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AC Advisory Circular

ADF automatic direction-finder

AGL above ground level

AIB Accident Investigation Board (Kingdom of Bahrain)

ALAR Approach-and-Landing Accident Reduction

AMSL above mean sea level

AOC Air Operator Certificate

ARP aerodrome reference point

ATC air traffic control

ATS air traffic services

ATSB Australian Transport Safety Bureau

AWOS automated weather observing system

BCAG Boeing Commercial Airplane Group
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CAD Civil Aviation Division of the Ministry of Transport, Communication and Public Works,
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CAM cockpit area microphone

CDI course deviation indicator

CFIT controlled flight into terrain

CI course indicator

CIS Confederation of Independent States

CVR cockpit voice recorder

DGPS differential global positioning system

DME distance measuring equipment

DMSU Defence Meteorological Support Unit of BoM

DSTO Defence Science and Technology Organisation (Australia)

EGT exhaust gas temperature

FAA Federal Aviation Administration (US)

FDR flight data recorder

FIR flight information region

FL flight level

ft foot (feet)

fpm feet per minute

ESF Flight Safety Foundation

GPS global positioning system

GPWS ground proximity warning system

HDOP horizontal dilution of precision

hPa hectopascal

Hg Mercury

HR hour(s)
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kHz
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NM
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QNE
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RAIM
SARPS
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Interstate Aviation Committee, Air Transport Accident Investigation Commission (CIS)
initial approach fix

International Civil Aviation Organization
instrument flight rules

instrument meteorological conditions
kilohertz

kilometres per hour

knot(s)

Department of Civil Aviation, Lao PDR
Lao People’s Democratic Republic

lowest safe altitude

metre(s)

metres per second

millibar(s)

minimum descent altitude

minimum descent altitude/height
minimum descent height

aviation routine weather report
megahertz

millimetre(s)

minimum sector altitude

maximum take off weight

engine rotation speed

non-directional radio beacon

National Aerospace Laboratory (Netherlands)

notice to airmen (a notice distributed by means of telecommunicatio containing information
concerning the establishment, condition or change essential to personnel concerned with
flight operations)

nautical mile(s)
non-precision approach
National Transportation Safety Board (US)

the amount of cloud covering the sky measured in eights (OKTAS) from 1 to 8 oktas —
0 OKTAS means the sky is clear, 8 means it is completely covered.

quick access recorder

atmospheric pressure at aerodrome elevation or at runway threshold (the pressure setting to
indicate height above aerodrome)

sea level standard atmospheric pressure

altimeter sub-scale setting to obtain elevation when on the ground (the pressure setting to
indicate elevation above mean sea level)

receiver autonomous integrity monitoring
standards and recommended practices (ICAO)
terminal aerodrome forecast

thrust level angle

United Arab Emirates



UN
UNMISET
UNPOL
UNTAET
URL
UTC
USSR
VDOP
VHF
VMC
VOR
VREF

United Nations

United Nations Mission of Support in East Timor
United Nations Police

United Nations Transitional Administration in East Timor
uniform resource locator

coordinated universal time

Union of Soviet Socialist Republics

vertical dilution of precision

very high frequency (30 to 300 MHz)

visual meteorological conditions

VHF omnidirectional radio range

landing reference speed
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CONVERSIONS

viii

The flight instruments fitted in the occurrence aircraft provided readings of height, distance,
and speed in metric units. The Convention on International Civil Aviation (the Chicago
Convention) was signed at Chicago on 7 December 1944. Standards and recommended practices
are contained in annexes to the Chicago Convention, and specify that height is expressed as feet
(ft), distance in nautical miles (NM), speed in knots (kts), and altimeter subscale settings in
hectopascals (hPa). Consequently, the following conversions are used in this report:

To convert into multiply by
metres feet 3.2808
kilometres nautical miles 0.5396
kilometres per hour knots 0.5396
mm Mercury hectopascals 1.3331




INTRODUCTION

On 31 January 2003, an Ilyushin 76TD aircraft impacted terrain during a landing approach to
runway 14 at Cakung Airport, Baucau, Timor-Leste. The six aircraft occupants were fatally
injured by the impact forces.

Within hours of the event, the government of Timor-Leste sought Australia’s assistance to
conduct the accident investigation. The Australian Minister for Transport and Regional Services
agreed to the appointment of an investigator from the Australian Transport Safety Bureau
(ATSB) as Australia’s Accredited Representative to the investigation. The advisers to the
Australian Accredited Representative included three investigators from the Directorate of Flying
Safety — Australian Defence Force, two scientists from the Australian Defence Science and
Technology Organisation (DSTO), other ATSB investigators, and several specialist advisers from
other Australian and overseas organisations.

The Australian investigation team conducted the investigation in accordance with Annex 13 to
the Convention on International Civil Aviation and the Australian Air Navigation Act 1920, Part
2A, for and on behalf of the Civil Aviation Division of the Ministry of Transport,
Communication and Public Works (CAD), Timor-Leste. The ATSB prepared the draft Final
Report, and the CAD is the authority releasing the Final Report.

A flight data recorder and two cockpit voice recorders were recovered from the aircraft wreckage
during the early stages of the on site investigation. On advice from the Australian Accredited
Representative, CAD forwarded the recorders to the Interstate Aviation Committee, Air
Transport Accident Investigation Commission (IAC) of the Commonwealth of Independent
States for readout and analysis. The IAC subsequently provided a detailed report and analysis of
the recorded data, which included a transcript of the recorded voice data', and a series of flight
path and flight data plots. Relevant information from the IAC report is included in this Final
Report to assist understanding of the factors leading up to the occurrence.

It is not the object of an investigation under Annex 13 to apportion blame or liability. However,
it should be recognised that an investigation report must include factual material of sufficient
weight to support the analysis and conclusions reached. That material will, at times, contain
information reflecting on the performance of individuals and organisations, and how their
actions may have contributed to the outcomes of the matter under investigation. At all times the
investigation endeavoured to balance the use of material that could imply adverse comment,
with the need to clearly explain what happened, and why, in a fair and unbiased manner so that
safety lessons may be learned.

This report includes findings, and significant factors. Findings include those conditions, events
and circumstances that could have induced the accident, or if removed, would have prevented
the accident. Findings also include deficiencies that did not contribute to the accident, but had
the potential to significantly degrade safety of flight. Significant factors were the factors that
directly contributed to the development of the occurrence. Unless otherwise indicated,
recommendations included in this Final Report are addressed to organisations having respon-
sibility for the matters with which those recommendations are concerned. It is for those organi-
sations to decide what action to take with respect to those recommendations.

The transcript of the recorded voice data provided by the IAC was a translation from the Russian language into the English
language.



This report uses the 24-hour clock to describe time of day as particular events occurred.
Coordinated Universal Time (UTC) is the time reference, and local time at Baucau was UTC +
9 hours.



EXECUTIVE SUMMARY

On 31 January 2003, at 0621 UTC (1521 local time), an Ilyushin 76TD (IL-76TD) aircraft,
registered RDPL-34141, impacted terrain near Caicido village during a landing approach, about
1 NM (1.87 km) to the northwest of Cakung Airport, Baucau, Timor-Leste. The pilot in
command was the handling pilot during the descent and approaches at Baucau. The aircraft was
destroyed by impact forces and a severe post-impact fire, and the six occupants were fatally
injured. The occupants included the flight crew, which comprised the pilot in command, the
copilot, the flight navigator and the flight engineer, and two loadmasters who did not form part
of the flight crew.

At the time of the occurrence, there was low cloud near the aerodrome.”> Witnesses at the
aerodrome estimated the cloud base to be about 1,000 ft (305 m) above ground level, and
visibility to be about 1,500 m (0.8 NM).

Before the aircraft’s departure from Macau, the flight crew was provided with notices to airmen
(NOTAMs) and weather forecast information for the planned flight. The weather information
provided to the flight crew did not include a terminal aerodrome forecast (TAF), or an aviation
routine weather report (METAR) for Baucau. Those weather forecasts were not produced for
Baucau.

The investigation determined that the flight crew’s compliance with procedures was not at a
level to ensure the safe operation of the aircraft. Before the flight crew commenced the descent
into Baucau, the pilot in command briefed them that he would conduct a non-precision
instrument approach at Baucau, with reference to the Baucau non-directional beacon (NDB).?
The flight instruments fitted in the occurrence aircraft provided readings of height, speed and
distance in metric units. The pilot in command’s briefing included information on the relevant
heights for the missed approach procedure expressed in feet, and not in their metric equivalents.
None of the other crewmembers commented on that fact. The cockpit voice recorder (CVR)
data revealed that the pilot in command did not refer to the source of data that he used for the
briefing on the intended NDB approach at Baucau. The pilot in command’s arrival briefing also
contained no information or discussion on:

. the planned altimeter subscale settings for the descent to Baucau

. the applicable minimum sector altitude (MSA) within 10 NM (18 km) of the Baucau
NDB; the MSA was 9,300 ft (2,834 m) above mean sea level (AMSL)

. the commencement altitude for the runway 14 NDB approach at Baucau, which was
5,500 ft (1,676 m) AMSL

. the lowest safe altitude (LSALT) for the last route sector into Baucau, which was 4,500 ft
(1,372 m) AMSL

. the applicable minimum descent altitude (height) (MDA(H)) for the approach
. the expected weather at Baucau

. the Baucau NOTAMs.

The term ‘aerodrome’ is used in this report to define an area of land (including any buildings, installations and equipment)
used either wholly or in part for the arrival, departure and surface movement of aircraft.

