiveswithoutharm to humanlifeor damageto property.

Managementmustput safetyinto perspective,and must make
rationaldecisionsaboutwheresafetycanhelpmeettheobjectives
of the organization.Fmm an organizationalperspective,safety
is a method of conservingall forms of resources, including
controlling costs. Safety allowsthe organizationto pursue its
productionobjectiveswithoutharmto humanlifeordamageto
equipment.Safety helps managementachieveobjectiveswith
the leastrisk.

Although risk in aviation cannot be eliminated, risk can be
controlled successfully through programs to identify and
correct safety deficiencies before an accident occurs. Such
risk managementprogramsareessentialtoolsformanagement
to achieve acceptable levels of safety while pursuing the
production goals of the organization.

The airline has to allocate resources to two distinct but
interrelatedobjectives:thecompany’sprimaryproductiongoals
and safety. In the long term, these are clearly compatible
objectives,but becauseresourcesare finite,thereare on many
occasionsshort-termconflictsof interes~Resourcesallocated
to the pursuit of productionobjectivescould diminish those
availablefor safetyand viceversa.Whenfacingthis dilemma,
it maybe tempting to givepriority to productionmanagement
over safety or risk management. Although a perfectly
understan&ble reaction, it is ill-advisedand it contributesto
further safety deficiencies tha~ in turn, will have long-term
adverse economic consequences.

1.Safetyis of majorconcernto theaviationindustryand to the
public.Whencomparedwithothertransportationindustries—
maritime, rail or road transportation— the aviationindustry
enjoys a superior safety record. Safety consciousnesswithin
the industryandtheresourcesthataviationorganizationsdevote
to safety are amongthe reasonsforthissword,
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Nevertheless,thereare continuingconcernsaboutmaintaining, “ Training,maintenanceand other supportorganizations.
and improving,the favaable aviation safetymccud.‘I& ever-
increasingcapacityofmnsportaircraftand thegrowthofglobal 3. Each organizational and institutional level has unique
air traflicjustify theseconcerns.For example,transpoctaircraft opportunitiesto contributeto safety within the air tmnsport
seating3(X)to WI passengersare now Commm and plans for industry, and overall system safety is determined by the
largeraircraftareunderwafi congestioninairtraffiiat complex interdependentactionsofeach.Therearedecisiom that senior
hubsis rdsocornmcmplace. management— and only senior management— can take (or

retlain from taking) that wili directIyaffect safety.No other
Thesearebut two exampks of whatcanbecomea statistician’s level can fully compensatefor flaws in these decisions after
— and an airIinemanager’s— nightmareconsideringthe po- theyare impIementi, theycan only attempt to minimize the
tentialfixeconomic@r@rc@eto theindustry.Newspapcrhead- adverseconsequencesof flaweddecisions.
linesandextensivetelevisioncoverageofaircraftaccidentswill
becomemore sensationaland more frequentevenif safetylev- By the same token, there are risky or unsafe decisions by
els remainthe same.Simply PuGas a consequenceof growth, operational personnel over which senior management has
accidemratesdeemedacceptablein thepast will be inappropri- Mtle or no direct control.And there are inherent limitations
ate in the future, to the effectivenessof safetymeasuresthat operatorscan take

whenfacing,forexample,flawedregulations.
2. All those involved in aviation operations Simply put, as aat everylevel havesome responsibility for the These flawedregulations may, in turn, result
safe outcome of such operations. There are, consequence of horn the failure of an accident investigation
of come, different levels of human involve- agency to uncover fundamental safety defi-
ment and intervention. The physical proxim- growth, accidknt ciencie.sunderlyingaccidents.Suchdelicien-
ity of a particular level to operational settings rates deemed ties maybe traced to deficient trainingof the
doesnot havea straight-line relationship with investigatorsor may be fostered by flawed
the potential for influencing risk in such op- acceptable in the national legislation.
erations.

past will be Actions and decisions within the exclusive
Conventional wisdom allocates safety re- inappropriate in domain of each organization can greatly af-
sponsibilities almost exclusively to those at feet the ability of the other organizations to
the operational end flight crews, air traftlc the future. discharge their safetyresponsibilities.Wrong
controllers, technicians and others.

.* . ..-
and sometimes complex interactions exi;t

amongthedecisionsand actionstakenby var-
Safety responsibilities often have been pceived to dimin-
ish as one moves away fkomthe cockpit and toward the ex-
ecutive suite. Nevertheless, this notion does not hoId true
when viewed through the wider lens of systems safety.

Fromatop-downpempective,withinanyaviationorganization
there am at least four levels of human intervention that can
my affect the level of risk

●

●

●

●

Senior management

Lme martagemen~

Inspectorsand quality control personnel;and,

OperationalpersonneL

Withinany civil aviation system, there are at least four major
institutionsto which these personnel might report

o Civil aviation administration;

● Safety/accidentinvestigationagencjq

● OperatonXand,

ious levels within anii ketween air transportation org~niza-
t.ionsand institutions.

4. Historically, safety activities have focused on the
organizational and institutional levels in closest temporal
or physical proximity to an accident, i.e., operators and
operational personnel. Improving the performance of
operational personnel, primarily through high-quality
training, has greatly enhanced aviation safety.

The industry, however,has reached a point of diminishing
returns from this approac~ it has reached the stage where a
greater expenditure of resources at the operational end of
the system will not result in proportionate safety benefits.

Newmethodsof accidentpreventionemphasizelookingat the
total picture and taking into account accident prevention
strategiesin all industrialactivities.

Another objective is to develop a perspective that views
safety, or risk management, in the context of the primary
productiongoalsof civilaviationorganizations.Becauserisk
managementactivities,and the failureto managerisk, involve
the expenditure of resources, it is critical that such a
perspectivebe developed.
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How Much Does It Cost
To Have an Accident?

5. There are two basic categoriesof accidentcosts (1) insured
costs, generally including hull losses, property damageand
- Wim and (2)Uninsmedcosts.Insuredcosts-those
coved by payingpmrniutnsto insurancecompanies— canbe
recoveredtoa greateror lesserextent.Uninsuredcostscannotbe
nxxwex@andtheymaydoubleortripletheinsuredcosts.lj@al
uninsuredtangibleand intangiblecostsofan accidentinclude

●

●

9

●

●

9

●

8

9

●

.

●

●

●

●

●

●

●

●

Insurancedeductibles

Increasedoperating costs on remainingequipment

Loss of spares or specializedequipmenu

Fines and citatiow,

Legal fees resultin~

Lost time and overtim~

Increasedinsurance premiums

Cost of the investigation

Liability claims in excess of insuran~,

Moraky

Corporate manslaughter/criminalliability

Cost of hiring and training replacement

Reaction by crews leading to disruptionof schedul~,

Loss of business and damage to reputation;

Loss of productivityof injuredpmonneh

Cost of correctiveactiom

Cost of restoration of orde~

Loss of use of equipment and,

Cost of rental or lease of replacementequipment.

6. The costs of accidentsvarygreatly fromcountrytocountry,
and although such costs may be quantified, the monetary
value is not always the most critical factor.Some uninsured
costs can acquire greater importance than thedirect financial
effect measured by accounting methods.

The economic and political context largely determines the
relative importance of the monetary costs of an accident,as

opposed to other factors. In industrializednations, monetary
costs of an accident may be the overridingconsideration. In
othercountries,avoidingdamageto thepublic’sconfklencein
thenation’sair transportationsystemmaybe a more important
consideration. Where airlines are flag carriers, perceived
damage to the national image among the international
communitymaybe thecentralconsideration.Insomesituations,
the loss of equipment in an accident might disrupt regular
internationalservices,a considerationthatalso might override
themonetarycosts.The fundamentalmessageis twofold first,
there are economicconsequencesof aviation safety; second,
the costs and benefitsof safety cannot be meastied only in
economicterms.

7. “Unwantd outcomes” other than accidents also incur
significantcostsforanairline.Maintenanceandrampincidents,
forexample,presentmfetyissuesthatcanhavesignificantcosts,
and must be considenxlas part of a global strategy for safety
management.Ramp and ground-handliigoperationshave the
potentialto causea majoracciden~suchas throughunreported
ground-handlingdamageto aircraft.Costsin maintenanceand
ramp operations shouldbe a major concern,because aircraft
andotherequipmentareeasytodamageandexpensivetorepair.
Indirect costs also include schedule disruption following
damageof aircraftor equipment.Therampand the hangarare
also dangerousenvironmentsin whichto work, given the risk
of accidentaldeathor disablinginjury.As with flight accident
prevention,responsibilityfor hangarand ramp safety resides
at four levelswithinan organization

● Senior management

● Individualsupervisors

● QuaWycontrolpersonnek and,

“ Operationalpersonnel.

Human Errors Occur at
Management Level Too

8. Human error is the primary cause for hull losses, fatal
accidents and incidents. To devise the appropriate
countermeasures, human error must be put into context.
Human error in aviation has been almost always associated
with operational personnel (pilots, mechanics, controllers,
dispatchers,etc.),andmeasuresaimedat containingsucherror
have usually been d=ted to them. Nevertheless,during the
last decade or so, a significant shift toward a substantially
different perspective on human error has developed. It has
considerableimplicationsin termsofpreventionmeasuresand
strategies.

9. The aviation system includes numerous safety defenses.
Accidents in such a system are usually the result of an
unfortunatecombinationof severalenablingfactors,each one
necessary,but in itself not stilcient, to breach the multiple
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layas ofsystem defenses. Because of cunstamtechnological
pro-, fXltiprnOntfhihres rarely cause aviationaccidents.
Likewise,operationalpemonnelerrors—althoughusuallythe
precipitatingfhctors— are seldom root causes of accidents
and incidents.

Theanalysisof recentmajoraccidentsboth inaviationand in
otherh~h-technolo~ industriessuggests tit it is necessary
to lookbeyondoperationalpersonnelerrors,intoanotherlevel
of human errcx human decision-makingbilnres that occur
primarilyin managerialsectors.

10.Dependingon howimmediatetheir consequencesare,hu-
manfailurescan k viewedeitheras active failures— errors
havingan immediateadverseeffectand generallyassociated
withoperationalpersonnel@loGcontroller,technician,etc.)

punishedand the existenceof the underlying Iatentfailuresis
denie&repair,by whichoperationalpersonnelaredisciplined
and equipment modified to prevent recurrence of a specific
observed active failure; or refoim, by which the problem is
acknowledgedand globalaction taken, leading LOan in-depth
reappraisalandeventualreformof the systemas a whole.Only
the last resfxme is fully appropriate.

To Err Is Normal

13. Error must k acceptedas a normalcomponentof human
behavior.Humans,be they pilots, engineersor managers,will
from time to time commit errors. Exhortations to “be
professional”or to “bemorecareful”are generallyineffective,
becausemosterrcrsarecornmittedinadvertentlybypeaplewho
are already trying to do their job prof=kmally and Cm’efdly.

— or latent failures,whicharedecisionsthat
.—

Theydid no~in~nd to commit theerrors. -
maynot generate visibleconsequencesfor a
long time.

Latent ftilures become evident when com-
binedwithactivefkihres, technicalproblems
or other adverse conditions, resulting in a
break-throughof system defenses,thus pro-
ducingaccidents.Latent failuresare present
in thesystemwellbeforeanaccidab and are
originatedmost likelyby deckionmakersand
otherpersonnelfarremovedintirneand space
fi’ornthe event. Examples of latent failures
includepoor equipmentdesign,improperal-
locationof resourcesto achievethe declanxi
goalsof the organimtionand &fective com-
municationsbetweenmanagementand oper-

Typical Went

failures in line

management include

inadequate

operab”ngprocedures,

poor scheduling

and neglect of

recognized hazards.

ationalpersonnel.Throughtheiiactionsor inaction,operational
~el *owh@Yaeate thecond.idonsunderwhichthese
latentfailures becomeapparen~often with tragicand costly
consequences.

‘fheimplicationforaccidentpreventionstrategiesisclear.Safe
ty managemeritwillk moresuccessfulandcostless if direct-
ed at discoveringand correctinglatent failuresrather than at
focusingonly on the eliminationof activefailures.While it is
vitalto minimizethem,activefailuresare onlythe proverbd
tip of the iceberg.

11.Even in the best-runorganizations,someimportanthigh-
Ieveidecisionsare less than optimumbecausetheyare made
subjectto normalhumanlimitations.~Ical latentfailuresin
line management include inadequateoperating procedures,
poorscheduling and neglect of recognized hazards. Latent
failures like these may lead to inadequate work-force
skills, inappropriate rules or poor knowledge; or they may
resuk in poor planning or workmanship.

12. Management’sappropriateresponse to latent failures is
vital. Response may consist of denial, by which operational
personnel involved in accidents are dismissed or otherwise

The solution is to devise procedures and
equipment that resist human error.Because
technology or training cannot prrwent all
errors,anequallyvitalStepis tointroduceerr(x
toleranceinto equipmentand procedures,so
whenan errordoesoccur,it is detectedand is
corrected before there is a catastrophic
outcome.Error resistanceand errormlerance
areimportantstrategiesinaccidentprevention.
Of fundamentalimportance,however,is the
recognitionthat humanerror must lx treated
asa symptom,ratherthana cause,ofaccidents
and incidents.

14. Psychological factors underlie human
error.Often,personnelresigned-mtasksdonot possessthebasic
tmitsorfundarnentalskillsneededtosuccessfullyperformthem.
While formal personnel sel@ion techniques provide some
degree of protection, it is impossible to guarantee that all
candidates will be able to perform satisfactorily in line
operations. The issue is further complicated becauseproper
performanceunder unsupervisedconditions— suchas during
line Opemions— rests essentially on pfoper motivation,and
although most professional aviation personnel are highly
motivati other factorscan adverselyaffectsuch motivation.

Even with these limitations, proper selection techniques
constitutean importantline of defense.If an organizationuses
inadequatepemonnelscreeningandsek?ctiontechniques,afatent
ftilnre exists within that organization,and may oniy become
manifestthrougha seriousincidentor accidcnL

15. Training deficiencies frequently underlie human error.
Trainingaimsat developingbasicknowledgeand skillsrequhx!
for on-the-jobperforrnanw deficient training will obviously
fosterdeficientperformanceand pave the way for error.Chher
potentialsourcesofhumanerrorincludepmrergonomic design
ofequipmentor deficientproceduresforusingsuchequipmenL
Training deficienciesand flawed operational prwxxiumsaxe
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latent failures, and thus usually do not have immediate
consequences.BULwhen combined with active fidlures in
operationalsettings,theselatent failurescanleadto accidents.

16. Selection, training and equipment design focus on the
performanceof individuals in the system. Big dividends are
obtained by addressing individual performance, but the
biggestdividendsrequirea larger frameof reference.Human
performancedoes not take place h asocial vacuum,but it is
stronglyinfluencedby the environmental,organizationaland
institutionalcontext in which it occurs. The socioeconomic
and legal enviromnengthe way in which the organizationis
designedand the institutions to which personnelbelong, all
influenw human ptzformance. These are also the breediig
grounds for latent failures. From a monetary viewpoint, it
makessense to address latent failures. Cancelingone latent
failure (for example, training deficiencies) will eliminate
multiple active failures, and thereby have a major effect on
risk.By focusingon identifyingand correctinglatent failures,
managementleveragesits ability to controlrisk.

With the Proper Tools,
Human Error k Manageable

17. The primary message here is that human error is
manageable.Error management requires understanding the
individual as well as organizationaland institutionalfactors.
Human-erroraccidents, which most accidents are, can then
be controlledcost-effectively.

18. Education is an essential prerequisite for effective
management of human error. The concepts of accident
causation,human error and error managementdiscussed in
this brief are the bedrock of such education. Implementing
training systems that develop knowledge and skills among
O@CMUd personnelconsistentwithO~iZStiCSld objectives,
and operationalprocedures that are compatible with human
capabilitiesandlimitations,is fundamental.A quality control
system that is oriented toward quality assurancerather than
pointingfingersand allocatingblamecompletesthe necessary
feedback loops to ensure effectiveness of training and
proceduredevelopmentprograms.

19.Anactivemanagementrole in safetypromotioninvolvex

Allocation of resources. Management’s most obvious
contribution to safety is allocating adequate resources to
achieve the production objectives of the organization
(transportingpeople, maintainingaircrafLetc.) at acceptable
levelsof risk.

Safety programs and safety feedback systems. Such
programs should include not only flight safety, but also
maintenancesafety,ramp safety,etc.

Internal feedback and trend monitoring systems. If theonly
feedbackcomes from the company’s accident statistics,the

information arrives too late to be useful for controllingrisk,
because the events that safety managementseeks to eliminate
havealreadyoccurred.Identificationof latentfailuresprovides
a muchgreateropportunityforproactiveenhancementofsafety.

Incident reporting program~ It has been estimatedthat for
each major accident (involvingfatalities), there are as many
as 360 incidents that, properly investigated, might have
identified an underlying problem in time to prevent the
accident. In the past two decades, there has been much
favorable experience with nonpunitive incident and hazard
reporting programs. Many countries have such systems,
including the Aviation Safety Reporting System (ASRS) in
theUnited Statesand theConfidentialHumanFactorsIncident
Reporting Program (CHIRP) in the United Kingdom. In
additionto theearlyidentificationandcorrectionofopenuionrd
risks, such progmms provide much valuable informationfor
use in safety awarenessand trainingprograms.

Besides the national programs, many airliies have found it
useful to add their own internal incident reporting systems.
These systems can range in complexityand cost fromsimple
and inexpensive telephone“hot lines” to more complex(and
usually more cost-effective)systemsinvolvingcomputerdata
bases, trend identitlcationand monitoringprograms,andother
sophisticatedsafetymanagementtools.Someof thesesystems
havebeen madeavailableto theairlinecommunityata modest
cost by their developers.

One notable system is the BritishAirwaysSafetyInformation
System(BASIS),whichallowsactivetrackingofmanydifferent
kinds of safety-relatedinformation.A similar system,“Safety
Manager’sTool Kit: is availablefrom the InternationalAir
TransportAssociation(IATA).Systemsliie thesehavetended
to show a positive short-termeconomicbenefit in addition to
improvedoperationalsafety.

Standardized operating procedures. Standmdizedoperating
prwdures (SOPS)havebeen nxognized as a majorcontribu-
tion to flight safety.Proceduresare specificationsfor conduct-
ingactiw theyspec~ aprogressionofstepstohelpoperational
personnel perform their tasks in a logical,efficientand, most
importanLerror-resistantway.Proceduresmust be developed
withconsiderationfortheoperationalenvironmentinwhichthey
will be used. Incompatibilityof theprocedureswiththeopera-
tional environmentcan leadto theinformaladoptionof unsafe
operating practices by operationalpersomel. Feedbackfrom
operational situations, through observedpractices or reports
from operational personnel,is essentialto guaranteethat pro-
ceduresand the operationalenvironmentremaincompatible.

R~k management. Thepurposeof internalfeedbackandtrend
monitoring programs is to allow managersto assess the risks
involvedin the operationsand todeterminelogicalapproaches
to counteract them. There will always be risks in aviation
operations.Some riskscanbe accepte@some— butnotail —
canbeeliminatd;andothtmcartIx?reducedKIthepohttwhew
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they are acceptable.Decisions on risk are managerial;hence
the term“riskmanagement.”

Riskmanagementdecisions followa logical pattern.‘f’hefmt
step is to accurately assess hazards. The second step is to
assess the risk involved in such hazards and determine
whetherthe organization is prepared to accept that risk. The
crucial points are the will to use all available information
and the accuracy of the information about the hazards,
because no decision can be better than the information on
whichit is based.The third step is to find whichhazards can
be eliminatedand proceed to eliminate them. If none of the
identifiedhazards can be eliminated, then the fourth step is
to look for the hazards that can be reduced. The objective is
to reducethe probability that a particular hazard will occur,
or reduce the severityof the effects if it does occur. In some
cases, the risk can be reduced by developing means to cope
tiely with the hazard.

20. In largeqanizadons, such as airiin=, thecostsassociated
with lossof human life and physical resoumesmean that risk
managementis esstmtial.Toproducerecommendationsthatco-
incidewiththeobjectivesoftheorganhdon,asystems appwach
toriskmanagementmustbefollowed,Suchanappmach,inwhich
allaspectsofthemganbuion’sobjectivesandavailablemscxmes
areanalyzed,offwsthebestoption fa ensuringthatrewmmen-
dationscom-emingrisk managementare realistic.

Resources Are Required

21. The safety monitoringand feedback programsshould be
administered by an independent company safety ofilcer,
WXXl@difWflyto thehighestlevel ofcoqxxaternanagement.
The company safety ofllcer and his or her staff must be
quality control managers, looking for ways to correct
corporate safety deficiencies, rather than pointing fingers
at individuals who commit errors.

Todischarge their responsibilities for the company and the
industry, they need information that may originate through
several sources: internal safety audits that identify poten-
tial safetyhazards, internal incident reporting systems, inter-
nal investigations of critical incidents and performance
monitoring programs. Armed with information, the safety
offker can implement a program for dissemination of safety
critical information to all personnel.The stage is then set for
a safety-orientedorganizational climate.

22.ManagementatfitudescanbetransIatedintoconcreteactions
by the provision of well-equipped, well-maintained and
standardized ccxkpits and other workstations; the careful
developmentand implementationof, and rigid adherence to,
SOPS;and a thorough training and checking program that
ensuresthat operationalpersonnel have the requisite skills to
operatethe aircraft safely.These actions buiid the foundation
on whicheverythingelse rests.

Resources Are Available–

23. Honestand forthrightself-examinationis one of the most
powerful,andcost-effective,risk-managementtoolsavailable,
and should be performedregularlyby all organizations.To
help airlinemanagersidentifyrisks and hazards in theirorga-
nizations,an“ICARUSSelf-auditChecklist”is in finaldevel-
opment and will be availablefrom Flight Safety Foundation
in mid-1995. Its questionsare designed to identify specific
areas of vulnerability and potential latent fkilures within a
company so that appropriatecorrectiveand preventivemea-
sures maybe taken.Varioussectionsshould be completedby
the appropriateorganizationalelementswithin a company.

24. IWghtSafetyFoundationis a valuableand affordablerisk
managementresource. In additionto sponsoring a variety of
safetyworkshops,seminarsandothermeaings, theFoundation
akmhas a groupof operationsand safetyexpertsavailableto
conduct independentaviationsafety audits. These audits are
comprehensiveand confidential,and are cunductedby senior
personnelwhohavedirectexperiencein airlineoperationsand
management.

25. Akcraft and equipment manufacturers also can be a
valuable resource for risk identification and management.
Manufacturers can be particularly helpful in providing
guidance for the development of operating procedures,
operatingmanuals,maintenanceandpersonneltraining.Often,
they can provide experiencedoperational and maintenance
personnel to help carriersoperatetheir equipment safelyand
efficiently.

26. Many valuable safety publications are available from
government and research organizations to assist managers
and decision makers in their safety objectives.Some of the
most prominentof thesesourcesof informationarc

●

✎

✘

●

●

Accident investigation reports from nationaI
authorities;

FlightSafetyFoundationrepxts and publication.y

InternationalCivilAviationOrganization(ICAO);

InternationalAirTransportAssociation(IATA);and,

U.S. NationaI Aeronauticsand Space Administration
(NASA).

No matter what resourcesare available, they will be of the
greatest value in a wmpany that demonstrates that aviation
safety beginsat the very top of its management.4

[Editorial note: The preceding article was adapted from a
briefing prepared by the ICARUS Comndtee and presented in
a workshop in Geneva, Switzerhrtd, in October 1994.]
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Introduction

The Controlled-flight-into-terrain (CFIT) Aircraft Equipment Team, formed as part of a Flight
Safety Foundation (FSF)-led industrywide CFIT accident reduction effort, has completed its
mandate. This report summarizes the objectives achieved and presents proposals for action by the
CFIT Steering Committee.

The CFIT Aircraft Equipment Team focused on aircraft equipment as a means of reducing the’
risk of CFIT accidents. Membership included representatives of industry, regulators, research
organizations and the International Civil Aviation Organization (ICAO). Three full meetings of
the team were held. Vhrious subgroup meetings were held on an ad hoc basis. Meeting reports
have been distributed to the members.

The team focused on the assignment of priorities for action. The time frame for completion of the
recommendations is five years. A consensus was achieved for all decisions.
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Executive Summary

This report summarizes the work of the FSF CFIT Task Force’s Aircraft Equipment Team. The
tasks defined fall into the following broad categories:

●

●

●

●

●

●

e

●

●

CFIT accident database;

Standards for procedural design and chart production;

Recommended practices/systems;

Ground-collision warning systems;

Recognition of proximity to terrain;

Accurate vertical navigation;

Accurate horizontal navigation

Understanding factors involved in CFI’Z and,

Potential systems for future consideration.

A consensus was achieved for the recommendations concerning each item. Our
recommendations were weighted within these categories according to the estimated costfbenefit
ratio. In addition to our recommendations, and ICAO actions, it is important that individual
States review their regulations in concert with ICAO action.
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Report Format

The reports on items under specific headings or subheadings are organized in the following
manner:

a) Title or subtitle;

b) Problem statement: Brief overview of the problem;

c) Recommendations: FSF CFIT Task Force recommendations;

d) Results: What is being accomplished;

e) Action: Action to be taken by the CFIT Task Force; and,

f) References: Supporting documents, some of which are located in the Appendices.
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CFIT Accident Data Base

Problem statement

The team has used the accident data base to focus on those areas showing the greatest need.
Much of the existing accident database provides only partial coverage of CFIT accidents
because it concentrates on larger aircraft. The data originally published by ICAO in 1992 covered
all turbine-engine aircraft in commercial and general aviation operations.

Recommendations

As a matter of urgency, improve the means of collecting and disseminating CFIT accident data.
Accident investigation agencies are urged to forward their findings to ICAO in the proper format
and in a timely manner. This is particularly critical for the nonheavy jet category.

Develop a means to measure the success of the CFIT prevention program.

Results

ICAO and others have continued to collect and refine CFIT data for all turbine-engine aircraft.
These agencies report that the CFIT accident data are often incomplete and usually very tardy.
The data are collected and refined in specific areas of interest.

Action

All concerned should continue to monitor and record CFIT occurrences.

The CFIT Steering Committee will require a means to measure the effect of the implementation
of the CF~ prevention program.

References

CFIT Accidents and Risk for U.S. Airlines Large Commercial Jets (Appendix A).

Corporate, Regional and Air Taxi CFIT Accidents 1989 to 1994 (Appendix B).

Report. R. Khatwa, National Aerospace Laboratory (NLR) Flight Division, Netherlands
(Appendix D).

Maurino, Capt. D. “Human Factors and Organizational Issues in Controlled Flight into Terrain
(CFIT) Accidents.” Eighth International Symposium on Aviation Psychology, Ohio State
University, U.S. April 1995.
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Chart Presentation

Problem statement

Navigation errors are a principal cause of CFIT accidents. Improved charts are seen as a major
resource in the reduction of navigation errors.

The transition to and horn en route charts to departure/arrival charts was of concern and had not
been addressed, nor has the question of applying contours and color tinting to other charts. The
problem of scale presentation has to be overcome. These iterns need to be addressed both within
ICAO and by the various panels.

Instrument approach charts, standard instrument departure (SID) and standard terminal arrival
(STAR) charts often contain a considerable quantity of vital information essential for the safe
conduct of flights, in the vicinity of airports and in close proximity to terrain. These charts are
frequently complex, with densely packed information. Presentation can result in chart clutter that
may cause the pilot to overlook vital information. Errors of extraction and interpretation are
known to have contributed to a number of accidents and many incidents. Chart producers should
pay particukir attention to the need to eIiminate clutter and for the need to display only
information essential for the safe and proper execution of required procedures. All other related
secondary information should be removed to a separate panel or page.

Recommendations

Colored contours should be used to present either terrain or minimum flight altitudes on
instrument approach charts.

It is also recommended that ICAO re-examine the specifications for instrument approach charts
in ICAO Annex 4, Chapter 11.The objective of this re-examination should be the inclusion of
Standards requiring either a presentation showing terrain contours or a presentation including
minimum flight altitudes. Further Standards should require the use of brown hypsometric tinting
in terrain contour presentations and green tinting in minimum flight altitude presentations. Both
presentations should provide for the use of white for the level of the aerodrome to provide
contrast and aid the interpretation of the chart. Significant spot heights should be shown on the
terrain contour presentation. The terrain profile below an approach should also be shown,

Results

In March 1995 the ICAO Air Navigation Commission (ANC) tasked the Secretariat to review the
adequacy of the Annex 4 Aeronautical Charts provisions regarding: the portrayal of temain
contours; the portrayal of minimum flight altitudes; use of color tinting; and the provision of the
terrain profile under the final approach segment. Major commercial providers of charts are
already using the recommended contour and color tinting systems.

Action

Re-emphasize the importance attached to the recommendation for colored contours and re-
examination of instrument approach chart specifications to ICAO and to all providers and users.
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Recommend that the Society of Automotive Engineers (SAE) G-10 Committee address the
problems raised about the role of navigation errors in CFiT accidents.

Inform all State Civil Aviation Authorities and operators of the advantages and availability of
instrument approach procedure charts with contour presentations and of the recommendations to
ICAO and SAE.

Reference

KLM fax dated 19 August 1994 (Appendix G).
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Ground-proximity Warning System (GI?WS)

Updating of GPWS Equipment

Problem statement

The Aircraft Equipment Team is aware that the continued use of older unmodified GPWS
equipment results in the persistent experience of fake and nuisance GPWS warnings that could
be avoided if the earlier standard of equipment was taken out of service and all equipment was
modified to the latest standard available. These unnecessary, and now avoidable warnings,
contribute adversely to the acceptance of the GPWS and the prompt reaction required to GPWS
warnings by the flight crew.

Recommendation

Early GPWS equipment should be taken out of service and replaced by modern equipment or
updated, where modifications are available. Such action would decrease the number of unwanted
warnings experienced and thus increase the integrity and reliability of the GPWS and the
likelihood of timely pilot response.

Results

In March 1995 the I(2AO ANC stressed the need for the provision of adequate GPWS aquipment,

The minimum requirements in the proposed U.S. Federal Aviation Administration (FAA)
Technical Standard Order (TSO)-C92C wotdd add to the existing requirements: a requirement for
an aural message to identi~ the reason for a warning; call for the inclusion of airspeed logic to
improve warning time; and a requirement for altitude callout in nonprecision approaches. These
features are rdl available in currently produced equipment. The requirements of the proposed
TSO-C92C are considered an example of the minimum adequacy of GPWS equipment

ICAO has adopted amendments to Annex 6, Parts I and II, that extend the requirement to carry
GPWS to all turbine-engine airplanes in international cornmercia.1/corporate/private operations
where the maximum certificated takeoff mass is in excess of 5,700 kilograms (12, 500 pounds) or
which are authorized to carry more than nine passengers. These extended requirements, based on
an FSF CFIT Task Force recommendation, are effective from 1 Janumy 1999. The amendments
include specification of the minimum finctions of the GPWS. These are the original functions
dating from the 1970s that have not previously been established as ICAO Standards, and some
have been intentionally deactivated in GPWS installations in the past.

Action

Re-emphasize to ICAO the importance of taking out of service or updating early GPWS
equipment.

Stress to civil aviation authorities and operators the importance of taking older and less effective
GPWS equipment out of service.
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References

Annex 6, Operation of Aircrafi, Part 1.International Commercial Air Transport Aeroplanes,
Sixth Edition, paragraph 6.15. July 1995.

Annex 6,0peration of Aircraft, Part II. International General Aviation Aeroplanes, Fifth Edition,
paragraph 6.9. July 1995.

ICAO letter to States and international organizations, reference AN 11/37-95/64, 11 August
1995.

U.S. Federal Aviation Administration (FAA) proposed TSO-92C,Airborne Ground Proxinzity
Warning Equipment.

Use of Terrain Data to Improve GPWS Capability and Performance

Problem statement

The capability now exists to use terrain data to provide predictive ground-proximity warning
capabilities and to provide a visual display of the terrain to the flight crew. This is demonstrated
in the enhanced GPWS being developed. Although a limited amount of terrain data are currently
available to the flight crew from the aircraft charts and maps, the increasing availability of
worldwide terrain data, in digital form, has opened opportunities for many new cockpit systems.
ICAO has established requirements for use of the World Geodetic System 1984 (WGS-84) from
the beginning of 1998.

Recommendation

Such developments should be actively supported.

Results

In March 1995 the ICAO ANC noted the support of the CFIT Task Force for the further
development and introduction of terrain database proximity warning systems; stressed the need
for an accurate worldwide terrain database; and urged States to facilitate the release of terrain
data in digital form of suitable accuracy and geodetic reference for use in civil aviation, in
accordance with Article 28c of the Convention on Civil Aviation.

There is a need for development of specifications for a format and parameters for a universal
digital terrain data base.

Recommendation

Radio Technical Commission for Aeronautics (RTCA) and European Organization for Civil
Aviation Engineers (EUROCAE) are asked to establish a joint working group to define an
international specification that details a suitable format and other relevant parameters for a
universal digital terrain data base.

Reference

Terrain Data Integrity Requirements (Appendix G).
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Use of GPWS in Domestic as Well as in International Operations

Problem statement

The Standards of ICAO Annex 6, Part I, apply to international commercial operations. The new
Annex’6, Parts I and II Standards, which take effect 1 January 1999, will apply to both
international commercial and to international corporate and private operations. Many States have
introduced requirements for GPWS in domestic commercial operations as well as in international
operations. Other States have not extended requirements to domestic operations.

‘H-ECFIT accident record shows that the greater proportion of CFH’ accidents have taken place
in domestic operations. It is necessary to persuade civil aviation authorities that have not yet
extended requirements to domestic commercial operations, to undertake this extension. Such
action is essential if the objective of the CFIT prevention program is to be achieved.

Very few States require the carriage of GPWS in corporate or private operations. Thought must
be given to this area by the regulatory authorities because the new ICAO Standards for general
aviation, corporate and private operations, come into force on 1 January 1999. Some corporate
operators have voluntarily equipped their aircraft with GPWS, and the business aviation
community is showing a great interest in CFIT prevention.

Recommendation

All aircraft in commercial and corporate use should be equipped with GPWS, even where these
airplanes are used only in domestic operations.

Results

In June 1995, the ICAO Council approved a report for the ICAO Assembly (19 September to 4
October 1995) on CFIT prevention activity. In addition to the report, the Council will present a
draft resolution for adoption by the Assembly to urge States to implement the CFIT prevention
program and the related ICAO provisions, particularly those concerning the carriage of GPWS,
in domestic as well as in international operations.

Action

Every opportunity should be taken to stress to civil aviation authorities and operators the
importance of CFIT prevention in domestic operations. Maximum use should be made of the
ICAO31st Assembly Resolution if this is adopted.

Reference

ICAO Assembly, 3 Ist Session, A3 1-WW43, 6 July 1995.
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European Organization for Civil Aviation Engineers (EUROCAE) Working
Group WG 44, Ground-collision Avoidance System (GCAS)

Problem statement

This group is preparing minimum operational performance specifications (MOPS) for ground-
collision avoidance systems (GCAS). This document defines, inter alia, mandatory and
nonmandatory warnings, pull-up/reaction times and acceptable failure rates. Lateral guidance ,is
currently not mandatory. It is expected that Joint Aviation Regulations-Operations (JAR-OPS)
and the Joint Transport Service Orders (JTSO) for GPWS will reference the GCAS document.

Recommendations

Preparation of MOPS for a ground-collision avoidance system.

That a coordinated effort be made by the appropriate bodies to establish standards for the
ground-collision avoidance system. These efforts are to be correlated with ICAO standards.
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Approach Procedure Design

Problem statement

The design of the nonprecision approach was seen by the group as an area where much could be
accomplished at little cost. This objective can be met by the simplification of the nonprecision
approach, the specification of a stabilized approach and the provision of a nominal three-degree
glide path.

Recommendations

General

Nonprecision approach procedures should be constructed, whenever possible, in
accordance with established stabilized approach criteria:

It is also recommended that ICAO re-examine the specifications for the design and
presentation of nonprecision approach procedures in the Procedures for Air Navigation
Services Aircrafi Operations (PANS-OPS, Dec. 8168), Volume II, Annex 4 Aeronautical
C%arts and associated guidance material. The objective of this re-exarnination is to
require consideration of the stabilized approach; the provision of a final approach fix; and
to require the provision of a three-degree approach slope, where compatible with the
obstacle environment. The need to show the underlying obstacle clearance profile on
these instrument approach charts should dso be considered.

specific

One final approach segment per navigation aid/runway combination;

If a stepped nonprecision approach cannot be avoided, then the intermediate profile-
angles should be shown; and,

The position of the start of the final descent path is to be published.

Recommendations to operators

Nothing in ICAO PANS-OPS prevents the immediate introduction by operators of
specific nonprecision instrument approach procedures that take into account the
recommendations of the CFIT Task Force, and some operators have been doing so for
many years. The concept will require the definition of a fix at the position at which the
intermediate approach altitude/height intersects the norn.hd glide path. Proposals for the
amendment of PANS-OPS, from the tenth meeting of the ICAO Obstacle Clearance Panel
(31 October to 10 November 1994), would introduce optimum descent gradients for some
types of nonprecision approaches where currently only the maximum and minimum
gradients are specified.
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Recommendation to ICAO

Arnpli& the 1994 recommendation to ICAO as follows:

Nonprecision approach procedures should be constructed, whenever possible, in
accordance with established stabilized approach criteria. If a stepped nonprecision
approach cannot be avoided, then the intermediate profile-angles should be shown;

There should be one final approach segment per navigation aidhunway combination;

The final approach glide path should be a nominal three degrees where terrain permits;
where a steeper glide path is necessary, up to the maximum angle permitted. A
continuous descent is preferred to a stepped approach,

The final segment should start 2,000 feet to 3,000 feet (610 metersto915 meters) above
airpoti elevation;

There should be provision and publication of a fix at the intersection of the intermediate
approach altitude/height and the nominal glide path; and,

Nonprecision approach charts should show the descent profile to be flown;

There should be provision for and publication of appropriate altitudelheight checks on the
glide pati, and,

The profile of the terrain beneath the final approach segment should be provided.

Recommendation to Civil Aviation Authorities and Operators

Continue to emphasize to civil aviation authorities and operators the need to improve the
safety of nonprecision approaches by use of the stabilized approach, a three-degree glide
path, a final approach point and a final approach fix and the urgency for action on this
matter.

Results

In March 1995, the ICAO ANC tasked the Obstacle Clearance Panel to take account of the need
for a stabilized approach, based on a three-degree glide path and a final approach fix, in the
design and presentation of nonprecision approaches.

References

Slatter, R.T. “Thoughts on the Subject of Nonprecision Instrument Approach Procedure Design
from the Point of Wew of the Pilot.” 8 April 1994 (ICAO Document).

Slatter, R.T. “Chart Design Revision Could Enhance Safety of Nonprecision Approach and
Lauding Operations.” ICAO Journal (May 1994).

Slatter, R.T. “Nonprecision Approaches, Shallow Descent Gradients.” CI?IT-AET/WP-OPS/1, 15
May 1994.

Slatter, R.T. “Nonprecision Approaches, Stepped Approaches.” CFIT-AET/WP-OPS/2, 12 May
1994.
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Slatter, R.T. “Multiple Approaches to One Runway Using the Same Aids.” CFIT-AETWP-OPS/
3, 12 May 1994.

Information provided by KLM, 19 August 1994 (Report to Committee).

FAA letter dated 11 January 1995 (Report to Committee).

Walker, Capt. D.E. “Operational Approval of Stabilized Instrument Approach Procedures for
FIight Management/Guidance System Equipped Aircraft” (Report to Committee).

Walker, Capt. D.E. “Taking the ‘Non’ out of the Nonprecision Approach” (Appendix l?),
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Vertical Navigation

Loss of vertical positional awareness is a principal factor contributing to CFIT accidents.
Improved indications of both altitude and height above terrain are seen as reducing the risk of a
CFIT accident.

Barometric Altimetry

Three-pointer and drum-pointer altimeters

Problem statement

There is ample evidence that pilot misinterpretation of three-pointer and drum-pointer altimeters
can lead to CFIT accidents. There is along documented history of these errors.

Recommendations

All States and operators should be informed of the dangers inherent in the use of three-pointer
and drum-pointer altimeters and usage of these altimeters should be discontinued.

ICAO should examine the case for discontinuing the usage of three-pointer and drum-pointer
altimeters and should take appropriate action to amend Annex 6 in this respect.

Results

In March 1995, the ICAO ANC tasked the Secretariat to consider the need to limit the use of
three-pointer and drum-pointer altimeters. This action is in hand through initial consultation with
the ICAO Operations Study Group.

ICAO Annex 6, Parts I, 11and III, Sections II and III amendments adopted in 1995 include the
addition of a note to the requirement for sensitive pressure altimeters: “Note. Due to the long
history of misreadings, the use of drum-pointer altimeters is not recommended.” While the
addition of a note was possible in a short time scale, this action is not sufficiently comprehensive
or strong enough to answer the problem posed by both these types of altimeters.

Action

Stress to civil aviation authorities and operators the dangers inherent in the use of three-pointer
and drum-pointer altimeters.

References

Marthinsen, H.I?.“The Killer Instrument: The Drum Pointer Altimeter.” International Federation
of Air Line Pilots’ Associations (lI?ALPA)/Spanish Air Line Pilots’ Association Joint Air Safety
Seminar, Madrid, Spain, June 1990.

Human Factors Digest No. 6 (Circular 238): 19.

IFALPA. Annex 8, Appendix AIR-B 11 (Cockpit Standardization). November 1993.
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QNWQFE

Problem statement

These very different akitude and height reference systems are in widespread use. The Aircraft
Equipment Team was unable to recor.nmend a resolution of these differences. During the past few
years many operators have changed to the use of QNH [code: “To what should I set my altimeter
to read your airfield height?”] for takeoff and landing operations. This was done from the time
that radio altimeters provided at least some height information that could be taken to replace the
height above touchdown provided by using QFE [code: “To what should I set my altimeter to
obtain height above your location?’ Also, the barometic pressure reported by a particular
station]. The impulse to use only QNH is driven by the resulting reduction in need to adjust the
altimeter setting. Reduction in the number of times the altimeter setting is changed materially
reduces the possibility of error. But there are problems where operators use QFE in an area
where the majority use QNH and more particularly in those international operations where users
of one system fly to airports where the other system is in use. Although it should be possible to
obtain both QNH and QFE altimeter settings, this is not universally the case.

There may not be a solution to this problem. It is similar to the problem of different units for
distance and altitude, in that different aviation traditions have established different systems. Use
of QFE does give the pilot a direct statement of height above touchdown, which those using
QNH can only obtain through a mental computation or comparison of pointer position to a bezel
bug set at the touchdown zone (TDZ) elevation. For these reasons instrument approach charts
give both akitudes and heights for relevant points in procedures. Use of QNH reduces the
number of altimeter setting changes and eliminates the need to make a change during a missed
approach, where this would otherwise be necessary.

Both altitude and height information could readily be provided in flight management system
(FMS)-equipped aircraft where currently only altitude is provided on the situation display, in
addition to the conventional altimeters. Such provision of a direct height above touchdown
readout would only require a sofiware change.

Recommendations

Develop rigorous procedures and training in the use of both systems for all flight crews who
operate under both systems; and,

There is no doubt that the ideal solution would be to have one system in universal use and that
logically this should be the system that calls for fewer changes to the altimeter settings. At the
same time, other means of displaying the height above touchdown should be investigated.

Results

In March 1995, the ICAO ANC was informed that the CFIT Task Force would report at a later
date on the use of QNH and QFE. Revised ATC procedures have been recommended to the ATC
Team.
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Action

Recommend that ICAO consider the specification of the use of the QNH reference system for all
operations below the transition levelhltitude.

Investigate the provision of a direct “height above touchdown” display on aircraft equipped with
FMs.

Altimeter setting units

Problem statement

Although international standards call for the use of the hectopascal as the unit for the reporting of
atmospheric pressure, the continued use of inches and millimeters of mercury, as well as
hectopascals, for reporting atmospheric pressure in different areas of the world, and thus for
altimeter setting units, was recognized as likely to continue for some time.

Because of the above differences, specific procedures are used to identify the units used in
meteorological reports, but these procedures do not extend to usage in ground-to-air
transmissions where the identification of the units is currently optional.

Recommendation

All States should standardize on the use of hectopascals for altimeter settings in accordance with
the established international standards, and thus eliminate the potential hazard of mis-setting of
the altimeter.

Results

In March 1995 the ICAO ANC was provided with the above recommendation and informed that
the CFIT Task Force would be reporting further on this question.

To avoid some errors in altimeter settings resulting from misinterpretation of which units have
been provided in a ground-to-air transmission, it is suggested that the unit of measurement be
transmitted with the fmt mention of altimeter setting at international airports. The unit of
measure should also be included in automatic terminal information system (ATIS) broadcasts,
either voice or datalink. Rigorous procedures and training are necessary where flight crews may
be exposed to the use of barometric units other than those to which they are normally
accustomed. The use of the term “hex” instead of hectopascal was seen as improving the
communication of the altimeter setting between controller and pilot. These questions are also to
be discussed by the CFIT Task Force ATC Team.

It has been established that within areas where a specific pressure unit, particularly “inches” is
used (and the atmospheric pressure can at times be very low), there is a tendency to set too high a
setting through nonrecognition or nonacceptance of the low value. Settings such as 28.98 inches
have been mis-set as 29.98 inches, resulting in an altitude/height error of 1,000 feet (305 meters)
low. The suggestion in these circumstances is to interpose the word “low” immediately before the
pressure setting in ground-to-air transmissions. This proposal has also been referred to the ATC
Team.
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Action

Re-emphasize the 1994 recommendation and urge States to comply with the international
standard for the reporting of atmospheric pressure;

Propose the statement of the applicable pressure unit in the frost ground-to-air transmission of an

altimeter setting at an international airport and statement of the units in A~S broadcasts, either
voice or datalink;

Propose consideration of the abbreviated term “hex” for the unit “hectopascal” to refer to this
unit, which is simpler for users of languages other than English; and,

Propose the interposition of the word “low” before very low altimeter settings, to assist
recognition of low settings by flight crew. Actual values to trigger action would need to be
determined.

Radio Altimetry

Altitude callout

Problem statement

The team discussed ways in which existing radio altimeter installations could be used to provide
terrain clearance information. It was accepted that the widespread operational experience ah-eady
available on such callouts could provide better guidance on their use than a new simulation
program.

Many aircraft have radio altimeters, primarily to support Category II and III operations.
However, many operators also employ radio altitude to enhance terrain awareness through a
variable combination of crew callouts, automated callouts and associated procedures. These
practices have been confirmed through a survey of international operators, who are members of
the IATA Flight Operations Advisory Committee (F’LOPAC).

It was concluded that use of radio altimetry could enhance terrain awareness and that the full
capability of radio altitude information should be exploited. Automated voice ca.llouts of
appropriate radio altitudes and associated flight crew procedures should be provided. Some
operators have instituted an automated callout at 500 feet (153 meters). This callout, known as a
“smart” callout, is amanged to occur only during a nonprecision approach to alert the pilot to
proximity of terrain. Use of crew callout, where automated callout was not provided, was also
seen as a valuable and unexploited means of enhancement of terrain awareness. Neither
automated callouts nor crew callouts will provide protection unless appropriate crew procedures
and training are provided.

Recommendations

The radio altitude callout facility should be employed to enhance situational awareness of
proximity to terrain. Operators should ensure that the facility is used and appropriate procedures
provided. Where altitude callout is not available, or where GPWS is not fitted, a radio altimeter
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can be used to provide enhanced situational awareness with the use of appropriate procedures.

Results

The ICAO ANC discussed the question of automated altitude callout when it considered the
amendments to the GPWS requirements that have now become part of Annex 6. It was
considered that altitude callout was not necessarily a function of the GPWS, but maybe provided
by other means. In March 1995 the ANC noted that the CFIT Task Force was intending to report
fiulher.

Further thinking on the altitude callout has prompted confirmation of this means of enhancement
of situational awareness. Since altitude callout can, and is, being provided by some
manufacturers by means not associated with the GPWS, a requirement for automated callout
should not be associated with the GPWS. It is suggested that automated callout be required as a
finction to assist in the prevention of CFIT specifically to warn of the proximity of terrain and
that the radio altimeter reading should be included in the instrument scan and with the
nonprecision instrument approach. The precise detail of the fhnction should be left to the
individual operator.

Action

Propose that all aircraft that are required to be equipped with GPWS also be provided with the
means to generate automated altitude callouts for initial warning of proximity to terrain and for
use during nonprecision instrument approach procedures;

Propose that crew callouts are used in all aircraft not required to be equipped with GPWS, but
which are equipped with radio altimeters, for initial warning of proximity to terrain and during
the conduct of nonprecision approach procedures; and,

Inform all civil aviation authorities and operators of the necessity for appropriate flight crew
procedures and training to support the general introduction of automated and flight crew callouts.

Approach waypoints

Problem statement

With a nominal three-degree slope extending upwards from 50 feet (15 meters) above the runway
threshold to at least 2,000 feet(610 meters) above airport elevation, the notion of waypoints
along that slope becomes valid.

The first waypoint is located at the intersection of the intermediate segment and the final
approach segment where the nominal glide path commences, normally not less than 2,000 feet
above airport elevation. Some AIPs now define that point. That point maybe above the
maximum range of the radio altimeter.

The second and third waypoints are defined exclusively by radio altimeter readout. Because of
terrain mapping difficulties, the horizontal position of those waypoints may not be defined. The
second point is defined by the radio altimeter indicating 1,000 feet above ground level (AGL).
The third is where the radio altimeter indicates 500 feet AGL.
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Several major air carriers use radio altimeter heights for an aural alert to the crews with defined
crew responses. Examples are 2,500 feet (763 meters, when the radio altimeter comes alive),
1,000 feet and for a nonprecision approach, a so-called “smart call” at 500 feet on the radio
altimeter.

Action

Propose that the notion of crew alerting by radio altimeter heights be adopted as standard for use
with related cockpit procedures developed by the Operations Group.

Reference

Woodbum, Capt. P. Survey of Radio Aitimeter Use for Terrain Awareness by International Air
Carriers. FLOPAC, International Air Transport Association (Appendix E).
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Use of the Global Navigation Satellite System (GNSS)

Problem statement

Many aircraft are now fitted with GIWS equipment. Although GNSS equipment may not yet be
approved as a stand-alone means of navigation, it does provide the flight crew with further data
on their location when they have reason to question the availability and/or accuracy of the
primary navigation system(s). Such errors or failures maybe critical, particularly in the
approach-and-landing phase of a flight in difficult terrain.

The use of GNSS should be encouraged to provide back-up navigation information, particularly
in the approach-and-landing phase of flight. To achieve this safety benefit, the GNSS output must
be displayed in a way that is readily usable by the flight crew and that will alert them to potential
navigation errors. Appropriate crew procedures and training will also be required.

Recommendation

The development and availability (of GNSS) should be strongly supported.

Results

In March 1995 the ICAO ANC stressed to States the potential for accuracy and the safety
inherent in the GNSS. The ANC also informed three ICAO panels, the Global Navigation
Satellite System Panel (GNSSP), the All Weather Operations Panel (AWOP) and the Obstacle
CleaRmce Panel (OCP), of the urgent need for application of GNSS to nonprecision instrument
approach procedures.

At the ICAO Special Communications/Operations Divisional Meeting (1995) (SP COM/OPS/
95), Montreal, Canada, 27 March to 7 April 1995, the need for the development of GNSS
nonprecision instrument approach procedures for the overlay of existing procedures and for new
procedures was again stressed. GNSS nonprecision approaches will provide all the detail
required to apply the stabilized approach and the three-degree glide path. Implementation of
these approach procedures will reduce the dangers in many conventional nonprecision
approaches where there is no distance-to-threshold information and those without a final
approach fix. Progressive development of the GNSS precision approach capability will enable
the elimination of the nonprecision approach in all its forms, except a few circling approaches.

Rapid development and publication of appropriate GNSS nonprecision instrument approach
procedures are necessary to reduce the risk of unofficial use of the GNSS navigation capability.
There are a large number of GNSS receivers available and in use.

Action

Propose the rapid introduction of specifically designed GNSS nonprecision approach procedures
where an appropriate level of accuracy is available that conforms to the use of the stabilized
approach and the three-degree glide path with a defined final approach point. Glide path angles
steeper than three degrees may be used if necessary, up to the maximum permitted.
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References

ICAO Special Communications/Operations Divisional Meeting (1995) Report

Slatter, R.T. “Role of CNSS/ATM in Reducing CFIT in the Terminal Area.” IATAGLOBAL
NAVCOM 1995, Montreal, Canada, 25 September 1995.

ICAO. Procedures forAirAlzvigation Services, Aircrajl Operations (PANS-OPS, Doc 8168),
Volumes I and II.

ICAO Obstacle Clearance Panel, 10th Meeting Report.
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Excessive-bank-angle Warning

Problem statement

The Aircraft Equipment Team is convinced that excessive-bank-angle warning would help avoid
CFIT and loss-of-control accidents. Aircraft have been destroyed in accidents when excessive
bank angles developed without detection by the flight crew. High undetected bank angles have
resulted in 10SSof vertical control. The risk of future occurrences remains high. Excessive-bank-
angle occurrences have been classed with CFIT occurrences because GPWS models from the
MK V have provided an excessive-bank-angle warning facility. Excessive-bank-angle warning is
provided by some airframe manufacturers independently of the GPWS.

Results

The ICAO ANC discussed the question of excessive-bank-angle warning when it considered the
amendments to the GPWS requirements that have now become part of Annex 6. It was
considered that this warning was not necessarily a GPWS function, but maybe provided by other
means. In March 1995 the ANC noted that the CFIT Task Force was intending to include the
excessive-bank-angle warning in its next report.

Many of these incidents occur because of lack of tactile sensory feedback. These sensations are
often masked by the inadvertent lowering of the aircraft’s nose with subsequent altitude loss.
Further analysis of excursions in bank angle indicates that these occurrences have had various
causes:

● Undetected and uncomrnanded roll with autoflight engaged;

c Looking outside the cockpit at inadequate visual reference during low altitude
maneuvers;

● Vertigo; and,

● Failed attitude reference display.

It is therefore proposed that means be provided to alert the flight crew to an excessive bank
angle, particularly when maneuvering close to terrain. Actual values at which the warning should
activate depend on the phase of flight. The function should involve:

● Built-in maximum-bank limiters in fly-by-wire aircra&

“ Enhanced/emphasized high bank angles on the attitude display; and,

● Wsual or aural alert of high or unusual roll angles.

Action

Propose that all aircraft required to be equipped with GPWS also be provided with the means to
generate an excessive-bank-angle warning.
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Reference

Partial List of Excessive-bank-angle CFIT Accidents/fncidents (Appendix C).
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Head-up Display (HUD)

Problem statement

The team believed that the head-up display (HUD) may be of benefit in all phases of flight,
particularly in the final approach phase of nonprecision instrument approaches and visual
approaches. The CFIT Working Group is aware of the increasing use of HUDs for air carrier
operations and knows why operators with fully automatic instrument approach systems do not
want to fit HUDS.

Recommendations

HUD benefits should be publicized more widely. Their use should be encouraged and
development should be continued to eliminate known limitations. Further investigations that
could demonstrate whether or not the use of HUDS has the potential to reduce the CFIT risk are
recommended.

Results

In March 1995 the ICAO ANC noted the CFIT Task Force’s support for HUD and the HUD’s
potential to contribute to safety in nonprecision approach and visual approach and landings.

Action

Such developments should be strongly supported.

References

Flight Safety Digest (September 1991).

Head-up Guidance System Technology (HGST) —A Powerjid Tool for Accident Prevention.
Project Report FSF/SP-91/01. July 1991.
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Enhanced and Synthetic Vision

Problem statement

The team was aware of developments in sensor and database technologies in the field of
enhanced and synthetic vision systems. Such systems attempt to give the flight crew an enhanced
image of the external environment, or a completely synthetic reproduction of the external
environment, and may have the potential to reduce the CFIT risk. However, many unresolved
issues exist with respect to these systems. The CFIT Equipment Team recommends any activities
that could demonstrate and quantify whether such systems are, or would be, able to offer safety
benefits.

Recommendation

Such developments should be strongly supported.

Results

In March 1995 the ICAO A-NCnoted the support for the development and introduction into
service of enhanced and synthetic vision systems.
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Minimum Safe Altitude Warning System (MSA~

Problem statement

This system is used to assist in the detection of inadvertent flight towards terrain. It is the
understanding of the Team that MSAW can be readily implemented at little cost.

Action

Remind the ATC team of the recommendations for use of MSAW and other means of alerting
ATC to the terrain proximity of aircraft under their control; and,

Present proposals to the ICAO Air Navigation Commission and individual administrations to
make MSAW a standard for CFIT prevention.
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Visual Approach Slope Indicator System (VASIS)

Problem statement

The VASIS display is sometimes disabled during certain weather conditions.

Recommendation

VASIS signals are accepted pilot aids. The use of VASIS should be encouraged under all
approach conditions. They should not be turned off at any time.

Action

Recommend to ICAO that VASIS installation and continuous operation be supported.
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Communication Blocking

Problem statement

The CFIT Working Group is aware that the inability to communicate because of such factors as
“stuck” microphones, failures of flight crew to release the press-to-talk (PTT) switch, PTT
switch failures and other disruptions have been present in a number of incidents. This can
hamper or prevent the transfer of crucial information between ATC and crew in a timely manner.

Recommendation

The CFIT Working Group encourages the use of any appropriate means (which has the required
le~el of integrity and reliability) that restores normal communications and/or prevents
communications blockage.

CFIT Aircraft Equipment Team



Conclusions

CFIT Accident Data Base

● Continuous measurement of the incident/accidertt rate is essential to assess any
changes as a result of CFIT prevention activities.

Chart Presentation

● Improved charting should be made available to every pilot on every flight. This may
be the only CFIT prevention tool available.

Ground-proximity Warning System (GPWS)

Q Unproved systems are available.

● The trained pilot is an essentkd component of any system,

Approach Procedure Design

● Nonprecision approaches show high CFIT risk.

“ Simpli~ing them reduces the risk.

Vertical Navigation

Q Errorsin vertical navigation have many causes.

● Each of the suggested actions reduces the risk.

Use of GNSSIGPS

c Lateral navigational errors could be reduced by reference to GPS/GNSS

Excessive-bank-angle Warning

● Inappropriate bank angles at low altitudes contribute to CFIT accidents.

● Alerting or prevention systems would reduce the incidence.

ICAO Actions

“ Only international standards will reduce the CFIT accident rate to the target level.
Application of international standards in domestic operations is seen as a major step
towards reduction of CFIT rates.

Other Topics Considered

● There are many systems that could contribute to the reduction of the CFIT rate. Only
those that are likely withh the next five years were considered.
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APPENDIX A

CFIT ACCIDENTS AND RISKS FOR UNITED STATES AIRLINES
LARGE COMMERCIAL JETS

CFIT ACCIDENTS AND RISK

TYPE OF CFIT LOSS I
PRE-GPWS POST-GPWS

1960 thru 1975 1976 thru 1994

Initial CIimb Accelerating 1 0.03 0 <0.001
Descent

Into Climb out 6 0.17 4 0.03
mountainous Initial approach

terrain Missed approach
Landing Note configured to land 5 0.14 0 <0.01

short

Configured to land/no 5 0.14 6 0.06
glideslope

Below glideslope 8 0.22 0 0.001
Excessive descent rate 5 0.14 0 0.001

TOTAL CFIT ACCIDENTS & RISKS 30 0.85 X 10 lo** 0.09x 1O-6*
A

I Flight segments

i

35 x 10 108 X 10
Aircraft numbers 2800 in 1976 4800 in 1994

PIT Risk 1990 thru 1994 (5 years) ....... . . .. . .. . .. 0.028 X 10- flights with 7-_ x 10 flights per year
CFIT Risk 1985 thru 1994 (10 years) ....... . .. . . .. . .. 0.074 x 10- flights

In the United States (2) ........................... ...0.033 x 10 flights
Outside the United States (3) ............ ............0.44 x 10 flights

If aircraft had been fitted with MK II or better, losses would have been reduced t)robablv to 6 (0.055 x 10- ).

:

REDUCTION ( )
OR

INCREASE (+)
TIMES

I

-=-i

-2.3 I
-220
-140

-!-3.1 I
+1.7 I

If aircraft has been fitted with MK V/VI/VII system with “smart”
.

altitude callouts, the losses would have probably been reduced to 3
(0.03 x 10-) .
10 CFIT Accidents, One accident with NO GPWS installed. One accident with glideslope receiver failure. Nine accidents equipped
with MK I GPWS,
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APPENDIX B

CORPORATE, REGIONAL AND AIR TAXI CFIT ACCIDENTS

1994

OPERATION DATE PLACE, AIRCRAFT TYPE COMMENTS FATALITIES

Regional 9 Jan Athens, Greece DO-228 Hit ridge-powerlines 7 NM from runway, VOR-DME 18L. I
Freight

--

14 Jan Sydney, Australia AC 690 Flew into sea 10 NM short at night, rwy 34. 1
Positioning I 18 Jan Kinshasa, Zaire LJ-24D Hit short 10 NM at night, visual 24. I 2

Charter 24 Jan Attenrhein, Cc-425 Flew into lake - 2 NM, final 10. 5

Positioning 27 Jan Meadow Lake, Sask, IAI-1124 Hit 2 NM SE - stall?, circling 26. 2
Scheduled 23 Feb Tingo Maria, Peru Yak-40 Flew into mountain FLI31, NDB departure. 31

Positioning 7 March Virginia AC-690 Hit trees on approach 1,
Freight 9 March Australia SA-226 Hit short on approach 1

Business 23 March Bogota, Colombia Cc-VI Hit hillside, initial approach. 4
Scheduled 6 April DHC-6 Hit 13,400 mtn 300’ below crest, premature descent. 17
Regional 25 April Nangapinoh, BN-2A Hit mtn at 5400’ level, initial descent, 10

Indonesia
Regional 27 April Stratford, CT PA-31T Hit 3 NM short, final 06. 8

Corporate 7 May Zaire Be-200 Hit short of runway 9
Medevac 26 May Papeete, Tahiti Mu 2B Hit short by 4 NM on ILS Rwy 04 approach 5

Ferry 27 May Germany Be-90C Hit in steep turn back to runway 1
Medevac Thompson, Manitoba Merlin II Hit FAF NB 3.4 short, B/C LOC. rwy 33. 2
Regional 13 June Uruapan, Mexico Metro II Hit terrain while maneuvering for 3rd approach. 9

Scheduled 18 June Palu, Indonesia F-27 Hit mtn 3-1/2 NM short, initial approach. 12
Charter 19 June Washington DC- LJ-25D Hit 1-1/2 NM short, ILS lR. 12

Dunes
Charter 26 June Abidjan, Ivory Coast F-27 Hit 2-1/4 NM short, VOR/DME 21 17

Government 9 July KuIu, India Be-200 Hit mtn 7 NM SW of airport, NDB. 13
Charter 17 July Fort de France BN-2B Hit at 2780’ mtn, 15’ below crest, 6 NM, VOR/DME. 6
Private 24 July Portsmouth, OH PA-32T Hit trees on rising terrain, departure rwy 18. 5of6

Gov t (Drug 27 Aug Pucalpa, Peru CASA-212 Hit hill, NDB/VOR. ‘1 5 ‘1
Enforce)
Charter 13 Sept Abuja, Nigeria DHC-6 Hit 5 NM short, VOR-DME 22. 2of5

Corporate 17 Sept Texas HS-125 Hit Trees on approach ‘ .-

Private 10 Ott Missouri AC 690 Hit into groun in initial climb 1
Freight 29 Ott Ust-llimsk, Russia AN-12 Hit short on approach by 1-2 NM at night. 21
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I I I AIRCRAFT
OPERATION DATE PLACE TYPE

Charter, Freight 4 Nov Kebu, Nabire, New DHC-6
Guinea

Air Taxi 19 Nov Saumer, France Be-C90

I 1 I

Air Taxi 22 Nov I Bolvovig, New BN2A-2D
Guinea

Scheduled 10 Dec Koyuk, Alaska Ce-402
Business 16 Dec Michigan Ce-501

Scheduled 17 Dec Tabubil, Papua N. DHC-6
I I Guinea I

II
(3) Large Turboprop I (7) 10 Seat Turboprop

Hit hill, approach. I 4 I
Hit ground while circling after successful locater; (NDB) I 7 I

app roach.
Hit hillside on initial approach. 7

Hit short on approach. 5
Hit short into approach lights -.

Hit ridge enroute to Selbang (25 miles east) on initial 2
climb. 1 I

I No GPWS equipment on any of the above aircraft II
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APPENDIX B (Continued)

1993

AIRCRAFT
OPERATION DATE PLACE TYPE COMMENTS FATALITIES

Regional-Schd 6 Jan Paris, France DHC!-8 Hit short while repositioning ILS 27 to ILS 28 4

Air Taxi 8 Jan Hermosillo, Mexico L-35A Hit Mountain on approach to VOR 23 9

Private 29 Jan Marfa, TX Be-90 Circling to runway 12, IMC after VOR 30 0of8

30 Jan Ackh, Inur, Malaysia SC-7 Hit terrain en route 16

Air Taxi 7 Feb Iquacu, Brazil Be-90 Hit 0.6 NM short - IMC; heavy rain 6

Air Taxi 8 Feb Lima, Peru PA-42-720 Hit mountain initial descent 6

AT-Non Sched 27 Feb Rio de Janeiro L-31 Hit short by 300 feet
Air Taxi

.-

18 Mar Trijillo, Peru Be-90E Hit mountain initial descent 50NM short 4

Air Taxi 19 Mar Dagali, Norway Be-200 Hit 3 NM short LOC/DME 26, night 3of7

Reg l-NonSchd 23 Mar Cuiaba, Brazil EMB 110 Hit terrain on climb out 6

Private-Trng 1 April Blountiville, Texas SA-226T Undershoot outside outer marker 4

Air Taxi-Med. 6 April Casper, WY MU-2B-35 Hit terrain on DME Arc ILS 8, night 4

Private 1 May Mount Ida, AR Be-90 Hit Mt. Ida (3 NM short). Climb IMC 2

Air Taxi-Trng 25 May Sante Fe, NM SA-226T Hit hill while circling to Rwy 15.5 NM short at night 4

Reg Cargo NS 5 June El Yo Pal, Colombia DHC-6 Hit short while circling 2 .
Regional-Schd 11 June Young, Australia PA-31 Hit rising ground while circling after ND approach 7

Reg-Carg-Sch 25 June Atinues, Namiba Be-200 Hit terrain on missed approach 3

Government 15 July Bombay, India Be-90 Hit hill on approach IMC 4

Regional-Schd 31 July Bharatpur, Nepal DO-228 Hit mountain on initial approach 19

Air Taxi-Med. 7 Aug Augusta, GA Be-90 Hit 1-1/2 NM short on approach IMC to ILS 17 4

AT-Positioning 17 Aug Hartford, CT SA-226T Hit 1/3 NM short IMC to Rwy 02 2

AT-Positioning 27 Sept Lansing, MI Be-300 Hit 2 NM after 7.0 IMC turning 2

12egionaI-Schd 19 Ott Orchid Is., Taiwan DO-228 Undershoot .-

Regional-NS 25 Ott Franz Josef Glacier, NZ Nomad Hit Glacier VMC into IMC 9

GOV t-FAA 26 Ott Winchester, VA Be-300 Hit terrain while awaiting IFR clearance 3

27 Ott DHC-6 Hit 3 NM short on NDB approach 12

1 Dec BAe JS-31 Hit 3 NM short on LOC (WC) Rwy 13 18

Regional-Schd 10 Dec -Sandy bake, Ontario Hs 748 ‘Ciirnbing turn, back into terrain 7

AT-Positionin 30 Decg Di.jon, France Be-90 Hit short on approach IMC 1

(2) Large Turboprop (16) 10 Seat Prop. Except for DHC-8, there was no GPWS on any of the above aircraft.
(9) 10 to 30 Seat Turboprop (2) 6 Seat Jet
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APPENDIX B (Continued)

1992

OPERATION DATE PLACE AIRCRAFT COMMENTS FATALITIES
TYPE

Regional-Schd 3 Jan Saranac Lake, NY Be-1900 Hit short at FAF on ILS 23 IMC!. 2F12S

Private 11 Feb Lakeland, FL Cc-425 Hit short of runway 05 IMC. 1
Charter 16 Feb Big Bear, CA PA-31T Hit terrain at 6740 7 NM east of airport. 7
Private 5 Mar New Castle, CO MU-2B Hit mtn - LOC/DMi3 “A” Gear Down; Approach flaps 6

10-1/2 NM short.
Private 29 Mar Taos, NM AC-390 Hit rising terrain on climb out; IMC night 3940 1, 5s

(visual); radio altimeter installed,
State Aircraft 9 April St. Augustine, FL Be-90 Hit short on VOR approach 007: 10 EDT IMC. 2
Regional-Tour 22 April Maui, Hawaii Be-18 Hit mtn enroute, 9
Regional-Schd 8 June Anniston, AL Be-99 Hit terrain during LOC 5 approach. 3Ft2S

Personal 24 June Alamagordo, NM MU-2B Hit mtn VMC during climbout 12:21 MDT - Night. 6
Regional-Schd 24 July Ambeu, Indonesia Vickers Hit mtn during initial approach ILS/04. 71

Viscount
Personal 13 Aug Osway, MO PA-31 Hit short rwy 32-IMC.
Personal

--

4 Sept Longton, KS PA-42 Hit wires on approach.
Government

.-

19 Ott Pesqueria, Mex AC-680T Hit terrain during climbout IMC. 6
(Monterey)

Comm/Air Taxi 31 Ott Grand Junction, CO PA-42 Hit mtn 10 NM north RNAV-Cleared to ILS rwy 11. 3
“Macks” int. eastbound 9400 -7800 cliffi IMC day

0315,

National Guard 11 Nov Juneau, AK Be-200 Hit mtn LOC/DME 20+ NM from runway. 8

Government 10 Dec Quito, Ecuador Sabreliner Hit 3 NM short during VOR/ILS 35 approach. 12

Regional-Schd 13 Dec Goma, Zaire F-27 Hit short into terrain during initial approach 37
VOR/DME 36.

Government 22 Dec Quito, Ecuador PA-31 Hit 3 NM short during VOR/ILS 35 aimroach. 5

(2) Large Turboprop (13) 10 Seat Prop No GPWS installed on any of the above aircraft.

(2) 10 to 30 Seat Turboprop (1) 6 Seat Jet
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APPENDIX B (Continued)

1991

OPERATION DATE PLACE AIRCRAFT COMMENTS FATALITIES
TYPE

Corporate 11 Jan Belo Horizontes, Brazil LJ-25 Hit 2 NM short, 5

Air Taxi-Ferry 8 Feb Stansted, UK Ete-200 Hit 2-1/2 NM short of the runway; possible 2
altimeter error,

Corporate 12 Feb Uganda, Kenya I-IS-125 Hit mtn on initial approach. 3

Air Taxi 15 Mar Brown Fld, CA HS-125 Hit mtn on departure 8L. 10

Corporate 18 Mar Brasilia, Brazil LJ-25 Hit short. 4

Corporate 21 May Bauchi, Nigeria Ce-550 Hit short. 3

Corporate 17 June Caracas, Venezuela G-II Hit 5 NM short to rwy 10. 4

Corporate 4 Sept Kota Kinabalu, Malaysia G-II Hit mtn during missed approach. 12

Charter \ 17 Sept I Djibouti I L-100 I Hit mtn VMC during initial approach. 141

Corporate 25 Sept Holtenou Klel, Germany DS-20 Missed approach. 1

Regionttl-Schd 27 Sept Guadalcanal, Sol. DHC-6 Hit mtn enroute. 15

Corporate 8 Ott Hanover, Germany Cc-425 Hit short on ILS 27R. 7

Air Taxi 22 Nov Romeo, MI Be-100 Hit 3 NM short on VOR/DME approach, IMC- 4
fog.

Corr)orate i 27 NOV I Paloma, Maiorca I Be-400 [ Hit 1/4 NM short. I -- I

Corporate I 30 Nov I Kelso, WA 1 AC 690 I Hit mtn 13 NM short, I 5/1s I

Corporate I 11Dec I Rome, GA I Be-400 I Hit mtn on departure. I 9
I

(1) Large Turboprop (5) 10 Seat Prop No GPWS installed on any of the above aircraft.

(2) 10 to 30 Seat Turboprop (8) 6 Seat Jet
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APPENDIX

Equipment Team

B (Continued)

OPERATION
I

DATE
I

PLACE

Regional-Schd 15 Jan Elko, Nevada

Regional-Schd 16 Jan San Jose, Costa Rica

Air Taxi-Cargo 17 Jan Denver to Montrose, CO

Corporate 17 Jan West Point, MS

Corporate 19 Jan Little Rock, AR

Air Taxi-Cargo 29 Jan Williston, VT

Air Taxi-Cargo 29 Jan Schuyler Falls, NY

Schd-Freight 21 Mar Tegucigalpa, Honduras

Business 27 Mar Uvalde, TX

Regional-Schd 20 April Moosonee, Ontario

Air Taxi 28 April Tamanrasset, Algeria

Regional-Schd 4 May Wilmington, NC

Air Taxi 11 May Cairns, Australia

Air Taxi 13 Aug Cozuneil, Mexico

Air Taxi 11 Sept New Mexico

Business 22 Sept White Plains, NY

Air Taxi 24 Sept San Luis Obispo, CA

Corporate 21 Nov Keller Jock, Australia

Air Taxi 29 NOV Sebring, FL

Business 30 Nov Kelso, WA

Air Taxi-Cargo 21 Dec Cold Bay, AK

1990

AIRCRAFT ] COMMENTS I FATALITIES I
TYPE 1 I I

Metro III Hit mtn at FAF VOR-A. 4-5/16

CASA Hit mtn on departure. 23

Ce-208A Hit 50 below Mt. Massive (14,221 ) near Leadville, CO. 1

Be-400 Undershoot. . .

G-II Hit short on ILS. 7
I I

Ce-208B Hit trees, t)ower lines on climb out at maior IMC. 2 I-. .
Ce-208B Hit 1-1/2 NM beyond rwy 19 during climb out IMC, night. 1

L-188 Hit mtn 6 NM short VOR/DME rwy 1. 3

Be- 100 Hit terrain 4 NM south of field on approach in IMC-night. --

Be-99 Hit 7 NM short on VOR rwv 24. lof4
1 ,—-. I

Be-90A Hit 4 NM short on approach. 6 I. .
GN-24 Hit short on B/C Loc 16. 2

Ce-500 Hit mtn on initial approach. 11

AC 1121 Undershoot. 1

MS-760? Hit mtn on departure. 2# I

AC 690B Hit short by 3 NM in IMC. 0of6 I
Ce-500 Hit short on approach LOC 11. 4

Be-200 Initial aDDrOaCh. 3
.1

Ce-550 Undershot on approach rwy 11. --

AC-690A Hit short by 8 NM night on initial approach into mountain. 5of6
1

-.
I

Ce-208 I Hit mountain enroute. 1 1

(1) Large Turboprop (12) 10 Seat Prop No GPWS installed on any of the above aircraft,

(3) 10 to 30 Seat Turboprop (5) 6 Seat Jet



CFIT Aircraft Equipment Team

APPENDIX B (Continued)

1989

OPERATION DATE PLACE AIRCRAFT COMMENTS FATALITIES
TYPE

Private 2 Jan Mansfield, OH

Private 7 Jan Paducah, KY Be-90 Hit mtn on departure. 3 of 15

Schd Freight 12 Jan Dayton, OH M-2B Hit 8 NM short during an ILS 24 approach 4
circle for 23. Night, IMC.

Air Taxi 12 Jan Caracas, Venezuela Be-200 Hit terrain while diverting in low cloud, 2

Charter 19 Feb Orange County, CA Ce-404 Hit mtn 20 NM short. 10
Air Taxi 23 Feb Altenshein, Lake AC-690 Hit short to rwy 10. VMC into IMC. 11

Contance, Switzerland

Air Taxi 24 Feb Helsinki, Finland SA-226T Hit short on ILS approach IMC. 6of7

Regional-Schd 10 April Valence, France FH-27T Hit mtn, initial approach. 22

Air Taxi-Ferry 10 May Azusa, CA Be-200 Hit San Gabriel Mountain at 7300 level 1
(departed Santa Monica).

Corporate 29 June Cartersville, GA DA-20 Initial climb, shallow into terrain. 2

Regional 31 July Auckland, New Zealand CV-580 Hit during initial climb. 34

Regional-Schd 3 Aug Samos, Greece SD-330 Hit mtn enroute. 16

Charter 7 Aug Gambella, Ethiopia DHC-6 Hit power lines - fog. 3of7

Air Taxi-Meal 21 Aug Mayfield, NY Be-100 Hit 1/4 NM short at night IMC. 6

Business 15 Sept Terrace, BC Metro III Missed approach LDA/DME, 7

Regional-Schd 26 Sept Hurdle Milis, NC Ce-550 Hit 2-1/2 NM short on approach. 2

Regional-Schd 28 Ott Molokai, Hawaii DHC-6 Hit mtn enroute. 20

Corporate 7 Nov Ribeiro Das, Nevez LJ Hit hill on approach. 5

Private 2 Dec Ruidoso, NM Be-90 Hit short in procedure turn NDB approach 2
MC,

Air Taxi- 22 Dec Beluga River, Alaska PA-31T Hit 8 NM short.
Positioning

-.

Regionai-Schd 26 Dec Pasco, WA BAe JS-31 Hit short on ILS 21R. “ 4

(3) Large Turboprop (10) 10 Seat Prop No GPWS installed on any of the above aircraft,

(6) 10 to 30 Seat Turboprop (2) 6 Seat Jet



CFIT Aircraft Equipment Team

APPENDIX C

PARTIAL LIST OF EXCESSIVE-BANK-ANGLE CFIT ACCIDENTS/INCIDENTS

DATE PLACE AIRCRAFT PHASE OF CIRCUMSTANCES FATALITIES
TYPE FLIGHT

Various 1992 World-wide Glass En-route Slow undetected rolls
93

--

cockpit

6 June 92 Panama B737-200 En-route S1OWundetected roll to 90 degrees believed to be 47
ADI or autopilot

15 Feb 92 Toledo, OH DC8-63 Missed Slow undetected roll; autopilot; night 4
approach

12 Dcc 91 NWT Canada B747-1OO En-route Slow undetected roll; autopilot; FL310 to FL190 --

recovery

1990 Montreal - Paris B747-200 En-route Slow undetected roll (71 degrees) . .

30 April 89 Miami - London B747-200 En-route Slow undetected roll (52 degrees) -.

12 Jan 89 Dayton OH HS-748 Take-off Slow roll to 50 degrees for turn during climb out; 2
climb night

28 Ott 88 Paris B747-1OO Final Visual transition, alignment to runway at night, -- *

overbank to 17 degrees at 150 ft.

19 Feb 99 Raleigh-Durham Metro III Take-off Expedited departure, overbanked to 45 degrees at 12
climb 300 ft.

Dec 87 Edmonton, Canada DC8-63F Final Visual transition at night to align with runway, -- *

Overbanked to 15 deg. at 150 ft.

Nov 86 London B747-200 Final Visual transition at night to align with runway . . *

12 NOV 80 Cairo C-141 Turning Overbanked at night; visual; no lights on ground 13
base to

final

1 Jan 87 Bombay B747 Departure Rolled to 80 degrees at 1400 fc night 213
G!;m.b “ADI faiiure, no ‘fiag

Sept 77 Geneva B747 Departure Roll, slow but detected in time by FO; ADI failure, --

climb no flag

*Significant change
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APPENDIX D

REPORT ON CFIT ACCIDENT DATA

By R. Khatwa, National Aerospace Laboratory (NLR) Flight Division,

Amsterdam, Netherlands

1. CFIT accidents are those in which an otherwise serviceable aircraft, under the control of the crew, is flown into terrain, obstacles or
water with no prior awareness on the part of the crew of the impending disaster. Inadvertent flight into ground or water has been a
problem since the early days of aviation. Although many of the accidents have occurred in the less developed areas of the world, regions
such as Western Europe and North America are not immune from the CFIT threat.

Despite all the anti-CFIT measures taken to date, CFIT accidents continue to occur at an unacceptable rate, and a number of common
factors have continued to contribute to CFIT accidents. The list is long and the examples include nonstandard phraseology,
noncompliance with procedures, visual illusions, confusing charts, crew fatigue, misreading/mis-setting altimeter, disabling GPWS,
nonoptimal approach procedure design and ATC! errors.

It is crucial to realize that various elements of the aviation infrastructure outside the flight deck can contribute to the cause of the
accidents by virtue of their adverse effects on flight crew performance, Crews have often found themselves in the final link in the chain
of events that lead to a CFIT accident. An NLR CFIT taxonomy suggests that the combination of variables that normally contribute to a
CFIT accident belong to at least two of the following groups: flight crew, environment, approach, ATC aircraft equipment and
organizational and regulatory factors. A reduction in the CFIT risk will therefore require a concentrated effort from all elements of the
industry.

2. CFIT accidents are generally associated with a high level of kinetic energy, and the result is usually the complete destruction of the
aircraft and the loss of almost all the occupants. ICAO statistics for commercial and general aviation operations indicate that for the
period 1978–1991 there were 260 CFIT accidents resulting in 5,500 casualties. Both older-generation and newer glass-cockpit aircraft
have been involved in the accidents, although data suggest that the risk appears to be higher for the former category.

Most accidents occurred to aircraft engaged in domestic commercial operations. For one particular State alone, between 1976 and 1990
there were 171 CFIT accidents to aircraft engaged in domestic operations. This averages one CFIT accident approximately every four
weeks for 14 years for that State alone. A significant proportion of the accidents occurred within a radius of 25 nautical miles of the
threshold and on the runway approach path, Data indicate that although the vertical profile is a major source of error, many accident
flight descent paths were approximately parallel to a nominal three degree glide path. The absolute number of accidents involving
nonprecision approaches appears to be exceptionally high. A large percentage occur during VOR-DEM/LOC-DME approaches, IMC o r
night IMC conditions are commonly associated with CFIT accidents. It is also evident that a significant number of crews had received
little, if any, training specific to recovery procedures,
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APPENDIX E

AIRLINE/IATA INPUT — EXTRACTS FROM THE IATA FLOPAC SURVEY OF MEMBERS INTO THE VALUE AND USE OF
RADIO ALTIMETERS TO ENHANCE TERRAIN AWARENESS

This survey was completed by senior management pilot representatives affiliated with most of the world’s international airlines.

CONCLUSIONS

● There was unanimous consensus that radio altimeters improve terrain awareness,
● There was very strong support for selected radio altitudes to be properly integrated within flight crew procedures and supported

by automatic voice caliouts,
● Nearly al! airlines were aware of and intended pursuing the provision of superior radio altimeter features, to enhance terrain

awareness.

British Airways — Stabilized Approach Criteria

● Fleet-specific criteria for desired speed/configuration at 1,000 feet radio altimeter are promulgated, and consideration should be
given to a go-around in the event that the 1,000-foot criteria are not achieved.

● On all approaches, the aircraft must be stabilized at 500 feet radio altitude in the planned landing configuration, the glide slope or
correct vertical profile must be established with approach power set and indicated airspeed no more than the target threshold
speed plus 20 knots. If these criteria are not achieved, an immediate go-around must be carried out.

ICAO

Amendments to Annex 6, Parts I and 11

Allied Signal/D. Bateman

● CFIT Accidents by Type of Instrument Procedure, Commercial Jet Aircraft, Last Six Years, July 1988 to July 1994.
● Map location of 40 CFIT Accidents/Incidents from the Runway Threshold Vertical.
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APPENDIX F

TAKING THE “NON” OUT OF THE NONPRECISION APPROACH

By Capt. D.E. Walker

The nonprecision approach is the culprit in most CFIT accidents. The point of impact for most CFIT accidents is in line with the
intended runway for landing, but anywhere from one to several miles away from the runway. Several aspects of the nonprecision
approach contribute to the risk of a CFIT accident short of the runway. The very idea of a nonprecision approach providing no guidance
to the pilot in the vertical plane is an anathema. What steps can we take to reduce the risk of this sort of C!FIT? By providing precise
guidance to the pilot conducting the nonprecision approach? How can we do that?

The first and most obvious step is to provide the pilot with a standard descent slope. Many, if not most, nonprecision approaches
provide crossing altitudes at the final approach fix (FAF) that would require a descent path of less than the standard three degrees.
There is no minimum approach slope and some nonprecision approaches show a possible descent profile of less than one degree.

Some nonprecision approach charts show the altitude at which a three-degree slope crosses the FAF. In addition, those charts
often display the recommended descent rates required to maintain that profile. The pilot is trained to intercept and descend on that
three-degree profile. His nonprecision descent has now been made more precise.

Raising the crossing altitude at the final approach fix to establish a three-degree slope would also reduce the number of steps
now common during a nonprecision approach, Pilots descending at the wrong step point is a frequent factor in the aircraft colliding
with terrain well short of the runway. This is a major cause of CFIT accidents. These inappropriate descents usually result from some
sort of navigation blunder.

The often catastrophic result of a navigation blunder may be averted, provided there is some means of alerting the pilot to that
error. GPWSS alert the pilot to a descent that is excessively steep. They provide no warning to a pilot descending towards an airport
that is not where he expects it to be. The radio altimeter with its audio height callout is used by many operators to alert the pilot to
terrain proximity. Some of these devices are being used with so called “smart callouts,” which alert the pilot to 500 feet above terrain
whenever a nonprecision approach is under way. That is a very worthwhile feature. Its warning comes late, but better late than never.
What additional alert would we wish from such a device?

Usually, a nonprecision approach penetrates 1,000 feet above terrain only after passing the FAF. This penetration of the 1,000
feet above terrain will occur at an easily defined point on the three-degree slope from the FAF to the runway. That point should be
marked on all nonprecision approach charts. A tentative name of terrain proximity point or TPP is suggested, It is the first opportunity
that the pilot has to confirm that vertical tracking is as desired and that the aircraft is actually on the three-degree slope to the
runway. Having the radio altimeter system call out when the 1,000-foot AGL veneer is penetrated (TPP) should be time for the pilot to
confirm that the aircraft is at the position defined on his chart for penetrating that 1,000-foot veneer on the desired three degree slope.
It is our first opportunity to confirm our vertical navigation with. reftmmce .ln -underlying .temain.

Summarizing, we want a standard descent profile of nominally three degrees established for all nonprecision approaches. We
need to have that slope published on all nonprecision approach charts. Pilots need to be trained to fly that standard descent profile for
all, rather than just precision, approaches. Some means of alerting the pilot to his position relative to the desired profile is required.
This alert should occur before the aircraft becomes too close to terrain.

I suggest that this combination will do much to reduce the number of aircraft impacting in the final approach zone. These
concepts were presented to the CFIT ATC working group meeting in Washington, I propose that they become the principal focus our next

meeting of the aircraft equipment group,
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APPENDIX G

1. TERRAIN DATA INTEGRITY REQUIREMENTS (from AlliedSignal sources)
The required integrity (accuracy) of terrain data depends on its intended use and purpose, Four levels of integrity are:
● Level 1 Terrain data that are used for navigation, three axis guidance + display with aircraft performance purposes. Its

accuracy is generally it 10 meters. Usage: typical examples would be military attack aircraft using terrain for tactical advantages and
helicopters.

● Level 2 Terrain data that are used for auto-correlation to update inertial navigation purposes and lateral guidance. Its
accuracy is generally A 30 metres.

● Level 3 Terrain data that are used for supplemental terrain awareness purposes, indication, and relatively crude prediction
purposes. Typical accuracy requirements are t 1/2 Nautical Mile to k 8 NM, depending on proximity to an airport.

* Level 4 (Lowest Integrity) Terrain data that are used for supplemental secondary applications transparent to the pilot or
other systems. Its integrity is typically t lNM accuracy and elevations t 300 feet. One application is “Envelope Modulation” features “
found in GPWS.

2. FAA Letter, Jan. 11,1995
“Operational Approval of Stabilized Instrument Approach Procedures for Flight Management/Guidance System Equipped

Aircraft. ”

3. Extract from KLM FAX, 19 Aug. 1994
“KLM tries to provide a stabilized nonprecision final approach even if no DME facility is available, e.g., by using an outbound

timing from a navaid. ...
“We also took notice of your article in the ZCAO .lournal and as you may have guessed, we fully agree with it, ...
“We think that ICAO should bring pressure to bear on States in order to persuade them to stop publishing DME stepdown

nonprecision approaches, for reasons of safety,”

4, Flight Safety Foundation
Safety Alert, June 1993.
Schwartz, D. FSF CFIT Task Force Flight Crew Training & Procedures Work Group: Report. 1995.
CFIT Awareness Video.
FSJ? CFIT Checklist.
FSP Head-up Guidance System Technology (HGST) — A Powerful Tool for Accident Prevention, Project Report FSF/SP-91/01. July

1991.

5. . Transport Canada Video, “Preventing CFIT Accidents.”

—END—



FLIGHT SAFETY FOUNDATION CF’IT TASK FORCE
FLIGHT CREW TRAINING & PROCEDURES WORKING GROUP

- A REPORT -

Presented to

Flight Safety Foundation
International Air Safety Seminar

Seattle, Washington, U.S.
Nov. 7, 1995

by
Douglas Schwartz

Director, Flight Standards
FlightSafety International Inc.



OVERVIEW

The Flight Crew Training & Procedures Working Group was
established in 1993, as one aspect of the Flight Safety Foundation
(FSF) CFIT (Controlled Flight into Terrain) Task Force. The Working
Group’s mission was to “develop and present guidelines and
recommendations for flight crew operating policies, procedures and
associated training and evaluation to reduce the risk of having CFIT
encounter” (London, May 1993).

Cornposed of a broad spectrum of international experts in aviation
safety and training, the Working Group encompasses knowledge and
experience pertaining to the CFIT phenomenon. Regional and
technical diversity was a specific objective in composing the Working
Group team. This is reflected in its broad regional representation,
with active participation from Africa, Asia, Europe, North America
and South America. Technical diversity of the Working Group is also
reflected in the range of companies and organizations represented,
including airline companies, aircraft manufacturers, training centers,
pilot associations (U.S. Air Line Pilots Association [ALPA],
International Federation of Air Line Pilots Associations [IFALPA])
and international organizations (FSF, International Civil Aviation
Organization [ICAO], IATA).

The Working Group identified three products to deliver to the
industry, through Flight Safety Foundation. Each product was
developed by a small task team that reported to the full Working
Group. Each of the three products was considered an important
element of a coordinated strategy to achieve the Working Group’s
objectives. The products are:

A CFIT awareness package;

A set of recommended policies and procedures related to CFIT
risks encountered by flight crews; and,

A model CFIT training program.

This paper describes the status of each of these products.
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CFIT AWARENESS PACKAGE

The objectives of the CFIT awareness package are to:

Increase awareness among decision makers about CFIT risks;
and,

Promote support for appropriate CFIT safety and prevention
strategies.

The awareness package target audience includes:

Airlines;
Government regulators;
Industry groups and associations;
ATC authorities;
Insurers;
Aircraft operators of all kinds;
Lessors;
Financial institutions; and,
Other related groups.

The Awareness Package Task Team has completed its work. Their
accomplishments include several important achievements:

A Safely Alert issued worldwide by Flight Safety Foundation in
late 1993 (Appendix A). This alert warns of the CFIT accident
risk and contains recommendations for flight crew response to
ground-proximity warning system (GPWS) warnings:

“When a GPWS warning occurs, pilots should immediately, and
without hesitating to evaluate the warning, execute the pull-up
action recommended in the company procedure manual. . . . This
... procedure should be followed except in clear daylight visual
meteorological condi~ions when the flight crew can
immediately and unequivocally confirm a false GP WS warning”;

A recommendation to outfit all aircraft with state-of-the-art
GPWS systems;

[In 1995, the C!FIT Task Force’s recommendation for broadening
the use of GPWS was adopted by ICAO. New standards,
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effective Dec. 31, 1998, require GPWS in all aircraft used in
“international commercial and general aviation operations,
where the MCTM (maximum certified takeoff mass) is in excess
of 5,700 kilograms (12,500 pounds) ... or (that) are authorized
to carry more than nine passengers,” the ICAO ruling said. ICAO
said that the new standards also “specify the minimum modes
in which GPWS is required to operate.”]; and,

A CFIT awareness video, specifically targeting regional airlines
and corporate flight operations.

[The FSF CFIT checklist, distributed worldwide by Flight Safety
Foundation, enables a flight crew to calculate the CFIT risk for
any route or destination. The checklist assigns positive or
negative values to a series of factors to be encountered in the
flight or approach.]



CF’IT POLICY& PROCEDURES RECOMMENDATIONS

The team was tasked to provide a set of baseline flight crew
operating policies and procedures to support reduction of CFIT
accident risk. This work of the Policy & Procedures Task Team is
complete.

The recommendations that were produced target:

Airlines;
Government regulators;
Pilot associations; and,
Individual flight crew members.

This spectrum of end-users provides a safety net intended to ensure
the benefit of the recommendations. Placing a consistent set of
procedures in the hands of multiple levels of decision makers
provides the redundancy to do this. Each level of authority has the
capacity to embrace and implement the recommended CFIT
avoidance strategies and achieve productive advantage
independently of the others. When all levels do so in coordination
with one another, maximum effect is achieved.

The task team produced 15 policy and procedure recommendations.
Two are recommendations to corporate management, which have
been referred to the CFIT Task Force Implementation Committee for
action. The other 13 recommendations relate to flight operations and
training.

The policy recommendations to management are contained in
Appendix B. The operations and training recommendations are
contained in Appendix C. Each is described in terms of a problem
statement and associated policy or procedure recommendations.
Recommendations address the following topics:

p~~ eco endations ana~ement (Atmendix B

A policy statement for establishing a safety-oriented corporate
culture; and,

A recommendation to implement systemic safety performance
measurements.



Flight Operations & Training Recommendations (Appendix C)

Altitude awareness, adherence to altitude clearances and
procedures to confirm adequate terrain clearance;

Use of autopilots during approaches and missed approaches;
Acceptance of ATC clearances;
Approach and departure briefings;
Chart supply for flight crews;
Use of checklists;
Allocation of flight crew duties/use of monitored approach

procedures;
GPWS warning response;
Nonprecision approach procedures;
Rate-of-descent policy;
Route and destination familiarization;
Stabilized approaches; and,
Ground briefing materials.
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MODEL CFIT TRAINING PROGRAM

The CFIT Training Program Task Team was charged with producing a
model CFIT training program curriculum. This model was completed
in early 1995 and forms the basis of the CFIT Education & Training
Aid. This aid will be the most visible product of the Working Group’s,
activity and is patterned after similar training aids previously
produced on topics such as wind shear, rejected takeoffs and takeoff
performance. It is intended for use by all providers and users of
flight crew training.

Resources for development and production of the C!FIT Education &
Training Aid, along with associated materials and an instructional
video, have been provided by the Boeing Commercial Airplane Group.
The development group was headed by Capt. Dave Carbough, assisted
by Capt. Skip Cooper and Steve Morman. The Training & Procedures
Working Group is grateful to these dedicated professionals for their
support, effort and persistence.

The Training Aid is composed of two parts:

An instructional video; and,
A detailed written document.

The instructional video contains a history of CFIT accidents, a review
of worldwide CFIT accident statistics and trends, an analysis of the
“traps” with CFIT accident potential that flight crews might
encounter, and CFIT avoidance and recovery strategies. Interviews
with aviation industry leaders from throughout the world highlight
the importance of the Task Force initiative and call on industry
executives at the highest level of ‘organizations to support this effort.
The video ~also includes sample training situations that illustrate how
the aid can be used by an operator.

The written document is composed of five sections:

Management Overview
An executive level briefing package to educate senior level

executive management about the CFIT phenomenon and the
role of management in Cl?IT reduction strategies;

Decision Maker Guide
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Important considerations to help operations managers
implement CFIT training and associated policies and
procedures;

Operators Guide
CFIT policy and procedures recommendations;

CFIT Training Program
A flight crew trai@_ng program containing associated instructor

documentation, support materials and participant manuals.
The program includes specific ground school and simulator
training lessons and recognition, avoidance and recovery
strategies. Aircraft-specific CFIT recovery procedures are
given for aircraft for which appropriate technical data were
available; and,

Background Data
Supporting reference material containing engineering and

testing data developed and used to support Training Aid
recommendations.
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POLICY RECOMMENDATIONS
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FLIGHT SAFETY FOUNDATION

CFIT TASK FORCE

PROCEDURES & TRAINING WORKING GROUP

COMMITMENT TO SAFETY

Problem Statement
Consistent levels of safety cannot be achieved without a genuine
commitment from management to support reasonable initiatives and
the dedication of employees to contribute to a safe operating
environment.

Recommendation to Steering Committee
Companies should support and adopt a. mission statement along the
following lines:

All employees, at all levels, share responsibility for safety and for
the enhancement of the overall corporate safety culture. Safety
priorities are considered in decision making within all departments.
To this end, there should be a structure in place, supported at the
highest level, to manage and support safety-related issues, as well as
to ensure that safety is measured as an integral part of operational
efficiency.

The company shall foster confidence that the decisions of all
departments with regard to rational safety decisions will be
supported and not subject to adverse reaction.

Scrutiny of safety-related decisions will be dedicated exclusively to
developing improvements in the operational integrity of support
systems.

Refer to Implementation Committee for action.
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FLIGHT SAFETY FOUNDATION
CFIT TASK FORCE

PROCEDURES & TRAINING WORKING GROUP

MEASUREMENT & EVALUATION OF SYSTEM PERFORMANCE

Problem Statement
Companies have insufficient systems and infrastructure for
monitoring and evaluating the operational performance of
management, crew and equipment.

~ecommendation to Steerin~ Committee
All companies should provide systems and infrastructure for
monitoring and evaluating the operational performance of
management, crew and equipment with the objective of enhancing
operational integrity. This can be accomplished by means of some, or
preferably all, of the following:

Flight data recorder analysis;
Quick access recorder analysis;
Flight operations quality assurance
Data bases for safety analysis;

(FOQA) programs;

Defined criteria for safety reporting;
Establishment and encouragement of a “no blame” reporting

culture;
Management process/culture to apply accumulated data

effectively; and,
An independent quality audit function to achieve operational

integrity.

Recommendations & Notes
Operational Integrity describes a set of interrelated performance
measures that might be employed to measure safety in relation to
other key indicators. It presents a set of indices to measure
performance of the infrastructures within a system that support
safety. The performance measures described are:

Safety;
Cost efficiency;
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Schedule performance;
Customer satisfaction;
Regulatory compliance; and,
Adherence to operating policies and procedures.

Refer to Steering Committee for further action.
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- APPENDIX C -

POLICY AND PROCEDURE RECOMMENDATIONS
FOR FLIGHT OPERATIONS & TRAINING
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FLIGHT SAFETY FOUNDATION
CFIT TASK FORCE

PROCEDURES & TRAINING WORKING GROUP

ALTITUDE AWARENESS

~roblem Statement
Many incidents/accidents have occurred as a result of crews not
having sufficient awareness of altitude and proximity to terrain.

Policv/Procedure Statement
It is essential that flight crews always appreciate the altitude of their
aircraft relative to terrain, and assigned or desired flight path.
Methods by which flight crews will monitor and cross-check assigned
altitudes, as well as verify and confirm altitude changes, should be
established and followed.

As a minimum, procedures should encompass the following iterns:

The crew must be responsible for ascertaining the applicable
minimum safe altitude (MSA) reference point. Crews are
cautioned that the MSA reference point for an airport may vary
considerably according to the specific approach in use;

The crew must be aware of the applicable transition altitude or
transition level;

There should be a checklist item to ensure that all altimeters are
correctly set in relation to transition altitude/level;

Any crew member(s) should call out any significant deviation or
trend away from assigned clearances;

Minimum operating altitudes should be adjusted in conditions of low
temperatures, low pressures and/or excessive winds. It is
suggested that the following corrections be applied:

For low temperature add 4 percent per 10 degreesC below ISA;
For low pressure (if flying on standard pressure setting of
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1013 hl?a or 29.92 inches), add 30 feet (9.2 meters) per hPa
below standard setting; and,

For winds in excess of 30 knots add 500 feet (153 meters) per
10 knots above 30, up to a maximum correction of 2,000
feet (610 meters).

k all cases, air traffic control will be notified when altitude
corrections are applied;

A call-out should be made at the following times:
Upon initial indication of radio height, at which point altitude

vs. height above terrain should be assessed and confirmed
to be reasonable, and radio height will be added to the
standard instrument scan of pilots;

Above or below approaching assigned altitude (adjusted as
required to reflect specific aircraft performance);

Approaching relevant approach minimums (specific height to
be determined by operator); and,

Passing transition altitude/level;

Consideration should be given to incorporating a 500-foot (153-
meter) radio height call-out on final approach (strongly
recommended for all nonprecision approaches). At this point,
dltitude vs. height above terrain should be assessed and
confirmed to be reasonable or an immediate missed approach
initiated;

The pilot flying should announce, and the pilot not flying confirm,
any changes to aircraft altitude or heading (excluding minor
corrections);

Flight crew members should confirm altimeter-setting units. It is
recommended that this be done by repeating all digits and
altimeter units in clearance readbacks and by cockpit call-outs
between crew members; and,

On crossing the final approach fix, outer marker or equivalent
position, the pilot not flying will cross-check actual crossing
a. Ritude/height, against altitude/height as depicted on the
approach chart.



Notes
Reference item 7 above: the Working Group feels that automated

call-outs are preferable to manual call-outs.

Refer to ATC Working Group to advise item #5.
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FLIGHT SAFETY FOUNDATION
CFITTASK FORCE

PROCEDURES & TRAINING WORKING GROUP

USE OF AUTOPILOTS

~EQb. f3Ul1 Statement
Crews do not take full advantage of automatics as a means to manage
the progress of a flight and reduce workload.

I’!lhcyl
.

Proced Ure Statement
The use of autopilots is encouraged during all approaches and missed
approaches, in instrument meteorological conditions, when suitabl~
equipment is installed. It is incumbent on operators to develop
specific procedures for the use of autopilots and autothrottles during
precision approaches, nonprecision approaches and missed
approaches, and to provide simulator-based training in the use of
said procedures to all flight crews.
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FLIGHT SAFETY FOUNDATION
CFIT TASK FORCE

PROCEDURES & TRAINING WORKING GROUP

ACCEPTANCEOF ATC CLEARANCES

Problem Statement
From time to time, air traffic control (ATC) issues flawed instructions that
do not ensure adequate terrain clearance. Such clearances are too often
accepted by pilots without considering consequences and/or questioning
instructions.

Policv/Procedure Recommendation
Flight crews should not assume that ATC clearances will ensure
terrain clearance. If an ATC clearance is given that conflicts with the
pilot’s assessment of terrain criteria relative to known position, the
clearance should be questioned and, if necessary, refused and
suitable action taken.

Refer to ATC Working Group (Bob Vandel) for information
purposes and perhaps to include in air traffic controller
training/orientation.
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FLIGHT SAFETY FOUNDATION
CFITTASK FORCE

PROCEDURES & TRAINING WORKING GROUP

APPROACH AND DEPARTURE BRIEFINGS

I’rQt?lem Statement
The failure of flight crews to conduct thorough briefings causes
uncertainty about intentions, hazards and other special conditions
relevant to terrain clearance during approach and departure.

~ollcyf~wcedwe
● Recomm endation

Flight crews will conduct predeparture and preapproach briefings.
Flight crew briefings will include discussions of hazardous terrain
features and avoidance strategies with appropriate consideration for
aircraft performance capabilities. Briefings should include use of
applicable charts with specific attention to departure routings,
departure procedures, arrival routings, approach procedures, missed-
approach procedures and altitude changes that ensure terrain
clearance relative to planned approach or departure paths.
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FLIGHT SAFETY FOUNDATION
CFIT TASK FORCE

PROCEDURES & TRAINING WORKING GROUP

CHART SUPPLY

Problem Statement
The failure of companies to provide crew members with adequate
supplies of current navigation and approach charts is a significant
barrier to safety of flight. Furthermore, in some instances, current
charting standards do not provide adequate information to flight
crew members about terrain hazards, or are so complex as to make
clear interpretation difficult.

Recommendation to Airborne Equipment Working Group and
Steerin~ Committee
Each pilot will be provided with accurate, current charts with clear
depiction of hazardous terrain. Charts provided should depict
hazardous terrain in a manner that is easy to recognize and
understand. Electronic displays should resemble printed chart
displays to the maximum extent feasible.

Refer to Airborne Equipment Working Group (David Walker)
for further action.
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FLIGHT SAFETY FOUNDATION
CFITTASK FORCE

PROCEDURES & TRAINING WORKING GROUP

USE OF CHECKLISTS

Ebb lem Statem ent
Poorly conceived procedures for checklist use can result in task
saturation of crew members during critical phases of flight.
Incidents/accidents have occurred because of noncompletion of
relevant checklist(s).

l?(-)IicY/Pro cedure Recommendation
It is recommended that a detailed policy on checklist use be
formulated by each operator and a strict discipline regarding their
use be maintained. Such policies should require that checklists be
completed early in the approach phase so as to minimize distraction
while maneuvering close to the ground. In all cases, checklists
should be completed no later than 1,000 feet (305 meters) above
ground level (AGL).
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FLIGHT SAFETY FOUNDATION
CFITTASK FORCE

PROCEDURES & TRAINING WORKING GROUP

ALLOCATION OF FLIGHT CREW DUTIES
USE OF MONITORED APPROACHPROCEDURES

Problem Statement
The majority of CFIT incidents/accidents are known to occur in
instrument meteorological conditions (IMC) and night conditions
when the pilot flying the approach also lands the aircraft.

Policv/Procedure Statement
Proper management of crew workload during night and IMC requires
that precise and unambiguous procedures be established. It is
recommended that operators adopt a monitored approach procedure
during approaches and missed approaches conducted in these
conditions. In this case, the first officer will fly approaches and
missed approaches. The captain will monitor approach progress and
subsequently land the aircraft after obtaining sufficient visual
reference.

24



FLIGHT SAFETY FOUNDATION
CRT TASK FORCE

PROCEDURES & TRA@?lNGWORKING GROUP

GPWS WARNING RESPONSE

P?mbl III Statement
Incide%/accidents have occurred because flight crews have failed
to make timely response to ground-proximity warning system
(GPWS) alerts.

Polkcvl
.

Procedure Recomm endation
When a GPWS warning occurs, pilots should immediately, and
without hesitating to evaluate the warning, execute the pull-up
action recommended in the company procedure manual. This
procedure should be followed in all but clear daylight visual
meteorological conditions when the flight crew can immediately and
unequivocally confirm a false GPWS warning.
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FLIGHT SAFETY FOUNDATION
CFITTASK FORCE

PROCEDURES & TRAINING WORKING GROUP

NONPRECISION APPROACH PROCEDURES

Problem Statement
Most CFIT incidents/accidents occur during nonprecision approaches.
Nonprecision approach procedures are different from precision
approach procedures. Furthermore, stepdown nonprecision approach
procedures can increase the risk of unstabilized approaches.

Policy/Procedure Statement
Approaches should be constructed and managed so that nonprecision
approaches are as similar to precision approaches as possible,
incorporating a stabilized approach concept. From a point prior to
the final approach fix, pilots will establish an approximate three-
degree approach path to touch down, in a stabilized condition for
landing.

At the briefing stage, on nonprecision approaches, particular
attention should be made regarding locations at which configuration
changes will take place, as well as crossing altitudes. Rates of
descent on final approach and relevant timings from the final
approach fix that can be expected, as well as criteria for continuing
the approach visually, should be confirmed. Special attention should
be paid to relevant call-outs and monitoring.

26



FLIGHT SAFETY FOUNDATION
CFITTASK FORCE

PROCEDURES & TRAINING WORKING GROUP

RATE-OF-DESCENT POLICY

~roblem Statement
High rates of descent in close proximity to terrain are dangerous.
They result in increased risk of CFIT, high crew workload and
reduced margins for safety.

