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AIR ACCIDENT INVESTIGATION SECTOR STATEMENT

THIS INVESTIGATION HAS BEEN CARRIED OUT IN ACCORDANCE WITH THE UNITED ARAB EMIRATES CIVIL

AVIATION REGULATION CAR PART VI CHAPTER 3 AND ICAO ANNEX 13 TO THE CONVENTION ON
INTERNATIONAL CIVIL AVIATION.

THE SOLE OBJECTIVE OF THE INVESTIGATION OF INTO THIS ACCIDENT IS THE PREVENTION OF FUTURE
AIRCRAFT ACCIDENTS AND INCIDENTS.

IT IS NOT BE THE PURPOSE OF THIS INVESTIGATION TO APPORTION BLAME OR LIABILITY.
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INTRODUCTION

This Final air accident final report contains information on the investigation into an accident involving a
Boeing 747-44AF, registration N571UP, on the 3 September 2010, near Dubai in the United Arab
Emirates.

The information contained in this final report is published to inform the aviation industry and the public
of the general circumstances of the accident.

This factual report supersedes all previous Preliminary and Interim air accident reports concerning this
accident investigation.

The GCAA as the investigation authority in charge of the investigation has worked in close cooperation
with an Accredited Representative [Acc Rep] from the National Transportation Safety Board (NTSB) and
an investigation representative from the European Aviation Safety Agency (EASA).

The NTSB Acc Rep was assisted by technically qualified advisors from the aircraft manufacturer, the
Federal Aviation Administration (FAA), the aircraft operator and the labour union representing the pilots
of the operator.

In accordance with Annex 13 to the Convention on International Civil Aviation the sole objective of the
investigation is to determine the causal factors of the accident and the significant factors that influenced
the outcome.

Having established all of the relevant factors, this air accident Investigation final report will advise of the
safety recommendations intended to prevent a reoccurrence.

REPORT ORGANISATION

This report was prepared in accordance with International Civil Aviation Organization Standards And
Recommended Practices [SARP’s] and the GCAA CAR Part VI Chapter 3 for investigation reports. The
report follows the ICAO Annex 13 SARPS regarding the final report format.

The ICAO Annex 13 report format is in five main sections as detailed below.

¢ 1. Factual Information: Provides factual information that is relevant to understanding the chronology
and circumstances of this occurrence. Part 1, Factual Information, has nineteen [19] sub-headings
detailing each aspect of the investigation to be reported.

® 2. Analysis: Reviews, evaluates and analyses the factual information presented in the part one, Factual
Information of the investigation. This varies from theoretical analysis to laboratory and full scale testing

¢ 3, Conclusions: Based on the analyses of the factual information, presents the Findings and the Causal
factors

Findings are statements of all significant conditions, events or circumstances in the accident sequence.
The findings are significant steps in the accident sequence, but they are not always causal of indicate
deficiencies.

i  Causes are actions, omissions, events, conditions, or a combination thereof, which led to this
accident.

ii Contributing factors are actions, omissions, events, conditions, or a combination thereof, which,
directly contributed to the Accident and if eliminated or avoided, would have reduced the
probability of this Accident occurring, or mitigated the severity of its consequences.



¢ 4, Safety Recommendations: Based on the findings of the investigation, recommends safety actions
required to be taken to eliminate or mitigate safety deficiencies, and records the main actions already
taken or being taken by the affected entities involved through the process of immediate Prompt Safety
Recommendations.

Note: Owing to the scope of this investigation and the requirement to perform detailed analysis of the
findings, information required to develop a complete understanding of the events and timeline of the
accident and the subsequent understanding of the facts, analyses, conclusions, and safety
recommendations are referenced throughout the report or can be located in the appendices.

e 5. Appendices: these are reference documents provided as documentary evidence, supporting
information or technical information to support the analysis and conclusions which for reasons of clarity
are excluded from the factual information recorded in the report sections part 1 & 2.



ACCIDENT SYNOPSIS

On September 3™ 2010, a Boeing 747-44AF departed Dubai International Airport [DXB] on a scheduled
international cargo flight [SCAT-IC] to Cologne [CGN], Germany.

Twenty two minutes into the flight, at approximately 32,000 feet, the crew advised Bahrain Area East Air
Traffic Control [BAE-C ] that there was an indication of an on-board fire on the Forward Main Deck and
declared an emergency.

Bahrain Air Traffic Control advised that Doha International Airport [DOH] was 'at your ten o’clock and
one hundred miles, is that close enough?’, the Captain elected to return to DXB, configured the aircraft
for the return to Dubai and obtained clearance for the turn back and descent.

