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Case number:  2014010977 
 
Front page: Lubricating oil filter on FRIGGA. Sourc e: DMAIB  
 
The marine accident report is available from the webpage of the Danish Maritime Accident Investi-
gation Board www.dmaib.com. 
 
 
The Danish Maritime Accident Investigation Board 
 

The Danish Maritime Accident Investigation Board is an independent unit under the Ministry of 
Business and Growth that carries out investigations as an impartial unit which is, organizationally 
and legally, independent of other parties. The board investigates maritime accidents and occupa-
tional accidents on Danish and Greenlandic merchant and fishing ships as well as accidents on 
foreign merchant ships in Danish and Greenlandic waters. 
 
The Danish Maritime Accident Investigation Board investigates about 140 accidents annually. In 
case of very serious accidents, such as deaths and losses, or in case of other special circum-
stances, either a marine accident report or a summary report is published depending on the extent 
and complexity of the events. 
 
 
The investigations 
 

The investigations are carried out separate from the criminal investigation without having used le-
gal evidence procedures and with no other basic aim than learning about accidents with the pur-
pose of preventing future accidents. Consequently, any use of this report for other purposes may 
lead to erroneous or misleading interpretations. 
 
  

The Danish Maritime Accident Investigation Board 
Carl Jacobsens Vej 29 
DK-2500 Valby 
Tel. +45 91 37 63 00 
 
E-mail: dmaib@dmaib.dk  
Website: www.dmaib.com 
 
Outside office hours, the Danish Maritime Accident Investigation Board can be reached on +45 23 34 23 01. 
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 SUMMARY 1.
 
On 5 May 2014, a fire broke out on the Danish tug FRIGGA due to a leaking lubricating oil filter in 
the engine room. Prior to the accident, the chief engineer had observed a minor leakage of the 
filter and wanted to fasten the bolts on its top flange. In order to gain access to the flange, he 
needed to remove a shield from the flange. While doing so, he unintentionally removed an air 
bleeding screw on the pressurized filter. This caused an oil jet to gush from the lubricating oil filter. 
Oil was sprayed on hot parts of the main engine, ignited and subsequently caused a deflagration. 
 
In the marine accident report on the fire on board FRIGGA, the DMAIB focuses on two main sub-
jects in the analysis of the accident: 1) Design of and interaction with the lubricating oil filter. 2) 
Influence of stress response mechanisms on the crew members’ emergency management perfor-
mance. 
 
The DMAIB concludes that the origin of the fire can be traced back to a problematic design of the 
lubricating oil filter. Also, it is concluded that the equipment and procedures that were to facilitate 
the on-board emergency management were not designed and arranged with consideration of the 
cognitive and motoric changes of human stress response, but added to the stress load during the 
emergency situation instead. 
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 FACTUAL INFORMATION 2.
 
2.1 Photo of the ship 
 

 
 

Figure 1: FRIGGA 
Source: Svitzer A/S 

 
2.2 Ship particulars 
 

Name of vessel: FRIGGA 
Type of vessel: Tug 
Nationality/flag: Denmark 
Port of registry: Aabenraa 
IMO number: 9175250 
Call sign: OXCU2 
DOC company: Svitzer Sverige AB 
IMO company no. (DOC): 0403290 
Year built: 1998 
Shipyard/yard number: Baltijos Laivu Statykla, Ab 
Classification society: Lloyd’s Register of Shipping 
Length overall: 33.80 m 
Breadth overall: 10.70 m 
Gross tonnage: 467 
Engine rating: 3600 kW 
Hull material: Steel 
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Hull design: Single hull 

2.3 Voyage particulars 
 

Port of departure: Kalundborg, Denmark 
Port of call: Kalundborg, Denmark 
Type of voyage: National 
Manning: 5 
Pilot on board: No 
Number of passengers: 0 
 
2.4 Weather data 
 

Wind – direction and speed: Southerly, 5 m/s 
Visibility: Good 
Light/dark: Daylight 
 
2.5 Marine casualty or incident information 
 

Type of marine casualty/incident: Fire in engine room 
IMO classification: 
Date, time: 