An NDB is a ground-based radio beacon that transmits non-directional signals. The pilot of an aircraft equipped with
automatic direction-finder (ADF) can determine the aircraft’s relative bearing to or from an NDB, and use that
information to assist in enroute navigation or to track the aircraft to or from the NDB.
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The CVR data revealed that none of the other crewmembers commented on the omission of this
critical information. As a result, the arrival briefing was not effective.*

Controlled airspace was established at Baucau, but air traffic services (ATS) at Baucau was only
available for UN aircraft on UN troop rotation days. The NOTAMs for Baucau included that
information. The occurrence aircraft was not engaged in UN troop rotation operations, and no
troop rotations took place during the aircraft’s approach to Baucau.

When the aircraft was about 300 km from Baucau, the pilot in command instructed the copilot
to call Baucau ATS. Over the next 23 minutes, the copilot called Baucau Tower 25 times, but
received no response to those calls. The flight navigator then called Baucau Tower. A controller,
who was present at Baucau aerodrome at the time, but not on operational duty, advised the
flight crew that ATS was not available and that landing would be at the discretion of the flight
crew. The flight navigator acknowledged the controller’s advice, but did not seek information
from the controller about the prevailing weather at the aerodrome. That was a missed
opportunity for the flight crew to obtain updated information on the weather at Baucau. Had
the flight crew sought and received that information, it may have provided them with an
improved situational awareness of the prevailing weather.

During the descent in Timor-Leste airspace, none of the flight crew monitored the Timor
Common High frequency of 123.45 MHz while the aircraft was above 10,000 ft (3,048 m). They
also did not monitor the Timor Common Low frequency of 127.1 MHz while the aircraft was
below 10,000 ft, or broadcast their intentions and traffic information on that frequency.
Therefore, the flight crew had no assurance that there was no conflicting traffic. The flight crew’s
disregard of the requirement for traffic information broadcasts within Timor-Leste airspace
increased the potential risk of an inflight collision.

The pilot in command diverted the aircraft from the published inbound track to the Baucau
NDB, and descended the aircraft below the published 10 NM MSA. He continued descending
the aircraft through the commencement altitude for the published non-precision instrument
approach for runway 14, and through the LSALT. None of the other crewmembers commented
that the pilot in command had breached those relevant safety heights.

The Baucau NOTAMs included information that instrument approach charts for Baucau were
available from the Civil Aviation Division (CAD) of the Ministry of Transport, Communication
and Public Works, Timor-Leste. However, the investigation determined that the flight crew used
Jeppesen instrument and approach charts, and not the CAD-issued charts.

As the aircraft approached Baucau, the flight crew decided to conduct an overflight of the
aerodrome before making a landing approach, and during the overflight, the flight crew realised
that the runway was not where they expected it to be.

The investigation determined that the flight crew did not conduct the overflight of the
aerodrome, or either of the landing approaches, with reference to the Baucau NDB. The flight
crew used selected data from their instrument approach charts for Baucau to formulate a user-
defined non-precision approach using the onboard global positioning system (GPS).” That

Subsequent to but not as a direct result of the occurrence, the US Federal Aviation Administration published Advisory
Circular (AC) 120-74A (dated 26 September 2003), Flightcrew Procedures During Taxi Operations. The AC contained
information regarding aerodrome arrival briefings, and stated that:

...an effective arrival briefing can increase crew performance by highlighting those potential areas that need special
attention and consideration.

A user-defined approach is an instrument approach that is not flown with reference to an approved published instrument
approach procedure.



user-defined procedure was a non-approved procedure. It deviated from normal practice,
bypassed all the safety criteria and risk treatments inbuilt into the design of the published non-
precision approach procedures, and increased the risk of a controlled flight into terrain (CFIT)
accident.

The flight navigator provided the pilot in command with distance to run and lateral offset
distance from the runway centreline during the overflight and the first landing approach. The
flight navigator’s reference to distance and lateral offset during those manoeuvres corresponded
to the position of the aircraft in relation to the threshold of runway 14 as depicted on the
Jeppesen charts. The navigation data provided by the flight navigator was therefore accurate in
terms of where he expected the threshold of runway 14 to be, based on the Jeppesen charts.
However, erroneous data on the Jeppesen charts meant that it was inaccurate in terms of where
the threshold of runway 14 was actually located. The flight crew’s inappropriate reliance on that
data therefore increased the risk of a CFIT event.

Had the flight crew followed the non-precision runway 14 NDB approach procedure as
published on either the CAD or Jeppesen charts, and not descended below the relevant
MDA(H) until visual flight was assured, the position of the runway, as depicted on the Jeppesen
charts would have been irrelevant. Although the runway would not have appeared where the
flight crew expected it to be at the MDA(H), in visual meteorological conditions (VMC) a safe
approach could have been conducted to the actual threshold of runway 14. Alternatively, if a
visual approach could not be made from the relevant MDA(H), a safe missed approach could
have been conducted by following the published missed approach procedures.

During the overflight and the subsequent (first) landing approach, the flight crew realised that
the runway was not where they expected it to be as it was depicted on the Jeppesen charts. The
pilot in command discontinued the landing approach, and the flight navigator stated that he
would apply a 4 km correction to position the aircraft for a second landing approach to where
he thought the runway was located. By applying the 4 km correction, the flight navigator was
providing the pilot in command with inaccurate data, and resulted in the aircraft being reposi-
tioned towards a point about 1.65 km (0.88 NM) northwest of the actual position of the
threshold of runway 14. That incorrect data substantially increased the hazards of the user-
defined approach procedure, and the risk of a CFIT event at that stage of the flight increased to
a high degree. The flight crew did not appear to identify the hazards associated with the
intended improvised approach procedure, and were therefore not in a position to manage the
associated risks.

As the aircraft turned on to the final approach heading during the second landing approach, the
flight navigator stated that the aircraft was high on the approach profile, based on his
assumption of the location of the threshold of runway 14. The pilot in command increased the
rate of descent of the aircraft to about 18 m/sec (3,543 fpm), and stated ‘Increased’. None of the
other crewmembers commented on the high rate of descent, or drew the pilot in command’s
attention to the fact that the approach was unstabilised at that point. The risk of a CFIT event
is diminished by a stabilised approach, and the high descent rate in close proximity to terrain at
that stage of the flight increased the risk of a CFIT event to the point where impact with terrain
was almost certain. The CVR data provided no evidence that the flight crew was monitoring the
increasing risk and evaluating whether to discontinue the approach to treat that risk.

The flight engineer misinterpreted the pilot in command’s statement ‘Increased’ to be an
instruction for him to increase the engine thrust, and he advanced the thrust levers. It took
about 2 seconds for the pilot in command to realise that engine thrust had been increased, and
he reacted by calling ‘No, I increased vertical speed” and reduced the engine thrust. The flight

Xiii



Xiv

engineer’s action in increasing engine thrust was a significant distraction to the pilot in
command at that stage of the flight, and probably diverted his attention from the primary task
of flying the aircraft to restoring the thrust to the proper setting.

At about the same time, the aircraft descended through 162 m, which was the published MDH
for a straight-in landing on the runway 14 NDB approach. Neither the pilot in command nor
the copilot appeared to notice that the aircraft had descended through the MDH, and it is
probable that both were distracted by the flight engineer’s erroneous action. The risk of a CFIT
event is diminished if an approach is flown no lower than the published MDA(H) of an
instrument approach procedure until visual flight can be assured and maintained. At that stage
of the flight, descent below the MDH in instrument meteorological conditions (IMC) at a high
rate of descent meant that the risk of a CFIT event had increased to an unacceptably high level
and could not be treated. Impact with terrain was almost certain from that point onwards.

The high rate of descent continued unchecked until slightly less than 2 seconds before impact.
It is probable that the pilot in command and the copilot were each unaware of the high rate of
descent, because neither was monitoring the flight instruments while they were looking ahead
of the aircraft and trying to establish visual contact with the ground.

The pilot in command applied back elevator to increase the aircraft pitch attitude in response
to the copilot’s urgent expression of concern that impact with terrain seemed almost certain.
However, the pilot in command did not simultaneously increase the engine thrust, and it
remained unchanged. Consequently, the pilot in command’s attempt to avoid impact with
terrain was unsuccessful because of the inertia of the aircraft and its close proximity to terrain.

The aircraft’s impact with terrain was a direct consequence of the pilot in command descending
the aircraft below the published minimum descent height for the runway 14 non-precision
instrument approach procedure in an unstabilised manner. Furthermore, it was also as a result
of poor planning by the flight crew and less than effective crew coordination. During that
landing approach, the actions of the flight crew steadily increased the risk of a CFIT to an
extreme level, yet they seemed unaware that the likelihood of impact with terrain was almost
certain until about 2 seconds before it occurred.

Research conducted by an aviation industry task force, under the patronage of the International
Civil Aviation Organization (ICAO), has credited the main reasons for accidents involving
aeroplane hull losses to CFIT and approach-and-landing accidents. In recent years, CFIT-
reduction has been the focus of organisations such as ICAO and the Flight Safety Foundation
(FSF). The findings of the FSF approach-and-landing accident reduction (ALAR) task force
resulted in several conclusions and recommendations, and from those, the production of the
FSF ALAR Tool Kit.

This report highlights that deviations from recommended practice are a potential hazard,
particularly during the approach and landing phase of flight, and increase the risk of a CFIT
event. It also highlights that crew coordination is less than effective if crewmembers do not work
together as an integrated team, and that support crewmembers have a duty and responsibility
to ensure that the safety of a flight is not compromised by non-compliance with recommended
practices.