A cargo on the main cargo deck had ignited at some point after departure. Less than three minutes after
the first warning to the crew, the fire resulted in severe damage to flight control systems and caused the
upper deck and cockpit to fill with continuous smoke.

The crew then advised Bahrain East Area Control [BAE-C] that the cockpit was ‘full of smoke’ and that
they ‘could not see the radios’, at around the same time the crew experienced pitch control anomalies
during the turn back and descent to ten thousand feet.

The smoke did not abate during the emergency impairing the ability of the crew to safely operate the
aircraft for the duration of the flight back to DXB.

On the descent to ten thousand feet the captains supplemental oxygen supply abruptly ceased to
function without any audible or visual warning to the crew five minutes and thirty seconds after the first
audible warning. This resulted in the Captain leaving his position. The Captain left his seat and did not
return to his position for the duration of the flight due to incapacitation from toxic gases.

The First Officer[F.O], now the Pilot Flying [PF] could not view outside of the cockpit, the primary flight
displays, or the audio control panel to retune to the UAE frequencies.

Due to the consistent and contiguous smoke in the cockpit all communication between the destination
[DXB] and the crew was routed through relay aircraft in VHF range of the emergency aircraft and BAE-C.

BAE-C then relayed the information to the Emirates Area Control Center (EACC) in the UAE via landline,
who then contacted Dubai ATC via landline.

As the aircraft approached the aerodrome in Dubai, it stepped down in altitude, the aircraft approached
DXB runway 12 left (RWY 12L), then overflew the northern perimeter of the airport at 4500 ft at around
340 kts . The PF could not view the Primary Flight Displays [PFD] or the view outside the cockpit.

The PF was advised Shajah International Airport [SH]] was available at 10 nm. This required a left hand
turn, the aircraft overflew DXB heading East, reduced speed, entering a shallow descending right-hand
turn to the south of the airport before loss of control in flight and an uncontrolled descent into terrain,
nine nautical miles south west of Dubai International Airport.

There were no survivors.
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ABBREVIATIONS/TERMINOLOGY/PHRASES

ACARS Aircraft Communications Addressing and Reporting System
ACC Area Control Center

ACP Audio Control Panel

AFDS Auto Flight Director System

AHM Aircraft Health Monitoring

AHMS Aircraft Health Management System
AlP Aeronautical Information Publication
AIRS Airborne Image Recording System
AMJ Air Cargo Containers

AP Autopilot

A/P Autopilot

APP Approach

APU Auxiliary Power Unit

ARR Arrival

AT Auto Throttle

ATC Air Traffic Control

ATCO Air Traffic Control Operator

ATCU Air Traffic Control Unit

ATES Air Traffic Engineering Services
BAE-C Bahrain East Air Traffic Control or Bahrain Area East Control
BALUS Waypoint

BCF Boeing Converted Freighter

C Center

CAD Computer Aided Design

CAM Cockpit Area Microphone

CAMI Civil Aerospace Medical Institute
CAPT/CP Captain

CAVOK Ceiling and Visibility are OK

CBT Computer Based Training

CbuU Control Display Unit

CET Civil Evening Twilight

CFR Code of Federal Regulations

CGN Cologne Airport [IATA Code]

CMC Central Maintenance Computer
CMU Communication Management Unit
COPPI Waypoint

CPC Cabin Pressure Controller

CRES Corrosion Resistant Steel

CRM Crew Resource Management

CS Certification Specifications
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CTA

Control Area

CVR Cockpit Voice Recorder

DAC Designated Area of Coverage

deg Degree (a degree of arc)

DFDR Digital Flight Data Recorder

DME Distance Measuring Equipment

DOC Designated Area of Coverage

DOH Doha International Airport [IATA Code]
DOT Department of Transportation

DXB Dubai International Airport [IATA Code]
DXB - ATC Dubai Air Traffic Control

EACC Emirates Area Control Center

EASA European Aviation Safety Agency
ECS Environmental Control System

EDDK Cologne/Bonn Airport [ICAO Code]
EGPWS Enhanced Ground Proximity Warning System
EICAS Engine Indication and Crew Alerting System
EVAS Emergency Vision Assurance System
FAA Federal Aviation Administration

FAR Federal Aviation Regulations

FCC Flight Control Computer

FEM Finite Element Model

FL Flight Level

FDE Flight Deck Effect

FDR Flight Data Recorder

FIM Fault Isolation Manual

FIR Flight Information Region

FLC Flight Level Change

FLCH Flight Level Change

FMC Flight Management Computer

FMS Flight Management System

F/O First Officer/Co-pilot

FOQA Flight Operational Quality Assurance
FP Flight Profile

FRP Fibre Reinforced Plastic

FWD Forward

GCAA General Civil Aviation Authority
GMT Greenwich Mean Time

G/S Glide Slope

GST Gulf Standard Time

HazMat Hazardous Material

HF High Frequency

1A Initiating Action

IAD International Air Distress
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IATA

