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Safety summary

What happened

On 29 July 2013, about 64 NM (119 km) from Sydney the captain of Bombardier DHC-8-315
(Dash 8) aircraft, registered VH-SBG and operated by QantasLink on a scheduled flight from
Sydney to Wagga Wagga, New South Wales noticed a blank area in the centre of the flight
management system (FMS) screen. About 10 minutes later the screen went completely blank and
thick, light-grey smoke was observed coming from the unit.

The flight crew commenced the quick reference handbook Fuselage Fire or Smoke checklist,
donning oxygen masks and smoke goggles. The crew found communication difficult while wearing
their masks and, as a result, removed the masks for the remainder of the flight. The aircraft was
diverted to Canberra, Australian Capital Territory. The flight crew were taken to hospital for
observation and later released without needing treatment. No injuries were reported by the cabin
crew or passengers. The aircraft sustained no other damage.

What the ATSB found

Examination of the FMS unit found that two capacitors failed, resulting in the smoke and failure of
the unit. The unit was manufactured in 1997 and, in 1998, the FMS manufacturer introduced a
modification to replace those capacitors in all subsequently-manufactured units. However, there
was no recall or retrofit program for unmodified FMS units already in service.

The ATSB also found that, at the time of the occurrence, the approved QantasLink training did not
provide sufficient familiarity to first officers in the use of oxygen masks and smoke goggles. The
more-experienced captain’s familiarity with the equipment was enhanced by completion of
additional mask and goggles training sessions.

What's been done as a result

In October 2013, as a result of this occurrence, the FMS manufacturer issued a service bulletin for
the optional incorporation of different capacitors to unmodified in-service FMS units.

QantasLink undertook a number of safety actions in response to this occurrence. This included
installing modified FMS units to all aircraft in its Dash 8 fleet. QantasLink has also implemented a
number of improvements to crew training, including improved oxygen mask and smoke goggle
training and identifying alternate stowage for the flight deck fire extinguisher.

Safety message

This occurrence highlights the importance of flight crew familiarising themselves with the operation
of the onboard emergency equipment. It also reminds crews that inhalation of fumes can have an
adverse effect on an individual’s ability to function. Flight crew need to fully consider the
implications of removing their emergency breathing equipment when in an environment where
smoke and fumes are, or have been, present.



Contents

T O C CUITENCE ... bbb s b s ba s b s b s s b s bbb s sssssssssssssssssssssssssssssssssssssnsnnnnns

(000 81 (=) q PR

Personnel information
Captain
First officer
Emergency procedures training
Aircraft information
Flight management system
Flight crew emergency oxygen system
Operational factors
QantasLink DHC-8 Fuselage Fire or Smoke checklist
Flight crew actions
Tests and research
Fume and smoke hazards
Other occurrences
Australia
Worldwide

SAFELY ANMAIY SIS ...ttt b e bt et e ae e e e snneeenes

Introduction
Flight management system failure
Operational factors
Flight crew actions
Emergency equipment training

T 11T S
Contributing factors
Other factors that increased risk

Safety ISSUES @Nd ACLIONS ...uiiiiii et e e e et e e e e ee e s e e snreeaneeenneenns
Additional safety action

GENETAl AELAIIS ..ottt e e e e e et e e e e e e e e ebbaeeeeeeeeeaassreeeeeeeaanns
Occurrence details
Pilot details
Aircraft details

SoUrces and SUDMISSIONS ....coocciiiiiiee ettt e ettt e e e e e e et e e e e e e e eaabaeeeeeeeeenaraseeeeaeeenns
Sources of information
References
Submissions

Y 0] 01T Lo o = PRR
Appendix A — DHC-8-315 Quick reference handbook

Australian Transport Safety BUFGAU .......ccocueiiiiiiiiee e
Purpose of safety investigations
Developing safety action

00O ~N~N~NOOOOOEA,DWWWW

©

© © © ©

=
=

e
N NN

e
AW

ol vl vl v
a1 oo o

el el e
o0 o

PR
~N N

N NN
o O o



The occurrence

At about 1130 Eastern Standard Time* on 29 July 2013, the crew of Bombardier

DHC-8-315 (Dash 8) aircraft, registered VH-SBG and operated by QantasLink, departed Sydney
on a scheduled flight to Wagga Wagga, New South Wales. On board were two flight crew, two
cabin crew and 49 passengers. The captain was the pilot flying, and the first officer (FO) was the
pilot monitoring.

About 64 NM (119 km) from Sydney, the captain noticed a 30 mm diameter ‘blank’ area in the
centre of the flight management system (FMS) screen. The crew were still within radio contact
range with QantasLink ‘maintenance watch’ so technical advice was sought. While the captain
was talking to maintenance watch, the blank area disappeared and normal FMS function
resumed. On receiving that information, maintenance watch personnel advised the crew that it
was safe for the flight to continue to Wagga Wagga.

About 10 minutes later, the crew observed the FMS screen go completely blank, with thick,
light-grey smoke coming from the unit. At that time, the aircraft was out of radio range with
maintenance watch so further advice could not be obtained. The captain reported that when the
FMS screen went blank, it emitted a solid stream of light-grey smoke for about 5 minutes. The
smoke reduced to puffs of about 30-second intervals, before finally stopping about 3 minutes
before landing.

There were no warnings or alerts while the solid stream of smoke was visible. The captain
reported that immediately preceding the loss of the FMS screen, the presentation of navigation
information was degraded.