Serious 
5 May 2014 at 2030 LMT 

Location: Kalundborg Fjord, Denmark 
Position: 55°40.17’ N – 011°03.82’ E 
Ship’s operation, voyage segment: Assisting other ship 
Place on board: Engine room 
Human factor data: Yes 
Consequences: 
 

Severe fire damage to engine room 

2.6 Shore authority involvement and emergency respo nse 
 

Involved parties: Kalundborg Fire Brigade 
Resources used: Fire-fighting units and ambulances 
Speed of response: Prompt 
Actions taken: Fire-fighting and transportation of crew to hospi-

tal 
Results achieved: Fire extinguished 
 
2.7 The ship’s crew 
 

Master: 
 
 
Chief officer: 
 
 
Chief engineer: 
 
 
Ship’s assistant: 

43 years of age. Served at sea since 1986,  
since 2005 as a master. 
 
40 years of age. Served at sea since 1991, 
for seven years as a chief officer. 
 
61 years of age. Served at sea since 1967 and 
for 34 years as a chief engineer. 
 
39 years of age. Served at sea since 1991, 
since 1995 as an able ship’s assistant. 

 
Ship’s assistant: 

 
49 years of age. Served at sea since 1986, 
since 1990 as an able ship’s assistant. 
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2.8 Scene of the accident 
 

 
  

Figure 2: Scene of the accident, Kalundborg Fjord 
Source: Danish Geodata Agency. Sea chart No. 145 
 
 
 

Figure 3: Scene of the accident, Kalundborg Fjord 
Source: Google Earth 

Port of Kalundborg 

Shallow waters 
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 NARRATIVE 3.

 
3.1 Background 
 

At the time of the accident, FRIGGA was a tug crewed by five crewmembers, and generally operat-
ing in harbour services in Denmark. The ship was owned and operated by the Danish worldwide 
operating towage and salvage company SVITZER A/S. 
 
The master was an experienced tugboat navigator holding a certificate as master unlimited. He 
had been employed by SVITZER A/S since 2000, and from 2005 he had served as master. The 
master had served on FRIGGA in 2006-2007 and returned to FRIGGA in 2014 approx. one month 
prior to the accident. 
 
The chief officer had most of his maritime experience from cargo and passenger ships. He joined 
SVITZER A/S approx. one year prior to this accident, and had a few weeks of experience on board 
FRIGGA. 
 
The chief engineer had many years of experience at sea from passenger ships. He joined 
SVITZER A/S and signed on FRIGGA a few months prior to this accident. The chief engineer had 
experience from other ships with the same make of main engines and lubricating oil filters as those 
on board FRIGGA, however, of a newer and slightly different type. 
 
The two ship’s assistants on board both had several years of experience on board FRIGGA. 
 
All times in this report are local time (UTC+2). 
 
3.2 Sequence of events 
 

 
 
On 5 May 2014, FRIGGA and two other tugs were to assist a bulk carrier arriving in the Port of 
Kalundborg. FRIGGA departed from Kalundborg at 2020 hours to meet the bulk carrier and the 
other tugs. While underway, the pilot on board the bulk carrier instructed FRIGGA to be standby at 
the berth. FRIGGA turned around and headed back to the harbour. 
 
3.2.1 In the engine room 
 

Shortly after FRIGGA made its turnaround, the chief engineer observed a minor leakage of the 
lubricating oil filter housing on the port main engine lubricating oil system. In order to stop the leak-
age, he wanted to tighten the bolts on the top flange of the filter housing. To do so, he had to re-
move a triangular shield on top of the filter housing (figure 4). As the chief engineer loosened the 
bolt that kept the triangular shield in place, a jet of lubricating oil gushed from the hole in the top of 
the filter housing. The chief engineer immediately realized that the bolt was actually an air bleeding 
screw. 
 
 

The sequence of events aims to describe the events as the involved persons on board perceived them to 
unfold and thereby also aims to reflect the information that was available to the crew at the given moment. 
 