International Air Transport Association

ICAO International Civil Aviation Organisation
IFR Instrument Flight Rules

ILS Instrument Landing System

VU Inflatable Vision Unit

KHz Kilo Hertz

KT/kt Knot

L Left

LBL left buttock line [Datum]

LH Left Hand

LNAV Lateral Navigation

LOC Localizer

MAWEA Modularized Avionics and Warning Electronics Assembly
MCP Mode Control Panel

MD Main Deck

MFP Maintenance Facility Planning Manual
MHz Mega Hertz

MMEL Master Minimum Equipment List
MAD Military Air Distress

MAWEA Modularized Avionics and Warning Electronics Assy
MMR Multi-Mode Receiver

MOM Multi Operator Message

MSB Mask Stowage Box

NAV Navigation

NNC Non-Normal Checklist

NFPA National Fire Protection Association
NOTOC Notice to the Pilot in Command

NTSB National Transportation Safety Board
OEM Original Equipment Manufacturer
OMDB Dubai International Airport [ICAO Code]
PACK Preconditioned Air Unit

PANS - ATM Procedures for Air Navigation Services
PF/PH Pilot Flying/Pilot Handling

PFD Primary Flight Display

PNF/PM Pilot Non-Flying /Pilot Monitoring

PTC Pack Temperature Controller

PTT Push-to-Talk

PVC Poly Vinyl Chloride

QAR Quick Access Recorder

QRH Quick Reference Handbook

R Right

RANBI Waypoint

RBL Right Buttock Line [Datum]

RH Right Hand
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Table

R/T

Receive/Transmit

RTB Return To Base

RTE Real Time Event

RTF Radiotelephone - Communication
RWY Runway

SAA South African Airways

SAFO Safety Alerts for Operators

SARPS Standards and Recommended Practices
SATCOM Satellite Communication

SBD Simulated Breathing Device

SCAT-IC Scheduled International Cargo Flight
SELCAL Selective Calling [Communications]
SFF Smoke/Fire/Fumes

SH)J Sharjah International Airport

SIM Simulator

SMACCS Smoke Mode Air Conditioning Control System
SOP Standard Operating Procedure

SOS Supplemental Oxygen System

SPoF Single Point of Failure

SRA Surveillance Radar Approach

SRM Stabiliser Trim/Rudder Ratio Module
SRN Sub-frame Reference Number

SSR Secondary Surveillance Radar

STA Body Station

SzC Sheikh Zayed Air Navigation Centre
TAF Terminal Aerodrome Forecast or Terminal Area Forecast
TSO Technical Standard Order

UAE United Arab Emirates

UHF Ultra High Frequency

uLD Unit Load Device

UN United Nations

UPS United Parcel Service

usB Upper Side Band

uTC Coordinated Universal Time

VCCS Voice Communication Control System
VFR Visual Flight Rules

VHF Very High Frequency

VNAV Vertical Navigation

VOR Omni Directional Radio Range

VU Vision Unit

WL Water Line

ZULU Refer to Coordinated Universal Time (UTC)

ABBREVIATIONS/TERMINOLOGY/PHRASES
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READER ADVISORY INFORMATION

Air accidents reports of complex investigations are generally technical documents, orientated towards
an aviation technical audience.

As the report is a public document, this is a reader advisory to assist with the interpretation of the
information for a non-technical audience. This will assist with following the sequence and chain of
events covered in the factual information of the accident flight and the subsequent analysis in Section 2.

The chronology and event timeline concerning the history of the flight is linear; to assist with
understanding the complex lines of information the descriptive text is supplemented with bullet points
derived from the Cockpit Voice Recorder (CVR) exchanges between the crew, the ground stations and
passing relay aircraft. This is for reasons of clarity to provide information where there are multiple
streams of activity.

Where relevant, the diagrams and maps indicating the flight path and various critical or key information
on the accident timeline are referred to and indicated by a number used to reference a map position or
diagram component location, for example:

e 19:38:28|CVR|Relay: what’s his airspeed? @

The chronology of the event timeline concerning the history of the flight has been derived using the
DFDR data, Air Traffic Control transcripts, Aircraft Health Monitoring (AHM) System, information, the
Aircraft Communications Addressing and Reporting System (ACARS) transmissions, the Cockpit Voice
Recorder (CVR) derived analysis and operational judgement.

The flight timeline covers the period of arrival of the aircraft from Hong Kong earlier in the morning of
September 3" 2010 resuming to cover the elapsed time between when the aircraft is established in
flight from Dubai International Airport (DXB) until the data recording ends at 15:41:36".