At the first sign of smoke, the FO removed the Quick Reference Handbook from its stowage and
commenced reading out the checklist action items for the non-normal/emergency procedure
Fuselage Fire or Smoke (appendix A). This resulted in the crew donning their oxygen masks and
smoke goggles. The FO also removed the portable fire extinguisher from its stowage at the rear of
the centre console and passed it to the captain.

The captain could not see anywhere in the FMS unit into which to discharge the extinguishing
agent, so the fire extinguisher was placed on the floor adjacent to the captain’s seat.

Both flight crew reported communication was difficult while using the oxygen masks. This was due
to an initial incorrect intercom setting. It was further exacerbated by the need to switch the mask
microphone OFF between talking. The FO also reported that the communication difficulties
resulted in an increased level of anxiety.

The captain asked the FO to contact Melbourne Centre air traffic control (ATC) to report the
situation. The FO, believing the captain wanted to descend from their current cruise altitude of
flight level (FL) 200°, declared a PAN* and requested a descent. The flight crew reported that ATC
did not initially understand the call, so the FO repeated the broadcast a number of times until ATC
acknowledged the PAN. Noting the aircraft was maintaining the cruise level, the FO disconnected
the autopilot and initiated a descent.

! Eastern Standard Time (EST) was Coordinated Universal Time (UTC) + 10 hours.

Pilot Flying (PF) and Pilot Monitoring (PM) are procedurally assigned roles with specifically assigned duties at specific
stages of a flight. The PF does most of the flying, except in defined circumstances; such as planning for descent,
approach and landing. The PM carries out support duties and monitors the PF's actions and aircraft flight path.

At altitudes above 10,000 ft in Australia, an aircraft's height above mean sea level is referred to as a flight level (FL).
FL 200 equates to 20,000 ft.

An internationally-recognised radio call announcing an urgency condition which concerns the safety of an aircraft or its
occupants but where the flight crew does not require immediate assistance.



The captain did not recall discussing the need to descend and did not intend doing so at that time.
As a result, when the FO initiated the descent, the captain re-engaged the autopilot, pulled back
on the control column and declared having control of the aircraft. Both crew reported the FO
disconnected the autopilot a second time in similar circumstances, although data from the flight
recorder did not show this. The captain again re-engaged the autopilot and repeated ‘my controls’
so the FO would know the captain had taken control of the aircraft. Due to the ongoing
communication issues, the captain instructed the FO to remove their mask to improve
communication between the crew. Both crew removed their masks and goggles to discuss the
situation.

As the FMS was no longer functioning, the FO asked ATC for the nearest airport and was told
Canberra was 30 NM (56 km) away. The crew advised ATC they would divert to Canberra and
requested and received radar vectors for approach to Canberra Airport, Australian Capital
Territory.

The captain briefed the cabin crew and made a public address to alert the passengers of the
intention to divert to Canberra with a landing in about 10 minutes. At that time, the smoke in the
flight deck had reduced to about 50 per cent of its original rate. As neither crew felt they were
experiencing ill effects from the smoke, they did not refit their masks or goggles.

During the descent, the flight crew returned to the Quick Reference Handbook checklist items but
misread a note that resulted in them ceasing the Fuselage Fire or Smoke checklist to allow
commencement of the normal landing checks. The smoke had almost cleared from the flight deck
by the time the aircraft commenced the approach. After touchdown, the aircraft was turned onto
taxiway Golf where it was stopped and a precautionary disembarkation of the passengers and
crew carried out.

The flight crew had flown without wearing their masks and smoke goggles for about
10-15 minutes. As a result, they were taken by ambulance to a local hospital for monitoring,
before being released some hours later.

No passengers or cabin crew reported injuries or ill effects from the smoke. There was no other
damage to the aircraft.



Context

Personnel information
Captain

The captain commenced flying in 2002, held an Air Transport Pilot (Aeroplane) Licence and had a
current Class 1 Medical Certificate. Their total aeronautical experience was about 3,525 hours,
with about 2,000 hours on the Dash 8 aircraft type.

During the previous 7 days, the captain was on duty for 4 days, on stand-by (without call-out) for

1 day and then had 2 days off duty. The previous duty concluded at about 2255 on 25 July 2013.
The captain reported being on duty for 3 hours at the time of the occurrence, having been awake
for 6 hours. The captain did not report any fatigue-related concerns or any illness leading up to the
occurrence.

First officer

The first officer (FO) held a Commercial Pilot (Aeroplane) Licence and had a current
Class 1 Medical Certificate. They had a total aeronautical experience of about 2,531 flying hours.

During the previous 7 days, the FO had 1 day on duty, 2 days off duty, and then 4 days on duty.
The previous duty concluded at 1531 on 28 July 2013. The FO reported being awake for 4 hours
and on duty for 2 hours at the time of the occurrence and did not report any fatigue-related
concerns or any illness at that time.

Emergency procedures training

Oxygen masks and goggles

As part of endorsement training, crew were required to conduct a rapid depressurisation simulator
session. This session required the rapid donning and ongoing use of oxygen masks and:

¢ included making a single radio transmission to air traffic control
e included crew-to-crew communication

¢ did not involve wearing the smoke goggles (as they were not required by the training
scenario)

e included the initiation of an emergency descent with the engines at the flight idle power setting
¢ included the initiation of an emergency descent at the maximum operating airspeed.

Further rapid depressurisation sessions were conducted as part of command upgrade or other
recurrent training. QantasLink also provided annual emergency procedures training. This training
was theory-based and covered the use of the emergency equipment including the oxygen masks,
but not wearing, or communicating while wearing the mask. The emergency procedures training
did not incorporate wearing the smoke goggles.