Pdlcy’m’o
* cedure Recommendation

A policy should be established that restricts the rate of descent
allowed within a prescribed vertical distance of (1) the applicable
minimum safe en route altitude, and (2) the minimum sector altitude
as defined by IC!AO PANS-OPS/TERPS.

For example, the restriction could be 2,000 feet (61 O meters) per
minute maximum rate of descent at or below 2,000 feet above either
of these altitudes.
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FLIGHT SAFETY FOUNDATION
CFIT TASK FORCE

PROCEDURES & TRAINING WORKING GROUP

ROUTE & DESTINATION FAMILIARIZATION

Problem Statement
Crews “may be inadequately prepared for CFIT-critical conditions,
both en route and at destination.

Policv/Procedure Recommendation

Flight crews shall be provided with adequate means to become
familiar with en route and destination conditions for routes deemed
CFIT-critical. One or more of the following methods are considered
acceptable for this purpose:

When making first flights along routes, or to destinations,
deemed CFIT-critical, captains should be accompanied by
another pilot familiar with the conditions; or,

Suitable simulators can be used to familiarize crew members
with airport critical conditions when those simulators can
realistically depict the procedural requirements expected of
crew members; or,

Written guidance, dispatch briefing material and video
familiarization using actual or simulated representations of
destination and alternates can be provided.
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FLIGHT SAFETY FOUNDATION
CFl,TTASK FORCE

PROCEDURES & TRAINING WORKING GROUP

STABILIZED APPROACHES

r~ m tatemen
Unstable approaches contribute to many incidents/accidents.

P
.~ tatement

Pilots will establish a stabilized approach profile for all instrument
and visual approaches. A stabilized approach has the following
characteristics:

A constant rate of descent along an approximate three-degree
approach path that intersects the landing runway
approximately 1,000 feet (305 meters) beyond the approach
end and begins not later than the final approach fix or
equivalent position;

Flight from an established height above touchdown should be
in a landing configuration with appropriate and stable
airspeed, power setting, trim and constant rate of descent;
and,

Normally, a stabilized approach configuration should be
achieved no later than 1,000 feet above ground level (AGL).
However, in all cases if a stabilized approach is not achieved
by 500 feet (153 meters) AGL, an immediate missed
approach shall be initiated.
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FLIGHT SAFETY FOUNDATION
CFIT TASK FORCE

PROCEDURES & TRAINING WORKING GROUP

GROUND BRIEFING MATERIAL

Problem Statement
The absence of information to adequately assess routings, terrain and
hazards relevant to destination and possible alternates contributes to
poor planning and decision making on the part of flight crews.

Policv/Procedure Recommendation
Crew members will be provided with and review suitable materials
to conduct thorough briefings for the route to be flown. This must
include departure, en route, destination and potential alternates.

As a minimum this should include these materials:
Current NOTAMs;
Current weather conditions and forecasts;
Seasonal weather analysis; and,
Specific procedures critical to terrain avoidance.

Desirable materials that might also be used are:
Video route briefings;
Video destination and alternate airport briefings; and,
A data base of materials describing unique features/conditions
specific to route, destination and alternate airports.

30



ENGINEERING REPORT 070-4251
16 JANUARY 1990

Revised 31 January 1991
Revised 12 February 1991
Revised 2 October 1991
Revised 5 November 1991
Revised 18 March 1992
Revised 28 May 1992
Revised 3 May 1993
Revised 17 July 1993.
Revised 25 January 1994
Revised April 1994
Revised 31 January 1995
Revised 7 May 1995
Revised 29 April 1996

DON BATEMAN
ALLIE13SIGNAL

COPYRIGHT IB1995, ALLIEDSIGNAL, INC. ALL RIGHTS RESERVED

c\dcn\cfitli6t.dw



CRED~

● I thank the few, the individuals and organizations around the world who provided much of the information
used in this report. They are the real heros and heroines in flight safety.

● I thank Hans Hugli, Steve Johnson, Christine Stahl, Ev Vermilion, and Al Loos, in Engineering,
for their help in the flight path to terrain profile construction and simulation.

● I thank Jon Hegstrom, Lisa Isaksen, Steve Garnels and Bruce Raccine’s Art Department.

● I thank Jeanette Mefferd for helping with the text and typing.

● I also thank our test and demo pilot Lyle Flick (now retired) for getting us started in the first place.

Disclaimer:

The accuracy and completeness of the accidenthncident examples in this report are
limited by the quality of data publicly available. Corrections are incorporated as official
data and reports become available. We encourage participation in providing information
that would enhance our understanding.of these evenk. .Our_tpaJkacrmthM&SL.
improvement in aviation safety.



Engineering Report 070-4251 1 November 1990
Revised 18 March 1992 by Don Bateman

Title: Flight into Terrain and the Ground Proximity Warning Systems
150 Plus Accidents and Examples

Purpose: Provide examples of Transport Category Aircraft accidents and events where the aircraft was either
inadvertently flown into the ground, or nearly flown into the ground. These examples include aircraft equipped
with Ground Proximity Warning Systems (GPWS) and other with no GPWS.

These examples can then be used for:

1. Flight Crew Training

● To illustrate to the pilots some of the dangers and “traps” that can lead to such
incidents in both ATC radar and non radar environments.

● To illustrate recovery procedures and development of such procedures utilizing
Flight Simulation,

● To illustrate the use and limitations of GPWS and the various models of GPWS.

2. Encouraging aircraft operators to utilize the existing GPWS equipment on their aircraft and to keep it
operational and maintained.

3. Encouraging aircraft manufacturers, aircraft owners and operators to install the latest available GPWS
equipment and to develop better procedures and other cockpit instrumentation aids.

4. Encourage GPWS designers to improve future GPWS effectiveness.



CONTROLLED FLIGHT TOWARDS TERRAIN (C- INCIDENTS EXAMPLES
WHERE GPWS WAS HELPFUL IN SUCCESSFUL RECOVERIES (40)+

I 96 .Ian OR
,.j .Wwm 1 IV*Y M#nunMr 8 urww- I Jr=

-“ ---- -- Manaus DC-8-62 MK II
Jan 95 Atlanta B727 MK I
June 94 Portland A320 MK Ill

w, , “-T I ,.. -

2 r

%k====E

YL I rl. L

Ii

~Jan 90

in II 1
(01 I IVIKI
727 IMKI

17 h~lf I

May 94 San Jose B737 MK V
Jan 94 Phoenix A320 MK Ill
J~n OA Ct St. John DHC-8 MK I
Dec 93 )ailas-Fort Worth B737 MK V
No\ 4nchorage B747 MK II

Oot 93 ;aner DC-8 MV

~ Sunnison B7”7 ha

Sepl -- flelena By.
July 93 Cape Town B73, lvll\ I
April 93 Portland L-1011 MK I
Mar 93 Bogota MD-80 MK !1
Sept 93 Naples DC-9 MK II
June 92 Margarita B767 MK Ill
Ma n?) ~’ t.auderdale B7Q7 Mu I
May n- ‘ Denver Dt
April %rtland B?zf NIK

Mar 92 Quito DC-8 MK II
Jan 92 Medford B7~7 Bflu if

Sept 91 Mexico City A3c
June 90 San Diego A%

Spokane B721 I ivin

l-%%

i m-.k4r. a- nw.4. QVA7 A au

,“, I ,,,, , ,

HC-7 IMKI
..- ... > ,. I

Jdy 89 uupG111layGlI UW- tv tvlr~I
Ott 88 Long Beach MD80 MK I
Oct 88 El Paso B737 MK I
Juiy 88 London A320 MK ill
NOV87 Prince George B737 MK I
Dec 86 Spokane B727 MK I
Dec 86 Tangiers B737 MK I
May 86 Denver B727 MK I
Mar 86 Fallcm C-9 MK II

85 1’
2E-

...—.
Nov
Feb E
Au 70

02

FeL ,.
-+ 712

I

S==F

.—..- .. t .... .
Genoa iiD-80 t MK
La Guardia B7c27 MK

Chnose B/4/ I MK

San Francisc- D7A7 k au

, “r 1 . . . . . ,,,
- .- ‘ --”’( II

., 1
Al I DI*I I IVIA I

Salt Lake-City I B727 I MK II I
lh.awie- ~i+., rlP-o t h~u

. ..

J WLIV I IVIGAIUV Vtly I UV-CI , d 1 I
DB950S4.DQC

i5A



CIRCUMSTANCES: Durin initial approach to ILWNDB 34R, the aircraft was pre-maturely cleared to
Y2950 eet and struck a mountain. The controller (with no radar) believed the aircraft

was established on “PRI Corridor 7“ (STAR) but the aircraft had apparently deviated
south to save fuel.

TIME: Day

WEATHER: OK at the airport.

CONFIGURATION: Clean

FATALITIES: 21 (7 passengers not registered)

OTHER: Aircraft was carrying 57 tonnes of beef, 17 tonnes in excess of payload limit. To
help save fuel, the pilot had counted on an enroute tailwind component that did
not happen.

Next Page

Probable
Flight Path Profile

IL-76

PETROPAVLOYSK -
KAMCHATSKY, RUSSIA

5 APRIL, 1996

Capt.:” --we are level at 900 meters (2960’)
and I see the coastline. --we are goodl”

‘,,
‘$
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I

3,000

ALTITUDE
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iXSTAWX TO ‘RUNVVAY“34R--NFJ

J@G a~ Te~ Terrainl
) ( ~ GPWS Warnin (if installed)

Terrain! YTerrain! Terrain! Apparently not nstalled or operational.
I I I 1 I I I 1 I I I I
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PETROPAVLOVSK-
KAMCHATSKY, RUSSIA
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CIRCUMSTANCES:

WEATHER:

TIME:

CONFIGURATION:

GPWS:

FATALITIES:

OTHER:

While on a NDB approach to runway 12, the aircraftimpacted a 2300 tootmountain
at the 2290 foot level, 2NM north of the runway. VIP USAF flight.

Below minimums, 400 broken, 2000 foot overcast, fog, rain, variable visibility5
~A~miles, wind 12 kts surface at 120 degrees to probable 25kts/160 degrees at

1450 local time

Landing, flaps 30

Earl primitive GPWS installed, but operating status not known. (No CVR) Probably
4no PWS warning with landing configuration.

35 includin U.S. Secretary of Commerce, 10 staff members, 12 U.S.A. corporate
\company o icers, flight crew of 6 and others.

Weather, ceiling and visibility below required instrument procedure minimums.
Only one (single) ADF receiver. Pilots may have not been able to tune ‘CV’ NDB.
(operating status of NDB not known).

‘Cv’
NDB

Probable
Flight Path Profile

USAF B737-200
DUBROVNIK, CROATIA

3 APRIL, 1996

~ ,. { G,G,

M/—.—.—. —.—-—. —.—. — -. .
i

2150’ MDA

Next Page
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r DUBROVNIK, CROATIA
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MISSED APPROACH. I’urn RIGHT to KLP NDB climbing to 4000’ (3482’)

and hold, or as directed.
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CIRCUMSTANCES: While on a VOR ‘QIT’ ILS 35 approach (radar vectored to Vocalizer), the auto-flight
inadvertently switched from “LOC” to “HDG” mode and the auto-throttles became
uncoupled and not noticed by pilots. The aircraft deviated to the ri ht, full scale of
Iocallzer of course Into terrain well below glideslope. A Mk V GP#S alert warning
“Glideslope!” “Glideslope!” followed by “Sinkrate!” -- Terrain! Terrain! and Pull Up!
occured. Pilots were late to respond, but a missed approach was finally made.

WEATHER: IMC until breaking out to visual condition during the missed approach.

TIME: Day

CONFIGURATION: Probable gear down, flaps in transition from 28 to 50Q.

OTHER: Human factors and misleading procedure statements. Pilots flying DC-10 were
procedurely told to ignore routine “W-W - Terrain!” because of the early model of
GPWS used on DC-1OS gave nuisance warnings. There are no nuisance GPWS
warnings for Mk V equipmen at Quito, (Envelope Modulation) In this occurence, the
Mk V EnvelopeModulationperformedexactlyas designed,giving full warnin s soon

C!as the aircraft deviated outside the Iocalizer and glideslope limits. Pilots di not
couple to glideslope because of scallops and beam nojse, Glideslope used for
indication only with Vertical S eed or Flight Path Angle modes of the auto-flight

Fused to track the smoothed g Ideslope indications.

D12 ‘QIT’
OM

3,.20.

Next Page

Occurence
Flight Path Profile

MD-1 1
QUITO, ECUADOR

5 MARCH, 1996

mSee Accidents at Quito 4 May 1995

I I I I I I I I I t I I I I I
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am a & DISTANCE TO THRESHOLD RUNWAY 35- NM

~ MkV GPWSWarnings.
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QUITO, ECUADOR
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CIRCUMSTANCES: During ago around after becoming destabilized, the aircraft entered a visual circuit
back to ILS runway 09R. While trying to maintain visual contact, the aircraft
impacted a mountain while in a beginning turn to base for runway 09.

WEATHER: Broken 014, FCT 020, BKN 080, wind 120Q3 kts 21/21QC Q1018

CONFIGURATION: Believed to be clean

TIME: 02:16 UTC - Night

FATALITIES: 9

OTHER: The pilots tried to make visual downwind circuit to the north over unlite terrain,
instead of to the south over the citv. No GPWS was installed.

Probable
Flight Path Profile

LJ-25D

SAO PAULO, BRAZIL
2 MARCH, 1996

LOM

Go around initialed left turn ALTITUDE
Instead of right. MSL

.
- FEET

Terrain along track (Dark unlite terrain)
Runway 092,459’

I I
L1 I f I I I I I I I I I 1

2,000
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!31STANCE ,4LCY4GPLANNED TRACK-TO FWNWAY09 +&i

~--...- r .. .. .. . .. . . .. . .. . .. .. . ... . .. . . . .. ..... ... . . .. . ... . . . . .. .. . ... . . .. .. --------$ a= B~
GPWS Warning (none Installed)
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SAO PAULO, BRAZIL
12775 SAO PAULO/lNTL -GUARULHOS
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Crash kills Bryiziliantikers
SAO PAULO, Brazil — Fans lined up

IO-deep outside a morgue yesterday to
~ourn one of Brazil’s hottest rock bands,
whose members were killed when their pri-
‘vate plane crashed into a mountainside.
‘“~:All five members of the band, Mamonas
Assassinas, two assistants, and the pilot and
co-pilot were killed Saturday when a char-
tered Lear jet crashed outside Sao Paulo.
~ere were no survivors.

So many fans gathered outside a roped-
off morgue in downtown Sao Paulo, Brazil’s
largest city, that troops were sent into keep
&der. Other fans lined the streets and waved
white handkerchiefs from apartment win-
dows as ambulances carrying the bodies
;drove by. Some wore black armbands.
- Appealing mainly to teenagers, Mamonas
Assassinas used raunchy lyrics to promote
a youthful image. Their ”first album,

“Manlonas Assassinas,” sold 1.9 million
~q)ies -simx i(s-releas~last- year.

Q___ 2.9Z- , >0!, 4,,, ,’. , .47, t.. , . . .

MAP#t Alii=(W-MAP 4.$ 13:5113 ;0012 :4212:15! 1:$6 I 1:41 J
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CIRCUMSTANCES: While on a non-precision VOR DME approach to runway 09, the aircraft impacted
short by 3 NM.

WEATHER: Foggy, drizzle, limiting forward visibility.

TIME: 20:15 local

CONFIGURATION: Landing

FATALITIES: 123

OTHER: Mark I GPWS (Collins) installed. No apparent warning. The pilots may have seen
the runway lights initially, but lost them as they descended into foggy conditions.

An Altimeter error or deliberate effort to get down early?

‘PAIXS’

I “’\

$
.\

‘-% CIP: “--- can ou turn up the lights?”
Controller: “You’re positio and altitude?”

/

KTowec “---t e lights are up fully”
Cap!: “-- We are approac Ing “Padls” at 9,500-—>.

/ I ‘\. _. —._. _._. _M?&8?E?_____

Flight Path Profile
B737-200

AREQLJIPA, PERU
29 FEBRUARY, 1996
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. .::, . . . . . . . .
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Enhanced GPWS Warning: 30 seconds (not installed)
“Too Iowl Terrainl”
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E--
mm APPROACW ]mmediate RIGHT climbing turn to proceed outbound on

EQU VOR R-253 until D33. O then turn RIGHT to loin UAS VOR holding
pattern. A& IA$ Cc.!A & B: MO k!$. Cd C t D: l’JO kt~ ..111 cWPf*t)_ of ‘urO

SIRAIGHT.IN LANDING RV4V 09 C[RCLE.TO.LAND

A,B: 8730j4J0’)
‘*fsl C,D: 8760 (490’) A(3~,

—=.. —.—
I Y:L.ua

A
1.6 km

#
: 9800’(1396’)-5.5 km

. —-”—

c 2.0 km !80 NA
10ool)’i1596’l-7.0km

0 2.8 km 180

‘ Crashmemorial

Peruvian rescue workers hoid a Mass at the site where Faucett
Airiines flight 251 crashed TFLrrsday night.-All” iT3”passengers
were killed when the Boeing 737 smashed into a hillside, 5 miles
from its destination. See story on Page A5.



CIRCUMSTANCES: While on Initial approach VOR DME to runway 19, the aircraft impacted
into a mountain.

TIME: 21 :4I EST (night)

WEATHER: visibility greater than 30 NM, Wind calm, Altimeter 30.02 “Hg.

CONFIGURATIONS: Landing gear and flaps up but spoilers deployed.

FATALfTIES: 160 of 164. Five rescuers also lost their lives.

Next Page

Flight~;;7Profile

CALI, COLUMBIA
20 DECEMBER, 1995

24 NM to runway ~

Capk You’re OK, you’reIn goodshape now. We’re heading - we’re heading In

Approactx “,..cleared 10Cali VOR, descend and maintain one five thousand,
the ri ht direction nowl Come to the right, come come right to Cali for now OK?
ctP: 8K

altimeter 3002, no delay expected for approach, report Tulua
VOR.”

I
CapL If that If Tulua, t’m not getting for some reaso>Tulua’s

Captain: “... OK, understand cleared direct to Cali VOR, report Tulua
f----d Up!

~p~Maltitude15, that’s fifteen thousand 3002, is that correct C/P: I don’t want Tulua. Let’s just go to the extended center
fine which is -Roza.

oil c
Approach: :Afflrmatfve”

%Yaoch’
,.. OK sir, the wind is calm, are you able to approach runway

“Atr, yea sir, we’ll need a lower altitude right away though.”
~r~!~fu “Roger 9S5Is cleared to the VOR DME e+proach ons-niner, ROZA

Number One arrival, re orf Tulua VOR
Captafrv $“Cleared the VOR DM one niner ROZO one arrival, we’ll report

the VOFf, thank you sir.”
Apfxoach: “Report Tukra”
Captain: “Report Tulua”

“Can 965 0 direct to ROZO and then do the ROZA arriva sir?”
~r%;h: “..ind~ ~al~Affirms &e direct ROZO one and then runway one niner, the

Captain “... all right, ROZO, then ROZO 1 to 19 thank OU...”
rApproach: ~...Affirmative report Tulua and twenty one m Ies, 5000 feet.”

Captain: .,. OK report *ulua, twenty one miles at 5000 feet...”

Aircraft ut into descent towards 5000 feet from FL150.
‘VLQ’ ulua) salected in the FMS and aircraft turns back In left turn for 90Jf
secon s, then a rfght turn was made for a direct heading of 235 degrees to
the FtOZO radio beacon.

C k Why not go to Roza? “pUII Up fjab~ Up beby, rrmrel

+ %a%{;%n%peter “~;~;;l~~..r

/
Warning Starts z

Pilot Initiates Pull Up within 1-1/2 sec. 4A

San Jose Mtn.

Disconnects autop(lot Iavels wings,
atmlfes thrust. rotates smoothlv nose W 76Q07’1 Y
utito 209 then later to 30Q. - .

I I 1 1 I # 1 1 t , i I 1

12,000

11,000

10,000

9,00il
ALTITUDE

MSL
S,ooo - FEET

7,000

6,000

5,000

4,000

‘ 3.000
7 6 5 4 3 2

DIS}ANCE T: lMPl&T -N;

1 * I I t 1 I 1 I I.— ‘ TIME TO IMPACT - SECONDS60 50 40 30. –20. .1n.

~“

MU::::::::::::::::::
‘Cautionl Terrainl’
Terrain Aheadl Pull Up!

MK V GPWS
(Installed and Operating)

Enhanced GPWS
@installed)
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in Colombia;
159 aboard

By The Associated Press

BOGOTA, Colombia — An
American Airlines plane from Miami
canying 159people crashed Ias[ night
as it was making im final descent
toward the Cali airport in southweat-
em Colombia, radio reports said.

RCN Radici. atr4Radio CaraCO!
quoted witrressea as,saying they saw
the plane cr%h.arrd a large explosion
in the Andes mouqtains outside Cafi._’

American Airlines officials said

FOR ,, ..,.

lNFORMAnfJN
Americarv - ~ “
Airlines has a. *~..
“’help desk” fof.’
people seeking
information qp ,.,,
family’or frle~d$.~
on FII ht 965 tb .,

?t3ali~io reach ....
Olattfesft, call ,:,’
reservations at .,
1 -800.433-73@3:*

151 passen-
gers and eight
crew were
aboard the

;Boeing<757
;aircrsrfI: :.{. ,.

Flight ’965
~waSfIyinJ@zi:
*Bffgala town
“abput,:40 miles
‘.north of Cali,’
,.when it lost hinder, rescye and recovery efforts
‘r%dio.coritact. uniil dawn. C3en. Jose Serrano. the
officials said.

Police said (hey keceived telephone
cafls from people in dte area reporting
en explosion. . ..,

“We saw when (he plane crashed
against a mountain and then a huge
fiwebal{ erupted;’” wimess Carkos
Buitrago told Radio Camcol. He said
skies were clear with no rain.

More than three hours after the
plane’s scheduled 6:45 p.m. arrival,
dwre was still no official word on the
aircraft’s fate.

Local author jiies ~ec)aretl an
emergency and launched a seareh in
[hc area where the plane disrrppcarcd,
~bou( 185miles southwest of the cap.
ilal Bogota. Uu[ darkness and the

na[ional police chief, said he would
dispatch helicopters at first light.

The-Boeing 757-200 is a twin-
engirre, medium- to long-range jet-
Iincr that can carry up to 239 pas-
sengers Fhst flown in 1982, it has a
raagmf3200 nriies.:

In Seaule, Boeing spokesman Bill
Curry said this was the first accident
involvirtg a 757, which has had an
“unblemished record.”

Ed Martellc, t+corporate commu-
nications representative at American
Airlines headqwolers in Forf Worth,
Texas, said dmt if a crash were con-
firmed. a ‘“care (earn” from the air-
lines would notify the passengers’
families.



CIRCUMSTANCES: While on a non-precision VOR ap roach to runway 15, the aircraft inadvertently
Pflew through trees at approximate y 760 feet above sea level. (586 feet above

the field) Ago around was initiated but aborted when engine thrust rapidly
diminishedand runway iights became visibie. The piiots managed to get within
50 feet of the runway threshoid taking out the. iocalizer antenna.

WEATHER: C23, visibility 3 miies, wind 192/25 ids & 40 kts, moderate rain, temp 61QF dew
point 58QF. Special post accident ceiiing 900 overcast.

TIME: 00:w past midnight

INJURIES: one of 72 passengers

DAMAGE: Destruction of two engines, leading and trailing edge flaps, gear doors, ioss of
hydraulics, lower rear fuselage and antennas.

PoSSIBLE CONTRIBUTING FACTORS:
● Control tower problems, delay in updating altimeter settings to aircraft with fast moving low pressure

storm, giving at ieast 120 feet of error.
s Steep instrument approach procedure with significant terrain (818’) on final approach in poor visibility

and no approach lights

J
● Low round speed because of significant head wind, giving steeper than normal descent angle for

stan ard descent rate of 1000 fpm.
. ... .. --. .,-. . ,. , , —.. ,, .,. ., . .. ...!,
MK II w-ws instaueo arm opemuonalDUI wrmlmurrru
not connected(19seconds if radio altimeter set to 980 feet AGL).*

\a&,

‘1.
t&L$

‘\.

Next Page

Flight Path Profile
MD-80

WINDSOR LOCKS, CONN.
12 NOVEMBER, 1995
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High winds
sw The Associated PrR%S

WINDSOR LOCKS, Corm. — An

American Airlines je[ carrying 78
people encountered dangerous winds
mtd engine problems in stormy wea[h-
er and clipped a row of wces und an

airport antenna during all emer-
gency kmrfing early yestcrdt!y.

Some ot’ the 72 passengers said
they heard an explosion just before
ltmding and the cabh] started (O fill

—.

force jetliner’s emergency landing
with smoke. They slid dmvn chu[cs [o
evacuate the plane and only one of the
passengers suffered a minor injury.

Everyone remained cnlm, Pfis-
sengers said, and gave !he pilot an
ovation afler the (he MD-80 jet’s
wheels hh !he tarmac.

W_he pilot did o nmgnificen~ job:

mid passenger Richard Seymour.
“We really thought it was it.”

The pilo( of Flight 1572 from

Cbimgo dcrlmcd m cmcrfvmcy m?
mile before landing at BradIcy
International Airport al 12:57 a.m.,

said Mary Culver, a Federal Aviation
Administration spokeswoman in
New England.

Quipment on fmrd indicated it may
Ixwe bce!l wind shew, a sudden. pow-

erful gust of wind mshing downward
from a Ihondcrstorm. “TM’s probably
the most violent form of weather a pilot

can mcounlcr,” Colvcr s}lid.
The pilol used two differe])t

maneuvers to counter the weather, bitt
first the right engine. then the left
engine failed to respond, said officials.

Robert Benzon of the Na!iorml
Trttnsporiation Sfifc[y Board con-
firmed that the pl:inc encountered
engine problems but said i! was
unclear whether they occurred before
or after [he trees were hi!.



XRCUIIASTANCES: Durln irtitiai approach, the pilot deviated to the north to avoid hea weather
c? Yas in Icated on Weather Radar, and tower reports. The aircraft eviated

well north along the arc 15 DME, and while intending to proceed direct to
the VOR, was cleared to establish an arc of 12 DME to radial 135 for runway
07, and down to 8000 feet and then 5000 feet – A GPWS MKII Warning
occurred and the pilot initiated a climb but attained oniy 400 feet before
impact on the north flank of San Vincent volcano.

WEATHER: 30uD370, Altimeter 29.84, temperature 27QC,visibility 14 miles, wind 070,
5kts, gusting 16, light rain, later thunderstorm.

TIME: 19:50 local

CONFIGURATION: clean

FATALITIES: 65, inciuding Brazilian and Dutch Ambassadors with staff, business men,
two FAA inspectors and tourists.

Flight Path Profile
8737-200

SAN SALVADOR, ES.
9 AUGUST, 1995

DEVIATION FROM APPROACHPROCEDURE
BECAUSEOF HEAVYWEATHER

Next Page

SAN VINCENT

C/P: “-- we are requesting deviations due to bad
weather cells --- at pilot discretion please”!
TWP: “--- deviation Is authorized (to the north “

kTWP: “descend and maintain 2000-.-15 Dtd Y
C/P: “--- re uest direct to VOR ‘CAT’.”
TWR: “---Akrmative --- (but) we have thunderstorms over station.”

~ Cl?:” --- well we will deviate to the left.”
TWR: “---if possible establish on 15 DME Arc to 07 descend to 5000!” 7,160’

,.-- ”’.
,.’ ‘.

c/P: “--- we’re reaching 5000’
TWR: “--- roger, notify crossing
the radial 155 south of the ,.. ,

C/P: ‘We are abeam the }’ ‘.,O~t%~Track,
;~df$” crossing the 030 ,.- ‘-’ ‘.

, ‘,
v;, ‘,

?

‘. .

/

,3,
MK II GPWS Warning
“Terrain! Terrain! Pull Up!
Terrain! Terrain! ---”

1 I I I t 1

9 8 i’ 6 5 4 3 2 1 0

~- a=———
1 I I I I

60 45 30 15 0

60 ~~~ “Cdbnl 30 ‘:: “Terrain Ahead! Pull Up!

Terrain!” Terrain Aheadl Pull Upl”

18,000

7,000

- 6,000

-5,000

-4,000

-3,000

-2,000

TIME TO IMPACT - SECONDS

MK II GPWS Warning

Enhanced GPWS Warning (not installed)

ALTll~DE
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Jetfrom Miami crashes
in El Salvador,killing60
Guatendan pkm hitsvolcano
XSSC.3AZE13PRESSAND RRUTERS

SAN SALVADOR, El Salvador –
A Guatemala jet carrying 6S people
ona Oiiht from Miami slammed intoa
volcano during a storm, and an airline
spokesman said tcday at least 60 of
them were killed.

Unconfirmed repurts said six
Americans were among the passen.
gers.
‘ Aviatsca’s Flight 901 originated

in Miami yesterday and had stopped
in Guatemala City.

It was on its approach path to the
San Salvador ai~rt last night when
It crashed on Ch!cho,ntepac volm,no,
al JnOwm as San Vlceirte, 37 males

Tem of the Salvadorian capital, ofti-

cials said. The Boeiog 73? waa to
have gone onto Managua, Nlwa,
and San Jose, Cate Rica, the amhne
said in a sbtement.

‘lYIc plane was r%rrying 58 pas-
sengers and seven crew menrbern
when it crashed.

Avfateca reservations supsm”sor
Eduardo Marroquin said 64 psople
have been found dead.

“The plane was on its normal
route, but just before landing at San
‘Salvador aiqmrt it cmshed on the
flanks of the Cfdchontepec volcano,”
Marmqui. Mid.

Local radio repmtera raid .wit-
ness:s heard thr~e big e@owons,
and Mat the sky kt up.

“Some people Jaw a tlaih and
then an explosion, and they thought
the volcano was empting,” said Car-
Ioa Gomez, an employee of the state
telephone company in Tepetitan, a
small tovm near the crash site.

Another Aviateca s~kesman,
Mamicio Rodriguez, said it was rain-
ing heavily at the time of the crash.

Rescue workem who nwhed to
the craah site in a convoy of ambu.
lances, sifted through the wreckage
in inhospitable terrain in central San
Vicente province, about 38 miles
from the capital.

In the last four yews &re have
been two unexplained 737 crashes.
That prompted the U.S. National
Transportation Safety Board in Feb-
IUW \o urge the Fedcmt Am’atIon
Admuustxabon to require greater
dafa-handling capabitkies in the 737

“blackbox” before yew% end.
In 1S91 a United Ahlines Boaing

737.291.q’ashed in Colorado Springs,
Colo., kdbng all 25 psople on hoard.
last September, a UsAir Boeing
737-300 plmrged into a hillside out-
side Fktsburgb, Pa. All 132 peuple
aboard were killed.

A@rnmtiom m Bfe+mibngBxsiws$
$Netusis W ed {IIlhis wkwi.
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CIRCUMSTANCES:

WEATHER:

CONFIGURATIONS:

TIME:

FATALITIES:

OTHER:

While on a VOR/DME approach to runway 25, the right landing
gear would not extend, Eventuall the backup landing gear

textension procedure being used y the co-pilot became a
distraction to the Captain. The aircraft impacted some 7-1/4 NM
short into a hillside,

Low cloud, limited visibility and rain,

Landing gear and flaps up.

09:25 local

5 of 21 on board

MKII GPWS installed, but gave very short warning (4.5 seconds
versus a calculated warning of 18 seconds). Possible loss of radio
altimeter track.

[

“... and twelve DME, looking for 4000”

Captain “... gear down please”
r cl? “... gear down selected”

Flight Path Profile
DHC”8

PALMERSTON NORTH, NEW ZEALAND
9 June. 1995

4600 (right ~ear does not extend)

“...1ODME...Ah, sorry, hang on...wrere looking for 4000, so a fraction low.’

“...use the backup gear extension prosedure, Ill keep my eye on the airplane..?
(Co-pilot has difficulties, and Captain gradually becomes distracted trying to help the co-pilot).
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Crew %yirmg to get wheels down’
Ey SIMON WIKQECK

THE crp on Anackt flight 703
~d;y::pmth~$jx;

ccsthsd Into a hltlslde. killing
Ihrce pwde. .Trattsport ACQ.
denthrmstigs[ion Commission
chief !nvemi~ator Ron
(%Ippindalc hid ytatcrday,

MT C!h[upkrdalo “M[d that
coon after the aircra!t wac’ “v.

fen clmrmrce to, la~d St PSIm.
S?aton North w@, Itr rIgbt
tutdcrcnrriage faded to fblly
extend and lhc CrGW tttfi~
dlemative prowjurcs.

Wml tbsy sdld!y did W*
one of Ihe itwce!igmion% key
SI’GSS,he.eeid

Investlgttions were alxu
Cwttring on the reason why
the rmdcrearc@ f.il~ and
whether the fIigh! path into
?%[mqwon North nwaaumd
up to mlernutivnal Narrdarrjs,

kI Pa!metstori %rrh yCS-
terday. Mr’ (%ippindala said
his main tlrdin so far were

ttha! the aimra we: on the
correct approach ●rd the only
tech~icd hkch Wnf the undw
csmsw failure.

Ahmn~tive prnceduwa for
lowering the undamazriage in.

MR CHIPPINOALE, .
“attwstlon of nrw orirtcal<

voh’ed unIockhrg the wheels
WtSf.s!iO&’kI$lhenr ib frw fOli
or loww~n$ fhcm u$ing ● hy-
dtaullc hand-pump, he said.

In $rrch aitnatiorrs the
CI’MV’$dutka WWGsplh SOtilt
flying of the aircmll wco
maimainsd.

M? Cbipjsindgle e@d not
any that If whether On thi$ W.
cadon the procedure had

fwccd the CRW to rwmr their were klltcd when the aircratl
attention awny from the @k- crashed 13KrI ea$tOf pa]m.
plt’a warning symmrg, erslon North.

“W6 ace still Iookltt$ M Ceptain Ga Snllrrxxn and
tttat question. It’* a Crttical %cu.pilot Barry mwn sre stiU
mea for the ifivtstigalion.”

1

in. P41merston North HaspIt.
‘fhe aircrafrl ground prox- a13 int~ivt care uni~

jmit warning SySICmsounded
!

Ttrey W.X8 reported Ie be
ah a mm ‘Pull cm. DUI! un” in {n I sm[aus but stalk mmdl.
the @rkoit moiriants bifore I CIOHvcsrAw

. . . . .. . . . . . . .
log ..-

lJi7gffi%Jasht~ &tw:

to @jde a msruc hclico~ref to
the CCCSb. was ymtccday dls-
char cd from Pslmerston

tF&-r Hmmita!.

“.. . . . . . ;hc lhatr ]1 should have been,
hut !’Sl-:$p WiU@m ?dc%mzy, tha DW-

acrsmr wtto used his cellnbone

IX- ‘M; ‘C~~p~~dale said tbet
Fdons when D2WL-8C-rcw-had mming a utal ccpd on the

t? use [he riltcmative method accident could tske CID to six
of lowering the undercarriage.

H4 said \hs aircraft had
“well Jr#oven” backup
wskms.

Mr (lip indalc said that
?while mod] lcatjon noticti ~r

!he chmt.glrr~ of the )anding
genr’s componem$ were avail.
abI~, Ihc rccontmcndcd
changes wsrc “very minor”
and not mandate, ,

Fli ht Me” ●nt Ksren
1 ~fCMng er and paset! ere Jon.

athan Kealt and C)av d While

momhs.
The cockpit voice snd

intlig,trt data .mxrriiers were
~:h said to be of good qua[-
....

Commkdonchief exectr.
lhe John Britton cdd h was
n-et the role of the cmrnis.
y to fix blame, but to idecr.
,a~tt~ c-au$cs and bupmve

~iklp:ya aa:al{tmco~

into [ht crcstt as unnecesrruy.
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CIRCUMSTANCES: The aircraft cleared for the approach to II-S runway 01, was approximately
2NM west of the Iocalizer and transfered to the tower who was very
busy with other aircraft. The aircraft began a premature descent.
Fortunately the approach controller continued to monitor the aircraft’s
altitude and track and noticed the serious deviation and finally advised
the tower. The aircraft was instructed to climb to 4000 and for another
approach from the north.

I WEATHER: 500 foot ceiling. 3 to 4 KM visibility
I

OTHER: Tourist flight with 150 passengers on board
I

I CFTT INCIDENT I

Flight Path Profile
TU-204

OSLO, NORWAY
20 MAY, 1995
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Clrcumsfances: During art hdflal VOR ILS approach to Runway 35, the aircraft struck the “
shoulder of a mountain at the 12,350 foot level while turning inbound to the
ILS,

Weather: Not a factor, Quito probably visible throughout approach,
Time: hlidrtight.
Configuration: Clean
Fatalities: 7
Other: No GPWS installed, This accident appears very simiiar to a DC-8 March

~92 incident where the wrong VOFl was being used for the approach
procedure, (“QMS instead of “QIT’), but a timely GPWS warning allowed a

successful escape, There are two VOR iLS runway 35 approach procedures
based on different VOR’S and with no reference to each (13 NM’s apart).

Next Page

Preliminary Information
Flight Path Profile

G-11
QUITO, ECUADOR

4 MAY, 1995

See March 1992 DC-8 incident
Quito, Ecuador, samb approach,

Mt. Chimborazo 16,408’

‘, - *“
\
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Estlmaled 220 fds
?, \

\
-1000 fpm descent to 13,000 feet
on outbound VOR radial, ISO” I ‘QMS’

/’
,~ 16 DME

(28 DME ‘QIT’)/. 1“

Right turn ‘
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QUITO, ECUADOR
wuNQ*whpn) 119.7

$0; o

$f MARISCAL SUCRE INTL

.CXJIIO I..., I 18.1 ~~f::,:r :“ir? VOR M /?wy 35

.O,W,J 1? I .9

i

18.000, 17.000, 10C I 10,5 IQ

AIFWI h?~-””—~~ MSA
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~ 10Z [1,. T?J hr. Iran% .1,: laoo.stmra. 011 VOR APt. El*” 922:

—
U> jot enrauce coouiw from AZ WN in. and carrying seven people,

?including a top Argentine oil officia , crashed Thurgd.y near the
Ecuador..n capitbl, a“ official Said,

N] aboard are believed killed III the crash, said am. carlo. P.ga of
the Ecuadoran air face.

Tha ai’tc, aft, carrying ,b,e Estenes.oYo. pre, ident of Vacrmiento.
Petrol lfexo. FiGc.lee, and other -gent ine and Chilean 011 executives,
dh!appeared about !nid.i9bt local time (0500.CMT$

N19a said the j6t w. qx.teed from Ihe air cra.qhcid near the hndea,>
CV30nt&in town OC Machc.chi , 22 miles t35 kms) south of QUICG,

8.Th% plane W. found cra8het. and because of the mountai”ou. terrain
whOra it went down, we assume tk.ere ate no eurvivc.:.,I, said P.ga, ~hc
..as!“ charge of the sea@,

7?Ie aircraft was said to be a Oul CsLream helonytng to the American Jec
CO@?any, and had been chartered by the k’acin.lencosPetrol ifem. FIOC.+laO.
priwtized C,IOyear. ago. Xc haa left Dvcnou .uro. cw Wodnouday night

L“g.nti”o President CSX1O. l.;ene~said Thursday maiming that Estemam’o
and ocher compemy execw ivea wee o“ Imazd.

zstenssoro was ru.,ored co lx a possible replacement for AZgent ine

economy MhIi8t.er OQmingo Cavallo if Menem i= K?.elecced this month.

Acc(xdlt)g to a ,pokesma” for c-heChil. a” n.cional oil c.mnpa”y, lhipxeea
N.cion.l de P.troleoa, the jet w-. also carrying ex.c”tiv.. of th.t
company .. uel},

Th4re u.* n: ~ndicatlon yet what’ caused the cmoh.
~_.= ,.. ..—— —J.’

QUITO, ECUADOR
Wm4t(-Rl 1 ~?.~ 1~ MARIsCAL sUCRE INTL

Argentine Oil Chief Dies in Crash,
Casting Shadow on YPF’s Future

Mr. Sslenssorok death comf$ a month

o,oal)a$bdh!mmuwca.ad?bk
alter YPF com lewd a $7{5 million bwcul

strqumd independent oil.and.gaz corn
paw with properties In (he U.S.,Indonc.
sla and %u!h America. Mr. Estenssorv
@t’f We h~,.us ‘Wut$ilion would gkve
YPF the necessmy technical md manage
rid talent to branch cut throughout Lath
America,

The Bolrila+an Mr. Es!enswro. who
was ohen m.?nt)onti hew as a pt.mtlal
successor to Economy Mlrdster Domingo
Cavallo. %!llt b very badly missed.,. sa~
FTededck Leu[ler, senior energy analyst
at BearSteams Inc. In New York, IIHIS rote

Peru and to&n up new exploration areas
along SWh Arnerh”s hydrwarbmrich
Andean sphie and oNshore In the largely
unexplored Wlh AUanUc.

AnalysLs say they dml expect WF to
chance ccwmc non’. Mr. Eslenssoro hid
brought many of [he company.s tap execu
Uves alcng wilh him when he Ielt hl$ 10P
mer job.[ Iiughes Tcol Co. bTherek a very
gced team O( pm fesslonal% wha have
worked togc(her a Ionc lime,,, says
QabriWa Ro!nefk. a.al>xt al Bar@ ?.fcu
r!1!s$AmUa?.-

YPFcaUfd a board meting for tcday to
discuss the implications 01 Mr. Es.
tcnssom’s dealh. while tiee.tine Presl
dent Carloa Menem said he would name a
successorshoilh’. With a slake of 2d% the

COuli lnc.-



CIRCUMSTANCES:

WEATHER:

TIME:

CONFIGURATIONS:

FATALITIES:

OTHER:

During a locator/NDB approach to runway 12, this cargo jet
clipped the top of a ridge, inbound from the north,

Clear, no moon

8:10 PM local

Landing gear down, flap position not known

3

No apparent aircraft or fuel problem, Runway 12 equipped
with G-Slope LOC - DME and NDB, T-VASI, RL, HIALS.
Hazardous carao on board.

1

No GPWS installed, nor required.

NDB
‘TEMPLE

BAR’ “Let’s let down

\

I I I

/to 2780...”

Next Page

Estimated Flight Path Profile
IAI-1124

ALICE SPRINGS, AUSTRALIA
27 April, 1995

‘.\.

“...we can come down to 2300..:

Slight clknb to impact at 2250’

‘AS’

...—. —. —.—.

—. —. —. —.. M+P

Terrain along center line of NOB approach *

i I I I I I I I I I 1 I I I

7 6 5 4 3 2

1 I I t 1 i I I
I

1
1

I
I 1 Time To Impact

70 60 50 40 30 20 10 0 - Seconds

1
DISTAN~E TO

RUNWAY 12- NM

. ..
,... ;:::: Mt( VI GPWS WARNINGS (NOT INSTALLED)

z~

- 4000

ALTITUDE
MSL

- FEET
- 3000

3

- 2000
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ALICE SPRINGS, NT, AUST.-
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CIRCUMSTANCES: During a radar approach to runway 13R, the airspeed on final
increased to 40kts in windshear conditions. The approach Profile
became unstabilized and the captain decided to make a missed
approach from 500 feet MSL. During the missed approach, the
pdots began to receive radar vectors and altitudes inconsistent with
the terrian. The pilots became uneasy with the vectors and asked
for higher altitudes that were either I nored or overridden with

?other radio transmlsslons, and were really given a new altitude and
heading that further aggravated the fliqht towards terrain. Finally
there was a GPWS warning with the p!lots taking immediate
recovery action from the terrain.

WEATHER: Good visibility, but unsettled winds and night

TIME: 21:30 PST

Next Page

CFTT INCIDENT
Flight Path To Terrain Profile

A320
PALM SPRINGS, CALIFORNIA

13 April, 1995

INJURIES: None of 173 on board

ATC SYSTEM ERROR - Correct clearances to incorrect aircraft? Or loss of communicatiorr:

Pilot makes maximum
effort climb (+6000 fpm)

Captain decides to start
climb without ATC clearance

ATC: “..,turn to 070”

\

ATC: “...climb to and malntatn 9000”

7\

CIP: “..,we need to
dlmb higher}”

C/P: “..,coutd we got a higher altltuda
or a further turn to the left?”

(no response from controller)
Captain to get higher altitude

C/P: “Approach...we are going claarence with no ATC reeponse

to have to go around”

Signiflcateheadwind
wlndshearstarta

ATC: “...malntaln 5000
Mtns. ‘

and heading 090,..”

Captaininitiates missed approach

AirDort

9000

8000 AL~lTUDE

MSL
7000 - FEET

6000

5000

4000

3000

2000

t 000

“o

I I I I 1 1 I I I 1 I I 1 I I 1 I I I I I 1 I I I I I 1 I
-5-4-3-2-10123 45678 9 10 11 12 13 14 15 16 17 18 19

DISTANCE FROM RUNWAY 13FI THRESHOLD -NM

~.s~
I I I I I 1
0 t 2 3 4

APPROXIMATE TIME IN MINUTES
&

20 21 22 23

MKIII GPWS WARNING
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PALM SPRINGS, CAI.IF
sAII$ 118.25
.mut swwcswow.+ {q 126.7 PALM SPRtNGS REGL

1O$NICJE11$Cm!ww) 128.15 *Jw@?. t Pilot Report :
.FA4M WRINGS b-r CTAF i i 9.7

\ ~Gmd 121.9
WhenControl Zoo. not .Ilectiw< except for At 500’ AGL &n approach to RWY 13 R. We went around due to a windshear condition (increase

of LA.S. of 40 kts) at approximately 2000’ MSL on a RWY HDG. Approach control cleared us to
turn left to a HDG of O$IOQand maintain 5000’ MSL it was clear to us that we would need to turn
much further left and/or climb to a higher altitude. We requested a climb and received a

-s$?
N%

t clearance to climb to 7000’ and to turn to a HDB o 070Qdespite now having a higher altitude and
*

& a new HDG it was still obvious that we would require another climb and/or HDG change due to
the face that the new HDG actually had us pointed to even higher terrain.

●1s63’ Repeated requests for a higher cleared altitude were ignored by ATC. We decided to climb
without a clearance, as TOGA power was being applied we disconnected the A/P and applied full

,.) ( AFT sidestick just as this action was taking place. We got the GPWS terrain warning, Since the..
aircraft was very light only 45.6 tons without seconds we had an indicated V.S.I. of some 6000’%

% ‘ “’ F.P.M. and the GPWS warning stopped. As we were climbing we finally received a higher%

‘%.’
cleared altitude from A.T.C. upon reaching this altitude we asked and received a clearance to

-$$48
our alternate airport,

,?g*o

In summary, 1discussed the missed approach Guidance that we received with the Palm Springs0. .~ A.T.C. Supervisor. He has assured me that at no time was the aircraft below the M,V.A. He also
a assured me that he would brief all his controllers on what had taken place.

- $4 ‘$ d~~pattern. p,ior to procedhg kbtmd,

,Om q ;;.,. .“%+2+ What is of concern, is that regardless of how many times we asked for a higher altitude the
$0* /q~n

.116.$9 &?16irn , “ 1!6.10 controller either jgnored us or just _giva.u~e.w-HDG+vh!~h4ur@ tis-tomxrihigherierrain,
.

Rwy }3Q kw V%\, t! 1R L Lf+ckitig
I suggest that we review our operations into PSP specifically I suggest we create and publish a
missed approach procedure for RWY 13R. Also consider to limit or cancel all night operations.
Further more, I would like to remind everyone concerned that PSP compared to most all other
Airports we operate into offers many different challenges. ‘



CIRCUMSTANCES: During a LOC-2 approach to runway
16Fi, this freight aircraft hit 110 feet
below a mouiitain peak on the Iocalizer
center line.

WEATHER: 1900 broken, 3 mile visibility, snow, wind
180/27 gusting 32kts

TIME: 0812L

FATALITIES: 1

OTHER - The aircraft apparently was not fitted with a glideslope
receiver, forcing the pilot to make a Iocalizer approach instead of
the ILS 16R

NDB
‘SPARKS

013.1

Next Page

T

3.7.4 — 9000

Ppxgw=o ‘DICEY
. . D7.7

I — 8000
I
I

— 7000

— 5000

I t I I I I I I I I I I I 1 I I I I I I I I I t I I I 1 1

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DME DISTANCE - NM

am a~
/+++ TIME TO IMPACT - SECONDS

20 10 0

ALTITUDE
MSL

- FEET

:::1 MKVI GPW.SWARNING (NOT INSTALLED)
12 Terralnl Terrain! Pullup! Pullup!...(to impact)
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=zzrlm, RF%N
QTOW*C 118.7

WUJ121.9 yk!w,% ,, ~.+”:,o:.::i’
,. w .-..

Use IRNO LO-CDME whm on LOC cwric. SPARKS
D13. I lUNO LOC I

APT. 4412
AUSSED APPROACH: Climb to 5900’ then climbing LEFT turn to 11000’ direct
FMG VOR, then outbound via FMG VOR R-O 17 to NICER INT and hold.

sTRAIGHT-IN LANDING WV 16R I CIRCLE-TO.LAND

WA(U)5700 ‘ (1288’)

ALS out
Ma:

_ WA(HJ

4 % 1 Y4 90 5700’(/288’)- 1~4
. ----

3 I 1Y2 120
. —

57’00’(1288’)- 1~z

.

. Ma
2 Y2 3

D

5700’(1288’)-3
16s

C&speadLKts I Volnl I 100] /20 I rlo 1 /60

MAP ● t 0?,4 IL?NO lIX or
orcw r. MA?



CIRCUMSTANCES: During an ILS approach to runway 26L, the aircraft descended

r
rematurely well below the glideslope before passing the FAF. A

ate but important GPWS “Pull Up” allowed a successful recovery
from a possible disaster at some 6-1/2 NM short of the runway
threshold.

I TIME: Morning

I WEATHER: Instrument Meteorological Condition

I CONFIGURATION: Landing

I GPWS: Early obsolete Mark I GPWS

r

~

For other similar incidents see

Capt: ‘... Past ‘Kinky”

—.—.

KiNKY

/
Cpt:*.,.Looking good on the /ooa//ze<

I j we’re still a bit high on the glideslope.,. ”

Next Page

Flight Path Profile
B727-200

ATLANTA, GEORGIA
January, 199!5

~ 6000

\
F/O: “... le~s go to gear down, ftaps 30=

Capt/Engineer: Checklist conversations. .....—-— .—. _ 5000

I

_ 4000
I LOM

I
I
I

-3000

-:y.y,~.y.~~ ~~o-o”q-.,-m.,,..
-2000

ALTITUDE
MSL

-FEET

1 I i I I I t , I 1 I , I I I I I # I , 1 f DISTANCE TO
15 14 3 12 11 10 9 8 7 6 5 4 3 2 1 0 RUNWAY $&& .NM

~ TIME TO IMPACT - SECONDS
60 50 40 30 20 10 0

n GPWS: “Pull up! pull up! Pull Up!”
. . . . .. . . . . Below “Glideslope” Alert

❑
‘500’ MK WI ‘SMART” CALLOUT (Not Installed)
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ATLANTA, GA
\llSAtttvll !19.65

o

THE HARTSFIEID ATLANTA INTL
UIANIA#+#.a,th{Rl 127.9
\ltANIATawOt tWy18t/t,2&1/K 119.5 Sloo’

ILS i?wy 261.
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--272°

/
092”+

~
\?% $,20
\

‘m!&l

+k!!q A-,,. .-,

108R 10M Simultaneous approach

SI* 6,$5000 aulbrl:ed wllhrwyt2710r i7R.

.. .. ,“--

MWOAPP ROACH: Cllmb to 1400’ then climblng RIGHT turn to3500’ outbound
via ATLVOR R-360 10 TROYS lNT/D15.OATL andhold.

STR.41GW. IN LANCNNO RWY ‘S*L SIOE$WP

11s 10C (0$ 0“1 ] lANOINO RWY 26R
MA(M) 1380’ (J90”L

O,wo 1195’@70’) WAIV 1380’f~#5’/
i

RAk ot
SUN tAli .3, Also”! kAll 6“1

1

AIS out AU out

4— w!500, 1
B RVR2.4WY2 K/m40 e,Y4 RVR50.CI

: fivm2h0t% M 40W3/4 RVR 50w1 I h

> WR40*,% M600(1Y4 IYI I 2
1 1 I

@d w+8d,Klk 17 8190 i100ii?Oi140} 160

‘M 3.00’I

This early morning flight into Atianta had been preceded the night before by an
evening fight from the west coast to the east coast. Overnight crew rest had
been minimum, The approach controller gave radar vectors to ltS 26 L outside
“KiNKY”, but ieaving the aircraft weii above the giideslope. The first officer was
flying and recognizing that the aircraft was high was attempting at the same time
to ailgn with the iocaiizer and descend down to the glideslope. The Captain
handled the radios and kept his VOR tuned to “PDK so that the “KINKY” could
be determined by passing the 155” radiai. After passing “KiNKY”, the Captain
momentarily re-tuned the VOR to the LOC to assess and confirm the aircraft’s
position on the Iocaiizer which it was, but found the aircraft stiil above the
giidesiope but correcting. The Captain then re-tuned back to the VOR to heip
determine “PANOL”. The First Officer’s RMi needle (slaved to Capt’s VOFl)
swung aft catching the First Officer’s eye, convincing him that the aircraft was
pass the FAF but stlif high on the glideslope, He further reduced thrust, tailed
for landing gear down and landing flap to increase the descent rate, The
Captain believed the First Officer was mereiy correcting the aircraft’s high
position. The Captain and the Second Officer began to complete the approach-
tanding check list and did not reaiize the aircraft was siipping well below the
glldesiope, The check list had become a distraction for the First Officer who
reduced the descent rate by adding some thrust but insufficient to prevent the
aircraft from descending weli below the giidesiope.

The MK I (?IPWS monitors glideslope deviation, but as In most
instaliatlons, from only the Captain’s side. in this incident, the Captain was
using the VOFt, with no glideslope deviation to the GPWS, and hence there is no
beiow “Glidesiopei” aferting function, As the aircraft had been established in
ianding configuration, there were no GPWS warnings of insufficient terrain
cfearance. In this early primitive GPWS there are no aurai automated “smart”
altitude caiiouts or procedures to help alert the crew of the lost aititude
awareness, If thsraircraft hacLfxemfescen@nS a!. 12QDfp,n-#wwvorjkt be
nothing unusuai in the descent rate and no GPWS warning, Fortunately, the
descent rate initially 2600 fpm or so had been reduced to about 1600 fpm, and a
late but important GPWS “Puii Upl” started at about 300 feet AGL, This aliowed
the pifots to make a successful recovery and avert what would have been a
disaster. (The radio altimeter dipped to about 200 feet AGL). As the aircraft
was climbing through 600 feet AGL, the Controller advised the aircraft of a rather

late low altitude [MSAW) alert.



CIRCUMSTANCES: While positioning back from the Pescadores Island to Taipei, the
aircraft was cleared for a visual ap roach to runway 10 (Sung

Kshau). The aircraft was slightiy rig t of a gap in shallow terrain
and impacted at 750 feet MSL of a 1230 foot hill.

TIME: Night 19:43 L

WEATHER: Light rain. Visibility at airfield was 9Kfvf

CONFIGURATION: Gear up, flaps maneuvering

FATALITIES: 4

OTHER: MKH GPWS installed, but no warning given. GPWS ‘Off’ switch
used or GPWS failure.

dote: Of the 10,000 aircraft fitted with MKII GPWS, this Is the first reported failure of the system to
vam of Impending impact, A cockpit panel GPWS Three Position guarded switch is used, but with
10lock wire. (’Normal’, ‘Flap Ovrd’ and ‘Off’ positions) There appeared to be no reason for the pilot
o disable the GPWS.

‘ilots may have been misled, by false on course glideslope and Iocafizer indications, with no flags,
imilar to 23 December, 1992 F-28 accident in Olso, Norway.

/

ATC:.RCleared to ‘Llnkou’ (LK)
...descend to 3000”

ATC: “...cleared for a visual approach”

/“ /-
Pilot: “...airport in sigh~...

Next Page

Estimated

Flight Path Profile
ATR-72

TAIPEI, TAIWAN
30 January, 1995

240kts -800 fpm.

Locaiizer alive, pilots turns right to 80° to hold Iocalizer

On course glfdes!o e fly
fleft Indications, no lag

I
5000

t

4000 ALTIT~E

-FEET

-3000

12000

[

1000

0
RUNWAY~8-

,.
ii
~

1’4 15 ;2 I’i
1 I 1 1 1

10 9 ; 7 6 5 4 3 2 1 0 DISTANCE TO
RUNWAY - NM

i I I I I 1 I 1 I 1 I ( I
60 50 40 30 20 10 0

19’

TIME TO IMPACT - SECONDS

MKIIGPWSAlertlng

(if installed and working) ‘Too Low!---’
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CIRCUMSTANCES: During the final of ILS 10 approach, the aircraft clipped trees
approximately 1NM short of the runway but was able to make a
successful go-around. The aircraft held for 20 minutes until the
heavy rain had passed, and then made an unusual approach and
landing.

TIME: Daylight 15:11 local

WEATHER: IMC, heavy rain

CONFIGURATION: Landing

DAMAG!5 #4 engine cowl ring lost and foliage/tree ingestion

OTHER: Aircraft fitted with MK II GPWS, A timel “Minimums! Minimums!”
1’without the fieid in sight, prom ted the f ight crew to initiate a puli

up, and a missed approach. f’ here was a possible aitimeter error,
a possible downdraft and perhaps an ILS glidesio e irregularity

rcaused by another aircraft arked in the ground pane of the
1’iideslope antenna in a tax way. This is a second incident at

kanaus. (B727 in March 1991).

—.—.—. —.—. —.—

Next Page

Flight Path Profile
DC-8-62

MANAUS, BRAZIL
29, January, 1995
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CIRCUMSTANCES: On a back course Iocallzer approach to runway 01, the aircraft descended, aligned
on the Iocalizer, past the airport into trees and terrain. Flight Path Profile

WEATHER: IMC, 700@, visibility 1-3/4 to 3 miles, light to moderate rain and fog. Be-E90

CONFIGURATION: Gear down, flaps up. KINGSTON, ONTARIO
20 JANUARY, 1995

DAMAGE: Aircraft destroyed in fire. Serious injuries to two crew members,

OTHER: Probable error in setting up RNAV radial, shifting the approach 7.2 NM to the north.

r4,000
NDB
‘YGK

~,
I

I
I I I 1 I I I 1 I I 1 I I 1 1 I

10 7 6 5 4 3 2 1 0 1 2 3 4 5 s 7 8 9 10

ALTJ&DE

- FEET

DISTANCE TO RUNWAY 01 -NM DISTANCE FROM RUNWAY 01 THRESHOLD -NM
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KINGSTON rraf f k ATF I !22. 5 wtun Radio hit.

AI{ Set: INCNES I WYC$WD6

, t
APt: Elev ,3’05‘,

$$
, &?=---.

.

‘2
d

,s

IS939’ “j,. ~717,

GALHY

7NM
from

CALHY

S’DZE 305~
o S.o

MISSED APPROAC* Climb to 2200’ on track of 012°. Proceed to YGK NDB.

4 /4 KINGSTON AIRPORT
~

b“4

Since recorded radar data showed that
the aircraft did not proceed to the IF for a
straight-in approach, but rather proceeded
toward the CALHY FAFwith no navigational
warnings, the 298-degree radkd at 23 run from
the Watertown VORTACwas likelynot proper-
ly selected as the waypoint for the IF on the
aircraft’sarea navigation (RNAV)computer
system. When the aircraft altered course to
the left to intercept the on-course centre line
it was in a vicinity abeam and west of the
CALHYFAEoutside the Iocafizercoverage
limits,Thisindicatesthatthe3i3-degree
radiaf, instead of the 298-degree radial at
23 nm, could have been entered in the RNAV
as the IFwaypoint data, shh%ngthe approach
7.2 nm to the north,



CIRCUMSTANCES: During an ILS approach to runway 30, the MK VI GPWS
gave a continuous below ‘Glideslope’ aural alert even when
the Captain’s glideslope deviation indicator showed the
aircraft 1/2 dot hi h. On attempting to zero the deviation,

Ythe GPWS Iides ope indicator remained high until the
7Captain rea ized the aircraft was truly low.

TIME: Night

WEATHER: IMC

OTHER: NASA ASRS pilot reports show that this type of glideslope
indicator failure has happened on other same type BAe JS
31/32 aircraft as well. See: NASAASRSAN295131, AN
291011 and AN 276236.

GPWS installed 10 months earlier to comply with FAR 135

CFTT iNCiDENT

Flight Path Profile
BAe JS-31

HUNTINGTON, W. VA.
JANUARY, 1995

FAULTY GLIDESLOPE DEVIATION INDICATOR
STUCK DISPLAYING ABOVE GLIDESLOPE

Next Page

-P?&/dDe
‘LIVRE’

LOM Landing gear down

: ~% /o& ‘\.
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W-UUWIC41WM<h (RI 132.95
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kuA 121.9
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HUNTINGTON, ~ VA

3

TRI-STATE/FERGUSON

3100’
II-S Rwy’ 30

IOC 108.7 IT(JU
M5A

,. - .,. ,,-

tfr LOM API. F/@” 828

lJVRF

fl-~ G.! 20;;(1 176’)
KIRRK

02[ 828 ‘ E@. I
\P1. 828’ 0 0.5 &.s 9.3

MImO AWROACH: Climb 102600’ direct HT LOM and hold.

;ww.lGH1.iiii*tilNe iwy so CIRCIE-V3.LANi3
11s 10C (GS 0“11

o.vn, 1028.: {200,) WJA,H,l220’ (3927
.

m y;
MLww

90

I I 20 {340’(5/2’)-1

% I 40 1340’($/7)- I )4

1% 165 1380’(552)) -2

NARRATIVE : WHILE BEING VECTORED FOR THE ILS TO RWY
30 AT HTS, I NOTICED THAT THE GS INDICATOR SHOWED THAT WE WERE
ABOVE THE GS, WHICH CORRESPONDED WITH OUR VECTORING ALT OF 3000 FT
MSL. APCH CLRED US FOR THE APCH AND WE DSNDED TO 2600 FT MSL AS
INSTRUCTED AND IT STILL INDICATED THAT WE WERE ABOVE THE GS. ONCE
ESTABLISHED WE COULD DSND TO 2100 FT MSL. ONCE WE BECAME
ESTABLISHED ON THE LOC, WE WERE STILL SHOWING 1/2 DOT ABOVE THE
GS. I ASSUMED THAT WE HAD RECEIVED A BAD VECTOR FROM ATC, AND
BEGAN TO DSND TO CATCH THE GS, BUT WAS NOT AWARE OF THE ALT/RATE
OF DSCNT. THE GND PROX WARNING STARTED GOING OFF AND I COULDN’T
FIGURE OUT WHY, BECAUSE I WAS STILL INDICATING ABOVE THE GS. WE

GET A LOT OF FALSE WARNINGS, SO I ASSUMED THIS WAS ANOTHER ONE,
UNTIL I LOOKED AT THE RATE OF D.SCNT, AND RSALIZED THAT THE GS
INDICATOR NEEDLE HAD STUCK IN POS SHOWING US 1/2 DOT HIGH AND I
WAS BELoW THE GS. I INNEDIATELY INITIATED A GAR AND CLBED.
MEANWHILE ATC HAD NOTICED THE DEV FROM THE GS AND WAS RECEIVING A
LOW ALT ALERT AND CALLED FOR US TO CLB IMMEDIATELY. WHAT THE FO
WAS DOING, I 00 NOT KNOW. I KNOW THAT HE WAS EXTREMELY TIRED FROM
BEING ON DUTY 6 STRAIGHT DAYS (RESERVE FO). HE sAID THAT HE HAD
RECEIVED THE SAME INDICATION ON HIS GS INDICATOR, BUT IT’WORKED
PERFECTLY ON THE NEXT ILs APCH. IF IT HAD NOT BEEN FOR THE GPWS
AND ATC, WE WOULD HAVE HAD A CFIT INSTEAD OF A CFTT.

MAKE-MODEL NAME : COMMERCIAL FIXED WING
FAR PART NUMBER : 135
SYNOPSIS : CFTT. GS INDIcATOR MALFUNCTION.
REFERENCE FACILITY ID : HTS
FACILITY STATE :Wv
DILSTANCE & BEARING FRGM REF. : ,118
MSL ALTITUDE : 1400,3000



CIRCUMSTANCES: During initial descent for a VOR DME approach to runway 36, the aircraft
Impacted 27 NM short of the runway.

TIME: 19:36 local (night)

CONFIGURATION: Clean

WEATHER: Clear

FATALITIES: 52(1 survivor)

OTHER: 3 pointer altimeter on c/p’s side. It is speculated that the Ca tain ma have
r ~ kmbeen In the d ht seat, instructing the co-pilot on partial pane fllght.

tinoperative G WS placarded inoperative GPWS not on MEL, engines idle.

2500 fpm

“...requesfhg descent to 8000 ....”

.- --”approach to descend from FL 190 to 8000...
Altimeter setting xxx”

Flight Path Profile
DC-9-15

CARTAGENA, COLOMBIA
11 January, 199!5

Previous CFIT Accident (same airline):
26 March, 1982, Viscount, Bogata, 22 F, hit mountain

Descent rate increased to 4000 fpm
at 320 kte
Misreading of 3 pointer altimeter?
Use of speed brakes?

\

Next Page
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All but one are killed
in Colombian jet crash
BY ANDREW SN.SRY
.kwiakf Pms

BOGOTA, Colombia – All
around the wreckage of a DC-9 were
mutilated bales – and a 9-year-old
girl with just a broken arm. She was
the only smvivor ofa crash that killed
52 people, including her parents and
younger brother.

Authorities are hoping Erika Del-
gado can help them find out what
happened in last night’s crash of the
Intercontinental Aviation plane as it
approached the Caribbean resort city
of Cartagena.

Ahhough an initial report said the
plane exploded in the air – raiaing
memories of the 107 deaths that
occurred when drug trafficker blew
up a plane five years ago — the
report later was in doubt.

Civil Aviation Duector Alvaro
Mad Gomez said it would be “prema-
ture and irresponsible” to speculate
on the cause of the crash.

Police, soldiers, civil defense
crcwa and Ioral farmers recovered all
52 bodies by this morning. “,

A witness said the plane hit the
ground with an explosion. The pilot
appeared to be attempting a crash
landing, Argemiro Vergara told RCN
radio.

The young survivor was reported
in good condition today. Her parents
~nd younger brother apparently died
m the crash.

Flight 2056 originated in Bogota;
380 miles south of Cartagena. All F+
people aboard were Colombian, au-
thorities said.

The plane had been cleared to
descend to 8,0Q0 feet to prepare for
landing yesterday when air-traftic
controllers lost contact, said Alfonso
Ramirez, the airline’s president.

In a conversation with the tower
minutes before the crash, the pilot
gave no indication of an .emergen:~
Ramirez said.

‘i..{
,.,. ,

, ..:
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CIRCUMSTANCES:

WEAlHER:

TIME:

CONFIGURATION:

FATALITIES:

OTHER:

During finai approach (NDB) to runway 12, the aircraft hit short
and broke up.

Obscured, 1000 feet overcast, fog. 4-5 miies visibility

01:49 local night

Beiieved to be iancfing

5

Medevac Fiight: No approach iighting to runway. Probable
altimeter setitnu error of 1000 feet (30.17“ was set instead of

I 29.17” Hg) “

CFIT ri8ks for Medevac aircraft are very high.
See other Medevac CFIT accidents:
*31 May, 1994- Thorn son, Manitoba (Merlin Ill)

r*22 August, 1993- God Beach, Oregon (Be-90)
*22 October, 1985- Juneau, Aiaska (LJ-24D)
* 1985- Medford, Oregon

Procedure for Altitudes: “When using sandspit
aitimeter setting add 240 feet to ail altitudes.”

GPWS had been installed,
but had been removed by
operator.

Next Page

Probable
Flight Path Profile

LJ”25
MASSET, B.C.
11,January, 1995

“II-J”
NDB

~ 4000

-- ---
#---

----
--- -3000

----
-+--

Procedure Turn
..-

1600 + 240’ =1840’
----

---
--- -2000

---
‘mmm=meee (from radar)

●&m

.—. — .—-— .—-— -—. — .—. — .

McIntyre Bay
7 ?.~.= .-.
EGPWS Terrain Clearance Floor.. -0.. .

.. . . . . . . . . . . . . . . . . . . . . . . .i:... J.J.

Runway 12

12 11 10 9 8 7 6 5 4 3 2 1 0

DiSTANCE TO RUNWAY 12

~- a~
‘TFfRESH~”iXNM

r-l. . . ‘SMART MK VI GPWS Altitude callout
15001 No GPWS installed

ALTiTUDE
MSL

-FEET

r - -‘- -‘-”; EGPWS Terrain Clearance Floor. . . . . . . . . .
25 sec. ~ Warning ‘Too Low Terrain! ----’
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MASSET, BC
MASSET

NDB-A
ND8 278 11

,----- ...

410NM-
A@”

swsm AMiWACtSICl Imbhrg LEFT Wn to 1600’ on heading of 300°. LEFT turn
to IU NDB.

~

Body may be linked to missing B.C.jet
VICTORIA, British Columbia

(AP) — A body was found Friday
near where a Letujet with five people
aboard disappeared in the remo[e
Queen Charlotte Islands, Canadian
searchers said. ”

Lt. Cmdr., Louis Gameau of the
Rescue Coordination Centm here said
the body was spotted by the crew of
n Cmradims Farces aircraft aIong the
shore of Graham Island west of
Masse[. about 500 miles noiihwest of
Vancouver.

Gameau said the Royal Canadirm
Mounted Police detachment in Mmset
was investigating the discovery,

He said the body was trot far front
the last known position of the jet,

which vanished early Wednesday on
a medical flight to Masset 10help an
expeclant mother qxperien$ing labor
problems. Gamcau said he did not
.knrs@t%sex-o&!ls&dy.

On Thursday, debris from the jet
was found near Masset, a remote
town of 1,500 at the northern end of
the Queen Charlotte chain.

Lt. Denise Laviolette of the
Rescue Coordination Cemro said the
debris made it untikely”therewere any
survivors.

A firstwidkitWSSfoundnearf..anganr
Island, 37 miles west of the Masset
airstrip Patt of a seat cushionand surgi-
cal gloves wetv fmtndon the island.

The jet is believed to have bro-

—
ken up when it crashed into the sea on
its final approach to the Massel rmr-
way.

The jet was carrying Dr. Jeffrey~-. -
Do it: 1“/;”ofRTchirrond, and para-
me ICSAndreas Goedicke, 40, of
Vmcouver, and Wendy Thompson.
33, of Whistler. The Vtsncouver-
area flight crew was pilot Dan
Jorgenson, 30, and co-pilot Geir
Zinke, 29.

The aircraft, owned by Canada Jet
Charters, was under charter to the
provincial Health fkfinist~,

‘i’hepregnant woman the crew was
sent to aid was flown by helicopter to
Prince Rupert, where shc gave birtb
to a healthy baby boy,

-—.



C}FiCUMSTANCES: Controller rematurely cleared aircraft for descent into terrain. A timely
&MK VI GP S Warning prompted the pilots to inquire about terrain clearance CFIT INCIDENT

and then climb to a safe altltude.

WEATHER: VMC

TIME: night

OTHER: Aircraft fitted with GPWS 10 months earlier to comply with Part 135.153.

MSA51OO

Flight Path Profile
BAe JS-31 I

CHARLOTTESVILLE, VA.
JANUARY, 1995

I ATC SYSTEM FAILURE
I

OtherATC Systems FaiiureExamples 1

ATC ‘--- report runway in sight”[

PNF “--

/

airportin sightat 12o’clock?-.16 DME?”
E

25June;94: LAXMerlinIll AN 274918

ATC: “descend and maintain3100 --do not go lower until contacting tower.”

Next
PNF “--- tower we’re inbound from the northwest ---out of 4500 for 3100’.’

/

Tower: “---continue inbound for 21, winds calm -.-.”

i

7,000

, GPWS: ‘--- Terrainl Terrain! Pull Upl Tarrainl Too Lowl Terrainl”

Shenandough
Mountains

PNF: “--- what is the highest terrain out here?”

Towec “--- 3600’ (Runway lights begin to disappear)”

PNIZ” --- we’re climbing to 4500.’

L
1659 Heading 4500’

“1
?, i 1 * I I I , I I , t , I 1 t I I i 1 f

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

JJ%%=G d~ 3~o “ME -sEcONDs

~ GPWS Warning

Page

ALTITUDE
MSL

- FEET

6,000

- 5,000

-4,000

-3,000

-2,000

- 1,000

-o

D STANCE TO
IJR NWAY 21 -NM
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n bcd a’itinmt.t‘i. tti.g not[mid
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-275”~
3400

2534’

78.20,1,‘g.M$$$ /%+
d ~E)#/I ,,,m

71 U ~o~AN (,AF

.1 mnt,olhdN#IIhW NDB P/$&DY

, ~in 030”-- --210”
2900’
(22s9’/

(IJ59’]

3.s—.
7.8 4,0 0,4 G APT. 6

JSSED APPgOAW: Climb STRAIGHT AHEAD fo 2000’, i hen cllmbkigRIGHT turr
) 4000’ direct GVE VOR and hold.

11$
sm.w r. IN MtiOING RWY 3

I I

CIRCLE.T04NW
WC (Gsout)

-...1 .,,_&(H/980’@J9’)
Ki.wt,841 ‘(200’)

.- 1_____ ___

liARRJiTSIE : ACR X TRAVELING FROM PIT TO CHO FOR ACR
X, I WAS ‘THE PNF OPERATING THE RADIOS. WE WERE WITH ZEC WHO WAS
STARTING OUR DSCNT. HE FIRST TOOK US FROM OUR CRUISING ALT TO 8000
FT OR 9000 FT MSL. WE WERE THEN TOLD TO RPT THE ARPT IN SIGHT AND
DSND TO 5000 FT MSL. ABOUT 3 OR 4 MINS, I ASKED ZDC IF THE ARPT
WAS AT OUR 12 O’CLOCK AND 12 MI. HE TOLD US THAT IT WAS THE ARPT,
SO WE CALLED IT IN SIGHT. HE THEN INSTRUCTED US TO DSND AND
NAINTAIN 3100 FT t4SI_.,BUT NOT TO GO BELOW THAT ALT UNTIL WE
CONTACTED TWR. WE swITCHED FREQS TO TWR AND STARTED OUR DSCNT m
3100 FT MSL. WE CALLED TWR AND RPTED OUR POS AT ABOUT 4500 ET MSL.
GPWS WENT OFF SAYING ‘TOO LOW, PULL UP.’ WE STQPPED OUR DSCNT AND
LOOKSD AT THE P.ADAR ALT WHT.CH READ 1200 FT. WE CALLED TWR AND
ASKED THE ALT OF THE HIGHEST OBSTACLE. HE TOLD US THE HIGHEST
POINT WAS 3600 FT MSL. WE REMAINED AT 4500 FT MSL uNTIL WE GOT
CLOSER TO THE ARPT AND THEN LANDE!3 USING THE VISUAL STOP
INDICATORS .

WAKE-MODEL NANE : COMMERCIAL FIXED WING
FAR PART NUMBER : 135
SYNOPS I$ : ACR X GPWS DSCNT BELOW MVA. SYS ERROR.

EVASIVE AcTION TAKEN.
REFERENcE FACILITY ID : CHO
FACILITY STATE : VA
DIST”ANCE & BEARING FROES REF. ~ lz,,~

MSL ALTITUDE : 4500,4500
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CIRCUMSTANCES: It was not until final a preach VOR-B to runway 10 (L,R) that
ran altimeter setting o 1000 foot error was discovered by a

GPWS alert and wsual contact with terrain, (30.22 instead of.-.- A,..
ZY.ZZ)

WEATHER: (I)
27-, 12 miles visibility, wind 020Q18 kts
(local coastal clouds at low altitudes)

CFTT INCIDENT I

Flight Path Profile
13737-300

SAN FRANCISCO, CA,
JANUARY, 1995 I

WRONG ALTIMETER SETTING I

I-3,000

Towe~ “--- have you turned off your transponder?”

I

ALTITUDE

/
MSL

, [GPWS: ‘500’ (not used by airline)] - FEET
“wEsLr

i GPWS: “Terrainl Terrainl Pull Up! Pull Upl”
-w.

\.\

+lc

-2,000

.+ 1700’ - “SC2UIG”

.\.
D 3.0

102W ‘Y’ >
—.—. —.— .—. — .—. —- —.— - – 7@d M

11’
.,, . . . . . 1 .1....1 , >...& 11

I I I I I I I I I I I I I I I
7 6 5 4 3 2 1 0

DISTANCE TO RUNWAY
THRESHOLDS 10L and 10R
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AWED A?PKOACH: climb to 2000’outboundviaSFO VOR R. 10’I’ to BRIJJ INT/
SF 10M and hold.

V+llh *I9 WI,IlOul Sqd$
M&

— /4D.4(H)
A 90 740’(7z9<J -1 lo8?/;69’)- 1Y,

y ~ 940’{9299 -1 V, 11)80’(1069+).J)+

c !40 lt)’21)’(Ioo@ 1080’( 1069’) -.3

D 165 1260’(Iw) .3 1260’(Iz49y3
3

NARRATXVE : THSS WAS THE LAST LEG OF A LONG 3 DAY
TRIP WITH ALL NIGHT FLT ON FIRST DAY. I HAD FLOWN WITH THE CAPT
BEFORE AND KNEW HIM TO BE HIGHLY COMPETENT. ON THIS TRIP HE WAS A
LITTLE OUT OF SORTS AND ‘SHORT’ WITH TliE CREW. WE WERE INBOUND TO
SFO FROM PIT, I WAS FLYING THE ACFT. AS IS PRDC, CAPT WENT OFF
FREQ AT ABOUT 22000 FT TO GET ATIS AND I FLEW AND MONITORED THE
OTHER RADIO WITH ATC. CAPT CAME BACK ON FREQ AND WE RAN
‘PRELIMINARY CHKLIST, ‘ XCHKING ALTIMETERS AT 30.22. THIS SEEMED A
LITTLE ODD TO ME AT THE TIME AS SFO HAD A LOW FRONT MOVING THROUGH,
BUT WE WERE BUSY AND 1 DID NOT PRESS THE ISSUE. WE WERE HANDED

OVER TO BAY APCH (I DO NOT REMEMBER HEARING AN ALTIMETER sETTING
FROM CTR OR BAY, ALTHOUGH I TRY TO XCHK ALTIMETER WITH THEIR
CALL) . SFO WAS 2700 FT BROKEN, 12 MI VISIBILITY AND ALTHOUGH THE
WIND WAS 020 DEGS, 18 KTS, THEY WERE LNDG ON RWY 10L&R. THE ONLY
APCH FOR THESE RWYS IS A VOR-B WITH MINIMUMS OF 1020 FT FOR OUR
ACFT. WE WERE GIVEN EXTENSIVE VECTORS AND SLOW-DOWNS. ONCE ON APCH
EVERYTHING WAS NORMAL UNTIL OUST BEFORE FAF WHEN WE BROKE OUT OF
THE CLOUDS AND A RIJXE WAS LOOKING VERY CLOSE. AT SAME TIME APCH
OR TWR ASKED IF WE HAD TURNED OFF OUR XPONDER. ALSO GPWS WENT OFF
AS WE PASSED OVER RSDGE. I CHKSD OUR ALT AND WE WERE RIGHT ON
PROFILE. ADDED PWR AND CLBED 200-300 FT TO ELIMINATE GPWS. RWY WAS
IN SIGHT Til13WHOLE TIME. I HAD CAPT CHK ALT WITH TWR. ALTIMETER
ACTUALLY 29.22 NOT 30.22, PUTTING US APPROX 1000 FT TOO LoW ON
APCH. WE RESET ALTIMETER, HELD ALT UNTIL NORMAL DSCNT PATH AND
LANDED. CAPT APoLCZIZED FOR GETTING WRONG ALTIMETER SETTING. KNOW
OF NO WAY TO PREVENT THIS EXCEPT LISTEN UP WHEN ALTIMETER G’iVEN BY
ATC OR HAVE BOTH CRETQT4EMBERSGET ATIS. WHAT SURPRISES ME IS THAT
WE WERE LEVEL AT 8000 FT AND 10000 FT FOR LONG PERIODS OF TIME AND
APCH DID NOT QUESTION OUR BEING OFF ALT BY ABOUT 1000 FT. I WOULD
SUGGEST STRESSING TO FAA THE IMPORTANCE OF SAYING THE ATIS SLOWLY
AND DISTINCTLY. Z HAVE HEARD MANY ATIS GIVEN IN RAPID FIRE
I%SBION. ALSO, CREW cONCERNS ABOUT REDUCED FUEL AND FATIGUE COULD
HAVE CONTRIBUTED TO THIS.

MAKE-MODEL NAME : B737-300
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CIRCUMSTANCES: Because of blocked communications, the aircraft was inadvertently left on an
initial altitude of 7000 and not on a climb to 17,000 feet. At some 15 DME from
‘LAS’, a !vlK VI GPWS Warning, occurred and the pilot begin an immediate pull
up - climb. The controller also received a MSAW Warning and the error was
finally detected.

TIME: Evening

WEATHER: IMC

OTHER: GPWS had been Installed earlier in the year (FAR 135.153)

CFTT INCIDENT I

Flight Path Profile
EMB 110

LAS VEGAS, NEV.
DECEMBER, 1994

BLOCKED COMMUNICATION I

r8,000

QPWS Warning “Terrahl Terrain! Pull Upl”

.

I
7,000

6,000

5,000

4,000

3,000

[ 2,000

ALTII:DE

- FEET

I

I I I I I I 1 I I 1 I I I I I I I

17 16 15 14 13 12 11 10 9 8 7 8 5 4 3 2 1 0

u DME DISTANCE TO ‘LAS’ VOR -NM
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LAS VEGAS, NEV
.. .. . . . . ,., ”., 1X7 Oc . ..1*C o M. fARDAti TNT

*vl”A>”qwrlLw. ,., -m ,V”. ,.J w,” ,J. ”. , I , .,.-..,.,.,1,. . . .

(oMEiwwlREO)
(OAGGETT and HECTOR TRANSITIGWS ARE FOR NW-TURBOJET AIRCRAFT. TURBOJET

AIRCRAFT ARE TO FRE THE GOFFS TRANS1TION)

Alter D? LAS, Ihla 810 requires ndnlmum
Cllmb Qcadlenks 0!.
LlbIlly Tr8”11tf 011: 5(XY Per NM to 9500’.
DngQ9tt Tfwwltlon 330’ per NM to 8500’.
c3011s Trm!sltlow 33(Y DW NM to 8500’.

! ..,... -”..

Rwys lL/R: Cllmb on runway heading until
Wchlng LAS 03, then {urn LErT 10 a
100* haadln to Intercept find proceed via

@TLAS R-2 11, h8fiC9
Rwys lSL/R:Cllmb on CU4WSY hwtlng UnNl
reaching LAS 03, Ihan turn RtQfiT 10

lnt8rc9pt end procaed vI* LAS R.21t.
m..”..,,! . . . . .

FfwY* 25L/R: Fly a 2S5” heodlng unlll roaching
L,48 03. then turn LEFT to lrdercePt and
proceed VM LAS R-211. Thence

OEPARTURE
Cross LAS R-21 1/07 fix at or below
7000’, than cllmb via LAS R-211 1008818
lnt, than via (Iransltlon) or (assigned route).
Ahcrsft ft!if10 OJOOO’ 0( above, E~
Nted alkltudetlllght level ten minutes
after departure.
TRANSITIONS
B.*ltY (oAs1s7.BTY): From 08s18 lnt to
STY VOR: Vln s 260. heading to
lnt#ro*Pt ●nd proceed vI. 8TY R-12.2. Cl
shcdo (OASIS7.SHADO): From oash M
to tlhado !nt: Via a 260” heading to .
intercept and proceed v18 B3T %128. O
TRANSITION (TURttOJET)
GO!18 (0As187.GF.s): From oads Itd to
GFS VOR: Via GFS R-332. MCA at 13FS
R.3321042 at or above 11000<.

TRANSITIONS (NON-TURBOJET)
Daggett (OASX$7.OAQ): From Oasis lnt
to 0A13 VOR: Via LAS R-2il and OAQ
R.031.
H*ctor (OAsIST.ttE@: From OAS Ml 10
HEC VOR: Vla LAS R-211, OAG R-031
and HEC R-O1O.

NARRATIVE

SW/Y HDG TO 7000 FT
I ASKED FOR A VFR

DEP INSTRUCTIONS WERE AMENDED TO FT.JY
(ORIGINAL CLRNC WAS THE OASIS DEP). UPON CLF30UT,

CLB ON COURSE. THE CTLR SAID HE WAS UNABLE DUE

TO TFC AND ASSIGNED A 240 DEG HOG TO INTERCEPT THE” LAS 210 DEG
RADIAL AND CONTSNUE THE oAsIs DEps MAINTAIN 7000 FT. ~REQ GOT
EXTREMELY BUSY AND CALLS To OTHER ACFT tiERE BEING BLOcKED. A CALL

TO US WAS BLOCKED Completely AND upoN INQUIRYI THE C’J’LR Fz=LED ~
READ ANY INSTRUCTIONS THAT WERE MISSED. APPROX 1 MIN LATER, THE

GND PROX WENT OFF cALLING ‘TER~IN’ -- ‘puLL-up.’ AT THE sAME TIME
THE CTLR ASKED OUR ALT. THE REPLY WAS 7000 FT AND CLBING FOR
TERRAIN -- HE REPLIED WE WERE INSTRUCTED TO CLB TO 17000 FT. AT A

SAFE ALT, I INFoRMED HIM THAT HIS lNsTRUCTlONS WERE BL02KED
EARLIER AND WE RECEIVED NO CONFIRMATION AFTER I INFORMED HIM OF
THE BLOCKED INSTRUCTIONS. FACTORS LEADING TO THIS SIT WERE CTLR

OVERLOAD. THE DEPIARR CTL AT LAS CLASS S3AIRSPACE SHOULD BE
DIVIDED INTO SMALLER SECTORS AT BUSY TIMES.

MAKE-MODEL NAME : COMMERCIAL FIXED WING

FAR PART NUMBER : 135

SYNOPSIS : FLC MISTOOK 7000 FT FOR 17000 FT ON CLB

INSTRUCTIONS .
REFERENCE FACILITY ID : LAS

FACILITY STATE :Nv

DISTANCE & BEARING FROM REF. : 15, ,SW
MSL ALTITUDE : 7000,7000

— .—— ____ _



CIRCUMSTANCES: During a second approach, the aircraft impacted terrain 4 NM
short of the runway while turning base to runway 03.

TIME: Late Afternoon

WEATHER: Visibility 300 to 900 meters, blowing snow.

CONFIGURATION: Landing

FATALITIES: 58 of 76 on board

OTHER: Adequate fuel on board, no compelling reason to land or make a
second approach. Aircraft flown by selected altitude, airspeed
and headin inputs to autopilot and autothrottle. Captain probably

iusing map isplay, as he improvised a procedure to land on
runway 03.

I 6 I)ME
1~
I
I

Turnto 145Qheading 30 degrees
landingflare

Flight Path Profile
B737-400

VAN, TURKEY
29 December, 1994

Next Page

After FirstApproach:
C/P (to controller): “---on missed approach, returningto Ankara.
We could not see anything*
Capt to C/P: “No!... we will try again!”
C/P: “...one more time?”
Capt: ‘(...We are going to try again! Please tell the controller our
intentions!”
C/P (to controller): “...we intend to make one more approach”
Controlled “...Are you sure?”” .,.visibilityis low.., I could not see you,
but I heard you on first approach”
C/P: “...we will make one more”
Cabin attendant: “.,, shall I tell the passengers we are returning to
Ankara?”
Capt: “No!We will try again!”

r7,000

ALTITUDE

/’

MSL
- FEET

—. —.. .—. -—<--—- —

6,000

,,
I
I L
I 5,000
,

I I I I I I I 1 I I I I I I i I I \
9 8 7 6 5

DK3TANCE4TRAVELED AL%NG TRACK T6 TBfRESHOLD iiuNwAY 03. flM

I I I I I I 1 I I I I 1
60 50 40. 30 20 10 j TIME TO IMPACT - SECONDS

~, ~.

‘SINKRATEI’
.MK V GPWS ALERTS (INSTALLED)

‘SINKRATE’1
‘TOOLOW!FLAPS’!
‘TOOLOW!FLAPS*I

-?%%%%?%!$?%



Return to TOC

,. +/---. -& . . . . . . . . ‘.--x
I 6S98” . . ‘\

. ..
i.”’”’’”””- ‘i

.,.... G–
,.

<
/@,,. ‘- { i

.’ ‘,/

9

,/=-’
.,; ‘;*” ‘. ,:.; !.-- (
$j= ‘“ ““: :::: ~,,~

. .. , 7 7!2’ ../’
● ,/’ ~,w. ------

VOR
Dlo. o 02.0

7600’ ~ ~02& I

I

CIRCLING WA(H)

{2126’/ ,
AS: 6300’ (826’)
co: 7WS (1726’)

1
I =-&+.+.
1
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MIS$EIIAPFROACH:Turn LEFT to lnt.srcept and follow R-282 outboundVOR
climbing to FL 105. Contact ATC.

SrRAK3Mr.INM2WNG :. m<t!+w-w+e

I I CAUTKW Not aullwrizd Eastof wt
b to high Imaln.

)&:
— MDA(n)

.4 1s4

E
~ 6300’ (826’] Jzoom

c NOT AUTHORIZED 100
~ 7200’ (1726’) 4.900m

r.. I

I I [ ( I I
I

—-

“&.u*th 1 I t I I I
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.,:

TurkishAirlinesjet
Boeing737hits
peakin Turkey;
at last 53 kikd
ASSOCCATSD RN?SS
AWD TIMSS START

ANKARA, Turkey - A
Turkish Airlines jet witfr 76
people aboazd crashed into a
mountain in eastern Turkey in
heavy snow today. At least 53
people were killed, an official
-ad.

The pl&e was car@rg 69 pa~errgers and people survived.

crashes
Anatolia, the Tuzlcish new
agency.

MMmy persomel are un~
der strict orders to avoid
traveling by road in aouth-
eastem Turkey because K~-
dish sepamtist guerrillas of-
ten target passenger buses in
search of securi~ officials.

Army rescue teams went
to the scene, but heavy snow
hampered rescue efforts,
Kostepen said. Murat Ozkan,
the deputy governor of Van,
told state television that 30
bodies had been reeovered.
Kosteprm said st least, 20

aeven crew members, Transportation Minister
Mehmet Kostepen said.

Most of the passengera were milit.ay person-
nel.

The Boeing 737-4oOtook off from the cipital,
Ankara, and crashed about five miles from its
destination, the city of Van. The plane waa makkrg
its thrd attempt to land after two previous tries
were abated beeause of harsh weather, reported

The last major Turkish Airlines crash was near
Ankara in 1983; 46 people died.

The 737-400 in @day’scrash was delivered in
ApriI 1993, said Craig Martin, Boeing Commercial
Airptane Group spokesman. But he said he had no
detaila about the crash,

A Boeing team waa on standby today waiting a,
request from Turkish oftlcials to assist in the
accident investigating.

I . —-. .
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CIRCUMSTANCES: During a Surveillance Radar approach to runway 23, the aircraft hit a
85’ electrical power tower at 65’ AGL 1.2 NM short of the runway.

WEATHER: Visibility RVR 1100 meters, freezing fog scattered 700 feet, overcast
1200 feet wind 020Q/6kts

TIME: 09:52

CONFIGURATIONS: Full landing

FATALITIES: 5

OTHER: 1. Pilots robably very tired (9 hours of ni ht duty)
~ F2. Old IL receiver could not receive ILS requencies with .05 Mz

spacin and hence could not receive Coventry ILS 109.75 MHz.
YSurveil ante radar a~proach accepted.

3. Controller ave continuous headings and altitude, but pilots may
thave had ifficult comprehending and reacting in time.

c14.85 foot tower an power lines not shown on approach procedure,
but on radar vectoring chart

LOM
‘CT’
NDB

Flight Path Profile
9737-200

CONVENTRY, UK
21 December 1994

..——

1360’

,., :0;.. ., .:,..,

I
3,000

2,000

I ALTITUDE
MSL

- FEET

I
1,000

Lo

I I I 1 I I I 1 1 I 1 1
6 5 4 k 2 1 0

f3isT’AM&E To RmVmY -- Nh-

a=?—a8=d%——
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LOSS OF WMMUNICA?ION PRocEDURE
Inkla! .nd tnt9,m.dl.t. Aww..ch
co”,!”.. VI,”LW”rmnalnrnaoul,ld. Bt’m:ngh.nl CTA ●nd CT8 0, by “,.”* or m
Wwoodn:e fl.d amroach dd. U not !Jon*lbl. proceed ● 25wft or 10*I asdm.d !.vd ii
ti~h,,, {but not above 1611M ““U <[s,, of ESmI!IWIhSmCTIN 10 L ‘CT’..

...
:Cargojet ckistieith B@t@n &)$
: :LONDON -’A’ i@irig’7ji cargojitori rrpproaeh+’
to,CrSv&rtry airport .hitpower lines’and crash6,d ““
Wedne5ilay, killing akfive @oplc tdroayi. +&

The pilot OFthe A’ir #gerie plane veerid qwa~~,
fiim a cluster o~houses at the Iisstmomknt and c@re~~
into aj@xted ‘Itrea,titne+ses $rrid.No one on the ground ~
wa< i~jured~,shid Phil Spinks of the West Midlands ~:
Ambulance Seivice. ~” “ ., . ~‘ ;;;{?

W is atigtrly paprriated area &d if it had come dovht’$j
juit a bit close~, it wtiuld have cauaed a lot more dar$ ,;;
age,” said ,wilness Stephen Wils@r.” ,, ..

Air Algerie said tfie plane was leased to”Phoenix ~
Aviatiort, based at Coventry airpmt, 94 mites northwest’~
oflmrdon. ;’.: , ‘ ,’ ,. !

me @te, returning e~y tdie~delive&g 190eafves”1
toAmsterdam earlier in the day, was carrying three’,’,
Algerian crew members and’two British animal h?n-:
dlers, Phoenix Aviation said. : ,,

!, . . . . . . .. ,,. .,,, .,; ::,’ ,. ..

,;, J,*4 az@ac,’96k Tk.wdq. .-
,,’
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Mlddl, E,,t S“miwr,,n, !., tlm .,iw, d.,. to b, &.ted,
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CIRCUMSTANCES: Charter flight carrying Nigerian Football Team, from Tunis to
Lagos was to refuel at Tamanrasset. Because of poor visibility,
the aircraft held for two hours at the VOR. The aircraft was
beginning to run low on fuel and it was decided.to make an
approach and land. While conducting a VOR DME runway 03
approach, the aircraft hit short by about 1 1/4 NM.

WEATHER: 800 to 1000 meter visibility

CONFIGURATION: Landing

FATALITIES: 4 of 39 on board

Flight Path Profile
BAC 1-11-500

TAMANRASSET, ALGERIA
18 September, 1994

I GPWS status unknown I

r7,000
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-+-

-\ . D7.0

-.1

6,500
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–----%,
ALTITUDE
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I -.+

6,000 -FEET

I --+- D 5.o

I
\

\ 5500’

I
+–r. + 5,500

I I
-++ D2.0’

I
+-~

___-tiy5020’ #

I
----

I
I

_ 5,000

I --*
I

‘ ‘ - +>1,
I

4462’ 4,500
. . HIRL

I
1-4,000

I I I I I ! 1 I I I I I I I I #

8 7 6 5 4 3 2 1 0

DISTANCE TO RUNWAY 03- NM
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CIRCUMSTANCES: Durin a Localizer and VOR/DME approach to runway 22, the
faircra t impacted 50 feet below 2700 foot hill seven miles from the

runway.

TIME: 12:05 local

WEATHER: Scattered 500 feet, overcast at 800 feet, rain, wind 190Qat 20kts

FATALITIES: 3 of 5 on board charter flight

OTHER: ILS glideslope inoperative. Pilot ma have inadvertently used
JVOR DME instead of LOC DME an hence descended too soon.

NOTE: Procedure does not offer
much terrain clearance at 7-1/2
DME (500 feet)

m

3700’ ILS
.—— — -. l) 7.0

Next Page

Flight Path Profile
DI-IC-6

ABUJA, NIGERIA
13 September, 1994

‘AU’
VOFUDME

I
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~— ABUJA. NIGERIA

“AIWAAwtwk(n)] 27.9 121,7

, (._.)

ABUJA

●AWJA r.w.r i 19.7 VOR ILS DME Rwy 22
50W

10C *I 09.3 IAB
--Ahw; w, ?r.ni I.val, 8y ATC

My Ek 40 h?, MSA
. . 0- ..,.

Tr.nl ●tf,5000’ (3.277’ AU VOR Apt. El.. 1123’
.

n 10

.1542’

%m

.!847
O?;lb 07;23

1S OME mad, Z,,O ,!
07:20

y 22 thmhoid. ~OR
$~, -039”- D 10.O,ABILS

-H) WY 22
11S A, 1300’( 177’) ~

APT. o 0,6 1.3 “

wwo AtIPiIQACWClimb STRAIGHT AHEAD to 5000’(3877’), then proceed to VOR
nd hold or as directed.

I
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1.
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Mm 1 S3CU207,: .** 1 .qQ$f#.i I
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CIRCUMSTANCES: During a night visual approach to runway 09, the aircraft impacted
a mountain. The pilot may have lost visual contact in clouds
shrouding the mountain. In addition, the pilot ma have been

2handicapped by possible failure of onboard DM readout.

TIME: 21:42 local

WEATHER: 10 plus miles visibility, scattered clouds, wind 09010-20 kts.

FATALITIES: 6

OTHER: Aircraft was scheduled in bound flight from Bridgetown
(SE 127 NM of Ft. De France)

Probable
Flight Path Profile

BN2B-21
FORT DE-FRANCE, MARTINIQUE

17 July, 1994

~0 GPWS INSTALLED I

Pilot “---ETA is 21:47”

\

ATC: “---claamdto descendand maintain2700 feet”
Pilot: “---Airfieldin si ht”

ATC: “ c?

/’

---cleare for visual approach to runway 09.

4

~..l
5000

‘FXF’ ATC: “--- confirm your position lease”
NDB t’

/’pi’Ot’ ‘ ‘- ‘care ‘nbound at 270
ALTITUDE

//

4000 MSL
-FEET

i turning Inbound
A

3000
Le Carbet

2000

1000

16’
I

o
I I I I I I;6- 15-

14 13 12 11 10 9 8 7 8 6 4

c)iiTANc2 ALo14A TRACOKTO RUNWAY 09- NM

~ TIME TO IMPACT - SECONDS
60 50 40 30 20 10 0

----- . MK VI GIPWS Warning (not installed)
L-----

.DC=12.i%=ku4

‘TerrahW‘Terrain!’‘Pull Upl’
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CIRCUMSTANCES: Aircraft left ‘W36’ airway to fly VFR Contact with valley with
scattered clouds and fog. Final turn to runway overshot into east
side of valley.

TIME: 09:OOL

FATALITIES: 13

NO GPWS INSTALLED

H \ Terrain aiong W3S
/.

Descends from W35 /“ I

i Heading 013’ ,/ I

d- /
Pilot begins turn to follow i \

‘ \
~ VWluyvtnJ-

/ . ..!... . . c-w “\

Probable
Flight Path Profile

Be-200
BHUNT’AR, INDIA

9 July 1994
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DISTANCE TO RUNWAY 36
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Possible MK VI GPWS Warning (not Installed)
%ZF#rainl’ ‘Pull Up’1
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%37 q+--FPunja ‘sGovernor
Dies in Plane Crash



CIRCUMSTANCES: During a visual approach to runwa 28 left into the setting sun,
Jthe aircraft prematurely descende into terrain. The first

indication of a possible problem to the pilots were GPWS alerts,
at first ignored, because they could see the air ott.

fVisual approaches, even in daylight, can be fu I of hazards. For
other examples, see:

43an Jose, California B737 May 1994
“Memphk, Tennessee DC-1 O April 1994
●Portland, Oregon B727 April, 1992
●Kelso, Washington AC690 30 Nov. 1990

Next Page

Flight Path Profile
A320

PORTLAND, OREGON
June, 1994

INCIDENT I

Ap roach:

/
r

“-Cleared for visual a roach to runway 28 L....
Ma ntaln 2000 feet until 7NM from PBx...u

/
+.

8000’ v.
-+.

I I I I I I I I I T I I I I I [
:,,,,;,1

8000

7000 ALTITUDE
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GPWS: ‘Sinkrate! stsrts’ %.x
6000

- FEET

GPWS “Too LOW!Terrainl” .>.> 5000

-.
%. 4000

.\.
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w,, D7.O 3000

~-------- --------- ---------- -------
‘- -=&

2000

I
-N. 1000
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30 25 20 15 0-

DISTANCE FRC%I THRESHOLD RU~WAY 28L - NM

) I I i I TIME FROM LEAVING 8000 FEET - MINUTES
o ;08, 1’ s~,, 2’ 30” 3

I 1 (

/

~ ‘TOO LOW1 TERRAINI” MK V GPWS WARNINGS z.~
“TOO LOW!” TERRAIN!”

“SINKRATE!”
“SiNKRATEl”
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PORTLAND, OREG

rm O:!?:-?!!!

PORTLAND INTL

ILS Rwy 28R
‘O!4T1AND TOWW 118.7

knmdlzt.g IUL’’’%’%. Apt. Elev 26’

15.40

2049’

(!!9

,..,

EIATTIE GROUND

r

(Wq6J??G
0

*G

‘+Ov

z

7’ a?’

122.40
—

LAKER

&f@ D6.7 i%iP 11S 3000’

D1.5 LAKER

JJAP ILS

rCH 65’

. . . .—

NARRATIVE : DSNDING INTO LOW SUN SETTING DIRECTLY
IN OUR FACE. COULD SEE PDX ALONG SIDE COLUNBIA RIVER ABOUT 30 MI
OUT AT 8000 FT. STARTED DSCNT SOON AFTER VISUAL APCH CLRNC ISSUED,

APCH CTL STATED, ‘CLRED FOR VISUAL APCH TO RWY 28L/ NAINTAIN 2000
FT UNTIL 7 NW FROM PDX4 WITH THE SUN MAKING IT HARD TO sEE THE RWY
AND DISTORTING DISTANCES , I WAS VFR BUT USING EIOVZNG NAP DISPLAY
(ND) FOR RWY REF. THE AIRBUS 320, BEING A VERY CLEAN ACFT, IS HARD

TO SLOW AND 13SMD AT THE SAME TIME. ABOUT 22 MI OUT I DECIDED TO
“SCOOT ‘ ON DOWN ‘TO 2000 FT AND ‘MOTOR ‘ INTO THE RWY FROM THERE. I

WAS DSWDING AT ABOUT 28oO FPM . AT AROUND 4000 FT WE START GETTING
*TOO LOW TERl?AIN, GPWS AliD “SINK RATE. ‘ I SLOWED THE DSCNT

SLIGHTLY , BUT SINCE THE RWY WAS IN SIGHT AND NO OBVIOUS REAL
ESTATE OBSTRUCTION BTWN US AND THE ARPT , WE CONTINUSD ON
DOWN ...THINKING THE WARNING WAS SPURIOUS. THE GPWS STAYED ACTIVE.
AT ABOUT 3500 FT , I LOOKED AT THE P.ADAR ALTIMETER AND IT SHOWED
1800 FT AGL . I DISCONNECTED THE AUTOPLT AND RETURNED TO 4000 FT

WHILE TliEAPCH CTL INQUIRED ABOUT OUR ALT . HE ASSUMED sINCE WE SAW
THE RWY THAT WE WOULD CLR ALL TERRAIN, BUT WITH THE SUN REDUCING

VISUAL ACUITY , AND NOT LcOKING AT MINIMUM SAFE ALT CHART, WE COULD

HAVE DSNDED VERY VERY CLOSE BEFORE WE BECAME AWARE OF THE TERFJiIN.
SYNOPSIS : CTLED FLT TOWARD TERRAIN IN A A-320.

ALTDEV ALT OVERSHOT ~N DSCNT . CJPWS WARNING IGNORED, FO , PF ,
ATTEMPTED TO DSND LOWER THAN CLRED BECAUSE OF ‘CLEAN PERFORMANCE ‘
OF ACFT .
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CIRCUMSTANCES:

WEATHER:

OTHER:

During heavy traffic ATC communications, aircraft under radar control did not
leave initiai climb clearance of 2000 feet for an eventuai climb to 9000 feet.
Aircraft came within 450 feet of San Pedro Hill on the Pales Verdes peninsula
at some 12 nm DME from the Los Angeles VOFL

IMC

Apparently a timely GPWS Warning to the ilot and a MSAWATC radar alert
ffor the controller made both aware of an A C svstem failure. A MK VI GPWS

had been installed the month before in the aircfaft to comply with the FAR
135.153 GPWS deadline of 31 May.

See also another ATC System failure at LAX concerning another MerlinIll where the aircraft was inadvertently
left on a radar vector into the San Gabriel Wilderness Mountains at 5000 feet 27 DME from ‘LAX’ VOR and

CFTT INCIDENT

Flight Path Profile
Merlin Ill

LOS ANGELES, CA.
JUNE, 1994

ATC SYSTEM FAILURE

04i+ radial. (NASAASRS AN 293593)

ATG instruction to maintain 9000

r

4,000

--- turnright 1SOdegrees. T

ALTITUDE
MSL

- FEET

I I I I I 1 1 I I I i # I t I 1 I t I t 1 I I I I
Lo

Q j ~. ~.. ~. &
5 7

&
3 fo

~1-
12””

zbwa~

DME DISTANCE FROM ‘LAX’ VOR -NM
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NARRATIVE ACR X, SW 3, DEPARTED LOS ANGELES GOING
TO SAN DIEGO. HE WAS VISUAL ON A PRECEDING BA32. X GIVEN CLB TO
9000 FT. BA32 CLBING TO 13000 FT. SECTOR WAS VERY BUSY. X GIVEN A
TURN TO 130 DEGS, BA32 TURN TO 110 DEGS. NUMEROUS XMISSIONS TO
OTHER ACFT GIVEN. DATA BLOCKS WERE OVERLAPPED, BY THE TIME THEY
SPLIT UP X WAS VERY NEAR PALOS VERDES AT 2000 FT (MOA 2600). I
TOLD X TO MAINTAIN 9000 FT AND TURN RIGHT HDG 180 DEGS. PLT
ANSWERED WITH HE HAD A TERRAIN WARNING
REPEATED AND HE FOLLOWED INSTRUCTIONS.
SIT.

MAKE-MODEL NAME : MERLIN III
FAR PART NUMBER : 121
,SYNOPSIS ACR X RADAR

ERROR .
REFERENCE FACILITY ID :LAx
FACILITY STATE CA
DISTANCE & BEARING FROM REF. : 5,,E
MSL ALTITUDE 2000(2000

AND ASKED ME TO REPEAT. I
I TOLD SUPVR ON DUTY ABOUT

VECTORED BELOW MVA. SYS



CIRCUMSTANCES: During a visual turn to base at night Jo final approach to runway
21, the aircraft overbanked and rapidly descended impacting
some 3NM short of the threshold.

TIME: 1935L Night

CONFIGURATION: Fiaps up, landing gear up. ‘‘

WEATHER: Scattered cioud, visibility 10 km wind 200 degli%t

FATALITIES: 17

Probable distraction, looking outside for visual references to runway NO GPWS iNSTALLED
or loss of attitude reference leading to overbanked oonditiori.

Other examples:
HS74S Dayton, Ohio 12! Jan %9

Metro Hi Raleigh, Durham 19 Feb ’88
c-l 41 Cairo, Egypt 12 Nov ’80
B-747 Bombay, India 1 Jan ’78

Down wind
Turning to final
/

Flight Path Profile- “-1—
F-27

ABIDJAN, IVORY COAST
26 June, 1994

Next Page

Probable over bank to
60 degrees

Probable over bank to 75 degrees
/ I

2,000

11500 ALTll~DE

-FEET
1,000

/
Probable attempt to pull up

,11 t

500
285 kts

20’
m’mln

Runway 21 “
t I 1 I I I I I I I i 1

6 5 4 3 2 1
DIST~NCE TO RUNWAY 21

I I 1 I I I
\ TIMK%TO+MFWX- SH33NBS .TE!f3EE3xKfl- NM..

