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GLOSSARY OF TERMS AND ABBREVIATIONS
AMOS

Asset Management Operating System - a commercially available
planned maintenance system

bar

Unit of pressure

CCTV

Closed circuit television

cSt

Centistokes

DG

Diesel generator

ECR

Engine control room

GMDSS

Global Maritime Distress and Safety System

GT

Gross tonnage

IMO

International Maritime Organization

ISM Code

The International Management Code for the Safe Operation of Ships and
for Pollution Prevention

ISO

International Standards Organisation

ISPS Code

The International Ship and Port Facility Security Code

kW

Kilowatt

m

Metre(s)

MFG

Mobile fire groups

mm

Millimetres

nm

Nautical mile

Non-conformity

An observed situation where objective evidence indicates the nonfulfilment of a specified requirement.

Observation

A statement of fact made during a safety management audit and
substantiated by objective evidence.

OOW

Officer of the watch

PA system

Public address system

QCV

Quick closing valves

RPM

Revolutions per Minute

SMS

Safety Management System

SOLAS Convention

The International convention for the Safety of Life at Sea, 1974, as
amended

STCW Convention

The International Convention on Standards of Training, Certification and
Watchkeeping for Seafarers, 1978, as amended

UTC

Universal Co-ordinated Time

VHF

Very High Frequency
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SUMMARY
On 30 March 2012, Azamara Quest departed Manila, Philippines for Sandakan,
Malaysia as her next planned call on her cruise itinerary. There were 1001 persons on
board, i.e. 590 passengers and 411 crew members.
At around 2000, a fire broke out on diesel generator no. 4 whilst it was being tested
following repairs on a leaking fuel oil return pipe. The prime mover was shut down,
and the low pressure water mist fire fighting system automatically activated. The fuel
oil quick closing valves were closed and the ventilation to the engine-room stopped.
Thereafter, at 2006, the vessel suffered a complete blackout as all the other generator
engines stopped working.
The crew and passengers were mustered and the crew fire parties entered the main
engine-room to assess the fire. At about 2043, the staff chief engineer reported that
the fire had been extinguished and thereafter, some fire doors and shell doors were
subsequently opened to ventilate the heavy smoke out of the affected area. Power to
Azamara Quest’s engines was restored in the evening of 31 March and the vessel
resumed her passage at slow speed. She entered Sandakan Harbour on 01 April with
one crew member in a critical condition as a result of smoke inhalation.
The safety investigation found that:
One of the dismantled fuel oil return pipes on diesel generator no. 4 had been
incorrectly refitted, resulting in fuel oil spraying under pressure in the engineroom until it auto-ignited after coming in contact with a hot surface;
One watertight door and at least two fire doors had remained open, resulting in
dense smoke spreading into the accommodation area; and
Partially obstructed evacuation routes could have led to a very serious
situation during the crew members‟ escape.
Royal Caribbean International has conducted an internal investigation to determine
the cause of the fire and the effectiveness of the technical team‟s response to the fire
as well shipboard emergency evacuation procedures. The results of the internal
investigation were reviewed internally by senior operational representatives, who also
made a number of recommendations.

v

Additionally, the MSIU has recommended the ISM managers to, inter alia, review
crew training on entry into enclosed spaces and address the status of watertight doors
and escape routes.

vi
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FACTUAL INFORMATION

1.1

Vessel, Voyage and Marine Casualty Particulars

Name

Azamara Quest

Flag

Malta

Classification Society

Lloyd‟s Register of Shipping

IMO Number

9210218

Type

Passenger Ship

Registered Owner

Azamara Quest Inc.

Manager(s)

Royal Caribbean International

Construction

Steel

Length overall

181.0m

Registered Length

157.85 m

Gross Tonnage

30,277

Minimum Safe Manning

21

Authorised Cargo

Passengers

Port of Departure

Manila

Port of Arrival

Sandakan

Type of Voyage

International

Cargo Information

N/A

Manning

411

Date and Time

1200 UTC on 30 March 2012

Type of Marine Casualty or Incident

Serious Marine Casualty

Location of Incident

07° 32.9‟N, 119° 53.6‟E

Place on Board

Engine-room

Injuries/Fatalities

Four injuries due to smoke inhalation

Damage/Environmental Impact

Fire damage to DG no. 4 and ancillary equipment

Ship Operation

On passage

Voyage Segment

Mid-water

External & Internal Environment

Wind: Light airs, Calm sea

Persons on Board

590 Passengers
411 Crew
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1.2

Description of Azamara Quest

1.2.1

Vessel overview

Azamara Quest was built by Chantiers del Atlantique, San Nazaire, France in 2000.
As a passenger cruise liner, she was fitted with 351 cabins and can carry a total of 702
passengers and 372 crew. She was previously known as Delphin Renaissance and
later changed her name to Blue Moon before being named by the current owners as
Azamara Quest. The vessel is classed by Lloyd‟s Register of Shipping, managed by
Royal Caribbean International. The vessel is registered in Malta.
1.2.2