Training records indicated that since commencing employment with QantasLink in 2008, the
captain had undertaken three rapid depressurisation simulator sessions. The most recent session
was in 2011 on the DHC-8-402 aircraft that was fitted with a different type of oxygen mask. The
captain had also undergone five emergency procedures training sessions. The captain reported
not having previously worn the oxygen mask or smoke goggles during a flight.

The FO reported completing a rapid depressurisation simulator session about 18 months prior to
the occurrence. That was the only occasion that the FO had worn the oxygen mask prior to the
occurrence flight. Training records indicated that the FO completed three emergency procedures
training sessions.

The FO advised that, during the initial simulator session, only one radio transmission was made
while wearing the mask and that after the aircraft had descended to the safe altitude, the oxygen



mask was able to be removed. The FO had not worn the smoke goggles prior to the occurrence
flight.

Portable fire extinguisher

Neither crew member had used the portable fire extinguisher previously. As part of QantasLink’s
investigation into the occurrence, a simulation was conducted where flight crew had to remove
and then replace the portable fire extinguisher in its stowage. That simulation revealed that while
seated, neither crew could refit the fire extinguisher in its stowage and secure it correctly. The
aircraft manufacturer’'s Fuselage Fire or Smoke checklist, which had been adopted by QantasLink,
included a step to extinguish any fire with the portable extinguisher. No specific instruction was
provided in the checklist regarding the stowage of an empty or unused extinguisher.

Aircraft information
Flight management system

General

The flight management system (FMS) was a fully-integrated navigation management system
designed to provide the crew with computer-based flight planning, fuel management and
centralised control for the aircraft's navigation sensors. The aircraft incorporated a single FMS unit
located on the left side of the centre console, adjacent to the captain’s seat (Figure 1).

Examination of the failed flight management system unit

The FMS unit was sent to the manufacturer for examination. That examination found that there
had been a dielectric breakdown® of a capacitor, which then acted as a low resistance load. This
resulted in self-heating that led to the failure of that capacitor, of an adjacent capacitor and of a
diode. Other signs of excessive heating were visible on a number of circuit boards, including the
display circuit board and connector ribbons within the unit.

In November 1998, because of previous unit failures, the manufacturer released an engineering
change order to replace the capacitors affected in this occurrence with components of a higher

rating. That modification applied to newly-built units only, and was not retrospectively applied to
existing units. As a result, a number of unmodified units remained in service globally.

The circuit board containing the failed capacitors and diode was in original condition and had not
been modified. The capacitors were of a different rating, which did not meet the manufacturer’s
post-1998 specifications.

°  Dielectric breakdown refers to a rapid reduction in the resistance of an electrical insulator when the voltage applied

across it exceeds the breakdown voltage.
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Figure 1. DHC-8-315 instrument panel showing the location of the FMS on the captain’s

Source: QantasLink

FMS service history

The failed FMS unit, part number 10172-41-111, serial number 1590, was manufactured in
1997 and was acquired from the manufacturer as an overhauled unit by QantasLink in April 2010.

A review of the unit’s service history revealed that it entered service in November 2010 and was
removed 438 hours later due to the screen going blank. In May 2011, the unit was returned to
service and removed 2,808 hours later due to a backlight problem on the display panel. The unit
was returned to service in March 2013 and was removed 671 hours later due to this occurrence.
Following this occurrence, the unit was returned to service in August 2013 but was again removed
141 hours later due to the display being permanently set to full brightness.

Flight crew emergency oxygen system

The aircraft flight deck contained a fixed emergency oxygen system comprising of captain and FO
half-face (oronasal) masks. The masks were suspended on quick-release hangers from the ceiling
panel above and behind each crew seat. Each mask contained a microphone and a regulator that
supplied normal or 100 per cent oxygen, either on demand or as continuous flow.

Communication using the mask microphone required the user to select the intercom switch on the
communications panel at the rear of the centre console from BOOM (headset microphone) to
MASK (mask microphone). The press-to-talk switches on the control columns were then required
to be toggled ON when the individuals were speaking and OFF when finished. This was to prevent
distraction for the other crew member from breathing noises associated with a live microphone.

During the first flight of the day, flight crew were required to check the serviceability of the
emergency oxygen equipment. This included:

e avisual inspection of the condition of the oxygen mask
e checking the mask is connected to the oxygen supply

>5«¢



e testing for continuous flow of oxygen
e confirmation that the ‘100%/Dilute’ selector is in the 100 per cent position
e checking the operation of the oxygen mask microphone.
The fitment of the smoke goggles was not routinely carried out as part of that check.

Operational factors
QantasLink DHC-8 Fuselage Fire or Smoke checklist

The aircraft manufacturer's Quick Reference Handbook (QRH) was used by QantasLink. The
QRH contains information derived from the Approved Airplane Flight Manual. It is used by flight
crew to confirm that respective procedures have been performed correctly.

The QRH contains checklists for Normal and Non-normal/Emergency situations. The
Non-normal/Emergency checklists contain only those items and procedures that differ from those
for normal aircraft operation.

The Fuselage Fire or Smoke checklist was divided into four sections (appendix A):

e ‘boxed’ action items (the recall/memory action items) and landing considerations

e Known Source of Fire or Smoke action items

e Unknown Source of Fire or Smoke action items

e Source of Fire or Smoke cannot be identified action items.