30 ~~ 20 45 10 5
---

/r- -- f;;:,tlpu,,”p,l MK Vll GPWS Alerts 2. z3&=%——
‘Bank Angle!’ (no GPWS Installed)

‘slnkrate!’
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CIRCUMSTANCES: Aircraft ciipped trees 1-1/2 NM short of runway 1R and rolled
inverted on second approach. ~The first approach was missed
and the aircraft went to a*Hold. Meantime, some aircraft had
ianded and piiot decided to make a second approach. Fuei was
not a probiem.

WEATHER: Eafiy morning fog RVR 600 meters.

TIME: 06:25 L

FATALITIES: 12

OTHER: Charter fright from Mexico with fueling stop at New Orleans.

Note: NO GPWS INSTALLED
Previous LJ-23 ianding short (1/2 NM) CFiT accident on
runway 1L on 6 October 1968.

1900’ -’%
-+.*

—- —-— -—- —--a—-- =& -

Flight Path Profile
LJ-25D

WASHINGTON, DULLES (VA)
18 June 1994

LOM
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DiSTANCE T02RUNWAY 1R T~RESHOLD - Nti
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“ 2,000
ALTll~DE

-FEET
-1,500

-1,000

-500

-o

~. TIME TO iMpACT - SECONDS
40 30 20

-—y.—— ————- -—_ _ _ _ _ _ I vO-S~~WKVi-~SWARNiNGS

/;,;,:> ’.,”kRater ‘NO Gpws’nstaiied)
‘Glldeslopel’ ‘Sink Ratel’

‘GlldeSlop6!’ ‘Pull Upl’ D- ~
‘Pull up’

‘Glideslope’
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WASHINGTON, DC (VA)
MI$ 134.85 ] - WASHINGTON DULLES INTL
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CIRCUMSTANCES: To save time and fuel during arrival from the west (Balikpapan), it was
usual practice to depart the inbound course (W36) and descend
visualiy up a valley that would take the aircraft to the Teluk Palu Inlet
north of the airport. Unfortunately on this particular day, some low
cloud shrouded some of the terrain in the valiey. The a[rcraft
impacted at a proximately 2300 feet MSL, some 100 feet or so from

f’clearing the h gh ground at the top of the vailey pass.

Next Page

Probable
Flight Path Profile

F-27
TIME: 12:20L (daytime) PALU, SULAWESI, INDONESIA

18 June, 1994
FATALITIES: 12

Note: Most Indonesia’s regional jet and turbo
prop fleet do not have GPWS equipment or even
radio altimeters. Consequently with the large
CFIT risks, at ieast one F-28, DC-9 or F-27 has
been lost every other year for 30 years.

NO GPWS INSTALLED

,. ----., Terrain South of Valley
t \ \ Up to 6635’

[

6,000

5,000

L4,000

I ALTITUDE
MSL

3,000 -FEET

r,-2,000

[

1,000

0

I I 1 1 I i I I 1 I 1 I I I 1 I I I I 1 I I 1 I I i I I I I I , I I # I
18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

0 DISTANCE TO
~lJ~Jr#Ay. :.5.+ .~~!

~ TiME TO IMPACT - SECONDS
o

1 ~ MK II GPWS Warning (No GPWS installed)

‘Terrainl’ ‘Terrainl’‘Pull Upl’ ‘Pull Upl’
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CIRCUMSTANCES: During a second missed approach, the aircraft impacted terrain
west of the airpott while climbing to the holding altitude of 9000
feet.

WEATHER: Overcast, IMC, limited visibility in rain,

FATALITIES: 9

I NO GPWS INSTALLEDI

Next Page
I

Probable
Flight Path Profile

Metro II
URUAPAN, MEXICO

13 June, 1994

I 1 I I i 1 I i I I I I I
6 15 14 3 12 II lb 9 8 7 6 5 4 3 2 1 0

~ TIME TO IMPACT - SECONDS60 .50 40 30 20 10 0

~— ---— -
/k&-——— - J Possible MK VI GPWS AlertANarning (no GPWS installed)

—12,000

11,000

- 10,000

— 9,000

— 6,000

—

7,000

6,000

5,000

ALTITUDE
MSL

-FEET

DISTANCE TO
VOR/DME -NM

/
46S ~ .B~

‘Terrain!’ Terrainl’ ‘Puli U !’ ‘Puli UP!’
E’Too Low’1 ‘Terrain!’ ‘Too owl’ ‘Terrain!’ etc.
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Al[ S;l: ME (1Non req) Tram I*v*I: FL 1’+5
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MSS$EDAWROACXI Cat A & B ●ircraft: Turn RIGHT over UPN VOR 10 intercept and
cllmb outbound on UPN VOR R-202 to the minimum holding altitude. Cat C aircraft:
Climb direct 10 UPN VOR, than turn RIGHT to Interce t and climb outbound on UPN

iVOR R-202 and proceed Its climb to the minimum hol Ing altltude.
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CIRCUMSTANCES: Enroute from Belfast to Inverness Scotland, the heiiCODtet Flight Path Profile
flew into mountain. RAF Chinook

WEATHER: Fog, terrain shrouded in clouds.

TIME: 18:17 local
Mull of

FATALITIES: 29

Kintyre, Scotland
2 June, 1994

I I
The Mk VI ‘H’ GPWS is designed for Transport Helico ters. The possible warning time

Fshown Is based on the terrain - flight path-speed profi e. There was no GPWS installed.

r2000

The Beinn
Torr Mar

ql
Gap Na Lice 1500rlAltitude

tvfSL
1000 - Feet

500

-w.-.”....- .W.v.”.w-v.W. -.-..r ------ -.-. ”.-. 0

i I I I I 1 I I I
41 42 43 44 45 Distance from Aldergrove (Belfast) N. Ireland

- NM

1 1 I 1 I 1 I I 1 I I I

60 50 40 30 20 # Time To Impact - Seconds

;T-
Waming Time for Mk VI ‘H’ GPWS in

Terrain!
seconds (7-1/2) - Not Installed.

Pull Upl etc.
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CIRCUMSTANCES: During a ni ht ap roach LOC (Back Course) to runway 23, this
PrMedevac a rcraft mpacted 3-1/2 NM short of the runwa at the

f‘Hotel’ NDB beacon. Possibie qltimeter error or visual il usion.

TIME: 24:00 local night

WEATHER: VMC

CONFIGURATION: Landing gear down, approach flaps

FATALITIES: 3 of 5 on board

Note:
1. Low approach procedure slope of 2.17 degrees
2. CFIT risk with Medevac aircraft very high

Other exemp/es: 11 January 1995- Masset, 13,C.(1..J-25),
22 August 1989-Gold Beach, Omtjon (Be-90)
22 August 1985- Juneau, Alaska (LJ-24D)
October 1985- Medford, Oregon

I NO GPWS INSTALLED I

Next Page

Probable
Flight Path Profile

Merlin II
THOMPSON, MANITOBA

31 May, 1994
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CIRCUMSTANCES: During a radar vector for Fairgrounds Visual Runway 30L, the pilots and controller
became distracted with radio traffic, and the aircraft was inadvertently delayed in
turning,essentially extended the base leg while descending into terrain. Visibility
was insidiouslydegrading, and the terrain shrouded. The pilots received a GPWS
Warning and the pilots successfully recovered.

WEATHER AT THE AIRFIELD: 6 mile visibility,1000 scattered, 3000 overcast
3000 .,

CONFIGURATION: Landing gear down, flaps 20 degrees

‘SJC’
VOR descent to 2000 feet initlatad

5000’ 110° 1 / but turn delayed.

I

Heading 260 I
I
I

● *

5,000

4,000

3,000

2,0C0

1,000

0

Flight Path Profile
B737-400

SAN JOSE, CALIF.
MAY 1994
INCIDENT

Next Page
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CIRCUMSTANCES: During an initial descent and an approach to Grand Junction, the
controller apparently believed the aircraft to be arriving from Denver
westbound on VI 34. Aircraft was actually arriving from Farmington on
VI 87. Premature descent clearances were given in error.

WEATHER: IMC

OTHER: Radio altimeter indication helped pilots realize that terrain was close.
There was no GPWS installed, but three months later in May, MK Vi
GPWS was Installed.

CONTROLLER - SYSTEM ERROR

MEA 12,000’
—.—. — .—. —. —.—. — .—.

Flight Path Profile
BAE JS-31

GRAND JUNCTION, COLORADO
February, 1994

CFIT INCIDENT
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&SIM-*==9t

NARRATIVE - CA(?TAIO : FILED RTE, FNN V187 JNC. THE FLT WAS S

#Q& d
@nv@

OF JNC VOR ON V187. ZDV CLRED US l13WNTO 13000 ?JTMSL AND CONTACT
GJT APCH. GJT APCH WAS CONTACTED AND THEN GAVE A CLRNC TO 13SNDTO
10100 FT AFTER 25 DME FROM JNC. A CONNENT WAS MADE BY THE CTLR
THAT COMPANY HAD BROKEN OUT PRIOR TO REACHING 10100 FT WITH THE
ARPT IN SIGHT AND TO EXPECT THE SAME. AS I LEVELED AT 1O1OO FT MSL,
I CAUGHT A GLIMPSE OF THE GND AND SEEMED CLOSER THAN NORMAL. AT

APPROX 15 DME FROM JNC, MY RADAR ALTIMETER SIGNALLED 920 FT AGL. I
ASKED MY FO FOR THE MEA WHICH WAS 12000 FT MSL, I THEN STARTED A
CLE FROM 10100 FT TO A HIGHER ALT Ol?10500 FT WHILE MY FO WAS
REQUESTING A HIGHER ALT FROM APCH WITH A VERIFICATION OF THE
CLRNC. THE CTLR THEN GAVE A CLRNC, ‘IF FIELD NOT IN SIGHT AT 14
DME, R TURN DIRECT TO THE FRUITA VOR (RHu) DSND AND MAINTAIN 9500
FT.’ I MAINTAINED MY ALT OF 10400-10500 FT. THE CTLR THEN MADE THE
CONNENT THAT AT TRACI INTXN, WHICH IS 14 DME, THAT WE WERE GOOD
DOWN TO 9000 FT. THIS DID NOT NAKE MUCH SENSE TO MYSELF OR MY FO.
ALL OF THIS WAS HAPPENING AT ABOUT 10-12 DME OFF OF JNC. AS WE
WERE IN THE R TURN TO RHU, WE BROKE INTO THE CLR WITH THE FIELD IN
SIGHT. WE LANDED WITHOUT FURTHER INCIDENT WITH NOTHING ELSE SAID.
OVER THE NEXT 3 DAYS, T CONTINUED TO THINK ABOUT THIS AND WHILE
TALKING TO NY FELLOW PLTS AND LOOKING OVER THE CHARTS, I BELIEVE
NOW I KNOW WHAT HAPPENED. THE CTLR HAD US COMING IN ON V134 FROM
DEN VOR AND AT 25 DME, A STEP DOWN TO 10100 FT AND AT 14 DME 9500
FT WOULD APPLY. THE CLRNC AT 14 DME WITH A R TURN TO RHU WOULD
STILL APPLY. I SHOULD HAVE NEVER DSNDED BELOW 12000 FT MEA. IT WAS
NOT UNTIL AFTER I HAD DSNDED TO 10100 FT AND REVIEWED THE CHART
THAT I CAUGHT THE MISTAKE. I HAVE TRAVELED THE RTE DEN- JNC V134
MANY TIMES AND HEARD THE CLRNC AS STATED EARLIER AND THIS IS WHERE
THE COMPLACENCY CAME INTO PLAY. THIS WAS MY MISTAKE. THE CTLR’S
MISTAKE WAS THAT HE HAD US IN THE WRONG PLACE. THE FACT THAT
NEITHER THE CTLR NOR MYSELF CAUGHT IT WAS THE MISTAKE OF BOTH.
CORRECTIVE ACTLON ACTIONS TO PREVENT THIS FROM HAPPENING AGAIN
WOULD BE TO:l),.STATE WHICH AIRWAY OR DIREC ION ARRIVING FROM. 2)

,2GJT IS NON-RADAR, INSTALL A RADAR SVC. 3)uGPWS INSTALLED IN ACFT,
CO.!WAT tQAfKiAWWR -

SUPPLEMENTAL INFO FROM ACN 263751:jWE WERE HANDED OFF TO GJT APCH

‘AND WE WERE TOLD TO RPT 25 DME FROM JMC VOR. WE WERE ALSO INFo~ED
BY GJT APCH THAT THERE WAS A ‘BIG HOLE’ OVER THE ARPT AND WE

sHOULD ‘BREAK OUT’ AND SEE THE ARPT. AT 25 DNE JNC WE WERE CLRED

MN/N TO 10100 FT MSL. THE CAPT QUESTIONED THIS CLRNC AND ASKED ME
TO CHK MSA FOR THE AREA WE WERE IN. THE NNW WAS 10400 FT AND FROM
NE/SW WAS 11700 FT. THE CAPT STARTED A CLB BACK TO 10500 FT. I
QUESTIONED GJT APCH ABOUT THE CLRNC AND REFED THE MSA. I ALSO
ASKED FOR DIRECT FRUITA VOR (RHU) FOR THE VOR APCH. GJT APCH SAID
THAT IF FIELD NOT IN SIGHT BY 14 DME (JNC) THAT WE WERE CLRED
DIRECT RHU VOR AND CLRED TO DSND TO 9000 FT MSL. THE CAPT SAID HE
WAS STAYING AT 10500 FT MSL. DURING THE INITIAL DSCNT I CONMENTED
ON THE RADAR ALTIMETER BEING ALIVE AND NOTICED IT WAS AS LOW AS
1300 FT AGL. I BELIEVE THE CTLR AT GJT THOUGHT WE WERE INBOUND
FROM DEN AND NOT INBOUND FROM THE S.
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CIRCUMSTANCES: Switching from radar vectors for LOC B/C runway 4L, to a NDB
approach to runway 13, the aircraft descended prematurally to the
MDA before the Final Approach Fix. The pilots lost situational
awareness. A contributing factor was misinterpretation of the
Flight Management System.

WEATHER: 1000 overcast, 5 mile visibilit y.

MISINTERPRETATION OF FLIGHT MANAGMENT SYSTEM NAV FIX

~ AircraR fully configured for landing

140(Y

3

Flight Path Profile
B737 -400

BATON ROUGE, LOUISIANA
February, 1994

Controlled Flight Towards Terrain Incident
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NARRATIVE WHILE’ON VECTORS FOR LOC BACK COURSE ‘M
RWY 4L, CTLR ASKED IF WE WOULD LIK13VECTORS FOR NDB 13 INSTEAD.
THINKING WE HAD TIME TO PREPkRE FoR THE APCH PROPERLY, WE
AcCEPTED. ‘INRRALITY, WE WERE NoT ABLE TO REVIEW AND pREpARE FoR
THE APCH. THE CTLR RPTED HE HAD A LoW ALT ALERT ~ ASKED oUilALT.
THIS CAUGHT US OFF GUARD. sO H!?,AsKED AGiiINAND ASKED IF WE KNRN
WHERE WE WERE. WE THOUGHT WE WERE INSIDE THE FINAL FIX, WHEN, IN
REALITY, WE WERE JUST OUTSIDE AND WERE AT MDA. HE ~~ AsKED IF WE
SAW THE FIELD. WE DID, SO HE CLRED US FOR THE VISUAL APCH. BY THAT
TIME THE COPLT HAD STARTED A CLB BACK TO 3.700FT MSL. THE NDB 13
WAS NOT IN THE FMS DATABASE BUT THE RWY WAS. WHEN PUTTING THE RWY
AS THE ACTIVE WAYPOINT YOU ALSO GET ‘FF13.’ THIS WE BOTH MIsTOOK
AS THE FINAL APCH FIX. WHRN IT IS REALLY OUTSIDE THE FIX. IN THE
FuTURE, I WILL NOT ACCEPT VECTORS FOR ANOTHER APCH UNLESS THERE IS
TIME TO FULLY REVIEW THE NEW APCH OR ASK FOR A RADAR FIX.



SIGNIFICANT [NCfDENT

CIRCUMSTANCES: In a one hour period (11:30 local), while trying to fit traffic for
flow and spacing, a controller vectored 14 jet aircraft
(Includin the State governor’s aircraft) over and into terrain

!3below M A and below MRVA.

ALTITUDES: Two aircraft pulled upon receiving GPWS warnings taking
evasive action from terrain.

WEATHER: Strong winds, mountains shrouded in ciouds.

TRAFFIC: High peak fiow
Controiier was under stress. Later the controller was reiieved
of duty and given “remediai training.”

MAJOR QUESTIONS: Where was the MSAW? Where were the backup and
supervisory controiiers?

Next Page

Flight Path Profile
A-320

PHOENIX, ARIZONA
25 January, 1994
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Fourtoanplanes, a dozen more than initiallyraported,were a8$i5’nedUnsafo
altitudesn8ar the SuperstitionHoontainsduring bad waather Jan. 25, the
FederalAviation Administrationhas concluded.

The agency also acknowledged that Phoenix .tir-tr8ffiamanagers fai18d to
thoroughlyinvestigatethQ incident.

Offioials had said that only two America West jatlinsrswere guided *low
minimun safe altitudes by a single controllerduring an hourlong period.’

Severalair-trafficcontrollerscomplainedtha~ a dozen more planes were
involved,but thos- incidantswart not immediatelyinvestigated.

After one controllercontacted an FSA hotline and inquirieswere made by
The Arizona Republic, the FU rainv~stigat.dand found that 14 planes had been
guided below minimum safa altitudes.

The FAA said that the errors were proceduraland that no planes were in
danger.The planes had additionalProtectionfrom a safe-altitudewarning
-yz.tem on the ground, the FM said.

one of th.%America West ‘jetstook correctiveaction after a
ground-proximityalert Signaled that the plana was too close to the greund.

The controllerinvolvedwas given remedialtrainingaftRr the incident,
officialssaid.

John D. Canoles, FM director of air-traffit-systemef factiveness,said in
a memo on the incidentthat Phoenix FAA officialshad misinterpreted
gu~delineaand failed to detad.ne whethar a number of fliqhtswere guided
below minimum altitudes.

He added, ~‘Therewas no evidanccthat faci1ity managementintendedto
cover up any part of the incidant.’r

The mistakes occurred between lli30 a.m. and 12:30 p.m. Jan. 25. The Valley
was shroudedby clouds, and winds made the approachto Sky Harbor difficult.

8ecause of bad Weath4r and haaw traffic,the landingpattern had been
extendedabout 30 miles from tha airport,over the Superstitions.where 6,100
fdet is tha minimum safe altitude.

The highest @leVationin tha SUPCrStkiOnS in $,507 f●et.
In tha memo, canolo$ said the FM has madt savaral revisionsto the Phoenix

facilityrsoperating practic*s.

dm . . ..mm*n...-*=. ma*..=.m...— .s..=9 . . . . . . . . ..-...- . . . . ...”----

~

DATE: Wednesday,APril 20/ 1994

DY Bill Mullar, The ArizonaRepublic



CIRCUMSTANCES: While on a VOR DME approach to runway 15L, the aircraft
Impacted a 150 kv transmission line some 7’.3 DME from the
runway. The aircraft sustained considerable damage, but
fortunately, was able to land on one engine.

WEATHER: IMC, wind 160/14 kts, light rain,,,

CONFIGURATION: Clean

TIME: 09:22 local

OTHER: No GPWS installed, Autopilot in use but inadvertently not in
Altitude-Hold.

Co-pilot flying with Autopilot on but not In Altitude Hold
Captain notices altitude Is low, and adjusts Vertical Pitch Trim of Autopilot to correct altitude.

D 6.0 VOR

!

!
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Flight Path Profile
Do-228

ATHENS, GREECE
9, January, f 994
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CIRCUMSTANCES During a VOFVDMEapproach to runway 11,the aircraft prematurely
descended towards the MDA, before reaching the VOR (FAF).A
mis-set VOR radial apparently was part of the decision to descend. A
MK II GPWS warning alerted the crew in time to cllmb, just misshrg a
short tower and the ground.

TIME: Dark.

WEATHER: 1000 feet, scattered clouds, 2.5 miles visibility.

CONFIGURATION: Landing gear down, flaps 1?5.

OTHEf% No Injury to 23 people on-board. MK II GPWS installed and working.
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Incident
Flight Path Profiie

FT. ST.
DHC”8

JOHN B.C., CANADA
January, 1994
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F
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~
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CIRCUMSTANCES: During an ILS approach to runway 4, the airspeed had bled off by about
50 kts without the knowledge of the pilots and entered stall to impact
some 1 1/4 NM short.

TIME: 2325 EDT
,.,

WEATHER: 800 foot ceiling, 2 1/2 mile visibility, fog, light snow, temperature 23,
dew point 22, repxted light rime ice.

FATALITIES: 5 with 3 survivors.

OTHER: Glass oodpit with vertical airspeed tape. Captain had 3500 hrs. total
time, 150 hre. in type, F/O had 35 hrs, in type. This accident illustrates
stick shaker inhibit of GPWS on some U.K. installations.

rATC: “-- Keep your spoedupl”
[i80 k!s,)

f

ATC: --- cleared for approaolr

Autopilot en aged and cou led to ILS
Y ‘rOM [ ?%rottles pu ied back (Fma speed intended to be 133 Ms, Vref 111Kts)
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Non-CFIT Accident
Flight Path Profile

BAe-JS-41
COLUMBUS, OHIO

7 Januarv. 1994
Preliminary- unofficial data
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Ca t: “---What didyou h?”
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(Flaps move/)
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(trirorarl enters stall)
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COLUMBUS, OHIO
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CRASH INVESTIGATION: Federal safety investigator
were examiningflightdata and cockpitvoicetapes from
UnitedExpressFlight6291,whichcrashed Friday,killing
twopassengemand threecrewmembem,TheBritishAero-
spaceJets@am 41commuterplanewaspreparingto Iand
at Columb~ Ohio,en route fromWashington’sDulks Air-

port Three membe~ of one familysurvived,
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CIRCUMSTANCES: During a VOR approach to Naga, the aircraft prematurely descended to

2000 feet AGL, and impacted into Mount Manase some 100 feet below
the ridge line.

TIME: 1400 local time.

WEATHER: IMC, heavy rain, fog.

CONFIGURATION: Clean.

FATALITIES: 27

OTHER: Another aircraft a DC-3, impacted within one mile of this accident,
inbound to Naga in March 1965 with 10 fatalities.

Inbound on 114° track to ‘NG’114.7 TVOR

Estimated
Flight Path Profile

c-1 30
NAGA, PHILIPPINES
16 December, 1993
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All 27 aboard mercy I’Z~Y,
flight killed in crash ‘“’3

fJBFvlANAN, Philip.
pines, - All 27 p~Opk

aboard a Philippine trmrs-
por( plane. carrying relief
supplies were killed when
it hit a hilI and exploded
in flames south of Manila,
the head of the air force
said yesterday. ‘

on 60iUxt

errd Nicasio - Rodriguez
told reporters rtfter in.
specting the site of Wed-
nesday’s crash.

Another five people
feared to have been on
board the air force C-130
Hercules did not take the
flight from Mmrila after it
was Jelnyed by bad
weather, he said. .

Air force officials re-
vised the number of
people aboard the pfane

to 27 from ,29 after eirrly
confusion on how mrmy
people really took the
flight.

Rescuers battled in
driving rain and brrd visi-
bility to sift through the
wreckage of the tiircraft,
which exploded and burn-
ed when it plunged into
remote Mount Mamrse
about 250 km south-east
of Manila.

Witnesses said they
found charred bodies
scattered’ through the
smoking wreckage of the

$!%’:?
descendefiowards Naga
hrport m bad weather.
.W hen asked about the
cause of the crash, Gen
Rodriguez told reporters:
“The primary resrson was
the bitd weather although
error of judgment on the

pilt’t Of the pilot wiis piltl

of the crash, ”
‘f’he bodies were rrir-

Iifted to a temp~rrsry heli-
pad about 3 km from the
crash site, which is in a
forested area known as a
stronghold of Communist
guerrillas.

The rebels issued a
statement saying they
would not interfere in the
rescue operation.

The aircraft was deliv-
ering supplies to the Bicol
region, where over 300
people were killed by two
typhoons last week,

The flight had been or-
ganised by u relief group
led by the wives of Cabi-
net Ministers, but none of
them appeirr to have been
on the plane that carried
19 passengers ~nd eight
crew. — Sapa- Renter.
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CIRCUMSTANCES:

WEATHER

CONFIGURATION:

TIME:

DAMAGE:

OTHER:

While on final approach to ILS-2 runway 18L, the aircraft impacted 1800 feet short
of the threshold into approach lights. The approach had been accelerated because
of reduced vlsibiliiy which resulted in an unstabilized approach.

RVR 6000 deteriorating.

Landing configuration. Flaps 40.

04:50 Early morning,

No one hurt of 69 people on board. Aircraft took out 4 sets of approach lights,
damaging the engine nacelles, flaps, and the rear fuselage.

Aircraft equipped with MK V GPWS which provided a timely alert, allowing the
captain, with assistance from the first officer, to recover.

F/O FMS inoperative. F/O tried to re-enter the approach parameters from runway
17Fl to runway 18L and the Captain’s FMS. This kept the FIO’S head down and
when alerted by GPWS his attention and eyes went to the EADI to help in the
recovery.

Flight Path Profile
B737-300

DALLAS FT. WORTH, TEXAS
8 December, 1993
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CIRCUMSTANCES:

WEATHER:

CONFIGURATION:

FATALITIES:

OTHER:

On final approach to LOC-B/C Runway 13, the aircraft impacted 3.2 NM short of the runway at
19:58 CST. Both captain and co-pilot very experienced in type. (6500/2000 hrs respectively)

Fog, 1 mile visibility, freezing drizzle, wind 180/10 kts

Landing gear down, flaps 20. .

18 including two crew.

No GPWS installed, but GPWS was recently being added to sister ships.
No signs of apparent icing. Aircraft kept deliberately high at 8000 feet to minimize risk of icing.
Late completion of landing check list.
Captain’s experience was 7800 hrs., 2260 hrs. in type.

“\

I
I gear down” ... “flaps twenty”

3500’-—-.
-L. F/O: “..final approach fix ...instruments...

I ~<<oq
cross check...no flags noted”

\

I
-.

\

1 F/O: “One to go”

1

\
Ca@ “Did you ah ciick the airport iights? , \ 2040’

----- -—,

D 10

i
I
I
I
1 D 9.2

,

Estimated
Flight Path Profile

JS-31
HIBBING, MINN.

1 December, 1993
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-h- Z&!!

GPWS warnings (not installed)
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HfBBING, Mhrn. - A North-
west Air’link commuter plane
crashed last night in foggy,rainy
weather near downtown fiibbhrg,
killhw!all 18 !moule aboard. au-
thorities said. - -

The plane, a twdrz.enginetnr-
boprop, crashed into a huge
mound of iron.ore waste in a park
east of Hibbing, about 200 miles
north of Minneapolis, police said.

There were no survivors
among the 16 passengers and two
crew membere, said Mort Edel.
steht, a spokesman for the Feder-
al Aviation Administration, Air-
line spokesman Jon Austin
contlrrned a total of 18dead.

in Minnesota plane crash
Austin said the plane, Fllght

5719fromMinneapolis to Hlbblng,
was a Northwest Ah-linkcommut-
er piane operated by Express
Afrlinea U, Inc.

Express Airlines spokesman
Jeff Weherenberg said 11 of the
passengers had ~een expected ta
get off the plane In Hibbing and
five were .Mwehded to continue
on a flb?ht tn International Falla
on the C-anadianborder.

Edelstain mid the plane was
two to three miles flom the air.
port at an altitude of 7,000 feet
when it disappeared kern radar.

“The Iaat thing the controller
saw was a plane dmpphrg off the
eeoue.” Edelatein said,

Austin said the pIane appar.

e&y~ on ita approach to the

“The plane was found upside.
down, broken in three pieces and
resting on a bank of dirt. tlw
fighteis said.

Bill Hanegmon, a sherifl’s
deputy who was the first rescue
worker cm the scene, said the
plane appeared to have ,gkldded
across a road and into the side of
the hill. There was no sign of an
explosion, but debris was scat.
tered over about 50ymds.

The surrounding area was cov-
ered with as much ae two feet bf
snow and initialIy was reachable
only on foot or by snowmobile.

The weather at the time of the
crash was foggy with fraezing

Federal investigators seek
,,..reason for airliner crash c.

@3BING, Mire. - Federal” ‘::=
investigators yesterday began %r-
researchingfor away to explainwhy in
.ExpressAirlinesII turboprop ,,; , :.
crashed into a pile offniningwaste .:.
Wednes&y night, Ieavingat least,18
people dead. k was Minnesota’s ‘ ~~
worst aviationdisaster. . .:..’

The TviinCities-to-Hibbingflight
was car@ng business travelers, ~..;;
includingseveral prcx+nent north-jr
ern Minnesota residenta. ,.., ;.,~~:fi

Originalreports saidthe pkuie ‘;:
. carried 16passengers and two ~$yq.
‘inemikqi butthere was subsequ@
uncertainty about possiblelast!-’$!.?
minute boardingsat Minneapolis-St.
Paul Interrtational,Airpok The air-
~involv~’is a British Aerospace
Jetstrm31, owntiand’-tedby:
Atlants-ix+%fEx@ess AirlineS’~a#

‘$~p~fly~y~gti. ‘. .
. . ..

drizzle, but it was not immedtatety
known whether those conditions
contributed to tbe crash. 1

Hibbing is in the heart of the
Iron Range, an area in northeast-
ern Minnesota where taconite -’
used in steel making - IS pm.
duced.

Brent Bahler, a spokesman for
the Nat[mral Transportstlon Safe-
ty Board in Washington, said an
NTSB Investi ative team was fly

%ing tlom Was ington to Hibbing,
FAA olllc[als in Chicago said the
British Aereapace Jetatream 31
twin.engine Jet prop made no
distress call before the crasir.

X ThIa report cadaina material
fromRmdarsnews serdce,

&v/#e Q~ Y3@qoz



CIRCUMSTANCES: During a probable visual let down in kmund from the IZD NDB, after
seeing the runway and the town of Ohrid, the aircraft clipped a hill
slightly left of course.

WEATHER: Visibility 9 miles, some clouds shrouding mountain.
. ..

TIME: Approximately midnight

I CONFIGURATION: Approach landing gear down.
I

I FATALITIES: 115 out of 116 on board (8 crew).
I

1 t

A primative GPWS may have been installed (generates a tone).
Status not known.

Mt. Trojani
/-,

/ Left of course\

Next Page
Probable

Flight Path Profile
YAK-42

OHRID, MACEDONIA
20 November, 1993
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Highdeathtoll is feared
in Macedoniaplanecrash

~+SKOPJE,Macedonia - Ajetliner
@vetted because of a blizzard ~ “ ~
&shed in snow-covered mount&&
h southwest Macedonia with 116
fieop~eaboard, state-run radio re-:;
qxted today. ...

~ T&ee people were rescued. The
. ?es~~ere feared dead in last night’s’

@ash’near Ohrid, 65 miles soqtliof;
t$eMacedonian capital of Skopje.,y~
.: The Soviet-made Yak-42 belong-
ing tq the Macedonia carrier ..:,,
Avio@pex was approaching Ohrid :’
fir landing when it crashed into a, ,’::.
I$ourkain and burst into flames,
I$acedonia radio said.
-:~e flight originated in Geneva “,

&d was headed to Skopje, but was ~.
diverted because of the blizzard.
:. Most of the 108 passengers and

~ght crew members were thought
to be Macedonians and ethnic
-MXmians;radi(3said.

: The front section of the medium-
qmge 120-passenger jet burned for,
a! least five hours. Heavy snow and.
rugged terrain were ham! &:,
rixxue”atternpts.”

Planesiamsintosnowyhiii
in Macedonia; rescuestaiied

SKOPJE, Macedonia – An air-
craft with 116 people aboard crashed
into a snow-covered hillside in
southern Macedonia late yester@y,
,and police feared many casualties. ~

The snow, fire and mud ham-,
pered rescue attempts, and it was
not immediately known how many
people had escaped, interior ministry
officialLjube Lezkov said.
Macedonia radio said the aircraft had
come from Geneva before crashing
around midnight (6 p.m. EST) at
Ohrid airport, 105 miles south of the
NIacedonian capital of Skopje.

The Soviet-made passenger
plane, operated by the Macedonkm
airline Avioimpex, had been rerout-
ed because of winter weather, the
radio said.



CIRCUMSTANCES: The aircraft was cm final approach from 18 Ntd on long final and configured with 25 degrees flap and
landing gear up. The final check iist was not completed because of TCAS Traffio alerts and other
communications. A Mark I continuous GPWS “Pull UP!” bagan at 500 feet AGL. After reviewing their
descent rate, giideslope, and flap position, the F/E silenced the warning by pulling the circuit breaker.
The landing gear configuration warning system was not triggered as power had not been reducsd. A
last moment call from the control tower resulted in a missed approach.

TIME: Daylight

DAMAGE: Beily and rear of aircraft damaged. Antennas sheared off.

INJURIES: None of 88 on board,

r . t
NTSB Safety Recommendations AC-92-39 . ....require that each warning provided by the GPWS to the flight crew be enhanced
with an aural message that identifies the reason for the warning.”
This has proved to be a factor in many CFIT situations as pilots attempt to verify need and reason for a “Pull UP!”

Numerous TCAS II Traffic alerts

Continuous GPWS “Pull up!” starts

500 GPWS disconnected

. . . . . . .. . . . ..“. .“tAtKl:Gt?w6”’!Pi.li) ”w!’! ”:”:”:”:”:”:”:”.“. ..”.”. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
‘ “.WAR~lNG’ .”. ”.”.’ .’. ”.’. ”.’.:. ”.:.-.“.” .’.”..

Is
RUN WAY

Next Page

Flight Path Profile
B727-200

CHICAGO O’HARE, ILL
15 November, 1993
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“Pull up’ Continuous MKI GPWS installed—.—. .—-— .

TOO Lowl-Gearl” MK 11,Ill, V, Vi, WI
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, Jet down safely, without landing gear
CJHIOALIO(AP)-Atrd lamT~1’IYbU~PCepkU3@il$ bt tyoti

iho urnway abwdng 1!slanding aftu
kanthw from Ik Dlle4 of mmherp!md
Ihar iwikcla wcicn’Idawn.

Pcderul hWCSd@O1$ WCIC W)+tg

to delcrmlrw Wetfnrsdny why the
pkne’s lwding gear didn’t dl.wng-ge
and why alarmn that $IMuIIJ have
alertedW pilot didn’t aaumt.

“II WIKs petcndd dlxrr$!w In thd
making,” At Mlchmd fhmun, tI

W:X!%12’S!MY %%::
Wa$hlnglea,

Ihe Cnnlhwntnl Illght knded aafc.
Iy after ha CIOWcdl hkmday. Noem

wm Injurcd,tx+ IIW tcarcmc.thhdoflha
rdma’s trowomWIWbadly acwncd and
haleswere pttndmed In ihe ftkelagc

Tlrc Ikoclng 727 was *bout 4 f!el
above*mnwxy a10’lliee Intcmadund
Alqmrt when ● AmeIlcmI AhUnca
pilot brhlnd Ihc plane radiaed Ilw can.
(rot luwcr {hat 8W phmc’s lmlkg guw
WUN’I &awn.

Tk 10WW immedialuty urdercd
[he Conlhmn!al jet 10 ubcwt its land.
ing. ThctearlhltJ of the Ianc’s

~J’undctsldeappamntl scmpt sgalnst

ihc runwayu thep 101pulled up.
The plane could have bursl Inlo

fhwa If k hudmade ● belly landing,
BCM(M said.

“When; plane.haagear ~roblems,
Illey’ll fosmlltcrunwny, hesald.
KRrcm’s an awful Ior of hctt cwttcd
snd ihc control faclor Is minim..
tomcdmcs. You cm end up, dcpwu.
k ont~aa~unt of fuelintheplam,

?w Ih a vcty bad fire.”
Continental ”spnkesman Ned

Walker said Flighl S14kl from
Nmrwon had ● semaned crew. Tk
seven crew memberq who were not
Idendlkd, were laker! off Itylng SII.
IUSwhile Ihe mlslurp wcs Invmllgsl.
cd,

Ttrc pknc was nown wlthoul pas.
scngers to Ns base in llouston fo!
InsWc!ion md repairs.

Pilots forgot landing gear
CNICAGO - Warning alwtrs for nemby kdrcrtrfise

Ilu!,tcwd Iht crow nf 8 swngw pkac lha! they falltd (o
Ftowct tht wk-xk *9 Ihe lam cmw in Ann I:mthrg, hrws.

tlf.mm Mid ‘Ilwkd,ty.

‘IIIc Onlhwtid Ahlkm pl;uwwqrcd Ilw mnwuy #s
Ilk. piloi irbomd IIW I,mding MmtdiIy on in$lrxllvm fwm
Ihcwmrol tower M 0’1 Iarc Inlcmtllond Ahfmrt.

Ftight 1543 Mated sufclyon a wwed o each.T7wrc
%were no lrJurka 10Ike 88 ~xqtic MI Imwd I (light trom

Ilrmkvr 10Chkaae,
A N:llonal Ttimpattllon .%fety Bwrrd lnvcsll~alor

Mwvl.wtd tha (lute cuckpitcrew uudrkkrralned that In
Ihcmmfudon0fWa171hl@lllt\{hC fdkd taMCIheht.

rIngclwcklkt,whklrwuuklhwc Ind cwcd Ilruwbwk were
nordown

U!+ln the checkllsl la mandnmty, said Tanya
f(Mionp ax$on, spokt%wrmmn ft!i IIW Federal Aviation

A{h}dnktmliart,

D. a?.xa4&y,+—

I

Hot BIamet3
Plane’s System
F@ Problem

riYl~m#fyll
. ,+

! .’The capldn of a Cmtinentd Air. ‘
lke’k LiuIoc 7S7 thatalmmtcrbsh.
faedcd with ltJ wbaeh Ictmcmd in
$2iii e unTueMsY ,ald heavy rraf.
Yk k~ .+omtam collidon wuniaas
dhrktwd the 6?*w from kc nod
Vutik.t ihe Natwwd Trmap.xtattoa
tiafttf Omrd rtpmted yacttntay.
.’ t%threnml Ftf#a 1S43 from
Houstonwas uilhk SO feet d die
kU@SY with ttfl W@ Award hen.
kb* time crew mamban raalifad
\hi: Ilw kmlin gear was not down,

“&; ~yw~g~~q }~ I

r @* wll!JMt!r~Y* .

‘. Tltacafhkl ten!.mmy toa4afa.
II bard Ieve,idna!or IS tetfalnb
I&N.w?d’i?%m:

;~g;:$~:::;+~
,..TiNayoem, tcwrkedby the Rd.
er~l Avishm Adn!inhtmtlom. hat
had IOIIWI?C probkms md been
dwok critkuc$ bv nikk and aiY
iiirriicoimlkrs. “ “

The vmxaa mpwin, notnamed
b~ th, WfCty klld. Mhi !ht }b

wk!i%%?r%:$g%x’%

era WI dlwwtcd b mmwrow
& dwta At 1,000Jet, art:ktt
mnm&d, but the crew NW no PM*
~, the ar- d dlecmm@dtha
wamm,g at i “phtalom- iadkatkn~
. .A Awl 500 fee!, tk G1Oumt

$% mltr W.eIIriig Syslem aanr.dcd

~#’T;?~;e~’’a%at’6%?%
&cbsn,o*cti,ten.htM(”t
or d;xcnds Mew 500 feetwith

THURSDAY, November lfi, 1383 ‘

I Gdec ma obv+ma rOblWB Mt.f!’d!J$IM Capwlncoo mwd hk Ip.
ftwvch unlit. 1150 feet, fha cw
*W .lb~t NW green landing.~sar
Iilhtt In tbd cock~,f wc~ “~ php
nd.:wd ThM WM $Ilghrly M(O,, *
wrdng call lm”, the t~W~C

p~fdcd hy miothbr pitor.
Thd dkrupllm. on dewnt

“<au-d b diwuptlon la NM noms!
Ptc-dumt of us!ng the f,mdIJIg
th~kliit,- thekwd aard, A a@eOl
mm coutd not cktll whethw tIIC

Kucw .klied to pc q~ eh~~l~
dLItY Or W*I I!)[M$M dbg (t,
Cite.kttst. *,C a r,q”kg.j N(e,y

Item m m.itliw. .

N’I’SB SAFETY RECOMMENDATION AC-92-39: . ....REQUIRED THAT EACH WARNING PROVIDED BY THE
GPWS TO THE FLIGHT CREW BE ENHANCED WiTH AN AURAL MESSAGE THAT Identifies THE

REASON FOR THE WARNING.”

Some historical incidents and accident that illustrate the need:
AfRCRAF7 USA PART REASON CONSIDERED

DATE PLAcE NPE 121/125 FOR f3Y PILOT
‘PULL UP”

15 Nov 93 GHICAGO
TO BF3

0.727 YES QEAR UP FALSE
13 Juno 91 TAEGU, KOREA B-727 NO GEAR UP CAPV FALSE

F/E FLAPS
13 June 90 OALLAS FT. WORTH DC-IO YES GEAR UP
02 Fe4)89 HULeERT, FLA c.14i HIGH I?ESCENT RATE GEAR UP
08 Feb 89 SANTA MARIA B-707 YES TERRAIN TRYING TO

DETERMINE
I I I I i CAUSE

MY 87 I LONDON U.K. Et-747 YES GEAR UP* FALSE
I I 1 1 I

03 JUtV 87 i CINCINNATI s-737 YES i GEAR UP i FALSE
M Feb 86 I ISLPJJABAO

I
a.747

I
NO GEAR UP FALSE

t ,
07 Nov 85 DHC-5 YES GEAR UP’O FALSE

07 Feb 85 CALCUITA B-737 NO GEAR UP” FALSE

03 NOV 83 CASPER, WYOMING B-737 YES GEAR UP* FALSE

03 Jen 83 BERLIN, GERMANY 13-737 YES GEAR UP* FALSE” -

09 Aug 82 MEXICO B-727 NO GEAR UP”’ FALSE

24 Aug 78 BUENOS AIRES 0.737 NO GEAR UP* FALSE

08 May 78 PENSACOLA B-727 YES HIGH DESCENT RATE CAPT. F/O.Hl
DESCENT RATE

04 April 78 ENGLAND SAC 1.11 NO GEAR UP’ FIE FALSE

i i i I I
● Conttguyatlon warning systam apparently dlaabled.
,. Trarlnhtg, with aontlguratlon ayatam disabled.

DAMAcE I

=

FUSELAGWANTENNADAMAGE
AIRCRAFT WRITTEN OFF

TOWER ALERTED CREW
DESTROYED - 8 FATALITIES
DESTROYED - (144)
FATALITIES

,.
TOWER ALERTED CREW I

FUSELAGEENGINES - $2h4
HEAVY DAMAGE TO I
FUSELAGEENGINES - $1.5M
F4AGELXE-AIWEZ3EN

1

DAMAGE . GO AROUND LOSS “1
OF POWER - $IM
HEAW DAMAGE TO I

=

FUSELAGE - $2M
DESTROYEO BY FIRE - $7M
IMPACTED SHORT INTO SALT
WATER (3) FATALITIES
OUT 0F88
HEAVY DAMAGE TO
FUSELAGE - $3.75M



CIRCUMSTANCES:

TIME:

WEATHER:

CONFIGURATIONS:

FATALITIES:

OTHER:

While on an ILS approach to runway 25, the aircraft hit short of the runway after hitting
high voltage cables.

1456 local time

Fog, 1000 meter visibility

Landing
,,.

12 with 30 injuries out of 92 passengers and 10 crew.

Aircraft equipped with MK II GPWS
Two altimetry settings procedures used - CJNHon captain’s altimeter

QFE on co-pilot altimeter
Apparently crew did not understand english GPWS warnings, nor understood GPWS
functions. No training?

Autopilot coupled to glideslope disconnected (reason not known)
then re-engaged by the pilot. The autopilot reverted into Vertical
Speed mode with approximately 800 fpm descent.

3770’ /

Next Page
Estimated

Flight Path Profile
MD-82

URJMQI, CHINA
13 November, 1993
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In Chlnesw “whatdoes ‘PULL W
(english) mean?”

Pull upandleveloff

. .
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“Sink rate-l
“Sink rate”l
“Sink rate”l
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“’“-22’’pti$s#tig&fs,:.’:”‘ -12feared
still missing afterI dead in

4.
ELEVEN peopledled and 60
kdured when an airliner
crashed on its hmdtng
approach to rut nlrpott in
weshxn Chhm, a Chinese
news ngency rcp+rted
yesterday.

The China New?. SewIce III
Hongkong said another 24
people were reported
mlsslngaJter the MD.8Z
aircraft crrmhed and burnt
on Saturday In a rice paddy
nb6ut one kllometre from the
nirporl in Urumqi, cnpl!nl of
XinJhtng province.

N said the China Nozthern
Airlinm plane crashed at
3.05 pm as It was a7rlv1ng
tiom Shenynng In the eqst
vtn Beijing.

N did not mention weather
condltlons, but the pro.
Beljktg WI Wef PO
ttewspnper tvporbxl eat+lcr
that fhe pkmec rashed In
heavy snow.

The newspaperaatd 1S
P60Ple,all Chlpese, were
kklled.The plane was badzy

Urumai dkaster
burnt end only the cockpit
was Intnct, the ageficy mid.

It said the plane was
carryhzg92 pnssennere, nine
crew and an aviattan Omcial.

The aurvlvora Included
two Italians, while two
ltaJJtursand a Jatmese were
emong the htJur&t,the
newspaper ridded but dtd not
gtva their names.

The craeh wa9_Chhm’*
third aviation accident ih!o
year.

In July, a BAe 146 with 10I2
pnssengem and tlvc crew
crashed on takeoJr,kNling 58
Cblneseand one Briton. h!
October,an MD.020vershot
a runway, kNJtng two people,

Last year, there were JSve
plane craehm In Chhrs,
making it the worst year ever
lnChhteseavlatlon,

OJWclelChIner.enswa
reperla have hktmedslack
mfety procedure$and
violations of operatkng
regulations. —Awwciea

mainland
air crash

UP to t 2 people were feared
dead and more than 30 in-
jured when a China North.
ern AiIUncs plane crashed
near Itw north wcstc m city of
Urumqi, it wa$ rcpw’ted yes-
terday,

T~ or ihrec PWSCIISCIs
died on impdct %hc. ilight
CJ6VOIcrashed mm a small
vdktgc 8! 2S6 pm on Salur-
day as it approached Urunl-

..ai dip@ an aYJ.MIml oni-
cial said in the capi!al of
Xinjiang province.

But he mid many mom
rnay.ba~e ti!td of their inju.
ncs m hosmtal.

The Ctim+undcd W%n
Woi Po in Hong Kon s!iid
12 pa te were killc md

timom t an 20 injured. Two
Jlalians ands Japawsc were
among tbe injured, it mid.

The papir said tberc
wtro92pesernwand10
crew abard Ihc McD6nnelt
Dou;laa 82 airliner which
crzsheden route fromthe
norlhcmtcm CilY of Sbm-
yanc vis Scljhm

W,m Wei Po said (be
crash owurrcd In poor visl.
bilily and the pl.mc caught
the. Itut the blaze was W.

scsted !herc may%%&%
Put out. 1nitinl r

s tkull with lhc plane’s nBvl-
tational wstcm.

Tb~ aum min~ t2#iJy
fIn Bedins sa d the plane

cmshed into the wbcat Jiclds
of Diwobao villa e just two

%kilomctres from t o aimort.

A WViVC.I eald aS “tbcy
neared Urumqi the plane
bad suddenly plunged lo-
WW6Sthe around.

An Mian passmgw on
t!@4Jb@dak.PwJ@
tncd to land in extremely
@.Y conditions and sent
the plane veerlns into !he
licld.

Stofano Orlandini said
(be plane Iatercaugbt firs ●s
pm.ene.ert wem being evac.
uatcd.

“’l saw tome JIcoplc
wounded, one maybe with ●

brok$n lc&” ho said,

Mr Orlnndini @ OUI

ufdy whh bishdkn trwcJ-
int rntnpanion.

A#nder”
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CIRCUMSTANCES:

WEATHER:

TIME:

FATALITIES:

Durin initial climb, theaircraft began arightturn ataboutl5O
Yfeet a ter retracting gear and flaps. The aircraft turned about

110 degrees without gaining an height and impacted trees in
da 50 degree bank about 1.2 N from the airfield.

Light snow. C loud base 700- I ZOOfed. Vis&ili+~ 3-S miles

17:30 L Night

7

This is a Classic Excessive Bank Angle Accident
Other examples are:
12 Jan ’89 HS-748 (also a Canadian operated Aircraft)
19 Feb ’88 Metro III
12 NOV ’80 C-141

1 Jan ’78 B-747

Flight Path Profile
I-B 748

SANDY LAKE, ONTARIO
10 November, 1993

OTHER:

I500

0

ALTITUDE
QFE

z FEET

Aircraft begins rightturn 7 Turning060 ~

Runway
~2 ‘lSTANCE
o

FROM LI17 OFF- NM

I I I I I I 1 I I 1 I I I TIME TO IMPACTW Seconds
605550454035 30 25 20 15 10 5 0

GPWS Warning if MKVII Installed
No GPWS instaUed

/“”u7-E;t;py!El;Rate!l

/
4/“Don’tSink! Don’t Sink! etc.”

z “Bank Angle! (repeated until impact)”
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SANC)Y LAKE, ONT. CZSJ
937’. Var020E. N5303.9 W093 20,8,
Lights: Activate LIRL-122.8,
Rvw subiect to seasonal/climatic
variance$,
Sandy Lake Traffic ATF 122.8.
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D,E,M. & R
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CIRCUMSTANCES: There have been at least three incidents at Anchorage, where
28.xx inches have been interpreted as 29.xx inches for the
Barometric Altimeter settinq. This has placed the aircraft 1000
feet below the procedure altitude on approach,

MIS-SET BAROMETRIC ALTIMETER -1000 FOOT ERROR

Three incidents Nov. - Dec. 1993, March 1994

Other sh?Wir hcldents:
Nov. 1991, Jet Stream 31, Kodiak,, Alaska
17 Feb 1990- B737-200, Boise, Idaho

Flight Path Profile
B747 -200

ANCHORAGE, ALASKA
November, 1993

1 THREE INCIDENTS I

Altimeter indicating 1600’

(GPWS ‘Glideslope’ function enabled)
GPWS ‘Glideslope’ alerting begins. pilots realize aitimeter error,

GPWS - Terrain Clearance Floor
--- F-

. . . . . . . . . ...!. ..!. . . . . . . . . . . . . . . . . . . . . . . .
‘ “.’TMLo~ :.:.:.:.:.:.:.:.:.:.:.:...

.%-. -.~. +”++~”+~++. ++”+++”++”+.”.”.”.”
“.” .’.”..

. . . .
. . . . . . . . . . . . . . . . . . .

“.”. “.” .”.”... . . . . . ‘>,Cook inlet. ”,-. -4-.-.4 o - 0 \ “
.A-A-&-A-A-A-A-A-A-A-A-A-A"A-A"A-A"A-A-A-A-A-A-A-A-

. . . . . . . .
:A-A-A-A-A-A-A-A-&-A-A-A-A-A-A-A-A-A-A-*-A-*-A-A-A-fi-fi-A-* 1

2,000

1,000

0

ALTITUDE
?vISL

- FEET

I I I I I I I I I I I I I I 1 DISTANCE TO RUNWAY 6R
-r

~- 5- 4
~-

2 1 0 -NM

------ ------ ------ ------ -------- ------ ------ ------ -- 1

~ ‘Glideslopel: (repeated)
MK II GPWS ‘Glideslope’ Alert

aw ~
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NARI+.TIVE : DURING VECTORS FOR APCH TO ANC ILS RWY

6R, ATC GAVE ALTIMETER SETTING 29<87 (SOUNDED LIKE AND WAS READ
BACK) . WE HAD 28.97 SET BUT. THINKING WE HAD copIED wRoNG DATA IN
ATIS RPT, WE CHANGED TO 29.87. APCH CTLR ASKED OUR ALT AND WE
VERIFIED IT WAS 2000 FT (CLRED To 1600 PT) HE sTATED ~lIs R-UT
WAS MORE THAN 300 FT DIFFERENT THAN OUR RPT5D ALT AND ADVISED ALT
‘LOW 28.87 ‘ AND TO TURN oFF ouR ALT ENcoDER As IT wAs IN ERRoR . WE
XCHKED THE RADAR ALT AND RESET THE ALTIMETERS TO THIS SETTING AND
ADJUSTED OUR ALT REST OF FL’TiiASNORMAL.

NARRATIVE : WHILE DSNDING THROUGH 18000 FT, MISSET
AltimeterS To 29.86 INSTEAO OF 28.86, AFTER READING BAcK INCORRECT
SETTING TO CTR (WITH NO CORRECTION FROM THEN) . WE WERE
PROGRESSIVELY GIVEN LOWER ALTS (10000 FT, 5000 FT, 3500 FT, 1600
FT ) BEFORE LEVELING OFF AT LAST ALT , SO BTWN MISSING THE WRONG
SETTINGS ON ALL 3 FRONT INSTS , COMBINED WITH THE SO NOT CATCHING
THE MISTAKE AND CTR/APCH NOT HEARING ME CALL BACK 29.86 NO PROB
BECANE APPARENT UNTIL TURNING FINAL. WE WERE VECTORED ON BASE
INSIDE THE NARKER AND AS WE PICKED UP THE GS WE REALIZED SOMETHING
WAS WRONG WITH OUR ALT , SO WE LEVELED OFF AND I TOLD THE FO TO
FOLLOW THE VASI . THE LNDG WAS NORNAL 1 FIGURE WE WERE 00WN TO
700-800 FT OVER THE COOK INLET WHEN WE INTERCEPTED THE GS. I WAS
UNDER THE IMPRESSION THAT ATC WAS SUPPOSED ‘XQ ANNOUNCE A LOW 28XXX

WHEN ALTIMETER SETTING IS BELOW 29.00 INCHES.

NARRATIVE , DSCNT CLAJ!C GIVEN BY ATC WITH ALTIMETER
SETTING 28.86. PNF READ BACK 29.86. ATC DID NOT CATCH t41STAKE. ON
IN- RANGE CHKLIST, ALL 3 cREW CALLED 29.86 ~ SST ALTIMETERS.

DURING DsCNT, ATC CLRED US TO 5000 FT, 3000 FT. AND 1600 FT. ACFT
WAS ALWAYS WELL ABOVE ALT CLRED TO WHEN NEXT ?-oWEN ALT CLRNC WAS
ISSUED, WE WERE CLRED FOR A VISUAL ON C9WWWIND AT 3000 PT
lNOICATED AND TURNED BASS TO DSND ‘M 1600 FT IN331CATSD (FAF ALTJ .

INITIALLY CAPT DID NOT ACCEPT VISUAL TILL APCH GAVE US A TURN ONTO
BASE LEG . THIS WAS INSIDE ON TO INTERCEPT FINAL. APCHING FINAL, WE

HAD A GS GPWS WARNING. PO REALIZED ALTIMETER SETTING WAS WRONG AND.,,—.._
NAINTAIFJED l~-fiDICATED TILL GS INTERCEPT. EO .NQL!ED-R.%DAR

ALTIMETER WAS AT 700 FT AT GS WARNING POINT. NOTE: THIS APCH IS
OVER WATER (SEA LEVEL) ON ROLLOUT, SO NDTED ALTIMETER WAS SET
29.86 AND SHOULD BE 28. S6 SO WE WERE 1000 FT LOWER THAN INDICATED
DURING DsCNT AND APCH. so HAD 28.86 OW THE BUG CARD. CREW MISSED

THIs oN ,IN WE t AND oApCH, CHKLIsT. ALso, Am sHouLD ALWAYS
CALL ,LOW, WHEW SETTING IS BEIJJW 29.00 INCHE5. NOW fHEY ~ so

SOMETIMES
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CIRCUMSTANCES: During a VOR approach to runway 25, the aircraft descended to
within 400 feet of the water. An incorrect aitimeter settin of 29.82

?instead of 28.82 inches of Hg, gave aitimeter readings o 1000 ft
error.

WEATHER: Overcast 3000 feet, scattered, f~g, visibility 5 miles, winds 010 at
20 k%,

MIS-SET BAROMETRIC ALTIMETER ERROR OF 1000 FEET ERROR

Vote: Abnormal low approach siope of 1,55 degrees further aggravating aitimeter error.

Flight Path Profile
Jet Stream 31

KODIAK, ALASKA
November, 1993

I iNCiDENT

[

3,000

3’@pApprOach:lo2 FAF -2,000

i

I

<;;~:<:~~~p:::::....,o:& 26,

::

. . . ..”.... -.-.... -.”.”.-.” ----- . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

I

ALTITUDE
MSL

-FEET

t t I I I i I I I I I I I DiSTANCE TO RUNWAY-NM
6 5 4 3 2 1 0

NCLGP.WS.
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KODIAK,. ALASKA
MIS135.5

.,--- Q

KODIAK

M4cWAC4C,nl*r 125.1
WXIIMWW a~ 119.8 6$00’

VOR Rwy 25

wad 121.9
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mm APPROACH: ClimbInn LEFT turn to 4000’ direcf ODK VOR and hold. ,

(C1E.1O.LM6U
,I,d w., ! .1 n.” 1844

S6
mu.ro18.lt4 L44m4c MY 2s

CIRI
hid Au,lw
t. h“ 18 ~, ~u,b,tz.t.!+’” 2*4

/uwN/ 440’ (414,)

I
i 46 1100’ ,Km’r-3 tit

165 1500’ (/427#

?AAP.,na.rc+

d
,.,s
—

60’(487’)-Z

60’r5rm-t”

=oo’/627<)-z

NARRATIVE : EWRTE TO ACQ , THE FO GOT WX FROM ENA
RADIo AND COPIED m ALTIMETER SETTING OF 29.82. JUST PRIOR m
DSCNT , IU3PICKED UP THE ADQ AT IS . I WAS MONITORING THE #1 RADIO

AND DID NOT HEAR THE #2, ON WHICH THE FO GOT THE ATIS. pAss~N~

FL180 , THE FO CALLED THE TRANSITION, ALTIMETERs 28.82. I
QUESTIONED THAT SETTING, AND HE RECOUNTED, STATING THE SETTING OF
29.82, WE EXECUTED THE VOR RWY 25 VIA TIIEARC. TURNING ONTO THE
INBOUND COURSE, THE MININDM ALT IS 800 FT, TO WHICH I STARTEO TO
DSND . WE HAD BEHN IN AND OUT OF CLOUDS WITH A RAGGED CEILING AND
LOW LIGHT CONDITIONS. MY FOCUS WAS INSIDE THE COCKPIT. AT ABOUT
1400 FT, OUT OF THE SIDE OF MY EYE, I NOTICED THAT THE WA~S ON

THE WATER LOOKED AWFULLY CLOSE. I LOOKED OUT THE wlN~w AN13GOF
THE IMMEDIATE FEELING SOMETHING WAS HORRIBLY WRONG . I ToLD THE FO
TO VERIFY ALTIMETER SETTING, AND TWR CANE Bj+cK WITH 28. f34. WE WERE
ACTUALLY AT 400 FT, NOT 1400 FT ! I ADDRD WAX PWR AND CLBED UP TO
800 FT AND WE CONTINUED TO A LNOG OtdWY 36 WITHOUT FURTHER
INcIIJsNII.I THANE GOD THAT CONDITIONS WERE NOT JUST A LITTLE WORSE,
OR THERE WAD BEBN LESS LIGHT, BECAUSE WE WOULD WAVE DSNDED INTO

THE WATER AT 180 KTS . TO HELP WITH THIS PROB , 0NL% ALTIMRTER
SEiITING GIVEN WHICH 3S LESS THAN 29.00 INCHES, SHOULD BE READ
lALTIt.fEIIIIR LOW, 28. XX+ ,

SOURCE : AsRs *zS7947



GPWS

CIRCUMSTANCES: While on an ILS approach to runway 17, the aircraft descended to ~
500 AGL at the FAF. The Captain’s glideslope receiver failed to
zero deviation but with no flags. A MSAW Low Altitude Alert saved
the day. There was no GPWS warning or below ‘Glideslo e’ alert.

&Only the Ca tain’s glideslope redt$iver is utilized with GP S in
Ptypical insta Iations.

WEATHER: IMC

FAULN GLIDESLOPE RECEIVER (NO GPWS ALERTS)

PastAccident examples of suspected gldeslope rece]ver fahires’ are:

● 14 November 1990 DC-9/30 Zurich 46 Fat?dlties
● IS April 1987 B707 Kansas City 4 Fatalities

Next Page

Flight Path Profile
DC-8-72 F

PENSACOLA, FLORIDA
November, 1993

INCIDENT

Landing gem’ down FAF
BRENT

deviation centered (no flag) ,

1000 AGL
MAP
DI.5

500’ FK3L ‘.,... o . . . . . . . - 0 0 ..”. ” “ . . . . . .
—--

“w”:’’:”:’’’’’:’:”7;=*~’’’’’-.”7;=*~- *
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2,000

ALTITUDE
MSL

-Feet

1,000

0

I I 1 t i 1 I I i I I I I I I
7 6 5 4 3 2 1 0

‘SO()*

❑ ‘SMART GPWS CALLOUT
(not installed)

DISTANCE -NM

MK I GPWS Installed but
no GWVS-alert or warning -
Glideslope receiver failure

4%X2 z?4z4#c44
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BRENT

i

APT. 121’NXED APPROACH:Climb to 800’ then climbing RIGHT turn to 3000’ dlrecf

WN VOR and hold,

NARRATIVR : WHILE BEING VECTORED FOR THE ILS RWY 17
APCH AT PNS , BOTH NAV RECEIVERS WERE TONED AND IDENTED BY NYSELF .
LOC INTERCEPT OCCURRED NORMALLY WITH A FULL ‘FLY UP ‘ GS INDICATION
ON BOTH GS INDICATORS. ESTABLISHED ON THE LOC , BOTH GS INDICATORS
CANE ,ALIVE, AND THE ACFT WAS SUBSEQUENTLY CONFIGURED AS PER
NORMAL PROC . THE GLIDEPATH WAS INTERCEPTED AND FOLLOWED NORNALLY .
AT APPROX 500 FT AGL, THB APCH CTLR ANNOUNCED A ‘LOW ALT ALERT*
AND A MISSED APCH WAS INITIATED INNEDIATELY . THE CTLR STATED OUR
PQS AS APPROX ‘BRENT ‘ ON THE FINAL APCH COURSE. NE SUBSEQUENTLY
CLi3ED BACK UP TO OUR VECTORING ALT . I ASKED THSN TO CHK THEIR
EQUIP AND, AT THE SANE TIME, CYCLED NY NAV RECEIVER AND RETUNED
AND IDENTED NY ILS FREQ . NY INDICATOR #2 SUBSEQUENTLY APPEARED
NORMAL AND THE #1 GS INDICATED ERRONEOUSLY (1.E , ON GS WITH NON
FLAGS ) FOR OUR POS (XNIND IN THE RADAR PATTERN) . THE FOLLOWING
APCH WAS FLOWN AFTER ASSESSING NY INDICATORS AS,FUNCTIONAL,
WITHOUT INCIDENT . THE #1 NAV REMAINED INCORRECT (ON GSINO FLAGS)
THROUGHOUT THE APCH . AS FOR CONTRIBUTING FACTORS, I CITE NAINLY
EQUIP FAILURE, I.E. , INCORRECT GS INDICATIONS AND #1 AND #2 NAV
INDICATKIRS.

REv: 4$?JRS*2570QG



CIRCUMSTANCES: While wdflng for IFR clearance for Patrick Henry Airport (Norfolk) in local VMC to IMC
weather, the aircraft struck a Blue Ridge mountain. The aircraft had just completed flight
inspection of the LOC navigation aids at Winchester airport.

WEATHER: 2200’ broken, cloud and fog in the area.

TIME: Approximately 16:00 EDT ,,,

CONFIGURATION: Clear

Fatalities: 3

OTHER: No GPWS, CVR or F13Rinstailed. None required on FAA aircraft.

There are at least two other reoerrt CFIT accidents that illustrate the dangers of awaiting an IFR ciearance while
trying to maintain VFR, or below the TCA,

11 Dec. ’91- Rome, Ga., BE-400. (Day)
15 March ’91- Brown Field Ca., I-E-125 (Night)

Next Page
Flight Path Profile

BE-90
WINCHESTER, VIRGINIA

26 October, 1993

Probable last moment
Pullup

090° Turning East 040>+~HighKnob

\

Shenandoah
7ss7&

Ground
Ground Witnesses

\

f

3000

t 2000

ALTITUDE

MSL

t-

1000

0

FEET

I , I I I 1 # J I t
7

-.J- 5 4 s“
$-

1 0 DTstarweto Impact -NM

I
120 do

1 1 , 1 * 1 1 I

do
,

%3 so +0 00 !!0
~ Estimatedlime to Impact --Seconds

40 do 20 10
---------- I

-----
----- I MKVi GPWS possible warning (not instaiied)

-..- ---- MKVI with ‘Desense” engaged----
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I

1Ckcumstances: On a third VOR DME approach to Runway 06, the aircraft

Time:

Weather:

Fatalities:

Configuration:

Other:

Impacted a ridge of ter;ain.
. .

15:40 Local

Overcast, low clouds, vrlnd 1107KTS, rain shower had just
passed air field, visibility 1 mile.

66 out of 110 on board. ,.,

Gear down, Flaps 30 (landing).

MK V GPWS Installed, no warning situation. Aural altitude
callouts not used, they could have provided timely alert,

Next Page

Flight Path Profile
B737-500

MOKOP, KOREA
26 July, 1993

( Capt: (readMg chart) ‘!.. shteen hundred,,, seven hundred... four DME”
C/P: ‘!..OK”
C/P: “Winds?,.,wind vector?”

/1

Capt: ToweL.. Request winds”
Tower: “one one oh at seven,.. rain showers just passed fjeld”

C/P: “Landlrrg check M,,, ilaps thirly”
Capt: “Three green... trim. .,lights...flapmaximumimum braking

I
11 DME

..,passed it...down more, more down!...”
CP: ‘!.. because I just joined...”

3000’ I 9 bME—
--a.—.

I

OK...eight hundred”

%

I
I

Capt: ‘!..Oh my!...”

‘\ Thrust advanced five seconds prior to impact.

Aircraft pitches up to 30 degrees
/ust before impact

Ist Approach
1,5 DME

2nd Approach

I 3rd Approach

I
680’ I

3000

ALTITUDE
MSL

w FEET

2000

1000

0
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11 10 9 8 7 6 5

1 I I I I I I I I I I I I I 1 / I I t I I I J I I

120 110 100 90 80 70 60 50 40 30 20 10 r)

[1 ‘500’
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TIME TO IMPACT - SECONDS
(Existing Aural Altitude Callout if Enabled)
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MOKPO, KOREA
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MIS*IOAVROAC~.Climb on runway heading until above 1000’ and D2. O from
MKF VOR. then turn LEFT10300” fuxsdhrg joJotJzIc+LMKP. MM FM?i?brrd
hold ●+ 3000’.
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68 killed as South Korean 73~~
crashes during stormy landing~

HAENAM TOWNSHIP,
South Korea (AP)— A domestic
jet carrying vacationing families
crashed into a hill Monday on its third
attempt to land in stormy weather,
killing 68 of the 110 peopIe aboard,
the airline said.

Rescuers searched through the
night on a rockyl muddy .hillside for
bodies and for more possible sur-
vivors. They said they refused to give
up hope bemuse not all the bodies of
those reported desd had been found.

The .Wana Airlines Boeing 737-
500 was bound from SeouI to Mokpo,
nearly 200 miles southwest of Seoul
on the Yellow Sea, when it crashed
near Haerram in heavy wind and rain
at 3:50 p.m., 20 miles from Mokpo
airport, officials said.

The plane was repotted missing for
almost two hours before two strrvivom
walked out of the remote, rugged
crash region and into Haenam
Township to seek help.

About 100 villagers rushed to the
site — a two-hour walk along 2.5miles
of muddy paths — with farm imple-
ments to help.pysurvivors from the
plane’a fuselage, which they aaid waa
broken in three pieces. They were
~o~d#ater by 400 police and rescue

Sold;ers blocked access to the
crash site Tuesday. Family member<
of victims waited in a drizzle in a
radish field for soldiers to carry bod-
ies wrapped in light blue blankets and
plastic from the crash site, Some fam-
ilies were angry that the bodies were

7 :.?-’if<
being left in the field until they,~.~~~
be transported elsewhere.

%$

~ “,fi
“How can you teave my ~ahg

out in the rain like a common,~o~- #
screamed a woman after iden~iy,~~~
the body of her daughter, Sung ~ps@

The Transportation Ministryl&@”
51 bodies found, 44 survivors ;~d ~if?
people missirrrz earl ytoday. Som6”
badly hurt aurfivors were flqwg~~
helicopter to nearby hospitals, - ‘;”

Passengers included many fasrdlle+(
with children on their way to sijrtthem’<
villages for summer holidays. One .;’
child died en route to the hospital.
Two were hospitalized in critical cort-
dition. ...

Fiighl aftendanbstrtvivor ParkJht.
ah, 23, said the plane hit on its third
attempt to land. -

.
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Irrcidenh

Circumstances: Aircraft was prematurely cleared down to 3500 feet under radar vecotrs to
lLS/VOR/DME 01.4500 feet below MSA. (Minimum should have been 6500
feet) Aircraft was descending, when a MKI GPWS issued a PulkJpl warn-
ing. The pilots Immediately climbed towards 3000 feet”

Time: Night
... .

Weather: ltIAC

Other: Aircraft equipped with operational MKI GPWS

There has been at least one other incident in Capetown this
year - rumored to involve a vector towards Table Top Mountain.

Next Page
Incident

Flight Path Profile
B737-200

CAPE TOWN. S. AFRICA
July i993

Approach: “radar identified. ..cleared for

/

vectors to M 01 and down to *
thfrty five hundred...”

I
I 7 NM to ‘Sp’ ~~Ef

I ‘Sir Lowry PfM3S’

Minimum Radar Vectoring Altitude 6500 feet
.—. —.— .—— —- .—. —.

,.-$

c/P: ‘!.. (to ctrpfa)n)...tfwrt seems abit low...” /H
Capt: ... orI radar-, it’s OF?’

/
/

/

First MKI GPWS “Puliup” warning

second IVKI GPWS Pullup! Warning
Pilots Immediately climb on

8,000

7,000

ALTITUDE
MSL

- FEET

. 6,000

. 5,000

- 4,000

#
i I I I I I I I / I I 1 DISTANCE TO PROJECTED IMPACT
5 4 3 2 1 0 - NM

1 t I I I I I I I I I I I TIME TO PROJECTED IMPACT - SECONDS

60 60 40 30 20 to o



OCH . ILS Cat 2. A48, B69, C72, 083
ILS cat 1-A130, 8142, C160, D161

(D.F. MALAN) CAPE TOWN
CT 110.3 lLS/NL3B 01

:[+: TOWN Approach MM-AN Tower ATiS
118.1

M2 \ ZW
115.7 CEe

=

Vm

4 ‘w
~oM T.Lev ATC

T.Alt 7500

jn k~ f~m LOtJ4.

&

I I I I
43210123 45 %n

1. Initial approach altitude 6500 or higher MSA,
2. Ooscend in the hold 103000.

- 3. Procedure turn approach applicable only within 30”
gf_. @ Ou!bound ..!ws4F,? l-l+. -- @hwx@60f

J“

‘Request procedure turn approach’.
4, Circling approaches belweer, 01O’M & 160M are

not authorised for Cat C & D aircraft,
5, 9C:2 operation and minima must be approved by 30 690 44C

, ~. 1!10 890 680
970 760 54C

1140 970 79C
‘ 00 1004 830 65C

. . . . .“,. “..

80 ‘ ‘0” ‘“’v ‘“”1040 900 760
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CIRCUMSTANCES: On a final NDB approach to runway 26
the aircraft struck a spit of rocks some
3000 feet short of the threshold and
crashed into the water. The pilot had
reported the runway in sight.

Weather: Heavy rain, and poor visibility.
Fatalities: 41 out fo 43 on board.
Othec No GPWS installed,

Next Page
Flight Path Profile

F-28
SC)RONG, INDONESIA

1 July 1993

-u=

2CMo

500

I
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At least 40 people killed
in Indonesian plane crash ‘3

JAKARTA,Indonesia – An Indo. ~
nesian airliner crashed today in a re-

!mote eastern province, killing at least
40 people, an airline spokesman said. {

The Fokker-28, which was carry-~
ing 43 people, crashed as it was about
to land at Jefman Airport in Sorong,
about 1,700 miles northeast ofJak&,
said spokesman Agus Sudjono of the
private Merpati Nusantara Airlines.

The survivors were unconscious
and treated at a hospital, Sudjono said
by telephone. The cause of the crash
was not immediately known, he add-
ed.

Sudjono said it also was not known
whether there were any foreigners
aboard the flight,which began inJakar-
ta.

The officialAntara news agency
sak.-fte plane emshet-nem-a beach-
close to the airport.

I
.

===-lLEiOR”ON:

NDB
2500’ r-0720%
(2490’) Start

OCA(H] RWY 22
s 10’(500’) ‘5’0’ M?;

(1500 )
.<

, A--=214” .,.

MISSED APPROACH: Upon-reaching MDA, turn RIGHT climbing to 2500’smd

contact Tower.

STRAIGHT-IN LANDING RWY 22

1.
CIRCLE-TO-LAND. .

IAtDA(H] 51&($00’) “ - ‘“ ‘. I

I
Ma%
w MDA(H)

1.6 km
lCQ -

1ss 610’(6008)- 1.6 km



CIRCUMSTANCES: During a circle to land circuit after completing an NDB
approach, this aircraft struck high ground on the base leg. The
aircraft was on a scheduled public flight.

WEATHER: 310/1 1 kt wind gusting 19kt, 4/8 cloud 800’ 6/8 at 1200’ 6/8
1500’. Visibility 10 km reduced to 5 km in light rain.
Temperature +9° C 1004 hPa.

TIME: 19:20 EST Night ‘‘’

CONFIGURATION: Landing gear down, partial flaps

FATALITIES: 7

OTHER: Autopilot, Captain’s HSI, ADI inoperative,
No GPWS, Radio Altimeter, FC)R, CVFl

NDB

Circle to Land

I

+/
..— — ———— — ---

2400’

Flight Path Profile
PA-31-350

YOUNG, AUSTRALIA
11 June, 1993

\

Start of GPWS Warrdrrg
If GPWS Installed
(No GPWS installed)

\

Next Page

v
/r’2ooo

\ --r/“ Recovery
0

/ climb potential
H

/
(Pilot delay 5 seconds)

Impact into trees

Runway 1255’

-1500

ALTITUDE
MSL

AI Feet

I I I 1 I I I I I , I
60 50 40 30 20 10 0

[
J

17 seconds “TOO Low!”

L1000

3 2 i “o
DISTANCEAJ NM

TIME ~ SECONDS
at 133 kts ground speed

MK VI GPWS Warning
(No GPWS Installed)

“Too Low! - Flaps!”
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Next Page
Circumstances On a Ifight from Panama and the First Officer flying, the akcraft

flew Into an electrical storm area, and hrrnad to approach Rio
Negro after false NDB ‘AJL’stalion passage (approx 60 NM
away). A key VOR-DME (Rio Negro) used for the transition , was
Inoperative. While cleared for the approach by ATC (no radar),
[he aircraft could not secure fLS or NDB navigation for the
approach. The electrical storm subsided, lhe crew realized their
situafion, bul failed to climb, and alruck a mountain 9 NM NE of
Ihe ‘Kolinr inlersecllon (also determined by another NDB (’UtB’).

Wea{her: IMC. Cafm wind at the airport. Heavy rain.

Falafhies 132 incitrding 7 crew.

FIJGHT PATH PROFILE
B727-100

Medellin, Columbia
19 May, 1993

F/E: “--- we are in Abejorral’s (NDB) 310 radial

Unsuccessful allempts

/

.-. we are very deviated. We don’t have any

to receive ILS and navigation. We are not receiving any #.”

approach NDB’s Let’s go to Abejorral and we can establish
our position ovar (here, brothec r “$&;;~’%%M~~$I%% oraa is one two thousand.”

(60 NM to Abejorraf NDB)

/

Captain: “1s Abe]orral identifying?”

/+

Capta/n: Hey listen! I noticed this thing (radio altimeter)

F/O: “Yes --- Yes” is very low!”

*

Captain: “OK, let’s bank to the right” F/O: “Yes, let’s go up!”

F/E: “See how Abe/orral 1smoving now?
Let’s go to Abalorral”

,,,,.,
Airplane krrns to ‘AJC SI 230 kts ,:.-,,,,::

Towar: ‘Hpproach authorfzad for one two thousand.” “: 30 NM to,,,.,
.,r..+i!,

?~: “Can we start entering in parallel, Captain?”
,,~,.:,. Airporl,,,,.,,.,. 4

/-

Captain: ‘OK’ and begins to give instructions for the

/

,::,...

initial epproach to the FO.
;,,=

\*. ,
First

,,.,

Approach ATC/Center: “--- continue descent (O fwe/ve thousand /eet, Radio Allimeter ,,!.:,,
report ‘Hbejorral NDB when turning inbound. Indication
Exit at once --- no holding.” \ ‘::’;’”,, ,.,,,:.:,..

,.,
,,.’,’

This accident is an axampfe of where Ihe
availabifily of a simple, low cost GPS Receiver
(indlcalion only), would hava been very useful
10 fhe pilots by averting the navigation uncertainties.

13,000

12,000

10,000

ALTITUDE

9,000 MSL
N FEET

8,000

7,000

6,000

6,000

6 5 4 3 2 1 0

I.-, ,, ,, .11 ,,, , ,-
60 45 30 15 0

r ---
-f

I I I I 1 I ! I I I I 1 1 t 1 DISTANCE wNM
-1 TC.) RUNWAY

TfIWETUIKlf%CT~ SECONDS

GPWS Warning [f lnstafled
(No GPWS)
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World
NEWS IN BRIEF

Colombian 727
with 132 aboard
hits mountain

BOGOTA, Colombia – The
wreckage of a Colombian airliner
was found today on a remote
Andes mountainside. All 132 peo-
ple aboard were killed, including
seven North Americans, airline
officials said.

The SAM airline Boeing 727
was found 50 miles northwest of
Medellin on the slope of a 12,300-
foot peak, a search-plane pilot
said. The jetliner, bound from
Panama, went down yesterday as
,it prepared for landing in Medellin.

The plane was carrying 125
‘passengers and seven crew mem-
~bers, the airline said.

It hit the side of a heavily
forested-mountain in an area of
deep canyons. Pilots said the
,rough terrain created problems
for air-rescue crews.

Two pilots speculated in radio
interviews that the crash resulted
from the loss of radio-navkration _



Circumstances:
During radar vectors at night for left downwind to ILS runway 28R,

radio communication was lost unknown to the flight crew. The aircraft
continued its descent and heading clearance. The approach controller
became frantic after unsuccessfully re-establishing communication and
the MSAWS alert started and continued for some 2% minutes. Apparently
an aircraft microphone switch was stuck on. Then the controller
“figurably died” when suddenly on the VHF channel was heard a GPWS
“whoop-whoop! Puil Up! ’’-continuing for some seconds and then
stopped. Secondary radar contact remained as the altitude readout rapidiy
increased. A pilot passenger recalls the Portland city lights disappearing
behind the aircraft some minutes before the aircraft suddenly pitched up
in a ratcheting fashion to ever higher climb attitudes. Eventually,
communication was re-established and an uneventful landing was made.

lTime: Late evening (a quiet night with little ATC traffic)
lWeathe~ 5000 scattered

Next Page

Flight Path Profile
L-1OI 1
PORTLAND, OREGON
April, 1993
INCIDENT

Profile and dialog based on unofficial reports,
Loss communication procedures apparently
not followed?

Approach: “descent to four thousand and oh seven oh on the heading..”

/77
Aircraft: “..out of ten to four thousand..”

Approach: “,,.turn left heading three three oh to --
Intercept the ILS for twenty eight rlghL;’-

(no response) ---.
~“-

#.-
~“--

t , I , I , $ I v , J 1 , , 1
0 5 to ito 25 30

DISTANCE FROM RUN;AY THRESHOLD 28 R - NM

I z , 1 i B I t

& ~. +- ‘= 2 i G 3. adzu———
TIME TO PULL UP - NliNUTES 4’+/ 1993



PORTLAND, ORE6
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~

3100’ LOG 111.3 IIAP
,. ,. .- .. . .

ctmmd121.9 MSA
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Next Page

CIRCUMSTANCES: During a back course Iocalizer approach to runway 20, the aircraft
descended to within 600 feet AGL at 10-1/2 NM from the runwa .

tThe co-pilot finally recognized the problem and called for a clim .
Auto Thrust System (ATS) on throughout the incident - FCU and
Flight Directors disengaged as Captain flew manually. No
barometric altitude alert as landing gear was down.

CONFIGURATION: Landing

WEATHER: 600+, 5 mile visibility, fog, 2QC/ IQ dew point, wind 150/3 kts

OTHER: 49 on board /Time 13:20 local

Note:
MK Ill GPWS installed but NO alert or warning as aircraft in landing,
configuration, no glideslope, stabie descent and no altitude alerts pinned up.

Flight Path Profile
A320

EDMONTON, ALBERTA
2 April 1993

INCIDENT

‘(-7

GABET
NbB

T

I

I
.—. — .—. — ,x\

—.—. — .—. —.

-/
EnhancedGPWS

~75’ i NM ““L.,

TerrainClearanceFloor
------ -_ . . ‘L“----- .= 2*:.—-—-— ~

1

6,000

5,000
ALTITUDE

MSL

4,000
-FEET

3,000

2.327’
L 7400

I I I I 1 I I 1 I I I I I I 1 I I I I I I I I I I I I I I
14 13 12 11 10 9 8 7 6-5 4 3 2 1 0

60 40 20 0
TIME - SECONDS

DiSTAt-.tf3E TO RLf~VVAY - NWf
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BACK COURSE
NO GU08 S1OPE,
IGNORE GUDt PATH
INDICATIONS.

**
/j2#2

G NDB

rO1s.%
4200’

~600, > (186S’)
IO NM

.

>M___&l -

rDZE 2337’ I .,, . ..
APT. 2373’ @ 4,5

MIWO APPROACH: Cllmb to 4400’ on track OF 195° to E NDB.

$lRAIGH1.IN 1ANDING flWY 20
I

CIRCLE. TO.LANO
Loc (mAcK cw , txls

NW+)2640’{JoJv MOA(”, 2840 ‘(S03‘)
Mawr,

+0
2880’(507,)- I h

120

1 1 Y* 8io 2880’(507’)-2

165 2980’(607’)-2
.“d ,p,,d, Kl, / 70 I 9ol Nwllr@l !/0 I 160

&Trampflatlorl Safety Qoard ‘“ ‘ flumw do la a4cusilA de, Wmports
0$Canada , du Canada

TIMTransportation Safe[yBoard of Canada CRB)investigatedthis occurrencefor the
purpo$e of advancing trarwpoxtatlon safety. It IS not the funbtion of the Doard to assign fault
Or determine civil or criminal IIabllity.

Aviation Occurrence Report

Altitude Related Event

Air Canada
Airbw hxhstrie A320-211 C-FKAJ
Edmonton International Airport,
Alberta 10 mi N
02 April 1993 ‘

Report Number A93WO039

Slj?zopsis

Ak Canada Flight 183, an Akbus A320,was on radar vectors for a straight-in back course
approach ,to runway W et the)?dmonton Inter=iicmd Afrpc@.-.4kFt3t3. ++p-,w~dy~fx
miles nortii 6f We ftnal approach fix (FAF), the p~lot unintentiorudly descended to
?pprO%i.WttG1y2,900feet above 5ealevel (ad), The mlnlmum authorized crossing altitude
over the FAF Is 3,6C0 feetad. The altitude devfalion was recognized, a cllmb established
back to 34Yj feet, and the landing wari carnad out without further incident.

The Board determined that the mew did not properly monitor the altitude during ths
approach and allowed the aircmft to descend to a non.safe altitude before Inlttiting a
recovery.

Ce rapport tit ~galementdispordbie en franqais,



CIRCUMSTANCES: During a LOC DME approach to runway 26 this airtaxi aircraft
impacted 3 NM short of the runway threshold, The pilots
apparently began to see ground lights, perhaps an electrical
power station and prematurely departed the instrument procedure
for visual flight. The airfield was probably never ever seen.

TIME: 20:02 Local night ,.,

WEATHER: Visibility 4 KM, snow, ceiling 1200.feet -2’ C

CONFIGURATION: Gear down, flaps approach

FATALITIES: 3 of 10 on board

D 8.0

5000’ I

1- \

I -=.

Radio Altimeter instailed. No GPWS, Runway 26 had
HiRiJHIALS/PLASi set to 3.6Q

Next Page

Flight Path Profile
Be-200

DAGALI, NORWAY
19 March, 1993

i
“\

\ \ \
\ D 5.0

\

I
\

\ I

I
I
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i
I
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I
I 1I

PLASI set to 3.fY

iI

7

,,,...,.,,,
.....

r 5500

I ALTiTUDE

I
-5000

MSL
-FEET

4500

1
4000

3500

— 3000

-2500

1 } } } l~i

7 5

X%m B&

4 3 2 1 0

~
30 TIME TO IMPACT - SECONDS

r—-AO MK !/11GPWS WARNING (no GPWS Installed)

DISTANCE TO
RUNWAY 26 THRESHOLD -NM
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D.4GM[ Inln(lNllc# I 21.3

, (.-,

1
7500” 7000’

w,- +=+70.
LOC DME Rwy 2

~.$s00’ 6000’ LOC 108.7 [

All til, hi% “-rcan$ {,”,1: B Arc
r,,”’ all: 600$I”(JJ9J’

MSA
. . .

01 lcfr Apf. E/ev2617
4MB1A NDb S91S’ FAGEkNES VOR

1 ● ma.., Is “-”’

Aussm APPROACH; Climb on 259° to Lctr, then climbing turn RIGHT and
continue climbing to 6000’(3393’) In holding

STRAIGHT.IN MNDltlG RWY 26 I

ml- -
I 4800m II



Incident:

Circumstances: Aircraft was prematurely cleared down to 10,000’ in holding pattern, (Minimum descent
altitude in hold is 13,200’) A MKII GPWS “Terrain/Pullup” warning was given because of
11,000 terrain S,W. of the Bogota VOR as the aircraft passed through 11,700’. An im-
mediate pullup by the pilot (2 seconds response) towards 13,200 feet, maximum thrust
was made, but fater arrested at 12,600’ as the aircraft intercepted the Iocalizer, and the
radio altimeter shouwed the aircraft clear of terrain.

Time: Night

Weather: iMC

Other: MK II installed and working.

Next Page
Incident

Flight Path Profile
MD-80

BOGOTA, COLUMBIA
10 March, 1993

/-
Minimum t-folding Altitude of 13,200 feet

—.— .—. — - AL .—-— .—-— -—-—
“Clearecf for the approach ---
and down to ten thousand” GWPS Warning

“Terrain! Terrain! PuI/up!
Terrainl Terrain!”

/“
0°

230 Ms, clean configuration
standard rate right hand turn
800 fpm descent _ Projected Impact

Pilot pulls up to 14 degrees

,.’ Maximum Terrain

Terrain derived by
barometric altitude
and radio altitude

14,000

13,000

ALTITUDE
MSL

w FEET

12,000

11,000

10,000

DISTANCE TO RUNWAY
I I I I I I I I I r

22 21 20 19
ALONG TRACK TO GO w NM

18 17 16 15
I I 1 I I

a? at.&4--
)

.—. .— RELATIVE TIME IN SECONDSI I I I I 1

60 50 40 30 20 10 0
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\ f

Approach ‘!..cleared for approach and down to 12,500’”
(Almralt descends 10 12,500’)

\

Approach ‘!..bacause of tmf//c you wi//

have to hold at Wogota (NDB)”

BOGOTA

Pilot pulls up, within 2 seconde
to 14 dogroe8 nose u adds thrust,

Pcllmbs (o t2,500’smtlon
/oca//zer and g//das/opa

12.7NM to runway
“Terrain! Tarrakrl”
(?PWS Wamhrget lt,700’
@rmhr st il,200’)

“Cloered for lhe approach .-
and dcwn to ten thousand”

(Aircraftboglne dascent from
12,500’ al 800 fpm)

1 (El.DUMDOINTKIGOGOTA
I-EDR 109.9 VOR/DME 11S 12

::::TA Approach f:::RADO Tower Ground ATIS Ml I LLN
121 .s 114.7

13 APR 92

SSA 25nm14sl I ‘. I

‘)’/’ ‘ ‘F,

SSA 25nm150

I*zo

10006

W

3“W 321012345

BoG 12610 4160
\tState mlrr alt at SOG 120003660

>= Swts im[nrdt for rr-kad appwach hold 1200U.
2d 11870 3521

Do not OvOmy 6og0ta MY below 10600 ft amsl.
3’ 11660 32oO
4d 11240 2860
5d
6d

10020 2570
10600 2250

LOM 10000 1650
9d 96S0 1300

lcd 9330 980
1 ld 9010 660
12d 88Q0 340
13d $380 30.

1:(0 w 630

1:00 80 420, -... ,nw, ~

80G 12. 6d to cr?as TEH’ at 12000 365(

‘~ E



Glfcumstances: WhllsI on a VOR instrument approach to runway 5,
(ha flightcrew recetved a GPWS warring end pulled
up, The tllght crew were following their procedures
The next apWoach was kept high at 4000 feet until
the VOR and an uneventful landng was made with
no GPWS warning

Weather: IMC
Configuration: Landing gear up, maneuvering flap.
Other: This Incldant illustrates that tow approdch slope

procedures (In this case 1.50) can cause nulswma
CiPWS wamln~and especially make the akoraft
vulnerable to altimetry errors, to visual Illusions end
greater exposure to a possible tandln~~hort Into
terrain or water, CZalsing this approach%9” would
eliminate ENGPWS warnings and improve terrain
clearance on the approach.

Flight Path Profile
DHC-8

PULLMAN, WASHINGTON
January, 1993

Incident

1 THE LOW APPROACH SLOPE INSTRUMENT PROCEDURE ‘TRAP’ I
I I

INSTRUMENT PROCEDURE WITH
LOW APPROACH SLOPE OF 1-1/2°{

-.%
8%%2,,,~b-.. ‘a+

-.
-.> <h

.>
4WI’ I.\.<Suggesled thW Alll[ude 4500’

I

I

; ,“fl—-.
I
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5000

4000

ALTITUDE
MSL

.3000 -FEET
1’ —-~-

f w .,. ,-1 2000

,I,,w,,,,,,,,,,,,,,,,,,,,,,,SNAKE, t
FilVEP

1000

DISTANCE TO
RUNWAY 5 -NM

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 6
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PULLMAN/MOSCOW, WASH’
MAMAWAUAMI.122.6122.IG [- PULLMAN/MOSCOW,REGL

tuu.uwumcowMWUWCOM CT,4F 122,8
VOR f?wy 5
VOR109.0 Puw i

Xlt,l”l.dalmmt., s.ttl”.J@ncT#f; -... .. . .-

(ml tml,,d, u,, Wdla Wdla. . ~pf.~b, 2551’ !