The potentially serious to catastrophic consequences of a CFIT event remain constant,
irrespective of likelihood of the event. The potential risk of CFIT can be diminished by using
current technology and equipment, by implementing adequate standard operating procedures,
by assessing and managing CFIT risk factors, and by developing effective crew decision-making
and risk management processes.



Safety recommendations from many investigations of CFIT events and serious incidents have
related to the prevention of CFIT and approach-and-landing accidents. The Australian
Transport Safety Bureau (ATSB) and CAD Timor-Leste endorse those recommendations and
their implementation.

This report includes a number of recommendations made by the ATSB with the intention of
enhancing the safety of flight within Timor-Leste airspace. The report also includes a
recommendation by CAD Timor-Leste that ICAO publicise the safety information contained in
this report.
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FACTUAL INFORMATION

1.1

History of the flight

On 31 January 2003 at 0621 UTC (1521 local time), an Ilyushin 76TD (IL-76TD), registered
RDPL-34141, impacted terrain near Caicido village during an approach to land on runway 14
at Cakung Airport, Baucau, Timor-Leste. The accident site was located at position E126° 22' 57",
S08° 27" 47", and was about 1 NM (1.87 km) to the northwest of the aerodrome. The elevation
of the accident site was 477 m (1,565 ft) above mean sea level (AMSL). That was 50 m (164 ft)
below the published runway 14 threshold elevation that was depicted on the Jeppesen
Sanderson Inc. (Jeppesen) Baucau runway 14 non-precision instrument approach and
aerodrome charts. The location of the accident site is depicted at Figures 1 and 2.

FIGURE 1:
Accident location
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Source: Department of Public Information, Cartographic Section, United Nations

The Lao Peoples Democratic Republic (Lao PDR) registered IL-76TD departed Macau
International Airport, Macau 5 hours 29 minutes earlier, at 0052. The aircraft was on an interna-
tional non-scheduled cargo flight to Baucau, carrying about 31 tonnes of telecommunications
equipment.® The aircraft occupants comprised the pilot in command, copilot, flight engineer,

flight navigator and two loadmasters.”

Baucau was the planned destination for the flight, because the runway at Dili Comoro aerodrome was considered
unsuitable for that particular operation.

The term “flight crew” in this report refers to the operating crew, which comprised the pilot in command, the copilot, the
flight engineer, and the flight navigator. The two loadmasters did not form part of the operating crew, and are classified as
passengers for the purposes of this report.



The aircraft departed Macau about 9 hours late because of restrictions on the departure of Stage
I aircraft from Macau.® The flight crew rested in a hotel during the stopover in Macau, while
the two loadmasters remained on board the aircraft to supervise the loading of the cargo.

The planned flight included a 5-hour turnaround at Baucau to unload the cargo, after which the
flight crew were to ferry the aircraft to Rayong-Utapao International Airport, Rayong, Thailand,
with an intermediate stop at Hasanuddin International Airport, Makassar, Indonesia. The
planned flight time from Baucau to Makassar was 1 hour 15 minutes. A 1 hour 35 minute
turnaround was planned at Makassar, and the planned flight from Makassar to Rayong was
4 hours 15 minutes. The flight crew nominated El Tari aerodrome at Kupang, West Timor, as the
alternate for the flight from Macau to Baucau.

The aircraft was not provided ATS at Baucau. A notice to airmen (NOTAM), valid at the time
of the occurrence, stated that ATS was only available for aircraft conducting United Nations
troop rotations at Baucau. At 0540, ATS at Baucau received advice from ATS at Brisbane,
Australia, that the aircraft’s revised arrival time was 0610. At 0553, the flight crew contacted
Baucau ATS. A controller, who was present at Baucau aerodrome at the time but not on
operational duty, advised the flight crew that ATS was not available and that landing would be
at the discretion of the flight crew, which they acknowledged. The pilot in command was the
handling pilot during the descent, overflight, and landing approaches at Baucau.

FIGURE 2:
Accident site in relation to Cakung Airport, Baucau
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Stage II aircraft: Term used to classify an aircraft based on aircraft noise level. A stage II aircraft has a noise level greater
than 95 decibels.



According to the cockpit voice recorder (CVR) data, the flight crew set the aircraft barometric
altimeter subscales to 714 mm of mercury (Hg) as the aircraft was descending through 2,400 m
(7,784 ft) as it approached Baucau. That subscale setting equalled 952.8 hectopascals (hPa). The
flight navigator provided the pilot in command with navigation data to position the aircraft to
overfly runway 14, but when the flight navigator finally saw the runway as the aircraft overflew
the aerodrome, it was not where he had expected it to be.

The pilot in command then climbed the aircraft to a height of 500 m (1,640 ft) above the
elevation of the aerodrome and positioned it on a left downwind leg for runway 14. The runway
was not visible to the flight crew during the downwind leg, but they discussed passing 4 to 5 km
(2.1 NM to 2.7 NM) laterally abeam the runway. The flight navigator provided the pilot in
command with navigation data to position the aircraft for an approach to runway 14. However,
the aircraft again overflew the runway before the flight crew expected to do so, and a landing
was not possible from that approach.

The pilot in command again climbed the aircraft to 500 m (1,640 ft) above the elevation of the
aerodrome. The flight navigator provided the pilot in command with navigation data to
position the aircraft for a second landing approach to runway 14, based on his revised estimate
of where he thought the runway was located. During that landing approach, the flight navigator
told the pilot in command that the aircraft was high on the approach, and the pilot in command
increased the aircraft’s rate of descent. Shortly after, when the aircraft was about 2 km (1 NM)
from the aerodrome, the flight crew suddenly realised that the aircraft was too low on the
landing approach profile, and shortly after the aircraft impacted terrain.

Three residents from Caicido village witnessed the aircraft emerge from low cloud, close to the
ground, just before it impacted terrain. One of the residents was standing near trees that were
struck by the aircraft shortly after it first contacted the ground. Another of the residents was
blown to the ground by jet blast from the aircraft as it flew past that resident just before the
impact.

Witnesses at the aerodrome at the time of the occurrence estimated that the cloud base was
about 1,000 ft (305 m) above ground level (AGL), and that the visibility was about 1,500 m
(0.8 NM). Witnesses photographed the aircraft as it overflew the aerodrome. They reported
seeing the aircraft overfly the aerodrome twice before its impact with terrain, and that:

. the aircraft landing gear was not extended as it overflew the aerodrome on the first
occasion (see Figure 3)

. the aircraft landing gear was extended during the first landing approach (see Figure 4), but
the aircraft appeared too high to be able to land, and discontinued the landing approach

. the weather at the time was overcast with a low cloud base

. a few minutes after the discontinued first landing approach, they heard an explosion to the
northwest of the aerodrome, and saw flames and smoke in that vicinity (see Figure 5).



FIGURE 3:
The first overflight of the aerodrome

FIGURE 4:
The second overflight of the aerodrome
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FIGURE 5:
Smoke seen to the northwest of the aerodrome

Smoke from the accident site

Rescue and firefighting services from the aerodrome were immediately notified, and were

reported to be at the accident site within about 5 minutes. The weather conditions at the
accident site were described as low misty cloud with light rain, with a visibility of between 200
to 300 m. At 0740 UTC, several fires were reported to have still been burning within the
wreckage, one of which was described as being a ‘... major fire that was flaming bright white..."

Chronology of events

A chronology of the events leading up to the accident was constructed from the flight data
recovered from the flight data recorder (FDR) and from the recorded flight crew conversations
obtained from the CVR. The times referred to in the chronology of events are elapsed times as
recorded flight and voice data events occurred. They are expressed in hours, minutes and
seconds format (hh:mm:ss). The relevant flight data for the descent into Baucau is depicted at
Figure A.8 at Appendix A.

The descent to Baucau

At 05:26:17, while the aircraft was still cruising at about flight level (FL) 280, the CVR data
revealed that the pilot in command briefed the flight crew for the intended approach to runway
14 at Baucau. The briefing included the statement ‘At Baucau we’ll land with heading
135 degrees NDB approach...””

The inbound track for the runway 14 NDB approach at Baucau was 146 degrees, and not 135 degrees, which was the
published heading for runway 14 at Baucau, as depicted on the Jeppesen Sanderson, Inc. (Jeppesen) Baucau Aerodrome
chart. Instrument approach charts are discussed at subsection 1.8.4.




The pilot in command briefed the flight crew that he would fly the aircraft at 250 km/h (135 kts)
‘...on glidepath...’ He also briefed them on the missed approach procedure, and referred to the
missed approach altitudes in feet AMSL, as published on the Baucau instrument approach
charts. The pilot in command did not, however, brief the flight crew on whether he intended to
descend to the published minimum descent altitude (MDA) in terms of altitude AMSL, or to
the published minimum descent height (MDH) in terms of height above the aerodrome. Nor
did he brief the flight crew on whether he intended to do a straight-in landing from the
approach to runway 14, or whether he intended to conduct a circle-to-land from the published
minimum descent altitude/height (MDA(H)) for the approach.

Although the briefing included information on the relevant heights for the missed approach
procedure expressed in feet, none of the other crewmembers commented on those heights in
their metric equivalents. The CVR data revealed that the pilot in command did not refer to the
source of data that he used for the briefing on the intended NDB approach at Baucau. The pilot
in command’s briefing also contained no information or discussion on:

. the planned altimeter subscale settings for the descent to Baucau

. the applicable minimum sector altitude (MSA) within 10 NM (18 km) of the Baucau
NDB; the MSA was 9,300 ft (2,834 m) AMSL

. the commencement altitude for the runway 14 NDB approach at Baucau, which was
5,500 ft (1,676 m) AMSL

. the LSALT for the last route sector into Baucau, which was 4,500 ft (1,372 m) AMSL
. the applicable MDA(H) for the approach'
. the expected weather at Baucau

. the Baucau NOTAMs."!