The description falls in two sections: Section 3.2.1. covers the sequence of events from the point of view 
of the chief engineer in the engine room, while section 3.2.2 takes on the point of view of the crew outside 
the engine room. 
 
The events described in these two sections all unfolded within a time frame of 30 minutes. It must be not-
ed that the events took place simultaneously in several places on board. 
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The chief engineer was well aware that the oil jet could ignite if it hit any hot parts on the main en-
gine, and therefore he attempted to recover the situation by trying to put the screw back into the 
top flange. The pressure of the oil jet made this impossible and, furthermore, the chief engineer 
was obstructed by the oil hitting him in the face, blinding him. 
 
The chief engineer did not want to stop both of the main engines by activating the emergency stop 
from the engine room, because he did not know where and how the ship was situated. If he 
stopped both engines in an unfortunate situation, this could cause a grounding or collision. He left 
the lubricating oil filter for a moment and managed to get into the switch board room. He tele-
phoned the bridge and reported a lubricating oil leakage and requested the port main engine to be 
stopped. 
 
When the main engine stopped, the electrically powered spare lubricating oil pump started auto-
matically, and the oil continued to gush from the filter housing. The chief engineer knew that the 
spare pump would run for three minutes and decided to return to the filter and prevent the oil from 
hitting any hot surfaces. He kneeled beside the lubricating oil filter, and attempted to deflect the oil 
jet by covering it with the loose triangular shield. The lubricating oil had not yet reached the normal 
operating temperature and was only about 45-50°C, which the chief engineer could endure. While 
covering the oil jet, he saw that lubricating oil had already ignited on top of the main engine’s ex-
haust system. By then, the automatic fire alarm started to sound. 
 
The chief engineer observed that burning lubricating oil started to drip from above. He realized that 
it was necessary to get out of the engine room soon, as he was soaked in oil and at risk of catching 
fire. At this point in time, he observed the two ship’s assistants arriving at the top of the engine ini-
tiating fire-fighting. The chief engineer trusted that they would be able to contain the fire and spray 
water on him, in case he caught fire. Hence, he decided to stay at the bottom of the engine room 
and continue to exercise damage control by covering the oil jet with the shield. 

Figure 4: Top of lubricating oil duplex filter on the starboard main engine 
Source: DMAIB 
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Shortly after, the chief engineer heard the crewmembers shouting that they had to leave the engine 
room and that he should do the same. As the other crewmembers left, the chief engineer went into 
the switchboard room instead and started the fire pump. 
 
From the switchboard room there were two possible escape routes: 1) Through the engine room 
with the ongoing fire into the accommodation. 2) Through the switchboard room to the bow thruster 
room where an emergency exit shaft led to a hatch in the forecastle deck (figure 5). 
 
The vertical ladder in the emergency exit shaft was eight metres high. The chief engineer assessed 
that it was not safe to climb it with oily hands, facing the risk of slipping from the tall ladder, and 
possibly also having troubles with opening the hatch cover at the top of the shaft. Therefore, he 
passed via the engine room and the accommodation and reached the bridge. 
 

 
 
3.2.2 Outside the engine room 
 

On the bridge, the master and the chief officer had just turned FRIGGA around when the chief of-
ficer received the chief engineer's call. The chief officer perceived the message as a request to 
stop the port main engine due a leakage in the engine room. The chief engineer delivered his re-
quest in a calm tone and, hence, the bridge team assumed the leakage to be a minor operational 
disruption concerning the fresh or sea water system. The master released the clutches on the en-
gines, reduced to idle speed, and stopped the port main engine. 
 
The master called the pilot on the bulk carrier, which FRIGGA was about to assist, at berth in the 
Port of Kalundborg and declared that FRIGGA was not able to assist in the operation because one 
of its main engines was out of service. Simultaneously, the fire alarm and several other alarms 
started to sound. 
 
One of the ship’s assistants was sent to the engine room to examine the situation. First, he 
searched for the chief engineer in the control room. As he did not find him there, the ship’s assis-
tant proceeded to the engine room. In the engine room he saw that most surfaces were covered by 
oil, and he spotted the chief engineer kneeling beside the port main engine lubricating oil filter, 
struggling to contain an oil jet from the filter housing. 
 