The use of maps and location graphics is used to simplify the over view of the information in this report.

To help the reader gauge the timeline chronologically from the time of the Fire Master Warning alert, a
time from the from first fire warning is a sub heading in minutes of elapsed time.

Detailed analysis of the Flight Profile [FP] is contained in Section 2. Analysis

An over view map of the Flight Track and Elapsed time for Key Events is provided at the beginning of the
History of Flight. This is intended as a reference only.

L All times are UTC
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FLIGHT TRACK AND ELASPED TIME FOR KEY EVENTS

Europa Technologies

Image
Data 510, NEaA LS

Figure 1 —Track and Elapsed Time for Key Events



1. FACTUAL INFORMATION

This section summarises in chronological order according to Coordinated Universal Time(UTC)?, the
main events that occurred during the flight .

The investigation of this Boeing 744AF accident was complex, involving detailed investigation of multiple
aspects of the accident data to determine the causal factors. This methodology uses normal
investigative process such as establishing testing programs to gather, develop and analyse numerous
lines of investigative information and data.

There are two phases to the flight profile:

0 Phase 1, there is a two crew operating environment, for a duration of 30 minutes 31
seconds; and

0 Phase 2, there is a single pilot operation, for a duration of 20 minutes 27 seconds until
the data ends.

To assist with the timeline, when the fire event starts, the elapsed time from the first fire bell is shown
as red in the heading, for example:

»  15:14 [01]: Inflight turn back/emergency descent’

Note: According to ICAO Annex 13 Standards and Recommended Practices regarding the structure and
composition of an accident flight history, the history begins at the time the flight departs from the last
known aerodrome, which is Dubai [DXB] in this particular accident.

However, in this specific investigation, the inbound flight arrival is relevant to understanding the context
of the following accident flight with respect to the loading of the inbound cargo, the history of the
PACK1 failures and the loading of cargo at the point of departure in Hong Kong, prior to arrival in Dubai.

Although these factors are significant to understanding the cause and sequence of events, they are not
causal factors in isolation as several significant failures and consequential actions as detailed in this
history of flight will illustrate.

% Coordinated Universal Time (UTC) is the primary time standard by which the world regulates clocks and time. To convert UTC
to Gulf Standard Time, add plus [+] 4 hours.

*The phase of flight in which an intentionally rapid or premature descent, from a previously normal manoeuvre, is made in
response to an in-flight emergency. the descent is controlled by the crew.



Accident/Incident Data Reporting [ADREP] Classifications®:

Primary

F-NI: Fire/smoke (non-impact) - Fire or smoke in or on the aircraft, in flight or on the ground, which is
not the result of impact.

SCF-NP: System/component failure or malfunction (non-powerplant)’ - Failure or malfunction of an
aircraft system or component - other than the power plant.

LOC-I: Loss of control - inflight - Loss of aircraft control while or deviation from intended flight path
inflight.

Secondary

UND: Uncontrolled descent - A descent during any airborne phase in which the aircraft does not sustain
controlled flight.

* The ADREP Occurrence category taxonomy is a set of terms used by ICAO to categorize aircraft accidents and incidents and
allow safety trend analysis on these categories. The ADREP Occurrence category taxonomy is part of the ICAO accident
reporting system (ADREP).

> |f the failure renders the aircraft uncontrollable it is coded as SCF-NP only, not as loss of control (LOC-I or LOC-G). However, if
the failure does not render the aircraft uncontrollable, but leads to a loss of control, code the event under both SCF-NP and
LOC-I

21



1.1  History of the Flight

Inbound Flight Arrival from Hong Kong [HKG] — Sept 03 2010

On September 3rd 2010, the Boeing 747-400AF aircraft, registered N571UP, arrived from Hong Kong
[HKG] on a scheduled cargo service flight to Dubai International Airport [DXB] carrying, among other
items, significant consignments of cargo that included lithium batteries. The aircraft was parked at the
loading position, chocks on/block in at 11:35 UTC.

The inbound crew entered a logbook item® for a PACK 1 fault which was reset on the inbound sector
from HKG-DXB.

The following scheduled sector was Dubai (OMDB/DXB) direct to Koln-Bonn, Cologne (EDDK/CGN)
scheduled to depart at 14:50 UTC on the 03 September 2010 - this is the accident flight.