The CVR data revealed that none of the other crewmembers commented on the omission of this
critical information.

The pilot in command then called for the checklist. The flight navigator called the checklist
items, and in response to the ‘altimeter’ callout, the pilot in command responded ‘ON’, and the
copilot responded ‘ON on the right 750’ The response by both pilots indicated they had both
turned their respective radio altimeters on. The copilot’s reference to ‘...750...” was likely to
have been in response to him turning his radio altimeter on, and setting the decision height bug
to 750 m. That was in accordance with the IL-76TD Flight Manual procedures.

At 05:28:38, in response to a call to set the landing heading, the pilot in command responded
that a heading of 135 (degrees) had been set, and that the NDB was set.'” At 05:28:51 the pilot
in command commented again that the NDB was set, and at 05:28:54 the flight navigator
remarked ‘Good too..

At 05:30:31, when the aircraft was about 300 km from Baucau, the pilot in command directed
the copilot to contact Baucau ATS to get information about the weather and the runway in use

The relevant MDA(H) for the intended approach is discussed at sub-section 1.8.4.
The relevant NOTAM:s for instrument approaches at Baucau are discussed at sub-section 1.8.2.

The CVR data provided no evidence to confirm that any of the crew positively identified the morse code identifier of the
Baucau NDB, or that they tested the radio compass to establish that it was functioning correctly.



at Baucau.!® Between 05:31:22 and 05:35:49, the copilot called Baucau Tower five times, but
received no response to any of those calls.

At 05:39:06, the flight navigator directed the pilot in command to descend to FL250. The pilot
in command sought clarification of that instruction, and the flight navigator responded ‘FL250,
7600’."* The FDR altitude plot revealed that the aircraft started descent at about 05:39:15.

Between 05:39:19 and 05:40:20, the copilot called Baucau Tower another three times, but
received no response to any of those calls.

At 05:40:36, the flight navigator made a radio call to the Ujung Pandung flight information
region (FIR) en route ATS controller, and reported °...(call sign), approaching FL250, having
contact with Baucau’ The controller sought confirmation that the aircraft was in contact with
Baucau, and the flight navigator responded in the affirmative. The controller then advised the
flight crew ‘(call sign), follow contact with Baucau for landing’ The CVR data revealed that the
flight crew did not establish contact with Baucau Tower until 05:53:54, about 13 minutes after
the flight navigator told the controller that the aircraft was in contact with Baucau.

The FDR altitude plot revealed that the aircraft descended through 7,500 m (24,606 ft) into
Timor-Leste airspace at about 05:41:45. Between 05:41:45 and 05:47:50, the copilot called
Baucau Tower another 13 times, but received no response to those calls. The CVR data revealed
that the flight crew set both VHF transmitters to the Baucau Tower frequency of 120.2 MHz
after the aircraft left the Ujung Pandung FIR. There was no evidence that the flight crew was
monitoring the Timor Common High frequency of 123.45 MHz during the period that the
aircraft was above 3,048 m (10,000 ft) in Timor Leste airspace.

The FDR autopilot pitch and roll data plots revealed that the autopilot was disengaged at about
05:46:45. There was no evidence from the CVR data that the pilot in command announced to
the copilot his intent to disengage the autopilot, and nor did the copilot acknowledge he was
aware that the autopilot had been disconnected.

At 05:48:10, the flight navigator suggested to the pilot in command ‘...to make [the] first
approach as control and to land on the second’. The pilot in command agreed with that
suggestion and stated ‘We’ll flight with heading 135 left’ (05:48:15). The flight navigator
responded ‘Yes, we’ll turn to left and I'll give you data for landing, will be no problems’ (time
05:48:17). The CVR data revealed that the copilot was not involved in the decision to divert from
the Ambon — Baucau track before reaching the Baucau NDB, or to overfly the aerodrome.

The FDR altitude plot revealed that the aircraft descended through 3,000 m (9,842 ft) at about
05:49:40. The CVR data revealed that the flight crew continued to monitor the Baucau Tower
frequency of 120.2 MHz. However, there was no evidence that the flight crew was monitoring
the Timor Common Low frequency of 127.1 MHz below 3,048 m (10,000 ft).

At 05:48:56, when the aircraft was about 60 km (32 NM) from Baucau and descending through
about 3,500 m (11,480 ft), the pilot in command asked the flight navigator for the altimeter
subscale setting. The flight navigator directed the pilot in command to set the subscale to
760 (mm Hg). That subscale setting equalled a standard sea level atmospheric pressure setting
of 1,013.2 hPa.

" The Baucau NOTAM:s at the time of the occurrence included information that Baucau ATS was only available on UN troop

rotation days.

14 . . , ) , . . .
The flight navigator’s reference to ‘...7600...” was the metric equivalent of FL250, expressed in metres.
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The flight navigator then directed the pilot in command to set the altimeter subscale to 717 mm
Hg (955.8 hPa), and then almost immediately amended that setting by stating ‘Sorry, 714, I had
not seen there, 714’ (time 05:49:38). A setting of 714 mm Hg equalled 952 hPa, which was
standard atmospheric pressure 1,013.2 hPa, minus 61.2 hPa. The runway elevation, as published
on the Jeppesen NDB charts was 62 hPa. The altimeter setting of 714 mm Hg would have
provided the pilot in command with information referenced to the aircraft’s height above the
aerodrome, and not its height AMSL.

At about 05:50:00, the aircraft passed through 2,834 m (9,300 ft) AMSL on descent, which was
the 10 NM MSA for the runway 14 NDB non-precision approach at Baucau. The CVR data
revealed that none of the flight crew commented on the fact that the aircraft had descended
through the MSA.

Between 05:50:55 and 05:52:26, the copilot called Baucau Tower another four times, but received
no response to any of those calls.

At about 05:52:30, the aircraft passed through 1,676 m (5,500 ft) AMSL on descent, which was
the commencement altitude for the runway 14 NDB non-precision approach at Baucau. The
CVR data revealed that none of the flight crew commented on the fact that the aircraft had
descended through the commencement altitude.

At about 05:52:55, the aircraft passed through 1,372 m (4,500 ft) AMSL, which was LSALT for
the track from Ambon to Baucau. The CVR data revealed that none of the flight crew
commented on the fact that the aircraft had descended through the LSALT.

As the aircraft approached Baucau and the extended centreline of runway 14, the flight
navigator continued to provide the pilot in command with navigation data for the aircraft’s
distance from Baucau, and the lateral offset distance of the aircraft from the extended centreline.
The non-directional signals broadcast from an NDB provide no data to flight crews on distance
to run to the NDB. The CVR data revealed that the flight navigator was getting the distance and
lateral offset navigation data from the self-contained aircraft onboard navigation equipment.

At 05:51:12, the pilot in command announced to the flight crew that the aircraft was
maintaining 400 m.

In the circuit area at Baucau

The FDR and CVR data from time 05:53:00 has been consolidated into a series of flight path
plots that are depicted at Figures. A.2 to A.6 at Appendix A.

A plot of the aircraft flight path during the approaches at Baucau is depicted at Figure A.1. The
position of the runway at Baucau, as estimated by the flight crew, is depicted as a light blue/grey
line. The actual position of the runway is depicted as an olive green line. The aircraft was not on
the direct Ambon - Baucau track as it approached Baucau, and was not tracking directly to the
Baucau NDB.

The first overflight is depicted at Figure A.2. As discussed previously, the flight crew decided to
overfly Baucau on the first approach with the aircraft not configured for landing.

At 05:53:16 the flight navigator stated *...we’ll check how we will path over the runway using my
data’ and at 05:52.22 he stated “‘We’ll take into consideration (illegible) on GPS.

The flight navigator called Baucau Tower at 05:53:49. ATS was not provided at Baucau at that
time, however, a controller who was present at the aerodrome at the time but not on operational
duty responded at 05:53:54 ‘(call sign), Baucau traffic services at your discretion for landing.



The flight navigator reported to the controller that the aircraft would be descended in the
Baucau area at the discretion of the flight crew."”” He made no attempt, however, to ask the
controller about the current weather conditions at Baucau.

As the aircraft approached the extended centreline of runway 14, the flight navigator directed
the pilot in command to turn the aircraft left on to a magnetic heading of 135 degrees. The pilot
in command was slow to start the turn, and the aircraft flew through the extended centreline. At
05:54:40, the flight navigator directed the pilot in command to continue the left turn on to a
magnetic heading of 105 degrees to position the aircraft overhead where the flight crew expected
the runway to be. The runway was not where the flight crew expected it to be. The flight
navigator provided the pilot in command with navigation data to position the aircraft for the
next approach, which the flight crew intended to be the landing approach.'®"”'® At 05:57:10, as
the aircraft was on the downwind leg for the first landing approach, the flight navigator asked
the pilot in command if he could see the runway out to the left of the aircraft, and the pilot in
command replied ‘No’ (time 05:57:12).