Figure 5: General arrangement of the tank top 
Source: DMAIB 

 

Staircase leading to 
the accommodation 

Engine room Switchboard room Emergency exit shaft 

Bow thruster room 
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The ship’s assistant observed several minor fires at the exhaust manifold of the port main engine 
and fetched a dry powder fire-extinguisher to fight the fires. Before he released the dry powder, it 
came to his mind that it might be harmful to the chief engineer to be hit by dry powder while being 
covered in oil. Instead, he grabbed a freshwater hose and attempted to extinguish the small fires. A 
few moments later, the other ship’s assistant also arrived in the engine room. 
 
Shortly after the ship’s assistant had left the bridge, the chief officer smelled smoke. In agreement 
with the master, he also went below to investigate what was going on. He heard one of the ship’s 
assistants shouting that there was a fire and hurried to fetch a VHF set and intended to prepare the 
air breathing apparatuses in accordance with the fire muster list. However, he decided to take a 
brief look into the engine room first to assess the situation. 
 
As the chief officer took a few steps down the ladder to the engine room, he saw the chief engineer 
covered in oil behind the port main engine and the small fires going on at the top of the port main 
engine. Meanwhile, he tried to keep in contact with the master, but the VHF communication was 
unstable and only half of the information went through both ways. The chief officer ordered all 
crewmembers to leave the engine room immediately in order for the Argonite fire-extinguishing 
plant to be deployed. 
 
Suddenly, an explosion occurred above the port main engine and a real fire was now on at the top 
of the main engine in the area of the engine room where the chief engineer was situated. 
 
The chief officer and the ship’s assistant feared that the explosion had been lethal to the chief en-
gineer. Then they saw that the chief engineer seemed to be heading for the switch board room. 
The chief officer and the ship’s assistants continued shouting to encourage him to leave the engine 
room. The chief engineer did not seem to react on the chief officer’s order. As the ship’s assistants 
and the chief officer were forced back by the intense heat in the engine room, they retreated into 
the accommodation. As they saw that the chief engineer had left from the bottom of the engine 
room, they felt confident that he had heard and understood their calls. 
 
When the chief officer returned to the bridge to report the situation to the master, he discovered 
that flames from the port side funnel casing blocked the entire view from the bridge to the aft. The 
casing was situated near the bridge (see figures 6 and 7), and the bridge team therefore experi-
enced the fire within very close proximity. The sound and the radiant heat from the flames were 
clearly perceivable from inside the bridge, and the noise from the various alarms was intense and 
could not be permanently silenced. 
 
The chief officer immediately decided to call out MAYDAY over the VHF on channel 16 and in-
formed that FRIGGA had had an explosion on board and requested assistance from the ships 
nearby. At this point in time, the fire had such intensity that the chief officer was not sure, whether 
they would be able to stay on the ship, and he wanted to facilitate the possible evacuation of the 
crew to another ship. 
 
While the master was in contact with the ship owner emergency team and the harbour manage-
ment, the chief officer called the emergency centre on his private mobile phone and asked for as-
sistance from the fire brigade. The communication with both the harbour management and the 
emergency centre was stressful to the master and the chief officer, because the contact points in 
the harbour management and the emergency services were interested in detailed information and 
wanted to keep the master and chief officer on the phone. At this point, the master and chief officer 
were facing massive flames as well as constant and intense noise from the alarms sounding on the 
bridge, and they were concerned about the uncertainty of the chief engineer’s whereabouts and 
the development of the fire. They were stressed by the communication as it hindered them from 
taking part in the local emergency management and fire-fighting on board. The assisting ships 
nearby gradually took over the communication with the coast radio station Lyngby Radio and other 
involved parties so that the crew on FRIGGA could focus on handling the emergency situation. 
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Figure 6: FRIGGA viewed from aft 
Source: DMAIB 