Cargo Loading

Prior to the flight to Dubai, cargo was loaded into all positions in Hong Kong. A consignment of mixed
cargo including a significant number of batteries, including lithium types, was loaded onto the pallets
located at MD positions 4, 5, and 6, amongst other positions’. Upon arriving in Dubai, the Unit Load
Devices (ULD) in positions 13L, 14L, 14R, 18L, 19L, and 20 were removed from the aircraft. Some of
these ULD’s were replaced with other out-bound ULD’s. No cargo was unloaded from the forward
section of the main deck. The Cargo Group examined shipping invoices for the cargo on board the
aircraft, and at least three shipments of lithium batteries which should have been declared as hazardous
materials were identified in the pallets at positions 4 and 5. There were no declared shipments of
hazardous materials on board the accident flight.

Filed Flight Plan®
The filed flight plan waypoints and airways are as follows:

OMDB RANBI N571 BALUS UL768 OTILA UR219 MODAD B544 ALE UB402 NISAP UM861 BUK UL602
BUDOP UL850 LALIN UL604 DEMAB T842 RUNER T858 KOPAG KOPAG1C EDDK

The flight departed Dubai and proceeded to waypoint RANBI, along airway N571 to BALUS, then airway
UL768 towards waypoint OTILA. The flight returned to Dubai just after passing waypoint BALUS, having
crossed into the Bahrain FIR.

Pushback, Engine Start, Taxi and Departure from Dubai International Airport

Push back and engine start were normal. The aircraft pushed back at 14:41 departing DXB at 14:51
(18:51 GST local time) on a scheduled cargo service to Koln-Bonn, Cologne (CGN), Germany.

The departure runway was runway 30 Right (RWY 30R) from DXB, a north westerly departure over the
southern Arabian Gulf.

The First Officer [FO] was the Pilot Flying® (PF), the Captain [CAPT] was the Pilot Non Flying™ (PNF) for
the sector from DXB to CGN. At 14:50:53 the aircraft performed a normal take-off.

A technical reference to a rectifiable fault
Refer to Appendix A, Section F of this report for further information on these items.

Refer to AIRAC AMDT 98 UAE eAlIP for Enroute chart information
Pilot Flying - handling pilot with direct responsibility for flying the aircraft for the complete flight

o 0 N O
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The aircraft was cleared for a RANBI2D departure from Dubai which required a left turn after take-off
from DXB, heading west to towards the RANBI waypoint, then a right turn heading north/west overhead
the RANBI waypoint towards the BALUS waypoint. The BALUS waypoint is on the Emirates Flight
Information Region [FIR]/Bahrain East FIR boundaries.

14:49: Initial/Continuous Climb — PACK 1 Off line

The initial climb out from DXB was uneventful. The PF flew the aircraft manually to an altitude of 11,300
feet, then engaged the Auto Pilot [AP] for the climb to the selected cruise altitude of 32,000 feet.

The climb was uneventful until a Pack 1 fault was indicated via the Engine Indicating and Crew-Alerting
System (EICAS) at approximately 10,000 ft.

The Capt, [PNF] reset the Pack'. Pack 1 fault reset by the PNF at 15:00:17, at an altitude of 12,500 ft.
The Pack 1 reset was successful. All other recorded indications were normal.

= 15:00|CVR|CAPT: I'm gonna look at pack one.
= 15:00|CVR|CAPT: looks like we're good to go here. it uh basically what it said was. trim's on.
pack selector A. | hit the reset

15:11: Radar Contact/Bahrain East ATC/Approaching Top of Climb [TOC]

The flight checked in with Bahrain East [BAE-C] at 15:11 on the climb to FL320. BAE-C confirms to the
crew that they are on the radar at 15:11:32, the crew acknowledge the radar contact. There are no
indications of any abnormalities.

15:12: Transition from the UAE FIR to Bahrain East Flight Information Region [FIR]

Over head the BALUS waypoint, the aircraft transitioned from the UAE Flight Information Region [FIR]
entering into the Bahrain East [FIR], with the Left Audio Control Panel [ACP] tuned to BAE-C frequency
132.12 MHz on the primary radio.

Note: BAE-C frequency is 132.12 MHz, the UAE Area Control frequency at the time was 132.15 MHz
15:13: Fire Warning Master Warning Light/Audible Alarm

One minute after passing the BALUS waypoint, approaching the top of climb, as the aircraft was climbing
to the selected cruise altitude of 32,000 feet, the Fire Warning Master Warning Light illuminated and the
Audible Alarm [Fire Bell] sounded, warning the crew of a fire indication on the Main Deck Fire -
Forward."

15:12:54/CVR: Audible alarm warning the crew of a Main Deck Fire Forward™

e  15:12:57|CVR|CAPT: Fire, main deck forward. alright. I'll fly the aircraft™
e  15:13:02|CVR|F.O: Okay
e  15:13:05|CVR]|CAPT: Go ahead...we’re gonna return

Note: Crew Resource Management [CRM]: The Captain is now the PF, the F.O is now the PNF.