The flight crew configured the aircraft for landing during the downwind leg after the first
overflight. The navigator provided the pilot in command with navigation data for the lateral
distance offset from the runway centreline and the distance to run to position the aircraft onto
final approach to runway 14 for the (first) landing approach. The first landing approach and
subsequent go around is depicted at Figure A.3, and commences at time 05:59.00. At 05:59:50,
as the aircraft was approaching the aerodrome, the copilot stated “Threshold”. Two seconds later
the pilot in command also stated ‘Threshold), and then at 05:59:53 ‘We already passed runway’. " The
approach was discontinued, and the flight navigator stated “That means the data was not
right...’(time 05:59:55), and at 05:59:58 he advised the pilot in command that T took 4 km
correction’. As the aircraft was turning onto the crosswind leg, the pilot in command stated ‘We
approached a little bit actively’, and the flight navigator replied ‘So, I understood to minus 3 km
[1.6 NM], approximately, even 4 [2.1 NM], we’ll descend by stepped (time 06:01:26). The pilot
in command then positioned the aircraft onto the downwind leg for the second landing
approach.

The flight navigator again provided the pilot in command with navigation data for the lateral
distance offset from the runway centreline and the distance to run to position the aircraft onto
final approach to where he had re-estimated the runway to be. The second landing approach is
depicted at Figure A.5, and commences at time 06:04:00.

At 06:04:33, the flight navigator stated ‘Lateral 600 m, distance is 5. At 06:04:42 the flight
navigator instructed the pilot in command to turn onto the landing heading, and at 06:04:46 he
stated ‘Now we are crossing landing heading, distance...a...is 4 km’. At 06:04:54, the flight
navigator stated ‘On the right 200m, distance is 3’

There was no recorded evidence that the flight navigator attempted to obtain updated weather information or the current
sea level atmospheric pressure (QNH) from the Baucau controller. Meteorological information is discussed at subsection
1.7.

The CVR data provided no evidence that any of the crew checked that the barometric altimeter readings corresponded
with the radio altimeter absolute altitude readings during the overflight of Baucau.

The CVR data provided no evidence that any of the crew was monitoring the ADF relative bearings to confirm ‘station
passage’ of the Baucau NDB during the overflight.

The CVR data provided no evidence that the flight navigator used the onboard self-contained aircraft navigation
equipment to check the prevailing wind speed and direction during the overflight.

The CVR data provided no evidence that any of the crew was monitoring the ADF relative bearings to confirm ‘station
passage’ of the Baucau NDB during the second approach.
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At 06:04:54, the FDR data revealed that a minimum fuel left cockpit warning was triggered,
signifying that 2 tonnes of fuel was remaining for each of the aircraft engines. The FDR pitch
plot revealed that minimum fuel warning was coincident with a sudden nose-down pitch of the
aircraft.”’

At 06:04:59 the flight navigator instructed the pilot in command ‘Have this heading, distance is
3.5’ and the pilot in command responded ‘OK’. The aircraft heading, which was at that stage
about 136 degrees magnetic, was maintained to the point of impact. At 06:05:07, when the
aircraft had been established on final approach, the flight navigator informed the pilot ‘On radio
altimeter 300 we have, continue descending””' At 06:05:10 the flight navigator stated ‘Distance

now is 3’ and at 06:05:16 he stated ‘Distance is 2 km’.

At 06:05:17, when the aircraft was at an altitude of about 200 m (656 ft) above field elevation,
the flight navigator stated ‘We are flying above again’. The pilot in command responded by
increasing the rate of descent of the aircraft, and at 06:05:19 he stated ‘Increased’ The rate of
descent of the aircraft increased to about 18 m/sec (3,543 fpm). At the same time, the FDR
thrust lever angle (TLA), exhaust gas temperature (EGT), and engine rotation speed (N2) plots
revealed that engine thrust was increased, and at time 05:05:21 the flight engineer called
‘Increased’. At time 06:05:23 the pilot in command called ‘No, I increased vertical speed, and
engine power was reduced. At about the same time, the aircraft descended through 162 m,
which was the published minimum descent height for the runway 14 NDB approach.*

At 06:05:27 the flight navigator stated ‘Descending, distance is about 2’

At 06:05:31.8, about 2.7 seconds before impact, the copilot called ‘Ach, increase altitude!’ The
flight data recorder FDR elevator position plots and pitch angle plot revealed that back elevator
was suddenly applied, and aircraft pitch attitude increased. However, the FDR thrust lever angle
(TLA), engine exhaust gas temperature (EGT) and engine high-pressure compressor RPM (N2)
plots remained unchanged.

The impact sound was recorded on the CVR at 06:34:05.5, and the recorder ceased functioning
at 06:34:06. The FDR barometric altitude data revealed that the aircraft barometric altitude with
reference to the 760 mm Hg (1,013.2 hPa) pressure datum was 609 m (1,998 ft). The impact
point was 1,877 m to the northwest of the threshold of runway 14, on the extended centreline
of the runway, and was 495 m (1625 ft) AMSL.

The vertical flightpath profile for the final descent to the impact point is depicted in Appendix
A at Figure A.6. The relevant FDR data plots for the final approach are depicted at Figure A.7.

Injuries to persons

Injuries Flight crew Passengers Others Total
Fatal 4 2 - 6
Serious - - - -
Minor - - - -
None - - - -

20 .. L . . . . .
The minimum fuel warning is examined further in the analysis section of this report.

21 . s . . . . . . . .
The navigator’s reference to the radio altimeter is examined further in the analysis section of this report.

2 The CVR data provided no evidence that any of the flight crew was aware that the aircraft had descended below the

published minimum descent height.
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1.4

1.5

1.5.1

Damage to aircraft

The aircraft was destroyed by impact forces and the post-impact fire.

Other damage

During the impact sequence, the right wingtip of the aircraft struck a partially constructed
house to the left of the centreline of the wreckage trail, about 190 m from the first impact point
(see Figure 6). The house, which was occupied at the time by its owner, was severely damaged.
The owner of the house was physically uninjured by the impact.

Crops near the wreckage trail were also damaged from a combination of turbine fuel, which
sprayed from the aircraft fuel tanks as they ruptured during the impact sequence, and from the
post-impact fire.

FIGURE 6:
Partially constructed house struck by the aircraft during the impact sequence

Personnel information

General information

The investigation was unable to determine the individual total levels of experience on the IL-76
TD aircraft type for the pilot in command, copilot, flight engineer or flight navigator. An IL-76
TD type rating was entered in each of those flight crew member’s Russian flight crew licences,
and all had held those type ratings for at least 10 years.

11
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Pilot in command

Type of licence Lao PDR Commercial Pilot Licence 046
Medical certificate Valid to 12 March 2003

Type rating Command IL-76

Instrument rating Nil

Flying experience (total hours) 14,500

Hours on the type Unable to be determined

Hours flown in the last 24 hours 6 hours (estimated)

Hours flown in the last 7 days 6 hours (estimated)

Hours flown in the last 90 days 37 hours (estimated)

The pilot in command also held a valid Airline Pilot Licence First Class, issued by the Federal
Aviation Authority of Russia. The medical certificate associated with that licence was current.
The licence included command and instructor type-ratings on IL-76 TD aeroplanes, and an
instrument rating. The pilot in command’s Russian licence contained no authorisation issued
by the Department of Civil Aviation, Lao PDR (Lao DCA) that rendered the licence valid as an
alternative to the issue of a Lao PDR airline transport pilot licence. The investigation was unable
to determine the pilot in command’s experience in conducting non-precision instrument
approaches with reference to ground-based radio navigation aids.

Copilot

Type of licence Lao PDR Commercial Pilot Licence 047
Medical certificate Valid to 14 February 2003

Type rating Copilot IL-76

Instrument rating Nil

Flying experience (total hours) 6,800

Hours on the type Unable to be determined

Hours flown in the last 24 hours 6 (estimated)

Hours flown in the last 7 days 6 (estimated)

Hours flown in the last 90 days 37 (estimated)

The copilot also held a valid Airline Pilot Licence, issued by the Federal Aviation Authority of
Russia. The medical certificate associated with that licence was not current. The licence included
a copilot type rating on IL-76 TD aeroplanes, but contained no information that the copilot
held an instrument rating (or was required to hold that rating). The investigation was unable to
determine the copilot’s experience in conducting non-precision instrument approaches with
reference to ground-based radio navigation aids.

Flight Engineer

Type of licence Lao PDR Flight Engineer Licence 016
Medical certificate Valid to 10 September 2003

Type rating AN-12, IL-76

Flying experience (total hours) 5,100

Hours on the type Unable to be determined

Hours flown in the last 24 hours 6 (estimated)

Hours flown in the last 7 days 6 (estimated)

Hours flown in the last 90 days 37 (estimated)
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1.6

1.6.1

1.6.2

The flight engineer also held a valid Flight Engineer Licence, issued by the Federal Aviation
Authority of Russia. The medical certificate associated with that licence was current. The licence
included a flight engineer (overland) type rating on IL-76 TD aeroplanes.

Flight Navigator

Type of licence Lao PDR Flight Navigator Licence 012
Medical certificate Valid to 11 November 2003

Type rating YAK-42, AN-74, IL-76

Flying experience (total hours) 9,300

Hours on the type Unable to be determined

Hours flown in the last 24 hours 6 (estimated)

Hours flown in the last 7 days 6 (estimated)

Hours flown in the last 90 days 37 (estimated)

The flight navigator also held a valid Flight Navigator Licence, issued by the Federal Aviation
Authority of Russia. The medical certificate associated with that licence was current. The licence
included a flight navigator instructor type rating on IL-76 TD aeroplanes.