Port side casing 

Figure 7: During the fire, flames blocked the entire view from the bridge to the aft deck 
Source: DMAIB 
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When the ship’s assistants and the chief officer had escaped the engine room, and the chief officer 
went to the bridge, the two ship’s assistants continued through the accommodation heading for the 
hatch to the emergency exit shaft on the forecastle deck (see figure 8). One of the ship’s assistants 
opened the hatch, as he was convinced that the chief engineer intended to escape the engine 
room by means of the emergency exit shaft. The chief engineer was not to be seen in the shaft, 
and the ship’s assistant feared that he might have gone unconscious due to smoke poisoning. 
Hence, he climbed down the shaft ladder to evacuate the chief engineer. The ship’s assistant 
reckoned that if the chief engineer was hurt or unconscious, he might be able to move him from the 
switchboard room and through the bow thruster room. Then, there would be two fire-protecting 
doors between the chief engineer and the fire in the engine room. But on his way down, he was 
ordered back by the chief officer. 
 
From the bridge the chief officer suddenly discovered that the ship’s assistant was climbing down 
the emergency exit shaft on the forecastle deck and was startled to see that he did not wear a 
breathing apparatus. The chief officer rushed down to the forecastle deck to order the ship’s assis-
tant back. 
 
When the chief officer had made contact with the ship’s assistant in the shaft, he went into the ac-
commodation to fetch the fire-fighter’s equipment. On his way, the chief officer was informed that 
the chief engineer had appeared on the bridge. 
 
 
 
 

 
  

Figure 8: FRIGGA’s forecastle deck viewed from aft 
Source: DMAIB 

Hatch to the emergency exit shaft 
leading from the bow thruster room 
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3.2.3 Fire-fighting 
 

As soon as it was confirmed that all crewmembers had left the engine room, the master prepared 
to deploy the fixed Argonite fire-extinguishing system for the engine room, and the ship’s assistant 
prepared the fire-fighting measures on deck. On their own initiative, they took over the chief engi-
neer’s tasks in the fire-fighting muster. 
 
In order to deploy the Argonite fire-extinguishing system, the master had to remove a security plas-
tic cover from the Argonite system control panel by loosening four finger-operated screws. Instead, 
the master tore off the plastic cover and activated the release push button. The crewmembers 
could hear and see that the Argonite fire-extinguishing system immediately had a positive effect 
and that the fire was extinguished. 
 
A pilot boat and a supply vessel responded to FRIGGA’s distress signal and arrived on scene a 
few minutes after MAYDAY was called. As FRIGGA was situated at a short distance of shallow 
waters, the supply vessel fastened a tow line preventing FRIGGA from drifting aground. Shortly 
after, the tug SVITZER TRYM arrived. SVITZER TRYM made fast alongside FRIGGA’s starboard 
side and towed FRIGGA towards berth in Kalundborg. Meanwhile, the crew on board FRIGGA 
cooled the port side engine casing by spraying water on it with fire hoses as an increase in heat 
and smoke had been observed. 
 
FRIGGA was taken into the Port of Kalundborg and moored. The fire brigade immediately em-
barked the ship and concluded the fire-fighting in the engine room. 
 
The ship’s assistants, the chief engineer and the chief officer were all brought to hospital by ambu-
lance where they were examined for possible smoke inhalation. One ship’s assistant from 
SVITZER TRYM came on board FRIGGA and assisted the master. 
 
 
3.3 Origin and development of the fire 
 

When the air bleeding screw was removed from the lubricating oil filter housing while the filter was 
still pressurized, oil was sprayed out in the engine room and covered all surfaces within the filter’s 
proximity (figure 9). The fire on board FRIGGA started when the oil jet from the lubricating oil filter 
hit the hot surfaces of the port main engine’s exhaust system, ignited and caused several small 
and spreading fires. 
 
The combination of lubricating oil continuously spraying out in the engine room and the heat from 
the small fires caused the oil vapours to burst out in flames resulting in an explosive deflagration. 
In the engine room, plastic insulation on cables and a fluorescent light fixture caught fire and start-
ed to melt, and burning drops of plastic was dripping from the deck above (figure 11). At this point 
the fire was led through the port main engine's exhaust system and appeared as large flames out 
of the port side casing. 
 