% biot Non Flying or Pilot Monitoring the flight management, and carrying out support duties such as communications and
checklist reading.

" All CVR excerpts are verbatim. Missing words or phrases have not been recorded on the CVR transcript.

12 The smoke detectors had detected smoke in the forward main deck cargo compartment

B The fire warning bell and master fire warning light comes on when any engine, APU, main deck cargo compartment, or lower
cargo compartment smoke, fire, or overheat condition is detected.

! crew Resource Management [CRM] note: The Captain is now the PF, the F.O is now the PNF.
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15:14[01]:Inflight Turn Back/Emergency Descent?®

The CAPT advised BAE-C that there was a fire indication on the main deck of the aircraft, informing
Bahrain ATC that they needed to land as soon as possible.

BAE-C advised that Doha International Airport (DOH) was at the aircraft’s 10 o’clock position 100 nm
DME*® from the current location. The Captain elected to return to the point of departure, DXB.

e 15:13:14|CVR|CAPT: Just got a fire indication on the main deck | need to land ASAP

e 15:13:19|CVR|BAE-C: Doha at your ten o’clock and one hundred miles is that close
enough?

e 15:13:23|CVR|CAPT: How about we turn around and go back to Dubai, I'd like to declare
an emergency.

15:15[02]:Arming and Activation of the Fire Suppression System

The F.O was handling the Non Normal Checklist [NNC] checklist items, the Fire Main Deck switch was
depressed and the cabin began to depressurise.”’

Note: The Fire Main Deck Forward/Aft/Mid checklist on-board at the time of the accident was the pre-
modified version.'®

The crew changed the selected altitude from 32,000 feet to 28,000 feet as the aircraft changed heading
back to DXB, the Auto Throttle [AT] began decreasing thrust to start the decent.

The AP was manually disconnected, then reconnected , followed by the AP manually disconnecting for a
short duration, the captain as handling pilot was manually flying the aircraft.

Following the turn back and the activation of the fire suppression, for unknown reasons, the PACK 1
status indicated off line [PACKS 2 and 3 were off], in accordance with the fire arm switch activation.
There was no corresponding discussion recorded on the CVR that the crew elected to switch off the
remaining active PACK 1%,

Note: PACK 1, in fire suppression mode provides positive air pressure to the cockpit to prevent
smoke/fumes from entering the cockpit area. There is no other effective smoke barrier to prevent
smoke/fumes ingress into the cockpit and occupied areas.

15:15[02]:Crew Don Oxygen Masks/Intra-cockpit Communication

As the crew followed the NNC Fire/Smoke/Fumes checklist and donned their supplemental oxygen
masks, there is some cockpit confusion regarding the microphones and the intra-cockpit communication
as the crew cannot hear the microphone transmissions in their respective headsets.

The phase of flight in which an intentionally rapid or premature descent, from a previously

normal manoeuvre, is made in response to an in-flight emergency. The descent is controlled by the crew.

'8 DOH was the nearest airport at the time the emergency was declared (100 nm track miles). DXB was approximately 180 nm
track miles from the flight position when advised

Y There is no requirement for active fire suppression in Class E cargo compartments. The fire extinguishing and fire propagation
mitigation is through reducing the oxygen available for combustion through depressurization of the compartment.

1 Boeing MOM 1-1708015942 issued after the accident includes an advisory note to the revised non-normal checklist. Either
air conditioning pack 1 or pack 3 must remain operating to prevent excessive smoke accumulation on the flightdeck

9 pack 1,2 & 3 - the PACK provides preconditioned air to the pressurised fuselage. There are 3 PACK's in the Boeing 747. When
the Main Deck Cargo Fire Arm switch is depressed, PACK 2 and 3 shut down while PACK 1 continues to supply preconditioned
air to the upper deck. This provides a positive pressure differential between the upper deck and the rest of the aircraft
preventing smoke or fumes entering occupied areas
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e 15:14:57|CVR|F.O: Can you hear me?
e 15:14:58|CVR|CAPT: No, | can't hear you.
e 12:15:17|CVR|F.O: Why can't | hear you?

This communication problem appeared to be resolved as the flight progressed.

G()Ugle earth

Figure 2 Inflight Turnback Fire Suppression Activation

15:15 to 15:16[02]:Pitch Control Anomalies

The crew configured the aircraft for the return to DXB, the flight was in a descending turn to starboard
onto the 095° reciprocal heading for DXB when the Captain requested an immediate descent to 10,000
ft.

e 15:15:23|CVR|CAPT: I need a descent down to ten thousand right away sir
e 15:15:26|CVR|BAE-C: Descend and maintain one zero thousand your discretion

The reason for the immediate descent was never clarified in the available data.