Aircraft information

General information

Manufacturer: Tashkent Aviation Plant, Uzbekistan.
Model: IL-76 TD

Manufacture number: 0053465941

Registration: RDPL-34141

Year of manufacture: 1986

Certificate of airworthiness: Lao PDR 024/AT&FSD/DCA,

Issue date: 13 December 2002

Certificate of registration: Lao PDR 024/AT&FSD/DCA

Issue date 13 December 2002

Total airframe hours/landings: 2,349/1,400

Allowable take-off weight: 190,000 kg

Actual take-off weight: Greater than 190,000 kg (estimated)
Weight at occurrence: Less than 142,000 kg (estimated)
Allowable centre of gravity limits: ~ Unable to be determined™

Centre of gravity at occurrence: Unable to be determined

Aircraft history

The aircraft was manufactured as an IL-76 MD variant in 1986, and was originally operated in
the Ukraine. It was converted to an IL-76 TD variant in 2001.

The aircraft’s owners, who were based at Sharjah in the United Arab Emirates (UAE), purchased
the aircraft in July 2001 from a Ukraine-based air cargo operator. The owners withdrew the
aircraft from the Ukraine State register on 21 Aug 2001. Later that month, the regulatory
authority in the Islamic Republic of Iran issued the aircraft with certificates of airworthiness and
registration, and in September 2001, it was leased to an Iranian company operating from
Teheran.

» The Australian Accredited Representative requested the State of Registry (Lao PDR) to provide details of the aircraft weight

and balance to the Australian investigation team. No response to that request was received prior to publishing this report.
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The lease with the Iranian operator continued until December 2001. The owners then leased the
aircraft to another Iranian operator that also operated from Teheran. The new lease expired in
October 2002, after which the aircraft was relocated to the UAE and the Iranian registration was
cancelled.

On 1 November 2002, the UAE owners leased the aircraft for one year to a company based in
the Lao PDR. The operation of the aircraft is further examined at subsection 1.17.1.

The aircraft’s technical log was recovered from the aircraft wreckage. It contained records of
refuelling and engineering pre-flight inspections, and the pre-flight inspection record at Macau
was annotated ‘...no defects recorded...’.

On 18 November 2002, the aircraft underwent an “A” check at Sharjah, UAE, at 2,312 airframe
hours.

Aircraft engines

The aircraft was fitted with four D-30KP turbofan engines, which also underwent periodic
inspection on 18 November 2002. At that date, the engine data was as follows:
. Engine number-1 D30-KP Serial number 0305303302041

2,687 hours total time and 1,608 cycles since new, with 1,396 hours in service and
666 cycles since last overhaul

. Engine number-2 D30-KP Serial number 03053028602046
3,160 hours total time and 1,452 cycles since new, with 0 hours in service since last
overhaul

. Engine number-3 D30-KP Serial number 0305301202046
2,624 hours total time and 1,290 cycles since new, with 1,205 hours in service and
484 cycles since last overhaul

. Engine number-4 D30-KP Serial number 0304402911657
4,876 hours total time and 2,404 cycles since new, with 972 hours in service and
316 cycles since last overhaul.

Aircraft load

The aircraft manufacturer’s IL-76 TD Flight Manual contained information on the mass
limitations of the aircraft, which are depicted in Table 1.

TABLE 1:

Aircraft mass limitations

Maximum takeoff weight 190,000 kg
Maximum payload 50,000 kg
Maximum fuel capacity 90,000 kg
Maximum landing weight 151,500 kg
Maximum zero fuel weight 138,000 kg

Based on those figures, the maximum empty weight of the aircraft was therefore 88 tonnes.



1.6.5

1.6.6

During the descent approach briefing, the pilot in command briefed the flight crew that the
estimated landing weight at Baucau would be 144 tonnes, and that there would be 25 tonnes of
fuel on board. The aircraft documentation recovered from the wreckage showed that the aircraft
was refuelled to 75 tonnes of fuel at Macau. The planned fuel burn between Macau and Baucau
was therefore 50 tonnes. Based on the aircraft mass limitations, the cargo manifest information,
and the fuel load and fuel burn, the estimated take-off weight of the aircraft at departure from
Macau, and the estimated landing weight at Baucau are depicted at Table 2.

TABLE 2:

Estimated take-off and landing weights for the occurrence flight
Aircraft empty weight at impact 88,000 kg
Add cargo weight per manifest 30,600 kg
Add estimated weight of aircraft occupants 600 kg
Add estimated fuel on board at impact 25,000 kg
Add estimated burn-off Macau — Baucau 50,000 kg
ESTIMATED TAKEOFF WEIGHT 194,200 kg
Less burn-off Macau to Baucau 50,000 kg
ESTIMATED LANDING WEIGHT 144,200 kg

Aircraft limitations

The aircraft manufacturer’s IL-76 TD Flight Manual stated that the landing minimum for an
NDB approach was 250 m (820 ft) decision height, with a visibility of 4000 m (2.16 NM).
For visual approaches, the landing minimum was 180 m (590 ft), with a visibility of 3000 m
(1.62 NM).

Aircraft systems which may have had a bearing on the accident

The aircraft was fitted with a separate radio altimeter system that provided radio altitude
readings to the pilots and to the flight navigator. It also provided absolute altitude data to the
automatic flight control system, the ground proximity warning system (GPWS), and the air-
data recording system.**

The pilot in command was provided with a 150 m-scale (492 ft) radio altimeter (PB-150), and
the copilot was provided with a 750 m-scale (2,460 ft ) radio altimeter (PB-750). The flight
navigator was provided with a 1,000 m-scale radio altimeter. A PB-750 radio altimeter indicator
is depicted at Figure 7.

24 . . . . .
Absolute altitude is the term used to describe height above terrain.
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FIGURE 7:
A PB-750 radio altimeter indicator

Limit altitudes, such as decision heights for instrument approaches, could be pre-set on the
individual radio altimeter indicators by rotating a knob on the flange of that indicator to drive
a reference bug to the desired altitude. Descent below the pre-set altitude would illuminate a
light bulb located behind the amber lens inscribed with the delta (A) symbol mounted at the
end of the reference bug adjustment knob. It would also illuminate the ‘DECISION HEIGHT’
annunciators mounted on both pilots’ instrument panels, and sound a ‘BELOW
PRESELECTED ALTITUDE aural voice warning in the pilots’ and flight navigator’s earphones.
The pilot in command’s radio altimeter system activated the voice-warning signal.

Red warning lamps located on the flanges of the radio altimeter indicators of the pilot in
command, copilot and flight engineer illuminated if the radio altimeter systems became
inoperative when the aircraft was below an absolute altitude of 750 m (2,460 ft).

The Interstate Aviation Committee, Air Transport Accident Investigation Commission, Moscow,
Russia, (IAC) advised that the reference bug on the pilot in command’s PB-150 radio altimeter
indicator was normally set to 60 m (197 ft), or to the decision height if it was less than 60 m,
before commencement of descent. At the same time, the reference bug on the copilot’s PB-750
radio altimeter indicator was set to the relevant holding altitude, or to 750 m (2,460 ft) if the
holding altitude was greater than 750 m.

The IL-76 TD Flight Manual stated that the flight crew were required to switch the radio
altimeters off as the aircraft passed through 2,500 m (8,200 ft) on climb, and to switch them on
before commencing descent. Radio altimeters are further examined at subsection 1.12.2 of this
report.

The aircraft was fitted with GPWS, in accordance with the requirements specified in ICAO
Annex 6, Part 1 (Eighth Edition July 2001), Chapter 6, paragraph 6.15. The GPWS was designed
to warn the flight crew of potential terrain conflicts. The system generated warnings based
on data from the radio altimeter system, static pressure vent (barometric pressure),
linear acceleration, landing gear position indicator, and the angle of attack and acceleration
warning unit. The warning response graph for the GPWS fitted to the occurrence aircraft is depicted
at Figure 8.



FIGURE 8:
GPWS warning response graph
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The following parameters were depicted on the GPWS warning response graph:

*  Hyggatm - radio altitude (metres)

' - rate of descent (m/s)

LI — rate of descent measured by static vent

o |l — rate of descent measured by radio altimeter

GPWS warnings illuminated a ‘GROUND PROXIMITY’ annunciator mounted on each of the
pilot in command and copilot instrument panels, and also activated a warning horn to provide
the flight crew with an audible warning.

The IL-76 TD Flight Manual stated that with the landing gear extended, warnings of excessive
terrain closure rate were generated in the following circumstances:

. excessive descent rate - if the barometric rate of descent exceeded certain thresholds
whenever the aircraft was between 600 m (1,968 ft) and 50 m (164 ft) AGL. The
barometric rate of descent trigger threshold reduced at a linear rate from about 15.3 m/sec
(3,011 fpm) at 600 m radio height to about 6.7 m/sec (1,319 fpm) at 50 m radio height.

. excessive terrain closure rate - if radio altimeter rate of descent or terrain closure exceeded
certain thresholds whenever the aircraft was between 400 m (1,312 ft) and 50 m (164 ft)
AGL. The radio altimeter rate of descent or terrain closure trigger threshold reduced at a
linear rate of about 25 m/sec at 350 m radio height to about 5.3 m/sec at 50 m radio
height.

Rate of descent in excess of the linear trigger threshold illuminated a ‘DANGER GROUND’
annunciator on both pilots’ instrument panels. It also triggered an audible warning, and resulted
in a ‘dangerous speed of ground approach’ being registered by the FDR.

17
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The GPWS required a valid radio altimeter signal to compute the aircraft trajectory with respect
to the warning trigger thresholds.”