The engine-room and machinery spaces

Azamara Quest is powered by diesel electric propulsion. The propulsion plant
consists of four Wärtsilä “Vasa 32”, 12 cylinder “V” type, four-stroke medium speed
diesel engines, each developing 4,650 kW at 720 RPM to give a total available power
of 18,600 kW. These units are installed with the flywheel end facing forward and
connected at the forward end to a shaft. Each shaft penetrates the forward bulkhead
of the diesel engine-room and drives an alternator situated in the generator propulsion
motor room. The alternators supply power for all the ship‟s services and for the two
main electric propulsion motors.
The propulsion motors are situated in the generator propulsion motor room
immediately forward of the four alternators (Figure 1). They are rated to 6,750 kW at
175 RPM and drive the propellers via two shafts that run aft between the two
alternators on each side, back through the bulkhead to the diesel engine-room and
between the two diesel generators (DGs). The shafts then run through the aft engineroom bulkhead to the propellers.
The aft boundary of the diesel engine-room is formed by a watertight bulkhead and aft
of this is an evaporator room on deck 1 (the lowest deck). Above this, i.e. on deck 2,
are the engine-room workshop and a selection of other service spaces. A power
operated sliding watertight door leads into the engine-room through this bulkhead at
deck 2 level. The door is on the centreline and faces a lobby with access from both
the stairwell down from deck 3 and the workshop to port side.
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Figure 1: Layout of engine-room deck 2 level

The diesel engine-room deckhead is formed by deck 3 above and the space below is
divided into two levels by a deck at the deck 2 level. This deck has two large
openings over the main engines on each side so that it forms a platform around the top
of each engine from which it is possible to view each pair of engines. On this
platform deck are various items of ancillary machinery. Casings extending upwards
to the funnel provide space for the exhausts from the four engines, the two boilers and
the incinerators. They also provide space for the ventilation trunks that supply fresh
air to the diesel engine-room.
The forward engine-room bulkhead is a main vertical zone bulkhead separating Zone
4 from Zone 5. It is penetrated by a sliding watertight door at Deck 1 between the
engine-room and the space forward ( the generator propulsion motor room). This is
the only direct opening between the diesel engine-room and the generator propulsion
motor room.
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Air for the engines is supplied by fans from intakes on Deck 10 under the funnel and
is ducted down through ventilation trunks to the diesel engine-room. Each main DG
has an exhaust trunk extending up through the casing on the appropriate side to
emerge separately at the funnel top along with the incinerator and the boiler flue
uptakes. All the outlets and inlets are protected by louver-type fire dampers capable
of remote operation.
DG exhaust gases are continuously monitored for smoke by an obscurity meter that
records in the engine control room (ECR) and additionally by a camera on the funnel,
with a screen fitted over the main console in the ECR (Figure 2).

Figure 2: ECR monitors

On each side of each DG is an exhaust gas turbo charger located at the aft end. The
exhaust outlets from each cylinder lead to an exhaust header on each side positioned
over the top of the engine between the two cylinder banks taking the exhaust along the
top of the engine to the respective turbo charger. The two exhaust lines are enclosed
in an insulated metal box running along the top of each engine protecting them from
contact with flammable materials. The normal temperature of the exhaust gas headers
is in the region of 400°C. The auto ignition temperature of the fuel oil used in the
engines is about 220°C.
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The engine banks are labelled A and B. Bank A is the starboard side bank of
cylinders (looking towards the turbo charger end). The cylinders are numbered 1 to 6
on each bank with no. 1 at the forward end and no. 6 at the turbo charger end.
A General Arrangement Plan of the vessel is reproduced in Figure 3.
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Figure 3: Azamara Quest’s General Arrangement Plan
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1.2.3

Power management system

The electrical power system is controlled by a comprehensive management system,
which monitors a variety of critical values. The intention is to avoid “black outs” by
ensuring that whenever power demand approaches the maximum available power at
any time, another DG is started automatically and synchronised to the main
switchboard to meet the demand. An automatic DG start in this situation takes about
one minute from initiation until the unit is synchronised and sharing electrical load on
the switchboard. Additional DGs may also be started manually at any time to meet
anticipated loads.
Whenever the demand exceeds the available power, and/or the ability to start and
synchronising additional DGs is somehow compromised, the system is equipped with
a number of preferential trips that will selectively trip electricity consumers in an
order of reverse priority to maintain power supplies to critical functions. In the event
of a black-out, there is an emergency DG located outside the engine-room, which will
come on load automatically within a few seconds to supply key emergency features
such as emergency lighting, emergency fire pump, and other critical equipment. An
emergency transitional power supply system operated by batteries supplies lights and
other critical functions in the interval between the power failure and the emergency
generator supplying power.
The vessel regularly operates on two DGs, i.e. on voyages where full speed is not
required. This is also the normal condition for routine harbour manoeuvring. If high
speed is required at sea, three or even four DGs can be used. When two DGs are in
service under normal conditions, the available electrical power is about twice the total
demand, provided that the ship‟s speed is not increased significantly. A sudden loss
of one DG, however, would mean the other suddenly taking a load close to 100% of
its capability with a consequent high risk of a blackout.
The ship can operate on one DG but that unit would then be operating close to its
limits to supply the entire power for the ship. In this configuration, propulsion loads
would have to be minimised and some large electrical consumers would not be
available. Clearly in this mode any failure would lead to an immediate black out and
loss of propulsion.
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1.2.4