When the Argonite plant had been deployed, the fire was mitigated temporarily. During the towage 
of FRIGGA towards the Port of Kalundborg, an increase in heat and smoke from the casing indi-
cated that the fire had not been entirely extinguished and had started to flare up again.  During the 
fire, the starboard main engine was idle running, and it is therefore likely that Argonite formed part 
of the engines combustion. This might have lowered the presence of Argonite in the engine room, 
allowing the fire to flare up again. 
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Figure 9: Scene of the fire showing the lubricating oil filter at the port main engine and oil covered surfaces 
Source: DMAIB 

The leaking lubricating oil filter 

Figure 11: Scene of the fire. Melted plastic from burnt fluorescent light 
Source: DMAIB 

Melted plastic 
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3.4 The lubricating oil filter 
 
3.4.1 Lubricating oil filter 
 

The duplex lubricating oil filter consisted of two separate filter chambers and could be configured 
so that the lubricating oil ran through one or both chambers. By means of a large handle on top of 
the duplex filter, it was possible to cut off the flow through one of the filter chambers, and lead the 
oil through the other. The change-over function was relevant if one of the filters needed to be 
cleaned, while the lubricating oil system was pressurized. 
 
On FRIGGA there were two duplex lubricating oil filters; one on each main engine. Furthermore, 
there was a fuel oil duplex filter of a similar design fitted on both main engines. Because the lubri-
cating oil also passed through an offline filter (a CJC-filter), the lubricating oil was rather clean. 
Therefore, the duplex filters were usually used with both filter chambers opened, and the filters 
rarely needed to be serviced. Hence, the change-over handle was rarely used. Since the handle 
blocked the passage in the engine room, the handles was not fitted on any of filters but were 
placed elsewhere in the engine room. 
 
To access the filter cartridges, the filter housing was opened by dismantling the top flange which 
was fastened by four bolts. On top of the flange a triangular shield was fastened by means of an air 
bleeding screw with direct connection to the pressurized lubricating oil system. The shield was 
placed differently on the lubricating oil filter chambers, and the purpose of the shield was not men-
tioned in the filter manual or on the filters. 
 
 
 

 

Figure 12: Sketch of lubricating oil filter components 
Source: Excerpt from the lubricating oil filter manual 

Differential pressure indicator 

Air bleeding screw Triangular shield Top flange on filter housing Change-over handle 
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Figure 13: The lubricating oil filter 
Source: DMAIB 

Figure 14: The shield and the air bleeding screw in question, turned upside down 
Source: DMAIB 

Air bleeding screw 

Milled grove for de-aerating 
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The air bleeding screw had a milled grove spiralling down the body of the screw. The milled grove 
allows air or oil to bleed when the screw is partly loosened. The function of the air bleeding screw 
is to empty the filter of air when refilling oil and also to indicate whether the filter is pressurized or 
not. The milled grove on the particular air bleeding screw on the lubricating oil filter at the port main 
engine was clogged with dirt (figure 14). 
 
The change-over procedure was sketched on a small plate on the lubricating oil filters. In both cas-
es the plates was placed on the front side of the filters at a height where one would need to kneel 
in order to see them (figure 15). The small bubbles drawn on the top right sketch on the plate were 
the only indication on these two duplex filters revealing that the screw on top was an air bleeding 
screw. On the fuel oil duplex filter on the starboard main engine, the change-over procedure was 
texted on a plate placed on top of the filter housing but underneath the triangular shield (figure 16). 
This meant that the air bleeding screw would have to be removed in order to read the instruction 
though the removal of the air bleeding screw would require a change-over. 
 