Other aircraft technical information
Refer to Appendix B.

Meteorological information

The area forecast for Timor-Leste and surrounding waters, issued by the Australian Bureau of
Meteorology (BoM), and valid at the time of the occurrence, contained information that
isolated thunderstorms were expected about the ranges and northern slopes during the
afternoon and evening. Broken stratus cloud was forecast between 800 ft (244 m) and 2,000 ft
(610 m) AMSL, with scattered cumulus and stratocumulus cloud between 2,000 (610m) and
20,000 ft (6,096 m). Aerodrome forecasts were not issued for Baucau.

Before the aircraft’s departure from Macau, the flight crew was provided with NOTAM and
weather forecast information for the planned flight. The weather information provided to the
flight crew included information that there would be up to 7 OKTAS of cloud coverage below
the LSALT on the last route segment.26 It did not include a terminal aerodrome forecast (TAF)
or an aviation routine weather report (METAR) for Baucau, because those weather forecasts
were not produced for Baucau.

BoM provided the investigation with an analysis of the prevailing weather around Baucau at the
time of the accident, based on interpretation of satellite imagery. Their analysis reported that
there was a north-westerly low-level monsoon flow over the Arafura Sea, with wind speeds of
between 10 - 20 kts (18 — 37 km/h), and widespread areas of middle-level cloud. Showers and
storms developed along the ranges of Timor-Leste during the afternoon. The showers and
storms which developed southeast of Baucau tracked toward the aerodrome, but the central
areas of convection associated with those showers and storms were several miles distant from
the aerodrome at the time of the accident. BoM reported that there may have been some light
rain around the aerodrome at the time of the accident, and that that the rain was likely to have
been accompanied by low-level cloud.

The moist onshore monsoon winds being lifted up the steeply sloping coastal terrain would
have also produced low cloud. The base of that cloud was likely to have been about 1500-1700
ft (457 — 518 m) AMSL, which would have appeared as fog, or perhaps mist, to any ground-
based observer near the top of that sloping terrain. Under the prevailing conditions, BoM
considered it unlikely that the steeply sloping terrain would have produced any significant
turbulence.

The BoM data for Dili (Comoro) aerodrome at 0800 indicated that the sea level atmospheric
pressure (QNH) at Comoro was 1,008.9 hPa (756.8 mm Hg). BoM reported that there were no
significant meteorological features that would have resulted in any significant change in the
synoptic conditions between Dili and Baucau, and the pressure variation between 0630 and
0800 UTC would have been small. BoM reported that its records for Baucau indicated the QNH
at Baucau was typically 2 hPa (1.5 mm Hg) higher than Dili. On that basis, BoM estimated the
QNH at Baucau at the time of the accident was about 1,011 hPa (758.3 mm Hg).

25 . . . . .
ICAO Annex 6, Part 1, Chapter 6, sub-section 6.15 contains the standard relating to the fitment and operational capability

of GPWS equipment.

% The amount of cloud covering the sky is expressed in eights (OKTAS) - 0 OKTAS means the sky is clear, 8 means it is

completely covered.



1.8

1.8.1

Aids to navigation

Equipment on board the aircraft

The aircraft was equipped with analogue flight instruments that were not integrated into single
flight instrument displays or navigation displays for each of the pilots and the flight navigator.

The aircraft’s navigation equipment included two automatic direction-finder (ADF) sets, a
Bendix/King KLN-90B GPS, a KOUPOL-76 integrated flight and navigation system, an
IOMCC-013-C2M Doppler navigation system, and an 1-11-76 inertial navigation system. The
aircraft was also fitted with a radio altimeter system, and a ground proximity warning system
(GPWS). The IL-76 TD Flight Manual contained information about the integrated flight and
navigation system, the Doppler navigation system, and the inertial navigation system, but
contained no information about the GPS.

There were two types of altimeters on each of the pilots’ instrument panels. The first type was a
YB75-15 series repeater that presented altitude data from the air-data computer system. The
second type was a mechanical BM® series altimeter, and its barometric subscale setting could
be adjusted by rotating a knob on the flange of the instrument.

Two variants of the BM® series altimeter were available. The BM®-15 variant presented altitude
data in metres, and its subscale setting was calibrated in mm Hg. The BM®-50 variant presented
altitude data in feet, and its subscale setting was calibrated in hPa.

The IL-76 TD flight manual stated that aircraft operating to foreign countries were fitted with
BM®-50 mechanical altimeters on the pilot in command’s and navigator’s instrument panels.
Due to the destruction of the aircraft, it could not be determined what variant of altimeter was
fitted to the pilot in command’s and navigator’s respective instrument panels.

The aircraft’s ADFs displayed the relative bearings of NDBs, from which signals were being
received in relation to the aircraft heading. Each ADF set was provided with two control panels.
A control panel for each of the two ADF sets was mounted in the central overhead panel in the
cockpit and also on the flight navigator’s instrument panel. The ADF control panels were fitted
with frequency selectors and audio controls to allow the flight crew to monitor the morse-code
identifier of a selected NDB through their headsets.

A narrow pointer on the radio magnetic indicators on each of the pilots’ and the flight
navigator’s instrument panels displayed the NDB relative bearings from the first ADF set. A wide
pointer on each of the radio magnetic indicators displayed the NDB relative bearings from the
second ADF set. Information from the first ADF set was also displayed to each of the pilots on-
course indicators (CIs) mounted on either side of the cockpit instrument panel. The CIs
presented great circle course or gyro-stabilised aircraft heading information to the pilots. A CI
similar to those fitted to the occurrence aircraft is depicted at Figure 9.
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FIGURE 9:
Course indicator similar to those fitted in the occurrence aircraft
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By rotating the 3K knob, the desired heading or desired course could be set. With the automatic
flight control system disengaged, the slender relative bearing needle on the CIs provided the
pilots with information on the relative bearing of a selected NDB from the aircraft’s nose or tail.

The Bendix/King KLN 90B GPS unit was approved for the conduct of non-precision GPS
approaches to aerodromes where those procedures were promulgated. The KLN 90B provided
navigation distance information in feet and nautical miles. There was no provision for that
information to be displayed in metres or kilometres. It also provided the flight crew with
information about wind direction and speed, based on the aircraft heading and true airspeed.

The GPS was mounted at the flight navigator station under the cockpit, and was equipped with
a receiver autonomous integrity monitoring (RAIM) function to detect erroneous GPS satellite
signals. It was also equipped with a course deviation indicator (CDI) to provide information
about the aircraft’s lateral offset from a desired or planned lateral navigation track. During en
route segments, the RAIM protected area was 2 NM (3.7 km). It would normally transition to
1 NM (1.85 km) within 30 NM (56 km) of a destination, then 0.3 NM (556 m) within 2 NM
(3.7 km) of the final approach fix during a GPS approach that was derived from approach data
stored within the onboard GPS unit’s database.” The investigation was unable to determine the
validity of the database.

On a GPS unit that is approved for non-precision approach (NPA) procedures, the sensitivity of
the CDI automatically transitions from 5 NM (9.2 km) full-scale sensitivity to 1 NM (1.85 km)
tull-scale sensitivity, then 0.3 NM (556 m) full-scale sensitivity during the conduct of an NPA.
CDI sensitivity can normally be changed from en route full-scale sensitivity to approach full-

27 . . .
GPS approaches are discussed in sub-section 1.18.8.
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scale sensitivity at times other than during the conduct of an approved GPS approach. However,
changing the CDI sensitivity in that manner does not change the GPS RAIM calculation
tolerances, and will remain in the 2NM (3.7 km) en route mode.

The Pilot’s Guide for the KLN 90B GPS contained the following information regarding the
conduct of non-precision approaches:

WARNING: It is not approved to conduct the final portion of the approach unless the KLN 90B
is in the approach active mode (ACTV on external annunciator).

The KOUPOL-76 integrated flight and navigation system provided navigation capability to
selected navigation waypoints that had been manually entered into the system on a keyboard at
the flight navigator’s station. The [JMCC-013-C2M Doppler navigation system constantly
measured aircraft ground speed and drift angle, and provided that data to the KOUPOL-76
integrated flight and navigation system. The 11-11-76 inertial navigation system also provided
navigation capability to selected navigation waypoints that had been manually entered into the
system on a keyboard at the flight navigator’s station, and was used in conjunction with the
KOUPOL-76 integrated flight and navigation system. The inertial navigation system could also
provide flight crew with information about wind direction and speed. The integrated flight and
navigation system, the Doppler navigation system, and the inertial navigation system each
provided navigation distance information in km.

Baucau non-directional beacon

Cakung Airport was served by the Baucau NDB, which broadcast on frequency 315 kHz.
A 2-letter morse code identifier “BC” was broadcast seven times every 30 seconds on the carrier
frequency to provide confirmation that the correct frequency of the NDB had been selected and
that the beacon was functioning normally.*®

The NOTAMs for Baucau included NOTAM GO111/02, which stated:

...INST APP PROC DATED 1 APRIL 2001 FOR RWYS 14/32 AVBL FM CIVIL AVIATION DIV
EAST TIMOR UPON REQUEST VIA FAX TO +61 (8) 89463900 EXT 6151...

On 1 January 2003, the Baucau NDB was affected by a lightning strike. On 2 January, the
contractor operating aerodrome inspected the NDB for damage. On 24 January, the contractor
reported that both NDB transmitters were serviceable, however, repairs had been needed to
rectify minor damage to the NDB circuitry because of lightning damage. The contractor
reported that the aviation technician who effected the repairs on the NDB recommended that
extra components were needed to ensure the future serviceability of the NDB. Those
components had not been ordered at the time of the occurrence.