Fire detection system

Fire detection is provided by a comprehensive system with smoke detectors, heat
detectors and manual call points located throughout the ship, including the diesel
engine-room. The engine-room is fitted with flame detectors and smoke detectors.
The fire detection system alarms on the bridge, which is manned continuously, is
fitted in a central panel. From this position, it is possible for crew members to
identify on the screen the location of any activated head. A printer provides a
permanent record of all the generated alarms. A repeater panel for the fire detection
system is located in the engine control room.
The engine-room is fitted with the following fixed fire fighting systems:
a bilge area foam system, which supplies fire fighting foam to the bilges under
each DG;
a Semco water mist system, which provides a low pressure water mist from
heads located over each DG; and
a total flooding CO2 system, which fills the engine-room with CO2.
The fuel oil service tanks are all equipped with quick closing valves (QCVs), operated
from a cabinet adjacent to the engine control room. In accordance with the relevant
SOLAS regulations, when activated, these valves close almost instantly and are
designed to cut off fuel oil supply in the event of a fire.
1.2.5

Fuel oil supply system

Fuel oil supply for each pair of DGs is pumped through a fuel oil treatment unit
located in the separator room, the compartment immediately forward of the
propulsion motor room, and separated from the latter by another watertight bulkhead.
The fuel oil service tanks, fuel oil circulating pumps, separators and other fuel oil
treatment facilities are located in this space. The fuel oil system has a certain degree
of redundancy (port and starboard side) and each side can operate independently.
However, cross-over arrangements allow for flexibility; either side can be used to
provide fuel oil to any of the engines. During normal operations, the port side unit
delivers fuel oil to DGs nos. 3 and 4 and the starboard side unit delivers fuel oil to
DGs nos. 1 and 2.
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The fuel oil system delivers low pressure fuel oil at about seven bars to each engine.
The fuel oil passes through a filter unit located between each pair of engines and is
delivered to the fuel rails in the „hot box‟ on each side. The „hot box‟ is a
containment area on each side of the engines, which houses the injector pumps for
each cylinder as well as the low pressure fuel oil circulating pipes together with the
feed and return pipes from each injector.
The „hot box‟ on each side of each engine is covered with an aluminium cover. This is
easily opened by hand, although a number of bolts fitted with thumbwheels need to be
removed. The cover is designed to seal the fuel oil pipe and injector pump area from
the rest of the engine. Any fuel oil pipe failure in the „hot box‟ cannot result in fuel
oil spray reaching the hot surfaces. This is a SOLAS Convention requirement to
prevent engine fires, many of which have previously occurred from this cause.
At each end of the „hot box‟ is a fuel oil leakage drain leading to a small collection
vessel, which contains a float switch connected to the main alarm system. The system
is designed to give an immediate alarm if (leaking) fuel oil in the „hot box‟ runs
through the drains. Any spilt fuel oil is diverted from the drain collection vessels to a
spill tank.
The design is intended to achieve two purposes; firstly it prevents any fuel oil leakage
from a fractured pipe from impinging on any hot surface. Secondly, it maintains the
temperature of the fuel oil piping and injection systems in order to maintain fuel oil
viscosity, hence the term „hot box‟. The fuel oil supply line runs along the „hot box‟
on each side and back again to the fuel oil unit in the separator room. It is kept
pressurised with hot fuel oil circulating around the system by the fuel oil circulation
pumps and booster pumps so that each injector pump can draw on a constant supply
of hot clean fuel oil at about seven bars.
Unused fuel oil returns back to the fuel oil treatment unit. A pressure sensor
constantly monitors the pressure in the fuel oil line and activates an alarm if the fuel
oil pressure falls below five bars. An additional low-low pressure alarm activates at
four bars. A drop in fuel oil pressure is indicative of a number of possible faults,
including leakage of fuel oil. A significant loss of fuel oil pressure signals a
potentially imminent loss of power in the affected prime mover.
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Given the possible consequences of a loss of pressure in the fuel oil system, this is one
alarm condition, amongst others, that automatically initiates the starting of another
DG through the power management system and its synchronization on the
switchboard so that overall required electric power is maintained.

1.3

Manning

The engine-room is manned on a 24 hour basis. The officer of the watch (OOW) is
normally a duly certificated second engineer, assisted by a motorman and wiper. The
watches are based on the conventional 4-on, 8-off watch system. The chief engineer
is responsible for the operation of the engine-room and its associated machinery. He
is supported by the staff chief engineer, who looks after the routine day-to-day
planned maintenance. The staff chief engineer is assisted by a third engineer and
three fitters.
At the time of the fire, the following crew members were present in the engine-room:
Engine Control Room:
Second Engineer, (OOW - 1600 to 2000); and
Second Engineer, (relieving OOW - 2000 to 2400).
Engine-Room:
Third Engineer;
Fitter;
Motorman; and
Trainee Motorman.
The bridge was manned by:
Chief mate;
First Officer;
Deck Cadet; and
Lookout.
All personnel were found to be duly certified in accordance with the relevant
requirements of the STCW Convention. The number of crew members signed on
board exceeded the minimum number stipulated on the Minimum Safe Manning
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Certificate issued by the Merchant Shipping Directorate of Transport Malta, on 18
April 2011.
1.4

Safety Management System

Azamara Quest complied with the International Management Code for the Safe
Operation of Ships and for Pollution Prevention (ISM Code) and held a valid Safety
Management Certificate, valid until 19 February 2013.
The last external ISM audit was carried out on 22 July 2010. The annual internal
audit, which had been carried out on 27 August 2011, was conducted by an
independent auditor. The scope of the audit included elements of the ISM code,
ISPS Code, ISO 14001, and ISO 9001 systems. The audit resulted in ten ship related
non-conformities, out of which seven were attributed to the marine operation and the
remaining three, to the hotel department. The auditor also identified four observations
that related to the marine operations of the vessel.