VOR

.1

D5.7
AN” I

10NM W I
032<

3500’
I

V1

026.
(96J”) /

husscDAPPROACH:Climbing LEFT turn to 4000’ direct to PUW VOR and hold,

~~~~~.{pJ ~&/o,~=##f ~ i- CrociEmHAiitl

WA,HI ~ 140 ‘(60S7 WA(M) 3420 ‘(8LW) withL%d WithW.11,W,lf,
Wlrh W,lb W, Il. Alllmsl,, sstt!~ Awrlmt*r $.tllmq

Wllh kd MlnwI,, $,ltl~ Altlnnt., %,,!ng y:
—*(H) MDA(W)_

1 1Y4 $ 3140’(559,)- 1 3420’(8697- ifi

1% 2% t40 3140’(5897.1% 3420’(8697 -2%

2 3 16$3i80’(6z9’)-2 3480’(929’).3
M,.d@__ I 7’91 90 I 100 I 1?0 I 140 I 160 [.—
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Circumstances: During early morning ILS approach to runway 21, aircraft slipped
under the glideslope and hit short of threshold by 10 feet, break-
ing off main landing gear, skidding to a stop on engine necelles
and nose gear.

Time: 04:18 local time

Weather: Fog, visibility 900 meters

Injuries: None for six on board. Akcraft written off.

Other: Aircraft equipped with GPWS, and crew apparently corrected for
each ‘glideslope’ alert. PAPI-L set for 2.750

FLKN-IT PATH PROFILE
B707-321

Abidjan, Ivory Coast
15 January, 1993

~ 175 kts

LMM

GPWS: “Glideslope’7 --- w. - ~

f?
GPWS: ‘8Gtideslope” + * -

GPWS Cutoff on

l-- 1500

– 1000

– 500

–o

ALTITUDE
MSL

III FEET

—.
r I I I I I I I I

4 3 2 1 -a

DISTANCE FROPJlRUNWAY 21 THRESHOLD
~NM
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Alf W, hP,
Rw.yEIcv,OhP,

Tr.m i.wd, By ATc
Tram dl, 26’30’(25P0’J k-z)%%%,, ‘“-”-’””Apt. Elw 20’,

(lAF1014.0AD,VOR R-032

IQH) RWY 2 I

RWY21 10’
APT. 2@ 5.0

NSSED APPROACH: Climb STRAIGHT AHEAD to 1700’ ( J690’), then turn LEFTto AN
.ctr for anofher approach, or as directed.



Circumstances: During a VOR DME final approach to runway 23 the
aircraft hti short into a hill at 6-1/2 NM from the runway,

Weathec 500 foot overcast, rain, poor visibility ~-
Time: 08:10 local
Configuration: Gear down, approach flaps
Fatalities: 9 (Air Taxi)

Next Page

Flight Path Profile
L-35A

HERMOSILLO, MEXICO
8 January, 1993

496.0

-—. — .—, -

-4000

-3000

-2000

.1000

Lo

ALTITUDE
MSL

-FEET

‘1

I I i I I I I 1 I 1 I I I I 1 I 1 I I I I I 1 I I
12 11 10 9 8

DISTANCETO RUNWAY
7 6 5 4 3 2 1 0 THRESHOLD-NM

I 1 I I I I I I 1 I I I 1 I I I I I 1 TIME TO THE RUNWAY
180 160 140 120 100 80 60 40 20 10 0 -SECONDS

GPWS WARNING
,,~ ‘Too Low!... Flaps!” etc. (mode 4)
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, HERMOSILLO, MEXICO
~IIS 127.7 GEN IGNACIO PESQUEIRA GARCIA INTL
“CRIAOSI,1OAPWW. 121.4 VOR DME-1 f?wy 23
MnL40sncoraw.,118.7
. .. .. .—— ——.. vcM 112.8 HMO

III s.1, ML IIN on (q) T,m, I,.*I: FL 195 w. — --
LPI tl. v. 23 MO r,.”, .11, !8500, (!78S4>,

,,,M ,,3JD3 I 10.50

D15,0
VOR

I
D6. O ‘“ I 4000’

D;. O
“ 2800’

~ 23’I.” 1 (ss54’1

2000’
/

1(2/54’)
/

. . . . .._47Y I . .3.r--lT7ii; : ,

hus$rD AWROACm Climb outbound on HMO VOR R-243. Make a teardrop turn

to the LEFT within 10 NM to HMO VOR to the minimum holding altitude.

$lRAIGHTIN tAJ401NG RWY 23 I CIRCIE.70.LAND



Clrcumalancea: While repoelllonlng horn ILS runway 27 to ILS runway 28, alrcudl Impnc!ed
short by 0.4 NM and0.26 NM (o the right of ktcallzer 28, Insulflclent time
10reposition, ra-stnbillze, and change NAV and COM Irequencles. Co.pllol
flyhrgt

Time: 18:19 I-WC Nlghl

Wea[har: Wind t90-200°/t0 to t4 kte
Vlslbilily 1500M . 800M RVR 700 tO 1400M
8/8 stratus, base 200 to 600 fact QNN 1029 hPa
Temperature 8.11/WC .,,

Con!lgurallon: Lerrdlng gear down, flaps retracted O?

Fatalities: 4 including one child. 9 seriously hurl, 11 injurad

Olhen Akcreft fitted wilh operational GPWS Mkll.

/’GLIDESLOPE -
‘“”wl ~ ?+ -CENTER wtkl,. LCTFl

-A.

3 Minutes Before Impact;

Controller: “.-. Can you mtrke a sldostep to the M
10fake M runway 28?

Capt.’ “..- )%aat rmrrse”
Confro/ler:“-..Ok,rmke a rkfestepto theleftto take

ILS (WO elgrht, and cordaot one lwo zero
SIX We, report establlsfred on fhls
frequency”

p3747 hed#rst landed runway 27 and hed
struck e left englrte on (he runway, leaving
debri$}

I

.

t

ohJ4
03.6

FLIGHT PATH PROFILE
DHC-8/30(1

Charles De Gaulle, Paris
6 January, 1993

Next Page

L.

\ Sound of aufopllof disconnect
MM

1
‘L.

Co-PltoL’ 8’--- engines In Idle”

~670 Control: “-- corrkrcf now one (wo zero SIX (ive...”

‘\

I GPWS: Terrain! Terrain} Pu//upl---Pupt”pt”

I -2700 fpm ~ Conlrol: “Bonsolr, you are on one mile and a

I
hall from fire threstrofd two e/ght, do you
htrve the runway IWght?”

Conlrot: “ok you continue present he;;%9t~;;u;d-~k~uld”’b8- “’”a
-. It wilt be a missed approach. Reporf runway In sight if you can”
-- “you’ve \ust overttyirrg the threshold!” t

3000

ALTITUDE
(JNH

~ FEET

2000

1000

0

(no response)

1 \ 1 I I I 1 I I I I I I 1 I I I DISTANCE TO THRESHCJLD

8 7 6 5 4 3 2 1 0 f3WY 28 N NM

I I I 1 I I I 1 I I 1 1 1 TIME TO FIRST IMPACT

120 110 100 90 80 70 60 50 40 30 20 10 0 w SECONDS

2 x “Slnkrate!” Q
2 x “Terrainl” u MKII GPWS WARNiNGS

2 x ‘V3Jihrpl”
Continuous l’TerrainlTerrain” J—l
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PARIS, FRANCE
AI*l Z$.O

,, ,Q

CHARkES.DE.OAUllE

OIOAUlt A,,!,,, LI11121 .15 119.85118,15 llSRwy27
MOAUU1 !- 119.25 120.6S oLOCATOR Rwy 27
0!..”4121,6 ‘w \~ ““”;p:~7+~~;-Ubtw —

:~&:y,; ,.- . ~og;.o” .,.. . . . .
**I... I,U. ,,. n.. 3i17

mw ifw

mile eJfpad
,,nightpm

Aca3dent Pads De Q{
Dazh 8-300,1.643,

42s4 I I I I I I / i
2,5 , 2E@5 2.627

!

253176 2Ea526
2.6(2%

2.S5875
2764

2.72226 27&
I.Wgati. (degreaq

PARIS, FRANC
,1s128.0
01‘3Wi,fi ,,,t”,k (,,121 .15119 .85118.15

, ,Q, ,

C“’mrii?i’;h
0S 0,11,, ,- 119,25 120,65 1!+7 --’*

\ me
40CATOR RW 2i

0,,,.4121.6 1“SIANDAfiO APCW vT. S81

Ah %!, k?. r{.m ,8, A,C Ms. ICC ~~. 1 ..G~
~ #wEk.> 1$w. I,un .h!4w.YiJ.4Wl coo VO* Apt #.. 30

,6, 0 ~&O,:AyW,. W

& ~.” ADM,IO”A,lMKi#,AN,
“ ,, CRft INl,,uctla.’ “,,,, ,0,,,0.

892 .109.2 cRL-... . . . .. .. Iw

b too’ &

‘ \ -J 2’” “c’”:+ “;

.11>- ~,!$j,,i ‘:.

, b

%

020.0 CRl

Ponmlst 370 cm. ?r
.,., . . . . . .. I 0.0

)11.6 PON: ..-. . . . .,
X’;,.hw 4. . . .

W....i )%..)

4

*W “* “ ?’
269

; ‘&&o,,L 4_??2:--- ,,bwr ~6~
,s

/

,;3, %G

- &2W
‘“ 2$-Y 1o~. 1 Q& i%%- ‘$w

“i!ifl:f=~~~~ ffii$ $:o:~~,

“ 1*
,&W$ Ew51

I Td%2724,nhMd,oMANvon.,,,0 <“, Cli,nb STRAIGHT AHEAD 103CW(2682,), lhm Inlw< apt ●d fdlw

—.

+W.G:>,. -..-..
law * Il$>nn, owcm.

,... >,,..! ,.,W,
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Circumstances: while on initialapproaoh(VOR-DME) to
funwav36, the akdt was oleared to I Flight Path Profile
ct+sce~d~ematurely to 8,500 feet. The
aircraftImpactedapproximately85 feet F-27
belowthe lastrfdgebetweenthe ahxatt
and theairport Non-standardphraseology GOMA, ZAIRE
led to a misunderstandingbetweenthe
pilotsand controllerof the aircraft’s

13
position (non-radar environment).

Time: Night
Fatalhkw: 37
orhe~ No QPWS Instellad

‘)Jt@d

A%v%T~ #/..Z”#ao”e FL /s0 ~(p~,~’ao” ~o~’ v’~j—.— . —.— ..-— — -—-— -—-— -—”

‘\*

!\

I

.aYw&-&--

‘\
‘\,

\
‘\ .

~ 16,000

- 1S,ooo

.14,000

-13,000

-12,000

H,ooo

10,000

AL’TI’WE
Msl.

9mo -feet

am

7.000

I
.

5000

4000
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I

I Clrcurnsfmvxxs: Both akcraft on approach hit 3.ONfvl short into two building 300 meters apart.
Both aircraft had accepted radar vectors to ‘QMS’ VOR/lLS 35

10 Dac ’92 Sabreliner: Impacted Ist floor of building

Time: 19:40 local Night
Weather: 6 Kfvl visibility at airport, but fog low clouds at building #1.
Fatalities: 12 including Ecuadorian Chief, of Army, his son, 1 Major, 2

Captains (pilots), 4 Lieutenants, 3 Seargents. Pilot in com-
mand had less than 50 hours time in type.

22 Dec ’92 Twin Piper: impacted 3rd fioor of building #2. ‘
Time: 11:20 local morning
Weathec 4 KM visibility at airport, but fog, low clouds near building.
Fatalities: 5 including Government Minister of Tourism and Information.

FLIGHT PATH PROFILE
Sabre Liner/Twin Piper

Quito, Ecuador
10/22 December, 1992

Next Page

it has been reported that the Iocalizer can suddenly ‘scallop’ between the OM and LMM
10 runway 35, and pilots tend to overconcentrate on maintaining Iocalizer track and siip
through the giidesiope,

No Radar Coverage Many airlines refuse radar vectoring because of
k
1 (Cone of Siience with radar siting problems - (terrain masking) and aiso

Intermittent position and I refuse ‘QfvlS’ VOR/iLS 35 aproaches, preferring

I ‘QiT’ VOR/lLS 35.
12,000

mode ‘C’) altitude I
\ /

[

~~” Giio@pE <

OM /

11,000

ALTITUDE
MSL

w FEET

10,000

7 6 5 4 3 2 1 0

L 9,000

DISTANCE TO RUNWAY w NM

1 I I I I TIME TO IMPACT ~ SECONDS
20 15~ ~~ 10 5 0

c ----- ---- m-— --- ----- GPWS ‘GLIDESLOPE’ ALERT
(NO GPWS INSTALLED)
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KRltTo.4#msch(*R)119.7

IICVITOTowar 118.1

~Grcd 121.9
Altset:hPa % Tram Ievol: By ATC
rDZ Elov: 294 hPa Trans alt: lBOOO’(8814’)

QUITO,ECUADOR

(n

hlARISCAL SUCRE INTL
18,000’ VOR ILS Rwy 35
)-’29.. ,, Loc 110.5 I(JO

“e!5z#i%i? APix-wx
●

11360’ /——————%

/’” ‘1
088°

P
----- .-”-- 0--.. -0-99.=- m-*

/ %,

/’ TP &
D7.4 QMS I

n \
14580’0

(1

*
ram I

).10 }5900*’

‘+

J

-

11736’- OM‘$

.m \\--,....,. :
B

11729’
●

D6. 8 QMS 3. 20”G/5
78.2+),

CAUTION: Rwy displaced1673’(510m).
Maximum IAS 180 kt.

11SDisplacedThreshold
Crossing Hd~t 69’.

t 5.3 TO”DISPLACED THRESHOLD

MISSED A%&%&3: Mai$ain runwa headin c1imbing to TP marker/D7.4
! 1QMS at or above 10500’, turn R GHT to UI NDB crossing at or above

14000’, turn RIGHT to 245° heading to QMS VOR or Droc;ed in accordance
with instructions from ATC. -

.

~Ecuador genera! killed ~,,.’.
1, QUITO, Ecuador -- Themny’stop gen- “’:
! era.1,his son and eight military officers were killed
! Thursday when their private jet cl.ippeda lo-story’
I building under construction and crashed in a res-
I idential area, officials said.

..

} There were no survivors aboard plane and at
: least one worker in the building was killed,

officials said. Radio reports, which could not be
: immediately confirmed, said there were at least
‘ “ three dead on the ground.

Gen. Carlomagno Andrade and the others
; were returning from a military ceremony in
: Machala, about 220 miles southeast of Quito,
; when the ‘wing of the 16-seat Saberline execu-
: tive jet hit the fifth floor of the building.



rCmdikrns:

Time:

Weather:

Configuration:

Damage:

L_Olher:

While on VOf3 approach to runway 06, aircraft hit 9 NM short of
runway threshold. Unofficial report is that crew prematurely
descended after seeing red lights which turned out 10 be an
army barracks.

(night) 01:43

At 01:00 ..- Wind 070/12, visibility 4000M, slighi dusi haze,
cloud 5 CS 9000M, Altimeter 1018, temperature 20”C

Landing

After clipping trees, aircraft destroyed in fire, 4 on board waiked
away with no injuries.

Exampie of Procedural ‘Trap’ --
Very shallow approach siope procedure 1.6?
3000’ intercept aititude needs to be raised to 4000’ (2.8”)

No GPWS inslalled. See DC-8 accident 15 Feb ’92 where
aircraft impacted within 100 yards of same impact point.

~ Pilot: “--- 402 rxocecfures turn comolete krbormd

Next Page
FLIGHT PATH PROFILE

B707-320C
Kane, Nigeria

25 November, 1992

Pilot: “What ‘S your visibility like on the ground?”
Tower: “/1 looks ok on the ground”

Pilot: ---if is different kr ffre air” 7
Tower: “We just had a Jumbo land”

Pilot: “Overhead KA going outbound”

/7/

Tower:“Cleared for VOf7 approach --- report
procedure turn complete in-bound
not befow 3000 feet QrVff

Pilot: ‘owe call you”

Tower: “Report again field irr slgh~, the OCL is 1953 feet on L2NH”
Pilot; “f?oget 1953 feet”

[/ ,

4000
D 7.5

1 “w”
W3R

--—- .-— — 3000

ALTITUDE
MSL

%ks ‘--—-–-–-
Y – 2000 I-uFEET-----

(395’) ~-’
1565’

%!Ysw?.:4.>%3?"%'-:3:T5e>?:s:<::<$.:%%-sB?;P$?2:3@$:m~$tt::?$3~
.,,....,,wyt,..,Z..

--—1-–+~J+—l444~-H

~ 1000

12 11 10 9 8 7 6 5 4 3 2 1 0 DISTANCE TO RUNWAY w NM

-~
60 50 40 30 20 10 0 TIME TO iMPACT ‘U SECONDS

.zk&J&.uu.

~.

‘500’ ‘MK Vil ‘SMART’ CALLOUT (Not Installed)
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Jt W, hPs
y! Elwt 56 hPc ““S’= ’’:’LM j wK1’% -: “’lram dh500CW35’ APL EIW1565

IQ

DN(D).1O

o

m D7.5

{

CAUTIONI
00 NOT OVERSHOOT R.244
ON FINAL TURN FOR LANDING.

0s20 W.30 08’40

wy 06 threshold dW 1562’.

:::
hull at
3 Min

OCL RWY 06
1953’(388’)

I.
7,5 I

0.7 ~ 1565’

MlssEDArPROACHi Climb on064°to 4000’(2435’) orasdirected.

SlRAlf3HT.lN LANDING RWV 06

MMIHI1960’f395’)



ICircumstances: During a Iocalizer Instrument approach (LDA-1) to runway 8, the aircraft
Impaclwf a ridge on Mt. Chllkal

Weathec Probably IMC. At the airport waather reported as low clouds, rain mixed
with enow, winds gusting 35 mph.

T’lmB: 09:02 iOCf3i

Fatalities: R Included 3 Generals, 2 Colonels, 1 Warrant Officer and 2 Sergeants

Other: Aircraflreportedlyfittedwith “TafkingAltimeter’; GfobafPusitioneRecaiver
and MOCAfMSAdata base.

No GPWSinalaffed. Army had previously rejectedGPWS(TSO-C92b)2
.,,

years prior to accident. Juneau accident of 2 Sept 1971had been used
as exampfe to Army of GPWSsafety merits!

Note: Three aircraft have impacted ML Chifkat. Aff were prematuraffy fow in
altitude. SlsteraVORhasbeen hefdwith suspicionby someinvestigators
but errors not proven

● 2 September 1971 0727 111 Fatafitiea No GPWS

Next Page

FLIGHT PATH PROFILE
U.S. Army C-12F
Juneau, Alaska

12 November, 1992

DIBOL
R358 SSR

i 1971
● 22 October 1985 L24D 4 Fatafitles No GPWS Capt: “Thousand to, oh Barlow ---
● 12 November 1992 C-12F 8 Fatalities No GPWS

zero on; five !s Barlow )’/1give you that, huh?”
F/O: “Otr”

‘ROCKLEDGE’
f

/

Ro06 SSR
‘.% Capt.’ Wr’t far off of that, eifher --- keep ‘er going down --- don’t let it

get bekxv two hundred or you’[fget a stick shakerl” #
-%%

6500’ F/O: “No I won’t”
7000

+----- ~ I I
\\ -—. — .—. — -—-

Capt: “Swkrg ‘er right down, usand feet a minute” ,H01~A2RD,
“’.,/ ~~: ,rokJ!

~

.1

I_
I

L24D > ~ I “ LYNNS\ FlO: After Barlow?” $ – 6000\ \
\

/

-R-3? ‘SR Ff360 SSR
\ ATC: ‘[--66 say you’re altitude >.- i500’ f ‘ s ● 5700~ I

t

\ \
\ \

\
/

B727 (Actual) I capt:’’--”66 ‘eW’ng “ve _ - & - yk- ~ 5000) ~
\ thous&rd fkre, four thousand five hundred,

\ ‘i
\ 5000

we’re )ttst approaching Barlow” I
.c ..-

% ‘\ \\ ‘.

~ -. ~ c~k;G;~~e~!;~;;~d;oming uponharfow right?,! ~ ‘.
Capt: ‘%ah” I

“ 4000

\

-x
<

Both L24-D and C-12F had DME \\\ F/o: IIOklt

“Hofd” feature, and both found in
\

*.. -+’~, I
“Hold” switch position. a

.. ... ... .x.........:,:.:.:.:.:.~............-\
:,:.~.yjjjj$:$..o \
.,, ,

. .. . .. . .. . .. .. . . .. . .. .. . .. .. . ,

I

I
i

I

I t
3000

I

I
I I 2000

I

* AJ, f
I ,::~,j., 1

“ 1000

\ ,

1971
‘BARLOW’
R015° SSR

f

ALTITUDE :
MSL

~ FEET ;<. -. .-. .
3900’ t

i i I I 1 1 I i I I I I I f I I 1 I I I I it I I I I J

27 26 25 24 23 22 21

.a%~ r-—f-—T———~—f—~

100 90 80 70 60 50 40 30 20 10 0

CZ3
83

33 CZ:ZZZZIZ3
34CZ:3 C===a

m---------- 3
2:

20 19 18 17 16 15 14

DISTANCE TO I+WY t38
TfME TO IMPACT w SECONDS N>NM

C12F PREDICTED MKVI GPWS WARNfNGS (GPWS NOT fNSTALLED)

L-24D PREDICTED MKVf GPWS WARNfNGS (GPWS NOT fNSTALLED)

El-727 PREDICTED MKVII GPWS WARNINGS (GPWS NOT INSTALLED)

I

I
t
I

1

I

I

I

t

I

t

1

I
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JUNEAU, ALASKA
JUNEAUINTL
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c 2840’(nwz’/. ~ 4 3ooo!2982’)-
140 2840’ (2s22)) - 3 4

D 3020’(w02’) - 145 3020’1w02v - 3100’@0$2’/-

e MMUA, #.3”,t, P#Oti 67so’.t
Dno ,., ,0 ,L2,s.”r
w, OW ,,,, $s00. ;+: ,*”c,’*

~ :$

2-

,#
+4.11

m

.

. 11$?! m.,, ,,,.,,

NOIE W! c.t-. d.u ,.qu+r.s ,im.l! . . . . . . AOF r+,%.,.“d ..lhwhd. M$.... $ .WV !,ght$ . . .~ m.an”.,,q d.r,.g ,h. ,Py.,ch. 0,,,,”, ,. W@ v,, bl. .,., Ml NOB ,, “bk, ,,,,.,, Pull “P.

J 14:3° %%’0,
,, ,,,. SMNC,B McK1EoG6 MR1OW

16.1

JUNEAU,ALASKA
JUNEAU MUN

LDA NOB-2 Rwy 8
[(IC 109.9 UDL ‘&7.-

1 2:S-;,, lfs.$,At.?,? *;&a?

SEP~.’?l

,-
A;O THE SEATTLE TIMES SATURDAY, NOVEM!3ER 14, I&:

!..1

Weather at crash site preventdl
$ecoveryof 8 dead Guardsrneh!.:;

!qs&%&
: ~NSASJ, Alaska - Snow and

lo3r,cIouds grounded fnitizdefforts
y$serday to ratrfeve the bodes of

wkF:.%:d”6”mK:&%
cr%shedon a remote mountehreide.

*Tfre coast GrmrdW13S ~g to
g~ a helicopter to the site a ut 30
r@les west of Juneau. ‘They’re

%%%er?” %~F~%a~M=
a~ Jr.”mold.

:The. C-12F twio-anglne.p!sne
myshed at the 2,600-fmrtelevation
od the Chilket Peokrsrda on Thrrra-

$v?;:::;:$;a~e:
~Photos of the site show the

p@ze’s tsU and W@S broke off on
~act, but the main fuselage

remafned Srrtact. Tfrere were no
survivors.

~~$~~~~$$~$e~h

most of them were based.
“Up md down the beISway

there’s a lot of red, wet eyes,” sefd
Capt. Mike HalIer. ‘Were pretty
shook SSs2.”

Among those “idSSril was the
comnran~er of the Afsska -y
National Guard, Brig. Gen. llrom.
es C. CS2TOIS.Carroff, 44, also
served as deputy commissioner
md __ehhf_mf_mff_Qf_ th&st&t
Deswmtrnentof MiUtarv and Veter-
ani AfTairs.

;:nF~;:$d:y:h&~$

Md. Gen. Kenneth W. Hfmsel.
an Indimra national guardsman Ori.
a brief easigrrment in Aleaka, afso
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I 11,500!

Ckcumstance$x Akcra% while tracking NDB-VOR-DME runway 02, hit last ridge between
aircraft and airport, 260 feel below top at 9NM. Captain may have
misread the approach plate on altitude versus DME. This accident very
similar to B737 Unalakleet 2 June 1990, where the error was not detected
by the copilot.

Time: 14:00 local

Weather: VMC at airport, but clouds covering mountain tops.

Configuration: Landing, 25 flaps

Fatalities 167

Other: Very steep approach, approximately 61/2 degrees, requires landing con-
figuration. Autopilot #2 and autothrottle engaged. MK II GPWS installed,
but operation not known. (XR area microphone inoperative. No GPWS
warning discrete recorded on FDR. Professional Senior Training Check
Captain 13,000 hrs. fvtKll GPWS “Minimums”! and procedures not
enabled which would have given pilots a cue to go-around.

Next Page

FLIGHT PATH PROFILE
A300-B4

Kathmandu, Nepal
28 September, 1992

-T=. . D13,

I ‘%-=
-10,000

ALTITUDE
-9,000 MSL

N FEET

– 8,000

– 7,000

– 6,000

Id – 5,000

02

I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I -4,000

1
12,000

11,000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DISTANCE TO RUNWAY 02 ~ NM

.z’d~ f’ 1 I \ I I I TIME TO IMPACT
60 50 40 30 20 10 0 ~ SECONDS

r.3
18

POSSIBLE MK II GPWS WARNING (NOT KNOWN)

•1 “ltJ@”
21

MK VI! CALLOUT (NOT INSTALLED)
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. . . Mountains should be abolished. At least that’d stop
all these aeroplanes bumping into evey ofher peak. , .
It’s justhappened . . . in Nepal . . . Kathrnandu. . .
1was reading fhe story in fhe paper. Here . . . look. ”

“The Adventures of Tin Tin in Tibet”
by Herg4 1960

167 die as Pakistani plane
rams hill near Katmandu

KATMANDU, Nepal (AP) — A
Pakistani jet filled with Europeans —
including mountain climbers and mia-
aionaries — plowed into a pine-covered
‘hillside. Monday, and rescuers searching
the burning wreckage reported no sur-
vivors among tbe 167 aboard.

Officials said one American also waa
on board the Pakistani International
Airlines Afrbus A300 when it crashed on
a landing approach, the secnnd air dkas-
ter near the capital in as many months.

TIE pilot had given no indication any-
thing was wrong before contact waa lost
with the plane, and the weather was nor-
mal, officiak said.

Airline aorwces in Pakistan said the
plane may have been flying too low as it
approached thk city ringed by Himalayan
motmtams thousands of feet high. The
aourcea,speakiogon conditionof anOnymi-
ty, aaid the plane was flying at 7,500 feet
when it should have been at 9,000.,

The airline hashada fmnraafcty and ser.
vice record in recent years. A Tftsi Airbus
crashed into a snowy peak near the capital
in July,killing all 113 peopleaboatd,

Tire Pakistanije60n a flightfrom Karachi,
Pakistan, crashed 14 miles south of
Katmandu’a airport, aaid Nagendra Prasad
Ghmire, deputychief of Katmandu airport.

Except for a few chunks of scattered
wreckage, the fuselage was mainly in
one piece, according to Associated Press
reporterBincd Joshi,who drove to the site.
The plane’s tail was in the air and its nose
buried in the ground.

Rescue crews that reached the site
earlier by helicopter wid the plane was on
fire.

Kedar Prawrd Bi@ai, a villager whose
home is a 30-minute walk from the site,
said he heard a loud noise followed by
explosions that lasted 15 minutes. He and
other villagera said theylater saw “many
bodies” at the crash site.

They said there were scattered chtuds
but no rain at the time of the crash.

The state-owned Nepal Radio
announced that bodies of victims would
be handed over to relatives at Katmandu
airport today.

The accident occurred at the start of

Nepal’s touristseason.

Nepal crash ~



Circumstances: During an expedited a roach to ILS runway 29,
I!Paircraft became unsta ized, with ‘S’ turns through

the Iocalizer at 60 Kts excess speed, overbanked,
out of trim and in limited visibility, Aircraft’s right
wing clipped trees and tore off, aircraft hit inverted.

Time: Night
Weather: Ceding360 feet, visibility 4,000 feet
Fatalities: 84 (21 children) 7 crew

CAPTAIN CALLS FOR GEAR DOWN
/ AND FLAPS30

GLIDESLOPE \

PERFORMANCE EQUIVALENT TO --.

PRE TSO/CAA SPEC 14 STANDARDS
TONE WARNING ONLY

Next Page
FLIGHT PATH PROFILE

TLi134
IVANOVO, RUSSIA

27 August, 1992
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--. F}N SUGGESTS A GO AROUND
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RUSSIAN ‘GPWS INSTALLED
-\-

%_ CAPT. ASKS CO-PILOT FOR “STABILIZER” TRIM

3@
RIGHT BANK
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DH......... .... ..... .. .............
-~.,

t I I , I i t I
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00 RUSSIAN GPWS
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(Excessive descent
rate to terrain)
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3000
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DISTANCE TO
RUNWAY 29
THE~~~OLf3
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I Grw.d TFCU4C of W-J-134.

SUZAIJ &i
t

On Board (’7)Crew
Captain, Co-pilot, Navigator,
Plight Engineer, Engineering Instructor
(2) Hostesses
(77) Passengers of which (21) were
children, many in parent’sarms,
returning from vacations.

Other Factors Reserve crew up for 20 hrs.
8 hr rest. 4h 53’ in aircraft
Captain 53 yrs old, 14fiO0hrs
2-1/2 years in type.
co-pilot 5,000 hrs, 100 hrs

in type; F/N-F/E 8000 hrs,
5-1/2 yrs in type. All familiar
with route and professional.

At First Impacti aircraft clipped trees 34 meters
below tops, loosing skin from right
wing. Bank angle increased to 55,
right wing broke off, aircraft inverted
with Pilot pulling back at 360 km/hr.

Haps, although set for 30, remained
to 20 because of excessive speed.
(100 krn/hr above normal final approach
speed.



Circumstances:T/w aircraftImpactedterraindurin a missed approach. The fflght crew, while at an Inltlal approach altitude of 11500

E l%e crewth
feet. had difficulty selecting and o talnln a Iandlng flap posltlon. This delayed the Inltlatton of the descent for
NDB-VOR/DfvfEapproachto runway02. en decidedto requesta clearanceback for a second attempt at
the same altitude. ATC ranted this clearance back to “Sierra”. However, both crew members left the flylng to the

?auto pilot and became atally distracted In locating the pa er area navl atlon chart, determining co-ordinates for
yrg“Romeo” and ofher Inltlai Approach.Fixes (IAF) mlssln flom he FMS data ase, These co-ordinates were then entered by

hand into both FMS using the keyboards. Valuable t me was then lost trying to show these W’s on the Navigation
01s lay In Map mode (behind the aircraft). A critical 3-plus minutes were lost In this process, Instead of an immediate
pul?~recovefwA ~Derm[~7#&~~&&@fK~Il)warnln90ccurredsome 17secondsbefore lmDact,MeCfewdelayed, waltkIg

Time; 13:OULocal approximately.
Weather: IMC, rain, heavy at times.
Confl uration: ~~n

‘fFatall es:

I

Ca t to Co-pilot “,,,Level than 81’(power Increased”)
A?C: ‘.,.vlslblllty toward south 35&rmetersnow”
C~F&~,Turn backl?,,,backl” “ up arently autofllght left

: “c..It’sfalsel .,.falsel” IIn Itltude Hold
c/i? “.,.Oh my GodY

Imoact \ A

Next Page

FLIGHT PATH PROFILE
A31 0-300

KATHMANDU, NEPAL
31 JULY 1992

G~T~S jtart: “Terralnl Terrainl”

7
,,,vislbili toward south 3!33) meters now”

GPWS “,.. Pu I Up! Pull Upl” (until Impact)

c2G:::!:2%%!9!: ?:g;Fktoy \ \ i
cm “...dtd we turn right?”
Capti “...w11llturn back soon’

11500 feet 230 kts indicated, 024QHeading
/

#’-

VOR

L....,,.,,,

Autopliot engaged in
Altitude Hold and Heading

! I I I , I # 1 1 I , I , I 1 I I I , Ii--+--l” --”+--+ I I
1 * ~+-t-

17000

16000

13000

11000

ALTIJttDE

- FEET

- 9000

/m7000

3rXJ0

o 2 4 6 8 10 12 14 16 18 20 22 .24 -26 _28. -30. .32L .$&;A~N~J; PAST

1 A TIME TO IMPACT

tilwawmloo - SECONDS

J?.J———

.

n MK Ill GPWS WARNING

17 SECONDS
‘Terrain! Terrainl Pull Up!” etc

3/30/94
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,,

HIGHEST AR&A MINIMUM ALTITUDE ( AMA)
OUTSIDE SHADED AMA AREAS IS:

(EXCLULIES AREAS WHERE RELIEFDATA

,$
.*. OAircrafI will be required 10 fly 15
.\ \ when deemed necessary for Iransi ion air-

\ \ craft from one holding 10 another.

~

Lessons 1) This accident highlights how the FMS and Map displays found
fn the modem glass cockpit can be addictive and compellin~ can
contribute to a lack of terrain awareness, arid in this accident ,..a
fatal distraction.

2) There is need in CRM training to illustrate why immediate
terrain recoveries are necessary, and how to recognize “traps” in
the ATC radar/non-radar environment.

3) There is a need for “hands on” terrain recovery trafnLng in the
simulator. The pilot should be able to practice responsive
sustained smooth pitch ups to nominal recovery attitudes.

4) Inmost glass cockpite there is typically only a simple digital
readout of radio altitude immersed in the clutter of the ADI. The
lack of a prominent radio altitude indicator that gives terrain
“unwinding” trend handicaps the pilot in recognizing any possible
terrain problem in the first place, and then later as a tool for terrain
recovery. This is a step backwards in terrain situational awareness
when compared to present radio altimeter indicators (tape and
dial) available in the older non-glass cockpits.

The A31Ohas a “deClutter”function on the Primary Flight Display
of Attitude Data for unusual pitch or roll attitudes. For abnormal
attitudes, attitude, speed/math and heading are retained, all other
indications are erased to help declutter the display. Why not
devise a similar scheme for an emergency ‘Terrain! Pull-up!”
GPWS waming...highlightlng attitude, radio altitude and trend to
help the pilot expedite a safe terrain recovery?

5) Other factors illustrate the use of non-standard phraseology,
misunderstandmgs, lack of aircraft positional awareness for both
crew and controller, and other traffic.

~
8 86, 30’



Next Page
Circumstances On Initial approach ILS Runway 04 to Ambon, aircraft struck a

mountain 9 NM from the runway. Aircraft had descended
prematurely for an unknown reason; such as misunderstanding
of clearance Irarrsilion allitude.

Wealher: IMC

Fatalities: 71 (7 crew) .,.

Preliminary Data ,

FLIGHT PATH PROFILE
Vickers Viscount

AMBON, INDONESIA
24 July, 1992

9NA4 to
‘0/-/’MM

~

~ :, I , I I 4
6 5 4 3 2 1 0

~ - -4-J--4
o

P ------______ 3

\

088”

4000

3000

ALTITUDE

t

MSL
~ FEET

I
2000

1000

0
DISTANCE FROM IMPACT

~NM

TIME TO iMPACT
-SECONDS

GPWS WARNING (NO GPWS INSTALLED),
&TWR,M~_T&fR,*fL

PULLUPI etc.
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-world

NEWS IN BRIEF

Plane carrying 71‘people
k missing in Indonesia

JAKARTA Indonesia - A
plane with 71 people on board was
missing today, a da after it failed

Jto make a landing ue to bad
weather in Indonesia’s eastern
province of Ambon, officials said.

The domestic Manda.la Airlines
flight lost contact with the ground
after failing to make a landing in
the fog on the island of Ambon,
1,500 miles east of Jakarta.



Circumstances: The aircraft clipped the top of a T,M tower Iocaled on the top of a
3000 taoi mourrlaln during a night time departure. A misunderstood
clearance with non-standard phraseology and improper read baCk ted
to a fll~ht into terrain situation. “Perry” intersection, Ioceted 032
degrees and 150 nm from the airport, had been entered into the FMS
as a waypoint direct from fiftoff, The aircraft tuned at 750 feet after
liftoff to follow the magenta line to “Perry” on the Navigation Display
in MAP mode.

A MK V GPWS }ssued a “Terrainl TerraM Pull Upl some s}x,seconds
from Impact. The F/O immediately responded with a gentie Puli Up
that was not sustained, but which saved the aircraft, crew and
passenger from certain destruction and fess of life.

Tima: 22:05 local

Injury No injury 10267 passengers.

Damage Wing clipped the lop 20 feet of a 300 foot TV tower, damaging left
outboard leading edge (6 feet wide by 2 foot deep), rupturing fuel
tank, damaging L.E. flap drive, anti-ice duct, stringers and the front
spar, and feaving red paint across top of wing.

Time: Night.

FLIGHT PATH PROFILE
B767-300 ER Next Page

MARGARITA, VENEZUELA
23 June, 1992

FIO lowers nose
to 11.20

P~befOrec Ippmg tower

1200 feet of tdtr’tude ,

Flaps
gained before

selected up ~
clipping tower

Run

5000

K
TLeadin Edge Asymetry

4000 fhdicat on
224 kts

Stick Shaker activation 229 kts

F/O Raises nose to 16.9°
Fu// thrust app/led by auto thrott/e

~ 237 kts
3000

\

&
,,,,;,,,
“$/::

$&,
‘q,,

2000 “’,.,,
,{,,,,

,.,

1000
ALTiifDE

- FEET

o
I , I * I 1 I I ,

1 ; DISTANCE FROM TOWEFf N NM
7 6 5 4 ‘3 2 1 0

J-

.! , I I
r

I I t 1
I I

I 1
{ TIME @ECONDS

115 ilo 100 90 80 70 60 50 40 30 20 10
.&z&_ &:’RPws warming

111111“pull up! pull Upl Pull up”
.,.

“Terrain! ... Terrain! . .. Terrain!”
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03 Z*/lSON~

RwyEhv: 3 MB Trans dt: 5000’(4926’) \
~ ~ AirioM Apt. E/bv 74”* .,.

/. 1

: ihlllflhtd hidl fofralil ‘:’“1

Lessons 1) This incident highlights how the FMS and Map displays found
in the modem glass cockpit can be addictive and compeffing, and
can contribute to a lackof terrain awareness.

2) There is a need for “handson”terrain recovery training in the :
simulator. The pilot would be able to practice responsive sustained
smooth pitch ups to nominal recove~ attitudes.

3) In most glass cockpits there is typically only a simple digital
readout of radio altitude immersed in the clutter of the ADI. The
lack of a prominent radio altitude indicator that gives terrain
“unwinding”trend handicapa the pilot in recognizing any possible
terrain problem in the first place, and then as a tool for possible
terrain recovery. This is a step backwards in terrain situational
awareness when compared to present radio altimeter indicators
(tape and dial) available in the older non-glass cockpits.

4) S@nMcant terrain or man made obstacles may n@ be shown on
instrumentprocedure charts. There appears to be no legaI
responsibility for completeness or accuracy of depicting significant
terrain, terrain contours or obstacles, Potential legai and IiabiIity
concerns may delete or deny this valuable information for the pilot.
(Margaritahas two majortowers locatedon the same 3000 foot
mountain,butneitherareshown),and themountainitseffk shown
onlyon one of the charts, and not on the others.
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Circumstances: Aircraft freighter while on approach to VOR runway 10, hit short
of the runway by 71/2 NM, Co-pilot flying. Captain distracted by
intermittent aft cargo smoke alarm and light during approach.

Time: 01:05 local

Weather: Clear, unlimited visibility

Fatalities: 3

Other: General freight, food, chickens etc. Autopilot on heading hold.

FLIGHT PATH PROFILE
B737-200C

CRIJZEIRO DO SUL, BRAZIL
22 June, 1992

Aircraft wired for GPWS, but no GPWS computer installed.—

Sound of Aft cargo smoke detector

Pilot to A4ecfrarric: “-- go back and check the
cargo area for smoke or fire”

Pilot: “overhead the VOR---
oulbound”

+

Mechanic: ‘aEverything looks ok, I could fkrd no smoke”

Pifot: ---’’(Landing) f/aps please”

Pilot pulls throttles back (Autopifot holcfing heading and pitch attitude).

Pilot: “Please have fire fighting equfpment standing by...

~ (lo-pilot: “Yes ‘t
MDA -1150’

-2400 fpm
Pifot sets /n 3000 feet on A/t/tude Alert — — — — —

descent Altitude Afert tone.
-1000

MOA River

\., I 1 I I
10

I \ i \ t t t I , t

12 11 10 9 8 7 2 1 0
DISTANCE TO RUNWAY THRESHOLD

t , , , 1 1 TIME TO IMPACT IWSECONDS
100. 90 -80

RJNM
-2’0. .60- .!io- -40. .30. -20. -10- _o-

,Ez~.cz=Iza MKVI GPWS WARNING

an-d~
,1 ‘“’PuIkJp” continuous (NO GPWS INSTALLED)

“Sinkrate (5 times) 500’
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JEPPESEN CRUZEIRO DO SW.,- BihZ

, 0,

-CRUZEIRO DO SUL IN

DESCENT DEL:TA
KR!JZEIRORdo 125.7

3000’ VOR Rw,y. 1
VOR112.0c

Alt Set: hPa Trams level: By ATC MSA
—. ... . .,

. Rwy Elev: 22 hPa Trans alt: 3000’(2403’) CZS VOR Apt. EleG 601—
u

0_

n-so 7243 —
.

,ifm,~-’”o
RWY 10597’ .

I P&w APPROACH:Climb to 3000’ outbound on CZS VOR R-109.

Jf@A(fg1150’ (553’)
Max

csIsxNG.vrsImm’
% MDA(H] cm-m —

A
600’-2OOOm

B
600’-2OOI$m

—

c 6C0’-2@Om 163 1 150’(550’)

19

600’ -240,0m

2@$ 1 150’[550’)
-

~ D 600’-28OOm

o
600’ -3200m

I
u I I I
~ Rate Qf dwswt m final (fiwf/nW 600

I



ClrcumstanceWWhile conductinga MSIocallzer approachto runway 5, the aircraft
Impacteda hlllslde,The pilot had Inadvertentlyturned the aircraft right directly
onto the Iocalzer outbound and in a descent,The aircraft
over flew the airport,while centeredon the the Iocallzer,by some 6.8 NM
before Impact,

Weathefi 700 foot scattered,500 foot broken,4000 foot overcast,3 milesvislblllty,
fog y, rainy

Time: 09& AM local
Fatalltles: 3 out of the 6 onboard,
Othefi Captainflying his first and last revenueflight, had extensivehelicopter

experience, but handicappedby mlnlmumInstrumentfllght hours.
Companyprovidedonly one set of approach plates er crew,
co-pilot monitoringa

%!
r?roach, No GPWS Installed.FA 135,153

publlshed20 March, requiresGPWS installationby 20 April, 1994.

Next Page

Flight Path Profile
Be-C99

Annistcm, Ala.
8 June, 1992

4000 t
“,,,suggest a procedureturn,,.’(Naradarcoverage)

~$j!?m,,, In procedure iurn,..’

F-----k

Ca k (nonasertive),,.’Let’stry Itagain’,..’theradio’saren’tIdentified’
C/t?,,,‘Why?weareok’,,.

‘Urn% oWbWoa
Heading 050Qon center line of Iooallzer
Landing gear down - partial flaps

3000 Ca h (nonassertive),,, ‘Let’s go around’
F*C/ : Get It down to 11 hundredlm

MSL
Feet

Altitude 2000
1

1
,.,..................,.......................

1000

t

-2 -1 0 1 2 3 4 5 6 7 8

Distance Past Runway End - NM
>* a&.m64— ~ Time - Seconds

.60 .5(- m .-.x- -.2....10 l!

- MK VI GPWS WARNING
10 (NOT INSTALLED)

*F
Terralnl Terralnl Pullupl ,.,,,,

‘500’
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ANNISTON;ALA
1A “ANNISTON METRO

‘*J 16sl’a

.1890’

LtNTZ 0,, Gi+&
My ULn $S+a

B@GA

~
AUSSEOAIIMOAW Climb to 1400’ via 050” he4&g then clim;ing RIG%f’ t~~~
to JOOO’ outbound via TOG VOR R-085 then reverss course Ciitijng to ,400~
inbound via TDG VOR R-085 to TOG VOR ●nd hold.

Ww@nt .kAL.womGSW ●
CIRCLE.TCMAND
*I Ahrtad

4W.41H11I 00’ (s0s’)
W* ofRIV S-2$kIwli- W$a

i

P-
Journal American h-9”$7a

Briefly
Compiledfiom JA news services

-,

3 die in plane crash
ANNISTON9 Ala. - A commuter plane crashed

in a remote area of Fort McClellan’atmy base Mon-
day, killing three of the six people aboard, officials
said, A survivor who walked out helped rescuers find
the wreckage more than five hours later.

GP Express Flight 861 originated in Atlanta and
had been cleared to land at Anniston Airport at about
8:50 a.m. There were reports of fog and rain in the
area when the plane crashed at the base about 10
miles to the northeast, said Arlene Salac, a Federal
Aviation Administration spokeswoman in Atlanta.,
She wouldn’t speculate whether those conditions

..w~.:~.$~+j;n~
Passenger Dennis Lachut, 29, of Fort Lewis,

walked away from the crash and was in good condi-
tion at Northeast Alabama Regional Medical Cen-
ter.
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CIRCUMSTANCES: Aircraft was inadvertently vectored by controller towards
mountainous terrain. Controller was overloaded by vectoring
heavy traffic around numerous thunderstorms through other ATC
sectors resulting in excessive coordination and heavy
communications. . ..

WEATHER: IMC, Thunderstorms

THE ATC RADAR VECTOR ‘TRAP’

Flight Path Profile
MD-80

WASHINGTON, DULLES VIRGINIA
May, 1992

Controlled Flight Towards Terrain incident

See other elmlller incidents Iacckfente: With enhmrcad GPWS, the high ground of tire Shenandoah Mountains
would go solid yellow, wilh an aural ‘Cauflorr Terrain’ at 5NM, 60 seconds

DC-10 Portland
?%!%
&ch 1992 !?%-7 %%%

from projected impact.

7 Fatalities /
May 1990 MD-80 g;vrk&

.

May 16,1986 f3727 With enhanced GPWS, the Shenandoah
kl?th enhanced GPWS, the high ground would go a solid red,

Aug 1, 1979 EW47 Chitose Mountains would have been seen on a /’ with an aural ‘Terrain Ahead!’ ‘Pull up’} ‘Terrain Ahead’! ‘Pull

July 26,1979 B707 Rio de Janero 3 Fatalities map display at a range of IONM as a t Upl’ at 2-VZNM 60 seconds from projected impact.

/ serkw of dots with vatying density //
/ nigh ground would have been shown ~ /’

/ In highest density dots.
/

/
/’ 5000

/’ // /

/ Aircraft slowed
/ /to Zoots /1 Shenandoah

250 kts 270QHeading / /

~ ‘[

4000

/

Mountains
3000 feet / /1

/
/1

/ 8 /1
----- ----

/

4“”’’” 3000
/ %

/ -% , * . ALTll~DE
~-

A climbing turn Is #- . ~’
initiated / 2000 -FEET

t

I I I I I I I [ I I I I I I I I I I I I I I I I I
12 11 10 9 8 7 6 5 4 3 2 1 0

2.a?s&_ I 1 I I I 1 1 t I t 1 I I I 1 I 1 1 1 I I 8 t t 1
120 110 100 90 80 70 60 50 40 30 20 10 0

-.
‘C;;tionl Terrain!’

r------~:::i ---j
‘Pull up!’ etc. ---
‘Pull up!’

r--d
Terrain Ahead[ Pull Up/’
‘Terrain Aheadi Pull Up!’

LO

DISTANCE - NM
TO PROJECTED IMPACT

TIME TO PROJECTED
lMPACT~SECONDS
MK I Warning if projected
flight path flown

3-~
Enhanced GPWS
Warnings
(not installed)
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NARRATIVE : AcR X WAS CONDUCTING A SCHEDULED ACR

FLT FRO”N RI@u4GN0, VA (RXC) TO Washington DULLES (23J2) A FRONT

WAS PASSING THROUGH THE AREA, CAUSING NUW13ROUS RAIN STORMS AND
SWALL TSTMS WE WERE PROCEEDING N FROM RIC TO THE BROOKE VOR,

WHICH IS THE S ARR FIX TO Ul12. A TSTM DEVELOPED DIRECTLY OVER
BROOKE, WHICH CAUSED ALL THE lNBOUND ACFT TO DEVIATE FROM THE

NORMAL ARR CORRIDCR . THE CTLR ISSUED NUMEROUS VECTORS, MANY OF

WHICH WERE REFUSED BY THE ACFT RECEIVING THEw, DUE TO THE MANY

SNALL TSTMS IN THE AREA. THE FREQ WAS EXTREMELY BUSY. IT WAS OFTEN
LITERALLY IMPOSSIBLE TO GET A WORD IN. ACR X WAS TOLD TO DSND TO

3000 FT MSL AND BEGAN DEVIATING AROUND TSTMS JUST S OF THE S.ROOKE
VOR. WE WERE THEN GIVEN A HGG OF 270 DSGS BY IiiD APCH. WB
PROCEEDED ON THIS HCG AT A SPD OF 250 KTS FOR ABOUT 10 t41NS IAD
APCN WAS STILL EXTR!JMl?LY BUSY WITH OTHER ACFT , THE CAPT BEGAN TO
EXPRESS CONCERN ABOUT THE HEIGHT OF THE TERRAIN WE WERE APCHING .

(WE WERE IMC AT THE TIME.) WE ATTEMPTED TO CONTACT IAD APCH , BUT
COULD NOT GET THROUGH THE 0TH12R TFC ON THE EADIO . BY TNIS TIME, I
FIXED OUR POS AS 40 MI FROM THE MONTEBELLO VOR ON THE 60 DEG

RADIAL. THE MEA ON THE AIRWAY AT THIS POINT IS 6000 FT. WE WERE AT
3000. THE CAPT SLOWED THE ACFT ?t3 200 KTS, WHILE I AGAIN ATTEMPTED

TO CONTACT IAD APCH THE RADIO ALTIMETER BSGAW TO INDICATE THAT
THE TER~lN WAS RISING, AND WE COULD SEE THE liILLs THROUGH THE FOC

AHEAD . I FINALLY GOT THROUGH TO lAD APCH . TNEY ADVISED THAT THEY
HAD LOST RADAR CONTACT WITR US AND ASKED OUR POS . I GAVE IT AS 40

MI E OF NONTEBELLO THEY THEN ASKED US TO CONFIRN NE WERE AT 7000
FT. WWSN lY3LD THAT NO, WE WERE AT 3000 FT, THEY ISSUED

INSTRUCTIONS FOR AN lNWEDIATE R TURN TO 030 DF.GS AND A CLB TO 5000
FT. AS WE STARTED THE TuRN, WS COULD SEE TERRAIN OUT THE CAp.T os L
WINCOW THAT WAS AROVE THE LEvEL OF THE A(2PT. TRAT TERRAIN WAS
DIRECTLY ON oUR PRSV1OUS COURSE. A’I!ZASKED US TO SWITCH TO ANOTHER
TRANSPONDER AND SOON REACQUIRED RADAR CONTACT . A NOFJIAL APCH AND

LNCG WERE THSN NADE AT ‘LAD. sIGNIFICANT FACTORS WBRE : 1 ) THE TOTAL

SATORATION OF THE ATC SYS CAUSED BY THE TSTNS . THE CTLR CLRLY

‘LOST IT ‘ WHEN THE STORN MOVED OVER HIS INITIAL FIX, THuS
DESTROYING HIS PLANS . AS ACFT DEVIATED, THEY WANDERED lWTO OTNER
SECTORS AND OUR CTLR WAD TO COORDINATE WITH THESE CTLRS . IT WAS

~,,~ Hlq>x7M,~L~TELY FORGOT +IOUT OUR’ FLT AS A
LACK OF TERRAIN INFO IN OUR c&KPIT, ONCE WE

...-.,.,.. .

1- 1

& OFF THE AIRWAYS, WE HAD TO DEPEND ON THE A% SYS FOR TERRAIW
CLRIKJ . WE HAD NO OTHER INFO, EXCEPT TO NOTE THE MSA “S OF AIRWAYS
IN OUR APPROX AREA.

L ... ,-. . ..._ _. . 4!

f’&k.iew/

.52W..C5 .“ ,4.52s * 2//07s

#



CH?CUMSTANCES During a night time departure overwater, pilots became distracted by large lighted
outside object, reduced their rate of climb and inadvertently descended towards
ocean until GPWS Warning occurred.

WEATHER 5 mile visibility, haze

CONFIGURATION: Landing Gear up, 15 fiaps

OTHER: Piiot(s) became siightiy disoriented

Flight Path Profile Next Page

B737-200
FT. LAUDERDALE, FLA.

MAY 1992
INCIDENT

ALTiTUDE
MSL

1 ..~ . . .. ...>

Power reduced,

- FEET

\
MKII GPWS Warning

i ,000 ‘TooLOW!Terrain!”
etc (500’) @v/

#
8

/
/

#.

Atiantic Ocean
o ,,1,,,,,,,1. .̀...t.............#............!....! ,...-.-a~--..A- . . ..-*.w=.A.a-a.A*m-a.--a.=-A"...*a-a.A..-..A-A-.u--=-.~.-A-..Av-.Aw.w+..

I i I I 1 1 t Approx. Distance
o 1 2 3 4 5 e from Liftoff - NM

) ( GPWS MKII WARNiNG

t t MKVII WARNING
(~nt.ir@#@., -...
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ANOWALY DESCRIPTIONS : CONFLXCT/GROOND LESS SEVERE; OTHER;
CONTROLLED FLT TOWARD TERRAIN; ALT DEVNNDERSHOOT ON CLB OR DES;
NON ADHERENCE LEGAL RQMT/CLNC ;

BNONALY DETKCTOR : COCKPIT/FLC; COCKPIT/EQUIPMENT;
ATC/CTLR;

ANOMALY RESOLUTION : FLC BECAWE REORIENTED; FLC RETURNED
ACFT TO ORIGINAL CLNC OR INTENDED COURSE;

ANOWALY CONSEQUENCES : NONE;
NARRATIVE : SITUATION OCCURRED AFTER TKOF FROM FLL

AT NIGHT. DEP WAS TO THE E OVER WATER AND NO HORIZON WAS VISIBLE.
FLT VISIBILITY WAS LIMITED IN THAT DIRECTION DUE TO HAZE. AFTER
TKOF THERE WERE NUMEROUS LIGHTS AHw INCLUDING 1 LARGE OBJECT
WITH MANY LIGHTS t DEFINITION WAS vAGuE AND NCJsHADE wAs
DISCEIUWSLE . FLT PROFILE WAS NORMAL THROUGH 1000 FT AND FLAP
RETRACTION WAS INITIATED . I BECAHE INCREASINGLY CONCERNED ABOUT
THE LARGE LIGHTED OBJECT AND REDUCED RATE OF CLB , IT APPEARED TO
BE ABOVE US. AT THIS POINT I WAS CONVINCED IT WAS AN INFLT HAZARD
BUT HAD NO IDEA WHAT IT WAS, POSSIBLY A BLIMP (?). MY ATTITUDE
CHANGE RESULTED IN A DSCNT WHICH CONTINUED TO NSAR 500 FT. A GPWS S
WARNING WAS RECEIVED AND A CLB WAS INITIATED. AT ABOUT THIS TIME,
OUR LIGHTED OBJECT WAS RECCGNIZED, WITH GREAT RELIEF, As A cRuIsE
SHIP . DEP ASKED IF WE HAD PROBLEMS AND WE ADVISED THEM THAT WE
WERE CLBIIJGAND EXPLAINED BRIEFLY WHAT HAD HAPPENED. FLT PROCEEDED
WITHOUT FURTHER COMPLICATIONS . I NADE SOME BAD DECISIONS RESULTING
FROM THE CONFUSING AND PUZZLING VISUAL PICTURE . I ALLOWRD MYSELF
TO BECOME MOMENT?RI LY DISORIENTED WHILE OVSR-CONCENTRAT,ING ON THE
VISUAL CONTACT . A BETTER AVOIDANCE TECHNIQUE WOULD HAVE BEEN TO
TUFN RATHER THAN CHANGE NOSE ATTITUDE. I THINK I DID NOT DO THAT
BECAUSE OF THE NUMBER OF,OTHER LIGHTS AHEAD, ,ALSO PROBABLY SURFACE
CRAFT, AND NO HAZARD-FREE RTE WAS OBVIOUS TO ME. ,

SYNOPSIS : AN M/G CREW IN NIGHT OP , OVBR WATER,
BECAME SLIGHTLY DISORIENTED AND HAD A GPWS WARNING.

A?IS135.0

MIAMI ~owh (RI 133.77

FllAUOEiDALE TOW., 119.3 120.2
GKA 121.4

121.7 Al,,,,.!.

!...

FT LAUDERDALE, FLA

-)

-HOLLYWOOD INTL

2600’
LOC !?wY 13
LOC 109.35 ILID

df+m .. .-.,“ -.

Apt! E/ev 11
., ,,

“,. , . . . .. . . ... :,..,, . . . ,: . . .

SOURCE : ASRS*2 10764



CIRCUMSTANCES During radar vectors for ILS-DME runway 8R, ATC communications failure left the
aircraft on a flight path to a 10,300 foot mountain. A successful recovery was
made by the pilot after receiving a GPWS warning.

Flight Path Profile
Next Page

DHC-7
DENVER, COLORADO

MAY 1992
INCIDENT

Pilot Initlatas
left climbingturn

GPWS
Pull up!

Headhg 260
Starts

I i I I I t 1 8 1 I ( I I I ‘ I 1 I
15 16 17 18 19 20 21 22 23 24

DMEDISTANCE--NM ~~ MKI GPWS WARNING

11,000

10,000

9,000

8,000

- 7,000

6,000

5,000

ALTITUDE
MSL

- FEET

;.
‘“ TTMKKTP17UJECTHJ IMPACT - SE(XINDS

;0 ;0 ;0 ;0 20 ;0 o

J5?? adGuA&+
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NAP..FATIVE : RADAR VECTORED FOR THE ILS-Dl.LE~l”8R AT
DEN, N OF AFCH COURSE ON VECTOR HOG OF 260 AT 9000 MSL. RNOWING OF
AND SEEING THE MOUNTAINS W OF DENVER (vMC) WE TRIED CALLING AND
REQUESTING A TURN WITH NO ANSWER. AT 20 DME, THE GPWS WENT OFF
CONWANDING A PEJLLUP. INITIATED A CLBING L TURR VISUALLY AVOIDING
TERRAIN. CALLED TWR FREQ AND AOVISED THEM. CALLING ATC BY PHONE
AFTERWARD, THEY SAID THEY HAD A RADIO PROBLEM AND WERE UNABLE TO
CONTACT 3 ACFT. SUPPLEMENTAL INFO FROM ACN 214250: THEY TOLD US
THAT THEY TRIED MANY TIMES TO CALL US. ALSO THEY SAID THEY TRIED
TO CALL 3 OTHER ACFT WITH NO RESPONSE. HE BLANED IT ON AN ATC COM
FAILURE.

SYNOPSIS : ATC COM FAILURE AT DEN TRACON LEADS TO
CFTT FOR COMMUTER FK.

DENVER, COLO
STAPLETONINTL

m

E+II{R

10ENI1.s
,,,.

5843’
9

II
5965’ A

5791’
‘%! ~

?40 1 6070<
I
I

II ~ “

I

-L--L: A60?4’

InI.ul

‘$6

L 6220’1 ID>~iLS, ,.
(895’) i

‘l=-.<_ i <TCH501

7DZERWY 8R 532!
I ?,2 Y 2.7 I 2.3 .3JTDZERWYEIL530:

.07 .W3;

.-
HiQIE USOIDEN 115DME when on K)C c.aursi

EATER Radarroquir~<
08. 410EN !1S 05.2 IDEN 11S D2.5

IDEN ILS DD.2

I
~

r., ,. ““.

MMSED APPRDA@ Climb to 5800’ then climbing RIGHT turn to 10000’ direct
CASSELOM and hold.
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CIRCUMSTANCES: Controller inadvertently cleared aircraft to 10,000 feet aititude
below MSA and Minimum Radar Vectoring Aititude. Controller
assumptions, confusion and biocking radio traffic delayed
corrective clearance, leaving aircraft on trajectory into Mt. Hood.

WEATHER: iMC, Radar controller ‘save’... but where was MSAWS?

THE ATC RADAR VECTOR ‘TRAP’

Flight Path Profile
DC-I O

PORTLAND, OREGON
April, 1992

Controlled Flight Towards Terrain Incident

//A,,okts
41 NM to Portland ~

r

13,000

i-
With Enhanced GPWS, Mt. t-food
begins to display as light dots at 11-lf2
NM range on Map Display

With an Enhanced GPWS Installed and
the pilots following the STAR Amlval
procedure, the Enhanced GPWS would
show Mt. Hood (Othe left of the akcraft as
light dots with a minimum range at 6 NM.
No other terrain would be shown
throughoutInltfalapproach.

-12,000

Mt. Hood
, ~l~oml 1,329’

With Enhanced GPWS Mt. Hood turns Sk
/ ‘\

yellow on Map Display-straight ahead at 4 /’
NM with aural ‘CAUTIONI TERRAIN!’ 60 /’

7$’
-10,000

seconds prfor to projected impact.
I

/’ ALTiTUDE

With Enhanced GP WS Mt. Hood turns solid red on
/’ -9,000 MSL

Map Display straight ahead at 2 NM range, with aural - FEET
TERRAIN! AHEADI’ ‘TERRAIN AHEAD!’ 30 //

seconds prtor to projected impact.
/’ -8,000

//

-7,000

-6,000

4 A
-5,000

k“
I I I I I 1 1 I I I I f
10 9 8 7 6 5 4 3 2 1

DiSTANCE TO PROJECTED
0 IMPACT -NM

I I
120 110 1~

I 1
90 80 70 60 50 40 30 20 10

# ~-E-~~-l~~j~~--~~~-
0 GPWSWarning if aircraft had continued

, , on flight path

‘TERRAINI TERRAINI PULL UPI(
‘C%JTION1

TERRAIN!’
7%RAINAHEAD! PULL UP! ENHANCED GPWS WARNINGS

TERRAIN AHEAD! PULL UPI’ (not installed)

.z2v%zk4z&MJ
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[$&6Wl
, N45 44,9 Wln 35.5

I

PORTLAND, OREG.

Ww WoWI[$ PORTLAND, OREG.

+

Q.d
REEDI

o )445 33.? W122 19s ld’H’:Tx 970”
{Turbolets lanrhq Eas!
,- . . . . . . +.fi W.

I
-----: — I ITurb.1.l! ladins West) !

E.pee! clemmce io cro%%
at 260 K* .I 10000’
OME mwlred

‘L123J.+$K’II SQUW.S:ASRS
* 143C)38

NARRATIVE
WAS BEINI wORKED ON 2 RAOAR SCOPES, DURING THE RELIEF BRIEFING,
THE PREVIOUS CTLR STATED THAT HE R?Q, TURNED ACR X 5 DEG LEFT TO GO

BEHIND SOME TFC . THIS PUT THE ACFT ON A TRACK TO JOIN THE
BONNEVILLE ONE ARR INIKJ PDX AND I WAS NOT AWARE THE STAR HAD NOT

BEEN ISSUBD. ACR X HAD BEEN CLRED TO 140 AND I RECLREO HIM TQ 100
IN ORDER TO MEET THE LOA WITH PDX . AS ACR X DESCENDED THROUGH 134

I RF&lZED HE HAD FLOWN THROUGH THE PDX 079 RADIAL WHICH HE WOULD
RAVE HAD TO INTERCEPT TO FLY THE STAR. I ISSUED A CLS7NC TO 130 “llND
A RIGNT TURN DIREcT BlY3 VOR AS THE ACFT WAS ABOUT TO ENTER AN ARSA

OF HIGH TERRAIN AROUND MT HOOD, THE PLT CS REPLY WAS BLOCKED BY
ANOTHER ACFT . ACR X THEN ST,4TED HrS CLRNC WAS ‘lY3100. I REPLIED
NEGATIVE AND AGAIN ISSUED 130 (WHICH BY NOW HE HAD DSSCENOED
BELOW) AND A RIGHT TURN IN AN EFFORT TO TURN ACR X AWAY FROM THE

MOUNTAIN PRAK . I ALSO INFORMED THE PLT IT P.PPBARED HE ~D FS.OWIO

THROUGH THE AF.R Am ASKED IF HE S4Ao MT HCOD IN STGNT. THE pLT
CONTINGED TO DSND AND STATED THAT HE HAD BEEN ISSUED A HCG . AGAIN,

I ISSUED A RIGHT TURN DIRSCT BTG AND A CLIMB. THE ACFT FINALLY
BSGAN HIS TURN AND CLIME AND WAS HANDED OFF’ TO PDX AFCH . ACR X
CANE WITHIN 3 NW OF THE PSAK (11329 !4SL) ANO DESCENDED BELOW 110

BEFORE COMPLYING WITH INSTRUCTIONS TO TURN AND CLIMB, A MISCOM
BETWEEN 2 cTLRS CONTRIBUTED ml THE INITIAL DEVELOPMENT OF THE
SLWZI’WCIN.. AC!L U_IldPTLE.EEFLJSSUSILTHE_STAR A.SLSHOWN -ON.THE FLT

PLAN DUE TO COMPUTER PROCESSING OF PREFERENTIAL ARR ROUTES, IN

SOME CASES THE FLT PLAN SHOWS THE STAR HAs BEEN ~ssuED WHEN IN
FACT IT sms NOT. r ASSDNED THE PLT HAD BEEN TOLD To RmOIN THE
STAR AS WOULD HAVE BEEN STANDARD PROC .HAD IT BEEN INITIALLY
ISSUED . 1 BELIEVE THE S1TUATION DEvEI/3PED INTO AN IWMINENT ONE DUE

TO LACK OF RESPONSE OW THE PART OF THE PLT . ACR X CONTINUED TO
DSND AND WAS SLOW IN TURNING WHXLI? THE PLT QUESTIONED WHY HIS

CLRNC WAS BEING CHANGED. THIs ARR ROUTE NEEDS lW BE CHANGED.

ALTNOWH THE ROUTE IS FLT CHSCKBD COWN TO 100, TRESS IS NO ROOM

FOR ERROR DUE TO THE PROX OF HIGH TERRAIN. THERE HAVS BEEN

NUMEROUSINSTANCESOF ACFTFLYINGTHROUGR’THEINTERCEPTRALMALI
PLACINQ THSt4 HEAD-ON It4’N2 WT HoOD . UNTIL NOW, TiE DiWGEROUS

SITUATIONS HAVB BEEN &VOIDED.



Next Page
CIRCUMSTANCES: During a night visual approach to (“Mill Visual”) runway 28R, aircraft descended Flight Path Profile

below MSA and almost collided with 4390 feet mountain 20 NM from the ai~ort. A
timely GPWS Warning and prompt pilot response led to a successful recovery, B727-200

WEATHER: Clear, unlimited visibility PORTLAND, OREGON
CONFIGURATION: 5 degrees flap,Gear Up APRIL 1992

INCIDENT

-R!K’s

[ n

I I I I I I I I I I I 1 #
6

1
5 4 3 2 1 0 DISTANCE TO IMPACT - NM

!$S9%xnds

/
~ MKH GPWS WARNING
‘Terreln! Terrain[

Pull up!’ ___
i--”--- l-- I t , I

60 50 40 30 20 10
: TIME TO PROJECTED IMPACT - SECONDS

De a~
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[
PORTLAND, OREG?CMIAW(m Am 128.35

PORTLAND lNTL

tms Two ARRIVAL (HELNS,HELFIS2)
(DME W RADAR REWIRW))

TURBOJETVERTICALF4AV1QATION
WA14t41NQINFORMATION
Cfo8SKelma 1.101 2s0 Kt tAs.

%-?-Cteat.nc. to WJM Kafm.a tnt ● t 10 ‘,
TRAW81TJONt
S..tlte (sEA,HCLNaf) zFromseAVOR
I.J Helnn Ml w SEA R.lsa. Thence
Y#klma (YKM.HcLN5z): From YKM VOR
tati9i”. lnt:W. YKM R-236. Th.ntb
ARnlWAL
i%nwe? Hel.$ 1.1 VI. BT5R.380 to
flTOvOR. j&@rUW wctor. to final
Appfoach 00!xx.

d

&&&q

N472b, t WN2 18,6
,

g

.

.

N+E = .. ..,....- i.,.,:, i
C9$

.-.
GRESHAM h

g
V,,t teal Guldelu.

$ Navald ad AwI.:

G
Lw 1I 1.s IIAP

a (GS 3.00.)
-.

I *2*
ma man lam

NiWIWTI.V&. . . . . . : FLT SSA TO PDX ON HELWS 2 &titTO PDX.
AFTER “SALW.A,SIX AFCH VSC!TORSDUS APPROX HOG 140 FOR SPACING FOR

INBOUNO ACFT FROM THE S, ANO FOR 00WNWIWO/BASE FUR THB WILL VISUAL
APCH. WE WRRE A LITFtIEFURTiiSF.THAN USUAL ABEAW THE ARFT, PROBABLY
FOR ANTICIPATED SPACING. IT WAS A CRYSTAL CLR NIGHT AND NS WEHR
LSVBL AT 6000 FT MSL. APPROX XING V448 WE RPTED ARFT AND MILL IN
SIGHT AND WEF.SCLHEIIFOR THE MILL VISUAL RWY 28R APCH. THE AREA

‘BELOW US WAS LIKE A ,BLACK HOLE‘ BSCAUSE OF FOKSST AWO IT BEING
UNPOPULATED. THE CITY LIGHTS/ARPT WERE OFF 00s R WING -- A
SSAUTIFUL NIGHT. AFTER BEING CLRSD FoR THE VISUAL, I BRGAN DSCWT
SO AS TO ARRIvE OVER TSS HILL AT THE RSCOMWEWDm 3000 m A4SL. AT
APPROX XING OF V112 AT 4100 ST MSL THE GP+?SWSNT ‘WHOOP! VfROOP!
PULL UP! TERRAIN!< POR A SPLIT SECOWD WE THOUGHT IT WAS A FALSE

FcmLAND Oaco
~ . ... ..

?etllaad. RNl&.at.
204 FoBr##l&w!

Q .l,.:;,.,,

WARWING SINCE WB WERZ STILL LcOKING AT THE ARPT/CSTY. THRW I
NOTICED BOTH RADIO ALTIMETERS GO FROM 2S00 FT TO 400 FT IN ABOUT
1-2 sECONDS.–T-TMidSDZW-ELY-.P.P?+%7.?Sij-WOjL-PW–l=-~It?mIATED A I.@S
CLB UNTIL OVER THE CITY ‘S OUTSKIRTS (LIGHTS). THSN I CONTINUED THE
DSCNT/VISUAL AFCH AND L4NDEll. OUR WHOLE CREW SERVES PDX DAILY AND
KNOWS THE ARFT NELL. SINPLE FACT IS THAT MOST PLTS GDIWG INTO A
FAMILIAR ARPT usE THE AFCii PLATE mm m NoT 0FTEt4 REFER To THE

AREA CSART . APCH CTL WAS WORKING OTHER ACFT AND DID NOT CALL US

-e ‘-= -.-=-~ASOUT BEINC4TOO LOW. HE TURNED us OVER TO TWR AROUNO THE ~XLL.
ALTHOUGH WE SCREWED UP AND LEARNED OUR LESSON, IT NAY BE PRUDSWT
TO PUBLISH WPJWINGS FOR NIGHT VISUALS ON THE 19-1 APCH PLATE (MILL
VISUAL) ANO AT L@AST PUT T1-tBS4SAiPIB‘ BACK ON THE TOP OF THAT

CHART. WE WERS STUPID, ANDVERY LUCRY.
SYNOPSIS : ACR IST, IN A NIGHT OP, WAS SAVED FROM

IMPACTING ON DESIGNATED MOUNTAINOUS TRSRAXN BY THE GPWS WHILE ON A
VISUAL AFCH TO 28R MILL VISUAL APCH TO PDX, OR.



CIrcumalarrces: “Scenic Alr Tours” alrcrafl operating tinder Part
135 impacted Mt. Haleakala while enroukr VFR
Into IMC back 10 Honolulu.

Wealhen VFR deteriorating to IMC, Cloud base 1000’

llme: 15:53 Local Standard Time

Fatalities: 9

L

FLIGHT PATH PROFILE
Be-E18S

Maui, Hawaii Next Page
22 April, 1992

Olher: Probable 30° outbound VOR ‘UPP’ radial error. Pilot probably
Minimum IMC instrumentation on aircraft. sees terrain,

attempls desperate
climbing !urn

Pilot Iniliales gradual climb
from 5500 as cloud heights Increase,
In probable altempt to slay on top/VFR

(Intended 287°) w 120 kts.

I I I I I I I I 1 I I I I
12 11 10 9 8 7 6 5 4 3 2 1 0

r I I I I I I I I I I I
180 160 140 120 100 80 60 40 20 0

----- 3
339

~\

9000

8000

t
7000

[

ALTITUDE
-6000 MSL

N FEET

t
5000

14000

3000

12000

t o

DISTANCEwF~~M IMPACT

TIME TO IMPACT IW SECONDS

9re4*a+$
MK6 GPWS WARNINGS
(No GPWS installed)
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Figure I.--Tour route.



Ckcumskrnces Ainxaft while under radar veotoring, was flown into a mountain
3NM from airport, Aircraft was on a flight from Amsterdam to

‘ Khartoum with Athens as @-fueling stop. Aircraft was loaded with
madical relief supplies. Airoraft was given a clearance to descend
102000 feet and to maintain a heading of 010 degrees.

Weathec Visual in eariy morning sea haze, Mountains obscured in fog.

nm Daybreak 07:00 IO(2SI

Configuration: Gear down, flaps 25

Fatalitie% 7

Othec It has been unofficially reportad that thare was a shift change for
ATC personnel at 07:00, and the aircraft was overlooked for some
minutes. The aircraft flew onwards on the last clearance through
the Iocalizer and into terrain.
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FLIGHT PATHPROFILE
B707-320

Athens, Greece
24 March, 1992

r

Capt: “Athens approach, we have just had
instrument (GPWS) warnings and flags (ILS)
--- what {s your intention?

T
Capt: “Approach control we are standing by ..-”

\\ r3000

\\

/-
/\ ,1 ‘s

#l 42 0 ‘\/

L

~<~ \
;\’

./ \\ ,/’
ALTiTUDE

.< MSL

A TC: Maintain oh one oh on the heading ---
,+4 *FEET

and two thousand altitude ,+,:,@<f<,<,,,,,*..:,,fi@~:. ““f’
1000

Lo

I I I 1 I I I f I I I I

6 5 4 3 2 1 0 DISTANCE TO IMPACT -NM

I I I I I 1
I i I I I I I

60 50 40 30 20 10 0 -riMEICUMf?Mxf.% SEKN4LES

MKI
e-
L.-r ~ ~ ,GPWS WARNING

“Pullup!” etc. (Instaiied)



ATHENS, GREECE
ATIS 123,4

0

,.
ATHENS

ATHENS A+~,x,h (R) 121.4 119.1 5800’ RADAR
ATHENS hdu 121.4
AIHENSTOWWCW, 118.1 AUL,122.1 090. — —270~ ~~ ASR Rwy 33R
Ground 121.7 4400’
Alt W, MB Trmslevel:ByATC MSA
Apt Elwr3MS Tran$dt@OOO’4932’ ATH VOR ‘ ‘ Ap;. ,E/w 68’

,.(it)-A& ( j;; ‘r’*T,. ~~lG(R).43

A r,

)3 $$ 23’ /- “’LG[R)-44A

\. 119s’

d

iT-s4 /.$’==;
I--KAVOURlq

/\

v ro mresn
----- .,,2087’

!.* i \’
A. 159s’

CrossEt Zc
ucl mnlnfin

I ., y~

AIGiNA .&l vi-

MISSED APPROACH, Turn LEFT, climbto EGN NDB to 4000’ (3932’) and hold.

STRAIGHT-IN LANDING RWY33R CIRCLE.TO-lAND

Wmt of mrwyonly.
Auxtt)12(X)’(1 132)

Return to TOC
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Circumstances: During a VOR II-S Runway 35 approach, the aicraft almost flew into
a 16,408 foot mountain. This professional crew initiated the approach
from the enroute inbound VOR instead of the procedure VOR. No
“hands on” terrain recovery training, but captain made a superb
recovery utilizing available energy of aircraft. Mk II GPWS installed,
giving 6 seconds of additional precious warning time over a MK 1.

Time: Night

Weather: Rain, IMC, Thunderstorms in area.

Note: This flight path to terrain profile based on captain’s report and
topographical chart for area. No FDR or CVR data, but captain’s
report and terrain fit closely.

FLIGHT PATH PROFILE
DC-8

Quito, Ecuador
Reported in March, 1992

‘QMS’
16 DME

(28 DME ‘QIT’)

I

/

200 kts
4000 fpm

I climb
t’#/

i GPWS Warning
/

,’
I stops

Akcmft rotated
to 17 degrees nose up
with maximum power
tO 177eCh8friCd StOpS

First 2500’ Radio Aitimeter Light

150° Radiai
QMS outbound Aiong l?ack Fiown

220 kts M.45 (partiai turn to right)

‘Mk ii GPWS Warning
“Terrain-Terrain”
Puliup! Puiiup!

18,000

17,000

~ Mt. Chimborazo
‘*
16,000

15,000
ALTITUDE

MSL
NFEET

‘ 14,000

13,000

12,000

11,000

10,000

~w~ 14 15 10 1; 18 19 20 il i2 i3 ;4 25 26

I 1
DISTANCE FROM RUNWAY 35

III NM
I v 1 , 1 # t I , I 1 f TIME TO PROJECTED IMPACT

60 50 40 30 20 10 0 @ECONDS
r I MK II GPWS WARNING
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K CAT0, C! M*K IA$ 220 M
I. ldtlml spfm.cch,
CAT 0, Mu Ml 240 I(t

/ in lIIltld owtwh.
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\
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<At about 10 D.M.E., I noticed that the radar altimeter warning
light aama on momentarily. Since I knew we were over very hi h
terrain I mac7e a note to keep an eye on it. Seconds later, ?he
radar dtheter came alive ~ and started a rapid descent from
2,500. At about 1,300 feet, I applied MAX ower (to the

!mechanical etops) and rotated the aircraft o a 17 degree nose up
pitch . We were at about 14,000 feet MSL at this time. The radar
altimeter continued to drop, and finally eettled at about 150
feet, with the GPWS yelling ‘vTerrain, Terrainttietc. The aircraft
Wae now on a maximum alimb of abaut 4,000 fpm, but the radar
altimeter continued to show between 150 and 200 feet. I knew
that the terrain was hi her to the left, so I tried to turn
right, but eech time I ~anked to the right, the radar alt. would
loose about 50 feat. Finally, after what seemed like an
eternity, we climbed out of radar altimater range, and at this
time, we had yseed 16,000 feat. We climbed back to 17,000 feet,
and returned o th~ VOR. (The weather was lousy, with
thunderstorms in all sectors) . We advised Quito appraach (no
radar available) that we had returned to the VOR and would be
making a second approach. I then asked the F/O for his opinion,
and he stated that it had to be a false warning. He said that he
had verified that we were on the aorreat radial, the correct
D.H. E. an~ the correct altitude. He etated that in the pact he
bad experienced vsrious warnings from the radar altimeter in the
same area, and that he was convinced that they were false
warnin s.

i
We again reviewed the approach proaedure, and

establ shed on the radial to commence a new approach.
~~ f&elin9 that something w;fr not ri ht

I had a
9 , so I decided to abandan

ecent at 16,000 fee nd return to the hold, to take
another look at everything:

I asked the F/O to agaifi dauble check all frequencies, radials,
et” . Just then he said ‘oh oh”. We have been tunes to the wrong
VOR all along. This fre uency belongs to Monjas Sur, and we are

$supposed to be flyin QI whiah is 10 miles north of here. We
immediately proaeede~ k. the ri.~ VOR, and as we were .ommencing
the approaah, we were advised b Quito that the field was again
below minimums, with a severe t undarstorm. At thie point, we
had onl 8,000 lbs of fuel remainin , and the required to reach

1 tGuayaqu 1 would have been about tha or more.

Since we were alrearl
continue the afproao~. We reached minimums with eevere rain, and

established on the radial, I ahose to

there was noth ng in sight. We continued the approach, and a%
about 100 feet, aaw the end of the runwa .
the landing, the tower informed ua that ihe %~r;O%%%e;~
They never aa id a thing about all the time it took ue to complete
the a roach, and we never brou M it up.
oockp!! far about 15 minutes, w!!thout aa~i~.% % %~~d
Then after getting to a hotel to spend he night, we starte
shaking.

We were asked to ferry to Gueyaquil the next morning. It was a
beautiful, clear day, and the tower authorized us to.proceed-YF&
I-fmak.nf~..o!r-.rxznwir.IT-en~- fiaw-ri ht”over Monjas Sur VOR, at

215,000 and proceede~ on the 150 rad al outbound, but had to climb
to avoid getting too olose to the terrain which was on BOTH eides
of the airplane. We were flying between two nrountain ranges, the
one on the right being lit,Chimboraco, which rises to nearly
20,000 feet.

As the sa ing goes:
i

8tNEVER AGA1WU. I am just glad that I was
able to 1 ve and tell about it.



Circumstances: Aircraft had made two ILS approaches to runway 07. On the second
approach, flown by the F1O,the approach btwame unstabde and
ago around was Inlttated by the Captain. After Ievelling at 2000 feet
AQL, the aircraft entered a spiral to the Iaft. The captain turned to
controls over to the F/O who attempted a fate rolf, out and pull-up
recovery.

Weather: M 4 SI,visibility 2 miles, light rain and fog. Wind 10kts/100? 35
kts/180 at 220 feet.

Time: 0327 local

Fatalities: 4

Some possible causes: 1. Vertigo and fate hand off of control to F/Q.
2. Faulty Capt’s Attitude Display Indicator or Flight Directoiz

- see 1 Jan. 1878 B747 Accident Bombay (this raport)
- sea 12 Nov 1980 C-141 Accident - Cairo

3. Engine asymmetry - rudder trim
4. Turbulence - roll rotor

hWfillQ f/tvJS depkyad
5. Other

//

f%worredffcllorr
F/E: “larrdhrg checks camp/ete”

Capr: “.12 degrees of drilt

*4

vkrds 180 ef 35 ktri”
Li

.----—.—- —.4

FLIGHT PATH PROFILE
DC-8-63 Next Page

,TOLEDO, OHIO
1!5February, 1992

.4TC:“-turn left three zero zero”

h

Capt.’ Tlasus Christl --what’s the matter?”

Cepf: “Whet fhe #% the matter here?”

Capt: ‘%U got it?’!

Sound of Attitude Alert
GPWS: “Glldaslope” (3) KSkrkratas”

//

QPWS: “Skrkrate

Capt: “-Push the power and get back
to (he glldepath”

h

Gr%VS:“Glldeslope”

Sound of power Increase
GPWS: “PUII i/pi”

Capt: “-OkW, now take It back--, GPWS: “Pull Up!”

thousand”

Capt: ‘Gear up” \ Ciy.’ “up! up!’

1/

3500

3000

2500

2000

1500

1000

500

N NM
I I * 1 1 1 I t 1 I 1 * I I 1 I I I I t t 9 I * $ I I 9 t i $ s 1 $ 1 s

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
i TIME ?0 IMPACT

O I AJ SECONDS
85° 1

I

-I

90 PROBABLE
I 45 LEFT BANK

.—— — — 0 w DEGREES

c ----------- . 3!
~’

I L “Sinkrate”

19 ‘seo (3) “Pull ups”

“Wank-ArrBirzV’
“Bank Angle!”
repeated (if MKVfl installed)

(Not installed)

MKII GPWS
Instalfed



AIIS f 18.75

awwo cmtw (RI123.9 vhn w inop,

KMEoo Tower 1 I 8.1
crowJ 121,9

11.4U

1.s0

TOLEDO, OHIO

3.. ,

TOLEDO EXPRESS

3100’
ILS f?Wy 7

.,! LOC 109,7 ITOL
,445A

,. - -“- .-..

TO LOM Apt. Elev 68

—1

/-- -’----

,-.

Lcy4

. .

4.7 0.5 0 APT. 684’
husssoAwkoAcs+:Climbto 1200’ then climbing RIGHT turn to 2500’ direct
VWW VOR and hold.

Return to TOC



Conditions: While on VOR approach 10 runway 06, aircraft hit 9.8 Nfvf short
of runway threshold. Caplain was anxious to ge[ down to MDA
after exiting the procedure turn.

Time: (nigh\) I
Configuration; Landing gear down-Flaps intransit to 25 . .. I

Damage: Aircraft destroyed in fire. 5 on board walked away with no
Injuries, ,, I

Other: Example of Procedural ‘Tap’
Very shallow approach slope procedure 1.6?
3000’ intercept altitude needs to be raised to 4000’ (2.80).

Drum and pointer altimeter. Aircraft apparently lower by 1000
feet than intended. Clipped tree tops. No GPWS installed.

D 7.5
1
I

FLIGHT PATH PROFILE
DC-8 Next Page

Kane, Nigeria
15 February, 1992

“KA”
VOR

4000

3000

2000

ALTITUDE
MSL

IuFEET

L 1000

-—--=-1~+-i-f-t+-l----+~+---+++---l-++

12 11 10 9 8 7 6 5 4 3 2 1 0 DISTANCE TO RUNWAY ~ Nh’1

~ “-” ‘“-””” ‘“ ““” ‘“” ‘“
60 50 40 30 20 10 0 TIME TO IMPACT ~ SECONDS
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,()
MALlJ41$i&vilNU KANO

SANO C.nlr.(APP/R) 124.1 VOR DME Rwy06
KANOraw,,-118.1 4000’ v:: ~2~y $).

. . .
. .

Alt W, h%
--- .-

Tmns kv.sl: FL 65 MSA
Apt Ekw 56 hPe Trims dtt 5000’(3435’ KA VOR Apt. Ek’. 1565’

2.10

DN(D). 10

0

2’00 D7.5

t{
A

,,

CAUTION,
DO NOT OVERSHOOT R-244
ON FINAL TURN FOR LANDING.

,-

0s40 0-9.30 0840

Rwy 06 threshold elev 1562’.

VOR, D7.5 VOR
start

tum ●t
‘13 Min 3000

(1439)
I

I
I

.QCLRWYIM
1953’(388’)

‘1
1

7.5 I
0.7 0~

MISSED APPROACH: Climb on 064° to 4000’(2435’) or as directed.

MWH)l 9@395’) II I.,..



Next Page
Circumstances: During a VOR DME-C approach to Medford, the flight

crew received a GPWS warning at 15 NM or so from the
runway and immediately pulled up. It is believed the
aircraft’s radio altimeter dipped to 400 feet. The flight
crew bad compiled completely with all procedures.
They’&&d,and received permission,to conduct an ILS
DME 14 approach with a circle to land.

Weathe~ [MC
Time: Daylight

12000

10000

8000

6000

4000

2000

0

D27,0

I D24,0

ALTITUDE
MSL

-FEET

Flight Path Profile
13737-200

MEDFORD, OREGON
January 1992

L Incident b’

This incident illustrates the incompatibility between the terrain clearances 7

for some instrument approach procedures and those for GPWS. A similar
conflict exists for radar vectoring off the instrument procedures. What is a
nuisance alert? What is a marginal terrain clearance?

3

D12.O

i
I ! ‘\\ i

Li ; \
mo’ j

ALTITUDE
------ --

h! ‘ ‘ ,~.,
]\ MSL

-FEET’
\

\
\

+.- P

Jn#n

!*

!

I

~,n?,,..--,,.,,,,. .,,,:>
,’,/: ,’., ‘. ‘.:.::

4000

nULU

fAV 37 I 2000
THRESE
RUNW. . . _.

.:~,! :,:,............ ...-

--1 J- 1--1.--1----+---1--1- -1- I ~~1-1-. I ~~I I I I ~~~1. / . ..1-.-.1. . . . . f----.{–-.,....-..+. .-,...,... ,, f)

Z! 26 24 22 20 t% t% f4 12 fo 8 6 4 2 0

DISTANCE TO RUNWAY 32 THRESHOLD -NM

~m B&zz&.&— - GPWS ‘%RRAIM! TEftR&ltd ! PULL UP! :.-.
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IS$ED APPROACH: Climb to 7000’ direct OED VOR and hold.

I CIRCLE .TO.LANO ,

Old prooedure---.-----GPWS Warnings New procedure--------liJo GpwS warnings



Circumstances During a VORTAC approach to runway 05, aircraft ln-
acfvertently began a rapid descent tate and hit crest of
mountain afler turning onlo the final approach course,

Time: 19:20 Local

Weather: IMC, Airport reported winds 20kt/040 Gusts 30, visibility 5
miles 110260

Configuration: Believed to be gear down flaP ,?.

Fatalities: 87 out of 96 on board.

I

ATC: j..ad;a - Alpha -- mporf!tre VOR on
..

Capt: ‘!..OK”
copilot: ‘:..report WR on f!na~!..
Co.pifot: “?...PEMsIw 800 feet”

Next Page

FLIGHT PATH PROFILE
A-320

Strasbourg, France
20 January, 1992

Speculation exists that the aircraft was inadvertently
placed into a -3300 fpm Vertical Speed (W) descent
/nstead of an Mended .3.3° F//ghf Pafh ang/e (FPA)
descent. The A-320 utilizes a common AFCS indicfftlon
and contrul Input for setting the WASor FP#’ by the pilot.

●There has been at least two Incidents where this has
happened.

Capt: ‘!..?...”
Co.pilot:

yu.sw,..ifwiwat
‘!,.on the ?... one at (Ire mid- ohrt of
the cerrk?rlhre ...
SMV that ‘8 rmo , do wu aee here?”

‘\
Display (HUD)

i

.::.!; ,
,,..:.
t.;.. I and Automated Altitude Cailouts.

Source of Data: Air & Cosmos No. 1368
.,.,,.:...;.

For flight path. (8 March 1992)
;.:?,, No GWPS Installed.
‘./::,,

French Newspapers for partiai
cockpit conversation.

-4000

-3000

ALTITUDE
ABOVE FIELD

I-wFEET
(QFE)

-2000

-1000

+0

* 1 fi 1 # * * a

I 1 * 1 #
, u * , * 9 * 8 D { DISTANCE TO RUNWAY, m # ,

10 ‘9 8 7 6 THRESHOLD IWNM14 13 12 11

60 50 40 30 20 10 0
# 1 9 1 I ,

18y2s

TIME TO IMPACT d3ECONDS

HIGH TERRAfN CLOSURE RATE WARNING “TERRAIN-TERRAIN” -“ “PULLUP” ---

The above possible MK Ill warning is shown if a MK Ill had been installed in aircraft.
(MK V not certified al time of accident for use on the A320)
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STRASBOURG, FRANCE...
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9 S@ve as AirbukCarrying96 Crashesin FrenchHW’;
hcmd8tc4ham

MONT SAINT.ODILE, France, Jan. 21
(Tuesday)—A ?rcnch Akbus A-32o car.
rying 96 people crashed in snow and fog
on ● waded ridge in ea$lern France Mon.
day mght. AI lea~l ni~ su,tivws, includ.
ing a Mdler, were found during a four.
hour *arch.

The 20.rrronthdd gwl waa Ike only per.
w 10 emerge unscathedfrom Ik wreck.
age 01 lhe $Iatc.run Air Inter flight, police
said. The wnoking dcbria wta strewn dmrt
a snowy pirreforegt,

Two d tha survivors wem criticdfy m.
jwed. Most w all d the srcrvivorawere
8caled in the rear d Ure pfcnq r-r,
add, Crew worked in 2WgIee cold to
removetfmirduredcdM dc:d (mm tfrc

crash sire near Mont Sdnte4)dle, a 2,S00.
ket peak m the Vosges Mountains, 30
miles snuthwew of SIMSMUrg Mar the
German bOr&r.

Rain ml snow slowed the search by
about 1,000 people.Logging rozda provided
the only accessto much of the fog.shrouded
area. The .mrhneWI up a center at Lyorr”a
ScIolasawpmt for rdalwea d llvw abocrd,
Few details abwt the pssaengers were
available, although mwt reprt~ly Were
bwinew travelers.

Fltght lT.5148 was w route From L on
10 Strahxtrg when radio cmmct waa L
ahorlly befurc the scheduledfardiig at ?25
p.m. {1 :2S p.m. EST), dfkirk raid. The
wrcckagc w- krcatcd shortly before mid.
night. The P& urrkcf w ~“ger. ~
a crew d dx, Air Inter mid,

Arrairfii communque aad thwe w ac
hdiCatiOn whet hcd cauecd the cr~, ~
Pfme, putrrrto cervka in Ocrcmber lW
hcd m record C4 mcrfunird froubk ia
6,312 hours IX flying time, h waa CM
earlier Monday, the dine said.

Two A.320a had cradwd airwe the air.
craft when into wvke, one into a formt oa
Juoe 26, 198S. whik exerrnlng a bw ~
during an air Ihow at Habsheim. Fcarrca
Three Pewcngers were killed.

On Feb. 14, 1220, a three.~w &
320 cratihed whik prepwrr~ for land~ fa
0an2d0r* India, Mfing 02 *,

Airbua bfanred @br erru in Lm4hac.cl.
dcnu, but aocncavlclion dlkich su~ed
a computer nuffuiwien. Tha A.320 b tba
Wly commcrdd aircraft tht w

%x”em W+bk c4c+raradngd tl~t con

.



Circumstances: Commuter flight from Plattsburgh. While on final to ILS
runway 23, the aircraft hit short into a ridge just below
the crest of a 2390 foot hill.

Weather: iMC - Morning. 05:30.

Configuration: Gearup - Flaps up.

Next Page

FLIGHT PATH PROFILE
Be-1900C

SARNAC LAKE, N.Y.
3 January, 1992Fatalities: 2 out of 4 on board.

-4500

-4000

“ 3500

-3000

-2500

-2000

23 ~ 1500
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,
t 1 1 I I I 1 1 I n # 1 I 1 -i DISTANCE TO RUNWAY
7 6 5 4 3 2 1 0 ~ NM

1
i I I I I I I 1 I I I

i TIME TO IMPACT - SECONDS
60 50 40 30 20 10 0

~~ MKW WARNING IF INSTALLED
m

NO GPWS INSTALLED
—
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SARANAC LAKE, NY
1051c44CMIW 120.35
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m. 1663

. . . ,“ .,

‘I#~~& 2 ,huo’tk pline .crk$h ~ .
fJW@AC LAKE,N*Y.- ‘Acorn”muter‘ “~

hh’planewashed approaching an’Adirondack ‘ Friday,January3,1992
Mountainairporteas’liertoday,killingtwo’
peo k and in uringthe two other?on board, “
autl?oritiessaicl:
+ TIMMsmivorswere taken to a hospitalabout
&e’V&nmiieafromthe crash .!site.
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I Circumstances: After an unstabilized approach to ILS 33, the aircraft landed long (2000’)

Time:

Wealher:

Other:

Injuries:

Damage:

and fasl (+30 kts). Under heavy braking In an attempt to stop within 5800
feet of remaking runway, the aircraft departed the runway tearing off the
nose gear and left main gear.

18:53 local (night)

100 meter overcast, 1200 meter visibility, some fog with wind at 010
degrees and 7 kts. .,,’
Captain flying. HO called for a missed approach at feast 3 times during
the approach.

None of the 97 on board.

Aircraft damaged severely and written off.

/- F~: “- W&e doing 260 (kts) and too high. Let’s break

FLIGHT PATH PROFILE
Dc”9/30 Next Page

Warsaw, Poland
17 December, 1991

it off and come around!”-- (no answer)

\ B VO.

This accident illustrates how GPWS Alerts and
Warnings are often related to unstabilized approaches.

2139’
—.— .—-—

Aircraft overshoots Iocalizec Captain selects
autopi/ot for Iocalizer and glideslope to capture --

%

autopilot remains in Vertical Speed Mode

F/O: ---We’re too fast - Let’s try agairrl (205 kts)
Lord / Capt: “We’re ok --- /’// show you)’

I /- 400’ AGL

,——

/

/

F/O: “Lets go around!”

Capt starts go around
rosses Iocalizer

x [180kts!!%?YpE:;;g
LfvtM

3000

2000

ALTITUDE
QFE

-FEET

1000

CH

+&
~4-- ) I I r t 1 I 1 1 I 1 , , I

~ Gpl
9 8 7 6 5 4 3 2

Tou;hdown
1 0 151 kts

DISTANCE TO RUNWAY THRESHOLD ~ NM 2000’ down
7800’ runway

I 1 t
15 10 5 ;

TIME TO THRESHOLD ~ SECONDS

m “SINKRATE! SINKRATE!”

“GLIDESLOPE!” MK II GPWS
“GLIDESLOPE!” WARNING
“GLIDESLOPE!”
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Condition% Co-pilot, flying with autopilot engaged and flight director needles
centerti for a descent of 1500 fpm, flew low below the glideslope,
with Iocalizer captured and vertical speed, well short of the runway
ILS 16 threshold. ,,. ,

Weathe~ 3.3Q) 7 st 006 01/MOO 1024.icing in clouds. ,Wnd 060/6kts.

Conditions Pilots, preoccupied with capturing Iocalizer, Aircraft in landing
configuration, GPWS glideslopealert function deliberately disabled
by airline policy, hence there was DQ“Glideslope” aural alert.

3,00” GLIDESLOPE
\

-%
.-.

D 4.6
BLM VOR

I

--%. I
__.mL._._.__%_-4..3iiiiL~2-””,a;‘-

LOW
I
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.<.>.+ \ -w. BLM VOR
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . ..,,, ,., ,, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .
GPWS BELOW GLIDESLOPE ALERTING AREA :~;.
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FLIGHT PATH PROFILE
MD-80

BasIe-Mulhouse, France
Reported in December, 1991
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c -=- — — — — — — — — --g MKII GPWS ALERT/WARNINGS. ..— — ———— ——
*GL\DESLOPEM (NOT H~RD) (GLIDESLOPE ALERT FUNCTION DISABLED)
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ATIS 127.87 VHF/DF
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Flight Path Profile

Be-400
ROME, GEORGIA

11 DECEMBER, 1991

Circumstances: Altcrall daparted for Night to Huntsville, Alabama.
Pilot had pre.fllad flight plan, and waa attempting
to get clearance while ramalnlng VFR and below
Chattanooga TCA.

Wealhec ;gc#ared low Ieval clouds, fog buf VFR near

Time 9:40 local (morning)

ConIlguratlon$ Cfaan

Falalltles: 9

C/P: “do a one olghly to lho loll?”
Capt: “-- you’re g~tling closa. You’re gunna 10 Iha right”
C/P: “--.kiuh?”

Capt; “--- 10 Ihe right”
C/P: Okay. (but) I can’t sea ovar Ihare”

CapL (If you turn Iell) you’ra gurma turn right back into that guy shootin’ tha approach”
CIP: “Okay”

Capt: “there’s a mountain right out Olere”
C/P: “yaah”

Capt: “and an anlenna you won’1 be able to see In the fog.”
CIP “Should I just punch up?”

Capt: “No ..- (here’s a guy on epproach out ihere”
C/P: “which way do you want to go?”

Capl: “go back 10 the right”
C/P: “1 can’t see over here --- Ihat’a why f wanted 10 go the olher way”

Capt don’t climb any mora--- bring it right on around -.. pull It back a little ..-”
C/P: “huh?”

Capl: “slow’er down a Iltlle”

,-

r Capt: “.- Af(anfa Cerrfer --- we’re ;ff rurrway one In 8 right turn --
VFR --- Iookkrg for a cle~rance to Huntsville”

/

{Center: “---squawk 2231 --- ma rrlain VFR -- we have traffic
four live right now southeast of Rome. I’ll have something
for you --- later” ,~

Cerrfer: ‘---r! say altitude W-R”

A“ / 7R0mea’rpOrt”
: “--we ‘re at thlrleerr hurrdred VFR -- just southwest of

LAVENDER
MOUNTAIN

t
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I t t # * I , I , , II , I -1

0 1 2 3 4 5 6 7 8 9

I > : I , t t 4 1 I , )1* I I , I , ,
T7, {

o 10 20 30 40 60 60 70 80 90 100 190 200 210 220 230 240 250 260

I I 1 I I I [ I I 1 I

70 so 50 40 30 20 10 0

----
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TIME AFTER LIFTOFF
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GPWS MKW
WARNING (NOT INSTALLEO)
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I

AWOS-1 118.57
ATLANTA CSIIIW (R) 133.8

ATtANTARd10 122.1 G 115.4T
RVSSELLLF41COM CTAF 123.0
Obtdn Iacd dtlmotar $dtlng on AWOS, or CTAF,
or frc+n AtbntaCwttar.

/

34.!IO

P

.s4.10

ROME, GA
RUSSELL

J3800’
LOC DME Rwy 1

LOC 111.15 IHBQ
,. ,,,. -,,. --,-

MSA
RMG VOR .4Pt. Ekw 644

,
● 1550’

()
+*

1270’ trcc$ within /\

2.0 NM WNW of airport. 1205’~

Y

i
-*

% ?

D 2 XHBQ LOC
750’ i 1 ● 1190’

!g
}701’ ●

/$ D3. HBQ

1847’

&
D6.2 lHBQ LOC

L5.m ‘ ns.lo Wal

~1312’

Pilot controlld lighting.

~ ROME, Q=. - A corporate jet taking executives
[on a Christmas tour of their grocery stores slammed
~into a mountain Wednesday, killing the seven pas-
sengers and two crew members on board. A twin-
engine Beechcraft jet owned by Birmingham, Ala.-

.based Bruno’s Inc. and bound for Huntsville, Ala.,
‘went down on Lavendar Mountain on the Beny
College campus just northwest of Rome, 80 miles
north of Atlanta. Nobody survived. The cause of the

,crash was under investigation. Among those killed in
the crash were Bruno’s Chairman Angelo J. Bruno,

‘ his brother, Vice Chairman Lee J. Bruno, and three
:company vice presidents.

-, The company operates more than 240 stores in
Alabama, Georgia, Florida, Tennessee, Mississippi

, and South Carolina.



CIRCUMSTANCES:

I TIME:

I WEATHER:

Durin a Iocalizer back course to Boeing Fieid runway 31L, the
?aircra t prematuraliy descended to the Minimum Descent Altitude

of 700 feet before reaching the final approach fix at ‘Bensel
Apparently the ‘SEA’ DME was ieft in Hold’ position and DME
indications were from ‘SEA’ and not the iBFl iocaiizer DME.

Night

IMC, 600 broken

Pilots very tired.OTHER:

II!mBmiDME ‘Hold’ features are very useful but can also be vw deadly:

Ofher DME ‘HoW /t?cldents/Accidenfs see:
Spokane 20 Jan 81 69-99 7 Fatalities
Juneau 22 Ocrt85 LJ-24 4 Fatalities
Juneau 12 Nov 92 Be-100 8 Fataiit\es

Next Page

Flight Path Profile
CL-601

SEATTLE, WASHINGTON
November, 1991

DME ‘I+OLD’ TRAP INCIDENT I

iiiiiq
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I “+

I
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B~ 2A
~] =-] =-] MK VI GPWS Advisories / WARNINGS (NOT INSTALLED)

‘500’ “Too LOW! “Too LOWI

--flapsl” --flapsl”
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SEATTLE, WASH
III 127.75 [— BOEING FLD/KING CO lNTL

IL’“)3400’ ~ LOC (BACK CRS) RWy 31~AITII ~oa(h (!, I 19,2

XIW Tow( 120.6 WY
. . . . . 63W toc 110.9 IBFI
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Wcn F(X Ph$!/--- : 4
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~ 82s”
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h
*e”,ono 310:,) 1(LJ? IpFI

8s0’
A

Mu. FRONT CRS 130”

M EENSE A 760’

/fw’ Ohb 04.2 IBFI LOC

S.MO*.T,CC51, m @

58V
08’+”

Ii
Swm

(%116,8SEA lACRE
,.. . ,- 07.6 Ml 10C

m s 1?2.29 In.lo 122.X

Dhr.wd dlfk dwm Mtallww
Rtdw rqulc.d> DO.5 BFNSE LA CRE

18F1 10C 04, t h9Fl LOC 07,6 [8FI 10C

I DI.6 I
I IBF1 LOC I ]6001

12600’ ‘
_ +3 10”+ (2582’)

d-j ----;{ f5@2’~ !.. .
I i

lDZEIE’ M .-. >1 ..-

#r. 18’
MTSSEDAPPROAIM Climbing LEFT turn f06000’ via285” heading and

outbound on SEA VORR.307to LOFAL INT and hold.

$rRAIGH1.lN LANDING RWY 311
I

CIRtLE.T04AN0

)+?:
MA(8)

\
90 780’(74zI-1
120 820’/8o?’l-IY4. –. -

2 340 860’(w’)-2%

2 Y4 16$ %0’1942’)-s, r ,..

* ‘#*d.iTf t I 70,1 W 11001170 lt4r3] 160
A? .{ 04,5 {6Ff10Car
FNM ,, MA/ 3.7 a:lo 2:m :1 I:51[I:J511 :23

SOURCE .- 45RS 4f/9s34~

NARRATIVE : WE DSiiDED TO VARIOUS STEP DOWN ALTS ON
APCH BASED ON DME. DURING THE FINAL STEP DOWN (1600 l?T - 700 FT)
THE APCH CTLR GOT AN ALT WARNING ON US AND NOTIFIED US WE WERE TOO
LOW. OUR DME HAD BEEN IN ‘HOLD’ OFF THE SEA VOR BY MISTAXE, AND
NOT THE BFI LOC AS THEY SHOULD HAVE BEEN. WHEN THE CTLR CALLED WE
WERE JUST BREAKING OUT, WE STOPPED DSCNT, GOT THE FIELD IN SIGHT
AND LANDED NORWALLY. BOTH PLTS HAD BEEN ON DUTY FOR +12 HRS AND
DEALING WITH WX, ICE, ETC. FATIGUE WAS A FACTOR. MY RELIANCE ON
THE OTHER PLT TO SET UP THE APCH WAS ALSO A FACTOR. WE FLY
TOGETHER OFTEN AND ARE BOTH GOOD INST PLTS (MOST OF THE TIME)I
THANK YOU ATC FOR HAVING THIS ALT WARNING CAPABILITY -- WE ARE
EMBARRASSED AND WISER -- BUT VERY MUCH ALIvE!
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Circumstances During routine supply run from Thule, aircraft struck
tundra some 12 nm short of runway 5.

Weathec Clear, haze, wind 15 kts 010”
Confkruratlon: Ciaan .,.

Fatalities 5 with 6 seriously hurt out of 13 on board.
I I

Flight Path Profile
c-l 30

ALERT, NWT
30 OCTOBER, 1991

Othe~ Airoraft may have been on viauai to runway 5?
Altimeter setting problem? Transition altitude?
WX radar range setting problem? Questions
that presently are not answered.

T
4000

.,61
3000

ALTITUDE

2000 .!%

1000

0
I * * ,

18 17 16 15 14 13 12 II 10 9 6 ?6 5 4 3 2 1

DISTANCETO RUNWAY05 THRESHOLD *NM Runway
Threshold

0’0. W40..3CL 73- fla &
TIME TO IMPACT - SECONDS

w..”.

%... - -----

. . . . . NO GPWS INSTALLED
(MK Ml GWPS WARNINGS IF INSTALLED)



Return to TOC

ALERT AERO

rm

tI ! .9—. . . .

100’ 0 0.$
w%io AWMJACW” Immediate RIGHT Iurn clirnblng to 2000’ an track of 048”1.
ReturI’ to LT NDB.

WIAIGt(t.IN L.U@NG ~:lt”~- Ii 13RCLE.TO:\M,.

Five dead, six seriously ““”
injured m arctic ”’crash;
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CIRCUMSTANCES: During initial approach, the aircraft was prematurally cleared to
descend to 8,800 feet prior to reaching the ‘Otumba’ VOR.
(Minimum Aititude was 11,000 feet) on reading the VOR, a
Otumbar Two Arrivai ciearance was then given. A timely GPWS
Warnin occurred as the aircraft approached a 8,700 foot

Ymounts n. The pilots immediately climbed to 11,000 feet.

WEATHER: Clouds shrouded the high terrain.

OTHER: Possible language and mis-communication between controller
and pilots

“OTU’

—.
l-l= -+

‘CRUZ’
7DME

Next Page

Flight Path Profile
A300

MEXICO CITY, MEXICO
September, 1991

INCIDENT

r12,000
“---

ALTITUDE
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1 1 I 1 1 I 1 # 1 I I , I
o 1 2 3 4 5 6 7 6 9 10 11 12

DME DISTANCE FROM ‘OTU’ - NM

r I i I 1 I I I I I I I I I I I 1 DISTANCE TO
25 20 15 10 RUNWAY 03 -NM

1 I I 1 I I 1
60 50 40 30 20 10 0

TIME - SECONDS
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&ME&!!” OTUMBA TWO ARRIVAL
MAXIMUM SPEED:

A. 250 KIAS below 18000’ within 30 NM of MEX VOR,
B. 200 KIAS below 10500’ within 10 NM of MEX VOR,, NARRATIVE : CLRED
C. Observe speed restriction in ~,~: National airspace. OR EXPECTED ARR GIVEN. ) CLRED TO

MAXIMUM APPROACH SPEED: THE OTU VOR. APPROX OVERHEAD OTU
160 KIAS or mirtimum maneuvering speed. FOR THE OTU 1 ARR AFTER SWITCHED

[n case of DME fallureat mypolnt durln~
the procedure, MAINTAIN last altitude and
proceed to the atatlon inaccordanca with
~TGxl#~t~uc t Ions.

From OTUVOR proceed via established
tracks de$cendlng to$peclfled altitudes unlll
Interceptln Veeos lnt at ttBOO’ and

?clearence or final approach to aaal

I--&-lMM t? .100

vASOS
05.6 MEXVOR
0.4.5 IMEXLOC
N1929.O W098 59.1

Inlerce@at 8800’
Expectclearance
for final approach
to assiened runway

CRUZ
N19 34.4 W098 49.2

DIRECT OTU VOR. (NO FURTHER
DSND TO 8800 FT WHILE STILL
VOR AT APPROX 10000 FT MSL.

CLRNC
N OF
C@ED

FROM MEXICO CENTER f126.61’To
APCH CTL. (I HAD THE ARR OUT IN FRONT OF ME. SINCE WE HAD BEEN

,——-.-,

CLRED DIRECT OTD VOR PREVIOUSLY, I ANTICIPATED THIS ARR, HAD
LOOKED AT IT, AND PLACED IT ON THE YOKE CUPBOARD. I ALSO TOLD THE
FO TO TAKE IT OUT.) AS I WAS TURWNG OUTBOUND ON THE 195 DEG
RADIAL OF OTU VOR, ATC ASKED IF WE WERE FANILIAR WITH THE ARR. THE
FO RESPONDED ‘YESf. ATC ASKED, ‘WHAT IS YOUR ALT?t FO RESPONDED
9600 FT CLBING UP TO 11000 FT. THE GND PROX WARNING SYS TERRAIN
WARNING SOUNDED AND I IMMEDIATELY APPLIED N.AX PWR AND EXECUTED A
POSITIVE PULL-UP OUT OF THE DANGER ZONE TO ABOVE 10000 FT CLBING
TOWARD 11000 FT. BY THIS POINT, WE WERE FLYING THE OTU 1 ARR AND
ALREADY ESTABLISHED ON THE OTB VOR 195 DEG RADIAL OUTBOUND AND AT
CRUISE (7 DNE) TURNING R TO INTERCEPT THE NEX VOR 232 DEG COURSE
INBOUND BACKED-UP WITH THE INEX 232 DEG LOC. I NOW BEGAN DSNDING
TOWARD 9600 FT AND CONTINUED THE OITJ 1 MU? ON THE HIGH SIDE OF
PUBLISHED ALTS UNTIL ESTABLISHED ON THE IMEX LOC/GS INBOUND. WHEN

I WAS FIRST CLRED DIRECT TO OTU VOR AND ANTICIPATED/TOOK OUT THE
om I ARR PIJ+TE (ALSO TOLD FO TO TAKE OUT SAME PLATE), I DID NOT
BRIEF #IN-DEPTH~ BOTH VERT AND LATERAL NAV PROCS AS I HAVE BEEN
TRAINED TO DO OVER AND OVER AGAIN, ESPECIALLY SINCE WE WERE FLYING
OUTSIDE UNITED STATES AIRSPACE. THUS, WHEN ATC (126.6) CLRED US TO
DSND TO 8800 FT WHILE WE WERE STILL N OF OTU VOR, I SHOULD HAVE
NEVER ACCEPTED ANY ALT CLRNC LOWER THAN 12000 FT. WE WERE BEHIND
SCHEDULE (STARTED WHEN WE BEGAN DUTY DAY) AND I WAS TRYING TO MAKE
UP SONE TIME, I PLANNED AND BEGAN DSCNT CLOSER IN TO MAINTAIN A
HIGHER AIRSPD FOR AS LONG AS I COULD. I FOCUSED MORE ON LATE134L
NAV AND RELIED ON ATC FOR VERT NAV SINCE I HAD HEARD THE ‘MAGIC~
WORDS ‘RADAR CONTACT.’ I ALLOWED MYSELF To BEco~ CO~LACENT WD
TRUST ATC FOR VERT NAV. ONE MUST NEVER, EVER DO THIS WHILE FLYING
ANYWHERE, ESPECIALLY OUTSIDE UNITED STATES AIRSPACE WHETHER IN
RADAR CONTACT OR NOT.

SUPPLEMENTAL INFO FROM ACN 188454: THE CLRNC

WR-WHE-OTU-l-=L%R..SNOUmYE BEEN GIVEN BEFORE WE ARRI~D
oVERHEAD 0~. SUPPLE~NTAL INFO FROM ACN 188682: THE PNF USUALLY
“c~$$ ~LL”-ALT AND XING RADIALS. THIS NIGHT IT DID NOT TAKE PLACE.

WE MISSED THE MO~TAIN PEAK ON J39Y$? FR~M OTU TO MEX BY LESS THAN

500 FT AGL. I FEEL THERE IS A LANGUAGE BARRIER ALSO. IT IS OFTEN
HARD TO TELL WHAT AN ATC CTLR WANTS OR’IS SAYING. HE MAY HAVE
ACTUALLY CLRED US PROPERLY TO THE OTU 1 ARR, BUT THE WAY WE
INTERP~TED IT WAS co~LETELy DXFFER.ENT. 0~ RFIADBACK IN ENGLISH
NAY HAVE BEEN MISUNDERSTOODALSO.
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Ckotrmstancaw Aircraftflew into mountain43 mm from Honiara while on
visual flight rules in Ixxtnd from San Cristobal tsland.

Weathen Heavyrain and cloud,
mme Daylight

Fatalitiaw 15

Flight Path Profile
DHC=6/31O

GUADALCANAL, SOLOMONS
27 SEPTEMBER, 1991

No GPWS installed
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\/

.F~~, -: y n:;:?:xy= ‘-*$’”’” i,::’;,,+’.’ ‘;+? “’‘-’”
A de Havilland Canada Twin

., l“&K2&;::a t. ,/ , . Otter of Solomon Airlines, the

W&J Z&?&%2 .-EF? .’”;” ‘ ~~ “‘f ;a:ti%i!RN;;..,T*.:=;;,FX:; “ ~ ---
.,, :,.,-.’- .,..5--.,.. ; ~J: ,,=,.-,..

, .. ;;?f’+-j-j.:z+ “.,.-<..<,: ,,,“ “ Guadalcanal island late ]ast
Op+Tf”’““”“-’‘.‘“ month. The aircraft, on a

0+> #*A&+&’.“ “ .qq
... .,,. ;...,, routine flight from San Cris-

.. ,-.......
c ,.-.-y?_.: 7>. ,,,,.. ,, ,..2. C&ah.. ;,+,, - f“, tobal to Guadalcanal, crashed

~~..:;;rp 2?? :’;’ .;; into a jungle-covered moun-

\

tain in bad weather and was
,, ~=,#@.:::5xQ’. e ,. .,,.,- . ,-.,.:,.,-,.4.....-,?, ---- ....-”. *, ~:,;.;,:;q<:..r~+,,<7 :.’ -‘ found only after a three-day
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Ckcumstancerx Aircraft prematurelydescendedtw earl and flew Intoside of Mt.
!Arey near the summit on approaohto D ibouti,

Weathec Poor, Mountainshrouded Incloud
Conffguratbn: Clean

Fatalities 4
Othec Aircraft flying food and relief wrpplleeon behalf UN World Food

ProgramAkcralt had divertedfrom flight to Dire Dhwa from
Djlboutl,baokto Djllxxrti, becauseof weather.

***
No GPWS Installed ***

**
**

-* -.

Flight Path Profile
MOO’=30

DJIBOUTI, AFRICA
17 SEPTEMBER 1991
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Circumstances: Incident . Akcraft Inadvertently mishandled on M 28 approach to Charles
de r3ualie airport by use of auto-flight controls, The result was an
unstabilized approach, eventual go-around and the maximum flap speeds
exceeded by some 38 kts. F/O flying. Crew actions not co-ordinated,

Weather: 8/8 at 500 feet.

Time: Night.

Autoflight Incident
FLIGHT PATH PROFILE

A320
PARIS, FRANCE

15 September 1991
F/O extends spoilers for 9 seconds, aircraft slows
from 280 to 210 kts. F~ then retracts spoilers,

/ selects Flap 1 and vartical spead (W+) to -1200

/
fpm descent.

~ FIO sets Flap 2 (190 kts)

/ //
F/O extends spoilers, disengages NP 2, captain sets 500 feet into FCU window

2700’ GFE to help aircraft get down to glldeslope, (F10 unaware of captain% action) W

\.
~

c~z mode Indavertentfy replaced by ‘OPEN DESCENT’ (aircraft goes to Airspeed
f-fold and enaines to idle).

‘1

“\.

\ -- \

-.-—- .- ___

GPWS

Below “GI ideslope”

I k/O engages 21PPROACH’ mode. No effect on Flight Director as glideslope
-,3000 fpm deviations must converge for 3 seconds. (Not in alrpfamr operating mamraf).

FJO decides to level off, moves throttles from “CLIMB” to FLEWMCJ
and suggests a go-around to Captain, No response from thrust as ATS
still In “OPEN DESCENT”

Aircraft pitches up to 9Pi 0 nose up, fulf flaps,

.

throttles at 35” but still kr fdle

--l ~F/O Selects Full Flaps 3

--—- —---

F/O decides to go-around an~~ositions -.W \ MM
Aierl Area throttles to “TOGA” thrust bdds --.42

I
,

1I b a
, * { Runway 28

8 7 6 5 4 3 2 1 0

3000

2000
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ABOVE

AIRFIELD (QFE)
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1000

0
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- NM



Return to TOC

l@g;o:qOCOALKltA,,,”,h [[)121.15 119.85118.15

9W

4

fOR ADDITIONAL IM90RTAW

,M+r
lNSTNN2110NSRfFER1021.0.

d d,mrd to 3W3’

&w

1Pn :EJiJ$.,,5%iu,H
It:n W+ WI mice

ttd ●PPXOa$I&d on m. 180 K1 MS,

MM 03mG

OC1 3U(65’)

lcN S4+
nw2n 31&

n 0.s..- --
MMSmAPPXOACM,Climb STRAIGHTAHEAD to 3CQ0’(2682’), hen interceptand
followR-092 (272°) InboundtoMAN VOR.

STRAIGHT 8 LANDlt@&wt 28
ii? II M

RA104’ 5A 154’
DH418’(IOD’) 0H468’( 150’)

1 I

~

“.* .ra%l ●t 102
,“, 2$% ,t mldpaln!



Circumstances Aircraft hit at 4000 feet level of Crocker
Range, some 30 mm south of runway 02,
during initial approach. Inappropriate
descent clearances from ATC. ATC
distracted working inbound airliner.

Weather: Terrain shrouded in layered clouds.

Fatalities: 12 ..,’

“ ‘:..proceed to the VOR and descend south to 9500 feet”

r ‘K”- Co-pi/ot: ‘!.. Level at 9500 feet”

/- ATC: “,,continue descent to 4000 feet”

co-pilot: “Level at 4000 feet”

‘z-

. ‘!. cleared at 2500 feet”

_A~o-@/ot: OK down tO 2500 feet”

/
/

FLIGHT PATH PROFILE
Gulfstream II

Kota Kinabalu, Malaysia
4 Septemper, 1991

High petfOr#R31rCe

climb

/
/

-1,”//
/

/
/

Next Page
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A 2 The Seattle Times Friday, September 6, 1991

Crashed jet found, in Malaysia ‘
KUALALUMPUR,Malaysia ,-’ Searchers . ‘

combing thick jungle today found the wreckage of
a ‘et carrying 12 people, includin U.S. and British

i f? ‘01 executives and their wives. O Iclals said there
appeared to be no survivors. The jet, owned by
Conoco Inc. of Houston, Texas, dwappeared from
radar Wednesday as it prepared to land in Kota ,
Kinabahs on the wland of Borneo forrefueling on
its way from Tokyo,to Jakarta, Indonesia, The.
wrecks e df the Grumman Gulf Steam 2 was ,.,’,.

?found90 mileseast of Kuala Lympur. : ‘‘’
.

‘“t!iatcrashed in Malaysia .-’,,
~f@ALA LUMPUti, Malaysia –

‘l!!!
d CVerson Friday found ttie vdeck.

‘ ‘g” of a cbrporatejet carryi,ng12
‘tier$ons - nine of them Texas oil

q!h
‘“’8X OUWW ‘tUidkPOU8@,“Plusa crew

~of i+je,”oft!cials,dtt ~pjp$??y;fl~
> i4wl&Vtv&L

u anq,raii ‘Intothe‘iiiijun~:
ii::,weiustdpn’tknow.”

f lammed -thoso on
tj% ~fll.jam IL Di~~ch;w; hi$



FLIGHT PATH PROFILE
B737-200

Imphal, India
16 August 1991

6000
This accident appears to be very similar to a DC-9/30 accident
on 20 June 1973 at Puerto Vailarta (See this book). The aircraft,
also wilh no DfvlE or ATC radar aid, was late getting down and
fast which took it off the procedure into terrain.

_ ‘!..we are in mocedure turn,” Thangjing Hill 5200’

I

Aircraft hit mountain ridge while on initial ap-
proach to iLS/VOR runway 04. It is believed /
aircraft was In a procedure turn, but off the

;

bounds of the procedure. I
IMC ii

Believed to be in a manuevering flap with A
landing gear up.

69

*:

Circumstances:

Weather:

Configuration:

Fatatitles:

/-” 5000’

210” turning 180° turning

DISTANCE N NM I I I I I I I I I I 1
5 4 3 2 1 0
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INSIW.XKIU AEROORQME ELW 2536 ft.
APPnoAcN 7* Rw 04.-tLEv 2532 n.
CHAR7-iCAO

W,L,IVOYR:

r-’ “’f” ‘ :J”l ‘ ‘“’ ‘s’~’ ‘ ‘ ‘ I ‘ ‘J

A 2 The Seattle Times Fiday, August 16, iggf
,, ,, ..,’ /

T& sus ect something was wrong with the
in~mment~ndingsystem~ldingtheplane
through the clouds to the a rport, whose control
tower lost rsdio eontasf with the Boein just two or

f,. three minutes before it was due to Ian yesterday.
~L. .

Rescuers find no survivors
in f@ian,piane crash

NEW DE&, India. Rescue workers stru led
WIthrough dense jungle and driving rain to a hl n

northeast In&mwhere an Indian Airlines Boeing
737 crashed, but found no survivors among the 69

‘~~&b~=~~;!~%%~~$#membem aboard
f$the plane, on a I ht from CaIcottato Imphal, were

Indian. akfbre o ciafs said.

Journal American

Briefly ,.-@wW+omJAnewsWVICe$

Bodies recovered

Amcciated pfess

Morkerstrek throughthejungle acrossa
nakesfriftbridge on Sunday, bearina the
:harrectbodes of mo,atof the passr$gers
rama [atllnerthatslammed intoa mountain
?easternIndia,SMy-threepasse~ers and
ix crewfimbera wereon board the Indian
\kllnesBoeing 737-2crowhen it crashed in
illyjungle terrainon Friday,27milesshortof-
sdest@bn&~na~rKere were no sur-
ivors.llrerehasbeenmoflclalword onthe
ause of theaccident.

I



FLIGHT PATH PROFILE
G-II

Caracas, Venezuela
17 June, 1991

f

“-InboundHotel for landing approach”
ATC: “--contact approach amtrol 119,2

CIRCUMSTANCES: Durin an improvised instrument approach to runwa 10, the
i“airora Impacted terrain 5 NM short of the runway. +eglicfeslope

was inoperative for ILS DME runway 10. There is no approved
Iocafizer only approach because of terrain. The appropriate
approach was VOR DME runway 10, which would have ensured
terrain clearance+.The captain however, preferred the ‘precision’ of
a Iocalizer approach over that of a VOR radial. The captah
improvised letdown altitude instructions to the flying co-pilot from
‘Guare’ (10.7 DME) Inbound on the Iocalizer.

TIME: 22:00 EDT (night)

WEATHER: 30@, fight rain [MC, 300/3 miles, wind calm, altimeter 0118

CONFIGURATION: Gear down, approach flaps

FATALITIES: 4

OTHER: Aircraft fitted with an operatin Voicdlerrain Advisory System
t(’Talking Altimeter), but no G WS. ‘Talking Altimeters’ are heard

repeatedly on every approach.
Captain in right seat.

Captain: ‘--Pull em ~1 the way to the hard stops”

10W Track

Next Page

I
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I
AL~TI~DE

5,000 -FEET
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SINKRATE
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SINK RATE ‘PULL UP
SINKRATE PULL UP

SINKRATE PULL W
FIVE HUND’

DISTANCE TO RUNWAY 10
‘vNM

SINKRATI
IRED1
ElSINKRATEI’ etc.
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CARACAS, VENEZUELA
●wwd 119.2 ! -OSCAR MACHADOZULOAGA lNTL

ICMACAS IW.r 118.0__!, ,,,,,,!O,,; 00,, .,

,,~y>’ IIS ‘DME Rwy 10
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MIWO A? FROAcli: Climb to 2600’ then furn LEFT d imbing to 4300’ outbound

via TUY VOR R-095 to LUCIA/D8.O TUY and hold.
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[
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/
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,.
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CHARA
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x~w

MIssm AP?KGACM Climb to 4300’ to LUCIA D8.O TUY ou!bound via TUY VOR

R-095 and hold, or as cleared.

SIRAIGHT.lN LANOlffi RWY IO
I

CIRCiE.TO. LAND

wail 2440; 2-’) i
?lAk!h ,1 k“

y;
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1.6 km 110 2600’(/ss’) -2.4 km

165 2700’pvs’j -3.2 km

I I I I I I

PM 4! m, I w I I I I I I



Clrcumstences Aircraft inadvertently landed with all Ianding’gear retracted, F/O,
seated in Captain’s seat gave order for “Gear down” . Captah,
seated In F/O’s seat and flying aircraft, assumed F/O was stating
gear was down. Check list interrupted by qqnmunications and
never completed. Flape were left in 25. However, F/E fx?lieved
GPWS “Pull up” was caused by flaps not in ,landing position, F/E
tried to use the “Flep override” to silence warning to no avail. F/E
eventuality puiled GPWS circuit breaker. The cxmfiguration warning
was (routinely) silenced. Tower radioed “Go around” using wrong
aircraft call sign.

Time: 48:45 iocal I
Damage Substantial - Aircraft later scrapped I
Other: MKI GPWS instaiied, “Pull up” warning oniy. MKII and on, identify

cause of GPWS warning. See London B747 incident Juiy 1987

Next Page
FLIGHT PATH PROFILE

B727-200
Taegu AB, Korea

13 June, ‘1991

D7.O TAG

I

I
lkfKl GPWS

I
I
I
I D 1.6TAG I

2000
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-FEET

o
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I I I I I I I
40 30 20 10 0 TIME TO IMPACT N SECONDS

I 1 “PULL UP” GPWS MKI REPEATED
‘JNTl& DH3ABLED +yf F;E

MKII AND NEWER GPWS MODELS
WOULD ANNUNCIATE “TOO
LOWI. ..GEAR”
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TAEGU AB
TAEGU&wcuh(R) 135.9

- Q

TAEGU, KOREA
,.,’ ILS F/wy 31

TAEGU Tow., 126.2 5700’ TACAN Azimuth Roqulred

) LOC 108.7 ITAG
Trmw level: FL 140

Al? Sd: IN (MB on @ ~rm~ d,: 14@j1(/J&g5f) MSA
.. - .- ---

TAG TAC Apt. Hev 116’
A“ 4040’

rb.m b

,s556’ lza.40 I?a;so ‘ 12946

D12. O TAG
D 12.0

D7. O TAG

D1.6 TAG
GS W19; (1804’)

I

! D3. 1 TAG

I
DZE1 15’
LPT. 1 16’. ..-

MSSSED APPROACH: Cl Imb STRAIGHT AHEAD to TAG TAC, then turn LEFT,
climb outbound on TAG TAC R-290 to 5000’ and hold at D 10.0 TAG. I

S~//IGHT.lN LANDING RWY 31

1’
CIRCLE-TO-LAND

LOC (GS out) ,, .,., . . . ,.

w(u) 31 St (200’) AWA(HJ 640’ (525’) NA Norlhwt of Rwy 13.31



Circumstances Aircraft undershot the runway 02L threshold by 400
feet, bouncing out of the approach Iighte onto the
runway, Aircraft had been flown on autopilot to
160-200 feqt A(3L.

Weather: OAT 11,RVR 1200 on start of final but doterloratod
to RVR 700. Winds calm,

Contiguratlon: Landing

Damage/Injuries: No injuries to 132 pasoenegera and 6 crew but
damage to trailing adge flaps, aft fuslage, engine
cowtings and tires.

Othec Airline recommends that autopilot remain couplod
to SOfeet AGL. Captain had flovm very few CAT II
approaches over previous year. MK I GPWS install-
ed but No Wrrrring.

MM

Next Page

FLIGHT PATH PROFILE
B727-200

Nashville, Tennessee
15 May, 1991

‘om~.. . .

Y.~J f Autopilot Disconnected

IM

J,

A.\

BELOW GLIDESLOPE
ALERTING AREA

~
MK I 100’ CUT OFF ON GLIDESLOPEALERT

NEW MK Vll ALERT AREA ,
2(3r .—— — —.—— —.. — —.—— —.—— --——— ._—

I
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I
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~ MK VI] GPWS ALERT (Not Installed)
‘Shkrafa’

‘Glio%sbpe’
‘Slnkrate’

‘Fi(fy’ - %venty’ - ‘T&r’
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Chcumsttmcen Charter alrcrall took off runway tlL bound for
Amarillo, Texas, Iavelad off at 3600 feet lo remain
VFf3 befow TCA to swold Sms Diego ATC depnr.

lures, and flew Into mountain.

Time: 01:45 a.m., night

Weathar: VMC clear, vtslbllily 10 mifee

Conflgurallsm: Clean

Fatalltlee: 10

Olher: Professional craw, but Inllmldated by ATC’and
uncerlalnlles on how 10 depart IFR with tower cfos-
ed, decldlng to pick-up IFR clearance after cfearlng
TCA area, etaytng below TCA floors. Aircraft not
equfppad with GPWS.

4500 FEET —-—-—-—-—- 1

Pilot: “Yes sir, this Is Ihc pilot flying !fmt Hawker,,. dowrr
at Brownsville (sic),,, got a question ror you. Remember

you mentioned that SID ou!te hers?”
FSS: “Righl,”

Pilot ‘Yswh, [he ihing lhal 1,,.1 quesfion on thaf, uh,,.-
FSS “Uh huft.”
Pilot .And SCC.If you can clmify Ibis...sh I’m going off

here W!&.and if ya meet thnt SID...ymrcrc climbbtg into
the TCA (unintelllglblc)...ve~ pxsibly without an IFR. I
question thzt, You see whtt I’m saying?” ‘
FS~ .Ycrth, I undcrstmrd what you’re saying now,”
pilot: “If I had mr IFR clcamnce.,.yes, Ihat would be ....
FSS: ‘TM would be fine, tight.”
Pilol: “So 1 would ba belter off i[ 1 besded right eorth.sxl
sod stayed down..,s~y below Orr= Ibouxord?”
F!+& “Uh huh,.
pilot: “b you np.rm on Ihat?”
l?%+ “Yeah sure, !hiw’11bc fine..
Pilol: ‘Okay. 1just wmma check wi[h YOUon 11ond I

undwshmd lhol’~ a rrormd lFR dqmstum...but I’m going
nut of hcm ~.”

~~

BROWN FIELD

i
I

FLIGHT PATH PROFILE
HS-125

Brown Field, California
15 March 1991

Next Page

Cap/: ‘*--San Diego Approach -- s18ndirrg by for IRF clearence fo Am8rillo”

/(

pproach: “--- your c/e8r8nce ckxked ouf -- /’// prd it dghf back /n . . .
.-. squawk 0306” (aircraft squawking 1200)

[

Capt: “-- OK --- squawk 0306”

r A/JProac/}: “-.whafk yfJur posiflors?”

:;; h-me&x!

I I I I I 1 I I * I I I I I
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I I I I 1 I 1 I # I 1 1 I i
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Circumstances Aircraft apparently departed Maracaibo on an incorrect radial or airway for a
450 nm fright to Santa Barbara. On initial descent, the aircraft was *8O
nm east of Santa Barbara. A GPWS (MKI) “Puilup” warning occured. A
puiiup escape recovery was initiated within 2 seconds of the GPWS warning,
A good rotation rate (20/second) produced 2 g’s and a probable nose up
attitude of 25? Full climb power was applied producing -6500 fpm climb,
After the GPWS warning ceased, the attitude WASlowered to IW120and a
right turn initiated. The climb rate dropped the 2000 fpm. The aircraft
turning into higher terrain, impacted about 100 feet beiow the crest of the
ridge. Probable contributing factors to the navigation error were
complacency, distraction, unintentedness and assumptions.

Weather: Sunny day, initial haze later developed into heavy haze, mountains
obscurred in clouds, probabie IMC

Configuration: Clean

Fatalities: 43

NOTE:

Next Page
FLIGHT PATH PROFILE

DC-9/30
Santa Barbara, Venezuela

5 March, 1991

[

11,000

Nose Lowered to 12°
Right Turn Initiated,

Lowering Climb to w2000 fpm

235 kts
If Aircraft Had

Not Attempted Turn

This accident is very similiar to the Utah 265 kts
DC-8 (see 18 Dec 1977) where the F/O
attempted a puiiup escape maneuver

1500 fpm
descent

after receiving a MKi GPWS warning. He
pulied to about 30Qnose LJpand would 263 kts ALTITUDE

have escaped but for a push over, IwFEET

(negative g), presumedly by the captain.
In either case, stali margin was not a
probiem. None of the crews for ail the -8,000

known GPWS related accidents, ever
received GPWS “hands on” practice
recoveries. Average Terrain

We demand practice recoveries for
windshear, but do not for CFIT situations
with a GPWS warning. - 7,000

DISTANCE NNM
1 I , I 1 I I 1 1 I 1 I , 1 J- 6,000
7 6 5 4 3 2 1 0

f I , I t I , I

80
~

70 60 50 40 30 20 0 TIME TO IMPACT @ECONDS

J’@t-a~ I t [=1 MKI .GPWS WARNING (INSTALLED)

J
> 1

MKVII (NOT INSTALLED)

“TERRAIN! TERRAIN! “’TOO LOW
fXf~&UPl” ETC. TERRAIN!” ETC.
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43 Mled in plane crash

a?m Feu

CARACAS, :
Vonezud8 - A
Venezuelarr jet car-
rying 43 people
crashed into a
mountain southwest
of Caracas after
straying miles from
its scheduled
Course, authorities
said Wednesday,
There wem ap-
parently no survi-
vors ,

The IX-9 twin-
engine jet disap-
peared Tuesday af-
ternoon while flying
from the oil-rich city
of Maracaibo to
Santa Barbara, 135
miles to the south-
east. But the wreck-

age was found nearly 100 miles east of Santa Bar-
baru, strewn over a half-mile area on a remote
Andean mountain,

“It seems them are no survivor s,” said Fr&kjin
Rodriguez, a manager for the airplane company,
Aempostal, Company officials said all of the victims
were Venezuelans,

Speaking to reporters in Maracaibo, Rodriguez
said a search team had searched the cmsh site on the
~i3,800-foot Paramo Los Torres mountain, which is
‘about 350 miles southwest of Caracas,



Chcurnetances During a daacent and turn over the airport, the aircraft was
inoorreotlycleared down to 4,000 feet, and hit the top of a
nwuntain.

Weathen iMC
Configurations: Clean

Fataiitiw 63

No GPWS

Flight Path Profile
C=’130

NEA ANGHIALOS, GREECE
5 FEBRUARY, 1991

Next Page
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GASURLTIES

“GREECE—
An Eliiniki Aeroporia (Greek
Air Force) Lockheed c-130
Hercules crashed in bad
weather on an internal flight
between Elefsira and NeAI
Anhfalos rnflitary air Ixiaq on
5 Febt-wiry. l%er~ were 56 on
board including, four &e+v:
The aircraft had, tnade: con:
tact whh N@ @dlidOS W@
32km (20nrM southeast’of

FLIGHT INTERNATIONAL13- 19 February, 199 I

The wreckage%ofa*Gr~ek military plane
thar vanished from radar screens nearly
a week ago has been found on the top of a
snow covered motmtahr in central Greece.
Authorities said there were no survivors
among the 63 airmen aboard. The C-130
Hercules disappeared as it made an aQ-
proach to land at Volos while on a routine
mission from’ the capital Tuesday. The
‘cause of the crash is under investigation.

*.**,

&z/t sdwa Jouur@ . ~-@De

GreekHercules
wreck found
The Greek Air Force Lock-

heed C-130 Hercules that
crashed on 5 February was
found on a mountain top near
the Nea Arrkh~alos military air-
base on 8 February. All 63 on
board had been killed.

The aircraft was on a flight
from the Elefsis military airfield
near Athens to Nea Ankh~alos
near the city of Volos; The
Hercules flew via the Tanagrr-
non-directional beacon (NDB)
north of Athens,

Early reports state that, fol-
lowing the procedural turn for
landing, the pilot was appaw
endy given clearance to descend
to 4,000ft (l,212m) instead of
the .5,000ft that the NDB ap-
proach stipulates.

The aircraft crashed in moun-
tainous terrain during bad
weather, The pilot appeared to
have attempted a crash landing.
,-.

FLIGHT INTERNATIONAL20.26 February, 1991
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FLIGHT PATH PROFILE
AC 690

Kelso, Washington
30 November, 1990

Circumstances During Initial approach to Kelso, the aircraft
prematurely let down and hit a mountain.

Time: Night 19:00 PST

Weather: iMC

Fatalities: 5 out of 6 onboard

Cancelied IFR To VFR to save time. Probably saw Kelso City
lights in distance,

WINkO 19.9
+

MINIMUM ALTITUDE FROM WINLO 4700 FEET
..—. —.— .—. —-— .— - —-— -.

Next Page
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JfA711Sc..)., (i i 24,2 +

WATILC Radio 122.55 *

(C150.KWOWSW UNKOM CTAF 122.8

J,. ?mtlo.d, OmrJ. dllm.tw xttino.

KELSO, WASH.
m -LONGVIEW

NDB-~
ND8 256- MC

f-w >p.zzae’
,,.

NDB. . . . . . . .

E’”
,.,,,---

:’;--1! N.;.......-....-.——.-......... .,. --l (1783’) .< . . . . . . . -. ....+..

MISSrD AWROACHt Climblng RIGHT turn to 3300’ direct ISO t4DB and hold. --.-,:

.. ... . . . . . . . .. . . . . . . . . .. . . . ... ,., il :4: ‘m:~MN.rih.ml d .%Jw? -----
,., . .

-.. -.. ..—+, ... ... ...- .. . .
.,

L ,,. . . m

5 Canadiansdie in plane crasli
Survivor found walkingin woods
wss llsted yesterday in ftir condition
with a broken collarkam hyoetherrnia

.1;.

“St’sour plsnt In ihe .Sla*- ‘he
seld. “We flew down two ortbme times



OVERHEAD VIEW

dG::;g-y/ ,
50” Left Bank

2

3oo Fe;~M;& ---

/

/

4
3

S7s Letf Bank
M2 krs

27” Left Benk

27” Left Bank
< fjj ~:~ AGL

35C0 fps at Impact 800 Feel AQL
130 kts

FLIGHT PATH PROFILE
DHC.8

Samil Island, Thailand
21 November 1990 Next Page

Circumstances:

Weather:

Tim%

Configuration:

Fa!alltiex

During NDB approach to runway 17 fn heavy
wealher, and circle to land on runway 35 air-
craft lost vfsuaf contact with runway.A non-
decfsive missed approach was Initiated,
props were put fn fine pitch but cllmb power
was not applied, Pilots stilf trying to ffnd air-
port, During left turn, spalfai disorientation
led to overbanking, Flight crew was under
pressure to make landing, ae returning to
Bangkok was only alternative, ‘_fiafneeCap-
tafn’ and ‘FIO’ instructor Captafn complicated
‘who was flying?’

Dark, very poor vlsiblilty, rain and wind 32 at
20 kts.

Dusk 18:15 Locat Time

Landfng

36

ALTITUDE

Capt. Tiainaa: “Right”
MSL

r

* FEET

r

instructor: “Left”

F

1000

Instructor: “Go around” -I 900
c

/

Capt. 71ahrea: “Tarrain out hers”

7
I /z2LeftBank ~’;;, iii

130 KTS
30° Right Bank‘-/ L

‘/

80 KTS
Full Flaps 127 KTS Fine Probable Loss

Rofl Out 27° Left Bank Pitch Of Radio
-[

400

Altimeter Track 300
‘ 30” Left Bank ~

Initiated 87° Left Bank 142 Kts 3500 fpm — 200

.,%,#<\\q::\:,v,,?,yh\:*v:*.#$. 100
0

4 3 2 DISTANCE N NM 1 0

I I 1 1 i TlfdE
I I -.–

90 80 70 60 50 io 3’0 ;0 1;
1 - SECONDSo

CtctntJfl MKfll GPWS

MK II GPWS Iqs\a!led “Bank Angle” (NOT INSTALLED)

But No Warnltig (Repeated 6 Times)
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A~4 Seattle Poet-lntellcyncer. Fr!dey, November 23, 1S93●

2 Seattle residents
die in Thai crash
J~t from Bangkok .
Ma coconut trees

th~ Greenwoed area.
IAn embassy oillcial identitled

thd.Lincolns as being among pas.
se~$ra in the plane that slammed
in @conut trees In heavy rain
;:% ;~~:~::;:;fa:;:

%!! tnesses said the plane ey~

meik ofre;ed MetYeer to drnw

00 milec ceuth of Ban kok.
flane was on a E&m nute

~ fmm Ban!zkok when it



Circumstances: Prel/mh?ary Incident Data
While on final approach to ILS runway 26L, the aircraft Inadvertently descended
to less than 390 feet, some 1400 feet below the outer marker crossing altitude
of 2800 feet. A MSAW occured, the aircraft advised, and a missed approach
was made. There was ~ GPWS warning from the MK V.

Configuration: Landing,
. ..

Weather: Clear but marginal visibility. 2V2 miles obscurred, limited contrast to terrain.

Time: Daylight afternoon.

Othe~ It has been reported that the aircraft was cleared for ILS 26L near ‘Pettis’, then
suddenly recleared for VOR runway 26R with AFGS engaged for approach
mode. The aircraft was almost established on the VOR approach when it was
recleared back to the ILS, The AFDS did not couple to glideslope and reverted
to a vertical speed mode, There is significant terrain left of the Iocalizer course, and
the aircraft fortunately missed the terrain (and towers)(2217’, 1770’, 1437’ and 1419’
feet MSL).

Next Page

FLIGHT PATH PROFILE
B737-300

Ontario, California
16 November, 1990

1000

- 4000

- 3000

ALTITUDE
MSL

I_uFEET

-2000

Lo
DISTANCE TO RUNWAY

1 I T * , I I 8 1
70 60 50 40 30 20 10 0 ~NM

TIME TO IMPACT
MK V INSTALLED — NO WARNING

IX43ECONDS

91-18
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FLIGHT PATH PROFILE
13C-9130

Zurich, Switzerland
14 November 1990

Clrcumstancea: Alrcreft hlt short during en ILS approrich to runway
14.

Weather: Rahr, Fog,The 6 mile vislbillly

Time Night 20:13 Local Time

Other: Probable landing configuration, etable approach

Falalltfern: 46. all on board

lbrraln profile accuracy based on unolllclal ground Ireck. Bolh ground
track & cockpit converaallons from unnofflcial sourcee. Poeslblflly of
glfdesfope receiver failure and no tleg.

Cockpit Altimetry procedures in usw
● Flylng pilot uses QFE on initial end final approach
● Norr.llyhrg pilot uses QNH unlll Final Approach Fix, then goes

to QFE.
F/O beflevad lto be flying,

Nav frequency $elecllon controlled by a 3-way position switch allowing:

● Indlvlduaf eelection
● Selection of bolh from Captain’e oontrol head,
● Safecllon of both from F/O’s control head.
The GPWS gfideslopa aignel Input Ie directly from Captaina’a receiver.
If the Ceptahr wae using Nav receiver to determine 249 & 271 VOR
radlale, there would have been no glldesfope signal to Ihe GPWS
(eee eimllar incident 26 June, t9Fr6 DC-10@ Portland)

FIO “Hava We R?ssed Ov(grmefker?”

I

Capt.: “No..No, Have Somelhlrrg Else Wrong”

)FIV: ‘Shall We Oo Ar&nd?”D 8.0 ILS

4000’ Capf.: “No..No, Rrl/ow 7he CWdepefh’”

\ I AK: ‘!..00-e...4 Miles Behind Previous

I%pt.: ‘Y&e WI CWdes@a?”
-% Wflc.comecr T&’e~.Good Mghf”

Fh7: “No, 10mr’t Hew Qlldesfope” F/O; Swllches 0!/ AutOj3//0f.

-’-’--Q.4??..’- ‘

~ -oy,,-

, : 4“,:.’.” ,,” . ‘,
,,

+:. ., $,’,. ,. :.”,
*.*”. ,,**
,:,$ :.1 ... *

,.
.,, ’:$,.
. ...,.

.-
,:. ‘ AI. ERTING AREA , . . .●.**.,.-.?

I < .##/// ./ .

I I I I I , I , 1 I I 1 1

11 10 9 8 7 6 5 4 3

1 I 1 1 1 1 I 1 I I I I 1 I I I I 1
140 130 120 I1O 100 90 80 70 60 50 40 30 20 10 0 TIME To lMpA~ ,wSECONDS
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t---------

MK II WARNINQS (BUT NONE ON CVR)

‘$~’,~~s~~pry “GLIDESLOPE” “(3LIDESLOPE”
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.foumal American 15 NOWM2.EQ , [990

ZURICH, SWITZERLAND
‘AUS11~03 128.52 VHF/Df r/---P-x ZURICH DC-9 crash kills 4(5in Zurich
!URICH A,JWI (n) 118,0 120,75 1( ‘)6000’ ‘4500[

WRICH lower 118.1 119.7 127.75 0999_ L,,,.

3rowd 121.9 I4500’ 7fmn,

M .Wt hPm
Trm love
r,... “11,I

:NSURE 11SPROPERLYIDENTIFIED I /#wIx ‘

lLS,,Rwy 14
LOC 108.3 IKL

.. —.— .-..

,+1. Elav1416’

:AUTION, ltS RWY 16& 14
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,.2316’ ..n nhW’
n Zo=”” ‘-”-

‘? 1991;’
\& .,,

12267’
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>
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371.5 SHA.,, .,,, ,- ‘%
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108.3 IK1 “

% CM.O IKL ILS Z:&:H

%+
we

/

~ 115.OZUE
WAIU.\

+/ ---- . . . .

‘f&J&# ~;&y$~:N

--- .- .-..

207
yo5’

-,x

>#-
0s21

“’2589’

D8.O /KL /LS D5.6 /KL ILSs. . ...””....,., ,
4000’ I
[2598’) f$&5v ‘!!~!kj

‘ ‘w
c 1575’(1 73’)

Mww i .- ~
D 1588’(186’)

.c_ _ . 4 GS out 1900’(498’)
intrl:capt
Iocallmr I %,” I LO(

mi-simL~
,(1668’)i2680( ]278) ‘ – v o

.l_ 4 3,5 \
T 5.6 .3 0 -%iw%-l
MISSED APPROACHI Climb on track 139° to 04.0 II(LILS (245” WAL NC

i

IB), then turn LEFT and
proceed via ZUE VOR to SHA NDB climbing to 5000’ 3598’) (SEE INSET ABOW.
Cllmbto 2500’(1098’)prior to level occelcmtlon. MAX IAS 210 KT wing turn. *

By Onna Coray
As90cimd Press writer

ZURICH, Swltzwtand - An
Aliteha DC-9 jetfiner appmacbirrg
Zurich akpnct crashed into a wooded
hilfside end burned Wednesday night,
killing etl 40 passengem and six crew
aboard, police said.

Witnesses rcportcd what appaeredto
be f~ end explosions before the pkme
hit, Zurich potice told a news confer.
ence.

FIight AZA04 of the Italian airIirre,
coming from MIIen, mashed about
8:20p.m. (1 l:20a.m. PST) five miles
north of IGoten intemationat airport
outside Zurich, near the village of
Weiaeh, abport spnkeamae Peter
Guckrtcchtsaid.

OntyafewonboardwereItafkms,atr
AMia spbkeswomaa ssdd. Ita@t re-
ports said most of the other passengers
were appercntfy Swiss and Japanese.
Wlti]asaiditdid rmtexpmtto publish
a full peswmger list hefore Tlrursdsy.

‘flse Swiss Federal MeteorologicsI”
Gttlce said visibfity at the time of dre
crash WSS gnn6— up to 10miles, with
ligbtrairrandtight winds. f%lyrqwrts
had C!@ heavy rain.

Fn raged in the weckage and

webdside for at least 1% hours, police
said.

HrmrtiSteffen, a nearby resident and
a medic, said she rushed to tbe site but
all help appeared too lace,

“’f%e plane was burning tiie a vol-
cano,” she said.

Itafy’a state-run fUI television said
fmt r@rata appcwtortiscount the pes-
sibMy of a terrorist act; but that the
crash did not smmed linked to the
weather.

Thejetcut aswaththmugh the forest
and broke apart on impact, witnesses
said. Smoking wmcka8e, covered
with fmfighting foam, was scattered
about the muddy hillside. ‘IlrcSS0sec-
tion had broken off. One landing gear
and a section of wing were rdso dis-
eemible.

The plane was on time following a
50-rninute flight fmrn Milan when it
tfisappred from radar screens, Gutk-
necht said.

Swiss aviation authorities said they
had begen rminvestigation, and Itatinn
authorities said they would d~patch a
team of investigators.

The crash sita is about 10 rrdlea
northeast of central Zitricb irt northern
SwitzerIancl. ~.’ “

——.

Eugen ‘llrom@, the Zurich potice
official in ctrar8e of rwcue operations,
told repotters about 200 police and
fwfighters were at the scene early
Tlmraday, prep~g to salvage the
wreckage and identify the bodes after
daybreak Authorities seatedoff the
site.

Afitsdia said the DC-9 was buiIt in
1974, md as of bratymr’a flight regis-
ter, had flown 29,C00houra. It said the
plane was last btspccrcxtNov. 4.

‘fire last major crash Involving an
Italian aMiiereccunwtGct. 15,1987,
when an ATR-42 turboprop of the car-
rier ATf, so AMMa subsidiary,
crashed near Como on a fJ@ht fmm
Mdan to Cologne, Germsny, kilting
37.



FLIGHT PATH PROFILE
A-320

San Diego, CA
June 1990

Next Page

INCIDENT#2

Circumstances: FMGS engaged and tracking Localizer B/C 27
FlkahtPath Ancdeselected for 3.0 dearees but was
in~dvertently i; Vertical Speed, Pilot; adjusted ver-
tical speed back to 1200 fpm, but bacame
distracted and descendedwell below FtEEBOand
below MDA. Error was detected by pllota and
tower, Aircraft was re-establishedon visual ap-
proach slope.

Weathec Considerable haze

Configuration: Landing

This incident based on “sketchy” data provided by line pilots.

REEBO

I
t

01.3

I I

I

l–
‘k – –66’ -J>——— —— ___ _ 1

2000

ALTITUDE
PvlSL

CUFEET

1000

0

I , 1 1 9 1 * I u I , i

6 5 4 3 2 1 0 DISTANCE TO RUNWAY 27
-NM

~
60 20 10 0

MKIll INSTALLED.

LO WARNIN13- LANDING CONFIGURATION
DESCENT RATE INSUFFICIENT
TO TRIGGER GPWS WNKRATE”

91-18
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FLIGHT PATH PROFILE
A-320

San Diego, CA
June 1990

Next Page

INCIDENT #l

Circumstances: Aircraft was laterally directed by the pilot to fly
direct to “SWATT” and not to “VYDDA” by means
of the Plan Mode on the ND. The FMGS was
engaged In Heading Mode, and an altitude of 2700
had been inadvertently setected. L-V Nav

Weather: Broken clouds. Terrain in clouds.

Other: A GPWS warning occured and the pilot climbed to
3700 feet.

This Incident based on “sketchy” information provided by line pilots.

VYDDA SWATT

4000’ I I

-—- —-l’--- L~ 3700’
REEBO [

5000

4000

r # I I 1 I t I B I J I # I @ I I I I I # I s I ? I i I I I n 1
16 15 14 13 12 11 10 9 8 7 6 5 4 32 I O DISTANCE TO RUNWAY

-NM

fgl”l’f
30. M- 10 0

TIME TO PROJECTED IMPACT @ECONDS

r -----
L3----“TERRAIN... TERRAIN” (XC (ALTITUDE GAIN)

“TERRAIN!
TERRAINI
. ..PULL UP!

PULL UPI 91-18
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Flight Path Profile

Time:

Weather:

Conflgurallon:

Olher:

09:00 AM

Fog 1V2 Mile Visibility

Landing

Very Bwslness Like Crew, !+aclicing CFIM And Following Procedure. Unfortunately
The CarMeln Misread The Amxoach Plate And The Error Was Not Detecled. A Last
Momeni Pull-Up, and Forlun~\e Circumstances Saved Four Crew Members On
Board. Aircraft Was Destroyed. Aircraft Was Equipped With MK I GPWS, BUI There
Was No Warning. Operator Was To Install New MK Vll Later In Year With “Smarl”
500 Foot Allilude Calloul And Olher Callouls.

DIRGE

B737-200
UNALAKLEET, ALASKA

2 JUNE 1990
Circumstances: Aircraft HII “Torr&r Some 6,7 NM Shorl During LOC/DME Approach To Runway 14.

Alrcrah Was Being Re-Positioned For Scheduled Flighl.

Capf: ‘ ‘IWfeen flfl (en CM?’

Capt: “FWeen hundred to ten what
we’re shoofhrg for”

y.a~.f on ten - tet$s go

\rCapl: “7here comes the ten to D 5.0 IUNK
fifteen hundred,,, 500 Is what LOC
we’re heading (oz., ” 1

ALTITUDE
MSL

- FEET

1000
800’ FPM
145 K7S

559’

0

-1 v I 1 I I I 8 I f 1 # i I 1
9 8 7 6 5 4 3 2 1 0

DISTANCE TO RUNWAY AJ NM

~ TIME TO IMPACT w SECONDS
.9075708560655045403530 2520151060

“lO$;.l,

n a UBB MKVII ALTITUOE CWLOUTe<MK1-lNSTA&LED,!.Q WARNING)
,,5*olq .,~oryo

I
UIMINIMUMS.MINIMUMS” (set to 360’ radio)

Next Page
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2000
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SUNDAY,Jurta3, 19&8 ~

Air crash causes
delay, passengers
waiting not told

ANCHS)RAQE (AP) - MarkAic The pilot, Capt, Gkxtrr Smftb, and
ps.scngers waiting to depwt Ursafak- ‘ copilot, RobcstPcll, wm. tttdnissscd,●

lcct for Anchorage were kept aboard
night 87 for hours Saturday rswrning
withow being !olddelay wmcatsacdby
a MarkAir plane cmah four milca
away.

‘“NeedlesstO SCy dSCE W8SSOSS3C
currtission,” said MadtAir vice preai-
dcm Lamy Andcsvon.

Ftight 3087 fmm Anchorage to Un-
sJaktcctwaaaddcdtoMarkAir’s Satur-
day morning schedule to accurrrmo-
date hundrcdsof tldwsnen-manyof
thcm with family in Scmttc-ready to

leave town when this week’s Nmton
Sousvd ttcning iisbcsy ended on
Tlroraday,

MaAtAir soid the Boeing 737
cmdwdamund9a.m.asitmadeafmsd
approach srt the smote, gravel air.

strip.
llcrc wrne four crew mcmbcra but

no pmscngccs atward, The crash in-
jured two flight attcndansa, Michelle
St. Amour and Sonya Nelson, both of
Anchorsgc,

St. Amour nppasrntly was the more
scrimisiy inj@d ‘aid ‘ddctom fr6m
Nomc who examined her at the crash
site dctcrmincd she should be moved
only by stretcher.

tdtikiii spoke-smanacid, -
TlrCcrcw was rchStaraftoArdtorage

on Flight S7 and M injured women
wcm trcutcd at Pmvidcncc Hospital
where they were bchsg cxarniracd Sat.
unlrsy night.

Anderson acid passcngcm may have
sat asIongas fourtsossra,witboutbcfng
islfowcd to Icavc Strcplsme, w that dsc
@lC coufd kWC fOr AOChOMgCU
soonssadtcinjsrscdcmwrncm%wcm
loaded on, :!’

“Bccausa of fog, thchelfcqcr that
went out totbc crash site wasn’t able til
just go out and back,” Anderson aaid~

Andc&ost aaid the wait could have
been as long os four boun.

Passenger TeswaaPCSIYof Arwtsw
agesaid the plane was @oardcdamssssf
10 aom. b

MarkAIs said h p]- ~CftUttafak-
Icct around 220p,m,

Pcr3y, who was traveling Wids k
3-ycar+ld daughter, Natalie, mid ahts
tjnrdly hcmd frum one of the hearing
iishwmcrs “abisoitt ‘mat the May was
tinkcdtoacmsh, ‘“ Butthalwaan’tuntil
we were collecting my baggage in AIS-

Cbomge,” Sk aaJd.

**

D2.3
~SS4RNSX IUNK 10C

i

;o,w$,

382 JNR .: Go 2.
—. -.
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..
01. \ ItJNJ( LOC ,~ r“% -6ezuuP
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Uw IUNK 10C OMS wkn on 10C CWIO. final wwxch ceurm it 496’ ~ d fwy COIWWNIW
wmwi+d ●l 30C0’ km Ihrtd)rald.PIIoI mnwrollcd li~llq,

ORIGE

I

... .. -.
hu$wo APmo~cM Climbing RIGHT turn to 3000’ outbound via UNK VOR R.20S,
then relurn to UNK VOR..

SIRAIOW. IN LANOINO RWY 14 ctncla.ro.wo

-WA5G+3F1
1.

NOA MO’im-r NA 10,1 d tIWP 14.32
Wl,h 02,3 Iual Wl,kout0?,3 UMll

4
1

A

I s
SOO’(47W. 1

1 I Y, c 500’(47?’/ .1 YI

) I Y* D 580’($$?’).2



Clrcumsfances: Aircraft hit short by 60 fee[ of runway perimeter
during VOR- Visual Approach 10runway 02.

Wealhoc 4 KM visibility, wind 330/8 Ids.

Conflguralion: Landing, ,.

Damagtx Blew out tires, dama&+d wing spar, wheel well.
doors hydraulics.

%

----

FLIGHT PATH PROFILE
B737-300

Iloiio, Phillipines
18 May 1990

Return to TOC
SO-282

, I , I I , 1

i’ 6 5 4 3 2 1
{ DISTANCE -NM

t
1 , I , , 1

1 1 , I , ,

15 to 5
~ TIME N SECONDS

[ I I MKV ALERT/WARNING INSTALLED

‘- ‘sfNmr
SINKRATE

PULL UP
PULL t-1~ETC.

400

ALTITUDE
‘FEET

300

200

100

0



Circumstances Charted aircraft hit 80 feet below summit of Mt.
Emerafd on initial approach to Mareeba 4 nm
left of track. Clearance was to hold at 10,000
feet+

Oiher: Aircraft fitted with GNS. No ATC Radar
Time Night 17:38
Weather: Raining, clouds.

Next Page
W-282

FLIGHT PATH PROFILE
CeCitation II

Cairns, Australia
11 May 1990

I Fatalities.% 11 I

250 Kts - I COOfpm
j- 5000

}

ALTITUDE
MSt-

-FEET

“’w” t

)
, , 1-2000

14 13 12 11 10 9 8 7

DISTANCE TO MAREEBA AIRPORT -NM

I a
# *

60 50 40 30 20 10
~ TIME TO IMPACT - SECONDS

[ 1 n~
‘TERRAIN’

‘TERRAIN’
‘PULL Up

‘PULL UP’......

~ MK Vll GPWS (NOT INSTALLED)
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CIRCUMSTANCES: During a night scheduled, VOR approach to runway 24 the
aircraft crashed short by 7 Nfvl - The Captain had broken out to
VMC at 900 feet MSL and decided to complete a visual
approach.

WEATHER: 400 Feet AGL broken, 1000 feet AGL, overcast, four miles
visibility in light rain, wind 4 mph from 270 degrees,
Temperature +8C. dew point +8C degrees.

TIME: 21:35 EDT night

CONFIGURATION: Gear down, flaps clean

I FATALITIES: 1 of 4 on board I
OTHER: No VASI approach slope indication. Possible ‘Black hole’ visual

illusion, poor eye location, minimum ni ht training low time

RI
RJca tain. Poorly designed procedure - 0 DME fix for descent

to DA.

‘.@WB~

ALTll~DE

& FEET

Captain sees runway Ilghts
on breakout. declares a

—.—. — .—. —. —. VOv~~ME

-“--- ____ 4/-------. . . . . . . . . aptahr selects landing ~. —.i.—i..—\_.—.—. —. —. —._ ~. . . . . . ----- --- Minimum Descent Altitude 440’ + ~
++-

.Envelope*.. Gear”’ “...”.”. -< 30’
nl

, I s 1 I I I I , I

Flight Path Profile
BE C-99

MOOSONEE, ONTARIO
30 April, 1990

2000

1000

0

;’ 8’ 6
I I i 1. TMu(MMW+W-MeCen&-

30 20 10 0 MK VI

n ,2,!., ~$ Gr’ws WARNINGS (Not installed)
‘500’

5 4 3 2 1 0
D!s-fAINsHRerr-
RUNWAY 24 ~ NM
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Ckournatanocm Alnmft flew into a hiil in cloud while operating

visualiy 15 Nkl north of their reported position.

V&then Generallyclear butwith areas of low cloud
and poor visibility

mm Daylight
Configuration: Clean

Fatalitiaa 14

Flight Path Profile
RAF SHACKLETON

ISLE OF HARRIS, SCOTLAND
30 APRIL, 1990

Pilot

\
I

2000

“Bt)nbecu/aapproach...weathernot ALTll~DE
suitable tbra vkual approach.,.
we’re going fo cllmb and fum tight” - FEET

I , , 1 t

5
# 4 +

4 3 2 1 0

DISTANCE TO IMPACT* NM

TIME TO IMPACT* SECONDS

‘“- 10

20 1/2
MK Vfl GPWS WARNING

(NOT INSTALLED)
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RAF Shackleton crash
due to human error .

London: The crash on a Royal
Air Force Shackleton AEW2 on
April 30, 1990, was caused by
human error, the UK Ministry of
Defcncehas said.

The aircraft was operating off
the west of Scotland in generally
clear weather buL with areas of
low cloud and poor visibility over
tie coast. While operating with a
Tornado F3 the Shackleton had
turned off its radar and after this
decided to conducL a visual
approach to Benkecula.

On contacting the tower at
Benbecttla, the crew gave their
position as “abmt 20 miles west
of the airfield,” according to the
MOD. Investigation after the
crash revealed the aircraft was in
fact 15 miles north of their
reported position.

The crew then contacted
Bcnbecula approach sLating that
the weather was not suitable for a
visual approach and that the
aircraft was climbing and turning
rigtlt. The Shackleton hit a hill
in cloud on the Isle of Harris three
minutes later. It was determined
LhaLthe aircrafLwas in controlled
flight and all four engines were

-dcyclopingx.mk.. ~\vcr,
While the iast position

shown on the aircrafL’s ground
position “indicator was aborrL 20
miles south west of the accident
Site; IHtVigrtdOId h12iCCUHLCywas
not considered to have been a
primary ewe of the crash.



FL{GI+T PATH PROFILE
Next Page

Circumstances: While on an ILS approach to runway 10R,
the aircraft inadvertently was 1000 feet
below the Final Approach Fix, with both
altimeters indicating 4100 feet. On the
missed approach, it was discovered that
the aitimeter settings were incorrect

Weather: Ceiling 300 feet, visibility 2 miles with fog.

Time: Night 19:40 Local

Configuration: Landing gear down, Approach flaps.

---Altimeter setting 30.48---”

B737-200
Boise, Idaho

17 February, 1990

ATC: “TWO nlner point four eight (29.48)

Cttptdm“---What is your Altimeter Setting?
(Akcraft Barometric Akimeter set at
30.48) 77 r6000

ATC: “--l show you fourty two hundred ~ // 1
“ “--.Cle&?redfor ILS approach to runway

/ “C’ l~f+--”
5000

Landing gear down ALTiTUDE
MSL

4200’
—- —-— .

~Feet
—.— .— -

5000’ INDICATED ATLTITUDE 4000

ATC: “Climb maintain 5000”,..., (Aircraft barometric Aitimeter set
,, F/O: “Going Around” -.

170KIS 4100’ INDICATED ALTITUDE L Miss@dApproach Initialed by captain
Glideslope deviation still full fly Up

3000
..

\’yFK\’ Y K~”\ RUNWAY 10R

f I 1 I 1
9 8 7 6 5 4 3 2 1 0

DISTANCE TO
RUNWAY THRESHOLD
IVNM

7 c.-. —..-------- -
‘=;OPE” ALERTS (3)

J

“TOO LOW TEfiRAIN”
MKI (INSTALLED) “TOO LOW TERRAIN” etc.

MK V / mk WI W INSTALLED
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BOISE,IDAHO
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MI$StOAPPROACH:Climb to 3900’ via outbmmd BO 1 VOR R-1 11 within 6 NM
then climbing RIGHT turn to 6000’ direct BOI VOR and ha!d.



Flight Path Profile
A-320

BANGALORE, INDIA
14 FEBRUARY, 1990
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Ckcumslances: While on a visusIl approach, the aircraft rrm out of flying speed and hit
shorl irtlo a golf course, bounced, hit some Ireea and an embankment, NOTE, The AI% Altitude Acqui$illon Mode was irmdver{antly activated for “700”.

possible dlslrectlon by F/O (more expbrian~ed A320 captain). (The airheld elevallon wes 2,914 IENA). The pllol had meanl WJead, 10 aclivate
the Vmtrcal Spr?ad Mode for ‘“70+S’ feat per minute descenl, The pilot also

Waalher: NoI a Iacloc inadverlantly SIX Ihs votlical mode to “Open Descent’” instead of e Speed Select
Mmh! The Auto Ttwusl (FMQS) wenl IIOM Speed Mode 10 Thiusl Idle Mode,

Conlgurafion: Landing gear down, flaps 30

Engines V2500

Fatalities: 90 out of 139 (7 crew)

T

600

; 500

ALTITUOE
ABOVE
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----—’C’*+%;:2 s::~’”N’Rr’’LAw

Of Attack Prdacllon}

CJfOa ‘AIRSPEED’ (ADDITIONAL CALLOUT SAFEGUARD)



Flight Path Profile
APPROACH INCIDENT

SPOKANE, WASHINGTON
B727-200

27 JANUARY, 1990
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SPOKANE, WASH.
SPOKANE INT’L

M Rwy21
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‘ 6300’
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/’& ‘>.- “’%hld ‘\

Ill-n w-a D20.O R.088 GEG,VOl! (IA[

ht$j LOM
-PC2S25

\
rcll s“ --

Aircraft descended below the glideslope in IMCweather, There was
a possible subtle incapacationof the Captain at first not recognized
by himself or the other cockpit crew members. Suggestions and limited
corrective actions by both F/O and F/E initially rejected by Captain
until the GPWS below ‘glideslope’alert and ATC action,
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90-282

Circumstances:Wealher,ATCdelays,fuelconcerns,all addedpressure10
the crewto makea successfulapproachand landingto
runwayILS226.The approachwaamanualand unas-
sistedby FlightDirectoror Aulopilot,andbecameinslabil-
Izedduringthe last3 NM resultingin considerableGP,WS
warningsand a fatefulmissedapproachwhichresulted
minuteslater in fuel exhaustion.
The argumentIsfor “specificGPWStrainingand updated ‘
GPWSequipment,whereif the crewhad properly
respondedto the GPWSalertsand re-establisheda nor-
mal ILSglideslopeprofile,theywwuldhavearrivedat the
decisionheighlwhere lhe runway environment would have
been Inviewto completea successfullanding.”

Fatafitles 73

‘ l<. :,
“.. .,

:. ...
‘,. .

‘.. . :
. . . .

. . ...”
. . . .

,. ””,,

b 1

FLIGHT PATI+ PROFILE
B707-320

JFK, New York
25 January 1990
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!.1864’
/
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- \.\

... .‘. ‘..
., .,”.,’ .,,‘.,. .”,,” ,,. . . . .. . ... ’,. ,., ,
BELOWGLIDESLOPE ..’
ALERTIN~ENVELOP*EfiREA” “. ‘ . . . .. . . . .
. .. .. . ...”. .’ ,”.,. :. .;, . . . . . . . . .. . . . . .,

RUNWAY226
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Un C3r%no MKIWARNING(INSTALLED)
‘Pfl u ‘

8 %&%:;e,‘Pull p’
‘Pull up’ ‘G!ldealope’
(10times) ‘Glideslope’
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NEW,JORK. -NY
\llsAl(l”dm 117.7 Iswi I 15.4 La-i KENNEDY lNTL

fSWYW APP+CdT(q 127.4

~

\ 1900” IIS, Rwy 22L
2804’

:WWSOYIow.r I I 9.1 \ 10C 110.9 IIWY
$ ,$;;M

.. .. .. . ----
Mod 121,9 Apt. Elev 13’

!0w A 544’
\531’ i

ROS1 Y
~

DII.7 IIWY n$

~ IA Guatd[a
s

07.0 IIWY )1S
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*IO

*.

10RRS
@&

ROSL Y
D7. O i-w 11$ L-JJI.7 llwYlts

‘%TCH50’ ----

[02s 12’
APT 13’ 0 0.6..
MS$sm APPROACH:Climb to 500’ then climbing LEFT turn to 3000’ outbound via
JFK VOR R- 190 fo CHANT lNT/D 19.0 and hold.

WffASGF/T.lN Mribltwi RWY 211 CIRC@iO.LAt40
n: “L”, WC IGS out)

,?50’) WA 440’(428’)

I M4 O!Jt AIS W! f@~



Circumstances:

,_jA

While on an ILS appraoch to runway 04,
the aircraft impacted 9.5 NM short of the
runway threshold.

Weather: IMC - WOO,visibility 1/4 miii, wirld 180/06
46F, dewpoint 45 F.

Time: 17:10 local
Configuration: Landing
Fatalities: 7
Other: Both pilots had very high time prop aircraft

experience, but only 160 hours in type and
their first jet,

NO GPWS Installed.

‘“—-—- —--”v
.<-- 1

Flight Path Profile
G-11

LITTLE ROCK, ARKANSAS
19 January, 1990

.
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LITTLE ROCK, ARK.
*An% 125.6 1 /-> AOA$AS

,11116ROCKApp,o,,h (RJ T24.2

W*

X?-W ILS Rwy 4
~OMSIOWW118.7 LOC 110.3ILIT
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Wound121.9

MSA
11 LOM , API, flow 258’

91@ /, &y 5tA’ ‘,n J2 ‘~’*

1

<S. I:W56Z7) ~~ , - w.

LOM

4.7 0.4 0

MISSED APPROACH: Climb to 2000~ then RIGHT urn via heading 150° and
Isloutbound LIT VOR R-082 to ATERS INT and old.

SIRA1G241 .IN lANOING w
11s ,W,ncm,,d,:,,,:or,,] ‘Oc ,Gso”,,

CK2CLE.1O.LAN2I

1

1:,,
f!,

‘j,:,&
,., .,/

%-

when jet crashes
at Ark. airport -
D LITTLEROCK,Ark.

A twin-engine corporate’jet
crashed short of a L{ttle Rock ,
municipal airport runway in a ,,,
storm late yesterday, killing”rill
seven people aboard; authorities’
said.

The 21-seat Gulfstream 11jet,
carrying employees of an East.’
man Kodak Co. subsidiary, ap.

1’
arently was attempting a land-

ng, witnesses said, . ,.

Seven bodies were recovered
from the wreckage, said Coroner
Steve Nawojczyk. He said there
were no survivors.

The lane hit guidance lights
/’short o the airport, hit a street

near an airport intersection,
struck railroad tracks and a
fence, losing a wing and wheel.
and plowed 200 feet into airport
property without reaching the ,,
runway, said Bill Booker, wh?
was at the scene.

Heavy rain and lightning
swept through the area about the
time of the crash,
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CIRCUMSTANCES: This was a scheduled flight to Palmar Sur and Coto 47 to the
south, The flight departed on a VFR flight plan. But after
departing runway 07 and while climbing to 8500 feet, the aircraft
entered IMC weather. Unfortunately the aircraft was slightly east
of the intended track, and the aircraft impacted the westerly flank
of Cerro Cedral at 7,250 feet. ~.

TIME: 08:30 iocal ,,

FATALITIES: 23

OTHER: No radio altimeter or GPWS installed

NOTE: Every ear, wortd wide, there are man accidents where the aircraft In VFR fll ht rules Is
Y {T {flown into terra n after encountering instrumen metrolo Ical conditions (MC). Costa ica is no

different than an other country. Some accident examp es in Costa Rica are:
P -23 4 Fatalities

f; ~$’’&~~g17’ A.s 4 Fatalities
12 Jhre 1983, PA-34 3 Fatalities
12 ril 1983,

$?
PA-34 3 Fatalities

24 epternber 1979, ~A-~~2 3 Fatalities
S Aorii 1979. 5 Fatalities
21 Jhne 1978, PA-23 2 Fatalities
24 Dscember 1974, PA-23 1 Fatality

Flight Path Profile
C-212

SAN JOSE, COSTA RICA
15 January, 1990

r 9000

800s t

725o’ \>

- 7000

- 6000

Contrvl/er: a--identify then notify
ALS when reaching 5000- then
contact radar

/Track -
-----

------ *
\ -6000

\
\

\
\

\-
-4000
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to 160Q

Runway 07 r- 3000

I I I 1 1 I I I [ i I I I I I i I I 1
DISTANCE1 I
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FROM LIFTOFF - NM

DISTANCE FROM LIFTOFF - NM

I I 1 I I I I I I MINUTES FROM IMPACT - MiNUTES
o 1 2 3 4 5 6 7 8

MCW”GPW-WWWRG
/- (No GPWS or radio altimeter installed)

Terrain! Terrain!’
Pull U / Pu// Up! etc

c?Stan ing at 18 seconds before impact.
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SAN JOSE, COSTA RI(
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Flight Path Profile
METRO 111

ELKO,NEVADA
15JANUARY, 1990

Notes: Alrcrall Clipped TW Of Mountain And Crashed
During Instrument VOR.A Approach

Waalher: IMC In A Snowstorm

Falaiilies: 16 On Board, But No Falaliliesl

8500’
●\

“*\* -+qo BULLION ‘BQU’
VOR-DME

\. 114,5

6400’ CIRCLING MINIMUMS
— .’— .—. — .—. — ,

RWY05f23

!
t * a 1 1 1a a * 1,

1
9000
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j~n MK VI GPWS WARNING (NOT INSTALLED)

“TERRAIN!”
‘ ‘TERRAINt’ ‘

“PULL-UP! ‘‘
‘ ‘PULL-UP’ ‘ ETC.
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‘Mlracie%‘
Ail aboard
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FLIGHT PATH PROFILE
BAe Jetstream 31

Pasco, Washington
26 December, 1989

Glrcum8tances:Aircraft hit 600 feet short on an instrument approach
10runway 21 R,Akcrafl intercepted Localizer 2 NM in-
side outer marke~

Time: 22:30 PSI’

Weather: 1469

Conflguratlon: Landing

Fatalltles: 4

/-
415:415 is doing a missed approach ..- we’d like vectors

for another one please, .-”

/ ~ ATC: “415 Roger ..- you s!ill seven north of the airport?” I

r4000

LOM “Okay we just had a couple of flags on our lrr-
swuments --- everything eppaars to be all right now.
We’re going to continue with the approach 415”

--- Roger and right now / show you four miles -3000
north of the airport”

415: “Four north of the airport ... 415’*
—.—. —.

J-1700 /pm 108 kla

1.
415: 4t5 is on short final runway 21 R,

-2000

AIRCRAFT
FINALLY

INTERCEPTS -1000
LOCALIZER

7 6 5 0 DISTANCE~ NM

Next Page

~ TIME TO IMPACT
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?vlKVI GPWS WARNING

(NOT INSTALLED)
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Circumstances While under radar vectors for runway 11, aircraft
missed the slopes of Mt. Soufrlere by an estimated
100 feet, Controller error not delected by flight crew.

Time: Daylight

Weather: Cloudy. Base 20, Top 60, Cumulus 90

Conflguratlon: Clean

Othw Crew very fatigued and apparently did not read
back clearance and had lost situational awareness.
MK I GPWS Installed and operational. First warning
apparently ignored.

Next Page
FLIGHT PATH PROFILE

B747-200
Pohte-A4Wre, Guadaloupe

December, 1989

A7C: ‘!,.Aft\tuds Phase?”

\

F~: “3700 Fbet”

A7& “CLIMB IMMEDIATELY
TURN ff/GHT TO 360 NOW/
CLIMB 708000 FEET/” ,

357”

+- ‘

220° FOR 3 MINUTES
\/” ~ u

\ 220 KTs

\ FrO: ‘W4’d Like Vectors”

ATC: ‘Wctors lb Final Approach Runway 11” m
“Turn To Tw livo Zem (220). Decsend To
3700 Fbet” (Meant To Say Zero TM Zero (020)) . P

DISTANCE lT3 PROJECTED 1 I I I * I , I I t
IMPACT - NM

I I i
6 5 4 3 2 1 0

1 I I I 1 s I J I I t I
60 50 40 30 20 10 0

4000

1
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2000

1000

TIME TO IMPACT
N SECONDS

- Probable MK IPuu.upi q Puwpl ~
(3PWS Warning

m C==rn ao ~ MK Vll GPWS
Terrahr\ Terrain, etc. (Not Installed)

Ti3rrahrl
PulHJpl
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POINTE-A-PITRE, GUADALOUPE
●ATIS 127.6 [m LE RAIZET

o.,uzir~diu 121.3 0 VOR/VOR ILS Rwy 11
miul Alr@ft [Tow*c) i 18.4
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630(Y f Loc 110.3 PP
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\
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CIRCUMSTANCES: During initial approach to ILS-29, the aircraft struck a mountain.
This Medevac aircraft was positioning to Bardufoss from Tromso
which 1sonly 32 NM from the north. The aircraft was entering a
procedure outbound turn, but overshot the Initial Approach Fix
(IAF NDB by 2-1/2 NM (or 30 seconds). [t was too fast, turnin

1 #outs de the approved procedure area and prematurely descen ed
to 5000 feet. It struck the mountain ridge some 35 feet from the
top. There was also a probable atmospheric altimetry error..,.
because of non-standard temperatures, placing the aircraft some
300 feet low.

TIME: 23:02 local

WEATHER: IMC - wind 270/1 skt. Visibility overt Okm at airfield.

CONFIGURATION: Clean

FATALITIES: 4

OTHER: Radio altimeter installed. No GPWS. Military radar coverage.

—.—. —
t AF NDB ‘MLW

6000’—.—. — .—-.

Next Page

Flight Path Profile
Ce-551

BARDUFOSS, NORWAY
14 November 1989

OutboundTurn
—.—. — .—. —-—. —- —-— -—-—- —- —-— -—~-

174’

%&

r I I I I I I I I I I I I I 1
ti 1 2 3 4 5 6 7 8 9 10 11 12 13 14 DISTANCE OUTBOUND

FROM “MLV” -NM

.—
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-2000

-1000
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-FEET

) I
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D@-Pa B~ . . . . . .1. . ...1 MK VI GPWS WARNING (not Installad)
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3S k.c,kl 337 (1 l%) in km! of h,,h 29.
had.,. bwd on m.. I@ KT IAS.

D1 li~:JR TAC

Qy

p#

5C1 RWT 29
n,%

RWY 29225’

Ml$$to ~@pKwc~lCKmb STRAIGHT AHEAD on 288°to SA Lclr, than turn RIGHT
continue climb on 308” from SA Lctr to 5000’ (4775’) and ioln holding over
SJA NDB.

$lRAICM1.IN lANOltAG nwY29
11s I Loc(0s 0“1) n

w,7w&Y) I wwf380’/6w~
I

FffLt - AU WI ‘“ i 4MM a,, AIS ml

I 3z3nm
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Flight Path Profile
RADAR VECTORING INCIDENT

Capf: “--.Left 10 for 9 Foxtrot” B737-200
A TC;’’...SpokJny .-J/y 270 for vMJ8) approach 21 1 SPOKANE, WASHINGTON 7000
De8cwrd at pilot’s dlacrelion, mahrtahr 7 thousand”

9 NOVEMBER, 1989
Capfg”.- LWscend 5 thousend” (No response from ATC) *d r

Next Page

-...-.— — . ...- ..----- .-...——— _____

~“~l’ooo Capi:--’’Appmach What’s 7he Main Clearance Out
--

+-

/