 
 

 
Figure 15: Instruction for the change-over procedure on the front side of one of the lubricating oil filters 
Source: DMAIB 

Instruction for change-over procedure 
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3.4.2 Interaction between the chief engineer and the duplex oil filter 
 

The chief engineer had several years of experience in other ships with main engines and lubricat-
ing oil duplex filters of the same makes. However, the ships he had previously served on had had 
duplex filters of a slightly different design with the air bleeding screw fitted on the side of the filter 
housing – rather than on the top. 
 
Earlier on the day of the accident, the chief engineer had observed a high differential pressure on a 
duplex filter at the port main engine. To ensure that the filter was not clogged, he had opened the 
filter and found out that it was clean indicating that the differential pressure indicator was defect. 
Because the engine was off at that time, the lubricating oil filter had not been pressurized. There-
fore the chief engineer did not notice that the bolt keeping the triangular shield in place had a direct 
connection to the pressurized system. 
 
When the chief engineer noticed the leaking lubricating oil filter later on and wanted to fasten the 
bolts on the top flange, he did not engage in the change-over procedure before he loosened the air 
bleeding screw. Because he was unaware of the nature of this particular screw, he did not realize 
that a change-over was needed in this situation. As he started to loosen the screw, no oil started to 
bleed because the narrow milled grove of the air bleeding screw was clogged. Hence, the chief 
engineer was not warned that he was about to open a hole with direct connection to the pressur-
ized lubricating oil filter. 
 
  

Figure 16: Instruction for the change-over procedure on the fuel oil filter on starboard main engine. 
Source: DMAIB 

Instruction for change-over procedure 
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3.5 The fixed fire-extinguishing system 
 

3.5.1 Argonite fire-extinguishing system 
 

The engine room on FRIGGA was protected by a fixed Argonite fire-extinguishing system. Argonite 
is an inert gas comprised of 50% argon and 50% nitrogen. Its function is based in the principle of 
removing oxygen from the atmosphere. When the Argonite fire-extinguishing system is deployed, 
the oxygen level is reduced to 11-13%, which is too low for further combustion, but sufficiently high 
for humans to breathe for a short period of time. Argonite has no toxicological effects on humans. 
This means that, contrary to a CO2 fire-extinguishing system, it is safe for personnel to evacuate 
areas where Argonite has been deployed, or to release the Argonite in manned areas. 
 
During the fire on FRIGGA, it was perceived as crucial that no crewmembers were in the engine 
room when Argonite was released. 
 
The procedure for deploying the Argonite fire-extinguishing system calls for the combustion en-
gines to be stopped and for the fire flaps to be closed in order to minimize the oxygen supply. The 
fire flaps were closed on FRIGGA prior to the release of Argonite, but the starboard main engine 
was still running. 
 
3.5.2 The Argonite control cabinet 
 

 
 

Finger operated screws 

Control panel for Argonite system 

Plastic cover 

Figure 17: Bridge panel with control cabinet for the Argonite fire-extinguishing system 
Source: DMAIB 
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The control panel for the Argonite fire-extinguishing system on the bridge was fitted with a plastic 
cover preventing accidental release of the Argonite. In order to deploy the fire-extinguishing system 
in the engine room, the master on FRIGGA needed to remove the plastic cover by loosening four 
small finger-operated screws by giving them one quarter of a turn (figure 17). Before the activating 
release push button could be pressed in, a safety pin needed to be removed from the button (figure 
18). The master on FRIGGA struggled to unscrew the four screws and tore the cover off instead. 
Also, he had difficulties dismantling the small safety pin. 
 
When a person is facing an emergency situation, it is common for adrenaline to be released in the 
human body. Adrenaline makes it possible to utilize greater muscular power and activity, but at the 
same time the fine motor function becomes significantly impaired. Therefore, it can be difficult to 
operate small devices due to trembling hands and reduced fine motor function. 
 
An alarm started to sound from the panel’s internal alarm sounder, when the master hit the Argo-
nite release push button on the control panel. This alarm could not be silenced on the bridge and 
continued to transmit an intense high pitch sound. The alarm continued to sound from the time that 
the Argonite was released until well after the fire-fighting was concluded. Several crewmembers 
tried to silence the alarm both on the bridge and in the switch board room, and finally the master 
decided to pull the fuses from the cabinet. 
 