1.5

Planned Maintenance

The company‟s procedures in chapter 4, AMOS/Maintenance, of its safety
management system (SMS) provided comprehensive guidance to the engine-room
staff. The chief engineer was responsible for the maintenance of all mechanical,
electrical, safety, environmental and control equipment on board the vessel. He was
assisted by the staff chief engineer, whose job description included:
Ensuring that the vessel is maintained in a safe and efficient condition;
Supervising and controlling maintenance as required by the chief engineer;
Maintaining pollution prevention equipment, fixed fire fighting system, and
life saving equipment mechanical parts as per manufacturer‟s instructions;
Ensuring that a high standard of cleanliness and appearance is maintained for
the:
 engine-room;
 steering gear flat, machinery areas, and associated equipment; and
 accommodation areas where machinery was fitted;
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Discussing and coordinating efforts with the staff captain when the
maintenance involved deck machinery, hull and equipment; and
Ensure that appropriate entries are made into AMOS.

The planned maintenance system operated by the company provided the user with
information on the required upcoming maintenance, recorded all undertaken planned
maintenance jobs, and had a searchable historical maintenance log function.
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1.6

Narrative1

1.6.1

Events leading up to the fire

On 30 March 2012, at 1312, Azamara Quest departed Manila with 590 passengers.
She was bound for Sandakan, Malaysia (Figure 4). At 1336, the master ordered the
engines‟ speed to be increased to full sea speed (Full Away). At a speed of 17 knots,
the estimated time of arrival at the next port was 0700 on 01 April.

Manila

NOT TO BE USED
FOR
NAVIGATION

Approximate track of
Azamara Quest

© Crown Copyright and/or database rights.
Reproduced by permission of the
Controller of Her Majesty‟s Stationery
Office and the UK Hydrographic Office
(www.ukho.gov.uk).
© Japan Hydrographic and Oceanographic
Department Copyright. Reproduced by
permission of Japan Coast Guard.

Sandakan

Figure 4: Route of Azamara Quest and position where the fire occurred

1

Unless otherwise stated, all times are local (UTC + 8 hours).
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DG nos. 1, 2 and 4 were running but at 1405, DG no. 3 was started and DG no. 4
stopped due to what seemed to be a small fuel oil leak on the fuel oil return line. The
fuel oil leak was discovered by the third engineer after he removed the „hot box‟
covers during a routine inspection. The staff chief engineer instructed the third
engineer and the fitter to repair the leaking fuel oil return line. In order to dismantle
the fuel oil pipe (and make subsequent inspections of the area), the „hot box‟ had to be
left uncovered. The fuel oil pipe was dismantled and taken to the workshop for a
hydraulic test, which revealed no particular problems.
Identifying no problems with the pipe, the staff chief engineer requested that another
pipe fitted close to the first pipe to be removed and tested. No leaks were noticed.
Satisfied with the results, the staff chief engineer authorised the pipes to be refitted.
During the refitting process, the fitter sought guidance from the third engineer on
whether he should reassemble the pipes without a gasket joint (given that there was an
O-Ring). However, he was instructed to reassemble the pipes as they had been found.
At about 1956, DG no. 4 was remotely started from the ECR by the second engineer
(1600-2000 watch), who kept monitoring the DG from the ECR. Soon after, a small
fuel oil leak was observed by the trainee motorman and the motorman, who
immediately notified the second engineer over their VHF portable radio. The second
engineer came from the ECR and inspected the leakage along with the third engineer.
Verifying the leak, he decided to stop the DG in order to identify the source. By this
time, the relieving 2000-0000 second engineer had arrived in the ECR.
The motorman and trainee motorman continued to monitor the fuel oil leak whilst
waiting for the DG to be stopped remotely from the ECR. The „hot box‟ was still
uncovered. Suddenly, at approximately 1959, a large fuel oil leak developed,
spraying oil at seven bar around the vicinity of the DG (Figure 5).
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Figure 5: Oil spraying from the open ‘hot box’

The motorman called the ECR on his VHF radio and requested that the DG is stopped
immediately because of the fuel oil leak. However, the DG was not stopped, spraying
fuel oil from the leaking pipe. The fuel oil leak generated a spray and oil mist that
appeared to reach a hot surface on the engine exhaust manifold and auto ignited
almost immediately (Figure 6). The time noted on the CCTV cameras was 2000. The
fire alarm that was recorded on the engine-room alarm logging system appeared to
have triggered at 120129 UTC (i.e. 200129 local time).

Figure 6: Fuel oil on fire after it came in contact with a hot surface on the DG
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The motorman called again the ECR, shouting that there was a fire on DG no. 4. He
recalled that he was standing close to a ladder and he ran to shut down the prime
mover. The smoke and heat were very intense. The motorman and the trainee
motorman ran towards the port side of the engine-room in the direction of the
emergency exit, but found the exit full of smoke. The dense smoke had also
compromised the visibility in the engine-room, which was almost reduced to zero.
1.6.2

Emergency response

The OOW on the bridge immediately contacted the captain and then announced the
emergency code (Bravo, Bravo, Bravo) at 2002, which alerted all the crew members
tasked with fire-fighting operations to proceed to their stations. Soon after the DG no.
4 was stopped, the second engineer (1600-2000) manually activated the water mist
system. The chief staff engineer also arrived and along with the second engineer, he
operated the QCV system (Figure 7) and stopped the fuel oil circulation pump and
engine-room ventilation in quick succession. In the meantime, the motorman escaped
through the watertight door 216 (Figure 18), which was partially open. The trainee
motorman also escaped through a watertight door into the propulsion room and up the
staircase to the ECR. Both men required medical attention and were taken to the
vessel‟s hospital.