~~~f,y> Approach.“ “CUmb And lllalntaIn 7 Thousand Ret!”
--,_ __- ..,-

.yy :#~E

L se~ond ~~ &&~ ““n”
HO tmmediahv Puffsb ?b Maxhmrrn Fwform

Noles: Premakrre Deacenl Clearance For ILS Runway
21 IMC, 17 (0 E 60 0) 100 (D 15 Mlla Vislbilily
Wind 180 Degrees, 20 KM at Altitude.
MK 1GPWS Installad

h
TWIN PEAKS

t I 9 @ 9
: 1 v 1 1

5 4 3 2 1
i
o

DISTANCE wNM

TIME -ISECONDS

- !3000

:e Clhnb.

ALTITUDE
~FEET

-4000

-3000

.2000

Here?”’.

MK I GPWS WARNING (“W-W-Pull Up”) Installed

MK WI GPWS WARNING (Not Installed)
“Terrain-TerrainPull Up”
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SPOKANE, WASti.
AIIS 127.8

5POKANf App,oxh [~] i 247 kh ..sp~:~;~

SPOKANEf0W9f] 18.3 LOC 111.1 IGEG

G:ou.d 121.9
, “~p,-;;v ;3;;’

/y

(IAF

,%~- *

a
/

++3’20’ 1 :. \ /?4>=
*.”, )

03~gfkJ. dope ..1 used.

“’’’’.%?%i

“’ )
P ,%’

2720’

&

@n. A

,..

1.41 ““ A

/0,0 GEG

7“ k“” --” “ -“” # A

:+$3’30

This radar vectoring inaldent, (one of at It%i$tthree at Spokane), illustrates
the danger of miscommunicatedATC/pilot descent altltude clearances.
Fortunately in this case (as In the others), the flight crew pulled up on
activation of GPWS. Flight crews are particularlyvulnerable when radar
descent clearances are in areas off the instrumentapproach procedure.
(Interestinglysome of the terrain @ shown on the adjacent plate is
shown on the government procedure. [t also appears that Spokane does
not have ARTS III Minimum Safe Altitude Warnings (MSAW) for the controller.)
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+J %
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Surrmrrr~ FOl@t172 Maui RrMolokrtl
Alrcrall Flew Into Coastal
Moutaln Rkige Afler
Canoelllng IFR 7b Fly VFR
Atong Norlhern Coast h
Uncontrolled Airspace

W$3ather: Scattered Clouds At 900
Feel. Heavy Rein At
Tlrnes, 4500 Feet Tops,
8 NM triad, ~YvNM
offshore

Equ!@r?ent: Color Wx Radar And
Radar Altbnaler

FataWes: 20(2 Crew Included)

Flight Path Profile
DHC-6

MOLOKAI, HAWAII
28 October, 1989

285° \\

I I 1 I I I 1 I 1
2,0 1.5 1.0 0.5 0

I I I I I I I I i

40 30 20 10 0

I 1

(L6 SECONDS

-1500

-1000

-500

~o

DISTANCE TO IMPACT *NM

TIME TO IMPACT -SEC,

GPWS WARNING
(NQT-]NSTALL~Q}

Next Page

ALTITUDE
MSL

- FEET

Tenaln-T&rraJrr/Pu/f.UP}To htrpect
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CIRCUMSTANCES: While on an ILS approach to runway 01, to be followed by circling to Runway 19, the
aircraft inadvertently descended off the Iocalizer course into terrain. A radar controller at
Bandufoss detected the problem and alerted the fligtrt crew in time for a successful
recovery.

WEATHER: IMC - aircraft picking up ice

TIME: 13:52 local

CONFIGURATION: Gear up, flaps 15

OTHER: Short fli ht from Bardufoss (36 nm) put time pressure on the pilots. Pilots also were
Jbusy an distracted with anti-ice procedures and watching engine EPRs. (Ice on

windshields and wipers,) No approach briefing. Captain was receivin little help from
c?co-pilot. 120 people on board. Early primitive MK 1/2 GPWS installe and no warning.

Flight Path Profile
DC-9-40

TROMSO, NORWAY
27 October, 1989

INCIDENT

Controller: ‘...374 cleared Tmmso via KBK Flight level 90, squawk
4735, expect circling... *
Controller: “...374 m-cleared to Tromso via Tromso VOR”
Conkoltec “...
350... d[skmceto tire VORLs3~,, Oonthruedescents,xtirommd

resume own navl atlon direct Tiomso VOR, track Co-Pilot “,..374, one five miles out. ”
Approach: “...

“+’’’JP.

cleared ILS runway zero one, report Kobbe inbound. ”

feet on QNt-i 395 and proceed towards Kobbe for circ/ingone Co-P[lot ‘...cleared ILS zero one and call Kobbe inbound”

niner.,, 374”
co-Pilok ‘...descend three thousand feet, 995 towards Kobbe for

/

clrcflrrg orre rrlrrec.. 374”
Controller: “...currect to six thousand feet and repoti one five DME. ” ,f!~p~o;h; ’374 Pull Up Immediately! Pull Up Immediately!n

we are niner miles south, pullhrg up! - going around 374. ”
Approach:””;...you are radial one five zero according to Bardufoss tadar
... way ot7 the /ocalizar.,. ”

4341 ‘
,’ \

Next Page
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7000

6000

I5000 ALTITUDE
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21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5

D& .342?=- DISTANCE TO RUNWAY 01- NM
= = Z MK II GPWS WARNING

(not installed)
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MISSEDAP?KOACtlI.Clirnb STRAIGHT AHEAD on 010° .Ja TM Lctr to OM D5,3 TC ILS,

ilthen turn LEFT climbm on R-350 outbound TRO VOR. At 3500’ {34 d’jpmceedo
K~ L& to 5000r(-JY7$)”and h.dd.”aimb t. 3KKr(3S7&J pflw !. k.el .cc.Iw.M...

Sl~#G W. IN LAN DING RWY 01 ~oc ~o~ ~v,, CIRCIE.TO. LAND

~NM, A773’(7#’)c 805’ (78t ‘)
i

A 780’( ?s67C, 10“786’)
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Flight Path Profile
B737-200

HUALIEN, TAIWAN
Summary: NfghtDeparture Rrrmvay21 Cfeared For’Atpha 26 OCTOBER, 1989

Departure’ AircraftInadvertentlyWrned lb Left
And Later Corrected To FfigfIt,But Too Late.
AfrcraftHit Mounlafn.(1856 Local)

W3atfrer: , Not Signlfkant
Roll Increased RapIdly

FalaGfies: 54

r
(At Impact 221 Kts)

P/lot:

ATC:

GPWS: “Terra/n-Term/qWk7 Pu// I.fpf”
---’’l@rn+in---TerrainWW” ---

Capt: “Flaps Up...”
WO: “Fiaps Up”

HO:” Should We Have Not timed Right?”

7 \ 1

‘CAp!mfrch Control This is 204” —

“($ood Evening 204--Racfar Confact--
Cleared For High Speed Climb--
Maintain 11 Thousand”

7bwer: “..~~eoff Was At 54”
Pi/ot:’’--Thanks Good Nighf”

RUNWAY 21

Next Page

~o 45” fo 327° Heading

-4000

L
3000 415’

2735’ -

/
ALTITUDE

-2000 MSL
-FEET

-1000

“o

m-mfmz~” m
TIME N SECONDS

MK II GPWS WARNING
6.3
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Wnd.rd In:kumcat Deputiure (ND)
E!

JiUAllEN. TAIWfl
HUALlf

AIPHA DEPARTURE
RWY 3: Aflor dow:tura turn RIGHT to intercept
611d IXOC@ad vla Husk ROSO (0!30 ● bearing
from Huallen NDB}, cllmb northeast bound to
Tango Hotel Inl. CIWS Tango Hotel In! at or above
SOW, ihen cllmb to asdgnad alll!ude vie
astlgnwl route.
Rwy 21: Aller de IhJre turn LEtT to Intorcnpt

Rand proceed via uallwr ROW (OSO” bearing
Imm Hualien NDB), cllmb nodheast bound to
Tan o Hotel [nt CroM Tango Hotel M at or above
SO&. !hsn clhnb to ew!gned altll”de via
assigned mule.

1 “-

/

/--
~. w“

t

Nor ro SCAM

--fqvrq-----,.-
tW 01.2 f121 37.1

Crashed737 ‘turnedwrongway’
AChina Air Lines (CAL) kiaulien is to make the initial

Boeing 737-200 (B-180) climb to the east over the sea,
crashed into Taiwan’s central then rum nonh and pass over the
mountains on 26 october. The Giashanrnountains, into which
crash ha pened about ten

?
the aircraft-crashed. On this

minutes ater take-off from the occasion the pilot, who has flown
coastal city of Hualien, on a regu- 1S years with CAL and had
far 30-minute flight COTaipei 10 ed6,500flyinghours, wined

PThe Deputy director of the Ie t and flew west.
Taiwan CM Aviation Authori~, The 737-200 was delivered
Chang Kuang-uao, says: “The new to CAL in 1986. Its wreck-
+mre~hwxfd-ham-tm=rred~o -&e age is spreari wiriciy tiwough-
right after it was airborne. How several valleys, and no survivors
come itwent left?” are expected from the 47

The normal procedure out of passengers and seven crew. 0

8 FLIGHT KiTERNATIONAL 4 November 1989
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Flight Path Profile
B727-200

TEGUCIGALPA, HONDURAS
21 October, 1989

Dfo.o
I

07.0
1

I

-..
Circumstances: While On A VOFl DME Rwy Ot, Akcrafl

Prematurely Descended And impacled Terraced
Mountain6Vz NM Short Of Flumvay

F%
Heavy Rain, Wind, Foggy. GPWS Was Leased

t3i Oul Of 1460rr Board (Captain&F/O

j- 8000’

------ ----- MK I GPWS DISABLED

5660’

/

Cerra de Hule -7000’

4800’ IMPACT ELEVATION

D9,0 CLOUD TOPS
VOR APPROACH

AT 7100’ VOR

!

-6000’

I

Dl,o ALTITUDE

I
MSL *FEET

5000 fpm
CLOSUIRE RATE -5000’

1’
I
I -4000’

3294’

f- 3000.

i I 4 I [ I t I I 1 I I 1 1 t
12

I
11

I I #
10 9 8

I i 1 1 1

DISTANCE ;ROM RUN&AY THRES;OLD -NM
4

I
3 2 1 0

,lo

’22 SECONDS C== C =.3

T!ME TO IMPACT *SECONDS

SSTIMATED WARNING TIME if MK 1 GPWS ON EOARO
HAD BEEN LEFT ACTIVATED BY AI!3LINE
(WARNftW WOULD lfAVE BEEN WHOOP.WHOOP PULL.UP)

Similar Acciderw
● 2f March 1990 L-166 Hit 4500” LeYel ? F4;””9
● 25 February 1989 DC-7 Hit Same Mounlian

in cd..aw.a



TEGUCIGAIPA, HONDURAS
●AIN 112.3

()

TONCONTIN INIL
●WUCIGAIPAC@@ 126,7
●lot4c@mH1*.W I 143.7

~W
#400” VOR DME Rwy 01+-.~~.

MA121.9

4
now vOX 112.3 [Nl

All %1: Ms tram hwl! S? A[C AMA ,
----

aw~ CIW1 I Is Ma Trms ●ll: 19000’ (1s704’) Vff NOB ht. He. 329/
●

Oto.o 07.0 VOR ‘ ,

‘*OI \ ~7Qy0 Ot.o

I
““”’+.+ %+_ , *9.*.

I Y.Q 1“ I ]1.0 1.4— Rwv 013294’— —
Mwsao APPKOASM cllntb on outbound TNT VOR R.008 106500’ withhs A?l. 3294’

6.S NM, \hon f.EFT turn climbing IO minimum 8000’ returning to TNT VOR.
(hii APPROACH for instructions.
~—~ .IN LANOING RWY 01 .0 M L .1 4A

* 5000’ (t706’)
I

55Al“! d +

Return to

727 Strikes Mountain Approaching Tegucigalpa, Honduras
Following is a preliminary report:

On October 21, a! 074S locaJ time, during a VOR DME
01 approach to Tegttcigalpa in lMC, Flight 414, a 727-2C0
operated by ihe Honduran muional airline Tan-Shas%
slrtsck a mountain 4.8 miles from the runway wberr the
captain deviated below approach chart minimum step
down ahitudcs. Of the 141 passenger and crew on board,
13) were fady injured; the captain and first officer
survived.

Weather at ihe akrporr was clear but surrounding mourt.
takrstops were obscured by clouds with tops around 7000

ft and bases approximately 5000 ft MSL.

The 727 was lewd from Con!incrstal Airlines. A Mmk

I GPWS was installed but it was disconnected in accotd-

ancc with company directives in order to provide com-

monality with the rest of the company’s non-OPWS-
equipped 727s.

Tbe captain and first officer were recently qualified on
the 727, bm both had extensive cxperkcncc a! Tegucigalpw
the captain while flying in command of 737s and [he first
oificer while serving M a Honduran Air Force T-37 in-
wrucior pilm. The caplain bad approximaiciy 17,000
hours tlight lime.

The captain conducted tbe approach without rcfcrerrcc
to his approach chart, that is, the chart was not out. Tbe
first officer had the approach chart out but made none
of ;be comparsy-required aktitude.DME crossing callotos.

Based on commursicmions tams and flight recorder plots,
the crew may have called 14 DME before actually arriv-
ing m that position. Anorhcr flight was inbound to
Tegucigalpa at that time and sequencing priority, based
on which flight was closest to the i@mr, could have been
a factor. Flight 414 was cleared for the VOR DMt3 @
preach to runway 01, a procedure specifying a series of
step downs to avoid high terrain beneath the tirtal ap-
proach course.

The tlight began a continuous descent from 7rf0d ft about

11 DME (instead of waiting to pass the 7 DME, 7S00 ft

step down point) and cntcrcd the cloud deck about 7000

ft. hdtiaf sink rate was approximately 800 ft/min but af!w
passing 674X2ft, sink increased to about 1800 ftArdn, then,
at 6300 ft, decreased to approximately i 500 fl/min. AU
the while, the flight was beneath the step down profile.

First impact occurred on an agrfculturatly-terraced moun-
tain $addlc, approximately .t800 feet MSL, m 4.8 DME.
The right wing and tnil scparmcd and fuel from ruptured
mnks ignited, consuming a large part of the tiswlage..:

TEGUCi4.lALPA,HONDURAS
YUamRIwti 116.1 10NCONIIN INIL
MIKUIMI- 118.712$.10

A 1’21.? Wi 35s la
---

I roll w w 0.!”1 fix *l/&A:f s,”.,

* ,,..

i*

‘“’”-
1

M
.Im U-eAc+ cm+ m 6400’ WI*the S@ b+wt~ II
ha 10 NW riot wl!hln 10t4M, Ihm 101042NOt w-Jbold.CM*4 IOUrm
II es drim 7W3’. kwwl AIC Irihteilml.

TOC
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Circumstance% During a missed LDA/DME’6 approach, the aircraft
accelerated Into tho ground In IMC.

Time: 08:29 PDT

Configuration: Clean - Climb Power

Weathec Vlslbillly to the south M mile In fog
(fog bank advancing north accross th8’~ield)
-X6 tD356) 1200 wind oalm
vlslblllty 5 miles, fog, smoke

f%lalltles: 7

AIRCRAFT EQUIPPED WITH RADIO ALTIMETER

FLIGHT PATH PROFILE
Metro Ill

Terrace, B.C.
26 September 1989

r 2000

Missed Approach Point
AND FLIGHT DIRECTOR Capt: “IO the missed” --

0.8 DME

[[

(power added) w
Q

Cap!: “Gear up”’
3A
*O3

I /- ‘apt’ “’:f:fi:d&::”” r ;13&nto runway 15 ~=

I r- FIO “c%arQ cnmlnn IN+’ <

. ../...I F/O “Showing 145- descending”
.. -.-7- .- -- ......= -r-

1

F/O “Descending”

-. F/O “Full flaps on the way”

I

F/O: “ Deecandlng!”

TOO LOW TERRAIN~

I
175 kts

1 500

I I I I 1 I 1 I (
DISTANCE

4 3 2 1 0 lMi!?CT
AJNM

f I I I * i I I I , , ,
80 70

I
60 50

I f
40 30 20 10

TIME IIJ
O SECONDS

$x

‘200’
I 4

/
MK VI GPWS

“DONT SINKI
WARNINGS/ALERT

SINKRATE1 (NOT INSTALLED)
PULL UPI
PULL UPI
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PLAN VIEW OF FLIGHT PATH APPENDIX A

b4’
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W2msh
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APP&NDIX B
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Circumstances: During a B/C LOC approach to runway 27,the aircrafl lnad-
varfently descended below MDA and severed four electrical
transmission tines 75 fee( AQL. Because of weather, the air-
craft was recovered from a visual approach runway 19 to B/C
LOG epproach 27 for favorable winds,

Wealher: Wind E 260/24Kkr gusts to 39. Visibility restricftrd by heavy
rain. 71 F, 25 @C75, S[GMET on convective weather.

Time: Night 21:33
Othec MSAW did not provide alert to controller bacausb softWare

inhibited area to minimize nuisance alerts.

injuries: None out of 60 on board

Damage Main gear & nose gear doore torn off. 12 inch cut into verticai
s!abiiizer to spar. Hydraulic sys!ema A & B iost

Pilots may have mistaken shopping mali for approach iighte,

$,.

SO-282

FLIGHT PATHPROFILE
B737-200

Kansas City, Missouri
8 September 1989

r 2500

RADAR VECTOR TO lNSiDE FAF
Missed Approach

- ALTiTUDE

DO.5
MSL

iRWA
-FEET

DO.8
-2000

LOC

I
iFIWA

I
LOC

Heavy Rain ViSUAL I

“ 1500
.—— . .

150Kts ~
-1000 feet

TDZ

1027’
II ~) , 1000

RUNWAY27

DISTANCE TO RUNWAY
THRESHOLD - NM

t I I I t
4 3

I 1
2

I I
1 0

1 , I I i I I t 1 TiME TO IMPACT - SECONDS
40 30 20 15 10 5 0

MK i GPWS INSTALLED BUT NO WARNiNG

a Ucl
‘5D0’ ‘MINiMUMS’ ‘200’ ‘1%’?50’ MK Vii WITH ‘SMART’ CALLOUTS
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e Sl?Wr )9+ &o C@M/s 4A4&r-z.u/d~

w Hits High Tension VVires ,— .,- /~oc pA.lg

— KANSASCITY.Mo

m Approach to Kansas City
This is a preliminary report:

On Sqcember S, at approtimate!y 2!30 local time, a U.S.
.Air 737-.?(XIdescended below .MDA before reaching the
\,isrsaf descent point (VDP) on a night IMC back course
hxaEzer approach to runway ?.? striking two high ten-
sion eiecrricai power lines 1.2 miles fmm cite approach
end of the runway. The “B” hydraulic system was lost
as a result of wire strike damage but the fright was able
to make a successful missed approach and divert to
SaIha, Kansas where it landed uneventfully.

Weather: Speciaf report at 2127 CDT, irtdefittite ceiling,
1Amile visibility, thunderstorms and hf:avy rain. This in-
formation was not transmitted to th.: crew. zu~ “~~-s

Half hour old ATIS stated 2W0 ft ‘wmered, 7500 ft over-
cast, visibility 10 miles.

The flight departed Pittsburgh and was routine in afl
respects until rhc incident.

[nitiaily, the crew was given vectors for a runway 19visual
approach buc two aircraft missed the approach due to
low visibility in heavy rain showers so approach control
switched runways. setting the crew up for the back course
localizer to runway 27.

The first officer retuned the navaids for the back course
Iocalizer and shortly thereafter the crew was cleared for
the approach. Approach COUUOIdidn’t broadcast che
2127 CDT special weather observation until after the
ffight had been handed off to the tower. No updated
weather information was provided by the tower before
the inadent which occurred at 2134 CDT.

An FM air carrier inspector, recently rated on the 737,
was seated in the crxkpit jump seat during the approach.
He didn’t notice anything irregular and did not aierr the
crew in any manner before the incident.

After intercepting the flnaf approach course in rain
showers with the captain hand Hying, the crew reported-
ly sighted Iiglus which they quated with the approach
end of ihe runway (the runway has no approach lights,
but has REILs and VASI). with outside cues in sight,
the captain descended below MDA (375 ft above the
touchdown zone) ~fore reaching the VDP one miie from
the runway.

Rain became heavier, windshield wipers were switched
on and the descent continued. Around thw time. with wry
heavy rain beating on the windshield, the first oftTcer
(who recently had complercd a wirtdshcttr training
package) became aware of flauening of terrain cues and
called out ‘‘go-arotsn d.”

The captain immediately responded, romting the nose uo-
ward-and pushing[he[hro[tl~10theforwardstops.

‘w’

}

.
*. ////,

AImosr simultaneously the aircraft struck and severed
three ~wer lines approximately 7S feet above the ground
and 1.2 miles from the runway threshold.

l% crew feft the airplane lurch and heard a bang but
didn’t equate these perceptions to an obstacie strike.
Then, a short drrsc Iater, alf B system hydratdic fluid was
Inst. Aftfrougfr the cockpit crew and FAA inspector didn’t
notice artyddng indkmive of a wire strike outside the
cockpit, passengers reporred seeing a bright bhse flash at
about the time the airplane pulied up. The ffight then
diverted to SaUrta. Kansas and landed unevcntfuiIy.

After landing, an inspection revealed a deep cut in the
verrical fin leading edge about 2 ft below the top of the
stabilizer. The cut emended back to tfx? front spar which
aPPaSCSttlY~ sufficient rigidity and mass to sever the
W inch ground wire which it hssd struck. The nose gear
struck and severed two of four 1IA inch 160 KVA power
lines strung below the ground wire. These impacts
separated the nose gear’s right door and damaged the left
nose gear door. One of the snapped flailing wires damag-
ed the left main gear shimmy damper and anti-skid elec-
trical connections and severed a B hydraulic system line
in the wheel well. depleting the system.

The coptain had operawd in command on the 737 for
ahouL@re.yeax and. <he- :Irst of~ier+ad-fiuwn tire 737–
for about two years. =
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Air ambulance crashes
in Oregon; 3 are killed

GOLD BEACE Ore. UP) - A
tw&aa~otia*wN:m$~;

fesrd at the Gold Basch atrport,
MIRn the three volunteer crew

%,mtm se on board.
Curry Cocmty Sheriff Chuck

Denoey said the twfn turboprop
%ChCSeft ~fiAtr OtSf!Cetedb

hi”Mercy Fffgbte Inc. of Madford t

a power pde at12:50 .m.J’Mercy Flfghte i etstffted the
dead as the pilot, Richard Mmrde-
ffa, 40, of IUedford;~pttot Wetty
Nitowskt, 48, of Eagle PoSnt, and
the ffight ourse Diane Lefler. 40.of
Jacks5nvUte.

The crash was the second fn
Mercy FUghfs’ 40 years of volun-
teer servfce.

The plane was engolfed fn
ftamea as it tumbled fnto the front
yard of a house next to the end of
tie runway Damrey safd,

The crash temoormffy., cut Off
pewerto pm-tof tbls cityef l,6850n
the southern Oregon coast.

pe%z~ot%co%ek!g e%
made its approach to the atrport.

The lane bft a parked truck end
fRppacl’overbefore coming to rest
next to the house. The house and a

.—----- .
were no rcsmta ofensfone

tromme
There

hurt or killed on the ground,-said
sherfff’s Deputy Karen Beker.

Mendolia end Nitowski were
lecef commercial pttofa end IAler
worked at Asbfaud Ommuntty
~SISitd. sefd MWCYFttzt.hfs O=
atfoiisetfkctorBeb &cif ●t a press
conference fn Mcdford.

Mendolie was called in from the
crew rotatfon ffst and Nitowskt
end L?ffer were already ●t Mere

dFli hta’ offfce at the kfedfo
Je%kso. Ilmnty Airpert end vo-
Iuntecrad to go when tbe ceff came
in for a fligh~ CecIfeafd.

‘They were here because the
loved to be here~ Gefl aatd wfJ
tears frstdeeyee. “Rfa Ioveefmen
end love of flybrg that causes 0s to
do what we do.”

U%’’&;%o:#%%3
aufferedaatroke and brfngberto
Medfonf for trestman~ eefd Rea
Strtckder, medfcef dtrecter for
MereyWigtds.

After the crash, the patient was
taken byroad to Madfo@ be aafd.

The afr embrdance. sercfce
efopped oparettona for 24beura to
mourn the deed crew, CecR said.

Mercy Flights was founded to
1949 to carry Chftdran eufferfn8
frempotiofrom rrsratareaetobrq
pit# in Portland. .

E. M&?eneodtbs&aother
werekt#Z~;;a%!j
Flights Yene carryfog a petfan!
from G$d Beds crashed on ap
smoacb to Mcdfox&Jacksen (!asn
iyA@ork. . ,.,

Bekar. aefd Faderef Avfetiei
Admfslfe@atfen Officfsda were 0s
thcfr way to Geld Beach to fnves
tfgatethacrash. -.
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90.282

NOTES:

Clrcumstancew Aircraft hlt mounlaln on an unscheduled
VIP charter fllght to Funyldo.

Weather: Terrainobscured by low clouds,

Fatalities: 16

FLIGHT PATH PROFiLE
DHC-6

NR. Gambella, Ethiopia
7 August, 1989

5000

/,?\/
750’ AQL

. “.
., . .. ----

‘. .,-

I I I I I

8
I 1 f I 1 1 1 t

5 4 3 2 1 0
DISTANCETO IMPACT~NM

3000
ALTITUDE

MSL
IvFEET

2000

~
60 0

TIME TO IMPACTwSECONDS

~ MK VI GPWS(Not.installed)

‘TERRAIN- TERRAIN’
‘PULL UPI PULL UPI’
(8 Tlme8)



Return to TOC

A $ Sunday, August 20,1989 . ...,,. The Sealtle’jim&

llelanklcalled martyr inkar onhtiriger,:.,.,., .1 .,. n.‘.,., , .,?8... ! 1,
A+ociated”Phis ;;.,: .:

$5{#F3$~F{::i
hunger, and mourners were ur ed
to honor his memory by &-
on bis work. ,.

“’Wlckeyfs gone, but his vefues
an~ his work witl five after him fn

‘com:~itmen~ that marked ~jck- ‘;, , L4and’s wffe,@isonz and other

%3ttL” ~ ‘ -. ‘%
‘a life and led to MIcke#a’. famUyirierntkrs attended the ser-

-‘ vke, tdong with numerous d&rti-
IAand, 44, a Texas Demottat,-, tarfesi”The MaSSfollow Friday’s

when their plane crashed ~ L!!: ~~~fid ‘e+$e~ .w ich drew
was kifled wftfr 15 othera A

1

.Bis~p~ ‘~ ~~e a of the
,,

~i;MrUe -$ . g
o S.dmresa w ‘%? fa%%’.DioceSe of~ -Houston

burfet fs planned or the a, term read a messa e deti~e, d through
congressman when fds remains the Vaticwr mbasay

our memory and, in our cmrtnrit- ara, returned to Houston, pfobabIy tort. Po
meht,” House S aker Tom Fo$y; this week friends s@d,

Eadd at a funeral ~, at St. Annas : Hundreds’ of
:, say sai&.%R12!l&j!i~~

C@hoItcCh,urch.
ople crowded M and’s’gri$kthumanft an &fort

,,
ILston’,,

J?

tinder the ornate carved arche$,,: to ref!?ve the, st~ati
“We can alf do somettdng by ,“of.,’the, central

of the,
‘ ‘chu@r $Utkmese qfugees in E iop~ : ‘

@h to Wmetnber?VIMCYimd to,,, yeeter~~u$~e”Jmdr$rmnIE
honor MS fife mrd, pIorkj’ ~oley .gathe

~, ~-heh$ Jessp ,,
‘n e

said.’Wecancon@burselve?to , clergyrnen#aised ~land’s,yor ,z,q#;~n$&~8fi%,~S$@fi
reward and aewe three Y&esand.- owbehalf -theatarving;- <’L,

, .,. ,! ,, ., . .. ..f./ ,,, ‘
-’”4 ~~

.. . ... .
.,, ..,, ,,. , . ,: :.,

—



CIRCUMSTANCES: Aircraft hit 4775 foot mountain at the 4000 foot level on initial
‘visual’ approach. The aircraft was inbound on ‘H59’4NM west of
track in VMC conditions at 15 DME, a descending turn to 159°
from 120° was made to forma left base to runway 09 visually.
Unfortunately the aircraft entered IMC and the pilots did not
detect their error in time.

WEATHER: Highterrain shrouded in cloud.

TIME: 15:30 local approx.

FATALITIES: 34

NO GPWS INSTALLED

ProceduralAltitude - Minimum6000 feet
—.—. — .—. —. —.—. — .—. —. —.—. — .—. —. —.—. — .—. —. —.—.

15 DME

! r Captain (to ATC): “.../’//be In touch withyou on final to 09”.

Flight Path Profile
SD-330

SAMOS, GREECE
3 August, 1989

Next Page

ALTITUDE
MSL

-FEET

– 6,000

-5,000

-4,000

-3,000

-2,000

-1,000

-n
OJRunway “

-1 I I 1 I I I I I I ! t I I i I I I I I I I I I 1 I 1 I I I 1 I I i I I I , I
20 19 1 17 16 15 14 13 12 1! 10 9 8 76 5 4321 0

DISTANCE TO RUNWAY 09- NM

~ TIME TO IMPACT - SECONDS
6050 40 302010 0 a ‘~

14.5’C=l PossibleGPWSMKVI Warning (No GPWS Installed)

\ “TerrainlTerralnl Pull Upl Pull Upl Pull
up! Pull UplPull up! Pull Upl--”
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SAMOS, GR!%!

(..-.)6W3’ I 511YY

i SAif+OR
LARKI ONEALFA (LARKI 1A), ORMOS ONEALFA (ORMOS 1A),

URNIL ONE ALFA (URNIL 1A)

,~i~j~,
. . .

.

.

“

SN+osA&A [t] 124.1
SAMG$lW 124.1
——
ill Sal, MB
L@ Elm: 1MU

T,MI Iwd; By ATC
1,.”s .WWY(5980’L

\ ,..

c)
SAMOS, GREECE

tQm [ 5,LW
SMOS

CIRCUNG VOR DME
VO& 111.6 SAM

&
MSA . . . .- --

.
SAM Voe Apt. i%. 20’

,/,..,, ,, .W,* ,,. &.’, ,n,, ~,. ..
,-: ?,,;, I , ,4 ,+:,?i.,. \ $,

-e; ?Ejiq,,
20’

pSSED A9PRoAcH:Climb on R-360 outbound VC)R to 3oo0’ (2980’), the” turn RIGHT
,MAX IAS 185 KT) to VOR climbing fo 6000’ (5980’).
.lmh103CW (2980) pier to level acceleration.

SIRAIGHI IN LANDING CIRCLE. TO. LAND

FY.hibited Nw!h of runway

MK~
MDA,”,

100 175(Y (~730~ 2WQm

135 ] 750’(1730,) 2400.
NOT AUTHORIZED

160 18W’(1830) 48wm

175 21 00’(2080’) 4869.



CIRCUMSTANCES: While on VOR DME ap roach to runway 22L, the aircraft
CPprematurely descende down to Within 160 feet of the water.

GPWS instailed and gave timely high descent rate warnin .
fMis-set barometric altitude settings (29.91 inches instea of 991

miiiibars) ieading to the aircraft being low in aititude by 640 feet.

WEATHER: IMC, 70C 5 KM VIS Winds 200 at 25-30 kts

MIS-SET BAROMETRIC ALTITUDE SETTING 640 feet

/“
Altimeters read 1600 feet.

D 8.0
(radio altimeter would have
read 960 feet)

1

Flight Path Profile
DC-I 0/30

COPENHAGEN, DENMARK
kdy, 1989

INCIDENT

\ “-%

~-.

i Landing configuration
‘L. —. —.~_O_. _._.

+
established S/0: .,.’’300 Radar Altitude--Go Around!”

I -“=-.=
“%.

-.
I

D 3.o
“-

-w. + I
‘-. I

“-.

:
-.

%. 420’ MDA I
-—.—. —.- 1A

I

1
I

I 160’ I 17’
. . . . ...-..% .%. ...%-. .-. r.. nfi .-=. . . . . . . ..- =.--. A.-.-A. .-+*An.-..-. -=.-’. nn+ AA -. fi. n+. A* . ...* . . . .

Next Page

3,000

2,000

1,000

0

ALTITUDE
MSL

-FEET

I I f I I t 1 I 1 I I 1 I I I DISTANCE TO RUNWAY-NM
7 6 5 4 3 2 1 0

) 1 MK II GPWS Warning

‘Sinkratel
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COPENHAGEN, DENMARK
AIN AI,M 122.75

‘rc, 0. ,

KASTRUP

mWASSMA$WSI!IR) \ 19.8 ;;;&700’ VOR DME ,~Wy 221
VOR 112.5 KAS

\RW~ww118.1 119.9 .121.6 .?.,
h w: h?a

1504’ -.. .- ...
Trails 1..41:ny Ms,4

,“ Elw Ma Tram .11: S000’ (2992’ KAsVOR

a r

APA Et.” II7’
1. ! ,A o Clfl

/
ib!s

“’” /’ ‘ZY’ ‘\>L-’”-

, .- , . . 1 . .

..—.,. . :%kla%,,-,. D12.<KAS
VVIT

I
08.0 KAS

LXO,KAS I .2,,.4%
00#1} RW 211
420’ (40!9’) QQ$!L- 1

+ ; (J592’) i
+ 1

Lo 1 4s I
.

AWED APPROACH: Climb on 22 1“, at D5.O I(AS VOR turn LEFT onto 188° and
oln SOUTHWEST holding at 2000’ (1992’).

AH. N~ CIRCIE.T04AND

❑ c~tl~n:<::;,go:wd ti;;y

,,..,’/, 490’ fi19,J
.’< -,, + ~;y’-’”’ r*__

+-

4

1

aburwum
4&J -[463 ‘1 .1409m..,

Wa;.g
VN 1601h - lx

E 5 IO’(49J’J 16001?I
-.—

c 120011,

-.-, ,.,--- . ...
1 “.

1,”.1 II Vlms,m,,, .MoomI,.. -, “.,,.., ....
t )

Wn Moolrl

D
Waia;w: vls 2000m 2+s U 780?76S) 4000m

&d w.dKls i 70 90 I 100 I !20 \ 140 I 160

0?,!*I Gadl.f 1 5. t% 361 I 443 \ $ lb I 620 { 72-3 I 826

MA? ,! DJ,oKA$ 1

NARRA’TIvB x 3-NAN WDB CREW EXPERIENCED IN EUROPE
OPS REPORTEO FOR SCMEDULSO 13UTYAT SS30 PM EDT To my D.2s9-B~s ,

CWANGE ACFT AT 80S AND FLY BOS-CPH . SCtN2DULED DUTY TI14E WAS 12+25.

DEp FROM BOS wx OELAYEO 2+30 FOR ACFT MINT. CREW DEPARTED sos
WITH PROTECTE[)COPENHAGEN ARR ZOSE OF 0Y5S EDT. CREW Wit)BEEN
AWARE FOR 20 NRC XNCLUDING THE ENTIRR EASTERN TINS ZONE NIGHT AT
TIN6 OF LNOG AT CPH . APCH IN USE AT CPM WAS 22L VOR DMSZ. s/0 (MIS)
cOPIED ATIS SHOWING ALTINETER SETTING TO BE 29.91, CEILING AT 7006
WITN S SW V3X AHD WIND AT 25-3o XTS. TRANSITION LEVEL WAS 40 AND
.QNH 991q WAS GIVEN BY APCH. F/O WAS FLYING APCH AND SiASCLRSD TO
INITIAL APCH ALT OF 2500‘ ON A 270 DEG lNTERcSPT HOG, PUBLISHED
NDA WAS 420, . INTERCEPT CCCURRED AT 13 DNE, AND FINAL APCH FIX WAS
AT 10 DNE . UPON INITIAL TWA CONTACT CREW WAS AOVISED OF HEAVY RAIN
AT FIELD. FLT DIRSCTORS WERE SHOWING ACl?YON COURSE BUT CDI ‘S WERS
SHOWING COURSE TO BE RIGHT. FLT DIRECTORS NESS TURNED OFF AND F/O

CONTINUED WORKING TO COSRSCT TO VOR COURSE. WIND AT 2000 ‘ WAS

300/40 DRXFT WAS 9L. AT 1000 AAOVS WOA CAPT CALY.EDOUT “1000” AND
SHORTLY TIOJRSAFTERS/0 MONITORING APCti(CONPAHY DoES NOT SUPPLY
APCSICNARTS TO S/’0‘S) CA3.LEDOUT ‘>Oo ww UT, ~ ~o~D. .
MISSED APctlWAS INITIATED IN HEAVY RAIN WITH pRSSS AM! _ING
800‘. F~O FLSW MIsSEO APCH. AFTER HISSED AFCS CAPT QUESTIONED TNR
ABOUT ALTINETER SETTING BEING 29.91 AND ~LIEVEO CONFI~TION. s
SECOND VOICE HOWEtJER CORASCTED THAT sTATEMsNT !20991 MILLIBARS.
ACFT ALTINsTSRS WERE REsET FROM 29.91 !20991 MILLIBARs, A 640 “
DIFFERENCE. F/o FLEW ACFT ON SECOND APCN TO SAME RWY LN~ WITHOUT
INCIDENTS. ACFT HOST PRoBABLY WAS WI~ ‘ I-IF~G-~HE
WATER ZN A 1S00 FPM RATE OFJs?@, ON THE FIRsT APCSI. cONTRIBUTING

MISCOPY OF ATIs. VERY TIRRD CREW. “QNB ~~~”
TERMINOLOGY . FL400 TRANS LEVEL DURING BUSY AFCIfPHAsE. NO GLIDE
SLOPE AVAILABLE ON APCN. VERY STRONG SWINDS. HNAVY RAIN. VSRY LoW
ALTIWETER s27T’21NG(29.27-)- AS A MINISNJNFIX FOR ‘2S1SPROBLEM,
‘2ERMXNOLCXJYSHOULD BE QNH 0991 WSEN QOOTING S41LLIBARSOR NEcTO
PASCALS, “QNtl 991” ZS Nc72 ENOVGK I CALLBACK CONVERSATION WITH
REPORTER NEVEALEO THE FOLLOWINGz THE S10 WAS MONITORING THE RADIo
ALTIWSTER ON DESCENT AND NOTED TKE DISPARITY BETWEEN IT AND TKE
BAROMSTER ALT2W.EXER AND CALLED OUT TU 00 AROUND

ARWING WENT OFF SO WS WERE ALL CC@ROINATE
BLEW ON ALTIwsTER SETTING IS THAT WE DID NOT RECEIVE THE

ALT1tU3TERUNTIL ASOUT 4000 ‘ ON DSNT. THIS IS COtNiONIN EUROPE 6 -
4T FEET ON DSNT. sO WAS INJRRIEDAND VERY TIRED AND APPARENTLY
ISISSEAROTHE ALTIKSTER AS 29.91 S9RErSTHEY SAID QN” NINER NIN~R
ONE.
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FLIGHT PATH PROFILE
CV-580

Auckland, New Zealand
31 July, 1989

ClfcumWrnc8u: Akcrelt accelernled back Into grwnd dudng nlgilt
tekedt. Co.Pilot flying wllh a faully ADI. ADI had
been previously reported wilh precession errcre 510
tO degrees nose up, but was not replaced because
d a lack of spares. Nownaf climb at[llude In 6 to 8
degrees nose,up.

Time: Night

Weather: IMC - Ik$t CklZZkS

Fatsfillax 3

Othec Alrcralt had been fiited wilh QPWS MK I but was
later removed after leaving U.S.A. Alrcralt still
equipped with wiring, Ilghls, eta for t3PWS.
N.Z. Repcrti “GPWS might have helped avoid the
crash. Although euch equipment was recommended
by IOAO for the alrcralt cless on Internallonal
operallcms, It was nc4required for New Zealand
registered lurbo.prop aircraft after a trial test period
resulled in unacceptable fafse warning ratea!’

1000

ALTITUDE
MSL

N FEET

500

0 I

f

Probeb/e AD1.Gyro Precession W 8 Degrse Nose UP.
Ce-Pl/otBegins To Lower Nose

~ Ceplein Refracts Fk?ps...Sets Cllmb Fwer

Co.Pl/ot Rotates Nose Up To 8 Drrgrees

I
/k

Meximrmr AIIlaide Afrefned
Wm Change To Nose Down

~

RUNWAY 23

r , , I , , I , I I 1 I I I 1 , I I DISTANCE - NM

o 0.5 ‘ ,1 1.5 2 2.6

f s I , I I * I , I , I TIME TO IMPACT

60 50 40 30 20 10 0 IV SECONDS

/

~ GPWS WARNING
(Not Instalfed)

“OON’T sINK’ “DoN’T sINK’ ‘OON’T SINK’
“SINKRATE’ ‘SINKRATE’

‘PULL Up ‘PULL UP’ “PULL UP’

3

IF INSTALLED
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Flight Path and Crash Profile

Mwrukau
Hwtlout

/
Wreckago

Flr81lmpwl

2

/

Approx. 400 hat \

/

Lact Slghtl~

/

\
Llttoli

> ----
..---L...<--<---._.---- /

* 4

I I
3000m ‘ , 20!0m

I +-Runway 23
4000m

1000m

I

FLICIHT SAFETY FOUNDATION *ACCIDENT PREVENTION *JULY 1992

—
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Flight Path Profile
DC-10-30

TRIPOLI, LIBYA
27 July, 1989

N’(X ‘PE’

L

270° t!WO’
--—— .— —.. . .

5’

Hil 0,7 NM Shorl O!
‘LAW Slightly flight Of
Course

75 FatI\Nasout Of 199
Orboard, 4 FatafiliesOn
T’@ Gm.rnd

,MKVI
GPWS WARNING TONE

(’whew tWkxJP’ etc.)

/

$3000

ALTITUDE
MSL

,1500 IwFEET

.1000

-o

DISTANCE TO RUNWAY NNM

I I I 1 I I i # t 5 I t I TIME TO IMPACT .SECOEUS
60 50 40 30 20 io o

7w3ECONOS GWS W M
- ‘* w (lbna Onfy)
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TRIPOLI. SPIAJ
TRIP”OLI INT’1

NPOll A,prosch \ 24.0 120.1

RIPOll I.WW ] 18.1

~wnrr 121.9 P6LOM .,, APL Efw 263’

nl(R).30

/.44

●518’

.“-. . . . . . . - ..”,-,.-. ,

~,~
Xw=

Ocl
Its 41z$(149y lCH
GS out 512’(?4? J
lctr 6t 3’(3s0’)
.-

Zw
MIJSEOArmoAct#: climb STRAIGHT AHEAD, C&Y passing Lctr D turn RIGHT and
proceed to LOM climbing to 2000’ and hold.

/ \
;/~tOM14N LANDING RWY97 IRCLE.10.LAN

10C (M out) 10CAIOR

OH463’ (200’)
4rr L1– . J( ***t1513’(w) AI04 :n~J;) MDA 620(357’)

., n .,,, . ,. -

Korean DC-10crashes in Libya
whlk act~mpdn$ (o Land at
L#y& T&l: ,A#$lgnLl&l:::

I&t mife5 $hom of tile WpOIt,
and dcnroycd houses and seveml
cam Four people an the ground,
72 paswn cm, znd duet crew

Jwere kirk
An Acroaoi aircmft dw

mived It Tnpo!Jm hourbefore
the DC.1O had cmied OUt 8
mined ~pprmch and diverted to
hM@ because of fog. TriDoli’$
NIIWSy 27 is equip.jcd with z
CkegO~ U insnumenc landing
$ysCfln, md the DC-10 k
qdpped for aU!O~tlC Imding,
sfdmugh it & not known if th&
w used. The capcam, Kim Ho.

Jq:}~:d#~:&#;

I& *CCLem.
Uncmdkmed rcpatu say dM

:p%l:ulxOx%t%&

AR intact btu&c.&mE@ nacelle Iuffma ha k I&man CC.10 dld nm U& tautrophk mor-tn@..Jdwe

gearextension until as ke &
fxx$ible.

The IX-10 w o crating
J~RhtKW03,~schedufeSWViCG

which departs Scauf x 1840h
kal dme and has fmetmedke

X,%%!$a%cl%$
for 0730h Iocd dine. There were
181 asscngem and 18 crew on

n!lxx The aircraft 10M in ISIC
accident (tfL.73Z8) wai manu.
Ltctured in 1973, tie 125dt
DG1O off the fine, and wmdefk.
wed 10 TM AIIWW, whfch later

sold it co Korean Ah. It had
amassed abut +7,500h IOU1

:E$JWYJ ;~;~h::

although the -S0’$ CF6-50S pm:
ducc more duus dun !he -10%
CF6.6S. The uncontaimdf4furc
of a CF6-6 led co dw United
AidlnesIX-10-1O accident o!
Sioux CltY, USA. dn M 19. m

fumlr l$4TmN,w10NAl,> Au$u$lISIW



Clrcum5tances Akcrafthit shortduringan ILSapproachro runwa~10.The
approvedclearancewasVORDMERunway10,but Ihe
ILSwason and utilizedby the crew,Crewconcerned
aboutfuel requiredto divertto Guyama.

Weather: 800 metersvisibility[n fog.
Time: Night
Other: Possibleconkibullngcausewas impropermanagementof

FlightDirector(Noglldeslopecapture...fixedverticalspeed
fromabovethe glideslope).Runwayvisibleat Ilmesduring
approach.Aircraftwas leasedfromU.S.A.withcrew.(Ex.
Braniff)

Fatalilles: 170out of 183on board

FLIGHT PATH PROFILE
DC-8/62

Paramaribq Suriname
7 hly 1989

GlideslopeCenterline

Capt.:‘If I geta capture,I’ll be happy’

2000J F/O ‘Onglideslope.,,just above’
Capk’1 didn’tget no captureyet’

GPWS:‘Glidesloge’‘Glideslope’

I
‘Gtideslope’‘Glideslope’
‘Glldeslope’‘Glideslope’

I NDB

1t000’ AGL

.. ’.,”.,, .
. ... .’- .. ”.”” .
..,. .
. . . . .

.’$ . .
. ..’.

Next Page

90-282

I , 1 , 1 I 1
7 6

t I ,
5

,
4 3 2 1 ~ DISTANCETO

RUNWAY- NM
:. ;-,.,., -., , 1 , , I # t I I , I

120
TIMETOFIRSTIMPACT-JSECONDS

110 100 80 80 70 60 50 40 30 20 10 0

r 3000

ALTITUDE
MSL

-FEET

-2000

-1000

no

a—w~ ~—1 (CANCELLED)
‘GLIDESLOPE(6times)

MKIGPWSINSTALLED
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Circumstances: During an ILS AFGS approach to runway 4 R, Ihe,aircraft overshot the Iocalizer, and during an

a[tempt to capture the Iocalizer manually using the AFDS, the aircraft inadvertently descended
well below the giideslope and 1 Nfvf left of course, resulting in a missed approach.

Weather: Partially obscured 300 feet, scattered, measured ceiling 400 feet,% mile visibility for and rain.

Time: Night

Contributing Factors: 1. F/O had left Bank Angle Limit Selector at ,10° and had not reset it to AUTO or 257 which
iimited the AFGS (and AFDS) bank angle during the intercept to capture the Iocalizer

2 In an attempt to regain the Iocalizer, the Heading Seiect Mode was engaged while in ,4p-
proach Mode. The Captain disengaged the autopilot, manually frying with the AFDS, but
because the glideslope had not been captured, the AFDS remained
locked in Vertical Speed.

3. ATC’S very tight turn onto Iocalizer

4. Distraction caused by spurious Left Engine Bleed System, aural, visual, EICAS cautions.

.\[

F/O: “Tower --- on the four right approach and we’re leveling at two thousand,”

Tower: “ffogec Intercepting the Iocaiizer?”

F/O: “Yes, we are, We went slightly through it.”

Tower: ‘VJrighg Fine”

FLIGHT PATH PROFILE
B767

Boston Massachusetts
8 June, 1989

“=% 1.J
Tower: “i show you Four Hundred feet --- -2000

Just inside the market”
“1 suggest you climb and maintain

MSA in Alert to Towar - three thousand, Abandon the approach -.-” -1500“

Tower: “---You OK on the approach?”~
F/O: “We’re climbing and in a missed approach ---” :

F~: ‘Wbh. W&e still correcting --” MM
-1000

Tower: “Okay. I just show you abeam ‘l%
65 (169’)

the marker about a mile, uh west of it” 039”
-1800 fpm 13

-500

162 kts
1-.
I ‘.— ... .. . ‘%.

ho
1 1 # w 1 m
7 6 5 4 I

~~

!
3 2 0 DISTANCE TO RUNWAY

; ‘TRRESHOLIS IWNM

t 1 I 1 t # t

60 50 40 30 20 ; 10 0 TIME TO PFfOJECTED iMPACT

PROBABLE
non

-/ T
MK V GPWS WARNINGS

“GLIDESLOPE” ALERTS START
(PROBABLY CANCELLED) “SiNKRATE” (5 TIMES)

ALTITUDE
MSL

-FEET

91-18
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BOSTON, MASS.
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Circumstances During initial approach to Valence ILS 01, the aircraft struck a
mountainous wall.

Waathec Lower ceiling 2300 to 2700 meters, tops 3500 to 5000 meters, and
a layer of 5 to 718 cumulus, and stratocumulus from 600/800
meters to tops 1500/2000 meters. Visibility 5 to 10 km, -R. Aircraft
probably In clouds. Wind from north at 5kts. Temp +9” C.