The AP was disengaged, the Captain then informed the F.O that there was limited pitch control of the
aircraft when flying manually®®. The Captain was manually making inputs to the elevators through the
control column, with limited response from the aircraft.

e 15:15:37|CVR|CAPT: alright. I've barely got control.
e 15:15:47|CVR|CAPT: alright... find out what the hell's goin’ on, I've barely got control of the
aircraft.

This was followed one minute later by the following exchange:

The Autopilot controls the elevators directly from the aft quadrant. Autopilot input to the elevator control system is received
by the elevator autopilot servo control modules [ref to section 2 Analysis].
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e 15:16:43|CVR|CAPT: | have no control of the aircraft

e 15:16:47|CVR|F.O: okay... what?

e 15:16:53|CVR|CAPT: | have no pitch control of the aircraft
e 15:16:57|CVR|F.O: you don't have control at all? *

The flight was approximately 4 minutes into the emergency. The aircraft was turning and descending,
the fire suppression has been initiated and there was a pitch control problem?. The cockpit was filling
with persistent continuous smoke and fumes and the crew had put the oxygen masks on.

15:17[04]:Smoke in the Cockpit-Reduced Visibility Due to Smoke

The penetration by smoke and fumes into the cockpit area occurred early into the emergency®. The
cockpit environment was overwhelmed by the volume of smoke. There are several mentions of the
cockpit either filling with smoke or being continuously ‘full of smoke’, to the extent that the ability of the
crew to safely operate the aircraft was impaired by the inability to view their surroundings.

Due to smoke in the cockpit, from a continuous source near and contiguous with the cockpit area
[probably through the supernumerary area and the ECS flight deck ducting], the crew could neither view
the primary flight displays, essential communications panels or the view from the cockpit windows.

The crew rest** smoke detector activated at 15:15:15 and remained active for the duration of the flight.
There is emergency oxygen located at the rear of the cockpit, in the supernumerary area and in the crew
rest area. Due to the persistent smoke the Captain called for the opening of the smoke shutter, which
stayed open for the duration of the flight.

The smoke remained in the cockpit area.

e 15:17:18|CAPT: UPS six we are full... the cockpit is full of smoke, attempting to turn to flight
to one thirty please have...standing by in Dubai

15:18[05]:Flight Management Computer [FMC] Inputs

There was a discussion between the crew concerning inputting the DXB runway 12 Left [RWY12L]
Instrument Landing System [ILS] data into the FMC. With this data in the FMC? the crew can acquire the
ILS for DXB RWY12L and configure the aircraft for an auto flight/auto land approach.

The F.O. mentions on several occasions difficulty inputting the data based on the reduced visibility.
However, the ILS was tuned to a frequency of 110.1 (The ILS frequency for DXB Runway 12L is 110.1%),
the Digital Flight Data Recorder [DFDR] data indicates that this was entered at 15:19:20 which correlates
which the CVR discussion and timing.

e 15:18:00|CVR|CAPT: Try and get Dubai in the flight management computer.
e 15:18:02|CVR|F.O: I can’t see it [the FM(]

! See Section 2 — Analysis: The DFDR data indicates that there was a control column movement anomaly between the input by
the crew on the control column and the travel of the elevators. The DFDR elevator data indicates nil to marginal elevator
deflection while there are large deflections in column position

*? The AP controls the elevators directly from the aft quadrant, the zone in the aft of the aircraft where the AP actuators are
located.

2 There is no cockpit door separating the cockpit area from the supernumerary area.

*The supernumerary area is immediately aft of the cockpit while the crew rest is at the back end of the upper deck.

% Sections of the FMC were recovered, however, due to the fire damage analysis of the components for non-volatile memory
recorded information has not been possible

%% Based on the DFDR data — See Section 2 — Analysis.
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e 15:19:04|CVR|BAE-C: UPS six expect one two left proceed direct to ah final of your
discretion
e 15:19:08| CVR|CAPT: Alright we're doing our best. Give me a heading if you can | can't see.

15:20[07]:Crew Oxygen System Anomalies — Captain and First Officer

At approximately 15:20, during the emergency descent at around 21,000ft cabin pressure altitude, the
Captain made a comment concerning the high temperature in the cockpit. This was followed almost
immediately by the rapid onset of the failure of the Captain’s oxygen supply?’.

Following the oxygen supply difficulties there was confusion regarding the location of the alternative
supplementary oxygen supply location. The F.O either was not able to assist or did not know where the
oxygen bottle was located; the Captain then gets out of the LH seat.