Figure 7: Quick closing valves’ cabinet located in ECR
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In the meantime, the master arrived on the bridge at 2003, and ordered that the speed
of the vessel to be reduced. By 2004, the staff captain and the safety officer arrived
on the bridge to assist the master. Staging areas to fight the fire were identified and
established on deck 3 port side, outside fire zones 2 and 4, located outside the ECR.
At the same time, the OOW confirmed that all watertight doors were shut, the fire
doors had been remotely closed, and the low location lightening had been turned on.
At 2005, one of the engineering officer notified the master that the fuel oil pumps had
been switched off and the water mist system activated. The medical response team
also confirmed its readiness to the bridge. At 2006, the vessel suffered a black out
and the emergency generator started automatically a few seconds later. As the crew
tackled the fire in the engine-room, the master made an announcement and explained
the situation to the passengers and asked them to remain calm.
At 2010, mobile fire groups (MFG) 1 and 2 reported readiness and proceeded to the
staging area. Soon afterwards, the staff engineer entered the space alone.
The general alarm was sounded at 2017. The master again made an announcement on
the PA system advising the passengers that as an additional precaution, they were
required to muster in their designated stations. All passengers were mustered and
accounted for. At 2023, „Muster Station B‟ had to be re-located to an area forward of
the casino because smoke started to diffuse into the muster station. All the passengers
were transferred to the new area in an orderly manner2.
During the mustering procedure, it became apparent that about 20 crew members had
failed to report to their emergency duties. Calls were made on the PA system to
locate the missing crew members. It transpired that most of these crew members were
trapped in the aft mooring station but were eventually safely evacuated by one of the
rescue teams. Three other crew members were evacuated from the provisions area on
deck 2. At 2026, the first electrician, who had been working in the electrical
workshop and had lost his way because of the smoke, managed to climb through the
elevator shaft of the galley elevator.
At 2035, the master made a number of attempts to communicate with the technical
managers ashore but was not successful. At 2037, the staff chief engineer reported
2

Throughout the course of events, the area remained smoke-free and no related issues were reported.
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that there was a small secondary fire, which the MFG were trying to extinguish. At
2039, the master managed to contact the managers on the Iridium satellite telephone
and informed them of the situation. At 2043, the fire was reported to be under control
(with the water mist system in operation), and eventually extinguished at 2050. The
MFG evacuated the area.
A headcount of the crew members, which was conducted at 2145, revealed that one
crew member was unaccounted. A thorough search was carried out around the
location where he was last sighted and at 2250, he was found trapped in the galley
elevator in a critical condition. He was rescued and at about 2310 and transferred to
the medical facility for treatment.
1.6.3

Post fire events

Azamara Quest continued to drift (not under command) throughout the night and the
early hours of the morning of 31 March. Emergency repairs were effected by the
ship‟s crew and at 0530, one DG became operational and put online. By 1820, the
second DG became available and at 2020, the vessel resumed her passage towards
Sandakan, at a speed of about six knots.
At 2130 on 01 April, Azamara Quest docked alongside at Sandakan and by 2324, the
disembarkation of passengers was completed. On arrival, the crew member who was
in a critical condition because of smoke inhalation was transferred ashore to the local
hospital and was subsequently repatriated home. The other three crew members, who
had suffered smoke inhalation, were treated on board and subsequently discharged
from the ship‟s hospital. There were no reported injuries to the passengers.
Following further emergency repairs, the vessel departed Sandakan on 05 April for
Singapore. She arrived at Sembawang Shipyard on 09 April where she underwent
further repairs to DG no. 3 and restoration of electrical control and fire fighting
systems.
On 17 April, Azamara Quest departed Singapore and proceeded to Mumbai, arriving
on 24 April. After completing the necessary Statutory and Class surveys, the vessel
returned into service and embarked passengers on the same day.
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1.6.4

Damage to the engine-room

Despite an early response by the crew to control the fire and extinguish it, the vessel
suffered extensive damage, although most of the damage was localised in the engineroom (Figure 8 and 9).
While DG nos. 1 and 2 only suffered light smoke damage, DG no. 3 had heavy smoke
and heat damage in way of its turbo chargers. DG no. 4 suffered severe heat and
smoke damage especially in way of the aft end and its turbochargers. This resulted in
damage to the fuel oil, lube oil and cooling water systems, turning gear pump motors
as well as the control and monitoring components of the prime mover.

Figure 8: Extensive damage to DG no. 4 and surrounding area

Heat and smoke reached up the engine-room casing and resulted in damage to, inter
alia, bulkheads, exhaust fans, rubber components, deck plating, and fire doors. The
oil-fired boilers located in the casing sustained minor damage to their control
components but there was substantial damage to the forced draft fans, duct and
bellows.
Heat and smoke damage to electrical components and associated cabling of the fire
detection system, sprinkler system detectors, general lighting, general alarm, public
address system, was also noted. Many cables supporting other equipment / systems
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that transited through the diesel engine-room were also affected by heat and smoke
damage.
An electrical sub-station located above an un-insulated area of the diesel engine-room
deckhead sustained damage to its deck plating, cabling, light fixtures, transformers
and breaker cabinets.