Time: 19:07 local (night)

Fatalities: 22

Probable Cause Selection of inoorrect VOR. (“LSA” INSTEAD OF “VNE) using

Next Page

PATH PROFILE
FH-227

Valence, France
10 April, 1989

- 5000

correct outlxwnd radial. Captain trusted VOR but not ADF bearing.
II J& GPWS installed

\
/

--9..

‘f

; ;?.,
,~j!+::~$

/
..:.>.”

O1;j
Capt “-ifs funny there Is really 30 degrees /

difference, can you believe it?--
*,

Capt:--”butthen the ADF Capt ‘What ‘v;,;;;’
between the ADF and the ILS--” is no good, huh?” does it say on #

,:;;;,..
the back >.<.:

I I I 1 I I I 1 I I I
& 1

{

6 5 4 3 2 1 0

I I I !. I I I I I I I 1 I
60 50 40 30 20 10 0

~ ------ . . .
MT 35 22s 10s

- 3000

‘ 2000 ALTITUDE
MSL

-FEET

-1000

DISTANCE TO RUNWAY 31

TIME TO IMPACT - SECONDS

$&w! GWvs’vJvAF+N{NG%&-
INSTALLED (NO GPWS)
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VAIENCE/ ffRANcE
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CIRCUMSTANCES: W~le on final approach to TACAN RWY 18, the aircraft desoended
rapldly,wth engines at fhght idle, failing to level off at MDA or on the proper approach slope,
impacting 21/2 nm short of the runway.

CONFIGURATION: l-ending

TIME: 19:57 CST, Night

WEATHER: 4 Q 6 mile visibility

FATALITIES: All on board (7 orew and 1 passenger)

OTHER: This ac=ident illustrates the need for GPWS to identify cause of warning.

FLIGHT PATH PROFILE
U.S. Air Force C-141 B
Hwlbwt Field, Florida

20 February, 1989

-3,000

5 DME
Visuapecmt

I
-2,000

I

FAF
Continuous

1300 ft GPWS (MKI) Pull Upl Warning starts

(believes warning is causad by landing gear up)

I

C/P: “--Yeah-- three green”

I RWY 18

I * i , I I 1 I I 8 i 1 I I DISTANC:~~RUNWAY
7 6 5 4 3 2 1 0

I I I I I 1 1 1 I TIMETO_lMPACT w S!3XlN!2&&-

JPon z3~ 60 ti 40 30 20 10 0-
--— 1 ~K 1[Gpws ALERT (NotIRsta[[ed)15.ssec. L _ _ _
11

ALTJ&~DE

A&EET

I LIIPUII Up!”, ‘tPull UpI”, etc.

Lltsinkratej)~,llsinkr~tel”, etc.
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ACAN RWY
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Circumstances Chartedalrcrattenrouteto OrangeCo.JohnWayne’airport
hit mountain20 milesshort.

FLIGHT PATH PI?OFILE
Wealher: Overcast,drizzle,scatteredcloudsin area Ce-404
Time: 12:00PDT Orange, Co.
Fatalities: 10. John Wayne Airport

19 February, 1989

P
\l

4 :7$
. .,}. 1,- ,J;.

t,.’ .-/ ..
::. .

r I 1 I 1 1 [ I (
4 3 2 1 0

1 I 1 r 1 I 1 I I I I 1
60 50 40 30 2Ll 1(I O

4000

3000

2000

1000

ALTITUDE
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TIMETO IMPACT- SECONDS

~—1 MKWGPWSWARNING
(NOTINSTALLEDI

90-282

‘Terrain’1
Terrainl Pull Up!Pull Upl (8 times)
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Tragedy hits
a flight to
Disneyland;
qrashkills 10
by Lows Saha un

4
8and Jo n Ken all

LosA alesTimes
J

Wht.engkre lane carrying five
r“-children, the r parents and two

other relatives on an outln from
Las Vegas to Dimsr@an~ waa

?;li;z;rfuii;?~i
The Cessna402 fiyfng in drfz.

ziy overcast weat~er at midday
Sunda failed to clear a 2,274-foot

1’crest y approximate 100 feet
band hit a peak overkkr ng Haga-

dor Canyon in the Santa Arra
Mountains.

The plane went down about 20
miles short of ita intendeddest{na.
tion, Orange County’sJohnWayne

‘%&!liverlde Coun~ coromrr’a
office tentativelyidenti ied the vic-
tims as Michael Crerrson,36, a Las

:ig%#:ti&:YE’’%i:fiRi
chiidren, Shauna, 15, Stephanie,
i4, Nicole,. 12, Joshua, 11, and

~(hZ$;;lnZZn%eE~
o ichdsin Las Ve as as Raeanns

faleterand brother- n.law; and Has-
san Berm, the iiot,

!

a:w;:%;%%?;xii
ViUa Ward of the Young Men’s

, Mutual lmpmvement Association,
a Mormon youth group. His wife
was a counselor in a Mormon

. children’sgroup, said a spokeswo.
manfor the Churchof JasusChrist

The wreckage of fi twin.en kte chartered plane Ilaa scattered on a
mountekraldesoutheaatof !oaAngehss,

of Letter-daySaints kr the Nevada tion Safety Board, whose’ crew
city. arrived af the &reh site iat~

“The were ve~ ‘excited” she yesterdaymorning,
ifsaidoft e family. ‘ The hah bean Tlse wmckege was spotted by

planning this as a farniy weekend the crew of a radio.stationhelicop.
together. They were very devoted ter.
to-their church and’ alwnys ware
concernedabout each other. They
were just a beautifuMrtmily,”

Berm wea identiflei$as the eo-
owner of Las Vegas Flyers, whfcb.i
ownedthe downedCessna.

The crash w= under.inveatfga.
tion by the Nationai Transporta-

A sheriff’s mecue team ‘and
coroner’sdeputie?:w:,yq!r!iff@q@l
the ivreckttge,

Y1’irere were toys in the af~i;

; l&6/%l%%fiU%” ECE;”
Worth ngton, au&wvising forensic
embalmerfor the coroner’soffice.



Flight Path Profile
Kuala Lumpur, Malaysia

6747=200
19 February, 1989

ATC: ‘-Contjnuo to Descend to (two) seven -zero zero
Captain: “-Roger-cleared to twenty seven hundred- we’re out of forty-five”
F/O: “Ask if the, if the ILS is working?”
Capt: “-Is your ILS in operationthis morning?”
ATC: ‘ILS for 33 Is not available, [f you wish ILS 15 is available”
Capt “No - that% OK we’ll come on straight in on 33”
F/O: “how in the hell does ha expect us to find the runway?”

“--lATC: “-Desrmd to (two) four zero zero - cleared
for NDB approach runway 33.”
F~: “--NDB that son of a bitd”
“--C)K -four zero zero”

Circumstances: Aircraft hit hill 1NM short of FAF (’KL’NDB) during NDB approach to
Runway 33.
(+8NM short) (lLS & VASI Inoperative) I
Time: 0636AM Local - Dark (just before dawn) I
Weathe~ 1100 foot scattered, wind calm, Iooelized mistifog

I

Configuration: Lending Gear down, Flaps 20
GPWS MK I Instalkxf

Fatalities: 4 I

Captain “Alnght go ahead I’ll set you up”
you got them all set

!!!%?~~~~-w?’et’s T%%:-”whoop-m”ppu’’”p’”

MINIMUM INITIAL APPROACH ALTITUDE 2400’ (2311’)
!

F

me” -
Capt:”- you’re all right

Next Page

F/CX“-rhey’re not setup like that” -Woo

Capk “--yeh they’re setup’
FIO: “-no they’re not, etc.”

~

$%%i~otthelLS set-right? F/O*yepl”

/
I’ll put .... 47 and that will give yo--

FKY “Screw this stuff
lefi~!~ver and do

FIO - checklist
S/0: “--speed

GPWS: ““Whoop-Whoop Pull Upl (six

brake set”

\

times)
“1donl even have the “Flaps”

SIO:~;h?;; 700 on the--”

damn cdate in front of K:

,=W.

“255- still going to KL ‘ ,
437’ MSL

beacon it’s on-- it’s on

~“’’~;;ng good~.-
a– A

I

1!5 /.0
I

2,0 ;.5 _Q.

I I 1 I
1 I 1 I I I

50 40 30 20 10 0

“@z

1,000

Altitude
MSL
- Feet

500

o
Distance NM

Time - Seconds

Actual GPWS Warnings
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Flight Path Profile
S~NTA MARlA, AZORES

B-7U7-300
8 FEBRUARY, 1989

—---

CIRCUMSTANCES: Charter Flight
Inltlal approach II-S 19, no radar
Aircraft cleared to 3000 feet, altimeter setting
given as f 027 MB. Actual setting was 1017
MB (280 foot error) Crew misunderstood
altitude clearance as 2000 feet. Readback
blocked by RT transmission.

WEATHER: 60 (9, wind 200/14 kts, 24 kt gusts,
unlimited vislblllty

CONFIGURATION: Landing gear up, flaps up

TIME: 1900 local

FATALITIES 144

MEAIMSA
—.— .—. —-— -

7

3000

r
GPWS: “Who~ - Pull Up/

Whoon whom Pull LJDI

I w&)& Wfio “
200 KTS Gear Up

Pull Upr’

.2000

ALTITUDE
MSL

~FEET

-1000

“o
d

I
a

#
1

I
I

1 1 DISTANCE TO IMPACT

4 3 2 1 0 IWNM

I 8
I

#
I t

t
I

I
#

I
* I { TIME TO IMPACT

60 50 40 30 20 10 0 nJSECONDS

L
27Yz “Pull up”

“Terrain-TerralrrPull Up Pull Up
Terrdr-Torrairr”

ACTUAL C?PWS WARNING
MK I (COLLINS)

MK V/MKVll

Next Page
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VUF/OF

SANTA MARIA App{h119. 1
SANJA MARIA TOWW 118.1 3023

m
.1

SANTA MARIA, AZORES

3

SANTA MARIA
,., 11S t?wy 19

3000’
[qc 110.3 MA

-- .-
MSA “

SMA tW8 APf. tfev 305

,:;

. .,,

,., ,:, ;’;.
.,

.,
.,

,,’ .

:Wd #
2spr 25i10 ?500

hcadvrc bctcd on 150 KT TAS ($till air).
ldow 3000’ (272 t’) dl mmmeuverbig wa!t of airport. [MM----

SI1?I

“’’-w%:?!:
MISSEDArwrokctttTurnRIGHTonlo kssclt277° climbing 103000’(27~ l‘) and
contacl ATC.

s1RAIG{:4N LANDING ltwY I 9 CIRCIE.lO.l AND

I ‘1
lCIC (GS OU!)

Wo!l 01 drport
on502’(223’j 011529 ‘(2.S0’) M0A600’(321y

.-.. -— . .

707 hits hill
1968. built, hushkitted

ocing 707-331B (N7231T) of
enncsaee-based American
~artcr airline Independent Air
.ashcd into a l,800ft mountain
a Santa .Maria island in the
zorcs while on approach to
mta Maria Airport on [he
icrnoon of February 8,
All seven American crew and

37 Italian passengers died.
he flight was a holiday charter
om Bcrgamo, northern Italy,
~ the Dominican Republic,
Id the aircraft was about to
lake a planned fuel stop at
mta Maria Airport, on the
land’s west coast.
Atr trafic controllers report

that the aircrew had cIected to
carry out a visual (rather than
procedural) approach. Lowest
(broken) cloud was at 500fr, and
there was further cloud at
1,200ft. The aircraft hit the
mountain at about 1,500ft. The
aircraft had been cleared to
descent to ~,000ft, but then
lhe ilot sad he was going

1’visua , Standard local procedure
is that dcsccnt below 3,000fi
is carried out either on
approach to runway o I / 19, or
to the west of the airport, over
the sea. Approaches to the
runways are over the sea, but
the 707 approached from
the north-cast.

A 37.!-—

1

(~

! wOll

Santa Maria
skit

1

“1.

k==z=?m . . ,.,

Proetdurol approorhes
art over the $ea in line
with rurrrooy01/!9.
Lo4 advice is nor ro
desctnd behno3,000fi
exceptto Ihe westof the
aiq%m. The ?07 w
approachingjrom the
north.eart

.
FLIGHT I,VTERA’.-tTIO,VAL, 18 Ft+bruuy 1989



Flight Path Profile
Undetected Descent (Acceleration) During Initial Climb

HS 748
DAYTON, OHIO

12 JANUARY, 1989
t 1

Conditions: Night Takeoff runway24
No GPWS Insialled

Fatalities: 2

SimilarAcoldenta: METRO [11 19 FEE!88
C-141 12 NOV 80
B-747 1JAN78

I J I I

1000

900 T
800. Right lbrn BegIns to 18°

ALTITUDE 700 .
MSL 600

w FEET
500

400
130 KTS

300- + 1100 fpm
‘1

Roll Out Initiated, Pull Up Begins
200 “

Pull Up fncreased to % G
100 .

0.
~ 221 KTS at Impact

//////////

aF I I I DISTANCE w NM
o ‘ 0.5 1.0 1.5

.D-C !&.2&__

\ , , *
38 20 15 10 5 Q

9% SECONDS
I~L-upMK II GPWS ALERT WARNING (IF GPWS INSTALLED)

/!
~ SINK RATE

DON’T SINK
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‘BANK ANGLE’, ‘BANK ANGLE’ MK Vll

‘BANK ANGLE’
‘BANK AtlGLE’

14 .SECOND~
(35 DEGREES)
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LOTR RWY 26
/>/ TRANS. ALT 4200’

TANGIEI%

+
ILS RWY 28

7

lTN VOR
MSA +
5500

4 05”50’

/ /“ Insteadat 05-4(Y

Incident Location

‘ Date

Aircraft TypEx

Owner/Operator:

Type of operation

Weathe~

Description of Incident

peat Analyais

Moral of the Story:
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m.282

Southeast of Tangiers Morocco near Telle Atlas Moun-
tains (approximately 30 min. from Tangiers)

Sometime in December, 1988

B737-300

Scheduled passenger

IMC overcast and 500 feet ceiling

During initial descent and approach, into Tangiers, a
momentary MK V GPWS “Terrain” alert occurred. The
radio altimeter dipped to 1500 feet or so, Aircraft was
descending to 5000 feet. The CRT map display
ahowed the aircraft centered on the published track
clear of any significantterrain. However, a cross check
of IRS W and ff2 position and raw VOR radials indi-
cated aircraft was approximately 7 min. west of desired
track. The captain decided to climb and because of the
conflicting navigation data, elected to make an NDB
approach. This was performed successfully. The inci-
dent was reported by the crew 10their airtine later.

It was later confirmed that the aircraft was indeed west
of track and a serious FMS error in position had been
presented to the pilot via the EFIS map display. The
error apparently was related to Ihe Casablanca VOR-
TAC and afso involved some type of FMS algorilhm
problem. The incident has been reported to the air-
frame and equipment manufacturer.

Don’t put your complete frust in the FMS— everl Con-
tinuous cross checking ak sources&wJa@tion.
data is etill a wise, prudent policy.

EFISMAP SHIFT
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CIRCUMSTANCES: Durin LOC DME approach to runway 23 aircraft impacted some
Ill1.4 N from runway 23 threshold.

WEATHER: Visibility reported as 2 KM haze winds calm to 270/04
Temperature 23QC.

TIME: Daylight 023 UTC (0653 Local).

CONFIGURATION: Landing.

FATALITIES: 139 out of 141 on board. Heavy uncontrolled fire.

OTHER: Possible F/O altimeter error of 320 feet.
Fire trucks did not arrive until 25 minutes after crash.
Construction Lights 1-1/2 NM short of the runway may have
misled the pilots to believe they were over the runway.

NOTE Approach prooedure has low approach slope 2-113”

F/O: “1000 feet above
/a.9mdome elevatkrn”

//
Capt: “Checked”

Capt: *What do you sac?
/Can you see cfearly?”

// / ,F/O: “Can see --- Sir”

Flight Path Profile
B737-200

Ahmedabad, India
19 October, 1988

11500

ALTITUDE
-MSL

Cept: “Maintain same speed”

@:_
---

#;O/i~pm
—.—. — .—. —.

. . .......o..... ......m.m. . , : . . . . . . ,.............. , . , . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........................ . . . . . . . . . . . . ............ ......”..... ........”... . ..”.. J..:.:.:.:.:.:.:.:.:.:.:. . . . . . . . . . .
. ““““. . ‘ “““ MK I GPWS WARNING ENVELOPE (FLAP) PULL UP. . . . . . . . . . .. . . . . . . . . . . }.::::::::::).:.::::::::::
. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...!.... 0.. ......................................................................................................... . . . ..........................

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

k
.600 fpm 160 kts

DISTANCt Iu
I I I I I I I I RUNWAY 36

4 3 i? 1 u THRESHOLD - NM

I I I 1 I I 1 I I 1 I I
~ TIME TO IMPACT - SECONDS

60 50 40 30 20 10
No GPWS WARNING MK I INSTALLED

,5Clo,Alertif MK Vll had been installed.
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164 Die in Two Separate Crashes
Of Airliners in India in One Day

BY SkfdfwrtbLhdM
WIOma%wal.$.lrm

NEW DllLHLOct. lf)-Two In-
dkn akfbmrs &a8hed in separate
acc+htc today, Wing 1S4 pec+le,
tba I@hevt cme.day death tokl in

jodlarr domestic aviatinn.
; l’be crmhemcdme as tndk’a two
govarrmrar!t.uwmed and -uperated
.dmneatk ddfrrea bava faced mmmt-
.frrg cdtkkm of alfp.vlvmfmainta.
:irmrcapractices.
.:, WbUe the cauvea of today’s
.tiashas are unlikely to be kmmvnfor
anme time, truth afrplzned were
among the ohfeat of their type in
fnda. One. an fndko AkUne-s
Et.xhrg 737 crashed as it aP-
fX~Ckd Mrnadabad in heavy f0!3,
kiUinK 130 nf the 135 people
aboard. [t was Part of India’s first
purchaae of the U.S..made aircraft
in 1970, an aidirte offiiial mid.

The plane burst into tlzmes after
hurtfing to the grmmd in a north.
eaalem suburb d Alurmdabad,this
momfrrfi a littlemore than two
MU* from the airport of rhat inrfu2-
tdal dty k! w@trmt India. The ffew
DaUd+n@ flight O@rated br
fforrrbay. ~~ .

..The eapkmimr scattered charred
bodiesand baggageover a two.miie
4rea. Three of &a five aurvkom
ware repmted baCritfcal Gmdkinne
* forefsnera Wqe kukd iofeh

CraatLftut fmu2$’Airfbvofsdata

cwld not aai whether any U.S. dt-

,,.
yedra a pilot with Indian Akllnea, and the airlines have been accused
and other top governm+mt offkiak ~ =hmintenznce stamkrda
&xoressedtbek mrdokncaa.. ....

‘. Onraheti,tofptbe-ztow ; # Vayudom, thesmdkr of the two
of avfatiml fo b devakvfns dom=rkabunea.fnw~haa

kanabadbealimlmrd. ‘“ ‘,,*~_~ ~$a ~~~
. Gna’ survivor, Vhmd TripatbY, aod doroeadc _ rank ammtg
add there were twn explaalons,one
bt the alc ml the second after the
~ne mashed, the Prma Trust of
fodia repnr:ed.

The second cradr, in the north.
eastern state of &am, ldlkd atl 31
pamengera and the crew of three.
The Fokker FZ7, operatEzJby the
domestic airline Vayudoot, smaaherf
brto a 1,400-fnet biU near tbe state
capital of Gauharl. Tbe exact age of
the aircraft Ur2t craahed is nOt
known. airifne offfdak add, but it
ma manm”mtured in dre iWOa.
Sibnikr aircraft have been involvad

In four cra.$hes in fndi% killing a
total of 138 people.

Today, tear-zero vi$ibflity ham-
aerad locat{onof the plane’s wreck-
a~: and rescue rmrt[is were having
cbffcultme reaching the crash site,
in a remote cnmer of India. Officials
expected rvaSuwivom.

prime Mhkter RaJv Gandhi,for

thewvdd’a Largat-the cauntry%
airlines have Wra bubbledIatefy fry
growing dtificultka meetfng de-
mand for air travel and reported
mkrnanagenwd.

“Yea, we hzve b3en ch3rged with
PC-Xrnalntenzncapractices,”a top.
levef fedkn AMfnes offiiiaf said,
“but we have nut acceptad these
chargea. We make no cnmpromiaea
on safety, and we have mm of the
world’s best track records to date.”

Today% craah waa fndkrr Afr-
iim Mitb”fn the paat 25 Ycara.
More racentfy. fndkn AkUne o!drres
have keen iri{olved in a variety of
mishap, though rime fatal. Planes
have bdiY-flOti OrltOI’UMV2YS,
doomof smaller aircraft have blown
own In flight, and farge animalsand
bird8 have beanfdton takenffe and
landings. A .rhmtage of planes re-
~rtedly has forred the domestic

carriers to overuge aging aircraft

beax # the Cente(of Crftkkm.
Eight d tbe18 frknea Cerndnhg bt
Ua &at are throwfmdrs to anotbar
em fodknaviation experts have
char@. The airllne’a prrdke d
tryfng to quaeze every pwaible
mile out its planes, lad the manu-
fr$urcr of its 10 new DOnrierW2$
aupfmea, to state publiclykat Yeu
rbat Mkn+rated aircraft no
longer met tba compw% safety
UarrrMa d dlmdd be grounded.

%dlarfy, Mike Afdlnea’ fleet d
47plarrcals 1gblgandbudrungun-
der overuse and rmurmaintenance.
The akfirremna 26 Iteaing 737s, 11
AkMa A300a purchaaed from
France since 1976, six aged Awn
fMSa and four Qokkera similar to
the ona that crashed today. Accurd.
brg to tke km issue of the cOmr-
try’s Wing naws magadne, Iodu
Tmky, doctors who teat pifots for
alcoholrue before flights oftmr fmt
signtbe rqmrta and kdve the pifnta

tofdio bpartkufara.



CIRCUMSTANCES: During radar vectors (south of V327 off the airwa ) for an ILS
rRunway 30 approach, a miscommunication deve oped on the

descent altitude clearance. The pilot believed it was 5000 feet,
and the controller 7000 feet. A timely GPWS Warning and
controller alert, and prompt pilot res onse allowed an expedient

1recovery from terrain (probable MS W alert).

TIME: Night

WEATHER: VMC, 15 mile visibility

Flight Path Profile
MD-80

LONG BEACH, CALIFORNIA
October, 1988

INCIDENT

See 9 Nov. 1989, Spokane Wash for an almost
identical incident.

/

ATC: ‘.- vectors to Long Beach, turn heading 240 and descend to 7000. ”
Qrpt: *-- OKj turning to 240, leaving 8 for5*

Clearance limit
—.—. — -—.—- _ 4

ATC:”- You are at 6000 and were cleared only to 7000!” 5720’
\/

61NM to
Long Beach +

Cept: *---I’m cleared to 5000!”

/&

‘ .+ Santiago Peak
ATC: “-- Negalive!...cllmb to at least 6500!”

GPWS Warning Starts
and Pilots

Immediately Pull Up 1

Next Page

F
8000

7000

6000

5000

4000

3000

2000

1000
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~
60 15

0 TIME TO SANTIAGO PEAK - SECONDS

~ MK II GPWS WARNING
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d+ Narrative
ON 10/suN/8tI, DURING THE TIME XA16Z , MLG CHKED IN APPROX 10 MI E OF
COREL INTXN WBOUND DSNDING TO 8000’. I DSNDED HIM TO 7000’ (THAT IS THE
WA IN THE AREA). I WAS THEN SCANNING MY RADAR SCOPE FOR TFC TWAT SAN
DIEGO TRACON WAD PREVIOUSLY TRIED TO PfJINTOUT WHEN I NOTICED MLG
DSNDING THROUGH 6400’. I IMMEDIATELY INSTRUCTED HLG TO CLB TO AT LEAST
6500’. THE PLT RESPONDED WITH 111WAS CLRED TO 5000~.t! I SAID,
MNEGAT1VE, cLB ~ AT LEAsT 6500*. v*THE pLT RESPONDED AND CLBED TO

6900’. I LATER HEARD A RECORDING OF THE INCIDENT AND I HAD TOLD THE
TO DSND TO 7000’ BUT HE READ BACK THAT HE WAS DSNDING TO 5000’. THE
READOUT WAS 6400~ WHEN I CLBED HIM, BUT PRIOR TO CLBING THE READOUT

PLT
ALT
GOT

AS ld3WAS 5700’.

SUPPLBWENTAL INFO FROM ACN 96167: UNDER THE CTL OF
COAST APCH ON V372 JUST W OF HOMELAND (HDF 13.4) WE WERE AT 8000~ MSL.
WS WERE DIRECTED TO THE S OF V372 ON HOG 240 DEGS, VECTOR FOR LNDG AT
LGB. wE “HEARDN A CLRNC ~ 5000’ AND RESPONDED NLG TQ 5000#. PASsING
THROUGH 6000’ THE CTLR COMMENTED THAT WE WERE AT 6000’ AND CLRED TO
7000~. WITH BACKLIGHTING THE SHAPE OF MOUNTAINOUS TE~lN c~E lNTo
VIBW. I SAID WE WERE CLRED TO 5000’ IN MY REPLY TO THE CTLR AND IN THE
SANE BREATH ORDERED *SCLBqqTO THE F/O WHO WAS AT THE CONTROLS. S!3CONDS
LATER ‘!TERRAIN!! WAS ANNOUNCED BY GND PROX WARNING. BOTH F/o AND I
ABRUPTLY PULLED BACK ON THE CONTROL COLUNN AND WERE PASSING 6500J ABOUT
THE TIME THE CTLR SAID SOMETHING LIKE “YOU,CAN LEVEL At’ 6500’ ,1!THEN
SEEING OUR PATE OF CLB sAID 70008 wOULD BE OK. WE LEVELED AT 70001 THEN
WERE IMMEDIATELY CLRED TO 5000$. 3.SAW THE HAZARD DUE TO BACKLIGHTING
BUT DOti*T KNOW HOW NUCH CLRNC FROM THE HILLS THAT WE HAD. LATER I SPOKE
WITH APcH SUPVR WHO REVIEWED THE TAPE. THE CTLR RAD CLRED US TO 7000~
FROM 8000’ NOT 5000’. WHY I HEARD 5000’ IS A MYSTERY TO ME AS I WAS
CERTAIN IN MIND OF THE CLRWC TO 5000~. THE CTLR NIssED My READBACK oF
5000’. 7 DOES NOT SOUND LIKE 5, SO I CANIT EXPLAIN THAT. I HAD REVIEWED
THE LA AREA CHART WHICH IS BETTER THAN THE LOW ALT CHART AND I KNEW
TNAT V372 MSA W OF HDF WAS 5000~. IN EVERY PREVIOUS APcH 9!0LGB THAT I
HAVE MADE I CONTINUED TU SLI ON V372 THEN WAS VECTORED OVER THE PACIFIC
FoR A LEFT 27o+ DEG m BACK To INTERCEPT THE LOC FOR RWY 30. Tms
TIME THE VECTOR OF 240 DEGS FOR A NIGHT TUP.N I!NTOOK US OVER HIGHER
TERRAIN. I’M NOT CONSCIOUS OF THOUGHTS ABOUT THE 5000~ MSA AS THE CTLR

,lHE~D,~ 5000f AND READ BACK 5000’.GAVE CLRNC TO 70008, BUT I
FORTUNATELY THE CTLR CALLED US AT 6000t, AS WE DSNDED TO PERHAPS 5700*
BEFORE REVERSING TO 70001. HAD HE NOT NOTICED, THE BACKLIGHTING OF THE
MOUNTAIN WOULD HAVE WADE THE NEED FOR A CLB APPARENT (I THINK), BUT THE
TERRAIN WARNING WAS THE ICING ON THE CAKE. ITJS SIGNAJJ wAS FOLLOWED BY
IMHEDIATE CREW RESPONSE AND A HAPPY ENDING. I DON~T KNOW THE ALT OR
TOPS OF THE MOUNTAINS ON OUR ASSIGNED HDG. I DoNtT KNow HOW MUCH CLRNC
FROM THE MOUNTAINS WE HAD, BuT IT CERTAZNLY MAKES CLEM THE Importance
OF GOOD COM BTWN THE CTLR THE PLT.



CIRCUMSTANCES: On departure from Runway 4, the akcraft was cleared to climb,
maintain 7000 feet and to turn to a heading of 300 degrees.
A timely Mark I GPWS warning and a prompt pilot response
preceeded by a 2500 foot AGL Radio Altimeter light led to a
successful escape and recover yfromterrain.

TIME: Night

WEATHER: VtvtC

Next Page
Flight Path Profile

B737-200
EL PASO, TEXAS

October 1988

I INCIDENT I

r Departure: . ....Radar contact, turn left heading 3017’

r

GPWS Warning starts
Capt: “... Turningto 300 and leaving 6 for 700U’ Pilots pull up

10,000

— 9,000

— 8,000

— 7,000

6,000

5,000

4,000

ALTJ&DE

-FEET

t I 1 I I I I I I I I I I I I I DISTANCE FROM LIFTOFF
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 RUNWAY4 -NM

I I I I I I I I ; TIME FROM LIFTOFF - SEC.
o 1 2 3

zm &l@Q’@#+
~r Ti-ti E ~“ F0.%ii3LE-ikF’ACi_ - “SECONDS”
20 10 0

16 ~1 MK I GPWS Warning - seconds (time)
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-= EL PASO, TEXAS
70W’!71s120.0

, 0,

EL PASO INTL

:LPASOWwsch(R] 124.15 %,
,200~ 7800’ LOC DME Rwy 4

:1FASO yOWW 118.3 \ .<.;270’ Loc 111.5 IETF
.. . . ,,-.

MSA
~amd 121.9 EiP VOR Apt. Elev 3956

7192’ \

*4
\

\

CAUTION: steeply rising terrain
4,5 NM west of alrpert.

KI.so

A6’”

.—. .
MEXICO

.

(IAF)

KANTR
““’’%1O.8 IETF 10C

orRADARFIX

@c’”d;:re’

~OLIRCg : ASRS AC N95414

d~lNarrative
EL PASO CLRNC DEL:cLRED TO SALT IAKE CITY ARPT, FULL RTE CLRNC, RADAR
VECTORS TCS, DIRECT GUP, DIREcT SVE, DIRECT SLC, MAINTAIN 7000*, EXPECT
FL350 10 MINS AFTER DEP, DEP CTL FREQ 118.3 SQUAWK. AFTER TKOF, FLY H!3G
070 DEGS. I READ THE ABOVE CLRNC BACK AS WRITTEN ASOVE. EL PASO CLRNC
DEL RESPONDED: ‘~READBACK CORRECT. *lRwY 08 IN USE AT THE TIME. WINDS
RPTED CALW. SEVERAL MINS LATER, I REQUESTED IF RWY 04 WOULD BE
AVAILABLE (WRILE STILL AT THE GATE). EL PASO C1.RNC DEL REPLIED:
l~AFP=~T=vE, =ILL PoRw~D Yom REQuEsT FOR RWY 0~.U NO ~ENDMENTs OR

CHANGES TO THE ORIGINAL cLRNC WERE ISSUED UNTIL RECEIVING TKoF CLRNC
FROM TWX. APPROX 25 MINS LATER WE DEPARTED RWY 04 WITH THE FOLLOWING
INSTRUCTIONS J?RO14EL PASO TWR: UA~ER TKOF TURN LEFT HDG ~~o DEGs,

CLRED FOR TKOF. ~lWHILE IN A LEFT TURN TO 330 DEGS AFTER TKOF, COMBINED
TWR/DEP CTL SAID: ~f~D~ CONTACTt _ LEFT HDG 3oo DEGs. ~,w~ RESpOND~D
BY ACKNOWLEDGING THE HOG AND “LSAVING 6 FOR 7000.91 ACFT WAS LEVELED oFF
AT 7000’ t4SL. CAPT ASKED CTLR THE ELEVATION OF THE TERRAIN BELOW US.
TWX REpLIED: u5800~.*~ AFTER APPROX 1 !41N LEVE?J AT 70001 MSL, THB RADAR
ALTH.N?TER LIGHT CANE ON INDICATING TERRAIN LESS THAN 2500~. A CLB WAS
IMWEDXATELY INITIATED WHEN THE GPWS WARNED: ffTE~~N, TE~lN.*$ ATc wAs
ADVISED WE WERE CLBING. ATC REPLIED: lVVERIFY YOU’RE CLBING TO ONE SEVEN
THOUSAND .11CAPT REPLI.ED THAT WE WERE XSSUED 7000~. ATC REPLIED: ~~CLB
AND NMNTAIN oNE SEVEN THOUSAND,’~ ATC SAID LATER THE CTLR WORKING CLRNC
DEL ‘~HASGONE HOME NOW. I*LL cHK WITH HIM IN THE HORNING.tt WOULD WVE
POSSIBLY BEEN FATAL HAD 7000’ ALT BEEN MAINTAINED FOR ANY LONGER.
SUPPLEMENTAL INFO FROM ACN 95621: DUE TO THE HIGH TERRAIN W OF ELP IN
EXCESS OF 7000’, J.CALLED THE CTLR LEAVING 6000’ FOR 7000. HIS REPLY
WAS , $tT~K .fo V,ls~ ~NSTRUCTED THE F/o ~o wAs THE pF To cLB! KE DID

NOT RESPONSE. WHEN T(JRADAR ALTIHFil!llRRKAD 20001 AGL X TOOK CTL OF’THE
ACFT AND STARTED A CLB. THE CTLR SAID: 81cLBAND NA~NTA~N ~7000~,S* THEN

HE SAID: ‘1CONFUU4 YOU WERE CLRED TO 17000 AND NOT 7000~.1~ THE F/O
MAINTAINED WE HAD A cmwc Ln4rr oF 7ooot. I THEN CONVEYED THIS TO THE
Cl!LR. THE CTLR SAID HE WAS THE REPLACEMENT FoR THE CTLR WHO GIVEN US
THE CLRNC.
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Circumstances: The aircraft hit the roof of a house ‘2V2 miles
short during a VOR/DME approach to runway
34L.

Weather: Heavy fog.

Configuration: Landing.

Time: 12:30 iocai.

Fatalities: 32 out of 52 onboard.

FLIGHT PATH PROFILE
B707-300

Rome, Italy
17 October, 1988
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Flight Path Profile
B7(J7 -320

LAGOS .NIGERIA

CIRCUMSTANCES: ‘–-—- ‘: ~’ ‘“Ly’ ’988Aircraft hit 1Mmm short of VOR, 8.5nm
from runway

CONFIGURATION: Gear down, 25 flap

WEATHER: Wfnd calm 3200m 3 otters
300m 2 otter

TIME: Night 02:44 GMT

FATALITIES
D4,6 ILB

6 (Freight) ILS

No GPWS Installed I
I

I -3000
Sound Of Altitude Alert (Probab@ set to 2500 Feet)
CAPT: “Okl ok! Descend A Lftffa Bit More I
CAPE “The Guy Said The rXoud Base Was Higher Then

The Actuaf. . . Screw Him. . . He’s Lying!
CAPT: ‘rPut The Landing Gear Down”

I
F~; ‘landing Gear Down”

1

CAPT: “What la Your Altrlu& On Your AR[meter?” I -2000
F/O: “1 Am Now l?eadlng 600 Feat”

MINIMUM lNITfAL 1500’ CAPT: “’You’re DME Shows Anythhrg?” I ALTITUDE

APPROACH ALTIT~ -
—.— . —- —-

F{O “400 Feet/”

1

\ MSL

CAPT: “500 Feet. ..”
-\ *FEET

F/O: “Now /Am Readkrg 200 Feet. . .Makrtain Now!” I

I

-1000

)

I
I

ho
I 1 I I 1--$---& I 8 1 8 I r 1
9 8 7 6 5“ i

DISTANCE FROM RUNWAY
TIME -SECONDS
TO IMPACT

MkVll GPWS WARNING
NOTE: NO GPWS INSTALLED“S/nk Rate”

“S/nk Rate”
“Terrain”
“Terrain”
“Pul/ Up!. ..” To impact
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7(3
LAGOS, NIGERIA

‘A173 123.8
MuRTAb4 MUHMMED

WOs+ruw.s..hdtih+
2ooiY IN DME f?wy 19R

WOsrowrlle.1 [m 109.3 l~e
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●383’
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08.5
3000’

FLIGHT PATH PROFILE
A-320

London, Gatwick
3 July, 1988

Circumstances:

Weather:

Ale. . I Configuration:

While on a Localizer approach to runway 08, air-
crafl almost went in short some 3 NM from the
runway. The FMS/FGS had been programmed
for a -3 degree flight path, but inadvertently was
in a Vertical Speed Mode.

A MK Ill GPWS was installed and gave a
timely excessive “Sink Rate” alert and
“Puli up!”

Iklc

Landing
,1A , .

‘pno~ch~
LOMIr@ -

1800 fprn
150 kts

“\ / .LOC 140d-—. —

“%. -. <:. 1’

Next Page

F
2000

1500

ALTITUDE
1000

500

0

MSL
IwFEET

1 1 I I 1 I 1 I
8

t
7 6 5 4 3 2 1 0 DISTANCE TO RUNWAY

-NM

i m I v I 9 1 , 1 u t 1 i * 1 , 1
80 70 60 50 40 30 20 10 0

TIME TO IMPACT
-SECONDS

“PULL UP”

i- “slNKRATE7~

“SINKRATE”
“SINKRATE”
“SINKRATE”

91.18
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__ LONDON, U.K.
ITiS%tid 1 i 7.9

0, 20,, ~ ,,

‘GATWICK
,JWK WWII (s] 119,6

~j!% ILS f?wy 08R
,JWICK~OWW 124.22

mA 121.8
cc 110.9 IGG

2W0’ ., .-, .-.

154 M’, or MB
ram 1,”.1, By ATC MSA

Tram .lMOCO’(380S h4AY vOR ‘& El..
..~-

C4 730
935’

,,, 74Y
?F 5?1,

,.- ,.
.

GAIWICK

-.-1

365 GY 63:0 IGG11S
.-, .,. - k. /

Isa

;’,v ; 48+,

%22 45”...........
-Wu

FOR INTERMEDIATE APPROACH SEE 21-3

mm 03.10 w.m G3

D8.5 IGG11S 11SOME r..d. zero.1 rwy OL3Rthre$hold.

OCA(H) RWY 08 R
11S A! 33 S’{140’)

B: 34d’(151’l
c, 359’(14
D> 377’(1$

GSoIJt 745’(5!

I RWYOER 195

CIRCLE.TOLAND

11s
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Flight Path Profile
MD-81

POSADAS, ARGENTINA
12 JUNE, 1988

Cotilffons: VOFUOfdE Localor Approach To Runway 01

Waalher: Thfck Fog

Hit Tees 65 To 60 Feel High And Crashed
Short Of f%IIWSy By 1.7 NM

Fakdilles: 23

MK tf GPWS fnstafled - No Warring

rCapf: ‘‘Let’s Go fJowfI To 100 Feet And
---We Will Make It Or D/e Tying

D5.O r3000

7hkeA Look---

2000’
—.— .—. D3.O

010°

I

I
D1.2
NDB

I

I

I
I I

2000

iooo

500

1.. .— ... .*. .... n
-w

1
I , 1 1 I , # 1

5 4 3 2 1 0

DISTANCE w NM

flJJTUDE

NFEET

I I I 1
I I i

1 I
TIME TO IMPACT ~ SECONDSs

60 50 40 30 20 10 0
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POSADAS, ARGENTINA

7

POSADAS

No.1 VOR DME LCTR RwyO~
2WXY vm 11.4.9 PDS

I ““-- ”-” “1

7 i
09.0 &

z
,DII.5.,

,, . ..
!,.“ 5$.W“*.,% N sqcd

HcSdlngnot lcwot thw Ilonl !* W!. VOR

D1l.5 , D9.O FL by ATC

I

tTb/. ‘fO&
/2770’)

1 . . 2,5 , I 2.0
430’

MISSED A?PRoACm Climb to 3000’ on 01 W heading within D1O.O and follow.
instructions of cONTROL. ,

srwIGH1.tN LANDING R~Ol . .
“:,. .,

,’ &A890’(440’) . .. .,. .

I

;;:2 “~ ~ .15-gz
.,. ..,.. -,. ..-. ----,. I

D
6W ~~*m

~D 11 i! O’(6W) 21OM

19eillw112el Mol Mq .

IA~ntine Jet Crashes;
22 Am PrwumedLkad

1’
POSADAS, Argentina, June 12 (AP)

- A DC-9 Jetllncr with 22 people o
rbeard crashed In heavy fog today whl e

trying to hand at an alrperf hs north.
eastern Argentina, offlclrris said. All
theseon beard werepresumcd dead.

Slx bodies were recovered from the
wseckage of the plane, but Intense heat
prevented a complete search of the
crash scene, the authorities rsald.

Austral Air Lhrea !saldt5 passenger
and a craw of 7 were on board the
plane, which left BuenosAires at.7 a,m.
tcday and landed In the river port city
of Reslsterrciss.The alrltne aetd the
plane headed north from Reslstem!ia
and crashed Into a grove of eucalyplua
trees at 9:S0 a.m. about half a ml!
short oi OrePosadas airport. 1

Posadas, the ca Ital of Misiones
Lpmvlnce, Is about 6 mites northeast

of Buenos Aires, across the ParanA
River [mm Encamac16n, Para rray.

?The airllrre said the plane, F igtst46,
‘ crashed “for unknown reasons.”

-Given the magnitude of the acci.
dent, It la presumed them are no survl.
vore~ the alrllrre saw.

— —



Flight Path Profile
A-320

HABSHEM, FRANCE
JUNE,”

-lwrca8: ~ ffY-fJYCWSfOf@SSIUWA’SY(20009 34R, ?A’craltrarroutof
,!.

kfnab erwrgyad cra8hedhlo woodsat end of runway,Aulo.
(hroIlfaswaredlscwrnaclod.Allkrmxa aet 10(FE. ~

Weather: Not a Iastw, W 3W6 KTS

Landbwgeardown
Ffapa3

Tfrrw 12:45LooafTlma

E@rW m *5
(Raspomekffoto Fut Power:8 mcorxfg

Fafalties: 3 outof 130on board, C/P: ‘WlfOh cut{(Wttr@@m.qa~&

‘: ;J:#’wy#g)(~ln)

elr,see them?” 500
O/P: “OK, Wtr’m at 100 feet tharq

[

WdCh, Ww2fr ...”
Cept: “OK, I’m OK

(XW “Wah, %ah~tt m.,

/ / #
/ I [J

400
,/ ftsm Cfsclwwcl

wfo.ltnilb”
m: “’n ao

“Gra HmLtOd” (Qhaoy TNflUllLE5i

I

Sfls”
MANUALLY capt:

300 ALTITUOE

f
dsmnoctefl

ADVANCED “W..” ABOVE

180 KTB “Filly”
AIRFIELD

1$SKTS ,,~w,y!,

I

200
“wry” w FEET

~Plwmad Fly By Height \oOll—.—.
,,~~tt

1.[

‘Wfy” 100
~630fpm 145 KTS

140 KTS 135KTS 130 KTS 125 KTS ,20& 115KTS ;0 KTS 0

t I I * , w I * I I I T v I

40

- TIME TO IMPACT

35 30 5 0
N SECONDS

Gi%fwm’ iADD%ONAL cmoi! t3AFE0UAFID~0m100
460

I

100
THROTTLE IMNI W%

PoSITION b’+

Y J

%N,
/’

, IOLETHfUJST/N, IOLE
#

----
~fl

--
1

30

4----— IW1 KTISFC
DEACCSLERATION ~ “ “7 ‘T)SEC

DEACCELERATION—--i
Nornud Orl.nnlto ‘c’ Ccirri’ofLaw

-“- (bad factoranxmd 1)

‘--&lRmW—-.++ALIJHAJ %EksLLAvfPllch.ARlhxfeControlLaw
(Referenced Pftch memorfsad Nigh Angfa

N 60 foot rado AQL) 4s @- A#acHro&ctkin
Low

Return to TOC



Circumstances Duringapproachto runway3t R,the ehcraftentereda
heavyraincell and visibilitywentto zeroat about400 feet
A(3L,The aircraftdevelopedan uncorrecteddescent,rate
of about1950fpm until impact,resultingin con.%derable
damage.

Weather: Rainshowers,but no reportad wind shear

Time 1631 EDT

Injuries Noneof 155on board,

Next Page

w-282

FLIGHT PATH PROFILE
B747-200

JFK, New York
1 June 1988

3,%0

,..
.. -.’. .,

.,,

; t3ELow 6LiDESLOPEAfjEij “ . . “ ‘. . .
ENVELOPEAREA . . . ‘ . . . .’ ‘o:..

. . . . . . .”.-....’ “.. .. . .,.‘. . . . . . .“ ,“ . . . . . . .“’.
.. ’-,. ‘.. . GO AROUND
,.. . . . . . .. ”.’. .“. ;..’. !.#

... .-.’ .“. -.”.. . . . . . . . . ,~..’ . .. . . . ... . ,, ..., .“. ”.

I I I I I
3

I
2

t
‘r .

1500

ALTITUDE
MSL

-FEET

1000

500

0

u
DISTANCETO RUNWAY- Nfd

I t 1 I I I # 1 1 , 1.

-80
I 1 I

“m -m 50 40 30 20 ““ io ‘-” o TIMETO IMPACT- SECONDS

‘SINKRATE ~
‘PullUpf’Pull up Pull up MK WI (NOTINSTALLED)

‘MINIMUMS = NOGPWSINSTALLED
‘150U’50’
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7($I?) :RiillW WSK Apprb.tk(4s8, K,,* .)+4 ,h. tl k It..l.

[Nwltw fow.t 119.1 Vsra 125.25

,euti 121.9 I u,!%, ApI, EIOVI ~

●311, %2’ ‘ ‘
‘425’ 4 ●34,,

330’ “&v ‘“ ,
●

●3’X7

,--~ ●377’

In

,,
S[multaonow appmwh

IAI$7CD
AKfl FIX

,Y’

&
q.

.,.. ... ,.,,
NOIK R.dm, qulr.d,

,>..,..
, 0 !26(kl when aulhodzod

~ ““.,.bYATc. :

,., <,.,, .

.,.; i Ij:sl ;; ,;,; i:+: : N#l

tOM
10RAC

MANX R.!J28 DPK
w ?1,9 DME (JFK VOR)

CM O* dltploc,d
,,.,hold 42<, os
WY.nd IOA’.

\

I by ATC.
)Z?r 12’

5.610 DISPIACED INRESHOLD $

MISS*D AP?SOACW Climb to 2000’ than LEFT turn direct CRI VOR then via

outbound Cftl VOR R.225 to COL VOR and hold.

s1RAW114N LANDING RV4V 3 I R
Its

CIRCLE-IO-LAND

w212’(?00’)

FWL I RAR w A13 S@ MMWl I !uAtutltl RAs Q@t AIS
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Circumstances: Aircraft Hit Precipitous Terrain 5 NM Short Of

Configuratiort

Weathw

Time:

Fa\afities:

Runway On VOWDME Approach To Ruw”ey
04. (2&25’ Length) With Circle To Larid Runway ‘
22. F/O flying, Captain Distracted By Person In
Jump Seat. Autopilot Engaged - ‘Special’ Corn
pany Approach Prodedure Being Used

Landing, Flap 25

Fog, Rain

20:32 Local

30

D 8.0 D 6.0
I I

1
I Failure To Lavel i

I r
Off Aircraft I

I

Flight Path Profile*
DHC-7

BRONNOYSUND, NORWAY

6 May, 1988

D 4.0
I
I

i
I
I
I
I

=\\\\ ~,. ,

I
I \ 390’ 1>

I I ~—~
I

I I
m?=oI I1

1 1 t 1 I 1 I I 1 I
I

,
i DISTANCE-NM

7 6 5 4 3 2 1 0

1
3000

ALTITUDE
MSL

-FEET 2m

t

1000

i. ._ . .t I
I 1 i

I 1 I , 1 1 I TIME-SECONDS
60 50 40 ●3O 20 10 0 ‘*PRELIMINARY

❑ MK II GPWS “’MINIMUMS-MINIMUMS”
ly2 SECONDS BEFORE lMpA~
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,RONN’JYI&vnuIIinI \ 19.6 l(f)4500’
~300, /%ls VORDME Rwy 04

t VOR 115.3BNN

, K%yk%%yl“=L’4WOR
-... -. -

,11 S*I: Wa +), E/Ov 28’
, ,

sTOKk.4 VORL)hEi #TROh4MEN ND6:

;Jg :::;@&@,,,+’ ;,3 q?
-1, ,.

m N-m )140 11.50 E]LIET fv@tSOs /VDB 1240 -

INN 0M4 I I 5.0 I 4.0 I S.o I 2.0
ASIITOLM (NM 2250~ii2w) 1880’ (/868’) 1500’ (/486”) 1090’ (1078’) 680’ (668’)

Wot Unwolld Il*tlrlg. D4.O
D8. O ! 4000”

3000’
(2998’)

I
I

360’ (348’)

I

. . a“,
An. Lo

MJssm MPROACNI Climbing turn LEFT on R-270 to loin VEGAS holding at
3000’ (2988’) (MAX IA: 130 KT). Climb to 710’(698’) prior to lwd accolwa;ion.

sIRAIGHT-IN LANOING RWY 04 CIRCLE.TO.LAND

Not &Ilfwrlz.s6 East
AUJA(I(I 360’ wv of alrwt

1 ALSout

1

WI, A40A(H)

mw. Isoom 100 460’ (4S2’) 1600m
VN 1600m 135 710’ (682’) 1600m

NOTA9PUCABLE Hc NOT A9PL1CAM.E
D

J I i
w weed XN I 70 I 90 I 100 I /20 I 140 I MO

w M) o,dfmt 4.6% 1468 602 1669 18031936 }1070
MA?s! 01.0 I I



Next Page
Cucumstances: PI1OIkybg 10 make up Iiino

(3 hrs. late). Departed VFR,
‘ walctrhg for inbound aircraft.
Hit rnounta~ top on abnor-

M$&%3! M%ui!
break~r probably c!ippeci.

%K%%W51&r ‘o
~.s;;dislhl$ed W&NCh+llfj

Oonliguratlom Ctean

Wealher: W poor vlslbikly (Haze)
8 i-lm smoke

Fetatilles: 143

No GPWS Warrrirg

Flight Path Profile
B727-1OO

CWXJTA, COLUMBIA
17 March, 1988

120 FEET BELOW SUMMIT
EL ESPARTILLO MTN.

\
‘.

\
\

\
\

\ \ F/O: ‘Wa kW Go@ fi 8ogof8? (No Wrbal Response)
\

\
But Akcralf 6eghs Ri@rf tin (&+sk To Course)

\
\

L AIRCRAFZ (To Olhar Aimrdt) A
‘Pablo, 14Ws Veerhg To The Left Hem

Twards Ttre Mourrfa&?s”

A

I:,

Ofher Akcrefl:
a
fi~

“O.K. pSStitO, 1%’m Ahmfy At 4,500” .i~~~y

t * 1 ,
t

: ,

6 7 8
I

10 11 12
DISTANCE FROM RUiWAY (-NM)

13

I 1 I I , I I I 1 1
80 70 60 50 40 30 20 10 0

ALTITUDE
MSL

-FEET

TIME N SECONDS

MK I GPWS INSTALLED
BUT NO WARNING

8000

7000

6000

5000

4000

3000
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.
..””, -“ . . . .

iOR *I 16.S’ n

All Sot: IN (MS m r,q) I Wcu? .. . , “wt. . . . . I

.,...-. .,- -.
NOB 264 t

WA ..- -!
. W,.* ‘-. =1-- ~09,—

,J

W-v IS 1096’ F 14J3
APT, 1096’—o 0.6 149

WSSEO Arraomtt Turn RIGHT, climb to interce t inbou~d CUC VOR R- 190
$Jwa$ CU NDB) until reaching 3500’, turn &GHT toward UC NDB climbing

The follwt ng camrmtfcations and sf gn{ ficant cabin conversations took place
between the ATC, the HK 1716 and the HK 727, frons the mon!entthe PI me was
authorized to enter intn positfon on runway 33, until the HK 1716 crashed at
an altitude of 6,295 feet:

18:12 :35.1-C2 To Cartagena W9, /illegible/ and 10 climb on course
and 2216; in ready posltton.

18:12 :36.4-7HR t4eintatn position.
ttote: This order is given by the Tower due to the landing of the HK 2670 on
runway 02.

18:13:19.9-TMR: Avianca 1716 authorized to take off, wind 015° 10
knots.

18:13 :25.1-C2: 1716

18:13 :27.4-TUR For your Information,a 727 fM!JIYour comany f$ about
w leave the VOR on ILS procedure.

18:13:33.2-C2(6,,, ;~ ,a,G,~7<16

18:14:17.6-C1: Have taken off and proceeding according to plan,
Avianca /illegible/.

18:14:23.13-TUR Received, call on 119.9

18:15:01./illegfble/-Cl: .- .. .-.,-— ..

18:15:05.1 -TUR:

18:15 :16.4-C1:

Avfanca 1716 has taken off and procealng accoralng w
plan.

1716 proceed on planned course. Traffic leaving the
VOR Boeing 727 on ILS approach. Leave the YOR then;
natify on 190, o.K.

Correct.

The conversaian between

18:15:54.3-C1:

18: lS:S7.3-Cl HK 727:

18:17:48. 7-Cl HK727:

18:17 :54.7-T!4R to the 727:
Te+! ts-’whe% YSW+$ -ttm $! e] d--sndbeglmdmcling.

18:17 :58.7-C1 HK 727: O.K. we’re gofn!l to approach full lLS for the [5

18:18 :01.7 Impact.

the HK 1716 and the W 727 is transcribedbelow:

Pabla, we’re veering to the left here towards the
mountain.

O.K., Pachlto. Ue’n already at 4,500.

Leaving the exterior Avianca 727.
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Circumstances Apparently aircraft deliber-
ately deviated from
Instrument VOR Rwy 16
procedures, Perhaps to
sight see Buffavento Castle
(left of course). Hit
mountain after first clipping
trees, removing fairings
and bottom antennas. Air-
craft on positioning flight
for chartered ffight to
Finland. Cockpit filled with
peopfe. F/O flying.

Conflgumtlon: Gear Up, 15 flaps

Time: 08:00 focal

Weather: Clear at airport, % cloud
cover. Clouds covering
most mountain peaka.

Fatal illex 15

CAPT: ‘:../ Thhrk We

Flight Path Profile
B727-200

ERCAN (NICOSIA), CYPRUS

27 February, 1988

FINAL IMPACT
150’ BELOW
SUMMIT Il.-..

SLIGHT LEFT Tup.t . . . . .- /b$
—

E

rl

Better Pull Up.,. C/[mbP

GPWS Warning Starts:
“...Terrain Terrain!
Wlw Pull up (5x) A
... Terrain! PrJl\

3000

1000

0

II # I I
,

I I I I I
,

1 # I ,

I

I , I I 1 1 1 1 t 1 * # 4
60 50 40 30 20 10 0

r J

8 7 6

TIME TO FIRST IMPACT
(SECONDS)

GPWS (MK 11)WARNING

5

DISTANCE TO
RUNWAY 16 (-NM)
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Undetected descent (Acceleration)
During Initial Climb
Fairchild Metro Ill

Conditions: Hurried turn on climb out

Weather: Very bad visibility

Time 21:25 EST night

Falall!ies: t2

1000

900

800

700
ALTITUDE 600

ABOVE LIFTOFF 500
wFEET

400 /

Dcn.8J3ixz——.

RALEIGH - DURHAM
19 FEBRUARY, 1988

f

Tower: “’---Air Vlrgbrla 378 report eetabll.shed in the 290
Headh)g and make that turn @W es soon ae feasfble - Jat traffic
to dapwt behind you”

I ~Capt: ‘%378”

I KStart of turn to
46 degrees bank

.,

r 150 KTS
r

Roll out initiated

300

1

LIFT OFF

200 l~TS

. . .
RUNWAY 23R 1 9 I a a * [ bt 1 a I # n ●

I J 1 I DISTANCE ~Nhl
o ‘ 0.5 1.b 1.5

~~o TIME IwSECONDS

i%
I ‘MK II GPWS ALERT WARNING

(NOT INSTALLED)
.1. [.,,m,*p$

“SfNK RATE”

~U-. ~U ,c~~NK AfIJQLE~~ CALLOUTS IF RIIK vii USED WITH OPTION
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~~\~:-~:;;;AM, N.C. I(RDU \
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Otow.d 121.9 04P22V 125.3
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1 I , 1 f

I ‘
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i \ —“
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* 1 I I I t 4

AOOITIONAL RUNWAY INFORMATION
USABLELENGM4S I

Rw?
,, . -+ ANDINC3 BEYONC

lh,e,h.ld I Gild* SIC
5 HIRL SSALR VA.WL QmOvd RVR
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Air Crashes Kill 18 in Carolina and New Jersey
Ekhlean neenle were klllcd I.ak IW fUM~l Tr@n3p@.lb ~fely I ~~~rcra*wcurdati,,w

I Federal AvfDtka Admhrk- mlks rwrthwc8t of Alkmk CIIY Inter

criah.a. smd_ptif6-iri”i i“iiiif-~-iiii~ I Pkrw Had Just Taken Off Irnedlately kkr-,-- . .. . . .
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“1
Circumstances:

Time:

Weather:

Configuration:

Damage:

During a non-standard VOR/NDB approach, the
F/O thought he had sighted the airport and
descended. The right wing struck a communica-
tion tower installed on a 12 story apartment
building. A missed approach was initiated by the
Caplain. The aircraft carried a 20 foot 6 Inch
diameter sectionof steel communications antenna
wrapped around leading edge of right wing.

Night 04:50 local.

100 meters/fogr wind calm.

Landing

Severely damaged right wing, spars, flaps,
engine, flaps, fuselage. Aircraft was written off.

FLIGHT PATH PROFILE
B707-300QC

Luanda, Angola
8 February, 1988
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Flight Path Profile
Metro Twin Commuter

DURANGO, COLORADO

19 January, 1988

(2715’) D 7.5——. —
r~

I ncn

i-

1
I
I \

\
u a.v

(1715) I

%
——— —.—

I

I
7200’ IIMPACT 7180.

I

\
\

\

Circumstances: Aircraft hit ridge 5.3NM
short during a VOFVDME
approach to runway 20.

Configuration: Landing

Weather: IMC

Time: Night

Falr?lities 8 out of 17 on board
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ABOVE
FIELD
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ItrWCw.ru 133.4

,0 ,

.1A PLATA CO
sAm J.mIm3MIe122.lG 10 I3.2T CVJ~:W VOR DME Itwy 20
UAM@mUAIA COWC% CTA9 122.8
IIMIl control 24(W not Olklh ●xwf f~ 10,0$0’

va 108,2 ORo
WC14M wllh aPP?OtOd WMfhOS $MVk*,

..—

,!%WJ.M* nO1 aubrlmd. DM%WR Apt. fkv 668!
. .
$F ~3. “

I.*

%-

8912’
011.0

:K-
1178’

691s’ 7ti37

w m W,41

R* VWlti li19.
pilot COntlollml li@lw

VOR

GI+”””T
rozs 6685’ I 3.0 i 2.0 i 2,5 i 3,5 I

A?r. 6685’
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ICommuterPlaneDown
With 12PeopleI~”ured

I .-. .. . .

DURANGO,’COIO., Jan. 19 (AP) – A
commuter airliner with 10 people
aboard crashed near here Ionlght, mrd
offlchds snld Ihcrc were w least 12pcn-
Dlc scrlouslv Inhsrcd. Thorc wus no

vors;’ said Bruce Hicks, ISspokcsmtm
for Coplinenlal Alrllncw I’he com-
muter plane was Icnscd by a SUIMW
ary of Contbicntal, offlclats rxdd.

Mr. Hicks said Ihcrc were 14 pussws-
gcrs and two crew membrrs ubeurd
!he Denver-to-Durango flight. He said
the twbv-englnc, turboprop phurc, went
down about 7:30 P.M. about 10 miles
east of Durango, near the town of Ihry.
field, Weather in Ihc area was overcast
with Hght snow. Thc region htid gotten
more than two fceI of snow in the past
fow days.

A spokeswoman for the La .Plola
County Sheriff’s Office said it received
iho first notification of the crash al 8
P.M. She sai@officials issued a call for
persons wllh snowmobiles tn assist in
the rescue effort.

llvc plane is owocd by Colorado
Sprhrp,s-based Trmrs Colorado, which
Icascs planes and crew 10 Rocky MomI-
trrin Airways, offichvls said.
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West 01 ●lrpwt.

Flight Path Profile
B737-200

IZMIR, TURKEY
2 January, 1988
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Circumslance$ SctrodJed flight using
MARICA S10, doparlure
Rwy 27 south, Urunder-
storm approaching.
Caplain flew more
soulherly to avoid big (l’a.
Pllo! followed procedures
for recovery ●xpllcltly.

:ordlgurallon Cla8n
tirralhrm Vary hot, WC+ Humid

Thundowlorm approach-
ing from EaaL IMC, Larga
wind Irom Ensl,

Pilot reacted quickly and Iollowed company
procedwos oxaclly and per Wainlrrg,

Flight Path Profile
6747 Incident

RIO DE JANEIRO, BRAZIL
31 December, 1987

TERRAIN
2% NM EAST

Pilot Reaction Time
‘3% seconds.,.Full Power
Rotated fo 20-22” *slowly into stick shaker then out.
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CIRCUMSTANCES: Aircraft hit 3 NM short of ILS 23runwa threshold. Aircraft had
tbeen high and fast, leading to a de-sta ilized approach.

WEATHER: Visibility200 meters, wind calm, indefinite ceiling
Temperature 5QC,Dew point 5W.

OTHER: ‘Glass’ (CRT) cockpit

FATALITIES: 16

Attention! La cou e err Ian vertical ci-dessous est une projection sur
l’axedulwallze;bde ~trajectoire reelh Lespeniestraceesscmt
superieures ou e ales aux pentes reel}es. (L’erreur reste Iimitee a un
maximum de 30°0)

[NO GPWS INSTALLED I

Flight Path Profile
EMB 120

BORDEAUX, FRANCE
21 December, 1987
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GPWS Saves Crew Who Flew Localizer
Approach Tuned to VOR Frequency z+ AJLWEMSER w

This event is a human Jactors classic in which well known shortcomings in equipment standard-
ization, equipment design, and procedures came to bear on the crew at a critical time. in the end,
the GP WS saved the day, even though the captain required a second warnin~ — 10 seconds af~er
tire j?rst activation — to begin his pui[ up. —Ed. -

A flight safety source reports:
2.s 00vu4w 19 e7,

Last Deesm&r, during a back course Iocalizer approach
to runway 33 at Prince George, British Columbia, in
IMC, a 737-200 was saved by its GPWS from striking
a mountain about 7.5 miles right of the final approach
course. The incident was caused in part by confusion over
non-standard avionics displays, equipment operating dif-
ferences in the airline’s recently-acquired 737 fleet, and
faihtre to hear ATC warnings after VHF comm volume
had been inadvertently turned down during a frequency
change.

The flight approached Prince George Airport from the
south with the captain’s VHF nav tuned to the runway
33 localizer back course, and as far as he knew, his HSI
course bar indicating flight exactly on centerline. The f%st
officer’s VHF nav was tuned to Prince George VOR, 7.5
miles east of the airport, to define Tabor intersection
from which the flight could descend below 5000 ft to the
final approach fix.

Unknown to the crew, the captain’s VHF nav, although
properiy tune? to the Iocaiizer frequency, was actually
switched over to the first officer’s VHF nav. And rather
than flying the localizer back course, he was actually
tracking “the 327 deg course inbound to Prince George
V(3R, about 7.5 miles east of the published final approach
track. This error may have occurred in part because, on
this particular 737, there was no VHF nav cross-over an-
nunciato~ other aircraft in the fleet were so equipped.

About this time, approach control handed the flight off
to the tower, requiring a frequency change from 133.8
to 118.3 MHz. While switching frequencies, the volume
knob, in the center of the frequency control was inadvert-
ently turned down to an inaudible level precluding com-
munications with the tower which was attempting to alert
the fllght to its off-course situation.

Apparently, no cross check of the Prince George NDB
bearing was made by the first officer or the captain.

The captain, thinkittg that he was established inbound
on the finai approach course, descended at approximately
1000 ft/rnin toward 5000 ft MSL, his initial approach
altitude until passing Tabor intersection.

(/
W%i[e switching frequencies, the voiurne
knob, in the center of the frequency coit-
trol was inadvertently turned down to an
inaudibie kvelpreciuding communications
with the tower which was attempting to
a[ert the j7igkt to its off<ot.mse situation.

Mt. George, a 5750 ft cloud-obscured mountain peak,
situated on the Prince George VOR 146 deg radial at 16.8
miles, lay directly in the flight’s path. Minimum semor
aititude southeast of the airport is 7600 R MSL.

Descending through approximately 6900ft MSL with gear
and flaps up, approximately 6 miles from Mt. George and
about 22 DME south of the VOR, in IMC, three GPWS
“Terrain-terrain” warnings occurred followed in rapid
succession by three “Pull-up” warnings. The captain con-
tinued for artother 8 seconds whereupon three more
“Terrain-terrain” warnings occurred as the flight passed
within approximately 800 ft of a 5300 ft peak. At that
point the captain pulled up and began a missed approach.

Had the fligfi. eomintted down .KHevel eff at-5000 ft
before reaching the mountain, the crew would have heard
3 “Too-low-gear” warnings about 35 seconds from im-
pact and 3 “PulI-up” warnings less ~han 2 seconds before
striking the mountain.

iConrinued on page 16)

$AIJ AM b FLT 0?S ‘

~ >-_
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Right
The 737% track is deoicted...
in biue on the approach
chart. Note the 5750 ft peak
beneath the 3260 course to

YXS VOR.

Below
The blue iine depicts the
737’s Puliup profile. Other
warnings depicted below the
puilup path are the GPWS
activations which would
have occurred had the fright
continued its descent.
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FLIGHT PATH PROFILE
Be-200

Leeds/Bradford,
19 october,

England
1987

Circumstances: During approach to runway 14, aircraft hit short by 2 NM. Ap-
parently pilot had incorrectly set his altimeler for QFE, using
998 instead of 1008. {F)

Fatalities: 1

* 2000

L.
-1500

ALTITUDE
-1000 MSL

IwFEET

“ 500

~1 TIME TO IMPACT
+ECONDS

L o

DISTANCE TO RUNWAY
-NM

Next Page

n MK VI ALERT:,500+!
(NOT iNSTALLED)

91.18
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9(3.282

Configuration Warning Horn disabled. Reason fo;
circuit breaker pulled not expfained (Aircraft may
have taken off with horn dkmbkrd). Towar visually
detected situation.