The boxed action items that were applicable on the occurrence flight are shown in Figure 2.
Figure 2: Dash 8 Quick Reference Handbook extract showing the procedural action items

in the case of a fire or smoke in the cockpit from a known source (from the FMS in this
case)

e OxygenMasks ....ovoviiiinnirnnnnes On/100% |
e . SmokeGoggles «.vuvvvvnannn T On
8 Mic BWHCh o cosrsmrsemaning s e Mask
e Booke Fans s simiaiise i Off
¢ Emergencylights ..........cccoiviiiait On I

— Land immediately at the nearest suitable airport if it
cannot be visibly verified that the fire has been
extinguished following fire suppression. -

Note: To prepare for and manage an immediafe
landing, the procedures given in the
Unknown Source of Fire or Smoke section
may be terminated prior to completion.

Known Source of Fire or Smoke:

Yoe

Flight Compartment Fire or Smoke:
— Extinguish fire with portable fire extinguishers.
® Cabin At Man kncb ...... . Fully clockwise (INCR)

IF necessary to assist in removal of smoke:
e FwdOutflowValve ..................... Open
""" Z "Descend to below 14,000 ft as soon as possible.

- END -

Source: QantasLink



The Known Source of Fire or Smoke section of the checklist did not contain action items for
removal of electrical power from affected systems, such as the FMS. The aircraft manufacturer
advised the ATSB that the checklist relied on the flight crew isolating, as required, affected
equipment from the aircraft's electrical system through the operation of any integrated power
switch. Reconfiguration of the aircraft’s electrical system in response to a fire or smoke situation of
unknown origin was contained in other sections of the checklist (appendix A).

Flight crew actions

Quick reference handbook

On observing the smoke, the FO removed the QRH from its location at the rear of the centre
console, located the Fuselage Fire or Smoke checklist, and commenced reading out the
recall/memory action items. After donning their masks and goggles, the recirculation fans were
selected to OFF. The FO went to select the emergency lights ON but was told to leave them off by
the captain, who did not want to alarm the passengers or be distracted with cabin crew enquiries.

While actioning the checklist, the crew were interrupted multiple times with calls from air traffic
control and QantasLink. Each time the crew were interrupted, they recommenced the checklist at
the start to ensure all actions were conducted.

The crew briefly returned to the Fuselage Fire or Smoke checklist at about 8,000 ft. The FO read
out the note that followed the recall actions. This allowed for the discontinuation of the procedures
in response to an unknown source of smoke or fire prior to their completion. This was to facilitate
preparations for an immediate landing. However, this was misheard by the captain as being
applicable to their situation of a known source of fire or smoke — the FMS.

As a result, the checklist was terminated at that point. This meant that the forward outflow valve
was never opened, which would have, if activated, assisted in the removal of the smoke from the
flight deck.®

At the time the Fuselage Fire or Smoke checklist was inadvertently stopped, the normal approach
and landing checklist became the priority, so the Fuselage Fire or Smoke checklist was not
returned to, nor completed.

Oxygen masks

Both crew reported communication difficulty while wearing their oxygen masks. This difficulty
related to both inter-crew communication and communication between the FO and air traffic
control. As a result of this difficulty, and the FO disengaging the autopilot, the captain directed the
removal of oxygen masks. The oxygen masks were not worn for the remainder of the flight.

Neither crew reported suffering ill effects from the smoke and were subsequently medically
cleared after landing.

Tests and research

Fume and smoke hazards

There has been extensive research into the effects of fumes and smoke in aircraft. The United
States Federal Aviation Administration pilot safety brochure Smoke toxicity7 highlights that smoke
inhalation should be recognised as a very real danger. It also states that ‘smoke gas levels do not
need to be lethal to seriously impair a pilot's performance’.

®  This step in the QRH calls for crews to open the valve ‘if necessary to assist in removal of smoke’.

7 Avalilable at www.faa.qgov.


http://www.faa.gov/

ATSB research report AR-2013-213 An analysis of fumes and smoke events in Australian aviation
from 2008 to 2012: A joint initiative of Australian aviation safety agencies,8 found that over

1,000 fumes/smoke events were reported to the ATSB and the Civil Aviation Safety Authority in
the period 2008-2012. From the data gathered, it was apparent that the most common source of
fumes/smoke was the malfunction or failure of electrical systems and auxiliary power units.

The ATSB research report also identified a significant increase in reported fumes/smoke events
from mid-2011, which was independent of the growth in flying activity. The report highlights that
fumes relating to electrical failures may have the potential to pose a health risk through eye/skin
irritation, difficulty in breathing, incapacitation or illness. This was especially the case if the fumes
were associated with particulates (smoke) or fire. However, while the potential for a serious
outcome is more likely from an occurrence involving smoke, the research also found that ‘very few
led to a serious consequential event (such as a forced landing) or outcome such as fire or crew
incapacitation’.

Other occurrences

Australia

QantasLink advised there had been a total of five FMS fire/smoke events within their fleet of
Dash 8 aircraft during the period 2004—2013. One other Dash 8 operator in Australia had
experienced an FMS smoke event, which occurred in 2011. The remaining Australian

Dash 8 operators reported they had not experienced any FMS fire/smoke events within their
fleets.

A review of the ATSB occurrence database confirmed that six Dash 8 FMS fire/smoke events
were reported between 2007 and 2013 across all Australian Dash 8 operators. In one such event
on 24 March 2007, while conducting a scheduled flight from Cairns to Horn Island, Queensland,
the flight crew of Dash 8 aircraft, registered VH-SBV, reported the aircraft's FMS unit ceased
operating. About 60 seconds later, smoke was observed emanating from the FMS unit. As a
precaution, the flight crew donned their oxygen masks and smoke goggles. After completing the
action items in the Fuselage Fire or Smoke checklist, the captain ‘pulled’ (opened) the circuit
breaker for the FMS to isolate electrical power. That action, while not in accordance with
procedures or the checklist, resulted in the smoke ceasing. The opening of the forward outflow
valve, in accordance with the checklist, resulted in the rapid removal of smoke from the flight deck.