Figure 9: Fire damage to area above DG no. 4
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2

ANALYSIS

2.1

Aim

The purpose of a marine safety investigation is to determine the circumstances and
safety factors of the accident as a basis for making recommendations, to prevent
further marine casualties or incidents from occurring in the future.

2.2

Cause of the Fire

It was apparent from the physical evidence that the fire was caused by a fuel oil leak
from a fuel oil return pipe on the aft part of DG no. 4. The fire occurred when fuel oil
came in contact with a hot source near the turbo chargers or possibly the exhaust gas
pyrometers, a nearby indicator cock, or a part of the exhaust manifold where the latter
leaves its insulated containment and enters the turbo charger casing. This would have
been enough to ignite the fuel oil. An instantaneous intensive fire propagation would
have then occurred when the fire ignited the fuel oil around the prime mover as well
as the fuel oil escaping from the pipe flange at a pressure of seven bar.
CCTV footage indicated that the engine continued to operate for about one minute
before the fuel oil mist that had developed, ignited. It should be noted that even when
the prime mover was stopped, fuel oil would have continued to escape under pressure
(from the booster pumps) until either the pumps were stopped or the QCVs activated.
Although it is accepted that by design there is no heat source in the „hot box‟ at a
sufficiently high temperature to ignite the fuel oil, the covers had been removed from
the „hot box‟, allowing fuel oil to spray over the area. Heat sources are known to exist
on the top of the engine and one such likely example is the stub pipe of the exhaust
gas pyrometers that could reach the same temperature of the exhaust gas at around
400°C. Although these stub pipes are fitted with insulating jackets, they are not
always a tight fit and even though insulation was fitted and appeared to be sufficient,
a large amount of fuel oil coming in contact with a very small part of exposed exhaust
piping would be sufficient to start a fire.
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2.3

The Fuel Oil Leak

The fuel oil return pipe had been removed earlier on the day of the fire and even
tested for leakage. A hydraulic test at 10 bar did not reveal any defects in the fuel oil
return pipe and the decision was taken to reinstall the pipe. Whilst it can be therefore
confirmed that evidence indicated that the original fuel oil leak was not the result of a
material failure of the fuel oil return pipe, the safety investigation was unable to
determine the original source of the leak, which led to the dismantling of two pipes.
Evidence showed that after replacing the fuel oil return pipe, which is sealed by an ORing that fits into a recess on one side of the bolted flange, a gasket joint was also
used. The third engineer thought that the gasket joint, which was found must have
been there for a (valid) reason. He did not question the logic of fitting a gasket joint
when only an O-Ring was required3. To this effect, he neither sought guidance from
the staff chief engineer or the second engineer, nor did he consult the spare parts
manual.
The compression (and deformation) of the O-Ring is critical to achieve a perfect seal
of the flange faces. It was highly probable that the use of the gasket joint
compromised the compression of the O-Ring on the fuel oil return pipe. However,
although the compression of the O-Ring may have been compromised by the gasket
joint, the latter should have still sealed the joint tight. The point therefore was that
neither the O-Ring nor the gasket joint provided an adequate seal.
Prior to dismantling the fuel oil return pipe work for the investigation, it was noted

that the O-Ring had failed and there appeared to be a gap between the flanges. The
gap was measured with a feeler gauge and was noted to be 0.9 mm (Figure 10). All of
the Allen bolts (Figures 11 and 12) were found loose but this was considered unlikely
to be the original condition. The bolts did not appear to have any damage to their
threads or their recessed hexagonal heads.

3

The fitter only queried briefly the issue of a gasket joint and an O-Ring, claiming that he was aware
of this practice, much favoured by the staff chief engineer. During the interviews, the staff chief
engineer made no reference to such preferred practices. Moreover, the claim made by the fitter
suggested that the pipes had already been removed in the past and during the tour of duty of this
staff chief engineer; otherwise, the fitter would not have been aware of this preferred practice.
Evidence indicated that about eight months before the accident happened, a fuel oil return pipe had
been removed and repaired in two areas after a leak had developed.
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Feeler gauge 0.9mm

Failed O-Ring

Figure 10: Section of pipe showing flange and protruding O-Ring

Figures 11 and 12: Flange retaining bolts4

The flange faces (Figures 13 and 14) were in good condition and not considered to
have contributed to the leakage of fuel oil.

4

The numbers on the paper in Figure 12 are not indicating the sequence of tightening or loosening of
the bolts. The sketch was drawn after the accident and the holes were numbered in order to have a
record of the Allen bolts and associated holes.
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Figures 13 and 14: Flanges noted in good condition