This CVR excerpt indicates the following exchange between the Captain and F.O concerning the mask
operation and the alternative oxygen supply bottle location. The exchange begins when the Captain’s
oxygen supply stops abruptly with no other indications that the oxygen supply is low or failing.

e 15:20:02|CVR|CAPT: | got no oxygen | can't breathe.
e 15:20:12|CVR|CAPT: Get me oxygen.

e 15:20:19|CVR|F.O: I don't know where to get it.

e 15:20:23|CVR|CAPT: You fly

e 15:20:41|CVR|CAPT: I can’t see

Note: the supplementary oxygen mask and the goggles on the accident flight were two separate units;
when being worn by the pilot, in order to remove the mask, the goggles have to first be removed,
followed by the mask. The oxygen bottle to the aft of the cockpit area is the only portable oxygen bottle
with a full face mask.

At this point on the CVR, all of the associated recorded information including the conversation and
ambient sounds indicate the Captain moved the seat back, got out of the seat and then moved to the aft
of the cockpit area.

The Cockpit Voice Recorder [CVR] passages following the Captains decision to leave the seat and move
out of the cockpit indicate that the environment was full of continuous blinding smoke, and that a
breathing apparatus or protective eye wear capable of displacing smoke was required. This is the zone
contiguous with the probable location of the fire breach in the cargo lining.

15:22[09]:Pilot Incapacitation - Captain
Based on the pathological information, the Captain lost consciousness due to toxic poisoning.

After the Captain left the LH cockpit seat, the F.O. assumed the PF role’®. The F.O. remained in position
as P.F. for the duration of the flight. There was no further interaction from the Captain or enquiry by the
F.O as to the location of the Captain or the ability of the Captain to respond.

15:22-15:37[09-24]:Radio Communication - Relay Aircraft/Transit to DXB

The PF informed the BAE-C controllers that due to the limited visibility in the cockpit that it was not
possible to change the radio frequency on the Audio Control Panel [ACP]. This visibility comment recurs
frequently during the flight*

7 The Captains seat is on the left hand side of the cockpit
.0 now operating in a single pilot environment
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The Bahrain East controller was communicating with the emergency aircraft via relays. Several were
employed during the transition back to DXB.*

The aircraft was now out of effective VHF radio range with BAE-C*.

In order for the crew to communicate with BAE-C, BAE-C advised transiting aircraft that they would act
as a communication relay between BAE-C and the emergency aircraft. BAE-C would then communicate
to the UAE controllers managing the traffic in the Emirates FIR via a landline, who would then contact
the destination aerodrome at Dubai, also by landline.

The crew advised relay aircraft that they would stay on the Bahrain frequency as they could not see the
ACP to change frequency.

e 15:21:24|PF: Sir we're gonna have to stay with you we cannot see the radios
15:22-15:37[09-24]:Radio Communication on the Guard Frequency 121.5 MHz

The PF transmits three times on the guard frequency, at 15:35:12, 15:35:17 and 15:37:26. The
transmissions cover a two minute and fourteen second period when the flight is inbound for DXB.

e 15:35:12|CVR|PF: Mayday, Mayday. UPS6, can anyone hear me?
e 15:35:17|CVR|PF: UPS 6, can you hear me?
e 15:37:26|CVR|PF: Mayday, Mayday
All of the 121.5 MHz transmissions by the PF were keyed via the VHF-R, all other radio communication

with BAE-C and the relay aircraft are keyed from the VHF-L audio panel®.

There are several attempts by the UAE’s Area Control [EACC] to contact the flight on the guard
frequency in conjunction with aircraft relaying information transmitting on the guard frequency to the
accident flight.

The PF of the accident flight does not appear to hear any of the transmissions from the air traffic control
units or the relay aircraft on the guard frequency.

Around this time, given the proximity of the aircraft to the RWY12L intermediate approach fix, Dubai
ATC transmits several advisory messages to the flight on the Dubai frequencies, for example DXB ARR on
124.9 MHz advise that ‘Any runway is available’. The Runway lights for RWY30L were turned on to assist
the return to DXB.

15:38[25]:Missed Approach to DXB Runway 12 Left
The Aircraft condition inbound as the flight approached DXB for RWY12L.

The computed airspeed was 350 knots, at an altitude of 9,000 feet and descending on a heading of 105°
which was an interception heading for the ILS at RWY12L. The FMC was tuned for RWY12L, the PF

» Covered in Section 2. Analysis — Flight Profile

%0 Refer to Section 2. Analysis for further information

* The VHF radio range is limited to line of sight, so as the flight was descending and heading East away from the BAE-C FIR and
the Designated Area of Coverage [DAC] for VHF radio transmission from Bahrain, the emergency aircraft and BAE-C, the radio
signal strength and clarity diminish propo