Worldwide

The ATSB also reviewed a number of international safety databases. While that review found
numerous reported smoke/fire events for the Dash 8 aircratft, it did not identify any additional
FMS-related occurrences.

8

Available at www.atsb.gov.au.
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Safety analysis

Introduction

The failure of the flight management system (FMS) unit and subsequent smoke in the cockpit led
to the flight crew diverting the aircraft to Canberra Airport, Australian Capital Territory. This
analysis will examine the failure mode of the FMS unit, the actions of the flight crew, operational
issues and organisational factors that had the potential to affect the flight.

Flight management system failure

The failure of the FMS unit was due to the dielectric breakdown and overheating of one of the
unit's capacitors. The FMS manufacturer had reviewed the suitability of the capacitors in the early
model FMS units and implemented a design modification to upgrade the capacitors in 1998. This
was done through an engineering change order, which was implemented about 12 months after
the release to service of the FMS unit installed in VH-SBG.

Despite the availability of this modification, the FMS manufacturer did not have a retrospective
fitment program for in-service units. Such a program could be expected to reduce the likelihood of
capacitors overheating and therefore in-flight FMS failures and subsequent fire/smoke
occurrences. The manufacturer was unable to provide details of the number of unmodified units
currently in service, which made evaluation of the risk of further in-service failures as a result of
this failure mode difficult to determine. However, in Australia, QantasLink commenced an upgrade
of their FMS units in February 2014 to meet the new design specification under service bulletin
SB10172.XX.()-34-3578 Installation of Mod 22 in the UNS-1C+ FMS. This upgrade was
completed in June 2014.

Operational factors

Flight crew actions

As would be expected in any emergency situation, the appearance of smoke from the FMS
created a level of stress for the flight crew. Their immediate response was to review the Quick
Reference Handbook and action the Fuselage Fire or Smoke checklist. The first step was to put
oxygen masks on, followed by fitting the smoke goggles before continuing the checklist.

During this time, the crew were interrupted humerous times due to the need to respond to air
traffic control (ATC) and calls from QantasLink via radio as the first officer (FO) was reading out
the checklist. After each interruption, the checklist was recommenced from the start. However,
reports from the crew indicated that communication both between them and with ATC while
wearing the oxygen masks was difficult. Consequently, the FO had to repeat the PAN call to ATC
multiple times before being understood. This added to the crew’s stress and workload in trying to
resolve this difficulty.

Research has shown that, under stressful conditions, the performance of tasks can be affected so
that the outcomes are not as planned or in conformance with a procedure (Wickens and Hollands,
2000). The effects of stress on human performance have been characterised as:

e Attentional narrowing, where an individual's attention can concentrate on a single aspect of a
task at hand to the detriment of other information cues or task requirements.

e Perseveration®, where an individual perseveres with a given action or plan they have used in
the past, even if it is failing to provide a successful solution.

9 To continue with a response after its stimulus is no longer present.



e Confirmation bias, where a decision maker, once locked in to a hypothesis on the reason
behind an event, will be less likely to consider information cues that might support an
alternative hypotheses.

The combined influence of those characteristics can contribute to a pattern of convergent thinking
or ‘cognitive tunnelling’. This will initially narrow the set of cues processed by the individual to
those they perceive as being the most important. As the cues have been viewed to support one
hypothesis only, the individual will continue to consider that hypothesis only, and process a
restricted range of cues consistent with that set.

The FO's action to reduce altitude appears based on recognising this requirement from the
training in simulated rapid depressurisation procedures. The captain did not recall discussing
descending the aircraft with the FO at that time and was not aware that the FO had advised ATC
they intended doing so. Consequently, the captain was surprised by the FO’s actions and
immediately re-engaged the autopilot.

After the FO attempted to descend the aircraft without a direction to do so from the captain (who
was the pilot flying) and, recognising that the FO was anxious, the captain ordered the removal of
the oxygen masks. As the smoke goggles and oxygen masks were ‘tangled’ together, both crew
members’ masks and goggles remained off for the remainder of the flight.

The captain reported that once the oxygen masks were removed, and better communications
established as a result, the FO contacted ATC and determined that Canberra was the closest
suitable airport. The crew requested radar vectors for Canberra from ATC as the FMS was no
longer working. The captain stated that descent from FL 200 normally required about 60 NM

(111 km). In this instance, the aircraft’s proximity to Canberra meant that the crew had to prepare
for the descent and landing over a remaining distance of 30 NM (56 km). This resulted in a similar
number of tasks being carried out in a reduced period of time.

Workload has been defined as ‘reflecting the interaction between a specific individual and the
demands imposed by a particular task. Workload represents the cost incurred by the human
operator in achieving a particular level of performance’ (Orlady and Orlady, 1999). A discussion of
the effect of workload on the completion of a task requires an understanding of an individual's
strategies for managing tasks.

An individual has a finite set of mental resources they can assign to a set of tasks (for example,
performing a take-off). These resources can change given the individual's experience and training
and the level of stress and fatigue being experienced at the time. An individual will seek to perform
at an optimum workload by balancing the demands of their tasks. When workload is low, the
individual will seek to take on tasks. When workload becomes excessive the individual must, as a
result of their finite mental resources, shed tasks.

An individual can shed tasks in an efficient manner by eliminating performance on low priority
tasks. Alternately, they can shed tasks in an inefficient fashion by abandoning tasks that should be
performed. Tasks make demands on an individual’s resources through the mental and physical
requirements of the task, temporal demands and the wish to achieve performance goals (Hart and
Staveland, 1988 and Lee and Liu, 2003).