The Baucau NDB was intended to operate continuously. A monitor in the aerodrome control
tower could be used to check its operational status, but the control tower was not staffed at the
time of the occurrence. Two days before the occurrence, when the tower was staffed for a UN
troop rotation flight, the NDB was noted to be operating normally. When the NDB monitor in
the control tower was checked during the evening after the occurrence, it indicated that the
NDB was not operating. The operational status of the NDB at the time of the occurrence could
not be determined.

28 . C . . . .
ICAO Annex 10 - Aeronautical Telecommunications recommends that the morse code identification signal of an NDB

should be transmitted at least three times each 30 seconds, spaced equally within that time period. The identification signal
for the Baucau NDB was 2.2 seconds for transmission of the morse code "BC", followed by 2 seconds of silence.
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Baucau aerodrome visual ground aids

Aerodrome visual ground aids and their serviceability were not a factor in this occurrence.

Baucau runway 14 instrument approach procedure

Instrument approach and landing procedures were available for runways 14 and 32 at Baucau,
using the NDB. The aircraft was fitted with suitable navigation equipment to allow the flight
crew to conduct those non-precision instrument approach procedures. The approved approach
charts for those procedures were available on request from the Civil Aviation Division (CAD),
Timor-Leste.

Jeppesen also published approach charts for the runway 14 and 32 Baucau NDB procedures.
The Jeppesen Baucau runway 14 NDB instrument approach and aerodrome charts are depicted
at Figures 10 and 11 respectively.

The runway 14 non-precision instrument approach procedure on the CAD and Jeppesen charts
were identical in terms of tracking requirements and limit altitudes/heights. Both the CAD and
Jeppesen runway 14 NDB charts depicted the inbound track of the procedure as being 146
degrees magnetic. The charts included information on the minimum descent altitude/heights
for straight-in landings at the completion of the approach procedure, and minimum descent
altitude/heights for circle-to-land procedures. The MDA(H) was the minimum altitude/height
below which descent was not to be made without the required visual reference to the ground.

The MDA for a straight-in landing on runway 14 was 2,260 ft (689 m) AMSL. That was
equivalent to an MDH of 531 ft (162 m) above the elevation of the threshold of runway 14. The
published visibility minimum for a straight-in landing was 3,000 m (1.62 NM) on the Jeppesen
runway 14 NDB chart. Based on the pilot in command’s statement during the descent approach
briefing that he would fly the aircraft at 250 km/h (135 kts) ‘...on glidepath..., MDA for a circle-
to-land on runway 14 was 2,300 ft (701 m) AMSL. That was equivalent to an MDH of 500 ft
(152 m) above the elevation of the aerodrome. The published visibility minimum for a circle-
to-land was 2,900 m (1.56 NM) on the Jeppesen runway 14 NDB chart.

The published runway 14 threshold elevation on the Jeppesen and CAD charts was 527m (1,729
ft) AMSL.

The Jeppesen aerodrome chart depicted the threshold of runway 14 as being about 0.9 NM
(1,700 m) southeast of the NDB. The Jeppesen runway 14 and 32 NDB approach charts also
depicted the runway in that position, relative to the NDB. During the investigation the actual
threshold of runway 14 was found to be about 1.35 NM (2,500 m) northwest of where it was
depicted on those charts. The runway heading for runway 14 at Baucau was depicted as 135
degrees magnetic on the Jeppesen aerodrome chart. CAD did not publish an aerodrome chart
for Baucau, and the runway heading was not included on CAD Baucau NDB approach charts.
Following the occurrence, runway 14 was surveyed and the actual runway heading was
determined to be 139 degrees magnetic.

Jeppesen charts and maps were found scattered throughout the cockpit wreckage area. They
were also located in the adjacent areas of the wreckage. Most of the charts and maps were found
in a fragmented and water-damaged condition. Many of the charts and maps were not located,
and had probably been consumed by the post-impact fire. The Baucau runways 14 and 32 NDB
non-precision instrument approach charts and aerodrome chart were not among those that
were located. The revision sheet for the Jeppesen charts was located. It was in the name of a
Cambodian-based operator, and not the Lao PDR-based operator, in whose name the aircraft
was registered.



The track from Ambon to Baucau was 198 degrees magnetic. To conduct a runway 14 NDB
approach, the flight crew of an aircraft arriving at Baucau on the Ambon — Baucau track would
maintain that track to the Baucau NDB. On reaching the NDB, the flight crew would then turn
the aircraft left onto a magnetic heading of 170 degrees to fly parallel to the inbound leg of the
holding pattern. After 1 minute on that heading the flight crew would then turn the aircraft left
onto the holding side of the holding pattern. They would then intercept the inbound leg of the
holding pattern (350 degrees magnetic) to reposition the aircraft overhead the NDB. Once
overhead the NDB, the flight crew could then conduct the non-precision approach, as depicted
at Figure 10.

Because the commencement altitude for the runway 14 NDB was 5,500 ft (1,676 m) AMSL, and
the LSALT on the Ambon — Baucau track was 4,500 ft (1,372 m) AMSL, there were three
alternatives regarding the minimum altitude to be maintained until overhead the Baucau NDB.
Those were:

. to maintain LSALT until overhead the NDB, then climb the aircraft to the commencement
altitude upon entering the holding pattern

. to descend to LSALT then climb back to the commencement altitude before overflying the
NDB and entering the holding pattern

. to descend no lower than the commencement altitude before overflying the NDB and
entering the holding pattern.

On 10 February 2003, CAD notified Jeppesen about the location of the runway in relation to the
NDB and that the aerodrome reference point (ARP) was incorrectly depicted on the Jeppesen
charts, and asked Jeppesen to withdraw the charts.

Jeppesen subsequently researched the origin of the runway end coordinates for runway 14/32 at
Baucau in its database, but it could find no documentation about how the coordinates were
calculated. Jeppesen assumed that the coordinates had probably been calculated based on the
Baucau ARP data published in an old version of the Indonesian Aeronautical Information
Publication. On 28 February 2003, Jeppesen issued Airway Manual Services Revision Letter
number 5-03 which provided details of revisions to material in the Pacific Basin edition of the
manual, and included instructions that the Baucau 16-1 and 16-2 charts were to be destroyed.
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FIGURE 10:
The Jeppesen August 30, 2002 Baucau runway 14 NDB approach chart
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FIGURE 11:
The Jeppesen August 30, 2002 Baucau aerodrome chart
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Communications

There was no requirement for ground based automatic voice recording equipment at Baucau.
Apart from the CVR data, there was no other record of communications between ATS at Baucau
and the flight crew of the occurrence aircraft. The automatic voice recording equipment in the
Comoro control tower at Dili revealed that the flight crew had not contacted either Comoro
Approach or Comoro Tower at any stage before the accident. The CVR also contained no
evidence that the flight crew tried to broadcast their intentions and traffic information on the
Timor Common Low frequency of 127.1 kHz, as required in NOTAM GO113/02.

Aerodrome information

Timor-Leste airspace arrangements

Timor-Leste airspace extended from surface level to 24,500 ft (7,468 m), and was below the Bali
and Ujung Pandung flight information regions. Most of the Timor-Leste airspace was
uncontrolled, and CAD did not provide aircraft operating within Timor-Leste airspace with a
flight following service. The investigation was unable to determine if the flight crew had
arranged flight following for the purposes of search and rescue for the occurrence flight.

Aircraft operating within Timor-Leste airspace were required to make traffic information
broadcasts to help in reducing the risk of collisions. Those broadcasts were required on 123.45
MHz above 10,000 ft (3,048 m), and on 127.1 MHz below 10,000 ft, and ATS did not monitor
those frequencies, nor was there a requirement for it to do so. The NOTAMs for Baucau
included NOTAM GO113/02, which stated:

ALL ACFT OPR TO/FROM BAUCAU OUTSIDE AD OPR HR ARE TO BCST INTENTIONS
AND TFC INFO ON THE FLW FREQ: WITHIN 5NM OF AD - BAUCAU TWR 120.2. BEYOND
5NM - TIMOR COMMON LOW 127.1

The CVR revealed that the flight crew did not monitor 123.45 MHz during the descent in
Timor-Leste airspace while the aircraft was above 10,000 ft. Nor did they monitor 127.1 MHz
below 10,000 ft or broadcast their intentions and traffic information on that frequency.

Controlled airspace within Timor-Leste airspace was established at Dili and Suai airports.
Controlled airspace was also established at Baucau, but ATS at Baucau was only available for UN
aircraft on UN troop rotation days. The NOTAMs for Baucau included NOTAM GO114/02,
which stated:

...ATS ONLY AVBL ON UNITED NATIONS TROOP ROTATION DAYS IN ACCORDANCE
WITH UN ROTATION SCHEDULE...

The occurrence aircraft was not engaged in UN troop rotation operations, and 31 January 2003
was not a UN troop rotation day.

Baucau aerodrome survey coordinates and elevations

The 1993 Indonesian 1:25000 topographical map of Baucau depicted the elevation of the
threshold of runway 14 as 524 m (1,719 ft) AMSL. In February 2001, another survey was
conducted of the aerodrome, and the survey report included information that the threshold
elevation of runway 14 was 527 m (1,729 ft) AMSL.

During the investigation, personnel from the Australian Defence Science Technology
Organisation (DSTO), acting as advisers to the Australian accredited representative, used differ-
entially-corrected GPS (DGPS) wreckage mapping and analysis equipmen