The gasket joint, however, was noted to be in a poor condition and did not appear to
have been renewed during the refitting of the pipe (Figure 15). Although the fitter
stated that he had used a new gasket joint when refitting the pipe, this did not seem to
be the case when the gasket joint and the O-Ring were inspected during the on-site
investigation.
The O-Ring was also noted to be distorted and split indicating that it had been either
fitted incorrectly or was displaced from its recess. There was no evidence to show
that the O-Ring was renewed prior to the refitting of the pipe. If the same O-Ring was
used, then it may be hypothesised that its physical and chemical properties may have
also changed as a result of fair wear and tear / aging.
However, the fact that it was found distorted and split may be suggestive of an ORing, which possibly did not remain in its recess during the tightening of the four
bolts. A displaced O-Ring would have prevented a perfectly tight fit and even contact
between the two surfaces. It was possible that the O-Ring was severely pinched
during the installation and was not noticed by the crew members involved.
Figure 10 above shows part of the damaged O-Ring. The green O-Ring is very visible
and therefore if the O-Ring was squeezed out during the tightening process, the fitter
and the third engineer would have seen it and reported the matter immediately.
Therefore, whilst it was very probable that the O-Ring was displaced from its recess
during the tightening process, it was only partially forced out (as captured in Figure
10) as a result of the force imposed on it by the escaping fuel oil at a pressure of seven
bar.
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Figure 15: Gasket joint and failed O-Ring

Whilst the fuel oil pipe was incorrectly fitted using an O-Ring and a gasket joint, the
displaced O-Ring can be considered to be the main cause of the fuel oil leak and
subsequent fire.
As it has already been indicated elsewhere, the Allen bolts were found loose. The
safety investigation was unable to determine the bolts‟ loosening mechanism with
absolute certainty. Whilst the evidence suggested that the bolts were tightened, the
fact that they were found loose could be indicative that the heads of the bolts were
subjected to side sliding relative to the joint. Given that the Allen bolts did not show
signs of fatigue, side sliding can only be suggestive of inadequate clamping force in
the joint.
After the fire, it was also noticed that the fuel oil clamping arrangement was not
secured on DG no. 4 (Figures 16 and 17). It was very probable that the clamping had
been released in order to remove the fuel oil pipes but was not secured again before
the test on the prime mover.
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Clamping arrangement on DG no. 3

Clamping arrangement on DG no. 4 not secured

Figure 16 and 17: Clamping arrangements

It was deemed possible that if external forces (e.g. induced by vibration) 5 were
exerted on the joint, and as a result of these forces, the joint surfaces shifted in
relation to one another, the relative motion between the female and male threads could
have possibly overcome the frictional force in the threads and the Allen bolts‟ heads
against the surface. Consequently, a rotational torque would have been created,
rotating the bolts loose.

2.4

Fire Fighting Efforts

The fire was controlled and extinguished in a relatively very short period of time
because of the adequate and rapid response of the engine-room team who stopped the
prime-mover, cut off the fuel oil supply, and shut down the ventilation. It is estimated
that the fire was extinguished because of oxygen and fuel oil starvation as well as the
activation of the water mist system, which assisted in containing the fire.
The crew entered the engine-room three times to assess the extent of fire and hot
spots. The first entry was undertaken by the staff chief engineer at about 2012. He
donned a fireman‟s suit and breathing apparatus. However, he entered the engineroom compartment alone, which is against the industry‟s recognised safe practices.
This was an ill-considered action on his behalf and may have resulted in serious

5

Vibration leads to transversely applied alternating forces, which are very effective in causing selfloosening of bolts (and nuts).
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injuries, had anything gone wrong. However, it was very possible that the staff chief
engineer wanted an immediate assessment of the situation.
Nonetheless, the entry into a compartment requires at least two persons so that both
persons continue to support each other throughout the time spent in a hostile and
dangerous environment. To this effect, it may be concluded that the proper procedure
was not followed during the first entry.
The two subsequent entries into the engine-room appeared to have been undertaken
by at least two persons in the team.

2.5

Smoke Hazard

Review of the CCTV footage indicated that the fire generated large volumes of smoke
and hot gases in a relatively short period of time that initially trapped the motorman
and trainee motorman. Since both were familiar with the layout of the engine-room,
they managed to escape but got separated and used two different routes to exit the
engine-room.

Figure 18: Powered water-tight door 216
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The smoke traces on the frame of door no. 216 (Figure 18) suggested that the door
either remained open, or was partially open during the fire. This door is located
between the engine-room and the workshop. It is also the one through which the
motor man reportedly escaped. The reason as to why the door was partially open is
not known especially when the company required this door to be closed at sea. The
master had been advised that all water-tight doors had been closed and this would
have been indicated on the bridge „watertight door‟ repeater panel (Figure 19).

Figure 19: Watertight and weathertight doors panel

The fire door (Figure 20 and 21) leading from the engine-room into the provisions
area on deck 2 aft was observed to open around the time of ignition and remained
open until the camera became obscured as smoke enveloped the area.
Fire doors are normally the self-closing type and it seemed that this door was not
correctly operating as required. It appeared that when the door was last used, the selfclosing mechanism had not correctly shut and latched the door. There was no
evidence to suggest that this issue with the self-closing mechanism was detected
during the last inspection before the fire.
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Figures 20 and 21: Fire door on deck 2 leading into the engine-room

The door in the provisions area (Figure 22), was opened by a crew member who
became engulfed in dense smoke as he tried to enter the compartment. Although he
managed to escape, he did not close the door behind him. This led to the build-up of
smoke in the location.
The planned maintenance records revealed that the fire doors on deck 2 and the
watertight door had been inspected on 08 March and 27 March respectively.
However, evidence indicated that watertight door (216) and one fire door (Figure 18
and 20) remained open for reasons which were not identified by this safety
investigation. The open door allowed the smoke to escape throughout deck 2. A door
on deck 3 was also left open by a crew member and this allowed smoke to spread into
deck 3. These resulted in a number of crew members becoming momentarily trapped
in the provisions store and mooring deck areas.
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Crew member entering
compartment full of smoke