The inherent stress of the event, together with the associated high workload led to the crew
making errors in both aircraft management and checklist completion. This included not completing
the ‘transition drill’ when passing 10,000 ft on descent, which includes checking, and changing as
required, the fuel system, exterior lights, pressurisation and ice protection. These drills were
conducted at 8,000 ft prior to conducting the approach checkilist.

As part of the initial conduct of the checklist, the FO retrieved the fire extinguisher and handed it to
the captain. However, as the FMS was still an intact, sealed unit, there was no way for the
extinguisher to be used on the FMS. The captain’s decision to place the unused fire extinguisher
on the floor adjacent to the seat may have been influenced by the impracticality of re-securing the
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fire extinguisher in the normal stowage location. Consequently, the fire extinguisher presented a
potential projectile hazard within the flight deck.

The captain stated that passing about FL 120 the FO was requested to continue with the
Fuselage Fire or Smoke checklist. The captain reported a number of interruptions at about this
time to the extent that the FO was unable to recommence reading out the checklist actions until
passing about 8,000 ft. These interruptions included the previously-mentioned numerous ATC
calls and from QantasLink ground personnel, enquiries from cabin crew and the need to make a
public address announcement to the passengers.

When the Fuselage Fire or Smoke checklist was recommenced just prior to 8,000 ft, the captain
misheard the cessation note as read out by the FO. This note was designed to highlight the need
to prepare for and manage an immediate landing if the source of fire or smoke could not be
identified and that to do so, the checklist could be terminated. It is likely that when this note was
read out, the proximity to Canberra and the need to conduct the approach and landing checklist
reinforced the captain’s decision to terminate the checklist at this point, despite it applying to an
unknown source of fire.

In both the crew’s initial action to carry out the Fuselage Fire or Smoke checklist, and its review at
8,000 ft, circumstances prevented the completion of the Known Source of Fire or Smoke section.
In both cases, the action to open the ‘forward outflow valve’ was missed. However, the associated
note for this action specified its completion ‘if necessary to assist in removal of smoke’. Given the
crew reported the smoke had dissipated by the time the approach was commenced into Canberra,
even if this step was reached, it is unlikely it would have needed to be actioned.

Emergency equipment training

All QantasLink flight crew underwent a rapid depressurisation scenario simulator session as part
of their Dash 8 endorsement training. Additional rapid depressurisation training was undertaken as
part of command upgrade for captains. The crew were required to undertake emergency
procedures training annually but this was primarily theory based.

QantasLink provided limited training in the use of smoke goggles and no training on using the
goggles in combination with the oxygen mask. Both crew confirmed that the only training provided
in the use of oxygen masks was during a rapid depressurisation scenario, which was reported not
frequently practiced.

Resolution of emergency situations relies on effective decision making by crews given the
information available. Emergency procedure training provides the opportunity for crews to
familiarise themselves with those procedures for use in times of high stress and workload. In this
instance, the lack of prior exposure to wearing smoke goggles in a training environment increased
the risk of reduced flight crew performance in response to the occurrence.

Both crew reported being confident in the use of the oxygen mask. However their infrequent
practice using the mask microphone to communicate increased the risk of communication
breakdown as experienced during this occurrence.

The communication difficulties experienced by the crew in this occurrence contributed to their
decision to remove their oxygen masks. Despite addressing the problem of communication, it also
resulted in their re-exposure to potentially harmful smoke/fumes. While the crew reported no
adverse effects from this exposure, it did increase the risk of crew impairment/incapacitation.
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Findings

From the evidence available, the following findings are made with respect to the failure of the flight
management system unit and subsequent smoke on the flight deck occurrence involving
Bombardier DHC-8-315 aircraft, registered VH-SBG, near Canberra Airport, Australian Capital
Territory on 29 July 2013. These findings should not be read as apportioning blame or liability to
any particular organisation or individual.

Safety issues, or system problems, are highlighted in bold to emphasise their importance.
A safety issue is an event or condition that increases safety risk and (a) can reasonably be
regarded as having the potential to adversely affect the safety of future operations, and (b) is a
characteristic of an organisation or a system, rather than a characteristic of a specific individual, or
characteristic of an operating environment at a specific point in time.

Contributing factors

e The flight management system unit failure and observed smoke were the result of a capacitor,
which did not meet current design specifications, overheating.

e Despite a design upgrade in 1998 for new flight management system units, unmodified units
remained in service that had the original capacitors.

e Atthetime of the occurrence, the approved QantasLink training did not provide first
officers with sufficient familiarity on the use of the oxygen mask and smoke goggles.
This likely contributed to the crew's communication difficulties, including with air
traffic control. [Safety issue]

Other factors that increased risk

e Despite removing their oxygen masks to improve communication, by doing so the crew
increased the risk of impairment or incapacitation as there was still smoke in the cockpit.

e The stress associated with the smoke in the cockpit resulted in a high workload for the crew
and adversely affected their performance, leading to errors in aircraft management and
checklist completion.
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Safety issues and actions

The safety issues identified during this investigation are listed in the Findings and Safety issues
and actions sections of this report. The ATSB expects that all safety issues identified by the
investigation should be addressed by the relevant organisation(s). In addressing those issues, the
ATSB prefers to encourage relevant organisation(s) to proactively initiate safety action, rather than
to issue formal safety recommendations or safety advisory notices.

All of the directly involved parties were provided with a draft report and invited to provide
submissions. As part of that process, each organisation was asked to communicate what safety
actions, if any, they had carried out or were planning to carry out in relation to each safety issue
relevant to their organisation.