INCIDENT
6747-100

London, Heathrow
July 1987

2000
GPWS ‘Pull Up’ Warning

~~~L 1

(Gave up less than 500 feet AGL)

‘Get rid of that thing!,..’ (GPWS) ALTITUDE

(circuit breaker pulfed) ABOVE
FIELD

Tower.., ‘XXX B747.,.Your landing ‘FEET
gear down?’

APL ‘Going around’
1000

. ...-*. . . . . . . .. .. . . . . :. .,. . .. . . . . .. . .. .. . .
.,. .
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cause of the
GPWS Warning, C=”: :-.-.1

‘TERRAiN
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TABLE 1 - Some Air Carrier Inadvertent wheels Up Landings:

Approximate Type of
Date Type Place Damage Flight

-.-.--.PP. *-..-.-.--.*" . . ..-.-..."-.-"m-.."..""."-b..*.""....-"."""

4 Feb ’86 0747 Islamabad
7 Feb ’85

$15 million USD Scheduled Pass.
573-1 ~a;a:ta $ 2 million Uso ScheduLed Pass.

3 Jan ’83 B737 $ 1 million USD Traininq

11 Mar ’83 0737
Partial-Flaps

Casper,Wyo $1 1/2 million USD Scheduled Pass.
7 t?OV ’82 DHC-5 U.S.A.
9 Aug 182

$0.1 million USD
B727 Mexico $

24 Aug ’78 0737 Buenos e
Aires

4 Apr ’78 BAC-1-11 England $

Recent Incidents (Did
“......---------”

2 million USD

7 million USD
(destroyed)
3/4 million USO

not land wheels

5 17ul ’87 0737 Cincinnati - Visual Approach -

Ju1 ’87 0747 tieathrow ILS Approach

Training
Training -

Partial Flaps
Scheduled

Training -
Partial Flaps

up)

Gear handle not
fully down-MR I
‘Pull Urlt.

In second generationGPWSmodels (MKI1, III, V and VII) specificunique
messagesare given for the cause of the alert or warningmuch like ‘G7ideslope’,.
These messagesalso vary by phase of flight. If the gear is inadvertentlyleft
up on final approach,insteadof ‘PullUpl”, a “Too Low-Gear”message is given.
There has never been a reportedwheels up incidentfor aircraftfittedwith a
MKII, etal.

Note: This author knowsof no DC-9 seriesaircraftinvolvedin an
inadvertentwheels up% near wheels up incident.Apparentlythe D~9
configurationwarningsystemhas performedas designed,

This authorbelievesthe differencebetween
the DC-9 and the 8737 is in the throttlehandle switches.In the
DC-9 both throttlehandlesmust be advancedto arm the configuration
warning horn. The B737 requiresonly one handle to be advanced.
For singleengine taxiing,the DC-9 configurationwarning horn is
silent,while the 6737 will often sound. It appears that the B737
configurationwarning horn is often deliberatelydisabledby the
crew,-and that is why therewas w configurationwarning for gear
up on finalapproach. The implicationis that the configuration
warnin ~asdisabledat take-off,and that some numberof 8737
aircra’ have probablytakenoff with no flaps. For the MD-80,
the de! ]n engineerswent to a throttleswitch arrangementsimilar

?37.Whether this was a factorat the fatal MO-80 Oetroitto the
accide

assumed-false
C/B pulled ---
Configuration ~ OeiL- .–. –––

warniiig C/B I %’XW%%’’N%$.*M%.-------.—.-.—
n .hl . . th. T.kdpulled-after “

taxiing single
cr.__ ..- .-. . . . .. . . . .
WuningSyd.em.The newdire4Uva

engine-Tower willreducenuimnes wnrnIngatIurin4

alerted crew M when flapa am Intentionally re-
tracted, or while taxiing with Iem

“-”,. .

Tower called
I

hags frcqumtly cause the crow ta

‘gear not, downs
deactkatet hesystam, whkhcould
endangerthtahff.

MK I GPWS - ‘ Pul 1&~~ *h]ina*mteatcdthoNlO,
UP8 GPWS #Win8thisisap 0t*uwldi8-
considered ipUne problem, but FM UEUCd that

false and C/S !Mmnce warnings reducn the *
iOnOfaircraRsystems tosnunaafe

pulled.

Ai$of tbe-akw-wera- equippe~wikh rn~-f-GFffS-a~d-
all ave ‘Pull Upl warnings.

!
had the Configuration

Warn ng System disabled for various reasons. Sowever, in
each case the ight Qath and its relationship to the
runway appeared normal. The flight crew believed the ‘Pull
Up’ warning to be false, and they disabled the GPWS and
proceeded with full indentions to land.

Wel.
fntheorighdwerning systum.ti

qnhkpdd<&4k?ow~
Theenhancedversion wiUaddSPR@
thekafc,triggering theaktnifl.4h

%memmment-?rspointed outtbat
WImnce warnings could still 00m?,
uadFA.Aaxn?edthatanEPRofl.4k
Mghthmataettins, equmltothmttat

,ff, but ●ddedbr-k release on tnhl
thatthlswouIdnot normallyht~
taineddurinirtaxl.fie agenwuidlt
wouldredutiIlUiWC8 w8tti@ to
an acceptable level. For mom In&
matIOn,contact BOeing in$kattlbor
FM8t20Sf4S1.19SS.

Avientca ‘,,
Mau& ‘~o

B 737/#D -80

Jzw-g
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Cfrcumstancas: Aircrafthits short on ILS
approach to Runway i I

ConfiguraWrn: Landing I
Waalher: 100’ ceilin , V2 miie visibility

($:;::$;/; I
Tree: Night I
Falalilies: 4

I
Possgje Contributin~Causes:

1) Faifureto coupte FlightOirector10
f&feslope

2 ailed radio akimeter

I&
~ f%%[; Ifddpe recaiver

Flight Path Profile
B-707

KAN$AS CITY, MISSOURI

13 April, 1987

F/O: “500 Feet Above Minimums” (Sound Of Outar Marker)..

/

...“Outer M8rker”
TOWER: “..Weather Now 100 Feet Celling % Mile Wslbility

Wind 040 At 8’”

r

CENTER: “..<Ma/ntain 2400 Feet...Unti/ Established –

r

TOWER: ‘:..Check Your Alfifude fmmedlafely, You Should Be At 2400 Feet”
Cleared For Approach”

/
CAPTAIN: “171DO it.“

I-cx’n / /
~ CAPT: “Call The Rrrdio Altitude PleaseY

/’ F/O: ‘L. 1200 Feet”

TOWER: “We’ve Just Received LWASI Climb And Maintain 24# Feet”

4TH PERSON: “PuII Up! /%.I\i t)f)! MM

. . . . . . .. .. .... . . .“... .:.’..”:. ,, .”,.;..

. . J.$’..:::::,:”:: so%%;”;::::”;:”; :: “.”. 9 “.” :: ::.-.’,: ;.”.:. , ;: ,:.”, t.:.; ”.”,,l::;,k~.“ “. ‘ .“.... “... . . .

T
3000

--2000

ALTITUDE
ABOVE
FIELD
-FEET

-.1000

, * I c * # I ,
— ,

5 4 3 2 1
~ DISTANCE FROM

JwNwAY-1-@M!5)

1 I I : I 1 1 I (-——l——~

60 50 40 30 20 lo 0

&u&#&-.. — — — — — — —= = ~ NO GPWS BELOW GLIDESLOPE ALERTc=..—..——––.––––. _
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$-n
J 293,

1349~

I 298&

,KANSAS CITY, MO.
h 128.3S “ KANSAS CITY 1!41’1

- ow AWMSdI(s).$-O;iiW+ ch- Iofl,-

t4KsruTiurtAtf-11 8.1 Loc 110.5 moT
.. -i. ---

Oiwndi2i .8

.

H-N

w‘MM .1150’

/

GoTTE

w_9 D

‘1 ta6, .izav

.1241’
%132’

!

_#!!~’_ ,*,*,*W”

“ Q ,.!

,J193$

S6:31 f n-,s6BUtigR VC?R (w M*

Cypu DASHI ‘ . LQM MM

GS 2391’(13S0’}’ ‘ G$ 12’;;?291’)

:#@oo7~ 40&7 ]
I (2989’) i- 2400’

I
5.0

15A 10.6 4.4

aaIssm awmmcu. Climb ta 4000’ via IDOT LOC”norih kourse to CAMDO-lN~”

s 6UAMII I ‘ IwAwrl RAlloutl A12w# H *M —
]tAi

....-. .... ... ... . ...... .- ---

l— .—— .-...-. —

Bees’ng-707 (3WW Jet
Crushes,Killing Three

—— .
KANSAS CITY, k{o., April 13 (AP) -

A Bee@.707 cargo je! crashed In Jlght
fog tonight as it was preparing to land.
at Kansas City Intemmiod AlrporI,
killing tMAW pcc$de aboard th+$plaw,
rhe aulhanties said.

The plane, registered 10 Burhnglm
Air Express. formerly knowr m Bur.
Iingtoe Norrhem Air Freight. crashed
in a field hear the airpori, which IS
about 20 mika Iwrth of Cowmown Kan-
sas CilY, said Roa Cop, m@arul duty
officer of the Federal Avlal!an Admkr-
istrathnr.

II was W first large plane to crash
al 121eskpml since it open~ in 1~2,

A Burlin@xt official in WtchNa,
Km., wI!4 wculd not give his name, sa{d
the flight orlglnawd (n Oklahoma City,

The CrCtSh occurred about 10 P.M.
VisiblJiIy at h time wa$ about one
hsK mile.

I



Return to TOCFlight Path Profile
B-727-200

SPOKANE, WASHINGTON
14 DECEMBER, 1986

‘PA -

m
wcA?iEAlc

Dt8Thnee-m

nME.-5g!mm!g
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Circumstances: During an approach LOC
runway 26, Ihe aircrafl a!ruck a
mountain 12.3 NM shorl of
runway.

Conliguralion: Clean

Wealhec @ 800 krel

Time 0930 EST

Fatalities: 6

6Die in Plane Crash in Bedishires
- --——

,rd. and picked
mother passenger 81 Loraln, Ohm,
we cmtlnuin~ on toward Pm.fteld. I

Flight Path Profile
BE-IO()

PITTSFIELD, MASS.

10 December, 1986

T 3000

ALTITUDE
MSL

‘FEET-’-=-.+c~1--.f:::.:-“ i:.;.....:..?,..,.,
..... ...- .. ........................>..:?...,,>::.+,..

..:+,.- 2000
..:::$.:.’..:::...:.,.,...j....’..,+3. };.>-~.+’.+.”.”..“$,’.+...:j,.... ,.:..:.... . ..%...*.:.:,,.,.:..,<..:4Y$+ ‘..,.. ...?.:2>“..7,1.:.:,..:.%

12.3 NM TO AIRPORT

I (1194’ ELEVATION)
I 1000

, DISTANCE-NM
o

~1-+--l TI”E”’’CON”’
60 50 40 30 20 10 0

lie mld that from IIW mr n appcarti ‘tit he was on an Instrument 8P
that flamts hsd WISUmd IhC entjrc preach and Ir hc was dmu WcrY!h$n#
Crafl excep4 me Vcflk.1 ,Ialj,hmf, rlsht he shcutd ilUVe dewed 11,’,
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FLIGHT PATH PROFILE
CFIT ACCIDENT

CORPORATEAIRCRAFT
BE-1OO,RING AIR

PITTSFIELD,MASSACHUSETTS
10 DECEMBER1986

Condition: The King Air was on an IPR flight plan and was
aleared by Albany approach control for a localizer
a preach to Pikt8fieAd8a Rl?!l26. The aircraft

!h k Judges Eill near Windsor at an elevation of
2200 ft, 297 feet below the crest, at a distance
of 12.3 m east of RWY26.
Gear and flaps were up.

Weather: Overcask wikh a aeiling of 800 ft.
Time 09:30 EST

Fakalikiea: 6

/’--=%.’

.(*~”
*2413

\

IMPACT
POINT

QA%14 I
‘ ~310 ~$

2313 Xooxr~::-,
*“

1474
56=:%%

A .

CA*AN !323. -,8J

c
lmod $Wy 2SMAbNOt094”(12.4)%0 VXAllEjl104.4
2i24M*~:-e ““34m

Ills.lcvls:”l
Chm ?:– - J

.M&SfDAP?ROACN NO* Rmain CbEv11?4
I

climb*Ylwlhmdlmb’,1#dgt4r within10*
Altn m 41!Oodllcd O)(1 ~ ~~hold. O’s”\ ~ 2$V$7NM$w3s fmnNOPM.-.1 _#@--- lluAA’~ (.Kw.% /

‘W3w+mullq
Nbany,NVohlmuWI “\ 7~

,. .-—..- .
I 8 I c 1 n I /3

walng,

=! la F- 1,! —.--—.

Nw04r I A
I I 221h3 I .,:

;.:ej%k
.26 2200.1M 163A I1lMIu,---- . .. -------- .,.,

I 1(

,Ixcbu+o

~-.~..- +J I
i

,’0”

c
. . . .. . . . . [

b~elfihdehimmwMMIw-WW12?.7.V&nnuwojbbtsjUU#JlXmy,~ ~ ,.24ad,4,2Yslll+tww*xandkroaoMWAs1401-.ywlw14blo* d*#l*. fAflcMAP4.Stw

NA u-m Itoltollaollso[laoAun,s9e14$lJ13,ml24SII:4111:W
x RWY 26 42*26T4-73*18’W ?mwlol MwAoilml’n

P\17Wf10 AUINI(P9F)
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FLIGHTPATH PROFILE
EMBRAEFl BRASILIA

ATLANTIC SOUTHEAST AIRLINES
SAO JOSE DOS CAMPOS, BRAZIL

19 SEPTEMBER 1986

Comiitians l-id 5150 ft. mountain at 5000 ft.
aftff faka-off on radial 11.7 dq. SJC

Waafhec 4,LW f?.Overcaat
15,W3 tt. cloud tops

lime 31M PM

FatalWa: 5

.ALT+JDE MSL

- FEET

o

;

o
0
m

o
0
a

ALT5000 FT : “
wo46° a

\\

IAS 250 KTS
o
0
0
w

-2 -4 -6

I I I 1 l“’’I’’’’ 1’’’’ 1’ 1’’/’’” l“’’W’’I”” I _Jg
8 6 4 2 0

DlsTANcE-NAuT!cALMILEs

~
a

TIME-SEC

’700 Low THWUUN”(4 TIMES) 126 _
“TERRAIN - TERRAB4” (2 TIMES) 6.0 m

“PULL UP! PULL UP” (2 TiMES) 4.6 R [

PREDICTED Jmz
GPWS WARNINGS
(NOT INSTALLED)

Sumishand Data Control, Inc.
RmaoNowx3kmG7cN MQJ3.9?01

Uwl G4SumMImua GMLnc4cMa

-h

w.
$6-316SAOJ50A6
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DC-10 INCIDENT
M RUNWAY 10R

PORTLAND, OREGON
28 JUNE, 1986

Circumstances: Captain monitoring ‘POX’ VOR (no ILS to
Captain’s ADI and GPWS) F/O flying Flight
Director in vertical speed mode. Aircraft
cleared for final approach. IMC conditions.
Controller received MSAW alert.
No GPWS warning as no ILS signal and air.
craft in landing configuration and stabilized.

1-

sA#vt ATC: “---Your Altitude Please,

/
/ know you as 80f3feet!”

.—. — . —-— -—.

s

SAW 4SLAN0

~ 3000

r

o

r 1 a ! # I I i t I I 1 I 1 I 1 DISTANCE - NM
4 32 1 015 14 13 12 11 lb 9 8 7

..&’~-.&-&-4”@ ~- & if) ;

6 5

TIME @tY20NC&
NO CiPWS WARNING
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PORTLAND, OREG
PORTlAND INTL

(7

%
6000’

,.. 11.SRWy 10R
k <%,

3300’ f 10C 109.9 lPDX

, WC%%?‘ ‘-ii-L-i6—..



FLIGHT PATH PROFILE
DHC-6

Port Ellen, Islav, Scotland
12 Jhne, ‘1986

Circumstances: Allempted visual approach into unsuitable ;”
metrological conditions after making an error
in visual position.

Weather: S to SW 5-10 kts IIOC
2000’-230° True 20 kts
5 to 70 kts stratus base 500.800’
Local 300’ In patches covering high ground.
Visibility 5 KM-2 KM
200 m in hill fog.
Rain—Drizzle

Configuration: 11 degrees flap

Fatalities 1 of 15 on board 11 serious injuries

Pullup initiated
with Ful/ Power

[

1000
--- “Over Port Ellen” end then Stall Warning

ACTUAL
ALTiTUDE

500 MSL
wFEET

o

T 1 I v I , t * I , I * I
6 5 4 3 2’ 1 0 DISTANCE To RUNWAY

IWNM

~~ MK VI GPWS WARNING
“TOO LOW, TERRAIN” USING “SENS”

(REPEATED) SWITCH (NOT INSTALLED)

l’:::’:’~’w TIME N SECONDS

60 50 40 30 20 10 0
~looo

t

INTENDED

1

ALTITUDE
500 MSL

~FEET

u
~. ..

Next Page

.
I I * I I I 1 I 1 I I 1

6 5 4 3 2 1 0 DISTANCE TO RUNWAY
IWNM

91-f8
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INSTRUMENT APPROACH $c&r w
w

AND LANDING CHART nil
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FLIGHT PATH PROFILE

B-727 INCIDENT
DENVER, COLORADO

16 MAY 1986

Departure “Turn left to 24S0. ~allk “Departure - reque$t trtgher
mamtam 10.~ R“

?1 OME VOR OEN
altitude” (twwe w!lh no ATC

/
+Numercms ATC Traffic 1-

TransmtssonsF*O’ t!u‘“Requesl higher altllude-
(Ihree ttmea wIttI no Oeparture climb to FLZ(XY

8

ATC response) ‘Chmb to FLZOO”
(Blinked by captam”s $
Wansmmron) z

w

3

Ed
<

m

i r I I 1“’’I’J’’I$IIJIJ!IIII I r 1 l“’’I’’’’ /’’J ljlf Jcjl’ ,Jl
4 1 0 -1DISTiNCE - NAUTI:AL MILES

I I I # I I I 1 I

50
I

40
I

20 10 0
TIME -%ECONDS

WAfwwwi Timrm ‘u12.9 ~ MARK VUGPWC
PROJECTED IMPACT 47 ~ MARK 1 GPWC (INSTUD)

SECk”NDS
1+
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GPWS PULL4JP WEST OF DENVER. . .
An Unassertive Crew Heads for the Hills
Another, airline reports:

bs~ May, a 737 flew diwtly at st=piy rising terrain west
of Denver, causing a t3PWS activation and subsequent
pull-up when the controller forgot about the flight; and
the crew, unable to communicate with ATC because of
frequency congestion, waited too long to take evasive
action.

The flight departed Denver to the’norttt with a clearance
to 10,000 ft and a left turn to 245 deg. At 15 DM13,the
captaht tokt the first officer to ask for a higher alSitude.
The first officer called departure control three times but
frequency congestion prevented a response. At 20 DME,
the captain called Denver for a higher ahitude with no
response. About that time, the controller’s minimum safe
altitude warning (MSAW) apparently activated. At 21
DME, Denver departure control instructed the flight to
climb immediately to FL200 for terrain clearance and to
turn left to 170 deg. and, near simultaneously, the Mark
1GPWS activated once. The climb was accomplished at
approximately 15 deg pitch up with go-around thrust,
resulting k a vertical speed of WOO to 6000 ft/min.
According to reports, passengers were not aware of the
event.

According to the airline, following the incident, the con-
troller was decertified for additionrd training, the FAA
reevaluated the west SUI with a view toward pilot- in-
itiated,climbs during westerlydepartures and the captain’s
use of emergency authority was reemphasized to all
crewmembers. ❑

/

130 /1 Ouiwx.y,o ,. . . . . .

i 110 \ ‘- AL:’>.X’:%?



Next Page

Flight Path Profile
U.S. Navy C9t3

FALLON, NEVADA
ATC: “---cleared 106rXKY’ 15 MARCH, 1986

MSA 9800 FEET

ATC: “’--lmrrredialetyclimb to 7600 feet”

\

\

GPWS: ‘Terrain. TerIain,’
‘Terrain.Tarrain”

~~

‘Pulll/p----

NOTE&. PmmaWre ttoscenl clearance while

Weather: lMC, Light Icing, Light Turbulence
6280-..

Trainee Controltar Error (I)istracled Inslruclor)
Mark II GPWS Inslalled And Operational

.A

20 19 18 17 16 15

60 50 40 30 20 10 0

t 3

u

14 13 “’1:

7000

AL::::E

-FEET

6000

6000

DISTANCE -NM
FROM RUNWAY 31 THRESHOLD

T!U---SBXMWMI

MK Ii GPWS WARNING (INSTALLED)

FAA MINIMUM
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Conditions: Final ILS Approach Runway 1

Conllguralion: Landing

Wealher: Less Than 1/2 Mile Visibility
100 Fool Ceiling

Tlmw X3.(X) EDT

Olhtw Sacond Approach

Fatalities: 3 Out 019 On Board

Flight
EMB-110

Path Profile
Simmons Airlines

ALPENA, MICHIGAN

‘ 13 March, 1986

MIDDLE
MARKER

1
--1.kl

I t—+—-~+—t—4—k—+—l+— +-J DISTANCE-NM
,. 0.5

l–h-+-t-” 1;~4-H-.{.*i+ ~. TIME -SECONDS
20

‘GLIDESLOPE’ ALERT
t 1 ‘SINK RATE’ ALERT

~ ‘PULL up’ WARNING

II u (GPWS MK II NOT INSTALLED)
“s00’ $ ‘206’)

mwtnwts - h4\u\mutis’
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‘lm$ APP!=-+(l! 134.8 (OP NOT CONKI i < ALPENA, MICH.

I ‘: (-)
:WW2AwIiAwro+ III 134.8 WA..couIN5 App I..p PHE~PS.COllINS

35W,
I

,,,
KWNATOW,120.9 (OP NOT CON7)

e91jL IIS t?wy 1or..ad121.9 2600’
HIS1*$.CO,,,N,*-M ~,~~ 1224 tOC ~09.7, IAPN &.

MSA

/ “:
AP 10M APA El., (

\

8{20—— 83.20

GS 0771(192,)
,, ,.

‘ : TCti &

li?zs 6

MISSCD AWSIOACM\ Climb to 1100’ then climbing LEFTturn to 3000’ direct

AP LOM and hold. ,:,

Commuter Crash KiIls

‘ 3 in ikfich~an Woods

ALPENA, Mich., March 13 (UPI) -
A Sirr,rrrrrmS Airlines commuter flight
@wng nine @pie cmshm i“ h=v
log mrd rain tomght, kil:!ng thr~ ~
Pie ~ inJWiflg SIX, Alpena County
sherrff’s deputlea ~id,

~? L@ice aafd th?llane ,cra$hm..

‘+~’ ‘+:{$$i?%iE?’

nonw= necifiedof the crash, sheriff+S
deputiessaid. No futier de~ij~ Were
Immediately available,



Circumstances During a manually flown approach to ILS Runway

17R, the aircraft hit short by 400 feet into
approach lights and rolled along 200 feet betwe&’
lights and made a missed approach 10alternate.
The manual approach had been preceeded by “
two unsuccessful coupled approached,

Weather: Near or at minimum visibility

w),> - MM

I— – 234’ D.H,

15

Next Page

90-282

FLIGHT PATH PROFILE
B727-200

Harlingen, Texas
4 February 1986

1210’
125 t(ts

‘1. ~ -1350 FPM

‘\\ TCH 55’

L \\.-. ...’..... “ . .’ .“. . : .-. . .’ y’ ‘ ‘-,’’.’ .’:,.’:.”,’ ,=. y . yf:,~lj ‘-~~nl J-yn . . $ .. . ‘.-. . . . .

f

IMPACT
1 , ti RUNWAY 17R

, *
0.6 0.5 0.4 0:3 0.2 0:1 0 DISTANCE . NM

ALTITUDE

,200
MSL

-FEET

100

0

I I , I 1 1 1 1

10
1 # 1

5
1

CANCELLED BY PILOT 0

~–—––-a ——— _.
‘GLIDESLOPE

‘GLIDESLOPE’

‘loo’ ’50 ‘SINKRATE
‘MINIMUMS’ ‘SINKRATE ‘SINKRATE

‘MIMIMUMS ‘GLIDESLOPE GLIDE

PROBABLE MKI GPWS WARNING

MKVII WARNINGS (NOT INSTALLED)
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y[@R5/IKWNWW~w.wk 120.7

*** ContI.1 20.. not ●ft*chv*, .xc.pt for
,,..!.,, wlh aiw-.d w.alh.r m,vk., .s.
.Cw”,”ilk OI{ml,l, r !.llmg.
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Circumstance% During visual night aP-
proach to Runway 9, the
aircraft Inadvectantly
drracended well short
(7NM) of the runway before
error waa delecled. Aircraft
was well right of tocallzerIn
possibla false lobes. No ILS
Ilaas, NO GPWS below
“Glldaslo~ alert”

Oonflguration Lsmding

Wealher: 17 rD11 @visibility 30 miles

“,.AlfDoIt In Skrhf”

Flight Path Profile
B727-200 Incident

ST. THOMAS 1,VIRGIN ISLANDS

Next Page

4 January, 1986

Im
moo

ALTITUDE
MSL

-FEET

/-
CEN”7ER: “,,.cieaied For Visual Approach To Runway 9

And Towtri Now On 1186..”

+-= “n -’ TOWER: “...Check Your Altiludtr’!

<2.- ==’

<
(Tower Advised BY San Juarr Center
Radar On Aircraft LOWAffjtude. ARTS lj~)

~\b

“We’veLewrled 0//

c

0, ,
C!_

* ‘- AI 200 Frkrl...”

:=
-900 FPMC’- L

/

2000

1000
-- Giideslope

Devirrlion Snaps
To Full Fly L@

I I r I 1 I I I I r I I 1 t I
12

1
11 10 @ 8 7 6 s ~ DtSTANCE FROM

RUNWAY (-NM)
I I s r I r I I * ; : I 1 I * r 1 8 z * 1 t TIME TO CLIM5 ~oW*

12tl 110 ~w go !30 ;0 60 SO 40 30 20 100: 0 --5 SCOMDS
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Off Profile Approach At St. Thomas
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.WSID Awomcnt clhIbln9 RIGHT turn to 1700’via outbound STT VOR R. 181
to WHAMS lNT/D9,2 and hold.
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Flight Path Profile
B727-200 Incident

ST. THOMAS 1,VIRGIN ISLANDS

1 January, 1986
CfrcillnclancoD: During VIOURInlghl

apprciach 10 mnway 9, lhm
aircraft was Incorraclly
W up, whkh was Ialor dl8-
covared et 800, whereupon
● mhsed opproech
WSBmade,
Locallter con!emd but not
reletdd to proper visual
clues, No IIeljs,
No QPWS ‘Glldedop@*
alert ILS operatlvo.

Conllgurallort i.ending

0

I I I I I i I 1 I s I ! r @ r $ I #

90 80 70 60 50 40 30 20 itl
DISTANCE FROM hUNWAY 9
-NM
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ST THOMAS 1, VIRGIN 1$
I Kt4.o (CHARLOTTE AMAklE)’

.*$1** cIAf I 18.s I 18.1 KING

d }21.9
WIw Smppw+o M! authuhd. wc 110.1 lTW4

I w! Iwrm
z -

II!ml
w.’ —’ ‘-..

MSUWA??SOWWICW_n!$ln?2RIGHT !urn 10 2700’vla ouhwd STT VOR R. 1S1
10WHAMSlNT/D9.2 ●nd hold.

s~~ *~ IRCL .104AND

N* 1’ 10Cm ●*I) Nw!hd M 9.27UA
.

Incorrect Line Up At St. Thomas

On the night of January 1,
a 727 :b~ec:iatakenly lined up
on an other than the
runway during a visual approach
to runway 9 at St. Tlmw. The
craw discovered their ●rror at
about 600 ft and a mimed ap-
proach was made followed by an
uneventful landing.

Weathe c was VMC. me
fltght departed St. Croix.
tracking out the St. Croix 337
radial and climbed to S000 ft.
About 15 to 20 ssiles #outheast
of St. ‘fhcmae the flight was
descended to 2500 f!t by San wan
Center and, upon reporting th~
field in sight, waa cleared for
a visual approach.

The first of Eicer was the
first to spot wha:ndhe thought
was the runway pr ov idesl
heading guidance to the captain
to turn right onto the final

approach leg. The captain re-
ported we::h&o&ig khe local-
izer and catching the
glide slope” during his descent.
During the approach, the captain
asked for an ILS frequency check
several times because of confus-
ing Visual Cues. The tower was
also asked if the ILS was opr-

$%eti’%[’f;.a? &Y!!&i
inatrwnent flags were visible.

‘Il$e flight director was not
used. Passing about 600 ft and
approximately 3.5 miles abeam
St. Thomas to the south~ the
captain realized that~ in his
vords, “the lights just didntt
look right” even though the
locelizer was centered. Xe then
pushed UP the power, leveled
off, and began a missed ap-
pcoach to the south.

On the next approach a
normal localizer and glideslope
intercept was made, culminating
in a routine landing. o
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Autopilot Management
Fllght Path Profile

NID-80 Incident
GENOA, ITALY

10 November, 1985

Circumstancetx Aicraft almost flew into sea
during circling to land after
ILS approach to Runway
29. Autopilot engaged
throughout. Coupled ILS
apProach with altitude hold
to circle. Did not couple
into altitude hold continued
to descend. At 500 feet
timely MK II GPWS
warning began,

Configuration: 15” flap, gear up

Weather: 5KM in rain, cloud base
Ilxxl feet

Time: Night

\f.

GPWS: “Too LowL..GearL ..”

A
500’—.— -—- —- .— - —

,.. . ..0 . . . . . . . , -. ... ,.-,
--;.””’.”.

‘ ~ INiJI%CIEyT ,T~ERR’AINCLEARANCE, o ~<~ . “ . ; . . . . ,
‘..

.
. ..” : .,. . ,7 \. . . . . ,.. , %</? “... ..,. .

r I I 1 i I I 1 1 I 1 1 1

ALTITUDE
MSL

-fEET

woo

o

0’ 5“ 4 3 2 i’ O DISTANCE TO RUNWAY 11

f I I I I I f I 1 i I I 1
60 50 40 30 20 10 0

MK II GPWS WARNING
‘TOO LOWI--GEARI-’



Return to TOC

GENOAr,iTALy
SESTRI

(n

,fy’+y;m.
ILS l?wy 29

toc 109.5 G$E
43OO 6400’ --- . . . .

“...&4Awilt Apt. stw10’

(_d.*--
CAOARMXt$ WLS.JWIWE Am r~

AREA OF MAGNETIC
0+4IIF4A1DURINO FARIM 0! M$W.W,
OCN vOWMSINDb “ W lCIR.

ABNORA4Atl~

~xwt dev.ndmhs.R*dwConWd Sin-A w,tf,bl, f.x
ns@h trR.cemdlllem.M OSW*IIIWLXIOW~l.

~“’&\+jf;;.7G~,~;gy’ ‘“ 0’

;g;:w;;~+::

A?l,l~
67iFlEs tolo

MI!SCOAP?ROACH:Turn LEFTonto headin 180” Ilmbingto5000’(4991 ‘), Ihen turn

LEFT and proceed to CMO Lc!r and IM %reclel

# c~ l{W ~, x LCF1 IM. - IRO’dkbl.q10600U [599!’) k furstc~r 10 GENvO.WN08.

It was an ILS approach to runw4y 29 $0 hn followed hy a ef FCI tng ●pprfiach te runwmy
11.
It was night, with a visibility of S Y.. in rain, and a cloud ba~o rwportod at 1000

ft.
Clrclln# 1s aver the -es, to be flown at ●n altitude of 1000 ft (company miniwa).

Autopilot was cooplod to tho ILS (Lot trk/ d9 trk), auto throttle ON, speed 170 r.ts,
flaps lS*/Ext, g~ar UO,
Reacliing 1000 ft tho ●lti tuda hold button war purhtd with tho intent of levelhtg the
a/a at circllng eLtitudo, and the $1/c wam tu.mmd through the uae of the heading se.
lector iomb to a heading euitab Ie to .ontar the downwind log,

Pushing tho altitud~ hold button during en IL2f ctualed eoor~a~h Cauo$d th~ au~opllot
to revert to its basio mode (vertical eneed and heading hold); the a/c therefore cog
tlnued 1@ deecent through 1000 ft with the wxie Llng rate of demcend.
To level tha a/c the al U tucle hold button whuulcl have hen pra=ed a second sime.
The deucend went unnoticwd to the crew. At !!00 ft R. A. the OPW activated in the mode
4 A (too low-gem) .

Autopilot was dimengnged and tha a/c rotated to a pitch mltttude of about 15° nose
up, to regalfs 1000 f%;
The flight was continued to a normnl landing.
f& Slnze : autopilot waa not proporly managed. nor properly monl tored by the ,Jrew,

The ●/c flight path was not properly monitored by the crew.
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Flight Path Profile

Condillon6

Wealhec

Time:
Falalltlex

Dudng Approech To ILS Flwy 4
The Alrcrall Hll A Mountain
6 1/2 NM Past Airport. Probable
Navigallon Error Or Problem
10@ Visibility 2 Miles
Wind Calm
1020 EDT

r

14 I

BE-99

SHENANDOAH VALLEY

23 September, 1985

“DOYou Show Us East 0/ Course?

//
Cenlet: ‘No Radar Contact’

// *.
5. .

.“i

-4000

-3000

\

,.,.::;,:,:
,.::,:;:;..:;,.,.m.x:.:...:.,...}.~.:.,,\:,.!.,+...\;..:;,:.

,..?,:

“2000

1
1000

ALTITUDE
MSL

-FEET

s 4 3 2 1 0 DISTANCE - NM

I
t I t I

60 50 40 30 20 10 0
TIME - SECONDS

li~ERRAg&jt..

~ “PULL UP” WARNING
(GPWS MK II NOT INSTALLED)
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r~w SW, climb tO l&QO’ fhw-t &blnfJ LEFTturn to 3300’ direct,
SH LC3Mand hold.

LCT

NATfONAL TRANSPORTATION SAFRTY BOARD
WASHINGTON, D.C. 20S94

AIRCRAFT ACCIDENT REPORT

Adoptedt September 30,1986

HRNSON AlitLtNXf# FLX3NT 1S1?
BRltCR 13fJ9,N$39HA

cMUYITOES,VIRCHIWA
SEPTEMBER 23, 1985

Henson Airlines Flight 1517, a Beech B99, was cleared for an instrument
approach to the Shenandoah Valley Airport, Weyers Cave, Virginia, at 0959 on
September 23, 198$, after a routine flight from Baltimore-Washington International
Airport, Baltimore, Maryland. Instrument meteorological conditions prevailed at
Shenandoah Valley Airport. There were 12 passengers and 2 crewmembers aboard the
scheduled domestic passenger flight operating under 14 CFR 135. Radm service VKLS

terminated at 1003. The crew of flight 1517 subsequently contacted the Henson station
agent and Shenandoah UNICOM. The last recorded radar return was at 1011, at which
time, the airplane was east of the localizer course at 2,700 feet mean sea level anri on a
magnetic track of about 075°. At 1014 the pilot said, ‘i. . . we’re showin a Httle west of
course . . .ll and at 1015 he asked if he was east of course. At 1017, the controller
suggested a missed approach if the airplane was not established on the localizer course.
There was no response from the crew of fUght 1517 whcse last recorded transmission was
at 1016.

The wreokage of filght 1517 was located about 1842 approximately 6 miles
east of the airport. Both crewmetnbers and ail 12 passengers were fatrd.ly injured.

The National Transportation Safety Board determines that the probable cause
of this accident was a navigational error by the flfghtcrew resulting from their use of the
incorrect navigational facility and their failure to adequately monitor the flight
instruments. Factors which contributed to the fIightcrew’s errors were: the
nonstandardized navigational radio systems instalIed in the airline% Beech 99 fleet; intra-
cockpit communications difficulties associated with high ambient noise levels in the
airplane; inadequate training of the pilots by the airline; the first officer% limited’
multiengined and instrument flying experience; the pilots? limited experience in their
positions in the Beech 99; and stress-inducing events in the lives of the pilots. ALSO
contributing to the accident was the inadequate surveillance of the airline by the Federal
Aviation Administration which failed to detect the deficiencies which led to the accident.

L FACTUAL INFORMATION

1.1 History of Pikht

Henson Airlines (Piedmont Regional) Flight 1517, a Beech B99, N339HA, was
cleared for takeoff from Baltimore-Washington International Airport (BVU) at 0922
e.d.t. ~/ on September 23, 1985. Two crewmembers and 12 passengers were aboard the
scheduled domestic passenger flight (commuter) operating under 14 CIW 135.

~A~nes herein are eastern daylight baaed on the 24-hour cIock.
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Flight Path Profile
BE’*99

LEWISTON,MAINE
25 AUGUST, 1985

Con&iiions Hil 3950’ shod Ourhw l~s APPfoaclI To
fhrrwtry 04

Wtrulhor: 2rXYOvarcasl
1YAMiles Visibllily
Fog

Timo Nighl 22:lM EDT

I Olhw 8 Fatalitlos I

t

1000

[

500

400

300

200

100

()

u ‘GUDESLOPE’
‘SINKRATE’ (4TIMES) ~ =

(GPWS MKYI NOT INSTALLED)
‘MINIMUMS’ (TWICE) ~

‘PULL UPI’ (4 TIMES) ~
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CIRCUMSTANCES: While on an ARC DME intercept to VOR runway 14, the aircraft
impacted terrain right wing down in a turn to the final approach
course at 7.4 NM short of the runway.

OPERATIONS: Part 135 Air Taxi carrying spare parts for pipeline

CONFIGURATIONS: Landing gear up, flaps 10

WEATHER: Wind 170/7 kts, 47° dew point 40q 29.95” AMOS out of service

TIME: Early morning 02:05 local

FATALITIES: 3

OTHER: Cz&ain had 5000 hours, 200+ in type but very tired from high duty

THE LOW APPROACH SLOPE INSTRUMENT PROCEDURE ‘TRAP’

Next Page

Flight Path Profile
Lear Jet - 24D

GULKANA, ALASKA
20 August, 1985

INSTRUMENT PROCEDURE WITH
LOW APPROACH SLOPE OF I-V2”1

No
Runway lights activated by 5 clicks on 123.6 MHz

+.*3O

~

Turning right 160 kts, N, 177% flaps 10.

‘ +foecb
+.hwope

-5000

Pro
\ ‘%&e ~D

‘i.

--- +@ *,oD 10DME
“\

“i.
“-+Q.7/20

I
-.

-4000
D5.O DME

3300’ 3306’== ‘\
—.—. —.—. .%

7“ .%::. +.% ‘\ .Jb

I
---

-3000

Enhanced (3PWS -<. -- ~ 2400 I ‘., 1.4DME
yy~=y -------- ------------ -$ -+-.-e - ..- - -... ---— -—--- -—-
. . . . . . . . . . . . . . . . . . . . . . . .
.“. ”,”.”.

“-m<~::’.% 2200’

“ “!!ooLowl Flapsl . ..-”” ~. . . . . . . . .:.,.:::~~~--:--- ~ ;
“.”Tm Lowl Tewainl .”, ”.”. ”,”, ”.”.~ K.V!..-.:-l.~ -o. ”.”. OO-O-.;”T.;.T:: TY -~. . . . . . . . . . . . . . . . . . . .

.—. C.
. . . . . . ... ... . . . . . . . . .

-2000
. . . . . . . . . . . . . .. . . . . . . . .

ALTITUDE
MSL

-FEET

I_Iooo

, II [ 1 I I I I I I I 1 I 1 1 1 I I I I 1 I I 1 I I 1 1 I I I 0 DISTANCE TO
16 15 14 13 12 11 10 9 8 7 6 6 4 3 2 1 0 RUNWAY 14 -NM

r , : , # a 1 TIME TO IMPACT-SECONDS POSSIBLE MK VI WARNiNGS
100 ‘0 80 70 60 50 40 30 20 10 0 (not installed)
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?300’
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kumo APPROACH: fWmblng RIGHT turn to 3300’ outbound on GKN ?&/?? 15,
“eturn to GKN VOR.

STRAIGHT-IN LANDING RV4V 14 CIRCLE. TO-LAND
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~ Pilot: ‘!,.About To &scend to FL 175”
/

/ A7C: ‘!..Contact Phuhat Approach”
/

#

FLIGHT PATH PROFILE
6737-200

Phuket, Thailand
15 April 1985

Pilot: ‘!.M4 Just Missed Mormtainl ,..tiloth Engines
Not Respondhrg! ...Pleasa Turn On Runway Lights!” -

/
Pih: ‘!..On krlUalApprvach - Not Sure Of My Exad I%sitiorr —

DME Not ,Hbrk[rrg” (Old Not Report Being Off Airway)

A7C: ‘!.,OK — Oontinue Approach — Raporf Reaching
3000 F@ And Maintain 3000!”

Circumstances: While on Initial approach, aircraft flew through tree
tops of a 3400 foot mountain. Damage to engines
and right stabilizer prevented aircraft to maintain

-

altitude. Eventually the aircraft Impacted a 800 foot
mountain, 9M NM from first impact.

-

Configuration: Gear dcwn, flaps S

Timex 16:26 />

Tower: “lntonsify Increase@’

Pkt: “Still Cannot Sea Lights”

Other: Asked permission to fly direct and deviated from
Aircraft Proba

Affer 2nd b~,.~ T,tZ,,,IIIW
airway, Descended below MORA before 25 NM,

Fatalllles: 11 A

Profile and terrain astlmafad
(Both CVR and FOR data not mcowwed)

r I 1 i I 1 DISTANCE TO IMPACT
5 4 3 2 1 () wNM

& 1 # t I

-5u--
~o_ -30. -;.. lo- ;.

0
Terrain! TM Low!

7brrakrl Terra/n,etc.

TIME TO FIRST IMPACT
- SECONDS

Probable MK II
GPWS Warning
(CVR data not recovered)

“ 4000

‘-
-

-3000 \ /
\

ALTITUDE

\

MSL
~ FEET

-2000

-1000

-o
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PHUKET, THAH.AND
PHUKET INTL
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Elevenkilled’~:,’/($
in Thailand/6~$j$j
planecrash’,f*’;
“BANGKOK, ‘ThaHand (UPI) & %~l!i

A Thai Airways “etslammed intq}~ .~%j
k’

%
mountain near t e resbrt island of: ;? $
Phuket in a fiery crash that kiikjd ~-,
all 11 people on ;board, officials

\

t’
reported today. .; i&lThe twin-engine Boeing: ‘7X ~a,
aiready had been cieared to 1 nd ;:,;

“!iate yesterday at, P~uket, 540m Ie:”, .;,,,,/
south of Bangkok, where more ;~,;,:,-St
than 100people were waiting aftqr$;~:,;:!;
a iong holiday weekend to bbarcf~:;.!;~!
the ‘et for a return, flight : to~, “Y’”j

kBang ok, ~~~“.’ ~,, .,:,{.::
Officiais said .t$e~,air#)oi tower ;::,:J

received an SOS slgn~i rom Capt.:,” iy$j),
Samart Piamsiri shortiy before they;,,$yj
scheduied landing” and lost radio,,,:.j;fl’

!
contact with the plane’ moments”:#’ ‘!;
iater. .,, .,.. :!*,.>:.

Tile’ vict~ms, foul passenjeri:l~j~~
and seven employees !.of the Tha! ,j’;+
domestic airime, aii ~were Thaj, ~,;:
citizens. The cause of ~ilecrash in @;;
a‘ rugged area 25 rnii+s north of;?;;.
Pimket was under in~estigation.(+,:’+

. . . .
Jlli”iiilllJi[llilllli

,,,

-’Y~--r-
‘9(yJ ““ Al ’20 ~ .30 ~:{) !<Q.,
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Procedure Turn - Altitude
0727 19 FEBRUARY, 1985 B!LBAO,

Error
SPAIN

NO GPWS INSTALLED
148 FATALITIES

On 191h f’ebrum’y 1S85, ● B727 m ~
schtduled nwrnlng IYlrht fmrn M#dt4d
to BllbIo hit t tow-r ,:an top of Olx
m9unf4hl durinr outbound
premdum turn. The BIrcmft WU
cdnflgumd gmr up mtd W19 an an
*PPmtint19 hmdlnr of 0!0 ttcgtws
snd m drspeed of &Jut i10 knots.
1! W6S :omc 910 fwt bdow proctdum
altltudt of 4360 f-t, It WS1 dayttght
md thtrc Wtm Ilght ctoud~ III the
SIVX, Th*m WRIWi48 fttaIItlts.

Thb atrcrcft WS$ not qulppd wfth
GPWS.

Other op8rstorc flying imta INltmo
MV8 mmlved plht reports of
‘unwmIsd’GPWS wmnlngs, and on*
qxrator Imtrucfs plbts to dbcannect
tho OPWS for Y4ightt into Bilbm. Ols
maunmln Is Iocmsd dkmtly sIong the
fllght pnth of th, outbdund prdc+dum
turn md b 33!3$ fnt high with 4il
met*T towem ●bove tha

ktt . . M. TtIt pmc+d”!w hdght k
mblbly mkfng ths h8ight topti;d

4360 kt KIvfnr onlf 930 fc4t of
non!lnal cbamn(w. Th* t+nuntti md
the tower WS* riotsbtw+rt on th,

::%:7 :t&%R:&j%%L
~pP~ch p-alum usQ by British
~lWSyS f~~~ v.’q~ shuws th,
outbound p~U~ tUm hItlst4d At
tho %IL’ NDB. Ths pmsduiw turn

then b clear of lha torrdn, s va.y
dgrdtlcmt dIfr~rame. Another
sigrdficmt dlffwmm b th- tpproach
plate shows the tarrdn mntaaw In
COlour.

Vm’10Ut dtlmetry ●rmrs such ●s
non-ttmdard tQmp9r8Ums and
PIU9SUM ●mrs can wod~ terrdn
cbmmces. m this m$e, s S00 fan
tmmln Cl#srancc ●rror cautd csdly
occur, ●specblly in ths vdntt? tic
t*mpm*tumu.

HAD OPW (MARK II) BEEN FITTED
ff6 THE AIRCRAFT INVOLVED IN THE
ACCIDENT, A WARNINCI WOULD
HAVE OCCllRRED f S BECONDS
BEFORE IMPACT

EQoM: CA7UAY PACISIG ‘&A t‘

3

PROCEDURE ALTITUDE 4360’
.—. — .—. — .—

MK II WARNING
IF INSTALLED
19 SECONDS

2 1 .0
DISTANCE, - NM

TIME - SECONDS

4000

3000

2000

1000

ALTITUDE
t FEET
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INITIAL APPROACH – WEATHER AVOIDANCE
OFF TRACK ERROR

F/O: “Passing ‘Dacon’”
ATC--”Cleared to FL 180”

HO: “Roger”

/“

13727 NEVADO
lLLIMANt

I.Jl PAZ
1JANUARY 1985

32ti0

CIrcllmskmcax lMrrS Mat approach
aircrnfl devlaled from
Intended track In clouds,
(VLF/Omega equipped and
In use). Hll mounlalrr.

Time: 20:15 z
\FrNallllo*: 29 (10 Cfew) CEflRO SIU.A PATA

Possible VLF/SL Waypoint Error?

A)

!1 ,000

!0,000

9,000

0,000

T,ooo

3,000

I I 1 t I t
30 -2a_ ~~ J-sEcoNDs

21a PROBAEILEMKI GPWS WAFINiNG (tF@TAL~ED)

3.S U MKI1 GPWS WAtiNlN(3 (NOT INSTALLED)

16.8 ~ MK WI QPWS EQUIPMENT (NOT lNSTALkt3)
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FLIGHT PATH PROFILE
Bandeirante

Inverness, Scotland
19 November, 1984

Circumstances: Aircraft was cleared to fly direct Edinburgh at FL95 after a
departure from runway 24. Aircraft did not climb to attitude
over field, and impacted hill, freight operation,

Time: 2055

Weather: Overcast. Cloud bases 1400 Wh_rd020/5 kts, +6”C.

Fatalities: 1

Other: Autopilot engaged (Pitch Attitude Hold and Heading Mode)

VOR

- IO(XI ALTiTUDE

INVERNESS
AIRPORT -500

31’

r 1 I m ! 9 I 1
,

0
I I I DISTANCE FROM

1 2 3 4 5 6 INVERNESS AIRPORT
-NM

Next Page

~ ~,~E ~~()~ ,)/f~A~~

o
~SECONDS

I 1
“TOO LOW! TERRAIN” MK Vi GPWS WARNING

(NOT INSTALLED)

91-18
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INVERNESS, U.K.
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727 Hits Lights During
Low Visibility ILS Approach

This is a preliminary re-
port from another carrier.

{9%
On January 4, at 1400 local

time, a 727-100 on a reposi-
tioning ferry flight with six
crewmen on board, descended in-
to the runway 16R approach
lights at Seattle-Tacoma Air-
port during a low visibility
CAT I ILS approach. The de-
scent through the frangible
lights was arrested and the
airplane climbed sufficiently
to land on the runway with only
minor damage.

Weather was: sky obscured~
ceiling 200 feet, visibility
1/8 mile, runway 16R RVR 1800
variable 800 to 3000 feet, wind
010° at 3 knots. The captain
was ak the controls and flew a
normal descent profile until
decision height. A callout was
made at 200 and ‘1OO feet above
minimums and decision height.
l?ollowing the “minimums” call-
Out, the GPV7S activated with
tWo “Glideslope” and three
%ink--Kt@’- warnings. (“Sink
Rate” warninqs take priority
over WGlideslope” warnings when
the enveIopes overlap.-Ed.)
Then, a crewmember called out,
“Pull it up,* three times.
Sounds of impact followed.

The airplane descended into
the frahgible approach lights
near the inner marker, knocking
out three rows, then pulled up
above the lights. First ground
marks from main gear wheels ap-
peared in the berm just short
of the runway. The airplane
then became airborne and next
touched down on the runway at a
point which could not be deter-
mined. Then, ~ following the
rolloutV the captain taxied
normally to the gate.

None of the operating or
deadheading crew were injured.
Crew interaction during the ap-
proach could not be confirmed
since ship’s power remained on
for an extended period after
landing and all portions of the
approach were erased before the
“two hundred above minimums”
callput.

Maintenance found the left
main gear tire damaged and
flat, the right main gear door
.~~p~~.a~~a.a.rr~...=.lcernsrive‘damage
te-
as
of

trailing edge flaps as well
punctures in the underside
the fuselage. c1

NOT< C..IFS on VIM fviv”t.
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Flight Path Profile
A-300

KUAL/! ,LUMPUR, MALAYSIA
18 DECEMBER, 1983

1

Circum51ancex Aircraft under shot ILS Approach 10runway 15 ~
during heavy rain.

T{me: Dusk

Weather: 4 KM visibility, 2/8 500, 2/8 LB 1.700
Rain and Ihr.mderatormeast 10southeast,
northwest and southwest, Tamparakrre 25/24
RVR 450 meter%

Aircraft destroyed by fire, All 241 on board
escaped,

t

1s00

-%. Capt:‘8. . . I have control” (F/0 was Ilying)
“-%, (Captain realigns aircraft on Iocalizer

::m.:~..~,
,:.:.%.:,:+:.:.:.,.,...*. * >. F/O om)ts 200 and 100 foot callouts.
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~_ ,,1
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ALTITUDE

,..%....................... .... . ....... ... ............................................ . ,,+.,.,,$..,. .,, . .,,.,,.,. . . . . . . . . . . . . . . . . . . . . . . . . . ........... .,.+..%. . . . . . . . . . . . . . . . . . . . . . . . ........................ . -%. F/. turns on windsi!leld wipers MSL$...,,...,....................$).. +:+:.:.:+.
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GLIDESLOPE ALERT’PERMANENTLY INHIBITED
(SOFT) BY AIRCRAFT OWNER. COCKPIT SELF TEST STILL CiAVE

(HARD) ‘GLIDESLOPEI’ PULLUPI’ BUT NO GLIDESLOPE FUNCTION.
NO MENTION IN F1.H31iTMANUAL,
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MALAYSIA A300 ACCIDENT SUMMARY

The following paraphrased summary is excerpted from
the Malaysian Department of Civil Aviation accident
report:

On March 18, 1984, in evening twilight, a Malaysian
Airlines A300B4 undershot runway 15by 4595 ft in heavy
rain showers on approach to Subang Airport near Kuala
Lumpur and was destroyed by impact and fire. The
approach, initially flown by the copilot, was unstabilized
and the captain eventually took control about 30 seconds
before impact. The captain continued descending after
passing decision height even though visual reference to
the approach lights was not established. All 233
passengers and 14 crewmembers evacuated the airplane
without serious injury and shortly thereafter the fuselage
was destroyed by post-impact fire.

During the fright’s arrival in the Kuala Lumpur area the
crew was advised of heavy rain showers at the airport and
that RVR was 450 meters; company minimums were 800
meters for the ILS to runway 15. The flight continued,
The first officer began the approach “fairly high” and
right of the centerline. The captain, seeing the first
officer’s difficulty, advised him several times to “fly the
aircraft” but provided no other guidance.

After passing the outer marker, sink rate increased to
1123 ft/min and the airplane went below the glidepath.
The company’s required “1000 ft flags check” callout
normally accomplished by the pilot not flying, was not
made. About 30 seconds before impact, with the airplane
still not stabilized on the glideslope, the captain took con-
trol. Descent was continued (later the captain stated he
thought he was on the g!ideslope and only had to worry
about Iocalizer alignment).

~” fine copiIot, who resumed support duties after the cap-
tain took control, missed the “200” and “100 above
minimums” company-required callouts (he was setting
the INS to read wind at th~ time), but he did call

I

“minimums.” No GPWS “glideslope” warning occurred
! as the airplane descended p~o-v-r below the

gl~ope because’SAS, the turplane’s owner (the airt)lane
was on lease to Mahisian Airlines), had txeviously discon-
nected Mode 5 in accordance with their comp~ny~cy.

A radio altimeter alert tone activated when the airplane
passed the pri?setbug height above touchdown (about 204
ft AGL) but none of the crewmembers responded to the
alert. At: the’ time, the report speculated, the flight
engineer was somewhat distracted by the act of loosen-
ing his seat belt to gain access to the windshield wiper
controIs on the pilot’s overhead panel. The first officer
belatedly called out “minimums” about six seconds after
the radio altimeter tone. At that point, the captain stated
he looked up, saw lights, and continued down. Initial
impact with tree tops occurred a few seconds later 1.08
nautical miles from the threshold on the localizer
centerline. ....
The airplane cut a 2000 foot swath on a 4.5 deg angle,
banked about 7 to 8 deg right, through rubber, fruit and
secondary forest trees, finally skidding to a stop in several
feet of water about 4600 feet from runway 15. The main
gear and both engines were torn from the aircraft, the
nose gear collapsed aft into the fuselage and post-impact
fire, fed by fuel from ruptured wing tanks, totally con-
sumed the cabin from the cockpit to the aft pressure
bulkhead, burning away the fuselage crown from the nose
to the vertical stabilizer. Impact forces were less than 3
g’s and all seats rema~d in place.

The report credited the flight attendant’s selective use of
cabin doors and slides (LH 1 and 4 and RH 1 and 2) for
the prevention of injuries from the post impact fuel fire
outside the airplane and the retardation of the fire enter-
ing the fuselage until everyone had gotten out. Evacua-
tion took about 5 minutes. •1
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Circumstances Aircraft undershot near outer martreron ILS approach to
runway 33,

Time: Night midnight

Waathec Wind 180/05 - Good visual condilion

Othw Autopilot altitude controller set inadvertently to 2382’
Instead of 3282’ (transposed digits). GPWS partially dls-
abledl Glldeslope wires to GPWS permanently dlscqn-
necled by aircrafi owner - no mention in FLT OPS manual. ,

Fatafitles 181 out of 192on board.

——.

““---k4000’ INTERCEPT ALTITUDE

f

Flaps 20

FLIGHTPATHPROFILE
B7~7-200

Madrid
27 November 1983

OUTER MARKER

.,
(GPWS) “’Terrain- Terraint” \

,. Whoop-Whoop Pull-Up! Terrain! =

. . . . . . .-
(Flaps still in transit 10loading)

. ..”.. Commandec “OK. ... OK

BELOW C4LIDESLOPE Autopilot disconnected

ALERTING AREA

F/O: “What does the terrain say, Commander?

. .
‘,

W.282

ALTITUDE
tv4SL

-FEET

3500

3000

25(KI

J 1 i
8,0

I
7.0 6.0

I
5.0 4.0

DISTANCE - NM (FROMTHRESHOLD 33)

& 1 I I 1 i # 1 1
40 30 20 15 10 5 0

GLIDESCOPE ALERT,r -------------------e -------------------- MKIIGPWSWARNING (MODE2B)(WIRES DISCONNECTED)
TIME FROM FIRST IMPACT - SECONDS
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CIRCUMSTANCES: Akcraft letdown on approach using dual INS. The crew looking for visual
contact, but impacted terrain some 32 nm south of the airport. ADF’s indicated
airport to north but were not trusted over the INS positions. Probable
transposition of the Lauda and Dundo latitudes during initialization of the INS’S.

TIME: 2302 GMT Night

WEATHER: Clear, dark, no moon,

CONFIGURATION: Gear down, flaps maneuvering

FATALITIES: 7

OTHER: Cargo, diesei fuf31,14 tons. Aircraft equipped with MK i GPWS. No warning on
CVR. GPWS probabiy disabied. American aircraft, American crew.

Ca taln Ives the approach brleflng and
1’!cals for escant chacldist at 22,44 QMT

/
/

#
/

/
6 F/O: “...

/
The ADF’s show us south... ”

#

/

Ca t:“.../woukfn’t MM that damn thing... ”
/

# 2F : Ytii

/ FA2: ‘... 1000 above” (redlo alt;tude)

Captain: *... Where is it? I can’t
see a damn light anywhere... ”

Flight Path Profile
L-382

DUNDO, ANGOLA
27 August, 1983

r 4,000

Captain: “let’s hold it at 3000.,.
(no further F/O caliouts) ALTITUDE

/_

Aircraft in slow descent,
MSL

turning left -FEET

-3,000

DUNDOField Elevation
—- —-~
2451 ‘

-2,000

39 “ 38 - i7 - 36 35 i4 33 32 DISTANCE TO DUNDO.NM

r 1 “-, I I I 1 1 1 1 I 1
60 50 40 30 20 10 0

•1 /‘-
‘500’ Too Low!-- F[apsl’

etc.

~~- IMPACT - SECONDS

No GPWS Warning
MK WI r3PWS Wamin

7(If installed and operat ens)
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N17sTJcctdentReport
Synops,!sand Findings
Page 2

Exami~ationof thewreckageand the voicerecorderdo not indicateany evidenceof
mechan,fcalfaflureor outsfdeinfluenceswh?chmf ht havecausedthfsaccfdent.
The CVR convers tions indfcated that the two (2) !nartlal Navigation Systems

!indica$ed the a rcraft was overhead Dundo Afr ortwhen it was actuallysomethirty
(30)n?Mtcal mflessouthof thatlocation.in incorrectentryof thelatitude
forPGJ by entryof the degreessouthforPGI (7°S)and theminutessouthfor
LAD (51,0S) couldproducethisnavigationalerror.

If thi$transposfttonof numbersactuallyoccurred,the INSwouldhavebeen
progra~d to go 31,4 statute miles (27.2 nautical miles) south of PGI. The
Angola Operations Manual contains a chart whfch {s used for determining the
HtS coordinates of various airports. The PGI and LAO coordinates are 1isted
adjace~t to one another, i.e.

[
PGI/FNGP S 7“ 23.8 E 20° 50.1
LAO/FNLU S 8° 51.0 E 13°14.1 I

“/10
After the accident SIte had been located, a Company aircraft entered the coordinates
as des$rfbed above at LAD and flew to a location wfthin a mile or two of the
accfdept site as a test of this theory.

The afrcraft left fts crufsirq altitude of FL 190 at 2241W. At 2244GMT the
approach brfeffng was gfven by the Captafn, Including the airport elevation of
2451 feet and the descent checklist called for. There is no indicatfon on the
cockpft voice recorder of any mechanical di fficulties whatsoever, or of any
outside Influences on the f1{ght. At 2252W’ ,theFirst Officer reported the
aircraft was 1,000 feet above the round. The ADFs, fn the o fnion of the crew,
were not haning relfably on PGI. It 22W4GT the crew feels t~ey are at Dundo, /11
based bn the INS fnformat!on. The afrcraft apparently is descended in VFR
condftfons to 30004 MSL (which fs 350 feet above the ground at the accident site).
From that time on, no altitude cal1s are made and the crew is apparently vfsually
searchjn~ for the airport or Its envfrons. Three (3) minutes later, at ,2302GMT.
the aircraft contacted tal1 trees and crashed. /12

The Aq$dan& ~ommitt.ee..ba$ed .on.$nfomtf on !!Vatlabl+.to !t,-!M13Ieves -theSccfdent
resulted from the crews confusion caused by the fnconsistent INS and AOF {indications

i

and al owing fixation on a visual contact with the ground to dfsru t cockpit coordination
!and al itude awareness, thus flying the aircraft at too low an alt tude for the

surrou din terrain.
!

The crew apparently considered the AOF bearings they were
recefv~ng rom the Dundo NOB as being unrelfable when ft appears the
needle$ were ointing fn the dlrectfon of Oundo.

E
Over-relfance on the INS led

the cr w to t ink they were somewhere where they were not, Befng fn the wrong

!locatln COU1d have resultedfromincorrectINSprograming,

Dl)t4~o
2451‘



Flight Path Profile
$-737-200 HC-BIG TAME

CUENCA, ECUADOR 11 JULY, 1983

, Capt: “We Haven’t Yet Passed ‘The’ VOR?”

F/O: “No, We’re Approaching At !O,OOO.”

Capt: “DO We Maintain There?”

F/O: “Yes, Yes, 10,000 Until Passing The
VOR“

GPWS: “Terrain- Terrain- Terrain. ”

1

F/O:

Y I

“OverTheV OR, l’ll Give ltFlaps 30.”

Capt: “OK Fiaps 30. ”

F/O: “Let’s Not Descend Any Further. ”
v13R

Nolos: Aircraft cleared for
straight in VOR
approach to runway 23.

Wealiml: 300 M VFf3 visibility
6 KM some scattered
ground fog.

Imle: 0737 Daylight.

Fatalilles: 119 included 7 crew
members and one child.

Esfinmted
Loss. .$50 M

.

“-.+,

F/O: V,ilGive It Flaps 40.8’

Capt: “40 Flaps. ”

, Capt: “How Many Miles?”

i
.

—-.

‘/0: Let’s Not Go Into The Clouds. ”

Capt: “Ah ?“

FIO: “Very Well -- Letk Go -- Let’s Not
t

Descend Below 8,700 Feet. ” (MDA 9500 Feet)

(Sound Of Stabilization Trim)
F/O:

L

“Let’s See -- Give It A Little -- (Power)”
{Sound Of Increase In Power)

Capt: “Did You See That?”

‘i-%

_lf

F/O: We Can’t Maintain Level Flight Them.”

k. ‘. .—
‘EET

3J

GPWS: “Sinkrate - Sinkrate - Sinkrate. ”
Captain Pulling Up and Adding Thrust

Q
, Impact 15 Feet Below Top

-%

‘->.----
-..---?: RUNWAY 23

THRESHOLI

I I 1 I I I J
e _I-a -4. ---a .-.4 ..4,- .fi

DISTANC&’
t20 110 100 90 80 70 60 50 40 30 20 10 0 - NM

TIME - SECONDS

Next Page

-12000

.11000

ALTITUDE
MSL

~ FEET

.10000

“9000

.8000
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737 Strikes Hill One Mile Short Of Runway At Cuenca, Ecuador

~ 9r3

On July 11, a TAME Airlines
737-200 owned and ~:~rated by
the Ecuadorean Force,
struck a hill during a dayligh~
IMC approach to runway 23 at
Hariscal Lamar Airport in
Cuenca, fatally injuring all
119 people on board.

Weather at the airport was
clear with approximately 6
miles visibility but hills be-
neath the aircraft’s approach
path were reportedly obscured
by clouds.

The aircrafk struck
cloud-shrouded hill, 200 4
above airport elevation, aboue
2 miles northeast of the air-
port. Hitnesaes said thak khe
airplane disappeared into a
cloud bank and khat they heard
the engines spin-up just before
the sound of impact. Wreckage
indicates that the aircraft
struck the hill about 25 ft be-

~low the crest in a nose hLgh
attitude with the gear down and
flaps set to 400. The air-
craft was equipped with a MK XI
type GPWS.

The airport is 8302 ft ab-
ove sea level and has one run-
way 6234 i?k long and 98 ft
wide. Neither runway, V&SI or
appr~mh. Lights- ars i13St.41.Sd *

The approach procedure requires

that the crew continue the
final khree miles of the ap-
proach ‘by ‘visual reference to
the ground after passing the
2D14E missed approach point,
Minimum descent altitude at the
2 DM13MAP iS 1198 ft AFE. This
would have required a 400 ft/mi
altitude loss from the MAP to
the runway. It appears from
witness statements, that the
airplane descended from the MDA
before reaching the MAP. n

-.-0 960 &
bdw. ~’ -’”~ “

w49YsAm/hit&i—!Xudoremciw?manucr161w@aa.l@l,cn8mu.
----’-+aamvof-,--—-.———— . . . . . . . . . ‘1

~c?’k?i?’i! ‘--= wCUWCAI.+122.1 i22.3(0Pf40JC0Nl)

I 2,0 I 7.0 I

w,

MWS1O A??ROKW Climb o heading 231°1010.0 OME at or obowe \ I AOO’,

Jturn LEFT10 heading 01 “ (CUV VOR R.195) lor holding,

$MAloIWW 1ANci?4aRw 23 u CMCU 10tANORWVOS I “m-e~
oswbnkt tl114m QcQ4mau

lg+l?.uvhutbewomtchsara.
.— ___ .’. ._lillm, tTf6j@i&emcQnnudbgt&

~~yggj&&&&
Mc+lcm@l@&
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RADAR ENVIRONMENT
INCORRECT VORTAC FREQUENCY SETTING

MT. RAINIER
C-1A

21 MARCH 1983
33 NM TO GO

11,000

10,000

9,000 ~

Y

:

u

J,ooo

7,000

~ MKII GPWS WARNING (NOT INSTALLED)
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The Last “Safety Net”- GPWS
B 767 LA GUARDIA FEBRUARY 1983

BACKUP TO TWO PROFESSIONAL PILOTS
PROCEDURES, CHECK LISTS, ALL DIGITAL CRT
COCKPIT, FMS, AFCS, FWS, PROFESSIONAL ATC,
ARTS Ill MSAWS

“Descend To 2700 Feet, Cross Grene At 2700 Feet,
Cleared For lLS Approach To Runway 4, Hurry Out Of 4500 Feet/”
(Altitude Selector Inadvertently Set To 0000)

GRENE
R-181 JFK

\
11 DME LGA VOR

I

\

/

(Gear Recycled)

f

(Overhead Reading Light ~
Turned On)

2700’ —
I——. ..— —

/“ (Final Check List
Begins) :

I
I

\

I
/1’

MK Ill GPWS Warning Starts
/ “Terrain - Terrain”- “Pull Up’*

-5000

- 4000

- 3000

ALTITUDE
“ MSL

- FEET

2000

i
I CNJ”” up! #

~1 1000

I OVERCAST - NIGHT

1 ‘\
, I \ 1 Jo

I * I 8 I I I , 1 , ,

14 13 12 11 10 9 8 7
DISTANCE -NM

1 I I 1 I I # I , 1 1 1 1 , i 1 , f

-se -5i - +%- -38 -26- *6- --&- -w- --x% -w-
TIME - SECONDS

r ml i MK Ill WARNING (AcnJA L)
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NEW YORK, N.Y.
..~.AIM~m,t113,1 125.95 / \ LAGUARDIA

F41WvORq Ap,rwh I*)!s, t,r14vth chatt lot II*< u2W M Rwy 4
MauAm]a r.~ 118.7

#.,!
LCK 110.5 IIGA :YI

mo”d 121.7 \ MSA
~ WLOM Apt. Eh. 22

2
4’m ● $/)”’”m.

-.

g.~-o
.——281Q
GRENE

f% w I 1.0 OAM
lC A vok ~ ~.

.?46

On final approach into LGA with the weather 400 foot overcast the

descent was made below the minimum maneuvering altitude. I feel
that a dangerous situation existed this timet and I will try to
give a history of! the events.

Our clearance was *descend to 2700 feet cross GRENE at 2700 fee’tv
cleared for the SLS approach to runway 4, hurry out of 4S00 feet”.

Using the flight level change mode on the mode control Panel ‘e
descended to 2700 feet. The firs~ officer was flying and asked for
flaps 20, gear down.. Acting as co-pilot and doing ~h@ CO-PilOe
duties put the gear handle down and the flaps at 20 . The gear

amber light was on,so it was necessary to recycle the landing gear.

Three green lights appeared after cycling. It was night time so I
turned on the overhead reading light and completed landing check
list. As I wps ~eplacing the check list to the card holder the
GPWS sounded two pull-up warnings and I said “pull-up, pull-up”.
The auto pilot was disengaged and maximum power was added. At
about this point we crossed the LOM. An attempt was then made to
get back on the localizer and glide slope but we were not able to
do’ so. A missed approach was made and another approach in landing
was uneventful. (h the missed appreach the altitude seIect on tht=.
mode control panel indi caked 0000.. Neither of us know how they got
Ehere.

The aircraft was descending below the glide slope all the way down
and did not capture* but wa$ going to 0000 as asked for by the
altitude selector.

I feel that there was some failure in the system as well as in the
coordination of the flight crew~ S feel that we all m“ust be more
cognizant of the fact that the monitoring of the B-767 instruments
must be absolutely primary by both pilots. We may have been save?
by the GPWS and I feel that closer monitoring by both pilots would
have prevented thfs situation. The only reason I write this is to
once again alert each of us to the many traps these new concepts
and the new instrumentation can lead us into. Heads Up is the
.a!le&el&

The author wants to alert B-767 crew members about the uniqueness
of their aircraft and its ins~rumentation. Flight Safety would
like to remind ALL crews, not just the B-767, one pilot must fly
the aircraft and,continually monitor its progress.
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Circumstances: Aircraft hit 150 m short during Cat II
ILS runway 03 approach brnke into
three pieces and caught fire.

17mm 2357 local
Waalhec Ceiling 200 feet. Wind Calm. Visibility

600mt snow
,..

Fatalities: (Fire) 47 out of SOon board,

b
12 Kt TAIL WIND

FLIGHT PATH PROFILE
B-727

Ankara, Turkey
16 January 1983

Card Winds
FAF 67 Kt tail wind
MM: 12 Kt tall wind
Runway Calm

W-282

‘NK’

120 Kta
WINDSHEAR

+ 0.8 Kts/Sec. for 36 seconds
/

NOTE: No windshaar ‘Caution’

CALM WIND

40e. or ‘Warning’ for conventional
““s windahear detection systems

,= rwIvIIwUMS (set for -2.5 Kts/Sec.)

,.-

. . . . ,., ,. . . . . . . . . . . .,. ..O.. .... ..,. ...”..
, . .

. . . .,’ MK’Q & MK”v”l~’”A~’~RT w“~~”~,”~”~’..:. !..:... . . . . . . . . . . . . . . . “.’ . . . . . . . . . . . . . . . . . . . . ...”.- .’.’. . .
. . \/*” ‘:. ‘, ; :.’.’-.”- \\

“,’ . . .

w v .!/ b d, w X’w“ I RUNWAY 03 \ ‘PI
t,, ,,,,,,, ,,,

T I I 1 I * I
~

1 I

0.7
I

0.6
,

0.5
I

0.4 0.3 0.2 0.1 0 DISTANCE TO RUNWAY -NM

DISTANCE - NM

20
*

15
1

io 5 0 TIME TO IMPACT --SECONDS

r I n I 1 MK II (iNSTALLED)

400

300

ALTITUDE
ABOVE
FIELD
-F EET

200

100

0

~ i~
I I MK WI ADVANCED WARNING

‘MINIMUMS ‘CAUTION-SHEAR’
‘MINIMUMS ‘GLIDESLOPE’ /

‘%?’ ‘$’

‘GLIDESLOPE
CAUTION-SHEAR

‘SINKRATE’
‘GLIDESLOPE’

‘SINKRATE
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MONWA~ANfJARY 17 ‘ 1!%3——--- . .. . . . ._. &.__..-

~n Ankam -
As a TurkishJet&ner

Goes Down in Sform

*tLA, Turkey.Jan. 16(AP) - /
‘Ruki2h Airii2tes jetliner carrying L7
pasengers and crew members CI-ANH
while landing in ● stonm at hkaral
airport today atnf 46 people were killed
fhemwhtwfties reported.

Fwrteen passengers and ~all wwr
crew members — 8 pilot, CO-puot slot
four flight atten&@s — -V,,’ fh,

~ officiats said. The aurviwm
were”fakem fG hc+tsts, but their tii<
tioms were not bown.

llre aemiofficiat Anato!ia Newt

tiw -id the_ 727 was arriv.
,J2uf from Manbtd. Government OffL

ciats said two fomigo passengers weru
aboard. One was listed as a Briton and
the other as a Rumantan, but further

. .

%X%$W3%%Y!!:21 or#
natal in Luxembatrg or Pat-k, but i.
dais said it was a dotnesf.ic flight.

tiught Fire&a St Broke Up
The state radio mponed thatthekad

10 Esenboga MrpoI-I WaS c]* to tmf.
fic except for ambulances aod officiaI

=-offiti--said~ tbal phe
crashed at 10:30 P.M. 2:30 P. M., New
York tJme). They said La
high winds cawed the cm? :O”P%IX$
off the runway and itcnught fire as it
broke up.

Attato[ia said m
Y

~“~~#&~~~$’~te%r~E
were fighting to ext@@ah the firs as
Mbcrs putkd the victims frott2 the
wreckage.

Most of the survivors wem ttt the
front section of the plane, the agency

!afd.
Prftme kttkter Bukw Uktt and

;ootmuttf~tiom Minister Mustafa
\ysao wfm to the &e to help oversee
rectte efforts.

TSe crash was the sbtfh involviog a
Turfti4h Airlbtes planes in the Iast 10
years.

ANKARA&$:~

- 0

83W‘
7

ILS Rwy O
090L ~,$oy NDB-1 f?wy O!!

WNICGA70W 118.1

omumi 121.9
‘/ LOC110.3 lAt

Tc8.sk+ W AIC
------

AIIS@ MS T(SMd!, 6SW(3307’)
A%:& Ad. U.W31:

2

- ● -lo
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1
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I
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.
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?.4 3.3 102E 3113’
123 3.9 0.6 , 0 MT.312.Y

MGsroAtVKOACH:Climbto 6400’ (3287’) on 033” within 10 NM of 8UKYOR or ●s



ESTIMATED

Flight Path Profile

NOTES:

Time: O 910 MST

VLF 0 RNAV equipped
“Talklng Altimeter” installed
Landing Gear down
25 FLAP - Climb gradient potentiel
lol~% @ ~50 KTS

Wx: 100 30U.D9oaD
20 miles 20”F
34/4 30,20 .8

GPWS Warning Time shown
for 160 KTS Ground Speed,

Fatalatles: 2

CL-600
HAILEY, IDAHO

3 JANUARY, 1983

RWY 31

3100 ‘

/4/
/

Turning Right ~

HAILEY
AIRPORT

2 1 0

DISTANCE N NM TERRAIN - TERRAIN
ww#-?uii&-uPW5FrRArN

~ MK WI
(Not Installed)

Next Page

8000

7000 MSL
ALTITUDE

AJ FEET

6000

5000

TIME N SECONDS
i

20161050
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APPENDIX D

IMPACT SfI’E
RATIONAL TRANSPORTATIONtiAFETY BOARD

WASHINOTON, D.C. 20594

AFRCRAFT ACCfOENT REPORT

Adrmted SaPtesrbr 7.1983

A.E. STALBY MANUFACTUIUNO COMPANY, INC.
CANADAIR CNALLENORIl CL+OO, N805C

HAILEY, lDAffO
JANUARY 3, 19S$

SYNOPSE4

About 0910 mountain standard time on January 3, 1983, N805C, a Csmadeir
Challenger CL-600, owned and opcrntcd by the AJL Stalcy Nttnufacturing Company, Inc.,
Decatur, Illinois, crashed into a mountain about 2.2 nmi north of the Friedman Memorial
A{~ort, H.giley, Idaho (Sun Vitlley Airport), At the time, the eirptane WaSprrmcding to
land at the airport.

Shortly before the @ccidcnt, N805C had complctcd ms Instrument flight rules
(IFR) FUght from Deoatur to Sun VaUoy Airport end had descended in vfsual flight rules
(VFR) flight conditions. The weather at the alrpert was overcest, celling$ were reported
to heve been batween 800 end 1,500 feet overcast and the visibility was 10 mites. The
bese of tho clouds weru below tho tops of tha stwroundlng mountelrw.

N805C mteeed the airport, flow to the north over the town of Heiley, and into
en erca of lowering ceilings end worsening vtslbltlty. After pas.$h!gfho elrpcrt, tho pilot
attempted to climb above the mountahw.

The akptene was destroyed upon Impact and tho pilot end copilot, the only
persons on board, w!xe k{tled In the crash.

The Netionel Transportation Safety Board detcrmlncs that the probable cmsso
of the accident wes the fUghtcrc w’s failuro to ntftwre to the rcccm mended visual arrivel
preredures for the Son VaUey Airport and Ma falfure to exccu tc tlmol terrain avoidence
actions The reeawm for the FNghtcrew’s faUurea could not be esteb lstted conclusively.
CC4tM2Uting tO the eooldent were nteteOrOhgfcSf conditiene etwJ Ute ebeCWAthtI Of

terrehs feeturee and landmarks by snow that made navigation by vIsual reference end
terrahr avoidance dlfffmdt.

L ISACTUALlNFORMATfON

1.1 Nistery of the Ftktht

At 0613 m.s.t. ~/ on January 3, 1983, N805C, a f:onadair CheUenger owned and
opere.ted by the A.E. Staley Company departed Decatur. Utinois, was on an IFR
RNAV Ii’ Fllght plan to Friedman Memorial AiQort, Halley, Idnho. The route of flight was

~nlees othcrw be noted are mountain stenderd time bnsed on the
24-hwr clcck.

~ # IFR - Instrum.wt F~ht” Rules; RNAV - Area Navfgatkm, e method of navtgetlon thet
permlte ekplana Wtatlfnt on any desired mwse within covcrogu of a station.



INITIAL APPROACH
VISUAL PREMATURE DESCENT

FORTALEZA, BRAZIL
B727

8 JUNE 1982

Circumstances:

Time:

Configuration:

Fatalities:

Hit hillside, on night visual initial approach.
Mk I installed but circuit breaker clipped
because GPWS was not ins!alled on other
airline aircraft. (Aircraft was teased from
Singapore).

02:45 Local Time

Landing Gear Up

137 (9 Crew)

Cleared to 5000 feet, but continued to descend
to 2000 feet, the pattern freight.

Sound Of All;tude Afert 19 NM TO GO
Sound Of Gear Horn — -3000

280 KTS
1992 Feet

...Ara We Cfear Of The H/lls...Here?”

Capt.’ ‘We’re Almost To It...”
2000 ~

a.
t
w

2
ij- 1000 <

10

I I I I I I -NM
5 4 3 2 1 0

i t~ .!! e+Hw4es
60 50 40 30 ;0 10 0

Next Page

~ MKI GPWS WARNING (CIRCUtT BREAKER COLLARED)
r I MKII GPWS WARNING (NOT INSTALLED)
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137 Said to Die in ‘Crash
Of Brazilian Airliner

FORTALEZA~ Brazil, Jmie 8 (AP) —
A Brazilian airliner cmshed into a
mountaintop in heavy rain outside this
northeastern coastal city early today,
killing all 137people on board, air force
rescue teams reported,.

The VASP airlines Boeing”~7, .qa&-
tng 128 paasengem &nd 9 crew mem.
fxxs, was on a regufarly schedukf
flight to Fortaleza from Rio de Janeitu
when it crashed. in the ,Pocatuba Moun.
tains 30 miles south of here.

Ma . IA& @mraga Lopes, coortlina~
!tor”o the rescue operation, said in a

tel@sion intei-view that “the helicop
ters have lot-at@ the wreckage of the
plane and have informed me that, un-
fortunately, there arqno stu-vivo~.”,

An airline s~k&sman said he was
“waiting for the pscue patrols to come
back” tX3f0remaking an official state-
ment on C&ntAlties, !

A report from the air force WUtXih-,
dicated the rescue operation was @ing
hampered by heavy fog and the terrain
at the crash site. The s!ause of the crash
was not immediately known.

$*6 3ooing 727 ‘ W+ktC VASP Nr Fortaloza Schedulad 137 craw 9 0 0 kt~Oye,j
Brazil Passenger G 12s o 0—

The aircraft, which wu on ● night flight froa Rio de Janeiro, crashed into a 2500 ft wood-d htllaide
on Pacatuba muntaia during an UtC descent to Rwtaleza. All 137 on board wera killed ●nd the oiccraft
was doatroycd by topecc ●nd Poee-%mct ●PIo@ion and ftr*.

I
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NIGHT VISUAL APPROACH —
PREMATURE DESCENT i!%:%i%:$::%:’

Night Tacan Approach.Gear Up.

SOULA BAY, CRETE Unlimited Visibility. 11 Fatalities

C-1A
3 APRIL 1982

5 NM TO GO
-2000

- 1500

- 1000

- 500

~ o

t
M
u.

488’
A=D

I I I I I I
3 2

t
1

I
o NM 1 2

J
3 4 5

~ SECONDS
60 50 40 30 20 10 0

0 MKII GPWS WARNING (NOT INSTALLED)
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33 VYW-74W+W WAMIA, GWC6
tl.in SOUDA (LGSA)
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Flight Path Profile

FOtNMTA

B737, (122 ON BOARD)

LOCALIZER APPRO,ACH TO RUNWAY 26L AT NIGHT
ONTARIO, CALIFORNIA

15 FEBRUARY, 1982

[

4000

3000
—.—. —

AL_T;::;E M6L

.,
. , “,”“,

2:

“,.,,., , $..,...,: .. *,. . . . .

#i ,
1 * 1 *

, ,
# t-—————t~

DISTANCE - NM

6 5 4 3 2 1 0

60s0403020100 Simiiar profiie, but 727 missed
t 1 1 : * 1 J TIME TO IMPACT - SECONDS hi tension electrical tower and

wires 15 minutes eariier.

SiMILAR iNCiDENT:
8 Sept 1989 Kansas City B737
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GPWS Incident - Visual Transition
B-737 DECEMBER 1981

r Tower: .,.‘Visibility Now At 700 Molers’ (Was 3 Kill)
... Ceiling 300 Feef (Was 100 feet)

Approach Lights In Sight .,.
... Confinue Approach.’

- 500

- 400

‘Glicfeslope!’ (GPWS)
ALTITUDE

- 3m ABOVE
CapL ‘Go Around!’ GPI

- FEET
GLIDE SLOPE 200

ALERT AREA 100

, u

APPROACH LIGHTS ‘
w w ! v u L. ,/ v

tw ‘o

I t 1 1 , ‘T~# 1 a 1 II I 3
1.0 0.9 0.8 0.7 0.6, 0.5 0.4 0.3 0.2 0.1 0 NM

~————+—4
10 s o SECONDS

~ GPWS ‘GLIDESLOPE
‘GLIDfXUM??E
‘GLIDESLOPE’
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Radar Into Non-Radar Environment
AJACIO VOR/lLS03

NID-80 CORSICA 1DECEMBER 1981

APP: “1308 /t W/// Be As You Want Leh Hand

\ ~-[

Circuit Runway 2/ Or Right Hand Circuit”

APL: ‘:..Just NW AJO W3RLevMg 11,000kr Holding Pattern”

A7C: “Rogef 1308 Report Leaving AJO AJO On Radiai 247 For
Fkral Descent”

APL: ::OK Sic We Are Just Over AJO VOR, And We Are
Requestkrg Further Descent”

A70: ‘!..VJUAre Cleared ToDescend To3,000 And 300 Feet,..,”

APL: “Roger Slq We Are Leaving 11 For 3...”

ECircumstances: Charter Flight, Sr, Pilot Flying,

Weather” Surface Wind 280/20 KTS Overcast

MINIMUM ALTITUDE FOR PROCEDURE
WAS 6800 FEET.

\

HOLD

k
\

I I I ~, ,~M

5 4 3 2 1 0

;,000

5,000

~ Aircraft Rolls Left
Onto Back

ALTITUDE
$,000 MSL

- FEET

3,000

2,000

.1. .,. .,.
1- [“

60 ;0 40 30 20
I 1 1 s I

‘ ‘ ‘A::::::-fzziil

,310

I
:10SECONDS

~ MARK II ~pws



Return to TOC

w)”

0
-.

.

0

w

u

cl26sePeo II I m “ lu$c~lpd ;W&
●%I0,200’
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\/..sfVOR’ILS’ RWY 03

~qy \:oo’ VOR Lctr I?w 03
Loc 110.3 ‘ J =-

“ AK$OR Ant. E)*V t 6’
1

—

. . . .

“ . . .
t

,.

i L--A /’- ..L\c
. ... .

‘#MM4 IN$lRUCTSO+ - ‘wA..

k%%. ‘#”’m

R-231 AJO

\ 4.0 7.

MISSROAWWOACNJLS:At MM turn LEFTand a$ directed. Lctr:3.7 NM after CT 1 ~m -
LEFT climb on 236” from RO Land as directed.

I ,r-)rz’rl

1178killedas
,>,.
..’

. .

Yugoslavjet ‘j
hitsrnountaid[

tiACCIO, Corsica - (AP) – A
~‘- chartersd Dc-9 airliner carrying

172Yugoshwtourists end six crew
members slammed krto a fog-
sftrouded mountain S4miles from
the aiq-wrt here today, idlting au
aboard.

a f%%%%%d%&t!&l~XK

#J%’a#!\nKs,:&%b;:
Caaa Caealabriva, about 30 miles
south of Ajaccio airport, nearly
four horu%after ..adio and radar
contact with the pkute was lost.

Hi ‘I V.’ind$~d fog had ham-
%PSr.? ef~@’StO hcate the tjo~~

plane
P(. ice said tire DC-9crashed on

the vest face of MountSan Pietro.
@xiieswere scattered on the sides
of the m@ntain amen the debris

fof the qirsraft, they es d.
. CiVif-defenseworkem were tak.
en to the scene by police helicep
ter.

Ajaccioairport ISbiacktisted by
the. International Federation of
Airline Pilots Aaseciatkms, which

~says iartdktg’equipment,aids are
not modem enough to gtiide et-
i$eqi .eefely thr@@ auA.rno@ahiS. Tire governyrent con-
(ear@qot enou p!eaes use. the

@,airport.; to just tih$’$9 million
tiew equipment wouldecsf.

‘w”~p-’-” an”aircraap rently M trouble and
@era aai ttrey heati ~one br
more S@4foaiona,posslbiy as ye
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Flight Path Profile
BE-99 CASCADE AIRWAYS
SPOKANE, WASHINGTON

20 JANUARY, 1981

(Xrcumritances: Aircraft hit hill during an instrument approach
Localizer runway 3.

Configuallon: Gear down, approach ffapa
Weather: IMC 3 @ visibility 2 miles, fog

Time: 11:27 PST

Fatalltlew 7 out of 9 on board
..-DME mode selector was probably set to “Hold” posltion---
(On VORTAC Instead of Iocalizer DME)

OLAKE
R-115 (3EG

OR
4.2 10LJ LOC DME

I5000

ALTITUDE
IvFEET

I
MSL

4000

0.8 10LJ-. —-- -— .-— - LOC DME

1’
\ \ \ I 0.2 10LJ

\ I LOC DME
-3000\ \ 2760’ i~- —-— .-— -r LO-

1 I
t 2367’

/“/’/’’ /vV/’/ //0’?/ ‘/ “/ ‘/’/ “ m

}
t a * # I * #I ! I 1 I 1 1

e
8 I

7
DISTANCE ~NM

6 5 4 3 2 1 0

%+I+w++ TIME CVSECONDS
40 30 20 10 0

nn
.500’ ‘ 200’

“Too LOW’’... GPWS Warning Approx 10 Seconds Before Impact.
(Ftaps Not-in Landing Positkmj-@%VHVas Nui-insiaiteu~-

Sowce: NTSB.AAF%81-It
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NATIONAL TRANSPORTATIOtf t3AFRXTBOARI)
WA9HM3TON, D. C. 20S94

AIRCRAPT ACCIDBNT REPORT

AdoP tad July 21, 1981

CA9CADRAIRWAYS, INc.
BEECECRAPT 99A, N390CA,

SPOKANE, WA9Z31NGPON
JANUARY 20,1981

SYNOPSE3

About 1127 P.s.t., on January 20, 1981, a Cascade Airways, Inc., Beech 99A,
operating es Flight 201, crashed during an Instrument approach in Instrument
meteorological conditions at Spokane International Airport. The aircraft hit a hiil about
4.S miles from the runway threshold at en elevation of 2,646 feet. The minimum descent
altitude for the instrument approach procedure was 2,760 feet. Of the nina parsons

atwerd Flight 201, seven were killed end two were injured seriously.

The instrument approaoh procedure the fiightcrew used required that en
eititude of 3,S00 feet be maintained until the aircraft passed the finei approach fix,
located 4.5 mike from the runway threshold. The aircraft impacted the ground near the
location of the fhrei approach fix, which was about 1,800 feet southeast of the Spokane
VORTAC.

The National Transportation Safety Board determines that the probable cause
of the accident was a prematura descent to minimum descent eitltude (MDA) baaed on tha
flightcreWs use of en incorrect distance measuring equipment (DME) frequeney end tha
flightcrew’s subsequent CaUure to remain at or above MDA. Contributing to the cause of
the accident was the design of the DME mode selector which does not dapict the
frequency selected end the failura of the fifghtcrew to identify the Ioceikmr DME
facility.

1. FACI’UAL INFORSfA’iTON

1.1 History of the FliEjlt

On Jenuarv 20. 1981. Cascade Airwavs. Inc..
)

Ffight 201, a Beach 99A,
N390CA, was being op&ated ee a scheduied 14 CFR i35 peas&mger flight between Seattie,
Washington, end Spokane, Weshin@on, with intermediate en route stops at Yakima.
Weshin~on, end M&es Lake, Washi~gton.

The flightcraw reported to the Cascade Airways operations facility in
Weila Waila, Washington, about 0500 ~/ end conducted the preflight activities acoordinff
to Cascade Airwaya procedures. They departed We.iia WeMaat 0604 as the fiightcrew of
Flight 930 end made one scheduled en route stop at Richirmd, Washington, before arriving
at Seattle at 0730.

Ii Ml timeshereinere Pacificstt!ndard,bMedonthe24-hour@lo@k.
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1

=-%..,

.,

Circumstances: Aircraft hit short by 270 feet of runway 14 during
ILS approach. Main gear hit 8 ffJdt below runway
and separated, with nose gear ihlact. Fire starled
destroyed the akcraft. Flight originated at LAX.

Wea\txx Clear on top, but with fog patchea 1000 M visibility
at airfield. Temperature 2°, dew point 2*G. Wind
calm.

Time 0727 Local.

Fakrlllies 15 /228 on board)

~’.
w

255’ D.H.
—----- —

FLIGHT PATH PROFILE
B747-200

Seoul,Korea
19 November 1980

FLIGHT PATH FROM DFDR
OR GPWS WARNINGS HAVE NOT
BEEN MADE PUBLIC

.- .,. . . . . . ...._.“4 >’- —4- ~,—
u . w

I 1
1 I 1 I I

0.6 0.5 0.4 0,3 042 0.1 0

90-282

300

ALTITUDE
MSL

200 -FEET

100

0

DISTANCE TO RUNWAY Tktf3E~WU-O .*-NM

o TIME TO IMPACT - SECQNDS
I Aircraft Equipment with MK II GPWS



Return to TOC

. .,—
●ATS126.4

WCaA*.*(I) 119.1

mumT.SWI118.1 ‘1(’7 ;=

MISSED APPROACiPI PROP Upon reaching DH/MDA, RIGHT turn ~[[mk-on 190°
to 2500’ within 10 NM, then RIGHT turn to SE LOM and hold at 3500’;
JET Upon reaching DH/MDA, RIGHT turn climb on 190° to 2500’ withfh .“’,v~
10 NM, then RIGHT turn to SEL VOR R,300/ 12.0 DME and hold at 4500’.

$lilAl@lT.lN LANDING I&W 14

! do5isA “1’ii’::t” “1 - ~::’:::~!”
M

U1255’UQQI

NOTE: Airport of entry.
Refrain as far as possible from

excessive engine power check from
1300Z to 21OOZ for noise abatement.

1

1
-37-34

P

~
328’ Stopway ,,,,,:.

Elev 41’ ‘:k~

,.:,.
... ~“

..,,,..,.:
,,..

‘~....,

,.,,,,:,.,- “ /3?-4’) Stapway,.,.
F&t O 1000 m ?@)oo 4W0, .. 5oL-s& ,,, ~lev ~,,

1 t I , I
I

II, * &

?!!!3”’ ,
%yj’”~ ‘“’”’}

Meters o soo~ 10CM3 1500 t .,..-
126.47

I
126.48 ........... ,,, ,..,’”./

,..,’”,,,.
t I I I I I I

,.I 1
126-49

1 I I I I I I I I t I I I I J I
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NOTES

Conflgulflllon

Faldlllns!

Flight Path Profile
C-141A
USAF

CAIRO
12 NOVEMBER, 1980

353°
1500’ From

I
Minimum Recovery Time 9.0 Seconds
&gO’’Som

\

t
I * 1 I i t I I 1

40 30

TIME - SECONDS

20 10

‘Pull w

o

ALTITUDE
- FEET

1000

258”
275 KTS

,

%%%’

o

@- MKI
‘ihmk Angle’ ‘Brink Angl# ‘Slnh lIril~; ‘iJui dpi
24 U 14 ~ MKW

10.4
9.7
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FLIGHT PATH PROFILE

B737-200
San Francisco, CA

October, 1980

Circumstances: On departure runway 28, the aircraft began an ac-
celerating but shallow climb, towards terrain. The
crew was alerted ty the lower and departure of the
potential terrain probkrm. There was LO GPWS
warining, MK II installed.

Weather: 5 miles visibility, but clouds to the west covering
hill tops,

ALTITUDE
MSL

CVFEET

2000

1500

1000
1

DISTANCE FROM
RUNWAY THRESI+OLI)

-NM

1 9 I I I 8 i s
f

o 1 2 3 4

“wj ‘i~-i~~~AL~-~-~~~~sWA~lN~- c-- --- -t .----.-
“TOO LOW TERRAIN’’...
~ARNlN(3 IF MK Vll INSTALLED

91.18



NOTES:
Circumstance% Heavy rain showars. Airplane hit short by 203 ~

feet at 1430 local time on II-S DME Runway 07.
Configuration: Gear down land flap. 134,000 Ibs. V th (threah-

old)l V ref 124 Kts
Wealhen IMC, wind 8 Kts 240”3 km visibility, ceiling 130”
Damage $5 milllon, 5 Injured.

WINDSHEAR -0,9 Kts/Second for 10 saconds

!
NOTE No windshear warnina for standardon board

Return to TOC
90.21r2

FLIGHT PATH PROFILE
B727-100

San Jose, C.R.
3 September1980

500

- 400

- 300

-200

- 100

10

-1 1 1 I I i I I I I 1 ~lS&ANCEI , , , i
1,5 1.4 1.3 1,2 1.1 to t 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0

I & 1 , 1 I , 1 * 1 I I 1 & 1 I 1 I 1 I t t , I I t 1 I I 4
30 25 20 15 10 5 0

CAUTION - SHEAR ‘ 1~1
‘GLIDESLOPE

6 TIMES

TIME - SECONDS

ADVANCED SYSTEM
MKI INSTALLED

— MK Vll

ALTITUDE
ABOVE
FIELD
‘FEET

‘GLIDESLOPE

‘2%’
‘SINKRATE

‘1% ‘GLIDESLOPE’
‘SINK,~~TE

‘GLIDESLOPE
‘SINKRATE
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.- pimw,lwlw ‘
CAPT’: ‘Watch My Eopors . . .

F/O ‘1 Suggest A Heading On 122 Actually

~ /1 ~

And Er Take Us The Overshoot .,’
STA TS F/E: ‘Let% Got Out 01 Here~

F/O: ‘Approach ., .We’ve Had A Ground
ATC:”, . Recleared 105,000, .-J

F/E:
F/O: ‘ . . Roger’ , ,

(

CAPT: ‘OK, Overshool . . m
He’s Taking Us Around
To High Ground

\ I 1 1 !
5 4 3 2

I NM
1 0

16,000 Proximity Warning’

‘Bank AI@c?’
Bimk Angle!’

- S,000

- 4,000

“ 3,000

-J 2,000
I 1 I I 1 I, 8 * w ,

60
~ SECONDS

50 40 30 20 ‘ 10 0

ALYITUDE
- MSL

~ ACTUAL C3PWSWARNING

~ MARK II GPWS
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GEAR DOWN

PROCEDURE TURN

FLORIANOPOLIS, BRAZIL
B727

12 APRIL 1980

55 FATALITIES

58 ON HOARD

10 NM TO AIRPORT

,2000

1000

0
I I I 1 I i ~-NM
3 2 1 0

1 I I I I I 1 -SECONDS
60 50 40 30 20 10 0

~::q 44A’~, /F
7.6

“ 74?xA4/.4-~a?ff,i#Af!
#YUUPfcr

/us 777&fE4J
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Advancing The Warning Time With Speed
DC-10 ANTARTICA 28 NOVEMBER, 1979

6,000
I

t
5,000

ALTITUDE
MSL

- FEET 4,000

1
3,000

t

260 KTS
2,000

1

1,000

r
o

F/O: “Yes You’re Clear To Turn Right
There% No High “. . .

CAPT: “/S It?”

F/O: “Yes”

(
CAPT: “NO Negative”

NOTES:
Charter Flight
Weather: White out to good

vkibility conditions
under overcast

Fatalities: 257

!1
F/O: “ . . . No High Ground If YOLJDo A 180”

(
F/E: . . “Five Hundred Feet. .

. . Four Hundred. .
,. Pull up”

~11
GPWS

wARNINt% , CAPT: “Go Around Power Please ,*A’
STAR

‘ ‘ ~A\RcRA~ ROTATED NOSE HIGH AT IMPACT

L I
6,000 5,000 4,000 ‘3,000 2,000 1,000 0

1! I I I I 1 I I 1 I 1 I -1
151413121110987654321 O

6.3

DISTANCE-10•FEET

TIME - SECONDS

ACTUAL GPWS WARNING (COLLINS)

MK2/MK3 GPWS
10.8
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gl.mlolt
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APPENDIX 1

TC ANNEX D REPORT 7

\ // ROSS lSt.AND

.,
....’”,,..,,.
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.,$

MC MURC)O Swwfj

ROSS

ICE SHELF

uu~Iaaa ‘

V-U? ~ :Wm

‘.
‘ . “.$

Computer-death
WWcuw sc&NaJ-wm@rm

II b hard to COllOCiVC Of ● mofa blame
wiry to de-troy an ●ircraft and hs rrccu.
tranls than 10 progmrrtrncthe flight com-
puter to kly straight ●t ●n active vofcano,
and trot ICII the pilnt. According 10 nn
hquhy into lhc Air Ncw 7.cohmd cmsh
on Mount Ercbus in Antarctica in Nov-
embar, 1979, in which 2.57 pcopfa died,
that is exactly whst happcnad.

Ttro aircraft w8a on ● akgkrtscdnttour.
fat Slight.Io Antarctica when (t h{t tlra
12,200ft mountsin. An dsrlier report on
the asddcnt bhrmcd the pilot for Ilyhrg
too kIVI “whcrt (ha crew was not cartain
of their Prrcition”, a cnnchssimrswrmgly
endorsed b the airline, But the inquhy

(by M? lust cc Mahrm, kr a rqrurt Issued
on Mondsy, cleared the crew and blamed
lho uirfine.

T%a judge fmmd that the comprmriscd
roule for the flight, which WM fed ioto
tha aircraft’s mrtomatk pilot, had bacn
altered shorrly before take-off bccauscot
an error in the original data. But the pilor
was not rdkl uf the chmrge,which SWNthe
nircmft on .ndircci pmh nvcr the vnknno,
When the piht! uhtitincd clc:w;mcc (mm
Itm Amwicmi rcwxtrchh;lw m Mchlwrdu
to descend Irctuw Ihe clnuds so thm the
touristscould get a IrOitcrview, he hwl ms
idea that he wirs flying straight at the
mountain.

The Mnhnn rcpnrt dcnouaccd the oir.
Iine’a “inumqrctwrt mlminislmlivc procc.
rtufcs” antt fhe “h!tpha?nrd, informal”
pkrrnirrg rd Antarctic ili~hr$ gcncmlly,
Oh its [ierccst criliciwn wus dkcttcd m
Ihe Idrlin8”Rswsior wrc;utivcs, including

it$ chief cxecutivc, Mr Mowic Davis,
who, saidthe judge, !ricrl 10fh the blnmc
on rhe crew through an “orchestrated
litany of Iicm”, Mr Davis W*S UISUwhi.
ciscrf for his Wrtrtwrdinnry” uctiml in
dcxtroyin~ mnny rckvam duvxrmcmt.

Coming II! a lime when Air Now Zoa.
turd fucet u f211mhwa, tho Mahuo rcpnrt
hss raiavtl qucslitrns abuul the airlino’x
smrwivak”Eiit Air “New ?kakntt i} owned
by the government and, in addilion to
high marks for safety and ssavicc, it is
regarded (quite wron$ly shse ita suan.
glchtrld on farc~ In tact keeps paopla
away) as cswrrtid 10 tho country’s drive
(W tuwtc, tourism and toreign cx~hungc.
llrc iiirlirw is to oppcd u~ainst the
judgc”slimlin~s,

Ttig Mmuonlsr
lt.9Mp:&t9i3t
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Radar Vectors
INITIAL APPROACH PANAMA ILS (I3R

67075 OCTOBER, 1979

( AFC: “.,.~(3SCt317i TO 3600 Feel”.

1“( F/O: ‘!.. Is That Desceni Clearance TO3600? The MSA /S 4100 Feet”

[

A TC: “A{tirmaWe - You Are Radar identified ~iititi%
And Cleared Down To 3600 Feell” ~()()50TUM

~1
5000

4000

~1
3000 ALTITUDE

- FEET
/’”.

2000

/ /
1000

0 MKI WARNING

c—’ MKII WARNING (NOT INSTALLED)
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PANAMA CllY, PANAMA
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IMAkl

(way

~ 4!2
as e

A4M1DA??#OACttIClimb STRAIGHT AHEAD I 440’, Immediately turn RIGHT
~; I ??O hp,.~(qq,cllm~jn J“q/o 2100, imme iateiy Iurn RiGHT to TLJM VOR
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31 FATALITIES

VISUAL APPROACH
RADAR CONTACT

CAGLIARI,SARDINIA
DC-9

14SEPTEMBER 1979

v
300”

NOTES:
During approach with radar, piiot
reported visual ground oontact and,
elected to not foliow NDiIapproach,
procedure. He letdown to the West
to avoid weather.
Fatalities: 31 (4 crew)

—

12 NM TO GO

\
t’

t,,lf

I I t 1 t I 1 I J -NM
4 3 2 1 0

L 1 A I

60 50 40 30 20 10 0 ‘SECC)NDS

1000

2000

1000

D
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Radar Vectors
MISSED APPROACH CHITOSE PAR 18

6747 JAPAN 1 AUGUST, 1979

WA 5400’
MRVA 4000’

ATC: .,, ‘Heading 090 Maintain 2,000’

m

F/o: ... ‘Maintain 2,000 Heading 090’

A TC: ... ‘Headhg 090 Mainlain 2,000’,..

F/O: ‘Maintain 2,000 Heading 090’,.,

ATC Conservdions
~ With Olher Aircraft ~
i 25 Times For 2% Minutes
I
I
I
I

‘- Terrain -’

I (GPWS)
I 090°245 KTS

(
A TC: ..s Turn Lelf Heading 360,

4,000 over
I F1O; Ltdf Headhg 360

Turn

Initiated

4 TC: ‘Turn Le{t Heading 300

- Mainfain ~0 Over -‘

A TC; “Turn Left Heading 300
Climb And Maintain 4#0Q Over’

A TC: ‘Heading 300, 4,000
How Do You Read?

F/O; Wending 300, we
Are NOW IWi Up!’

I AIRCRAFT
# CLIMBS TO

Next Page

/“7
& 4,000 6,000 FEET

3,000
ALTITUDE

MSL
M FEET

/“: ;,000
#’0

Terrain ! Terrain !

MISSED ‘Pull up! Pllli up! ...

~ APPROACH (GPWS Staffs) “ 1,000

INITIATED

14 13 12 11 10
4

9 8 7 6 5 4 3 2 1 0
NM

,~1-+f-+w+
60 50 40 30 20 10 0

TIME ~ SECONDS
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Capt.:

Next Page

Radar Vectors
INITIAL CLIMB/DEPARTURE

B707 RIO DE JANERK) 26 JULY 1979
NOTES*

So We Are Under Radar -
- That Means 7’heorefica/ly
Nothing Can Happen T(JlJs’--

(ATC busy with other aircraft communications)

(

Capt. “We//,Cagias 1s 20 To 33 Miles, 2,000 Feet’

1 Freight: ‘Night Departure
ATC told to maintain heading and
speed up.
Weather: Overcast - drizzle
Fatalities: 3

Cant. ...’And h Risirm lh To 4,000’

, Capf. ...‘2,000 Feef’
ATC ‘LH--Turn Right,Turn Rightheading’140,Just Now: 3,M0

_k

1
Over”

Ff3:Preftv Hiah - These Moun!ains Here’
“---Hansa527, I Turn Right, Heading 140 and climb without restrictions---’

2% G
PULL-UP

~1

2,000

Pzz!!5V

ALTITUDE
MSL

xFEET

/

/

/ /
1,000

/’ / ///
.

/

L
~

1
4 3

lNM~
2 1 0

I I k 1 t
I # I

1
8 v #

60 50
i

40 30 20 10

~

L I
17 SECONDS

TIME-SECONDS

Jmat61.M.ABK.!.Gm!Ys

MARK VIIGPWS
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‘SUN’
N13B

1400’

Flight Path Profile
DHC-6

ROCKLAND, MAINE
30 MAY, 1979

Circumstances: Aircraft hit shorl by 1.0 NM during NDE?LOC Rwy 3

approach. F/O Flying

Time: 2055 Night

Configuration: Flaps 20 (normally 10 unlil IIeld insight)

Weather .3X % mile visibility fog, calm winds

Falaliliea: 17 OUI of 18 on board

““v
100 KTS MAP

,f0611

C&
...:,::::,$.p:::@J::.::::.~.,.......,.,.................,+++,....p...<.!f..>:,...,#.,..................

4 3 2 1 0

DISTANCE TO FNJNWAY-NM

* I t : 1 1 I I 11 1 I 1 I ,
I 1 { TIME TO IMPACT-SECONDS

90 80 70 60 50 40 30 20 10 0

o ‘MIJNIWOMS- MINIMUMS’ GPWS ALERTS (NOT INSTALLED)

cI’200~,100,

Next Page

1500

ALTITUDE
MSL

- FEET

1000

500

0
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Outer Miwker
At 5 NM

Flight Path Profile
DC-8-63F

COLOMBO, SRI LANKA

..
Summary: During An ILS Approach To Runway 22, The

Alrcrall HII Shorl By 1.16 NM

Wealhec Heavy Rain A! 1 To 2 NM From Runway,
Possible Windshear.

Time 23:28 Local

Fatalities: 183 Out Of 249 On Board

Possible Problems Wilh Glide Slope Transmiller Devialion
Senslllvily Or/And Inoperative GPWS Compuler. (No GPWS
Warnings Or Alert)

F- F/E: “Landing Flaps”

15 NOVEMBER, 1978

r F/E: “7hen WrJ Hava Fiag Scan”
?... *’No Flags”

/ rF/O: “Runway In Sight”
Capt: “The Ughta On Now”
F/O: “’The tJghfs Are Comhrfj On”

Next Page

[

2000

4 ‘1._— 2
. . . .. .

1 0 RUNWAY 23
DISTANCE-NM

-t I
a
I I

I
t

a
# I

60 40 30 20 15 10 5
~ TIME IwSECONDS

c ----------3 MK i (COLLli’k) CALCULATED WARNINGS-- ”----- ----
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GPWS Incident - Initial Descent
30 MILES WEST OF WEST OF SAN FRANCISCO B 747 OCTOBER 1978

398 PASSENGERS & ‘CREW - NIGHT WITH LOW CLOUDS
,!

A 7C: ... ihdar Identified ...
Cleared Down To 900U At Pilot’s Discretion

FIO: ‘O.K. .. . Down 109’

CajIf.’ (Resekwfs Autopilot - Altitude Selocfor)

[

ATC: ... ‘Can YOLIfiasef Your Transponder?’

F;O.’ ‘ox.’

— (C3phin hwcdvcd h Inforestmfl But —
Non-aviation Iiclah?rt Commsatmn With Tw;
Ofher ‘Dcod Mudinf?’ Crrp/oifw --

F. C) ,&trl FIE Olstractort Whilo Discussing
SIIhjc~f Of Checidisfs And I%ol Durn.J

CONTINOIJS GPWS ‘PULL UP’ STARTS ~

..

;ftpl; ( To F/E) ## ,.. ‘Get That Thing (GPWS) 0//!’

~:0: {Mentiilly - ‘What’s Wrong
Wi!h The Radio Altim@er?’j

lBaromefrlc Alfirnefers Reading O(WUI Fee!]

HO: Disconnects Afltopilot
Initiates Pd/ Up

1

3000

F/E: Sets Climb Power ALTITUDE
Capt.’ “What Ark You Doing?”

I
MSL

f/0: ‘Somofhirw’s Wronff
* FEET

Wilh Our Allit;do!’
i

iooo

/ Capt(s) ... ‘oh\ My God!’

#

/{

1000

\
‘-

,-150 Feet Radio A/tifude
.* M-h--

&—__..l..
~o

~_.——__J “
4 3

\
2 1 0 NM

~-~oTIME - =CONOS

@!!!9 A MARK I WARNING
‘P[ll.l (1P’

MARK H

“TOO LOW - TEFTllAIN [FUIJST7UUD)
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A COCKPIT MYSTERY
and a Reque6t for
Information

An engineer ●nd designer
of GPWS equipment has requested
Ghat we ask your opfnlon ●bout
● pussl~np crew ●ctivity whiuh
nesrly caused thkee jet er8n8-
port controlled flight inCo
terrain accidents. More than
likely, based on his statistf-
Ca1 ●nalysis, many more inci-
dents of thfa type occur but
are not reportod.-Sd.

The enginber writes:
‘Duried in the mUltitud~nc~f
commercial air carrier
dents, a cockpit mystery exists
that needs examination by the
industry,

“It appears that every mil-
lion flight hours or so, the
Altitude Selector in the glare-
shield is set ko ‘0000’ on ap-
proach with the Autopilot en-
gaged. In mo8t cases the pi-
lots detected their error be-
fore getting too low, but in at
least two separate incidentu
(one a 767 and the other a
747), the error went undetect;;
until the GPWS activated.
another 747 incident, a Winirnum
~afe Altit::d Warning (WSAW)
activated an alert air
traffic controller saved the
day.

‘The 767 captain is to be
highly commended Eor his re-
porkt but unfortunately ::::
incidents go unreported. ‘
is missing from these rarely
reported incidents~ is an ex-
planation or 8uggestion on why
the Altitude Selectot’ was Set
to ‘0000’ with the AUtOpiiO&
engaged or engaged at a latetr
time.

r“- “‘1
l-ml’ FAIL

‘TWO thoughtful people have
independently suggested that it
may be related to the Altitude
Alerter function. Their theory
is that some pilots may habit-
ually or subconsciously be set-
ting the Altitude Selector to
‘0000’ or some high altitude
value that will eliminate the
distraction of a possible Chord
*C4 tone during final -
preach. The Altitude Alert,apa
descendent of the “Altitude Re-
minder- irJ now integral in most
cockpit designs to the Flight
Director/Autopilot Altitude
selector and it is possible
that this 18 the making of a
common mode error. Ilowever,
the reason or reaeona may be
more subtle or complex than an
altitude alert theory. INt
whatever the reason, we solicit
your help in identifying the
reason , for this crew error.
For certain, with no action, it
will be only a matter of time
until there’ is an accident.*

Can you help solve the
mystery? If yOU have any
thoughts on this, please let us
know. a



Circumstances AlrcrMthitshort.d uringASRa pproachtorunway25.

Wealtxm 400 fc!etovercast, 4 mile visibitily, fog and haze wind 190
dogroes nl 7 Kls.

Configuration! Landing,

Time: 21:20 CDT Night

Other: F/E lurnad off GPWS

Falalitie% 3 out of 58 on board.

Return to TOC
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FLIGHT PATH PROFILE
B727-200

Pensacola, Florida
8 May 1978

F{O ‘Down To MDIY
App ‘Turn Right Heading 250

App.: ‘....The Jet Just Ahead Of YouJust Missed Approach...
... Position Now 4 Miles From Runway...’ -1500

F/O: ‘Thank You’

Capt: ‘Gear Down -- Power’
Capt “Landing Final Check List”

ALTITUDE

F/& ‘Landing Gear And Lever,,, MSL

Standing By On Final Flaps’ ‘FEET

App.: ‘Do No! Acknowledge Further 1000

Transmissions...3-1/2 Miles From Runway
And On Course’

F/O: ‘Down Three Green’
Capt.: ‘Did You (Get)Your Thing?’

F/O: ‘Descent Rale’s Keeping II Up’ “ 500

J
F/E ‘OK Just A Second’

GPWS Pull Up Starts App. ‘...3 Miles From Runway - Cleared To Land -
Reporl The AirWrt II You Get It In Sight,
Turn Left Heading 248’

J
I

F/O: ‘Hey, Hey,Wo’m Down To 50 Fool...
GPWS Disabled

10
a 1 * a 9 II 1 I
6 5

I
4 3 2 NM FROM

RUNWAY

, I 1 , I n 1 t n # 1 a
1 v I n I

>OM2-’0
50 40 30 20 10 0 SECONDS

500’ ‘SINKRATE ~
I 1 ACTUAL GPWS WARNING
Pgu..u+j

\

‘SINKRATE
‘PULL UP ~ MKVII WARNINGS

‘PULL UP
‘MiNIMuMs tiINIMUMS - ‘T% LOW FLFP8

‘SINKRATE’
‘SINKRATE’ -’100- ‘SINKRATE’ -’50



Flight Path Profile
B747

BOMBAY, INDIA
1. JANUARY, 1978

Ckcumstarrces: Whife departkg Runway27 at night,Captain lost controlof
aircrafl and it crashed. Faulty ADI suspected,

Time: 14h41’30”GMT (20:111ST)

Fatalities: 213 (23 CP3W)
Max Altitude 1470’ ,X F/O.’ “Use rnkrel”l

250 KTS ; F/E: “(he (his (st{

270°66° roli ,’
/ ;’

p

Plot: “Happy New Mar to you sir -
“wi# rsport L3avkrg80-- -“

/
170 KTS / t3° Agjfrt 1(0 right ma.

270° Heading Beginning of Begins roll to left buitding
Wings level roll to right to 12 degrees/second Probable

roll rate Loss of
Radio Altitude Lock

RUNWAY 27

Return to TOC

2000

t by)”

1500

ALTITUDE
MSL

1000 - FSET

500

110° Left Roll
— 330 KTS, 15,000 fpm

205° Heading

o

8 1 I I : I 1 s I DISTANCE TO IMPACT
4 3 2 1 0 - NM

4 * 11 I I @ 1 I I I a I TIME TO IMPACT

80 70 60 50 40 30 20 10 0 w SECONDS

l-y;;;~l
NO GPWS (MKI) WARNING Of Controi Wheel

(Loss of Radio Altimeter Lock) 40° Left to 0°1200 Right

‘BANK ANGLE’ ---
~ MK WI BANK ANGLE

14 SECONDS CALLOUT
(34% DEGREES)
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GPWS Accident - Radar Control
SALT LAKE CITY DC-8 18 DECEM13ER, 1977

+4 Mlnutsx
CW)C -“0.K Will HOW No?th Of The VOR (SLC) IWOO. Rbht rUnU O.K?’

ATf2. ‘Thu’8 Cm Notthw@ Of W VOR At i?f100R{ght hml”

CWC ‘O.K. Now CanWe GoA/I Leaw You For A Utt18 Mlnut#Y
,., Wa Want* (XI San Frsnciaco A Mtnuta’

A Tt2. “Fraqimncy Chmg# Approwif

Cap{: “Oh Ah H$fb Ah Salt Lake -. Wa’fo f%ckf

AT12’ - You’re Too Ctom ro Twrcti On Tho Right

[[

Sldb For A rum ad rO rho VOR ..
Make A Ldt Turn ttackTo The VOR.’
C** “,. Say Agdn?’

r

Arc: . ... vdfa rOOckxo rO T9waln -
Mako A f.ctt Turn ftack
rO rh8 vow

AT(2’. Cflmb Immadataty
. Maintain=

Ca&’-Out Of6Fof9’

rt%babh Pull UP by c/O

‘omNwup 1-

Ir Pmbabto Push (% To 1s”
Nos, tJP At 23 T!l by c4t&

~ ATC ‘ .00 VW I’hva
Laft Turn - UgM Contact
Initlatad With rho @xm07

KayadWO

I I t * I * J
6 5 4 3 2 1 0

7amw&dn’

Pun Upl -

7000

ALTITUDE
MSL

-FEET

SECONDS “

MI(I WW$ WARNING
(INSTALLED)

MI(VII (NW?
WARNINci
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I / \ -4437”

Voa

143\”
2t OM#

10 NM%
I
I

U-,* ~
(1074’) ,

wssm AWWAW Climbing RIGHT turn hcadin 300° to W10’, intercept
1outbowsd SLC VOR R.249 to STANWURY IN .

pw,.

,.,7212’
:t: 12031?g.

:: 72.s2’
J

34s”
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Circumstances:

Time:

Weather:

Configuration:

Fatalities:

Other:

During a VOR/NDB approach to runway 1,
the aircraft impacted short of the threshold
by about 4 Nfvl.

Dusk, 1113 GMT (1843 Locai)

Heavy rain, wind 140/6 kls, visibility 4 KM
24123 C

Landing, 35 flaps

34 out of 90 on board. 42 seriously hurt,

Very shallow descent ang[e of 1.44 degrees
from FAF, and 1,48 from MAP which was 4
Nfvl from runway

“W3A” VOR
~r@ 12.5 NM

e 2000’ FAF CROSSING ALTiTUDE

r F/O: “One thousand”

t-- F/O: ‘ fipproaching Minimums”

FLIGHT PATH PROFILE
DC-8/62

Kuala Lumpur, Malaysia
27 September, 1977

——

HMAP
‘NM’
NDB

F/O: “Seven Miles ~rom VBA VOR)
Capt: “This isn’t getting well” 2000

F/O: “Four hundred --- One fifty”
1000

—-—. —.— --
MINIMUM DESCENT ALTITUDE Capt: ‘After passing this, .

750 FEET MSL Power Reduced

o

ALTITUDE
MSL

~FEET

I a I I @ i # I I i 1 1 I DISTANCE TO
9 8 7 6 5 4 3 2 1 0 RUNWAY THRESHOLD

IWNM

I I v I s I I I w I 1 1 , 1 m I * I 1 I v
110 100 90 80 70 60 50 40 30 20 10

j TIME TO IMPACT
NSECONDS

NO GPWS INSTALLED

9t-la
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KIJALA LUMPUR INTL

RAP $at. All
to “m 3100
2$ “m nom

VOR 15

“% \ & ( -“~<

I V0810ME
,,00, A,, ,,!

‘r2.a .7a



Noles:
Cifcumstfmcew

Pilot Ifainifrg incident. Auto-
Coupted iLS approach to
150 feet. MLssed approach
milialed in heavy 10
moderate rain. Airplane
touched down short.

Wrmti)er:
ll15EDTE15@ 3T76
36/02 29.8 +
1121 EDT E15(t) 1 TRW 74
29/08 293+

t3amag9
$190,000

Calculated Flight Path Profile
DC-8-62 N 1810 INCIDENT

DADE-COLLIER, FLA., 10 MAY, 1977

Check Capt: “Airspeed -“
“You’re 10 KTS Above Vret.*9,

I MM

-1-

-2 Dor~ow ~---
--~

A ---

Check Capt: “Runway In Sight.”
“Let’s Land”

Autopilot
Disengaged,

Check Capt: -- “Watch It”

‘6 0:5 0:4 0.3 0.2 : 0.1
I ,

Return to TOC

500

400

ALTITUDE
300 - FEET

.200

“loo

GPI . ~(JNWAy 9
, . . .. fl. fl

~120tY—’————+
I

tiIsTANcE -NM
*796’ ~

RUNWAY

2 KTS/SEC
THRESHOLD

+7 +5 44 +3 +3 +2 o -2 -5 -6 -7 -3 -2 EST’D WIND -KTS

I I I I I 1 ! I I I [ I [ 1

20191817161514131211 1098
I 1 i I 1 i !
76 5 4 32 1 0

TIME - SECONDS
MKI INSTALLED BUT
NO MK1/MK2 WARNING

“~ “MK5
$OMQATE “
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RADAR VECTORS
INITIAL APPROACH

QNH BAROM&iRIC PRESSURE/tEMPERATURE ERROR
(1400 TO 1500FEET) ’DEEP LOW PRESSURE TROUGH ALOFT

B727 SALT LAKE CIN - FEBRUARY 1977 iMC
rcf*.2w~tirb~-

~A@ MAuaiI tl,WO -“

BAROMETRIC ALTIMETER mnon
-140QT0 WO mm
OuP Low PRessunrTnouolt ALOFT

1 .:’:,;
m la W ta~,

I ALmMETnY ERRORS - WINTER 1s84- 1s8s I
mm DATA(CWwsWARNINGS)

AwwOR’r MINIMUM ERROR DWANOEFROM TOUCHOOWN

ABEROEEN -33t FEEr I lWM
+lt FEm 17NM

GENEVA -a FEEl’ lWM
-2s8 FEEr 2mJM

NzwcAsrLE +3? FEET ZINM

R&&Vi?crols
QNH Oeromelric Pressure/7’ernpereture &mr @fOOto 1500Feetj

Deep Low Pressure 17nuughAM- B727Sa/tMe Ciiy
(Felnuaty 19nlMC)
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In !11

1111 i am
#

AN INVESTIGATIONOF REPOR~ OF
CONTROLLEDFUGHTTOWARDTERRAIN

By Richard F,Porter and
James P. Lcomis

April 6,1981

Prepored under Contr@ No. NA$2-1~ by
BATIEL!X C~MJoWi~OMTONU

Mxntaln Mew, California

AMESRESEECNC13aER
NAllONAIAERONALMU

ANDSIACEADMINISTRATION

—
-.

One occurrencereport presentedconvincingavidence that the WA in one

incident occutred. Thare can be Iittls doubt, but that the CPWS prtventmd ●

catmtmphe in this incidentt

“...on a r$dar vector to (name) tha GPWS accuatxd tith a
r-d light md ‘Whoop+hoop Pull Upt. At this the we
wera...at an assigned ●ltitude of 11,000 feet. ...radlo

●ltfmete= was observed to pass 2500 feet rapidlyand
powet %?SStoitittid, cltmb attitude established. The
radio altimetes psssed through 800 feet and gradually
stareedup during the climb. ..there was a deep lew
(ccoush) sloft, ●rid..the aircraft was 1400 feet Iewer
than indicated...-

At the time of che ocemrence, the MVA was intanded to provide a

1000-f oo c mergin. In the reporter’ e opininn, even a rwised 2000-foo’tmargfa

ues not entitely adequata.

.. — —
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Radar Vectors
INITIAL DEPARTURE PALM SPRINGS 30

LEAR 246 JANUARY 1977

(
“N 12MK At 20 DME”

“ 9000

‘“...mdlntain 9000 --
W Keep You Advised”.

- 8000

... YOU Can Expeci Fwfher Clearance ~ ALTITUDE
Crossing The 20 DME Sir’! - FEET

- 7000
‘“OKN 12MK Climb To Maintain 17 Thousand’;)

“ 6000

DISTANCE FROM Li’FTOFF J 5000
- NM

1 i I i I I t I
14 15 16 17 18 19 20 21 22

~ TIME-SECONDS
30 20 10 0

t==2=l MKII GPWS WARNING
(NOT INSTALLED)
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Radar Vectors
INITIAL APPROACH SPACING MEXICO

DC-9 17 OCTOBER 1976

F/~: ...“tiOW About? ... ‘

A TC ‘Standby One!’

[

CapL-’W/raVshe doing (0 us?’

#W-’Hei1 He> Pulting Us
In rho l_oolies!’

Capf,-”Let’s Gel The t-tell

[

out 0/ Here!’

F/O-’Power?’

CITY ILS 05

Capk “Ladies and Gentlemen... sorry about
that...but we had to take an evasive ‘
maneuver to miss a lost little airdane’

~w-’ “ I. . . ,., >
( “0:”%’%%0’’’3;’:’.i

s.

- <:,,+

GPWS WARNING

$1

1’

STARTS

,/,

,.

1 NM

---

13,000

92,.$00
1-%

/
12,000

/

/4
/1

11,000--.’”

ALTITUDE
MSL

-FEET

10,000

9,000

‘- DO-161 MARK I GPWS WARNING
“T’M.;e ~7t?,H& ! W,tj A@w+ <

~ MARK II GPWS WARNING (NOT INSTALLED)
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~,,,,w MEXICO CITY, MEXICO

.0

“\/’d
LIC. BENITO JUAREZ

“>f?? ,,,,rn 1~ f?wy 05R ~tPo
,! ~$A Loc109.1IMWX !%. ~3@

MEX VOR Ant. flow 734 ]
&
$00

0

l-la

sa62+F

MM(P).~

tet ?bmo
MM(P). I

WON: ADMOR YO
lf!CRISID F110141

I.11

:+,,ti

*

1Q44 Al,<”. #,, S.11,., ,- M11118AN
IINCMU.0 a.avg.o

(1447’)
-— ____

lCM S2’

~ OISMACEO IhRESh6 104.3 0.s o APT. 734 }
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c-...

Radar Vector
INITIAL APPROACH
,,, ,

PREMATURE ALTITUDE CLEARANCE

PORTLAND OREGON 20 JULY 1976
,. .””.

..

GPWS MKI WARNING - 5000 ALTITUDE
MSL

4000

3000

2000

1000

“ “-’ -—. - -..

‘)
/’

. . ;/””’,..

DISTANCE FROM HUNWAY
x NM



FLIGHT PATH PROFILE
B747-100

Kuala Lumpur, Malaysia
11 May, 1976

Next Page

F/E: “No flags ---”

[l-

10 flag set
Capt: “Flap 20” (Not heard by

FIO or F[E because of Rad A/t
continuous tone.

II RMAP
NM

Circumstances:

Time:

Weather:

Configuration:

Injury:

Damage:

Other:

During a VOR/NDB approach to runway 15, the aircraft
fiew through trees short of the threshold by about 2 NM.

Night, 1220 GMT (19:20 Local)

Ciear, 15 KM visibility, calm wind, 25/22 c

Landing, fiap 25

None to 122 on board,

Damage to hydraulic and electrical systems on all main
landing gear legs. Strike marks on fuselage, landing
gear and engine intact.

This incident preceded 27 Sept. 1977 accident using the
same VOR/NDB approach procedure. (Very shallow des-
cent gradients and MAP 4 NM from runway),

‘--J
~ndinggel#E!l / Capt: “Flaps 25”

down

1/

/ F/O: “25 from 10?”

/
,/ F/O: “---100 feet above ground level!”

.—. — -—-— -..——— .—.
MINIMUM DESCENT ALTITUDE 880’ MSL

—m”

‘w

Capt: advances thrust ievers and rotates,

Capt makes heading change to 1522/
reduces thrust and slows ---

~ “ /“. ‘.’ .

Flaps at 25

r2000

11000

0

ALTITUDE
MSL

~FEET

\ 900 fpm

t i I 1 1 T i , 1 # a I 1
9 8 7 6 5 4 3 2 1 0 DISTANCE TO

RUNWAY THRESHOLD
I_vNM

I 1 1 I I t I 1 I I I I I I I I I I I I I # 1 t f
120 110 100 90 80 70 60 50 40 30 20 10 0 TIME TO IMPACT NSECONDS

~ RADKIAILHfWZf’ER H2NEL(Jv$0.SECX2NDS-DURATIQN)

NO GPWS INSTALLED

91.18
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KUALA LUMPUR INTL
RAP 2ef,AB
!0 “m 3700
n“. Mm

VOR 15

I VCWOMC I

22.0.70
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IV07’CS!
#H41w%u,’ Af,j#d* /4s

“ a.ppda.ub + Wuuytil

-.

I
-.—

‘“’”-””-~
‘“”-”-Ttt
‘-’ “:“-~-”

.— - l---J

,AITN’UDC

“*FEET
400

M.\o I
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Flight Path Profile

EAL FLT 576, B727-225
RALEIGH, N.C., 12 NOV 1975

F/O: “Five Hundred Feet-C#roundContact”

F/O: “Therek The Uh, Fiashers Just Ahead”

Capt: “Wipert In High”

(F/0: “OK - There’s The Runway”

F/O: “Looks A Bit To t-OW”

-–%.
rAL FLT 72il 8727.22S landed 14 mlnules ahead of
:t/11w;oi OIItIIpPM wtlh QMKI (WV&, ‘We Caplaln @@
lB~W;lti uktll(td h) o dus(xml k43tOW Ihtl @dtlE!OM by
VA!il w III NW L3PtVS }{8 look control Irom Iho F/O and
compldlod the approsch+mdlng.

Notes

Ckrmmstancex Heavy rain, possible wind shear
Airplane hit short by 282 feet of runway ‘C3LIDESLOPE’:

at 2002 EST
,145 K1 i

--- +260 FPfU
Configuration: (hear down, 30° flap

.- /#&
&

##~ “---

Weather: 10(D20@4 mile vislbliity 160”/6 KTS

fwingw $1.1 Million, 8 injured out of 139 on
. . .
670 FPM

board.

F/O: “Rafe Of Oescenf
TOO High”

S/0 - “Number 3
Won’t Reverse”

I

F/O: “Rate Of Descent
Too ffighl”

-’~ ,

580

-400}

-300

-200

-100

-o

9 :1

n : I I # 9 9 I I # I I I DISTANCE
1.2 1.1 1.0 0.0 0.8 0.7 0.6 0.5 Q.4 0.3 0.2 0.1 0 - NM

I # @ #

140 14s . 14? 14s 147 AIRSPEED - f(TS

I $ 1 B B 8
39 ‘ 25’ 2Q- ..~~ .~&. .*“- ..:. -~*~~-

MK2/MK3 [—]
NO GPWS INSTALLE?I

MK5 ~~]

ALTITUDE
ABOVE
HELD

- FEET
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NOTES: Charter Flight
During Initial descsnt aircraft’s right
wing tip clipped mountain top. Number
4 engine cacelie damaged. During
recovery, a Dutch Roll developed and
three engines came off. Aircraft impacted
some 3 miles or so,

Weather: Unlimited Visibility,No Moon.
Time 04:30 Looal
Fatalities: 188 (7 crew)

PREMATURE DESCENT

AGADIR, MAROCC(3
B707 MSA 7400’

3 AUGUST 1975
.-------------

\–
24 NM TO GO

ATC: “ CLEARED DOWN TO 4400 FEET . . . CONTINUE
YOUR DESCENT . . . REPORT WHEN ESTABLM-IEI) ON IL!%”

CAPW “ — ROGER”

1 I I I 1 I I I 1 I wNM
5 4 3 2 1 0

L 1 1 I I I I 1 1 t

60 50 40 30 20
~-SECONDS

10 0

7000

6000

~
Il.

5000 ~

i?
I-J
a

4000

3000



Return to TOC

.- AGAOIR,MOROCCO
IOAOIRAlrwrr 118;30 APA ElmdJ2t lNEZGAt4E

V4r. W W
0? NOT CONWU4CUSI

10CAIOR ND8 US Rwy 29
CM 2.6 10C 109.3 AGI W-”

,m@rQa&

20.30
W N(31CONW41MW

+*’3’20’
k $}$-’ ‘**’”o’ 1

.,2339’
d: $

#70’
;

i
!
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Radar Control
INITIAL APPROACH MCCHORD AFB

FAA Controller Cleared Wrong Aircraft

C-’I4I 20 MARCH, 1975

(SEATTLE)

To Descend
ARTS Ill RADAR

~1NOTES: Aircraft hit 100 feet below

------- ATC: ...“C/eared From 1000 Down To 60”,

“OK, leaving For 6 Thomwd

4!. CO?AUC8

v‘// ‘

~ 8000

- 6086

- Sooo

- 4060

- 3000

ALTITUDE
M FEET

J 7000
I i I 1 I I 1 t I
9 8 7 6 5 4 3 2 1

~ DISTANCE -NM

1 1 9 I 1 I I I t t 1

‘t10 100 90 00 70 60 50 40 30 20 10
~ TIME - SECONDS

n r -r U MKII GPWS WARNING
(NOT INSTALLED)
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NAVIGATION ERROR INITIAL APPROACH
COLOMBO,SRI LANKA

DC-8
4 DECEMBER 1974

NOTES: Charter Non-skdd
Hit mountain during Initial Approach
Reported incorrect position to ATC.
Possibly misinterpreted range marks
on Weather Radar ukfxi apparently to
determine aircraft’s position. Also
possible large Doppler error.

Time Night 16:40 GMT
Fatalities: 191 (9 crew)

\
1

F/Ck “WE’RE 14 NM, OUT OF 7000 FOR 6000.

ATC “ . . . DESCEND TO 2000 FEET . . . REPORT
RUNWAY IN fRGH~ 38 NM TO GO

F/O “ROGER - WE ARE CLEAREO TO 2000 FEET ONE ZERO ONE ZERO
*

FOR RUNWAY 04 KILO ALPHA TANGO OR FIELD IN SIGHT.”

ATC”,.. ONE THREE EIGHT:’

L 1 I * ., I 1 I I t

5 4 3“
‘NM

2 1 0

-?5000

- 4000

- 3000

- 2000

- 1000

I f I I I 1 J
60 60 40 30 20 10 0 ‘sEcoNOs

r---- -—-1
.- _--.4 MK2c/&&#Z GA#S~

II {<0 G4US /us?xuac3
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Radar Vectors
INITIAL APPROACH DULLES VOR/DME 12

57271 DECEMBER, 1974

NORMAL APPROVED INSTRUMENT APPROACH PROCEDURE ALTITUDE—. —.— .—. —.— . —.—

“...Terrain Clearance During Radar Vectoring

Is The Responsibility Of The Pilot In Command.”
FAA Policy Pre 1975

500’ Flad. AIL Tone

(
Capt.
‘Get Some Power On(

A T(2: “..,Cleared For The Approach”.

I

1 I I I t NM
4 3 2 1 0

kl--40--Ay-&--- _&l-&-1+
60 40 g.

TIME-SECONDS

Ie.O DML

4,000 -- J
l\

1
3,000

I
I

2,000 I

ALTITUDE
MSL

-FEET

1,000

DO-161 GPWS (NOT INSTALLED)

MARK NOR M GPWS 0407’ INSTALLEO)
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CIRCUMSTANCES: During a strai ht in VOR/DME Runway 33 approach after 4 hr 12
!minutes flight rom Edmonton, the aircraft impacted 2-1/2 NM

short, Gear down 100% flap

TIME: 0016 MST

WEATHER: Initial ceiling thin obsured,,visibility 1 mile, blowing snow.312Q/23