Figure 22: Opening of door on deck 3 by a crewmember

2.6

Evacuation Routes

A number of crew members became stranded in the provisions areas and aft mooring
decks due to the smoke that had escaped from the engine-room, and therefore were
required to be evacuated by the assistance of the MFG. Crew members who tried to
escape, understandably became disoriented in the thick smoke.
However, observations made during the inspection of the vessel after the fire and
review of the CCTV footage appears to suggested that most evacuation routes were
partially obstructed by equipment and stores (Figures 20, 21, 23 and 24). Thus, the
crew members trying to escape not only had to contend with poor visibility but found
themselves navigating around equipment that partially obstructed their evacuation
route.
SOLAS regulation II-2/13 requires the provisions of means of escape so that persons
on board can escape safely and swiftly. The regulation requires that these escape
routes are to be maintained in a safe condition and clear of obstacles. This did not to
seem to be the entirely the case.
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Figure 23: Congested alleyway

2.7

Quick Closing Valves

A review of the CCTV footage of the ECR indicated that one of the second engineers
activated the QCVs of the fuel oil supply to the DG. However, it was noted that he
had to pump the handle lever at least seven to eight times before he felt that the valves
had activated. Normally, QCVs are meant to activate by a single pull of the lever in a
downward direction. Therefore, it is possible that the closing mechanism may have
had a fault.
Figure 7 shows a plastic bottle with a quantity of oil inside the QCV cabinet. It is
very possible that the oil in the plastic bottle was used to top up the system due to
some leak within the system. QCVs fitted to the fuel tanks are a mandatory
requirement under the SOLAS Convention, are considered part of the safety critical
equipment, and are also meant to be tested frequently. Records indicated that these
valves were last tested on 14 February 2012 and were found to be functioning
satisfactorily. However, the presence of the oil bottle and the second engineer‟s
actions in operating it suggested that there was a fault / oil leak on the system, which
had not been rectified in accordance with the company‟s procedures and the relevant
international requirements.
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THE FOLLOWING CONCLUSIONS, SAFETY
ACTIONS AND RECOMMENDATIONS SHALL IN NO
CASE CREATE A PRESUMPTION OF BLAME OR
LIABILITY. NEITHER ARE THEY BINDING OR
LISTED IN ANY ORDER OF PRIORITY.
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3

CONCLUSIONS

Findings and safety factors are not listed in any order of priority.

3.1

Immediate Safety Factor
3.1.1 The fire occurred when vapour or fuel oil mist came in contact with a
hot source on the diesel generator prime mover and ignited.
3.1.2 A displaced O-Ring is considered to be the cause of the oil leak that
resulted in oil spraying over DG no. 4.

3.2

Latent Conditions and other Safety Factors
3.2.1 The fuel oil pipe was incorrectly fitted by the fitter and third engineer.
The logic of fitting both a gasket joint and an O-Ring was not
questioned. No guidance was sought from the staff chief engineer or
second engineer on watch.
3.2.2 It is highly probable that not enough clamping force was applied to
tighten the pipe to create a tight joint, leading to self-loosening of the
bolts.

3.3

Other Findings
3.3.1 The staff chief engineer initially entered the engine-room alone. This
was against industry‟s recognised practices and a hazardous action that
may have resulted in serious injuries, had anything gone wrong.
3.3.2 A watertight door and two fire doors remained open during the fire.
This allowed smoke to escape throughout deck 2 and 3 and resulted in a
number of crew members becoming momentarily trapped in the
provisions store and mooring deck areas.
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3.3.3 Crew members trying to escape not only had to deal with poor visibility
due to smoke, but found themselves navigating around equipment that
partially obstructed their evacuation route.

3.3.4 The second engineer‟s actions in operating the QCVs suggested that
there was a fault in the system, which had not been rectified in
accordance with the company‟s procedures and other international
requirements.

4

SAFETY ACTIONS TAKEN

4.1

Safety actions taken during the course of the safety investigation

Royal Caribbean International has contracted third party investigators and carried out
its own internal investigation into the cause of the fire and the effectiveness of the
technical team‟s response to the fire as well as the shipboard emergency evacuation
procedures. This has resulted in a number of action/recommendations that included:
A fleet–wide review of the engine-room fire emergency checklists and
procedures;
The development of quality assurance standards for inspections and
maintenance of fixed fire fighting installations;
Fleet-wide concentrated inspection campaigns and emergency training review
of QCVs;
A comprehensive inspection of maintenance conditions on Azamara Quest and
her sister ship Azamara Journey;
An assessment of the engine-room manning levels;
An assessment of company support with respect to maintenance and
compliance; and
An internal „lesson‟s learned report‟ has been distributed for review by all
officers and use in shipboard safety meetings.
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5

RECOMMENDATIONS

In view of the conclusions and taking into consideration the safety actions taken
during the course of the safety investigation,

Royal Caribbean International is recommended to carry out a review of the
following with a view of improving safety in its fleet:
05/2013_R1

Provide guidance on good engineering practices and encourage

participation by all concerned.
05/2013_R2

Review the training of its staff in fire fighting with special reference

to entry into enclosed spaces and keeping safety critical doors shut during an
emergency.
05/2013_R3

Reiterate company requirements on the status of watertight doors at

sea and in port.
05/2013_R4

Provide guidance on housekeeping practices with particular

reference to keeping the evacuation route clear of ship‟s stores.
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