The initial public version of these safety issues and actions are repeated separately on the ATSB
website to facilitate monitoring by interested parties. Where relevant the safety issues and actions
will be updated on the ATSB website as information comes to hand.

Emergency oxygen mask and smoke goggles training

Number: AO-2013-120-SI-01

Issue owner: QantasLink

Operation affected: Aviation: Air transport

Who it affects: All QantasLink DHC-8-315 pilots

Safety issue description:

At the time of the occurrence, the approved QantasLink training did not provide first officers with
sufficient familiarity on the use of the oxygen mask and smoke goggles. This likely contributed to
the crew's communication difficulties, including with air traffic control.

Response to safety issue by QantasLink

In response to this safety issue, QantasLink produced Dash 8-400 and Dash 8-300 videos to raise
flight crew awareness and familiarity with oxygen mask use and communications. These videos
are included in the initial type rating and initial emergency procedures and recurrent emergency
procedures training programs, as well as in support of any ‘stand-alone’ simulator lesson plan that
has specific oxygen mask matrix items.

Action number: AO-2013-120-NSA-065

Current status of the safety issue:
Issue status:  Adequately addressed

Justification: The ATSB is satisfied that the action taken by QantasLink has adequately
addressed the safety issue.
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Additional safety action

Whether or not the ATSB identifies safety issues in the course of an investigation, relevant
organisations may proactively initiate safety action in order to reduce their safety risk. The ATSB
has been advised of the following proactive safety action in response to this occurrence

QantasLink
QantasLink has undertaken the following additional safety actions:

e Amended the Aircrew Emergency Procedures Manual to include post-precautionary
evacuation procedures and post-incident debriefings to all flight and cabin crew. This includes
in crew emergency procedures training.

e Completed a program in June 2014 to modify all QantasLink flight management system units
to incorporate 22uF/25V capacitors in accordance with service bulletin SB10172.XX.()-34-
3578 Installation of Mod 22 in the UNS-1C+ FMS.

o Amended their emergency procedures training to include alternative stowage of fire
extinguishers in the flight deck.
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General detalls

Occurrence details

Date and time:

29 July 2013 — 1230 EST

Occurrence category:

Incident

Primary occurrence type:

Operational — Fumes, Smoke, Fire - Smoke

Location:

Near Canberra Airport, ACT

Latitude: 35°18.42'S

Longitude: 149° 11.70' E

Pilot details

Captain

First officer

Licence details:

Airline Transport Pilot Licence
(Aeroplane)

Airline Transport Pilot Licence
(Aeroplane)

Ratings:

Command — multi-engine

Command — multi-engine

Medical certificate:

Class 1 (current)

Class 1 (current)

Aeronautical experience

3,525 hours

2,531.4 hours

Last flight review:

22 July 2013

25 July 2013

Aircraft details

Manufacturer and model:

Bombardier Inc, DHC-8-315

Registration: VH-SBG
Operator: QantasLink
Serial number: 575

Type of operation:

Air Transport High Capacity

Persons on board: Crew -4 Passengers — 49
Injuries: Crew -0 Passengers — 0
Damage: None
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Sources and submissions

Sources of information

The sources of information during the investigation included the:

e flight crew of VH-SBG

e QantasLink

e Bombardier Inc

o flight management system manufacturer

e United States National Transportation Safety Board
e United Kingdom Air Accidents Investigation Branch
e Transportation Safety Board of Canada.
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Submissions

Under Part 4, Division 2 (Investigation Reports), Section 26 of the Transport Safety Investigation
Act 2003 (the Act), the ATSB may provide a draft report, on a confidential basis, to any person
whom the ATSB considers appropriate. Section 26 (1) (a) of the Act allows a person receiving a
draft report to make submissions to the ATSB about the draft report.

A draft of this report was provided to the crew of VH-SBG, QantasLink, the Civil Aviation Safety
Authority, Bombardier Inc, the flight management system manufacturer, United States National
Transportation Safety Board and the Transportation Safety Board of Canada.

Submissions were received from the captain of VH-SBG, QantasLink and the Civil Aviation Safety
Authority. The submissions were reviewed and where considered appropriate, the text of the draft
report was amended accordingly.
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Appendices

Appendix A — DHC-8-315 Quick reference handbook

[
FUSELAGE FIRE or SMOKE
& OxygenMashs .........cconevvnnnnns Onf100% I
# _ Emoke GOQDIES v.oiiirviiniiiiininsnnsnes On
® Mc3MIch ..ocvvvnneriannnsnis . Mask
® RecimFanS .....coovirsiiaiiniasinnnssnns off
& Emergency Lights ......ccovcvsnaiernnsnns On I

—  Land immediately at the nearest suitable airport if it
cannot ba wvisibly verified that the fire has been
extinguished foliowing fire suppression. -

Nota: To prepare for and manage an immediafe
landing, the procedures ghen in the
Unknown Source of Fire or Smoke sechion
may be terminated prior lo cormpletion.

Known Source of Fire o Smoke:

*{v]

Flight Compartment Fire or Smoke:
= Extinguish fire with portable fire exdinguishars.

IF necessary to assist in removal of smoke:
& FwdOutfowVahve .............. iaaee s OPER
I "= THescend to bolow 14,000 1l as soon as possible,

Cabin Fire or Smoke:

+ Emergency Lights .......ocoiiiiiasacnnn On I
— Evacuale passengers from affected areas,
— Extinguish fire with portable fire extinguishers.