ids, later 1/8 mile -11‘F

FATALITIES: 32 out of 34 on board

# I -

Flight Path Profile
L-188

REA POINT, NWT
30 October, 1974

~

NOTE: Very low approach slope procedure -1.7° I NO GPWS INSTALLED [
which introduces possibie visual misperception.
Refraction error 20 to 1010 making the pilot
believe he was higher than he was.

4000

ALTiTUDE
MSL

-FEET
<. 3000

%.
aQ~

=%..PI?+%
. .810D0

.% .% .\-
2000

1,5Q ..+
—. .\.

\.-

—. —.—. — .—-—. —.— J-f-.................. . ........ ..... .—. —.— .- .—. —.—.
.“.”.”.”.”.lw~.:.:.:.:.:.:$.,.’.......... .,.:.:.:.:.:........ ..... ..m.m.o.o............................ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . ........................................................ . .

I I I I
10 9 8 i’ I 5

Byam Channel Melville Island

DiSTANCE TO RUNWAY-NM

I , 1 I I 8 I I I 1 II I I I I I 1 i I I I I [ I

3-~
120 110100 90 80 70 60 50 40 30 20 10 0

TiME TO IMPACT - SECONDS

❑ ❑ Possible MK WI GPWS Warning

‘500’ minimums - /= (No GPWS Installed)

minimums! ‘sinkratel’

g$ttosso %!%! ...
(10 times)
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CIRCUMSTANCES:

WEATHER:

TIME:

FATALITIES:

VOR/DME non-precision approach to Runway 36. Airplane hit 2.9
nm short. Airpiane equipped with QFE/QNE Altimeters (4 2 Radio

JAltimeters and “EAL” terrain warning system set to soun if at
1000 feet and not on giideslope. .C+eardown - Landing fiap

x -40 UI1200 Patches of fog.

07:34 E,D.T.

70 out of 82

I 1

NOTE: Very iow approach slope of I NO GPWS INSTALLED
1.7° for approach procedure!

“Glldeslope not captured’
Alerting tone/llght
Altitude/Terrain

/

Warning Alert

Non-peMrent “conversation”

“---Now all we got to do is
find the runway---”

I

I

\

Flight Path Profile
DC-9-30

CHARLOTTE, N.C.
11 September, 1974

8 7 6 5 4 3 2 1 0

>-~
DISTANCE TO RUNWAY--NM

5,000

ALTITUDE
MSL

4,000 -FEET

3’000pgy::

L2,000

----- w
1,000

Runwa 36
/’7648 F long

748 ft elevation
,0

~
o TiME TO iMPACT - SECONDS

Possible MK WI GPWSAlerte.CNO.G%+ ~n~[aiiadj.

/cl /00 Sinkrate!

‘500’ ‘100’’50’’40’’30’‘lo’
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INITIALAPPROACH — WEATHER AVOIDANCE
LA PAZ
(2”141

18 AUGUST 1974

16 NM TO GO

ATC: “ . . . CLEARED TO Ft. 180.., “

! 4 ,

4
~ -NM

; 2 1 0

L I 1 I I I I I
40 30 20 10

I -SECONDS
o

20,000

$9,000

t8,000
~

t
Uk
o

~17,000 .J
.4

16,000

1s,000

~ MKU GPWS WARNING (NOT INSTALLEO)
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1A PAZ, BOLIVIA
1A PAZ AIIW.UIOS” W,l ,pch eh,ti b lr~, KENNEDY INT’L

M PAZ tew” I 18,3

voa 115.7 PAZ L%:
GIwti 121.9

Cla, VO#WOME

Apt. [I.” 1331(

N-n

l&Tr/ . .

13711; %L-

18.n

*

\

-“”N\( “;>s;
Altwn.1,,WI.,,. MINIIAR3

1?,0 OA4s %0 OMf V04 (INCWFS . . hq..,,l

16mYf I to SW=

(?1$4$)

~~ 1.

09}9%
44

1’
‘ IkANS lfVfL SY AIC

1 66 ‘) IRANS Al I, MOOIX4W41

I { 131W,

?.6 ? 3.0

1$--

nwvovn 1310 ‘
API. 133

MISSRIS APMOACis; RIGHT 10 17000’ heading 160° within 15 NM obioin
iiV3SmetiunrfmmC0 WR0t;

SS SIRAIOM IN tANOINfJ RWV O*R .
I CL O+ AND

w. I O%XX7V4,)

0Av I 14iGNr OAV ‘,”

M ‘+

nlow

r

<Ml@ WI*,,*, M*— VI!
A

i
W-2,8 km s4Ps.4.8km

c
l:#lf

4,8Wkm NA

I ! o
I

I
1 , I I

1“

VASI mqwtod let ntqhtlamlmq.
i
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NAVIGATION ERROR=
INITIAL APPROACH

BALI
B707

APRIL 1974

F/O: “I’M GONNA HOLD MY ALTITUDE

I

- 1000

ho

1 I I I I 1 I I I 1 1 I I -NM
6 5 4 3 2 1 0

I I I * I t I I I J -SECONDS
..fig.. EQ.. .-~~.. .-~Q_ ~fi. -In. n_

t I
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Flight Path Profile

PAN AM FLT 806, B707-321B N45PA
PAGO PAGO, 30 JAN 1974

Capt: “Let Ma Know When You Go( The Runway”

f’
F/O: “Now You Hava The Runway”

‘[O: “you% A Little High” (VASt)

I

(Sound 01 ~k3C!fiG Stabilizer Trim)

(FIO: “150 KTS”

‘/0: “You’re At Mlrdmum”

‘IO: “Field In Sight”

F/O:’’Turn To Your Right”’

[

FIO: “140 KTS”

Nolex Haavy rain, night lLf3
approach, posalble wind
shear

Conflgurallom Gear down E& [laps
Wlndshleld wipers on

Waelher: 23:39 Local time
E16c)40UIV 1 mile
-RW 040/22 KTS

Lows 97 fatalllles, 101 on board
$35 million

ALTITUDE
MSL

- FEET

I

I I i r r : I
1.s 1,4 t.3 1,2 1,1 1!0 0!s o,(l 0.7 0,6 o,a 0,4

r 1 1 1 1 I 1
0.3 0.2 0.1 0

INSTANCE - NM
I I I * 1 1 1

168 1s7 164 148 148 144 140 AIRSPEED - KT8

700

200

600

400

300

200

100

.20’

0

I I I 1 I 1
26 20 15 10 0 TIME - SECONDS

;fJINKRATE’
‘GLW5ESLOPE’ NO”OPWE INSTALLED

k

WINKflA’7E’
MKWMK3

“PULL UP’



NOTES:
Circumstances Flight 923 scheduled flight

Auto-coupled ILS approach to
175 Irxt wi(h tail lo headwind shear.
Autolhrottles Iett angaged.
V19ualIrensltlon at 175 feat
in moderate rain.

Wealhoc 3X, 3/4 mile visibility, fog, moderate rain
~ &/3S 2997 RVR 3S00

Tima:
Loss Al;craft Destroyad $21.5 milllon

3 seriously hurt, 13 Injured OU!of 168

1.8 KTS TAILWIND

Flight Path Profile
DC-10-30

BOSTON, MASS.
17 DECEMBER, 1973

NOTE
NO WINDSHEAR CAUTION
OR WARNING FOR CON-
VENTIONAL WINDSHEAR
DETECTION SYSTEMS
(--2.5 KTS/SECOND)

7-IA ‘ q(2p6 MM
. Ii m I +o.8 KTs/sEcOND WINDSHEAR I

S0-256

Return to TOC

500

400

300 ALTITUDE
- FEET

200

100

J
34’ TCH

GPI

1.0 0.9 0.8 0,7 0.6 0.5 0.4 0.3 0.2 0.1 ~
DISTANCE -NM

P-
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Flight Path Profile
DELTA DC-9-30 FLT 516 N3323L

CHATTANOOGA, TENN. 27 NOVEMBER, 1973

Notet
Clrcumskmcex kilt $hori in Heavy Rain, possible wind shesr @kIf 11#

coupled approach 10 runway 20.

Weelher: 44D11(92 Miles vlslbltlty, lhunder810rm8 calls nearby
wind 100/6 20 KTS at 2000 feet Heavy rain,

Conflgurallon Landing

Loss Hull dashoyad $2.5 mllllon 10 Inlured OUI of 77 on
board

(Heavy Rain begins at 2.2 N.M,)
Capf: “Put ‘Em (Wipers) On Fast”

f
Capt: Jf3art/o) “i(i/l Tim Rabbits Please”

,,
F/O: “Two Hundred Feet”

AIP Disconnected
F/O: “One Hundred Feet Above Minimums.”

F/O: “1 (30tta Plus 5, Sinking To Nine”

FIO; Pius 5, Sinking To Ten “

‘CJLIDESLOPE’

-“----- -.. --------- -
—

Tli

ALTITUDE
AHOVE

GPI
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‘ o (673’

! * a , , 1 & * * * , i

1.3 1.2 1.1 1.0 0.9 0.8 0.7 0.6 0.6 0.4 0,3 0,2, 0.1 0 .1

\ ~ I(TS HEAD WIND
DIS&JCE -NM

I
*

12s 120 124 11s 110 116 120
A(RSPEEO - KTS

t , *
30 23 20 1s 10 6 0

NO GPWS INSTALLEO

MIC2JMK3 ‘SINKRATE’ X 1
m ‘PULLUP’ X 1
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NOTES: ?vMitatyCargo Flight Contract
Improvised approach procedure.
Hit mountain slope while using
VC)R/LOC DME for Runway 27.

Time: 14:33 GMT Night
Weather: M 5+ 45/45

300/25 G33
Fatalities: 6

INITIAL APPROACH

COLD BAY, ALASKA
DC-8

8 SEPTEMBER 1973

NMTO GO

-4000

FiO: . . .
Ffo: . . . “

“RADIO ALTIMETEfi ALIVE . . . “
WE SHOULD BE A LITTLE HIGHER

THAN THAT OUT HERE, SHOULDNT WE?” - 3000
CAPT: ,. ,*INO,,.. FORTY 13ME... yOURE ALfJiGHT,” F/O “FOLM HUNDRED FEET

FROM SOMETHINGI”

k
u.

- 2000 ;

F

s

- 1000

I I I I
-0

1 I
&

f ..o.~-
5 ~- - ‘

2 t

Next Page
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CIRCUMSTANCES: Radar vectors to ILS approach runway 4R. Co-pilot flying. Flight
Director a Sperry unit. Sin Ie mode selector. No Mode

tAnnunciator - crew traine on Collins Flight Dkector, CW manual -
CW - Go-around wings level. Radio altimeter installed and
working.

‘EATHER: 400 overcast 1/2 mile visibility fog 130Q/4 kts RO4 VR 1406

TIME: 11:08 AM EST

FATALITIES: 90

I NO GPWS INSTALLED I

“-
~->.-~>”-.~ Decision Height 216 feet ----

Flight Path Profile
DC-9-31

BOSTON, MASS.
31 July, 1973
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Minlmumsl
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Possible MK Vii GPWS AlertsTvVarnings

Glideslopel @ 25 seconds before impact
(No GPWS Installed)
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PROCEDURE TURN

PUERTO VALLARTA
DC-9

20 JUNE 1973 CONDITIONS:
h

L
Scheduled Flight.
VOR runway 4. Fast and high outbound
with procedure turn-off approach plate’
hit ridge.
Time: 22:00 Local
Configuration: Landing gear down 15° flap
Fatalities: 27

17NM TO t30

I I I I 1 I I I I
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30 20 $0 0
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- 2000 t
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PUER1O VALLARTA, MEXICO
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CIRCUMSTANCES: Fllght from Madras to Delhi. ILS inoperative
(reported just as approach approved) NDB
approach Runway 28. Gear down, 40° flap. Struck
power lines, boulders. Tore right wing off and right
engine off... fire.

WEATHER: 8/8 1000 ft, 2/8 4000 ft, 800 meters, visibility (a
change from 5000 meters just before outer
marker) Wind 220/20 kts dust storm

TIME: 21:57 1ST (16:26 GMT)

FATALITIES: 48, 17 survivors

NO GPWS INSTALLED ‘Marker - inbound---”

I/ 4iYFlapSelectml

/

h/

Flight Path Profile
B-737-200

DELHI, INDIA
31 May, 1973

I I
RadioAltimeters installed and working
Probable Cause: Inadvertent descent
below minimums and a combination of
circumstance weather, and pressure to
complete approach on pilots.

F/O: “---I1OOfeetl”

/

MM

, Capt: “---Can you see the runway!---”

No!---”
!

—-

-

—.—. — .—. —. .—. —. —.—. — . .—. —. —.=. — .—. —. —-—.

3300 FPM’
F/O: “---NNO---NO/---l

F/O: ‘O en Up! Open Up!
JOpen p! Capfainl

860’ I
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CIRCUMSTANCES: On a non-scheduled frei ht flight (horses), the air lane hit short of
r Prunway 89 by 1.8 nm. M nimums were 400’-1 mi e. Weather was

blowing snow. Possible sheer

CONFIGURATION: Configuration was gear down flap 50Q,CVR/DFR U.S. Back
course approach with low intensity lights and strobed runway and
lights.

TIME: 01:07 Alvl local

FATALITIES: 5

1

Flight Path Profile
B-707-321 C
EDMONTON

2 January, 1973

Return to TOC

NOTE: Very low approach slope procedure - 1.59’U Tower: ‘3001 hrtematlonai, Now do you read?”
This is a good example where “teips/PANOPS should be

//

Cept: “--.Congng up the back marker”
improved - there should be a minimum approach slope Tower: *--Cleared to land- whrd 270

gradient, A nominal would help give consistency. to280 at 30 altimeter 29.40

I

NO GPWS INSTALLED

Frozen

/

AS-AD

Lake Gravel pit

Hit trees 100 feet above
runway height
clipped 3-22 KV lines

1 I I 1 1 I 1 I
8 7 6 5 4 3 2 1
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&?#&a2zu4’+ 20 10 q60 50 .4P .!! ___ _... . . .. . .
u u i’
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1,000
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MIJ&msl ‘sinkrate?’
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I 1
Clrcumstrmm: l)udrrg(3CA tippronch10runway 18, ahcr@Ihit

1/2 NM short,I)ayllgh! 11:36toed time,
Wealhaf: cel~m %00 fee!,vfsibllfty10 Idk. Wind 380/

8 l% 29.83 inches,Ilgtrlralrrshowers,Scnllered
Q, broke$rQ at MOOIeet vls!bl!ly10nodh t.5
mitrts.

Fritalillew 4
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FLIGHT PATHPROFILE
DC-8-63F

Naha, Okinawa
27 Jtlty 1970

1 J

WINDSHEAR +1.2Kls/Second for 12 seconds I

t5 KI TAILWIN(J WAStttX OUT

TAILWIND BUILDS AGAIN
*

/

[con!rolter)

2v*0

N0T12 No wlndshearwmrdngfor s!andardwind.
shear de!ecl[oneys[ems( -2.5 Kts/Sec.]
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?L
e ht seven,..ons mile fromtouchdown
d ghll !etrof coursekrrnleftheadingone
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o

‘-\. -=%.
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CIRCUMSTANCES: FLT 810 returning to
Vancouver after No. 2 engine
fire light. No other reported
problems. No. 2 engine
stowed. Only one buckled seat
belt. All others unbuckled.

WEATHER: Trowal -- some icing, winds 70
~;;a.J5000 feet, 85 kts at

?

TIME: Night 19:23 PST

FATALITIES: 62

I I

Flight Path Profile
DC-4-M2

MOUNT SLESSE
9 December, 1956

Data Source:
DOT REPORT #56-16
AirCanada Archives
27 Jan, 87 Don Bateman

\7”=-
14,000’ MSA I

[ 220”
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L ,g,,() ps~
“--- 810 requesting descent to 10,000 feet--”

>
—

[

Chiiiiwac
Lake

<tlJ,@,,,,u&,,*

4

Ml’. SLESSE

—

10 9 8 7 6 5 4 3 2 1

DISTANCE - NM

9,000

8’000~
55 NM

7,000

$4,000

3,000

2,000

‘Terrain - T&raln!’ Whoop! Whoopl
Whoop!’ ‘Pull Uri Pull Up! pull UPI’ pull Up!

NO GPWS Installed
(MK Vll GPWS Warning shown if it had been installed)



CIRCUMSTANCES: While on a ‘Contact Flight Rule’ approach to Morgantown, the
aircraft struck a mountain approx. 6NM ENE of the airport.
Flight was from Pittsburg to Birmingham with a stop at
Morgantown.

WEATHER: 1000 foot ceiling, one mile visibility,

CONFfGURATIONS: Landing gear and flap retracted.

TIME: 17:00 EWT

FATALITIES: 20

OTHER: 50 watt radio homing beacon inoperative.

Flight Path Profile

DC-3
Morganlown, West VA

14 April, 1945

Pennsylvania - Central Airlines

It is most probable the pilots mistook the Cheat River (east of the airport) for the
Monongohala River (west of the airport) while visualiy trying to locate the airport.

Minimum Instrument flight altitude -3300 feet south bound
—.—. — .—. —.— .—. —.— .—. —.— .—. —.— .—. —.— .—. —

r- 3000
“... be advised its OK to go in... but if it doesn’t look good

~ proceed on to Ciarksburg...” CLOUDS

Cheat
Aflml,mbin

1;
“... we will take a look and advise”

2%-8+Ehx&ucW -1 I 1 I I f

5 4 3 2 1 0

I I I [ I I I I I I I I I
1%3 90 6fJ 50 40 30 20 10 0

I

Too LOW! Terrain!

– 2000

- 1000

?-0
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CFIT Accidents/Incidents Indexed by Region

Organized by Robert Chapin, http://captainslog.aero/?p=1395

Note the original pages are in reverse chronological order.

City Region Date Type Orig Page PDF Page

Anniston Alabama 6/8/1992 Be-C99 401 554

Anchorage Alaska 11/1/1993 B-747-200 339 492

Cold Bay Alaska 9/1/1973 DC-8 712 865

Gulkana Alaska 8/20/1985 LJ-24D 614 767

Juneau Alaska 11/12/1992 C-12F 387 540

Kodiak Alaska 11/1/1993 BAe JS-31 341 494

Unalakleet Alaska 6/2/1990 B-737 476 629

Edmonton Alberta 4/2/1993 A-320 367 520

Edmonton Alberta 1/2/1973 B-707-321 718 871

Tamanrasset Algeria 9/18/1994 BAC1-11 287 440

Pago Pago American Samoa 1/30/1974 B-707 709 862

Dundo Angola 8/27/1983 L-382 629 782

Luanda Angola 2/8/1988 B-707 570 723

Antarctica Antarctica 11/28/1979 DC-10 661 814

Posadas Argentina 6/12/1988 MD-81 558 711

Phoenix Arizona 1/25/1994 A-320 317 470

Little Rock Arkansas 1/29/1990 G-II 492 645

Alice Springs Australia 4/17/1995 IAI-1124 257 410

Cairns Australia 5/11/1990 Citation-II 479 632

Young Australia 6/11/1993 PA-31-350 361 514

Santa Maria Azores 2/8/1989 B-707 541 694

La Paz Bolivia 1/1/1985 B-727 620 773

La Paz Bolivia 8/18/1974 C-141 706 859

Cruzeiro Do Sul Brazil 6/22/1992 B-737-200C 399 552

Florianopolis Brazil 4/12/1980 B-727 658 811

Fortaleza Brazil 6/8/1982 B-727 641 794

Manaus Brazil 1/29/1995 DC-8-62 267 420

Rio de Janeiro Brazil 12/31/1987 B-747 576 729

Rio de Janeiro Brazil 7/26/1979 B-707 669 822

Sao Jose Dos Campos Brazil 9/19/1986 EMB-120 591 744

Sao Paulo Brazil 3/2/1996 LJ-25D 241 394

Fort St. John British Columbia 1/1/1994 DHC-8 321 474

Masset British Columbia 1/11/1994 LJ-25 275 428

Prince George British Columbia 11/1/1987 B-737 580 733

Terrace British Columbia 9/26/1989 SA-227 514 667

Vancouver British Columbia 12/9/1956 DC-4-M2 720 873

Brown Field California 3/15/1991 HS-125 457 610

Long Beach California 10/1/1988 MD-80 548 701

Los Angeles California 6/1/1994 Merlin III 297 450

Ontario California 11/16/1990 B-737-300 468 621

Ontario California 2/15/1982 B-737 645 798

Orange County California 2/19/1989 Ce-404 537 690



City Region Date Type Orig Page PDF Page

Palm Springs California 4/13/1995 A-320 259 412

Palm Springs California 1/6/1977 LJ-24 686 839

San Diego California 6/1/1990 A-320 472 625

San Diego California 6/1/1990 A-320 474 627

San Francisco California 1/1/1995 B-737-300 279 432

San Francisco California 10/1/1980 B-737 654 807

San Francisco California 10/1/1978 B-747 675 828

San Jose California 5/1/1994 B-737-400 311 464

Urumqi China 11/14/1993 MD-82 335 488

Denver Colorado 5/1/1992 DHC-7 407 560

Denver Colorado 5/16/1986 B-727 596 749

Durango Colorado 5/16/1986 FH-23 572 725

Grand Junction Colorado 2/1/1994 BAe JS-31 313 466

Gunniston Colorado 10/1/1993 B-737 349 Missing

Bogota Columbia 3/10/1993 MD-80 371 524

Cali Columbia 12/20/1995 B-757 245 398

Cartagena Columbia 1/11/1995 DC-9-10 273 426

Cucuta Columbia 3/17/1988 B-727 565 718

Medellin Columbia 5/19/1993 B-727-100 363 516

Windsor Locks Connecticut 11/12/1995 MD-80 247 400

Ajaccio Corsica 12/1/1981 MD-80 647 800

San Jose Costa Rica 1/15/1990 C-212 494 647

San Jose Costa Rica 9/3/1980 B-727 655 808

Soula Bay Crete 8/3/1982 C-1A 643 796

Dubrovnik Croatia 4/3/1996 B-737-200 237 390

Ercan Cyprus 2/27/1988 B-727 567 720

Copenhagen Denmark 7/1/1989 DC-10 523 676

Djibouti Djibouti 9/17/1991 L-100 443 596

Cuenca Ecuador 7/11/1983 B-737 631 784

Quito Ecuador 3/5/1996 MD-11 239 392

Quito Ecuador 5/4/1995 G-II 255 408

Quito Ecuador 12/10/1992 Sabre 383 536

Quito Ecuador 3/1/1992 DC-8 417 570

Cairo Egypt 11/12/1980 C-141 653 806

San Salvador El Salvador 8/9/1995 B-737 249 402

Coventry England 12/21/1994 B-737-200 285 438

Leeds-Bradford England 10/19/1987 Be-200 582 735

London England 7/3/1988 A-320 556 709

London England 7/1/1987 B-747 584 737

Gambela Ethiopia 8/7/1989 DHC-6 519 672

Ft. Lauderdale Florida 5/1/1992 B-737-200 405 558

Hurlburt Florida 2/20/1989 C-141B 535 688

Miami Florida 5/10/1977 DC-8 683 836

Pensacola Florida 11/1/1993 DC-8-72F 343 496

Pensacola Florida 5/8/1978 B-727 677 830

Basle-Mulhouse France 12/1/1991 MD-80 431 584



City Region Date Type Orig Page PDF Page

Bordeaux France 12/21/1987 EMB-120 578 731

Hebshem France 6/1/1988 A-320 560 713

Paris France 1/6/1993 DHC-8 379 532

Paris France 9/15/1991 A-320 445 598

Strasbourg France 1/20/1992 A-320 425 578

Valence France 4/10/1989 FH-227 533 686

Atlanta Georgia 1/1/1995 B-727 263 416

Rome Georgia 12/11/1991 Be-400 433 586

Athens Greece 1/9/1994 DO-228 319 472

Athens Greece 3/24/1992 B-707 415 568

Nea Anghialos Greece 2/5/1991 C-130 461 614

Samos Greece 8/3/1989 SD-330 521 674

Point-A-Pitre Guadaloupe 12/1/1989 B-747 500 653

Maui Hawaii 4/22/1992 Be-19 413 566

Molokai Hawaii 10/28/1989 DHC-6 506 659

Tegucigalpa Honduras 10/21/1989 B-727 512 665

Boise Idaho 2/17/1990 B-737 485 638

Hailey Idaho 1/3/1983 CL-600 639 792

Chicago Illinois 11/15/1993 B-727 333 486

Ahmedabad India 10/19/1988 B-737 546 699

Bangalore India 2/14/1990 A-320 487 640

Bhuntar India 7/9/1994 Be-200 293 446

Bombay India 1/1/1978 B-747 678 831

Delhi India 5/31/1973 B-737-200 717 870

Imphal India 8/16/1991 B-737 449 602

Ambon Indonesia 7/24/1992 Vickers 395 548

Bali Indonesia 4/1/1974 B-707 708 861

Palu Indonesia 6/18/1994 F-27 303 456

Sorong Indonesia 7/1/1993 F-28 359 512

Genoa Italy 11/10/1985 MD-80 608 761

Rome Italy 10/17/1988 B-707 552 705

Abidjan Ivory Coast 6/26/1994 F-27 299 452

Abidjan Ivory Coast 1/15/1993 B-707 375 528

Chitose Japan 8/1/1979 B-747 667 820

Nairobi Kenya 12/4/1990 B-707 463 616

Mokpo Korea 7/26/1993 B-737-500 355 508

Seoul Korea 11/19/1980 B-747 651 804

Taegu AB Korea 6/13/1991 B-727-200 453 606

Tripoli Libya 7/29/1989 DC-10 527 680

Baton Rouge Louisiana 2/1/1994 B-737-400 315 468

Ohrid Macedonia 11/20/1993 Y-42 331 484

Lewiston Maine 8/25/1985 Be-99 612 765

Rockland Maine 5/30/1979 DHC-6 671 824

Koto Kinabalu Malaysia 9/4/1991 G-II 447 600

Kuala Lumpur Malaysia 2/19/1989 B-747 539 692

Kuala Lumpur Malaysia 12/18/1983 A-300 625 778



City Region Date Type Orig Page PDF Page

Kuala Lumpur Malaysia 9/27/1977 DC-8 681 834

Kuala Lumpur Malaysia 5/11/1976 B-747 692 845

Thompson Manitoba 5/31/1994 Merlin II 309 462

Fort De-France Martinique 7/17/1994 BN 2B 291 444

Boston Massachusetts 6/8/1989 B-767 531 684

Boston Massachusetts 12/17/1973 DC-10 710 863

Boston Massachusetts 7/31/1973 DC-9-31 714 867

Pittsfield Massachusetts 12/10/1986 Be-100 589 742

Hermosilla Mexico 1/8/1993 L-35A 377 530

Mexico City Mexico 9/1/1991 A-300 439 592

Mexico City Mexico 10/17/1976 DC-9 688 841

Puerto Vallarta Mexico 6/20/1973 DC-9 715 868

Uruapan Mexico 6/13/1994 Metro II 305 458

Alpena Michigan 3/13/1986 EMB-110 600 753

Hibbing Minnesota 12/1/1993 BAe JS-31 329 482

Kansas City Missouri 9/8/1989 B-737 516 669

Kansas City Missouri 4/13/1987 B-707 586 739

Helena Montana 9/1/1993 B-727 351 Missing

Agadir Morocco 8/3/1975 B-707 696 849

Tangiers Morocco 12/1/1988 B-737-300 545 698

Bharatpur Nepal 7/31/1993 DO-228 353 Missing

Kathmandu Nepal 9/28/1992 A-300-B4 389 542

Kathmandu Nepal 7/31/1992 A-310-300 393 546

Elko Nevada 1/15/1990 SA-227 496 649

Fallon Nevada 3/15/1986 C-9B 598 751

Las Vegas Nevada 12/1/1994 EMB-110 281 434

Reno Nevada 3/22/1995 Ce-208B 261 414

Buffalo New York 5/1/1976 DC-10 694 847

New York New York 1/25/1990 B-707-321 490 643

New York New York 6/1/1988 B-747 561 714

New York New York 2/1/1983 B-767 635 788

Sarnac Lake New York 1/3/1992 Be-1900 427 580

Auckland New Zealand 7/31/1989 CV-580 525 678

Palmerston North New Zealand 6/9/1995 DHC-8 251 404

Gander Newfoundland 10/1/1993 DC-8-73F 347 Missing

Abuja Nigeria 9/13/1994 DHC-6 289 442

Kano Nigeria 11/25/1992 B-707 385 538

Kano Nigeria 2/15/1992 DC-8 421 574

Lagos Nigeria 7/21/1988 B-707 554 707

Charlotte North Carolina 9/11/1974 DC-9-30 705 858

Raleigh-Durham North Carolina 2/19/1988 SA 227 568 721

Raleigh-Durham North Carolina 11/12/1975 B-727 695 848

Bardufoss Norway 11/14/1989 Ce-551 502 655

Bronnoysund Norway 5/6/1988 DHC-7 563 716

Dagali Norway 3/19/1993 Be-200 369 522

Oslo Norway 5/20/1995 TU-204 253 406



City Region Date Type Orig Page PDF Page

Tromso Norway 10/27/1989 DC-9-30 508 661

Alert Nunavut 10/30/1991 C-130 437 590

Rae Point Nunavut 10/30/1974 L-188 704 857

Columbus Ohio 1/7/1994 BAe-JS-41 323 476

Dayton Ohio 1/12/1989 HS-748 543 696

Toledo Ohio 2/15/1991 DC-8 419 572

Naha Okinawa 7/27/1970 DC-8 719 872

Kingston Ontario 1/20/1995 Be-E90 269 422

Moosonee Ontario 4/30/1990 Be-C99 481 634

Sandy Lake Ontario 11/10/1993 HS-748 337 490

Gold Beach Oregon 8/21/1989 Be-90 518 671

Medford Oregon 1/1/1992 B-737 423 576

Portland Oregon 6/1/1994 A-320 295 448

Portland Oregon 4/1/1993 L-1011 365 518

Portland Oregon 4/1/1992 DC-10 409 562

Portland Oregon 4/1/1992 B-727-200 411 564

Portland Oregon 6/28/1986 DC-10 592 745

Portland Oregon 7/20/1976 B-727 690 843

Panama City Panama 10/5/1979 B-707 663 816

Arequipa Peru 2/29/1996 B-737-200 243 396

Ilailo Philippines 5/18/1990 B-737-300 478 631

Naga Philippines 12/16/1993 C-130 325 478

Warsaw Poland 12/17/1991 DC-9/30 429 582

Ivanovo Russia 8/27/1992 TU-134 391 544

Petropavlovsk-Kamchatsky Russia 4/5/1996 IL-76 235 388

Cagliari Sardinia 9/14/1979 DC-9 665 818

Inverness Scotland 11/19/1984 EMB-110 622 775

Isle of Harris Scotland 4/30/1990 Shackleton 483 636

Mull of Kintyre Scotland 6/2/1994 Chinook 307 460

Port Ellen Scotland 6/12/1986 DHC-6 594 747

Guadalcanal Solomon Islands 9/27/1991 DHC-6 441 594

Capetown South Africa 7/1/1993 B-737-200 357 510

Bilbao Spain 2/19/1985 B-727 618 771

Madrid Spain 11/27/1983 B-747 627 780

Tenerife Spain 4/25/1980 B-727 656 809

Colombo Sri Lanka 11/15/1978 DC-8 673 826

Colombo Sri Lanka 12/4/1974 DC-8 700 853

Paramaribo Suriname 7/7/1989 DC-8 529 682

Zurich Switzerland 11/14/1990 DC-9 470 623

Hualien Taiwan 10/26/1989 B-737 510 663

Taipei Taiwan 1/30/1995 ATR-72 265 418

Chattanooga Tennessee 11/27/1973 DC-9 711 864

Nashville Tennessee 5/15/1991 B-727 455 608

Dallas/Fort Worth Texas 12/8/1993 B-737 327 480

El Paso Texas 10/1/1988 B-737-200 550 703

Harlingen Texas 2/4/1986 B-727 602 755



City Region Date Type Orig Page PDF Page

Koh Samui Thailand 11/21/1990 DHC-8 466 619

Phuket Thailand 4/15/1985 B-737 616 769

Ankara Turkey 1/16/1983 B-727 637 790

Ankara Turkey 12/23/1979 F-28 660 813

Izmur Turkey 1/2/1988 B-737 574 727

Van Turkey 12/29/1994 B-737-400 283 436

St. Thomas USVI 1/4/1986 B-727 604 757

St. Thomas USVI 1/1/1986 B-727 606 759

Salt Lake City Utah 12/18/1977 DC-8 679 832

Salt Lake City Utah 2/1/1977 B-727 684 837

Caracas Venezuela 6/17/1991 G-II 451 604

Margarita Venezuela 6/23/1992 B-767-300ER 397 550

Santa Barbara Venezuela 3/5/1991 DC-9 459 612

Charlottesville Virginia 1/1/1995 BAe JS-31 277 430

Dulles Virginia 6/18/1994 LJ-25D 301 454

Dulles Virginia 5/1/1992 MD-80 403 556

Dulles Virginia 12/1/1974 B-727 702 855

Shenandoah Valley Virginia 9/23/1985 Be-99 610 763

Winchester Virginia 10/26/1993 Be-90 345 498

Kelso Washington 11/30/1990 AC-690 464 617

Mt. Rainier Washington 3/21/1983 C-1A 633 786

Pasco Washington 12/26/1989 BAe-31 498 651

Pullman Washington 1/1/1993 DHC-8 373 526

Seattle Washington 11/1/1991 CL-601 435 588

Seattle Washington 1/4/1984 B-727 624 777

Seattle Washington 3/20/1975 C-141 698 851

Spokane Washington 1/27/1990 B-727 488 641

Spokane Washington 11/9/1989 B-737 504 657

Spokane Washington 12/14/1986 B-727 588 741

Spokane Washington 1/20/1981 Be-99 649 802

Huntington West Virginia 1/1/1995 BAe JS-31 271 424

Moragntown West Virginia 4/14/1945 DC-3 721 874

Goma Zaire 12/13/1992 F-27 381 534
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CFIT Losses& GPWS
● Chart: World Civil CFIT Accidents Turbine Powered Aircraft (Graph)
● Commercial Jet Aircraft (39 Losses)

8 Years 1988 thru 1995
● Same with GPWS - Pie Chart
. Corporate, Regional, Air Taxi (148 Losses)

6 Years 1989 thru 1995

North American CFIT Losses& GPWS
20 Years 1975 thru 1995 Airline Jet Aircraft

CFIT Accidents and Risk for U.S. Airlines - Large Commercial Jets
Pre 1975...................... 0.85 Accidents per million flights
Post 1975 .................... 0.09 Accidents per millions flights

U.S.A. Part 135 Turbine Powered CFIT Losses 1982 thru 1995 (Graph)
Pm@LLis?.(TkkJe) Q!.Pafi.j ~~ CE!T.L~~~~~.

Characteristics for Various Models of GPWS Equipment
and Bank Angle Description and Table of Accidents/Incidents

The Development of Ground Proximity Warning Systems



WORLD CIVIL CFIT ACCIDENTS
TURBINE POWERED AIRCRAFT

35 &35

30- -

25- - Regior al Corpo ‘ate Air TI ‘ 26
21

20- -

15- -

10- -7
6 LargeI Commer

5- - .1- 15

0

4

t I I 1

88 89 90 91 92 93 94 95
YEAR ENDING

Al

#liedSlgnal
AEBO!3TACE

C:WKNLIB96W6.PPT



CFIT ACCIDENTS (39) COMMERCIAL JET AIRCRAFT
EIGHT YEARS (1988 THROUGH 1995)

1995

1994

1993

1992
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Cali, Colombia
Windsor Locks, CT
San Salvador
Monrovia, Liberia
Cartagena, Colombia

Van, Turkey
Coventry, U.K.
Tamanrasset, Algeria
Vigo, Spain

Urumqi, China
Mokpo, Korea
Sorong, Indonesia
Medellin, Colombia
Abijian, Ivoty Coast

Kane, Nigeria
Kathmandu, Nepal
Kathmandu, Nepal
Cruzeiro do Sol, Brazil
Athens, Greece
Kane, Nigeria
Strasbourg, France

B757
MD-80 1991
B737-200
DC-9-31
DC-9-16 1990

13737-400
B737-200
BAC1-11 1989
DC-9/32

MD-82
B737-500
F-28
B727-100
B707-320 1988

B707-320
A300”B4
A310
B737-200
~yo~=~~

DC-8
A320

●

m

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Imphal, India B737-200
,,Santa Barbara, Venezuela DC-9/30

Nairobi, Kenya
Zurich, Switzerland
Unakleet, Alaska

Hulien, Taiwan
Tegucigalpa, Honduras
Tripoli, Libya
Paramaribo, Surinam
Kuala Lumpur, Malasia
Santa Maria, Azores

Ahmedabad, India
Rome, Italy
Lagos, Nigeria
Posadas, Argentina
Cucuta, Colombia
Ercan, Cypress
Izmir, Turkey

B707-320
DC-9/30
B737-200

B737-200
B727-200
DC-10/30
DC-8/62
B747
B707-320

6737-200
B707-300
B707-320
MD-81
B727-I 00
B727-20_0
6737-200
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1

OPERATION DATE

Scheduled I20 December

Scheduled 12 November

Scheduled 9 August

Scheduled 26 July

Scheduled I Ii January

1995 COMMERCIAL JET AIRCRAFT CFIT ACCIDENTS

PLACE

Cali, Colombia

Windsor Locks, CT

!-

San Salvador, G.S.

Monrovia, Liberia

Cartagna, Colombia

AIRCRAFT TYPE

B757

MD-80

B737-200

DC-9-31

DC-9-1 6

COMMENTS FATALITIES
Hit Mtn 22 NM short of VOR DME Rwy 19. MKV
GPWS installed and pilot pullup. Clipped top of 1600f 16%
mtn. 6 rescues

Hit trees 2-3/4 NM from VOR Rwy 15. MK II GPWS. of 72

Hit precipitous volcano on initial approach, VOR
DME 26,; 12 second MK II GPWS Warning; Late 66
pilot pull up.
Hit short of runway, tore off landing gear and
burned. ~2Sof82

Premature descent 27 NM short of VOR-DME 36.
MK I GPWS installed, but inoperative. 52

db95015. doo



OPERATION

Scheduled

1A
1994 COMMERCIAL JET AIRCRAFf CFIT ACCIDENTS

DATE I PLACE I AIRCRAFT TYPE I COMMENTS I FATALITIES

I I improvised 2nd approach to runway 03 using
29 December Van, Turkey B737-400 autoflight. MKV GPWS installed (GPWS not I58 of 76

! I I I applicable). IMC. 4 NM short I

Freight

Charter

21 December

18 September

Coventry, England B737-200 Surveillance Approach -1 NM shoe hit H.V. tower 6
at 65’ AGL. IMC. Crew very tired.

After holding for 2 hours and low on fuel, VOR
Tamanrasset Algeria .. BACI-I 1/500 DME 03 approach made. Hit short by 1-1/2 NM. 4

IMC. MKI installed but no warning.

Scheduled 21 March Vlgo, Spain Dc-9/30 Hit into approach lights, MKII GPWS installed. -

1993 COMMERCIAL JET AIRCRAFT CFIT ACCIDENTS

OPERATION

Scheduled

Scheduled

Scheduled

Scheduled

Freight

DATE

13 November

26 July

1 July

19 May

15 January

PLACE AIRCRAFT TYPE COMMENTS FATALITIES
During ILS 25 approach, autopilot decoupled from

Urumgi, China MD-82 glideslope. Aircraft hit into power line some 1-1/4 120f92
NM short of the runway. MKII GPWS operating.
During 3rd approach VOR-DME 06, the aircraft hit

Mokop, Korea B737-500 4-1/2 NM short into 500’ MSL ridge, MKV GPWS 680f 110
installed, no warning (No GPWS altitude callouts).
During an NDB 26 approach, the aircraft impacted

Sorong, Indonesia F-28 into the sea 0.6 short of the runway. No GPWS 41 of 43
installed.
During initial approach, the aircraft mistook NDB

Mede!lin, Colombia B727-100 passage and turned away before reaching the 132
NDB, and hit a mountain 30 NM from airport. No
GPWS installed. IMC
During an ILS approach to runway 21, the aircraft

Abidjan, ivory Coast B707-321 hit short by 10 feet. MKI GPWS installed.
Glideslope function operative.

db95015. doc



2
1992 COMMERCIAL JET AIRCRAfT CFIT ACCIDENTS

OPERATION

Freight

DATE PLACE I AIRCRAFT TYPE I COMMENTS [ FATALITIES
I

Kane, Nigeria B707-320C IDuring VOR DME 06 approach, aircraft impacted _
8-1/2 NM short. No GPWS installed. Night.

26 November

During a VOR DME 02 approach, the aircraft
Kathmandu, Nepal A300-B4 prematurely descended, impacted a mountain 167Scheduled 28 September

9-1/2 NM short of runway 02. MKII installed. I
During a missed approach, the pilot became
unaware of high terrain, impacting some 24 NM 113
past the airport. MKIII GPWS installed, 17-second

Scheduled 31 July Kathmandu, Nepal A340-300

warning.
During a VOR approach to runway 10, aircraft hit

B737-200C short by 7-1/3 NM. Crew distracted by cargo
smoke alert. Night. No GPWS.

Freight 22 June Cruzeiro Do Sol, Brazil 3

Freight 24 March

16 February

20 January

Athens, Greece

Kane, Nigeria

6707-320 During an ASR radar approach to runway 33R,
aircraft hit a mountain 4 NM from the runway. MKI.

7

Freight

Scheduled

During a VOR DME approach to runway 06, the
DC-8 aircraft impacted some 9 NM short at night. No

I I GPWS. I
I During a VOR TAC approach to runway 06, the

Strasbourg, France A320 aircraft prematurely descended, impacting some 87 of 96
10-1/2 NM short at night. No GPWS.

1991 COMMERCIAL JET AIRCRAFT CFIT ACCIDENTS

T
FATALITIES

69

--J

43

OPERATION DATE PLACE

Imphal, India

AIRCRAFT TYPE

B737-200

COMMENTS
During initial approach and procedure turn to
lLS/VOR runway 04, the aircraft hit a mountain 49
NM from the runway. IMC. MKI GPWS installed.
6-1/3 second warninu (would have been 16

Scheduled 16 August

seconds with MKII). - ‘
Ens@&, ~*<~,flfXtfootnountain.#
IMC. MKI GPWS working, but aircraft some 1700
feet below top. Pilot attempted recovety (almost
made it). MKil wouid have given 4 seconds more
warning time.

6 March Santa Barbara, Venezuela DC-9/30Scheduled

db95015 , dcm



OPERATION

Freight-
Charter

Scheduled

Positioning

OPERATION

Scheduled

Scheduled

Scheduled

Scheduled

Freight

Charter

db95015, doa

DATE

4 December

14 November

2 June

DATE

26 October

21 October

27 July

7 July

19 February

8 February

1990 COMMERCIAL UET AIRCRAF7 CFIT ACCIDENTS

PLACE

Nairobi, Kenya

Zurich, Switzerland

..

Unalkalee$ Alaska

AIRCRAFT TYPE COMMENTS

B-707-320
During a second ILS approach, the aircraft
impacted short of runway 06. No GPWS.

During an ILS approach to runway 14, the aircraft

t3c-9/30 impacted 6-1/4 NM short into a hill at night. A
glicteslope failure, zero deviation, no flag, is a
possible cause. MKII GPWS installed, no warning.
Outing an LOC/13ME approach to runway 10, the

8737-200 aircraft prematurely descended and impacted a
hill 6-2/3 NM short.

1989 COMMERCIAL JET AIRCRAFT CFIT ACCIDENTS

PLACE AIRCRAFT TYPE COMMENTS

During a night departure, the aircraft was turned the
wrong direction towmd terrain. During a turn back to

Hualien, Taiwan B737-200 the correct course, the aircraft hit a mountain. MKII
GPWS hwtalled zmda warning given. pilot tried to
increase turn rate instead of pulling straight ahead.
During a VOR DME approach to runway 01, the

Tegucigalpa, Honduras B727-200 aircraft prematurely descended and Impacted a
mounta[n some 6-3/4 NM short. No GPWS.
During a iocator approach to runway 27, the

Tripoli, Libya DC-1 0/30 aircraft hit short by 0.6 NM. IMC. Primitive GPWS
(tone - MKf12) installed, 7-1/2 seconds (MKII would
have given 18 seconds).
During a VOR DME (ILS up) to runway 10, the
aircraft was being flown by Flight Director but

Paramaribo, Suriname DC-8/62 locked in verticai speed with no glideslope
capture. MKI GPWS installed. Six “Glidesiope!”
alerts given but F/O canceled alert. IMC.
During an ND13 DME approach to runway 33, the

Kuala Lumpur, Malaysia 6747-200 aircraft prematurely descended, impacting a hill
8-1/2 NM from the runway. MKI GPWS installed
an&warnhlgsg#vensome ‘!6 eeeondtif +

During an initial approach ILS 19, the aircraft hit a

Santa Maria, Azores 8-707-300 mountain some 6 NM from the airport. An MKi
GPWS installed and gave a 6-1/2 second warning.
MKII would have given 27-1/2 seconds of warning.

4
10

I

46 I
I

FATALITIES

54

131 of146

76 of 199

1750f183

4

144



Scheduled I17 October

Scheduled 21 July

Freight 12 June

Scheduled 17 March

Positioning 27 February

4
1988 COMMERCIAL JET AIRCRAFT CFIT ACCIDENTS

PLACE I AIRCRAFT TYPE
I

Ahmedabad, India B737-200

Rome, Ualy B707-300

COMMENTS i FATALITIES
During an LOC DME approach to runway 23, the
aircraft hit short by 1.4 NM. IMC. MKI GPWS 1390f141
installed. No warning. I

During a VOFVDME approach to runway 34L, the 32 of 62
aircraft hit short by 2-1/2 NM. IMC. No GPWS.

During an ILS DME approach to runway 19R, the
Lagos, Nigeria B707-320 a aircraft impacted short by 8-1/2 NM from the

Posadas, Argentina MD-81

Cucuta, Colombia B727-100

Ercan, Cyprus IB727-200

Izmir, Turkey 6737-200

runway. Night. lMC. No G-PWS.
During a VOR DME Locator approach to runway
01, the aircraft hit short of the runway by 1.7 NM.
IMC. MKII GPWS installed.
During departure from runway 32, the aircraft
diverted from the normal departure course
because of traffic and impacted a mountain some
12-1/2 NM from liftoff. No GPWS.
During a VOR approach to runway 16, the aircraft
left the approach course and hit a mountain some
8 NM from the runway. MKII installed, timely ale~
and pilot almost recovered.
During an ILS approach to runway 36, the aircraft
impacted into a mountain some 19 NW west of the
airport. MKI GPWS installed, but no warning.

1987 COMMERCIAL JET AlRCRA17 CFIT ACCIDENTS

6

23

143

16

16

OPERATK)N DATE PLACE AIRCRAFT TYPE

Freight I13 April IKansas City, Missouri 6707

I 1

COMMENTS
During a night ILS approach to runway 01, the
aircraft Impacted some 3-1/2 NM short of the
runway. MKI GPWS installed but no alert or
warning given. Failure of glideslope receiver to
zero devktion +anrho+~mmpet? C&l.

FATALITIES

4

db95015.doc
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EIGHT YEARS -1988 THROUGH 1995
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1995 CORPORATE, REGIONAL, AIR TAXI CFIT ACCIDENTS (26)

OPERATfON DATE PLACE AIRCRAPTTVPE COMMEtWS FATALITfES

Medevao 11 January Massat, EC LJ-25 Hit 4 NM short on NDB-A wxx
Corporate

each 5
20 Januew Kingston, Ontario Be-80 Hit around 10 NM outbound on frontmurse of runway01 -

Corporate 25 January Allandorf, Germany Ce Citation II Hit short into frees

cargo

2 (4)
28 January Marraus, Brazil DC 6-62 Hit INM short on LB 10, managed a missed approadr

Repositioning 30 January Taipl, Taiwan

..

ATI+72 Hit short 9 NM following a false glidsslopa lobe ILS 10 night. 4
Ml

Alr text 21 February E
K II QPWS inoperative.

319Trout Lake, Ontario Be-AIOO Hit 3 NM short on approach

[ Privats.

6ofll
I %fMeroh I (ikainsville, CWcwjla Ca-20SB Hit 1/4 NM short on NDB04 - Night - Poor visibility [2)

~eno Nevada c%-206B Hit mountain 3-1/4 NM short of rwy 16R 1
cargo I 27A@ I Alice Springs, AustraJia IAI-1 124 Hit ridge 5-1/4 NM short lLS/LOC DME 7

CapOrato
3

] 4May I Quito, Equador G-II Hit mountain 23 NM short at night- Possible misinterpretation of 7
I I I 10rocedure I

scheduled Regional I 25 May [ Leads, Bradford I EMB11O I Durfrrg initial dlmb b 3600 feat, the cautaln’s ADI failed with no I 12 I
I flag. he alroraft entered a left ~m ov&banked, spiral,

sdlwllrled 3 June Panama Ciry [ B747-200 Undershot ILS 03 by 230 feet (m~or damage) raggad weathar --

Private 7 June Qalnsvilla Florida PA-32 Circlin at ni ht.,1 UQ 6
ling gear distraction. I 3of21[ scheduled Fteglonal I 8 June I Palmers@n North, NZ I DHC-8 I Hit hiil 7 NM short VOR CrME25. Land

Shoff MK it QPWS warnlrm. Radio Aitlm:kr problem?

Air Taxi 17 June Catumbela, Anadia CASA212 Hit 3-1/2 NM short of RWY 27 46
Corporate Ah’Taxi 22 June Tepico, Mexkxr LJ-35 Hit short 4-1/2 NM on app roach at night 2 (6)
Charter 9 August West New Guinea, Indonesia HS-746 Hit at 8200 foot level of 3600 fmt mountain anrouta. 10
scheduled 14 AlrgUst Near Clal, Cofombla EMB-11o Hit mcnmtahrenroute

Ferry 1 September
7

Fareweif, Alaska SC-7 Hit mountain at 4600 feet during departure 1
226T Hit short by 0.15NM for ILS runway 26 ..

%%ent In turn on departure from 600 feet 2s
20 of 21 .

Wporate 18 September Chino, California SA-;

Corporate 21 September Smvma, Tennessee MU-2B – De

scheduled 9 September La Mrxareva, Colombia Casa-300 Hit short by 5 NM from the runway in fog,

Soheduled 21 Septemtwr Moeron, Monmlia An-24 Hit mountain 12 NM from airport

Madevao 21 September Amenas D,Z. W-36 visual r
—

Regional 31 October Piedras Nwrras Mexloo ca-208B Hit 7 nm short

CM1.Mllifary 9 November Cordoba, Argentina F-27 Hit mounl

Corporate 30 Deramk=sr Eagle River, WI Ca@

Corporate 31 December Naples, FL ca-550 I Hit cables at 2NM on VOWDME Rwv, 4 IMC 12 [

43
night circuit from Rwy 23 to Rwy 05, Hit 1.6 NM short lsof3

t of runwav 9/2”s”ofll
tab 46 NM from airport on initial approadr 53

iao I Hit 4 NM short on VOR/DME Rwv 4, iMC – 2---

5) Lwge Turbo Prop (9)s 10 Seat Turbo Prop No QPWS installed on above akoraft unless noted,
(6)s 30 seat Turtxr Prop (7) 210 Seat Jet

db95056



1994CORPORATE, REGIONAL, AIR TAXI CFIT ACCIDENTS (35)

OPERATION

Regional

Freight

Positioning Air Taxi
Charter
Positioning
Scheduied

Sales Demo

Positioning Air Taxi/Cargo
Freight
Air Taxi
Scheduled
Regional
Reqional
Corporate
Medevac Air Taxi
Medevac
Regional
Scheduled
Charter

Charter

Government

Charter

Private
Gov’t (Drug Enforce)
Charter
Corporate
Private
Freight
Charter, Freight

Air Taxi

Air Taxi
Scheduied
Business
Scheduled
Freight

Don Bateman
DATE PLACE AIRCRA~TYPE COMMENTS FATALITIES
9 Jan Athens, Greece DO-228 Hit ridge-powerlines 7 NM from runway, VOR-DME 18L. --
14 Jan Sydney, Australia AC 690 Fiew into eea 10 NM short at night, rwy 34. 1
18 Jan Kinshasa, Zaire LJ-24D Hit short 10 NM at night, visual 24. 2
24 Jan Attenrhein, Switzerland Cc-425 Flew into lake -2 NM, final 10. 5
27 Jan Meadow Lake, Sask. lAi-1124 Hit 2 NM SE - stail?, circling 26,
23 Feb

2
Tirwo Maria, Peru Yak-40 Flew into mountain FL131, NDB departure.

24 Feb
31

Cleveland, Ohio Be-400 Hit off runway iLS 23 oof5
7 March Hayden, CO AC-690 Hit trees on approach 1
9 Maroh Australia SA-226 Hit short on approach 1
23 March Bogota, Coiombia Ce-Vl-650 Hit hillside, initial approach 25 NM NW. 4

(3) Large Turbo-prop (8)s 10 Seat Turbo Prop No GPWS equipment on any of the above aircraft
(6) 10 to 30 Seat Turbo-Prop (5) 26 Seat Jet

DB95038



1993 CORPORATE, REGIONAL, AIR TAXI CFIT ACCIDENTS
Don Bateman

OPERATION DATE PLACE ppym COMMENTS FAT~ES

Regional-Schd 6 Jan Paris,France DHC-8 Hit short while repositioningILS 27 to ILS 28 4
Air Taxi 8 Jan Hermosillo, Mexico L-35A Hit Mountain on approach to VOR 23 9
Private 29 Jan Marfa. TX Be-90 Circlina to n.mwav 12. IMC after VOR 30 Oofa
Regional-Schcf 30 Jan Ackh, Inur, Malaysia SC-7 Hitterrainen route 16
Air Taxi %7 Feb Iquacu, Brazil Be-90 Hit 0.6 NM short - IMC; heavy rain 6
Air Taxi 8 Feb Lima, Peru PA-42-720 Hit mountain initial descent 6
AT-Non Sched 27 Feb Rio de Janeiro L-31 Hit short by 300 feet .-

Ah’ Taxi 18 Mar Trijillo, Peru Be-90E Hit mountain initial descent 50 NM short 4
Air Taxi 19 Mar Dagali, Norway Be-200 Hit 3 NM short LOC/DME 26, night 3of7
Reg’1-NonSchd 23 Mar Cuiaba, Brazil EME3110 Hit terrain on climb out 6
Air Ta~i-?vlwi. G Aoril Casnfw. WY M[J-2E-3!i Hit twrain nn 13ME Arc II-S 8. niaht 4

Private -- 1 May Mount Ida, AR Be-90 Hit Mt. Ida (3 NM short). Climb IMC 2
Air Taxi-Trng 25 May Sante Fe, NM SA-226T Hit hill while circling to Rwy 15 short 5 NM at night. 4
Reg’ Cargo NS 5 June El Yo Pal, Colombia DHC-6 Hit short while circling 2

Reg\onal-Schd 11 June Younq, Australia PA-31 Hit rising g round while circling after ND approach 7

Reg-Carg-Sch 25 June Atinues, Namibia Be-200 Hit terrain on missed approach 3
Government 15 July Bombay, India Be-90 Hit hill on approach IMC 4
Regional-Schd 31 July Bharatpur, Nepal DO-228 Hit mountain on initial approach 19
Air TaxI-Med. I 7 Aug ] Augusta, GA ] Be-90 I Hit 1-1/2 NM short on approach IMC to ILS 17 4
AT-Pnsitinninn { 17 AII(Y I Hartford. CT I SA-22GT I Hit 1/3 NM short IMC to Fiwy 02 2

I Ww–www , ,,,,-,.,”, =,,=, ,.0 IMC turning 2
---- . . . . . . *

. . . . . . .. .. . ... ..y n .. ----- .-, -. I -. . --- . , . . . . ..- . . . . . . . . . . .

AT-Positioning 27 Sipt Lansing, Ml na.cmn 1I-Ii+ClMAA d+ar 7 f

Regional-Schd 19 Ott Orchid Is., Taiwan I Uu-aw i unaers~ont 1 I
Regional-NS

.-

25 Ott Franz Josef Glacier, N7 I ‘lfim=d I l-lit =!
L 11 W111C4U , ,,, dacier VMC into IMC 9

Gov’t-FAA 26 Ott Winchester, VA Be-300 Hit terrain while awaiting IFR clearance 3
Regional-Schd 27 Ott Names, Norway DHC-6 Hit 3 NM short on NDB approach 12
Regional-Schd 1 Dec Hibbing, MN BAe JS-31 Hit 3 NM short on LOC (B/C) Rwy 13 18
Regional-Schd 10 Dec Sandy Lake, Ontario HS 748 Climbing turn, back into terrain 7

30 Dec Di on France i3e-QO, Hit short on approach IMCj 1
(2) Large Turbo-prop (16)s 10 Seat Prop Except for DHC-6j there was no GPWS on any of the above aircraft.
(9) 10 to 30 Seat Turbo-prop (2) z 6 Seat Jet

DB9503E



1992 CORPORATE, REGIONAL, AIR TAXI CFIT ACCIDENTS
Don Bateman

OPERATION DATE PLACE

Regional-Schd 3 Jan Sarnac Lake, NY Be-i ;00 Hit short at FAF on ILS 23 IMC. 2Fi2S
Private 11 Feb Lakeland, FL Cc-425 Hit short of runway 05 IMC.
Charter

1
16 Feb Big Bear, CA PA-31T Hit terrain at 6740’7 NM east of airport. 7

Private 5 Mar New Castle, CO fiU-2B Hit mtn - LOCIDME “A* Gear Down; Approach flaps ~
10-1/2 NM short.
Hit rising terraiAC-390 ,. ,. ,.Private I 29 Mar I Taos, NM

I~p~m COMMENTS FATAUI’IES

in on climb out; IMC night 394o’ 1,5s
[vwual~; raa[o altimeter installed.

State Aircraft 9 April St. Augustine, FL Be-90 Hit short on VOR approach 007:10 EDT IMC “
Regional-Tour 22 April Maui, Hawaii Be-1a Hit mtn enroute. 19
Regional-Schd 8 June Anniston, AL Be-99 Hit terrain during LOC 5 approach. 13F12S
Personal I 24 June I Alamagordo, NM ] MU-2B I Hit mtn VMC during climbout 23:21 MDT - Nigh’ I C

Regional-Schd 24 JU[Y Ambeu, Indonesia Vickers
Viscount

Hit mtn during initial approach lLS/04. 71

Personal 13 Aug Osway, MO PA-31 Hit short w 32-IMC.
Personal

-.

4 Sept Lon@on, KS PA-42 Hit wires on approach.
Government

-.

19 Ott Pesqueria,Mex (M@erey) AC-680T Hit terrain during climbout IMC. 6

Comm/Air Taxi 31 Ott Grand Junction, CO PA-42 Hit mtn 10 NM north RNAV-Cleared to ILS rwy 11. 3
“Macks” int. eastbound 9400’-7800’ cliff; IMC day 0315.

National Guard 11 Nov Juneau, AK Be-200 Hit mtn LOC/DME 20+ NM from runway. 8
Government 10 Dec Quito, Ecuador Sabreliner Hit 3 NM short during VOR/lLS 35 approach. 12

Regional-Schd 13 Dec Goma, Zaire F-27 Hit short into terrain during initial approach
VOWDME 36.

37

Government 22 Dec Quito, Ecuador PA-31 Hit 3 NM short during VOFUILS 35 approach. 5

(2) Large Turbo Prop (13) g 1(I Seat Prop No GPW!3 Installed on my of the above aircraft.
(2) 10 to 30 Seat Turbo Prop (1) z 6 Seat Jet
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1991 CORPORATE, REGIONAL, AIR TAXI HIT ACCIDENTS
Don Bateman

OPERATION I DATE I PIJWE

Corporate 11 Jan Belo Horizontes, Brazil

Air Taxi-Ferry 0 Feb Stansted, UK

Corporate 12 Feb Uganda, Kenya -
Air Taxi 15 Mar Brown Fld, CA
Corporate 18 Mar Brasilia, Brazil
Corporate 21 May Bauchi, Nigeria
Corporate 17 June Caracas, Venezuela
Corporate 4 Sept Kota Kinabalu, Malaysia
Charter 17 Sept Djibouti
Corporate 25 Sept Holtenou Klel, Germany
Regional-Schd 27 Sept Guadalcanal, Sol.
Corporate 8 Ott Hanover, Germany
Air Taxi 22 Nov Romeo, Ml
Corporate 27 NOV Paloma, Majorca
Corporate 30 Nov Kelso, WA
Corporate 11 Dec Rome, GA

I:~:RAn COMMENTS FATALITES

LJ-25 Hit 2 NM short. 5

Be-200 Hit 2-1/2 NM short of the runway; possible altimeter 2
wmr.

1 -. .-. . ,

HS-125 I Hit mtn on initial approach. 13 “
HS-125 Hit mtn on departure 8L. 10
LJ-25 Hit short. 4
Ce-550 Hit short. 3
G-11 Hit 5 NM short to rwy 10, 4
G-II Hit mtn during missed approach. 12
L-100 Hit mtn VMC during initial approach. 4
DS-20 Missed approach. 1
DHC-6 Hit mtn enroute. 15
Cc-425 Hit short on ILS 27R. 7
Be-100 Hit 3 NM short on VOFUDME approach, lMC-fog. 4
Be-400 Hit 1/4 NM short. --

AC 690 Hit mtn 13 NM short. 5/1 s
Be-400 I Hit mtn on departure. 19

(1) Large Turbo Prop (5)s 10 Seat Prop No GPWS Installed on any of the above aircraft.
(2) 10 to 30 Seat Turbo Prop (8) ~ 6 Seat Jet
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1990 CORPORATE, REGIONAL, AIR TAXI CFIT ACCIDENTS

Don Bateman

(1) Large Turbo Prop (12)s 10 Seat Prop No.Gi?W!l!natalMm aqwf-tha4we+iirertift,
(3]-1Oito X-SW Tiirbo-Prop (5) z 6 Seat Jet
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1989 CORPORATE, REGIONAL, AIR TAXI CFIT ACCIDENTS

Don Bateman

OPERATION DATE PLACE ~pg-r COMMENTS FATAIMES
t ““ - ‘”* “--A ‘luring an ILS 24 approach circle for ~I Private ] 2 Jan I Mansfield, OH 1MU-2B , ,_LA ,,,fi,::1 Uylvl S“cm c1

<d. ]wgm, lM~.

Private 7 Jan Paducah, KY Be-90 Hit mtn on departure. -- 3of 15
Schd Freight 12 Jan Dayton, OH HS-748 Initial climb. 2
Air Taxi 12 Jan Caracas, Venezuela Be-200 Hit terrain while diverting in low cloud. 2
Charter 19 Feb Orange County, CA Ce-404 Hit mtn 20 NM short. 10

I A:. T-v! I AP-&an 1,4 I
Mtl I =Al co“v Contance, “Switzerland

nv-vou I Ilt QIIUIL Lu Iwy Iv. Vlvlu Illtu llviu. )1

Ah’ Taxi 24 Feb i-ieisinki, Finland SA-226T Hit short on ILS approach IMC. 6of7
Regions!-Schd 10 April Valence, France FH-27T Hit mtn, initial approach. 22

,,.. A.- -—,- ...,
Mountain at 7300’ level (departed ,Air Taxi-Ferry 10 May Azusa, CA Be-200 I-III aan Qaorlei I

Santa Monica).
Corporate 29 June Cartersville, GA DA-20 Initial climb, shallow into terrain. 2
Refjionai 31 Juiy Auckiand, New Zeaiand CV-580 Hit during initiai climb. 34
Regionai-Schd 3 Aug Samos, Greece S0-330 Hit mtn enroute. 16
Charter 7 Aug Gambeila, Ethiopia DHC-6 Hit power iines - fog. 3of7
Air Taxi-Meal 21 Aug Mayfieid, NY Be-100 Hit 1/4 NM short at night iMC. 6
Business 15 Sept Terrace, BC Metro Iii Missed approach LDA/DME. 7

. Regionai-Schd 26 Sept Hurdle Miiis, NC Ce-550 Hit 2-1/2 NM short on approach. 2
Regionai-Schd 28 Ott Moiokai, Hawaii DHC-6 Hit mtn enroute. 20
Corporate 7 Nov Ribeiro Das, Nevez LJ Hit hiii on approach. 5
Private 2 Dec Ruidoso, NM Be-90 Hit short in procedure turn NOB approach IMC. 2
Air Taxi- 22 Dec Beiuga River, Aiaska PA-31 T Hit 8 NM short.
Positioning

. .

Regionai-Schd 26 Dec Pasco, WA BAe JS-31 Hit short on ILS 21 R. 4

(3) Large Turbo Prop (10)s 10 Saat Prop No GPWS Installed on any of the above aircraft.
(6) 10 ~ 30 Seat Turbo-Prop (2)’ >6 Seat Jet
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NORTH AMERICAN CFIT ACCIDENTS - CANADA, MEXICO, USA
20 YEARS -1976 THROUGH 1996

LARGE COMMERCIAL JET AIRCRAFT
1996: 6000 Aircraft -9.0 x 10 Flights/Year
4976: 3200 Aircraft -6.0 x 10 FlightafYear

F
YEAR

1995

CFIT AIRCRAF7 Us.
ACGIL3ENTS TYPE LOCATION

OUTSIDE
Us.

I I

2 8757 Cali,
Oolombia

Z=E=#==
VOR 15 Scheduled Yes IMK II

1994
1993
4992
1991
$990
1989

1- 1- 1-

1- 1- I-
1-

1- 1n l-. l-.
0
1 6737-200 Unakateet
2 B747-100 -

LOCIDME Repodtioninq No MK i
NDB Freight No MKIKuala

Lumpur
Santa MariaB747-300 -

0
1 B707-300 Karmas City
o
i B727-200

VOR Charter No MKI

ILS Freiaht Yes MK I

Initial VLF Soheduled No MK I

1988
1987
1988
1965
1984
1$83
1982
1981
1980
1879
1978
1977

Lapaz
o
0
0
n

1- 1- 1- 1-. I

1- 1- 1- 1-

1- 10
0
1 6727-200 Pensaoola
2 DO-S Salt Lake

city
DC-8

2 8-720
DO-10 -

i- 1- 1-
1-

BIC LOC Scheduled No ! MKI
Radar Freight Masked [ MKI
Veotor I- I I
VOR I MKI aAfrioa

Barranquil1976
I I I

VOR Fraight No MK I
VOR Freight No NoneInstanbul

*f31idsstope Failura (Zero deviation no flag)

DB95009.DOC

A2



CFIT ACCIDENTS AND RISK FOR U.S. AIRLINES
Large Commercial Jets

TYPE OF CFI’T LOSS

INITIAL CLIMB Accelerating
Descent

INTO -Climb Out
MOUNTAINOUS -Initial Approach
TERRAIN -Missed Approach
IANDING SHORT -Not Configured to Land

-Configured to Land/No
Glideslope
-Below Giideslope
-Excessive Descent Rate

TOTAL CFIT ACCIDENTS& RISK

Flight Segments
Aircraft Numbers

CFiT ACCIDENTS AND RISK PER I
MILLION FLIGHTS REDUCTION (-)
PRE-GPWS POST GPWS OR INCREASE
4960 thru 4976 1976 thru 1994 (+) (T imes)
1 0.03 0 <0.001 >100

6 0.17 4 0.03
-5.7

I
5 0.14 0 <0.01 -~40
5 o.i4 6 0.06 -2.3

!

8 0.22 0 0.001 -220
6 0.’I4 o O.oof -140
30 0.85 X 1O* 0.09 x

404 1o* -9.6
35X108 108 X 10s +3.1
2800 in ?976 4800 in 4994 +1.7

CFtT Risk 1990 thru 1994 (5 yews) ..............................0.028 X 106 flights
CIW1’Risk 1985 thru 1994 (10 years) . ...........................0.074 X 106 flights

In USA (2)~ .033 x 10 flights
Outside USA (3) ~.44 x 10* flights

10 CFIT Accidents
(1) Loss with ~ GPWS installed
(1) Loss with ~lideslope recaiver failure
(9) All lost equipped with MK I GPWS

● If ahwraft hsd been fitted with MK II or better, losses would have been reduced probably to 6 (0.055x 10 ‘o).
● If ●ircraft has been fitted with MK VAWVII system with “smart” altitude callouta, the losses would have probably
been reduced to 3 (0.03 x 10a).

DB95008.doc
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U.S.A. PART 135 CFIT ACCIDENTS
TURBINE POWERED AIRCRAFT

AD? TAXI
>6 PASSENGER SEATS

REGIONAL \

CFIT
ACCIDENTS
PER YEAR

MAY 1994

FAR135.153GPWS
INSTALLATION
FOR >10 PASSENGER
SEATS

PASSENGER SEATS

\

\

*I

10

9

8

7

6

5

4

3

2

. .i

o
82 63 64 85 88 87 88 68 80 91 92 93 94 85

4t2196
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A-4 - PARTIAL LIST OF U.S. PART 135 TURBINE POWERED AIRCRAFT CFIT ACCIDENT LOSSES
1992 TO 1993 (NO GPWS ON ANY OF THESE AIRCRAFT)

1 Dec 1993
25 May 1993
8 June 1992
January 1992
15 March 1991
4 May 1990
15 January 1990
26 December 1989
21 August 1989
26 April 1989
28 October 1989
4 October 1988
17 May 1988
19 February 1988
19 January 1988
8 January 1988
5 February 1987
28 August 1986
13 March 1986
22 October 1985
16 October 1985
11 October 1985
23 September 1985
25 August 1985
20 August 1985
7 August 1985
7 April 1985
22 March 1985
12 March 1985
14 March 1984
30 January 1984
6 April 1983
12 July 1982

DB95038

Hibbing, MN
Sante Fe, NM
Anniston, AL
Samac Lake,NY
BrownField,CA
Wilmington,NC
Elko, NV
Pasco, WA
Gold Beach, OR
Jacksonville, FL
Molokai, HI
East Sound, WA
Little Rock, AK
Raleigh-Durham, NC
Durango, CO
Monroe, LA
Florence, SC
Lander, WY
Alpena, Ml
Juneau, AS
El Paso, TX
Homer City, PA
Shenandoah Valley VA
Lewiston, MA
Gulkana, AK
Dallas, TX
Wllliston, ND
Los Angeles, CA
Barter Island, AK
Myrtle Beach, SC
Terre Haute, IN
Indianapolis, IN
Pueblo, CO

BAe 31
SA-227
Be-C99
Be-l 900C
HS-125
GN-24
Metro Ill
BAe 31
Be-C90
SA-226
DHC-6
Be-99
AC 690
Metro Ill
Metro !11
GLS-36
SA-226
Ce-441
EMB-110
LJ-24
MU-2
DHC-6
Be-99
Be-99
LJ-24
SA-226
SA-227
SA-226
DHC-6
Be-99
SA-226
L-35A
MetroIll

LOC B/C 13
Circle 15
LOC 5
ILS 23
Departure 8L
B/C LoG 16

‘VOR-A
ILS 21 R
34
L Wheels Up
Enroute
Departure
Visual 22
Depatture 23
VOR-DME 20
ILS 04
1,Wheels Up 36
Departure 21
ILS 1
LDA 8
Enroute
Enroute
ILS 4
ILS 4
VOFUTVOR 14
J. Wheels Up
L Wheels Up
1,Wheels Up 25 SR
Go-Around
1.Wheels Up
Departure
ILS
Departure

18 Fatalities
4 Fatalities
3 Fatalities out of 53
2 Fatalities out of 4
10 Fatalities
2 Fatalities
4 Serious Injufi out of 16
4 Fatalities
3 Fatalities

. .

20 Fatalities
-- out of 4
1 Fatality
12 Fatalities
8 Fatalities out of 17
2 Fatalities

..

7 Fatalities
3 Fatalities out of 9
4 Fatalities
1 Fatality
1 Fatality
14 Fatalities
8 Fatalities
3 Fatalities

. .

.-

1 Serious Injury
2 Serious Injury

“.

3 Fatalities
. .

2 Fatalities



CHARACTERISTICS OF VARIOUS MODELS OF GPWS EQUIPMENT

1, Basio Alwt/Warnlng6 (modes) applicable to all models:

MODE 1 Excessive sink rate close to terrain
MODE 2 Excessive closure rate towards terrain
MODE 3 Negative climb rate after take-off
MODE 4 Insufficient Terrain Clearance based on configuration
MODE 5 Significant fly up giide slope deviation on approach

2. Performance features of some GPWS models are:

Mark lt2 ● Early, primitive GPWS system. Could not warn for many flight path into terrain situations, including flight path below
the glide siope.

● Warning was a warbiing continuous tone (woop-woop),

TiIissystem was instaiied on some 160 to 200 DC-8 /DC-9 /DC-fO aircrat? outside of the United States. These units
do not meet iCAO, U.S.A. or UR specified Minhnum Petiormi?nce Si?andmds. Most have been repiaced.

An eariy, now obsclete, GPWS system that met the spectfied Minimum Performance Standards of TSO-C92b and
U.K. CAA Specification 14.. This system could not provide a warning for some flight path towards terrain situations.
The average warning time for flight into mountainous terrain was seven (7) seconds.

Warning is a ‘Puli Up!” (or “Terrain”) and a ‘“C3iideslope” alert

● “Puil Up!” was heard often in some operational environments. Piiote often waited to determine the reason for the
warning, which sometimes took too long to oross check and determine the cause.

Over 4,000 of these systems were installed worid wide, mostiy in the U.S.A. Many of these systems, in
the U.S.A., have been repiact?d withthe MM11or MK VW Aboti.fYOMmmain&m#aaii#W4.-
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Mark II An obsolete system now, but the MK II gave dgnifioant Improvement in performance
as aompared to the MK 1,exeeedlng both the U.S.A. and the UK specified Mlnlmum Performance Standards.

● Airspeed/Maah utilized to expand and contract some of the warning envelopes to enhance the performance. The
average warning time for flight into mountainous terrain increased to twelve (12) seconds from (7) seconds.

● Most warning envelopes were reshaped to reduce unwanted warnings. Later modifications, based on airline
provided data, significantly reduced the possibility of warnings during Air Traffic Controiied radar vectoring off
instrument approach routes and procedures.

● Aiert messages (“Sink Rate”, “TOOLow”, Terrain’*, etc. ) replaced “Puii Up’’glving the reason for the warning. The
“Puii Up” message was retained oniy for very time critical recovary from flight into terrain. Airspeed enhanced
warning enveiopes (dependent on phase of flight) were aiso utilized to change the alert message format.

Over 6,000 of these systems are instilled and are flying in revenue service atwund the world.

Mark HI ● Digitai bus Interface version of the Mark II. Now aiso obsoiete.

9 Some further performance improvements, but becausa of radio aitimeter sensor imitations, the MK Iil proved to
have some additional unwanted warnings compared to the Mark II.

● A iimited Enveiope Modulation feature, in a terrain data tabie form was added to improve warning time and to also
reduce terrain induced nuisance warnings at some twenty wortd wide airports. Unfortunately, this table being
incorporated {n the software made the addition off new airports very difficuit.

● Pin electable iimited voice menu, cali out8 and features,

Mnrk 111,swere insteiied on eariy B7S7% and 6767%, the A300-600’s, the A310’5 and A920’s aircrat%
Moat early B767 and B767 Mark 111in8tailations have been upgraded to the hfK Vsystem.

MaririV mimystemlm%eam~—}~ *rydmrt#t.
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Mark V “

●

●

●

●

●

Mark VI s

Mark VII ●

●

●

●

This system has upgraded performance over the Mark III system.

The Enveiope Modulation feature was expanded and made easy to update via EE PROM programming at
Of the 6,000 ourrent world wide airports, a date base of only one hundred airports is in use. The airport data
is waiiabie to the system via a iook-up tabie that does not alter the operational software. This tabie
can be expanded corwiderabiy if and when nuisance warnings, at a particular iooation, are brought to our
attention and an anaiysis shows that the instrument and radar vectorin~ procedures give adequate terrain
clearance.

Pin seiectsbie voice aiitude call outs were expanded, and others such as” Bank Angie”’ added.

To reduce the flight into terrain risk during non-preaision approaches, an optionai smart” 500 feet “’caiiout
and prooedure are used.

Wind shear detection algorithm and “Wind Shear” message, were added with priority.
Avaiiabie aircraft performance ( totei energy ) is used to moduiate some of the warning enveiopes.

This system replaced the Mark W unit. The Mark V is instaiied on most new aircraft. it is basic equipment for
ail Airbus, Boeing new Fokker fOO, BAEA TPand AfD-f 1.

This sy8tem’s performance is simiiar to that of the Mark VII computer but designad especially for the speciai
requirements of light business, regionai turbojet and turbo prop aircraft. Over 1200 aircraft in 1994
have MK Vi GPWS installations. The number is rapidly growing,

Upgraded performance is simiiar to the Mark V computer, but.for analog avionic interfaces.

Latest wind shear detection aigorithm was implemented and buiit-in duai recovery guidance was provided.

Pin seiectebie menu of caii outs is provided, such as “Bank Angie”.

To reduce the flight into terrain risk during non-precision approaches: .anoptionalsmart fl-tMMKfeetUALouf.
and procedure is used by many of worid wide airiines.

The iatest versions of the MK Vi{ ofler an Envelope Modulation feature similar to the MK V. The Mark VN
was designed to upgrade ail Mark 1/2, Mark 1and Mark 11system installations giving superior
perfmnance and sign~cantly raducedprobability of unwanted warninga.

3



Enhanced GPWS V and Enhanced GPWS WI (EGPWS)

These new systems provide significantly improved performance over any past or present GPWS system. The
EGPWS and installations. The basic GPWS independent funotions are retained. The EGPWS has been designed to
use the existing MK V and WI aircraft interfaces.

● “Look Ahead” algorithms utilize present, and predicted position are related to a worldwide terrain data base
with aircraft climb performance to give a nominal one minute time alert to possible Impact with threatening
terrain.

● The system also provides a terrain output signal for use with cockpit Map Displays. The threatening Terrain
Situation can be displayed on most existing color Weather Radar or EHSI displays.

● A terrain clearance floor Is provided that surrounds the world’s known civilian and military airfields to alert
the pilots to possible premature descent into terrain or water Independent of the aircraft configuration.

● The system also provides alerts to possible flight into significant obstacle/structures. This feature is only
limited by the availability of the obstacle data.

● The EPWS comes in two computer versions, one to directly replace the MK V and the other to direct{y
replace the MK Vll, utilizing the existing Interface wiring and installations of the world’s airline fleet to
advantage.

4



“Bank Angle” and other Forms of Alerting or Protection for Undetected
Excessive Roll Angles

Aircraft have been lost when excessive roll angles have developed
without detection by the flight crew. High undetected roll angles have resulted in
high descent rates, during cruise buffet, loss of control, or scraped engine pods
during landing. Some past incident/accident examples are shown in Table 1.
The risk of future incidents remain high.

These incidents have been caused by various factors:

o Undetected and uncommanded roll with autoflight or autopilot
engaged (especially in cruise)

● Looking outside the cockpit at inadequate visual references during
take-off climb or approach, Especially a problem at night with base
turns circling and a lack of inside reference by the pilot to the panel
attitude reference instruments. Other factors are looking for traffic,
maneuvering for runway alignment, etc.

● Vertigo
● Expedited turns during take-off climb because of traffic, leading to

uncoordinated flight control.
4 Failed attitude reference display.

Many of these incidents arise because of lack of tactile sensory feedback.
The tactile accelerations associated with coordinated steady high bank angle
turns are often masked by the nose of the aircraft falling through with altitude
loss.

To reduce the risk of such occurrences, various measures can be taken:

● Built in maximum bank limiters in “fly-by wire” automatic control
systems.

● Enhance or emphasize high bank angles on the attitude display.
On some displays, secondary data is dropped by the display to
help the pilot focus on or correct the attitude problem.

● Visual and/or Aural Alerting when high or unusual roll angles are
reached. Many forms are available; as an example, most GPWS
equipment has options to annunciate “Bank Angle” when roll
angles exceed A 40 degrees or smaller angles when close to the
ground. This capability provides independent means of protection
against autopilot and instrument failures.



PARTIAL LIST OF EXCESSIVE BANK ANGLE CFIT ACCIDENTS/CFll INCIDENTS

*Significant Damage

DB9507.9,DOC
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DEVELOPMENT OF GROUND PROXRWIT’Y WARNING SYSTEMS (GPWS)

Don Bateman
AlliedSignalInc.

Redmon&Washin@oq USA

Abstract
Development of the GPWS in tie early seventies and its
installation into turbine powered commercial u-ansport
aircraft has significantly helped reduee Controlled Flight
Into Terrain (CFIT) accidents. Today over 15,000
turbine transport aircraft in public eommeree are fitted
with this flight safety device. GPWS costs less than the
exlerior paint on the aircrafl and easily repays its initial
investment in less than two years. However,early GPWS
had its limitations of unwauted warnings, late warnings,
and no warnings when needed. Current Enhanced
GPWS models will give the pilot much better awareness
of flight into terrain situations, before a last moment
mandatory escape maneuver is requir~ and will provide
warnings in situations where thepresent system gives
none. Greater immunity from unwanted warnings is
also provided.

Controlled l?li~ht Into Terrain (CFIT)
Accidents and GPWS
In March 1931a tri-motor Fokker, the Sbtithem Cfoud,
took off on a flight from Sydney to Melbourne. It
disappeared with its crew and passengers. Ml searching
was in vain. The budding airline, AN& could not bear
the resulting negative publicity with its financial
consequences and went into bankruptcy. In 1958, a
surveyor discovered the wreckage near a summit in the
Snowy mountains, 200 miles notiwest of Melbourne.

Sti@ the 10SSof the Southern clo~~, over 30,~
passengers and crew have lost their Iives in terrain-
related accidents. FIying a good airplane into the ground
or water instead of the runway has resulted in about 600/0
of the total fatzdit.iesin public air transportation over the
last ten years. Wkh the advent of eoekpit voice and data
reeorders in the 60’s, it became evident that most of these
CFIT aeeidents involved errors, not only in the coekpi~
but often on the ground and in the procedures
&emSelves. Flight procedures have evolvedslowlyto
heip reduce the ns~ but the attitude of many in the
indu.stxyhas been that the p.fiotsinvolved in suck.
accident were incompetent and shouId not have been
flying in the first place. That attitude still persists today.
“I would not have ever done anything M stupid!” was,
and is, a eornmon attitude.

Unfortunately, little thought or effort was given to,
building a broad pilot awareness of the CFIT hazard
facing pilots and controllers. Very little training was
given to pilots and e-ontrollersto help reeognize CFIT
“traps”.

Today, many airlines are stressing pilot awareness
programs that ihstrate how a CFIT accident could
happen to any pilot under the wrong fateful
circumstances. This training is one of the most
important cost effixtive safety measures that ean be taken
to reduee CFIT risk! Equipment such as GPWS takes a
second place.

In the late 1960’s, tie introduction of the radio altimeter
into kuge commercial jet airerafl as a pilot aid for
reaching Category II Minimums also helped to reduce
the CFIT accident risk. It made possible the simple
cxmceptof a GPWS, which origimted in Europe at
%andinavian Airlines (SAS) in 1969. The concept was
to give the pilots an alert based on abnormal aircraft
flight path and abnormal terrain clearances with respeet
to the ground or water. The radio altimeter became the
prime sensor. The system also utiIized signals horn
other existing aircraft sensors, such as deseent rate and
glideslope deviation. My company, United Control at the
time, beta.rne a pioneer in the development of the system.

The application and study of CFIT accident daa
-~lY ~ose derived from the aircraft flight path
profile relative to the teti began to drive
improvements in the system performance. With advent
of the first EPROM digital memory, a ~thesized voice
‘<WIUP!” replati the original aural tone. In 1971,
GPWS began to be installed voluntarily by SAS, CPAir,
Maersk Air, Braniff, Pan American and other airlines.
By 1973 Boeing was offering GPWS as a recommended
safety deviee on all aircraft models, and in early 1974
Boeing made it basic to all models.

In late 1974, during the initial stages of a VOR-DME
approach to Runway 2, at Washington Dunes airpo~ a
B727 struck 50 feet below the last major ridge between
the aircraft and the runway, some 20 NM tlom the
runway. NineV-two lives were lost. Many of the
passengers worked and lived in the Washinaon DC area.
tie re&lting public and media outcry forc~ the FAA to
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do something. Within two weeks, the FM enacted
operational rule FAR 121.360, requiring all large twbo-
prop and jet aircraft to be fitted with GPWS within one
year. Pilot training, mandatory repting of warnings, or
CFIT awareness programs were not required by the FAA.

T@einstant market created by the ruling was
immediately filled by seven GPWS manufacturers, six of
which had never built or flown sttch equipment.
Performance meant little; the minimum to meet the rule.
Price was all.

My company secured less than 25 percent of the US
markel as many in the industry blamed my company,
Boeing and Pan American for “forcing” GPWS on tkern.
a useless annoyance they did not need.

Despite MS very bad start for GPWS, with many
nuisance warnings and many technical problems, CFIT
losses in the USA Part 121 large turbo-prop and jet fleet
began a signifkxmt and continuous drop (EM. 1). As
shown in Figure 1, the accident rate fell fkoman average
of eight aircraft per year down to one aircraft every five
years. The CFIT risk dropped from 2.2 aircraft per 106
flights to 0.07 aircraR per 10s flights! (During this time,
the large USjet fleet increased from 2800 aircraft with
2.5 x 10sflights per year, to over 4800 aircrdl with 7 x
106 flights per year.)

4sa@51s35!RxNts3&5 67037ti3isnmn&33&x37 a391m

Figure 1- CFIT Accident History

It wouId be an overstatement to claim GPWS is the sole
contributor to this significant reduction. The continual
investment by the FAA in expanding and upgrading the
ATC radar and tools, such as ARTS III, Minimum Safe
Altitude Warning System (MSAWS - a software add on
to the radar), approach I@ting VASI, ILS, DME and
other mvigation aids, along with improved procedures,
have all helped reduce the CFIT risk.

In sharp con- virtuaIly none of the fleet of regional
commuter (Part I35) turbine-powered aircraft with from

10 to 30 seatswereequipped with a radio altimeter, let
alone a GPWS. This fleet shared all of the improved
ground aids and the ATC environmes% bnt continued to
“losean average of three aircraft per year in C!FIT
accidents. It took the FAA 20 years to extend GPWS
requirements to Part 135 operations (10 seats to 30
seats). During that time, 33 aircraft were lost in CFIT
accidents. All such aircraft are now fitted with a modern
GPWS (but still with no requirements for tra.inhg).

The largest CFIT Iosses now are found with Air Taxi
aircr@ operating under Part 135 with less than ten
seats. In the average year, eight twin turbo-prop Air
Taxi aircraft are lost to CFIT.

An Assessment of the GPWS Record
Today there are approximately 15,000 civil transport
aircraft worldwide fitted with some form of GPWS
equipmerm Half of this GPWS equipment is of 20 year-
old vintage. The accumulated flight experience with
GPWS since 1975 now exceeds 170 million flights and
approximately 480 million flight hours. This is
considerable experience for an avionics flight safety
system. An assessment of the GPWS record reads as
follows:

Positive Exuenence - NorttI American Fleet. where
installecLGPWS has.been effective in reducing CFIT
risk:
● The demonstrated reduction in CFIT risk is about 20

times when using early genemtion GPWS
equipment. For the latest GPWS equipment the
reduction is about 50 times. GPWS has virtually
eliminated many of types of terrain accidents which
were so prevalent before 1975: undetected high
descent rate, flight into mountainous terrain, descent
back into the ground after takeoff, insufficient
terrain clearance, and descent below the glideslope.

● If the pre-1975 average annual CFIT losses of eight
large commercial jet aircraft per year had condnued
to 1993, we would have lost 150 aircraft and 7500
lives in CF?Xaccidents. Ins@@ the CFIT 10SWfor
the last 20 years have been seven aircraft and 187
lives. While aircraft accidents receive wide
publicity, pilots and controllers rarely ever repxt
CFIT incidents. Only a fraction of CFIT incidents
ever become known. Incidents are most often
reported when passengers or people on the ground
become frightened. There were probably at k.ast ten
such incidents in North America last year, and five
this y-. A timely GPWS warning.(even from
primitive equipment) has been helpful in avoiding
what might have become a CFIT accident.

● Many of the best airIines are educating their pilots to

recognize and avoid potentiaI CFIT traps. GPWS is
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no panacea for eliminating CFIT accidents. In
addition to GPWS, even better results can be
obtrined by mabng all pilots, controllers and
managers aw=e of the C’FIT.hazar&and how any
pilot or controller can be led into a trap. Flight
standards and training need to k-erefecused and be
shaped and emphasized to avoid these traps.

The GPWS Minimum Operational Performance
Standards (MOPS) written in 1975 and 1976 by the
RTCA (DO-161a) and by the CAA (Specification
14) havesemd theindustry well. The value of the
MOPS has been proven over the last 19years, and
they should sene us well into the next century.
Existing MOPS have not prevented evolutionary
improvements in system performance, nor do they
limit future improvements. Contrary to my@ there
are no patents that prevent any manut%cturerfrom
meeting these well proven minimum standards.

Analysis of reported GPWS alerts has Ied to the
identification of a dozen airports where there were
marginal terrain clearances for the published
instrument approach procedures, as well as marginal
radar vectoring altitudes. Many of these procedures
have been improved by the Fw making the
procedure @eras well as compatible with GPWS.

The incidence of unstabilized approaches has been
reduced by a factor of five. GPWS alerts caused by
theseapproaches have influenced pilot techniques in
positive manner (at the cost of some pilot
resentment). @fs 2 and 3)

GPWS costs much less than the paint on a typical
large transport aircraft. The average investment in
GPWS equipment and its installation has been paid
back within 1 to 3 years, based on replacement
aircraft costs and average settlement costs on the
lives lost. Few avionics safety systems have been as
cost effkctive.

Negative Ex~erience - North American Fleet. Since
1975,seven aircraft fitted tit-h GPWS equipment have
been lost to CFIT accidents (see Table Ii -

r1977

1978

1985

1987

1989
.~~g?.

l_-
1990

Table 1

Salt Lake City
Pensacola
La Paz
Kansas City
SantaMaria
.y=~~.lu.@p&-
Unakaleet

J.S. CFIT hSSCS I

DC-8
B727
B727
B707
B707
EH4’?
B737

’75to 199

It is instructive to examine the cirCumstancesof these
accidents in more detail:

AH seven CFJ.Tloss were aircraft fitted with first
generation, 1975 vintage, GPWS equipment (MK I).
Much of this equipment has since been replaced with
improved performance equipment. However, about
3fl~oof the North Americm fleet is still fitted with
MK I GPWS. This equipment does not idorm the
pilot of the reason for the “Pull Up!” ~Terrain!” on
some aircraft), nor does it use aircraft sped logic for
enhancing warning time (Ref. 4). It also has a
relatively high unwanted “PuII Up!” wanting rate.

Identifying the cause of the warning allows the pilots
to verify the specific cause and help reduce reaction
time. This would have helped the fight crew at
Pensacola recognize that inadvertent descent rate
and insufficient terrain clearance over the water was
the reason for the warning. At %nta Maria
ident@istg the cause would have helped the pilots
recognize that mountainous terrain was the reason
for the warning. At Kuala Lumpur an aural message
would have helped the pilots recognize the reason
for the warning was that they were very close to the
ground before reaching the Final Approach Fix
@w.

Later versions of GPWS would have significantly
improved the warning times at Santa hla.r@ La P%
and Salt Lake City, as shown in Table 2, had later
generation equipment been installed:

~
\ Santa Maria I 27 secon& vs 6.3 seconds I

Table 2- Warning Time Improvement Using Airspeed
Logic

Unfortunately, the original implementation of the
airspeed logic also caused an increase in the number
of unwanted warnings during initial approach in
parts of Europe and Austratia. This w~ particularly
bothersome for those states which do not have a
speed limit at the lower altitudes. British Aitways
provided flight data for these incidents, and this
helped our designers to reduce unwanted warnings
significantly without losing the extra warning time
provided by airspeed logic.

. For the Kansas City ILS approach acciden~ tie
GPWS gIideslope function apparently was
inoperativ~ the suspected cause being an inoperative

-****+w-(tiT&*ttiemc-9-ztich
accident in 1991). A typical GPWS installation uses
the Captain’s glideslope r~iver deviation and flag.
GPWS is a “single thread” system receiving only
one radio altimeter, one set of air dam signals, etc.,
all from the Captain’s side. This is a system
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weakness in GPWS. At least two other incidents
have occurred where the aircraft descendedwelI
below the glideslop-e. (A DC1Oincident at PortlanL
Oregon is one example.) In Wch case the instrument
procedure uses a VOR radial OrDME value for
determining the step down tixes aIong the approach
path. AIso in each case, tie pilot flying was the co-
pilo; and the Captain was monitoring with the #l
Navigation receiver in VOR-DME mode with no
glideslope signal. In the modem glass cockpit
architecture, tie ILS (localizer and glidesIope)
receiver is independent of the VOR navigation
receiver, and so there is less risk that the GPWS has
no functioning glideslope deviation input.

The Unakaieet accident occurred flom prernam.re
stable descent horn an irmmect step down fi on a
localizer-DME non-precision approach while in
landing configuration. The GPWS gave no warning.
This is a major weakness of GPWS systemsfor jet
aircraft which norms.liychange to Ianding
configuration at the FAF, thus eliminating the
‘insut%tient tenai.n clearance’ waxning flcm-s.
Turbo-prop aircraft usually do not commit to landing
flaps until the field is in sight. For this reasorL
GPWS has been more effective on X prop aircraft
than turbojet aircraft. For a normal descent rate,
with the aircrail in landing configuration and no
glideslo~, the GPWS cannot determine that there is
no airport at the bottom of the descent path. On a
worldwide basis, this ‘no warning’ situation for
GPWS has cccurred in about 40?4.of the cases of
CFIT loss (see Figure 2).

w.== 1

Figure 2- The GPWS ‘No Warning’ Situation

. For each of the seven accidents shown in Table 1,
none of the pilots had ever received trakdng on
CFIT hazard awareness or GPWS functions and
limitations, nor had they practiced rarveries from
terrain conflicts. Until recently, only a ba.udfulof
airlines had invested in such valuable cast effective
training measures. Training might have altered the
outcome at Salt Lake City, where it is speculated that
the m-pilot performed a late pull-up maneuver after

a GPWS“pull Up!” warning. His action resulted in

an estimated pitch attitude of 28 degrees nose-up,
and could have saved the aircraft had it not been for
the subsequentactions of the Captain. Believing
that sm.11was irnminenc the Captain is presumed to
have pushed the aircraft nose back down to 10
degrees. Two more samds at the higher attitude
wasall that was required to clear the mountain. It is
illogkal that pilots are required to train for
windshear recovery, while no training is required for
terrain recovery. Training, and sharing details of
CFIT incidents and accidents between pilots and
controllers, are invaluable in achieving awareness of
the hazard and in ~g the value of GPWS
(seeRef 5 for one example of how this can be
accomplished).

while many pilots grumble about “false warnings,”
veryfw are formally reported in North Ameriw
The problem is real, but if the pilot has any reason to
believethe warning could have possibly been caused
by his or her flying, they don’t get reported. A fh.lse
engine fire warning is readily reported, but GPWS
warnings are probably under-reported by a factor of
some 50 times. Lack of pilot regmt.sand flight data
has been a significant impediment to improving the
systerm Much of the progress towards the
elimination of false or unwanted warnings is owed
to flight data tiom a few European air carriers who
have encouraged their pilots to report such events.
A major source of nuisance warnings has been
causedby radio altimeters losing track of the ground
and not dropping the flag signal. It is usually
difficult to correct problems of this kinL since the
radio altimeter is often essential to the auto-land
integrity, and moclifkat.ionsrequire extensive
softwarevalidation time and eqxm.se. It has been
demonstrated that by voting and averaging three
radioaltimeters, a significant reduction in unwanted
warnings can be achieved, Other techniques, such
as modulation of the GPWS alert envelopes at
qAfic locations, have also been used effectively. A
major reduction in unwanted warnings is achievable
without the loss of GPWS warning when truiy
needed.

The Worldwide Experience With GPWS (See Ref 6).
By reviewing the world-wide CFIT losses over the last
five years (1989 to 1993) for large commercial airline jet
airc~ the positives and negatives of GPWS experience
correlate well witi the previous discussion (see Table 3).
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1993

1992

199J

1990

1989

Ururngi,china
Sorong, Indonesia

MedeU@ Columbia

Abijiaq Ivory Coast

Kane, Nigeria

Katbmandw Nepal

Kathrnand% Nepal

Cruzeiro do SOLBrazil

Athens, Greece

Kane, Nigeria

Strasburg, France

IruphaI, India

Santa B- Venezuela

Nairobi Kenya

Zurick Switzerland

unalrddee~ Alaska

Bangalore India

Hulieq Taiwan

TegncigaI~ Honduras

Tripoli, Libya

Paramarii, Surinam
Kurds Lumpur, Malaysia

Santa Ma.rkLAzores

MD-80

F-28

B727-1OO

B707-320

707-320

A300-B4

A310

B737-200

B707-320

DC-8

A320

B737-200

DC-9-30

B707-320

DC-9-30

B737-200

A320

B737-200

B727-200

DC-10

DC-8-62

B747

B707-320

Table 3 -Commercial Large Jet Aircraft CFIT Accidents
(23)

For the past five years we have lost about five aircrait per
year to CFIT accidents (excluding Sovietbuilt aircraft).
Approximately one half of these CFIT losses were
aircraft not equipped with GPWS. Of the world’s fl~t
of 11,000 or so aircm 300 aircraft (3°/0)are not
equipped with GPWS, and 50’XOof the CFIT lossesare
associated with this 3°Aof the flee~ #mother thirty
percent of CFIT accidents occur with the 470 or so ‘first
generation’ jet aircraft (B707, DC-8, etc.) which today
make up less than five percent of the world’s civiljet
fleet. Those aircmft that have GPWS are fitted with
early, primitive performance, equipment.

Of the fourteen losses where GPWS was install~ nine
aircraft were fitted with early MK I GPWS for which
warning times can be very sho~ or too late for recove~.
Later generation GPWS would have more than doubled

the warning time, and told the piIots the specific problem
or reasonfor the “pull Up!”

Four aircraft were in ‘no warning’ situations, i.e. Ianding
configuration no glideslo~, stable descent into a place
wherethere was no‘runway. This is a weakness that is
partially addressed in current GPWS equipment by the
use of a ‘Smart’ altitude callout such as “five hundred”,
and with a specific cockpit procedure to go-around if the
runwayenvironment is not in view. A‘ Smart’ callout is
not heard on normal ILS approaches, only on non-
glideslopeapproaches (i.e. non-precision approaches).
This procedure is being utilized by some major tilines.
In newsystems, introduced this year, a Minimum Terrain
ClearanceFloor around the airport will be used (see
below).

Enhanced GPWS (refs 7,8. and 9\

Severalpractical and cost effective system performance
improvementshave been introduced into new GPWS
equipment this year. These improvements are backward-
compatiblewith the GPWS installations presently
installedon most glass cockpit digital aircraft. The
enhancedsystem uses existing sensors and signals as
presentlyprovided to we GPWS. The form f%tor,
power,and weight of the new computer are essentially
the same as for the original GPWS computer. The
enhancements are in addition to the original GPWS
functions,and do not compromise basic system
performance.

Someof the improved performance features are:

Terrain Clearance Floor. This additional terrain
clearancefloor, based on aircraft positio~ is independent
of landing gear and landing flap settings, and provides a
“TooLow, Terrain!” alert to the pilot if there is
insutlicient terrain cle+ranceon approach This f~ture
could help save one aircraft per year in worldwide
commercial large jet operations.

About I% aircraft per year world wide impact short of
the runway with no GPWS warnings during non-
precision approaches. The median impact point has been
5fi NM short of the runway. The terrain clearance floor
providesa warning if during an ILS approach the
glideslopcequipment (ti”ibomeor ground) has failed or,
for some reaso~ is not &lng used by the crew and the
aircraft prematurely descends short of the runway.

The ‘floor’ lies below the nominal 300 fet per NM final
appwacb slope <-2%3e-);-anWHar&etslkx*errain or
water around the airport at 75 feet A- per NM. (see
figure 3 and 4). The floor is based on distance to the
runwayarid radio altitude, distance to the runway being
computedfrom cu.mentairti position (lat/long) and
stored pbsition of the airport.
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Figure 3- Terrain Clearance FIoor, Prc@e View
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TERRAiiiCLEARANCE FLOOR

Figure 4- Terrain Clearance Fhor Viewed from Above

The 75 f=t AGL per NM slope is weLlbelow the design
criteria for terrain clearances and obstacles found in U.S.
and ICAO standards, and provides an average of about
10 seconds of warning before impact.

The accuracy of the data defining aircraft present
position and the runway threshold determines the
timeliness of the warnings, and also the margin against
unwanted warnings. Aircraft position from FMWGPSis
weighted against quality factor and the distance of floor
cutoff from the runway is automatically modulated to
prevent unwanted warnings. The runway data required
is readily available in digital forma~ and needs only a
moderate amount of memory (approximately 32k Bytes)
to cover2he 500@tiIU.m4~tAg-4.*% -~’/orldti&
which have runways of 4000 feet or longer.

Airports and runway data do change with time, but
relatively slowly when compared to mvigation data. It is

anticipated that updat= of such w~ will be tiequen~
perhaps once every two or three years.

“Terrain Ahead” Alertin~ And Warning. rfpilots
could be alerted earlier for Controlled Flight Towards
Te- (Cm sihatiom before the aircraft is into
precipitoustenz@ then the CFIT risk and need for
maximum effort recovery in response to a GPWS
warning is significantly reduced.

In 1982, AlliedSignal (then Sundstm.nd Data Control)
begart developing ‘look ahead’ algorithms that us@ the
present position and projected flight path of the air-
together with stored terrain da% to predict a potential
terrain threat ahead of the aircraft. Because commercial
transport aircra.fldo not typically fly in very close
proximity to terrain (except when landing), relatively low
resolution elevation data is suf5cient to provide effective
terrain awareness (typically 100 f=t vertical redutio~
and from YZ NM to 8 NM or more horizontal resolution
depending on distance born the airport). However, even
this level of terrain data storage taxed the tednoIogy
available in the 80’s and made practical systems cxxl-
prohibitive.

in the 90’s, flash memoxytechnolo~ has progressed to
the point where it is now not only possible, but practical,
to store the terrain data for the entire world within
current generation digital GPWS computers. Special
terrain data compression routines have been deveIoped to
further minimize memory requirements and reduce costs.

Error-tolerant algorithms have been developed that
consider aircraft positio% tracQ absolute altitude and
flight path in relation to stored terrain data to determine
if tie projectedflight path conflicts with terrain ahead of
the aircraft. This feature has been coined ‘look ahead’
alerting and offers a significant improvement in advance
alerting times for flight into veqf precipitous terrain.
The voice messages “Caution! Terrain!” and “Terrain
Ahead! Pull Up!” are given if the projected time to
impact is less than predetermined values. It was
recognizedhorn the outset that such a function must be
carefid.lydesigned to avoid unwanted alerts in order to be
efkctive especiallyfor airports in mountainous areas.
Distance from the airpo~ mvigation data quality, and
terrain databasequality factor are used to automatically
determine how far ahead of the aircraft the trajectory can
be reliably projected and used. The design approach for
the ‘look ahead’ alerting has been to lean towards the
prevention of unwanted alerts. The existing tried and
proven GPWS warning modes continue to independently
monitor the aircraft’s flight path with respect to the
terrain. In this manner, overall system eflkctiveness
always meets or exceeds what is availaiie and certified
on aircraft operating today.
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Two ‘look ahead’ algorithms are used to provide
“Caution! Terrain!” and “Terrain Ahead! Pull Up!”
alerting when needed (see Figure 5).

Figure 5- Look Ahead Volumes

The “Caution! Terrain!” algorithm gives about 60
seconds of advance alerting for a potentkd flight path
into termi% while the “Terrain Ahead! Pull Up!”
algorithmgivesabout 30 secunds of warning. Both
algorithms are modulated by the terrain ckarance floor
around the airport. Both algorithms also kx)kup a
nominal 6 degrees of flight path climb angle to ensure
that the alerts are timely. The “Terrain Ahead! Pull Up!”
warning recovexyprocedure is identical to the existing
GPWS recovery procedure. To validate the system our
test aircraft has been flown agairtst worst case
mountainous airports in North America. Martyof North
America’s worst CFIT accident flight paths and locations
have also been flow to demons&ate warning times that
greatly exceed the current GPWS warnings. It is
interesting to note, however, that current GPWS terrain
warnings can occur earlier than the new ‘leek ahead’
alerts if the aircraft flies over preamble tetin.

With the end of the cold war, terrain data bases to
support this fimction are readily available in digital form
for a si@.tlcant tiction of the airports around the worlQ
especially in the Northern hemisphere. Some airports
are in areas for which digital terrain data is not available,
at least not for civil use. In the majority of these cases,
terrain data is avaiIable in map form. AlliedSignal has
acquired or currently is in the process of squiring all
digital data that is available, and we are digitizing map
data (with help from airlines) for places where digital
data is not available. AgaiL the relatively low resolution
requimnent.s for Li_stemairt data rw+keit practical te
generate the databases. Areas around international
airports and alternate airports worIdwide are being
incorporated into the “Enhanced GPWS” terrain
database. In the event that temin data for some areas is
simply not available in any reliable format this time,

then that area can be added to the da~base later. Of
course, aircraft operating in areas that are not covered by
the terrain database will sti?.1benefit horn the
independent GPWS warning modes.

Database updating is supported in the Enhanced GPWS
computer through a front panel PCMCLApmt. Our
customers will be provided with flash memory cards
which can be plugged into the PCMCIA port to update
the terrain database. The upload is both quick and
simple.

Terrain Awareness Dis@av. For enhancing the pilot’s
awareness to potential threatening terrain in controlled
flight towards terrain (CFIT) situations, a map display of
the terrain situation is very helpful, The Enhanced
GPWS is de-signedto provide an output which can be
used to depict threatening terrain optionally on an EFIS
Navigation Display or a dedicated Weather Radar
indicator.

Adding terrain to a Navigation Display, while appzuing
to be a simple ta.slGmust meet several requirements:

● It must be accomplished in a clear, unambiguous
manner, and be intuitively obvious to the pilot.

● It must require little, if any, piIot training.

● It must add a minimum of clutter to the existing
display.

● It must not impair the display of basic mvigation
data

. It must integrate well and not be confused with
presentations of weather (precipitation and
turbulence), predictive windshear alerts and TCAS
displays.

o It must not become an instrument to navigate by.

● It must be practical and cost effective.

Adding new information such as terrain to existing
cockpit displays can be very expensive if it requires
major changes the EFIS Symbol Generators. Adding a
new display is in most cases out of the question. (The
relative cost of installing identical equipmen~ such as
TCAS II, into a “classic” (analog) aircraft and a glass
cockpit is about S150,000 versus $450,000. The cost
driver is the effort required in validating software
changes in the symbol generators.)

One method of minimizing the changes to the cockpit
and the EFIS symbol generators is to utilize the existing
.~-~ ~~~X,~~&e5p~h-&ti-bm-&tit-iS-ltit0 the
EFIS Navigation Display or the dedicated weather radar
indicator. By proper use of colour and sqle of data
presentatio~ the terrain display can be clearly
differentiated from weather data. Very little change, if
any, is required to the symbol generators.
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Priority of information displaye display range, when
and how the pilot brings up such data axe flight deck
design considerations. One such Terrain bisplay is
shown in Map Mode in Figure 6.

BACKGROUND
— TERFWN

-mm TERlulw
- CAUtlON ARE4

(Yellow)

—rsRAJN~
-$(&t. w!-

‘WARMNG AREA
[Red)

Figure 6- Terrain Display

In our flight test and demonstration aircrafL threatening
terrain can be displayed on the weather radar indicator.
In the event of a ‘look ahead’ terrain ale~ the terrain
picture is presented and the dispIay range is
automatically set to 10 NM. Manual selection of terrain
is also available to the pilots. The terrain is displayed
referenced to the aircraft’s altitude: terrain more than
2000 fmt below the aircraft is not display@ terrain
closer than 2000 feet begins to be shown as low density
pattern of yellow dots. As the terrain becomes closer to
the aircr@ the densi~ of the dots increases to a
maximum value where the terrain is at or above the
aircraft altitude. The display requires no mental
calculations by the pilots in order for them to assess their
relationship to rhreaten.ingterrain. No charts or
reference to insmunents are required. Terrain depiction
is fkee of elevation numbers and contours that add clutter.
When the terrain threat is within the “Caution! Terrain!”
range the conflicting terrain image turns solid yellow.
@e terrain image is composed of a grid of overlapping
rectangles, and is visually unique.) When the terrain
threat progresses to the level of a “Terrain Abead! Pull
Up!” warning, the conflicting temain image turns a solid
red colour. As a successful recovery is made, the terrain
image will change from red to solid yeIlow, and then to a
dot pattern of progressively decreasing density until the
altitude of the aircraft is more than 2000 feet above any
terrain in the immediate IONM area, when the display
will disappear entirely.

Some Conclusions

20 times when the originzd GPWS equipment was
installe@and by about 50 times when the latest
GPWS is used.

Significant improvements have been made to GPWS
performance over the last 20 y-.

The greatest CFIT hazard remains the non-precision
approach About 40 percent of all CFIT losses are
occuming during VOR-DMWLOC-DME
approaches. For no-glideslope approaches where
fidl landing flap is OS+@early generation GPWS
provides little if any warning for stable descen~into
water or ground where there is no runway. This has
not been a problem on turbo-prop aircr@ where
landing flap is not usually selected until the field is
in sight. GPWS is beiig upgraded to address this
weakness.

lle recent availability of terrain databases for civil
use, and advances in solid state memoV have made
additional GPWS enhancements practical and cost
effective.Eaiier alerts can be given for flight paths
into precipitous terra@ and flight paths shoz or off,
the airport, The threatening terrain can be displayed
on most existing colour weather radar displays and
or Electronic Flight Instrument System displays in a
practical low cost manner.

The Enhanced GPWS will again lower the CFIT
accident risk signbicantly, probably to less than 0.01
aircraft per million flights. Perhaps this time,
twenty years after the first installation of GPWS,
there will be a bit more credibility in the estimate.

● Early GPWS equipmen4 in spite of its Imitations,
has been effectivein reducing the CFTTrislq saving
aircraft and lives. CFIT risk was rrxiuced by abut
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appropriate terrain clearance minimum
altitude, vii
awareness, 3.20, 4-C.28
Barometric Altitude, 4-A.4
Emergency Safe Altitude (EAS), x,3. 10,4.4
indicated altitude, vii
Minimum Crossing Altitude (MCA), x
Minimum Descent Altitude (MDA), x, 3.9,

3.19
Minimum Enroute Altitude (MEA), vii, x,

2.3,3.10
Minimum IFR Altitude (MIA), vii
Minimum Obstruction Clearance Altitude

(MOCA), vii, x, 3.10
Minimum Reception Altitude (MRA), x
Minimum Safe Altitude (MSA), x, 3.10,3.11,

3.20
Minimum Sector Altitude, x, 2.3
Minimum Vectoring Altitude (MVA), vii, x,

3.11
MSL altitude, vii, 3.9
Radio Altitude, 3.20, 4-A.2-6
transition altitude, 3.20

Autoflight
as a cause of CFIT, 3.16-17, 4-B.5, 4-B.7,

4-B.15, 4-C.20
as a solution for CFIT, 3.19, 3.22, 4-B.7,

4-B. 15, 4-B. 17, 4-C.20, 4-C.26
Automatic direction finding (ADF), 4-B.5,

4-B.15
AEtopl}ots

use of, 2.2
Aviation Safety Reporting System (ASRS), 3.1

CFIT incident reports, 3.10, 3.11,3.14,
3.16-17

B
Barometric altimeter, 2.6, 3.9-10
Barometric Altitude, 4-A.4
Barometric Descent Rate, 4-A.2
Briefings

See Flight crew.

c
Callouts, 3.20, 4-A.7, 4-B.7, 4-B. 17, 4-C.29
Ceiling, vii
CHTTask Force, 1.1,4-E.1,5.1, 5.17

Participating organizations, 1.2
Charts, 2.3,3.10,3.14,3.15,3.21, 4-B.9,

4-B.19,4-C.1O,4-C.31, 5.7
Checklists, 2.3, 3.20, 5.1,5.7
Civil Aviation Authority, 3.5
Communication

importance of, 3.10, 4-C. 11
responsibility for, 2.4, 4-B.5, 4-B. 13

Controlled airspace, vii
Controlled Flight Into Terrain (cFIT)

as a reason for accidents, 1.1, 3.2-3
background material, 5.1
causes; contributing factors, 2.1, 2.6, 3.8-17,

3.21, 4-B.3,4-B.11, 4-C.6-7, 5.3,5.5
cost of implementation, 1.1
data; statistics, 3.2-5,3.12-16,3.18,3.21,

4-C.2-5
definition, vii, 3.2,4-13.3.443.11, 4-C. I
incident examples, 3.9, 3.10, 3.11, 3.16-17,

3.18,
potential effects, 1.1,3.2-3
solutions; prevention, 2.6, 3.5, 3.7, 3.8-22,

5.1
traps, 3.21, 3.22,4.4, 4-B.9, 4-B. 19

Crew Resource Management (CRM), 2.4,2.5

D
Decision aItitude/height (DAIH), 3.19

definition, vii
Decision height, vii
Decision Makers

definition, 2.1
necessity for support from, 2.1
recommendations to, 2.2

Descent, approach, and landing as a factor in
CFIT, 3.12,3.13,3.14,3.19, 4-B.5,
4-B.15, 4-C.16

Direct ‘(f’ligiil, route j
definition, viii

Distance Measuring Equipment (DME)
definition, viii
See also VOR/DME.



E
Emergency Safe Altitude (ESA)

See Altitude.
Escape maneuver, 4.2,4.4,4,5, 4-B.9, 4-B. 19,

4-D.1-2
Example CFIT Training Program, 2.5,4.1

Federal Aviation Administration (FAA), 3.4-5
Final approach, viii
Final approach fix, viii
Fix, viii
Flight crew

altitude awareness, 3.20
as a cause of CFIT, 3.8, 3.11, 3.21, 4-C.5
as the final link in CFIT, 1.1, 3.21

briefings, 3.19,3.22, 4-B.7, 4-B.17,
4-C.23-26, 4-C.34

complacency, 3.11, 4-B.5, 4-B.7, 4-B.13,
4-c. 14

definition, viii
duties, allocation of, 2.3
responsibilities, 3.12, 4-C. 15
traps, 3.21, 3.22, 4-B.9, 4-C.32-33
understanding of standard operating proce-

dures, 3.12,3.15
Flight data recorder, 2.2

definition, viii
Flight level, viii
Flight management computer (FMC), 3.17
Flight management system (FMS), 3.17

definition, viii
Flight Operations Quality Assurance Program,

2.2, 3.17
Flight Safety Foundation, 1.1, 1.2,2.1, 4-E. 1,

5.1, 5.7,5.13

G
Glidepath, 3.18

definition, viii
Glide slope, 3.16,3.18, 4-A.2, 4-A.6

definition, viii
Global Positioning System (GPS)

definition, viii
GPWS Warn (iI1uminated signal), 4-A.2-5
GPWS warning, 3.20-21,4.3,4.4,4.5, 4.6,

4-B.9, 4-B. 19, 4-C.30
GPWS warning modes. 4-A.2-7

Mode 1, 4-A.2
Mode 2, 4-A.3
Mode 3, 4-A.4
Mode 4, 4-A.5
Mode 5, 4-A.6
Mode 6. 4-A.7

Ground Proximity Warning System (GPWS)
concerns, 3.4, 3.5, 3.11
Flap Override switch, 4-A.3-5
history, 3.4-6
importance of, 4-C.30
improvements, 3.5-6
information for simulator briefings, 4-A. l-7
incident examples involving, 3.10, 3.11, 3.16,

3.18
positive results, 3.45,3.17
recommendation for installation, 3.7
installation statistics, 3.7

updates, 2.5, 3.5, 3.20

H
Height above airport (HAA), ix
Height above touchdown (HAT), ix

I

IFR conditions, ix
Inertial Navigation System (INS), ix
Information, sharing, 2.5,2.6
Initial approach fix (IAF), ix
Instructors Examination Guide, 4-B. 1, 4-B. 11
Instrument flight rules (IFR), ix
Instrument Landing System (ILS), 3.5,3.14,

4-A.6, 4-B.5, 4-B.15
category definition, ix
definition, ix

Instrument meteorological conditions (IMC),
2.2,2.3, 3.8,3 .10,3.12,3.19,4.5

definition, ix
International Civil Aviation Organization

(iCAO), 2.3,3.5,3.15
definition, ix
See also PANS-OPS.

L

Landing minimums, ix
Localizer, x

M
Management

overview for, 1.1
responsibilities, 1.1, 3.12-13

Minimum Descent Altitude/Height (MDA/H),
3.19 See also Altitude.

Minimum Enroute Altitude (MEA)
See Altitude.

Minimum Obstruction Clearance Altitude
(MOCA) See Altitude.

Minimum Safe Altitude (NISA)

See Altitude.
Minimum Sector Altitude

See Altitude.



Minimum Vectoring Altitude (MVA)
See Altitude.

Minimum Safe Altitude Warning System

(MSAWS), 3.5,3.17-18
Minimums, x
Missed approach, xi
Missed Approach Point, xi
MSL altitude

See Altitude.

N
Night, xi
Nonprecision approach procedure, 2.6,3.14,

3.19,3.22, 4-B.5, 4-B.15, 4-C.17, 4-C.33

definition, xi
Notice To Airmen (NOTAM), xi

o
Obstacle

definition, xi
Off course, xi
Off route vector, xi
Operational Navigation Chart, 3.10, 4-C. 10
Operators

definition, xi, 3.1
guide to understanding and controlling CFIT,

3.1-22

P
PAN AM Flight Operations magazine, 3.17,

3.18
Precision Approach Procedure, xi
Procedure turn (PT), xi
Procedure turn inbound, xi
Procedures for Air Navigation Services -

Aircraft Operations (PANS-OPS), 2.3,2.6,
3.15, 4-C.18

Pull-up rate, 4-D.2

Q
QFE, 3.9, 4-C.9
QNE, 4-B.3, 4-B. 13, 4-C.9

definition, xii
QNH, 3.9,4.4,4.5, 4-B.3, 4-B.13, 4-C.9

definition, xii
Quick access recorder, 2.2

R
Fhdaqquxxd,- xii
Radar contact, xii
Radar vectoring, xii
Radio altimeter, xii, 3.4,3 .10,3.20,4.5
Radio Altitude (height), 3.20, 4-A.2-6

See also Altitude,

RNAV approach, xii
Route and destination condition familiarization,

2.3, 3.20, 4-B.7, 4-B. 17
Runway Profile Descent, xii

s

Safety, 2.1-2
Scandinavian Airlines System, 3.4
Sectional Navigation Chart, 3.10, 4-C. 10
Simulators, 3.20,4.1-6

exercises, 4.4-5
fidelity, 4.6
implementation, 4.6

Simulator Training Program, 4.1-6
Sinkrate, 4-A.2
Situational awareness, 2.6,3.8,3.11,4.1, 4-B.7,

4-B.17
See also CFIT, causes.

Special VFR conditions, xii
Stabilized approach, 2.3-4,2.6,3.16, 4-C,19
Standard instrument departure (SID), xii
Standard operating procedures (SOP), 2.4,2.5,

3.12-13,3.20,3.21, 4-B.5, 4-B.15, 4-C.15
Standard terminal arrival (S”rAR), xii
Stick shaker, 3.21,4.4,4.5,4.6, 4-D.2
Student Examination, 4-B. 1, 4-B.3

T
Terminal Instrument Procedures (TERPS), 2.3,

2.6, 3.15, 4-C.18
Terrain Closure Rate, 4-A.3
Threshold, xii
Threshold crossing height, xii
Touchdown zone, xii
Traffic Alert and Collision Avoidance System

(TCAS), xiii
Training, 2.5,3 .17,3.21,4.1

role of effective, 1.1, 3.21, 4-C.21
Transition altitude

See Altitude.
Transponder, xiii

u
Units of measurement for altimeter settings, 3.9,

3.20, 4-B.3, 4-B.7, 4-B.11, 4-B.13, 4-
B.17, 4-C.8

v

Vector; xiii; 4;3
VHF Omnidirectional Radio Station (VOR),

3.14, 4-B.5, 4-B.15
definition, xiv

See also VOR/DME.



Visibility
definition, xiii
flight visibility, xiii
ground visibility, xiii
prevailing visibility, xiii
runway visibility value (RVV), xiii
runway visual range (RVR), xiii
touchdown RVR, xiii
mid-RVR, xiv
rollout RVR, xiv

Visual approach, 4-B.5
definition xiv

Visual Approach Slope Indicator (VASI), 3.5
definition, xiii

Visual descent point (VDP), xiii
Visual flight rules (VFR)

definition, xiv
Visual meteorological conditions (VMC), 3.21,

4.3,4.4
definition, xiv

VOR/Distance Measuring Equipment
(VOR/DME), 3.5,3.14, 4-B.5, 4-B.15,
4-C.17

w
Waypoint, 3.17

definition, xiv
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