Mota: Ifa pliotis required to fght the fire, protective

R ERE ===

breathing equipment must be donned pricr
to ewdting the Night comparntmen.
# Baggage Compartment Door ............ Qpen
* |F necessary to assist in removal of smokie:
& AWOMENDUMD - ccocvmrnnnnnrssssaars Dump
— Descend to below 14,000 ft a5 soon as possible.
= END =
Baggage Compartment Fire or Smoke T =
& SMOKE (Page 7.3} ......:s i A accomplish E T
- END - Z 3
(o | CONTINUED ON NEXT PAGE 5 &2
=
Page 7.4 FSM 1-B3-1B AY 1T/05 F;EI
i
| e’
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K

i\ Unknown Source of Fire or Smoke:
Bleed Source or Air Conditioning Suspected

e BleedAir1 ...... LT npa— Off

Wait up to 1 minute,

Improvement:

d Yas

| * Leave selected switchin Off position.

' - END -

e BleedAir1 ....oiiiiiiiiiiiie, .. On

¢ BleedAir2 ...... S AT T & 73 Off

Wait up to 1 minute.

Improvement:
Yos

| ® Leave selected switch in Off position.

I
|
I
I
I
I
I
|
I
|
| |
! = END -
I
I
I
I
I
I
I
I
I
|
I
|

& BleedAir2 .........0000 ay S o On

e FitCompPack .........ccovnvnnnn Off
Wait up to 1 minute.
Improvement:
Yoz
e Leave selected switch in Off position.
- END -
e FltCompPack ............. Auto/Man
® CabinPack .........oocinvvnnnans Off
Wait up to 1 minute.
lmprovament

e Leave selected switch in Off position.

|
|
|

|
} - END -

I

I m e CabinPack ................ Auto/Man

[ %o | Source of Fire or Smoke cannot be Identified:

QONTINU ED ON NEXT PAGE

MAY 17/05 PSM 1-83-1B Page 7.5

XIAN3dd

HEGE IR TN ey

S3ANA320¥d A

\,
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He | Source of Fire or Smoke cannot be Identified:

Page 7.6

DCGenl1and2 ......oevvnvans T oft
ACGenTand2....coivvnvrnnnrennnss Off
Storm/Dome Lights . ........ Storm (if req'd)
Main, & Aux Batteries ........... ...t Off
Emergency Lights ............. On then Off

Land immediately at the nearest suitable
airport.

[F Emergency Lights req'd:

Emergency Lights ........ovveveinannn Oon

Caution: Battery duration for operatlon of

essential services is 30 minutes.

Note: Automatic control of cabin altitude is

lost. Cabin differential pressure will
increase until the safety outflow valve

opens.
De - pressurize cabin, when below 14,000 ft:
Auto/Man/Dump ..ovveeennns- s Man
Man knob .......... Fully clockwise (INCR)
Fwd Outflow Valve ................. Open
...... cunn END -cmcemcuan
PSM1-83-1B MAY 17/05

EHERRENEN I LI EN T ENEY

XIAON3dd
S3dNA3D20¥d A

\
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Australian Transport Safety Bureau

The ATSB is an independent Commonwealth Government statutory agency. The ATSB is
governed by a Commission and is entirely separate from transport regulators, policy makers and
service providers. The ATSB's function is to improve safety and public confidence in the aviation,
marine and rail modes of transport through excellence in: independent investigation of transport
accidents and other safety occurrences; safety data recording, analysis and research; fostering
safety awareness, knowledge and action.

The ATSB is responsible for investigating accidents and other transport safety matters involving
civil aviation, marine and rail operations in Australia that fall within Commonwealth jurisdiction, as
well as participating in overseas investigations involving Australian registered aircraft and ships. A
primary concern is the safety of commercial transport, with particular regard to fare-paying
passenger operations.

The ATSB performs its functions in accordance with the provisions of the Transport Safety
Investigation Act 2003 and Regulations and, where applicable, relevant international agreements.

Purpose of safety investigations

The object of a safety investigation is to identify and reduce safety-related risk. ATSB
investigations determine and communicate the factors related to the transport safety matter being
investigated.

It is not a function of the ATSB to apportion blame or determine liability. At the same time, an
investigation report must include factual material of sufficient weight to support the analysis and
findings. At all times the ATSB endeavours to balance the use of material that could imply adverse
comment with the need to properly explain what happened, and why, in a fair and unbiased
manner.

Developing safety action

Central to the ATSB's investigation of transport safety matters is the early identification of safety
issues in the transport environment. The ATSB prefers to encourage the relevant organisation(s)
to initiate proactive safety action that addresses safety issues. Nevertheless, the ATSB may use
its power to make a formal safety recommendation either during or at the end of an investigation,
depending on the level of risk associated with a safety issue and the extent of corrective action
undertaken by the relevant organisation.

When safety recommendations are issued, they focus on clearly describing the safety issue of
concern, rather than providing instructions or opinions on a preferred method of corrective action.
As with equivalent overseas organisations, the ATSB has no power to enforce the implementation
of its recommendations. It is a matter for the body to which an ATSB recommendation is directed
to assess the costs and benefits of any particular means of addressing a safety issue.

When the ATSB issues a safety recommendation to a person, organisation or agency, they must
provide a written response within 90 days. That response must indicate whether they accept the
recommendation, any reasons for not accepting part or all of the recommendation, and details of
any proposed safety action to give effect to the recommendation.

The ATSB can also issue safety advisory notices suggesting that an organisation or an industry
sector consider a safety issue and take action where it believes it appropriate. There is no
requirement for a formal response to an advisory notice, although the ATSB will publish any
response it receives.
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