  

Figure 18: Control cabinet for Argonite fire-extinguishing system 
Source: DMAIB 
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 ANALYSIS 4.
 

 
 
4.1 Origin of the fire: Man-machine interaction 
 

The fire on board FRIGGA started as the chief engineer unscrewed an air bleeding screw on the 
port main engine lubricating oil filter causing an oil jet to hit the hot surfaces of the main engine. 
The oil started to burn and subsequently oil vapours were ignited causing a deflagration. 
 
The chief engineer unscrewed the air bleeding screw without initiating a change-over procedure 
and emptying the filter, because he only intended to tighten the bolts on the top flange - not to 
open the system. He was not aware that the screw keeping the shield in place on top of the flange 
was in direct contact with the pressurized lubricating oil system. 
 
As it happened very rarely that there was a need for the filters to be cleaned and the chief engineer 
had signed on FRIGGA only recently, he was not familiar with the particular lubricating oil filters. 
Instead he had significant experience with similar machinery installations of the same make but of 
a slightly different design, and due to his prior experience he did not expect the air bleeding screw 
to be placed on top of the flange. This discrepancy between his expectation of the function and the 
actual function led to an unfortunate operation of the screw. 
 
The misconception of the nature of the air bleeding screw was not countered as he loosened it, as 
the clogged milled grove obstructed the oil from bleeding. Thus, the missing effect of a tiny milled 
grove in a screw was a contributing factor that led to an engine room fire. Furthermore, the nature 
of the screw was only indicated on instruction plates that were easy to overlook and difficult to ac-
cess. 
 
Due to the design of the workplace and the rare use of the change-over handle on the lubricating 
oil filter, this was not fitted on the filter. Therefore, it was not possible to remedy the filter leakage 
by pulling the handle and cutting off the oil supply, when the oil jet occurred. 
 
The combination of the clogged milled grove of the air bleeding screw, the dismantled change-over 
handle, the inexpediently placed instruction, as well as the difference between the design of the 
lubricating oil filters on FRIGGA, and the chief engineer's expectation of the design, provides an 
overall explanation of why the fire occurred. 
 
4.2 Decision making in the emergency situation 
 

The crewmembers on FRIGGA acted on the basis of their intuition and experience during the fire 
and did not follow a standard operating procedure. On the one hand, this resulted in flexibility and 
swift reactions, but on the other hand it also brought confusion and ineffectiveness to the emer-
gency management as the crewmembers were unaware of each other’s actions and whereabouts. 
This confusion was enhanced by the impairment of the crewmembers' internal communication due 
to the poor quality of the radio transmission. 

The analysis gathers the factual findings of the investigations and forms an explanation of why the acci-
dent occurred and developed. Also, it pinpoints some of the complex problems that the crewmembers on 
board encountered during the accident. 
 
In this analysis, the DMAIB focuses on two aspects of the accident: Man-machine interaction and the 
crewmembers’ decision-making in the emergency situation. 
 
In this context, it must be noted that human error is not considered to be the cause of the accident; rather 
it is perceived as an accidental event. Identification of human errors does not form a result of the investi-
gation, but is a starting point for the investigation of the underlying circumstances of the human behav-
iour. This background is crucial for understanding how and why accidents occur and develop. 
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The chief engineer’s decision to stay at the lubricating oil filter and cover the oil jet, instead of stop-
ping the oil flow by other means or escape the engine room earlier, is an example of outcome-
focused decision making. The chief engineer worried about the spreading of the fire and the dam-
age it could do to the ship, and was therefore focused on minimizing the fuel to the fire. This focus 
narrowed in his options in such a way, he did not consider other options. Similarly, all crewmem-
bers on board were focused in their decision making. Inter alia, this is also exemplified by the 
ship’s assistant spontaneously climbing down the emergency shaft without a breathing apparatus 
and without briefing the chief officer, because he was focused on evacuating the chief engineer. 
 
Focus on the outcome results in narrowing down the options available to choose from in decision 
making and can appear irrational in hindsight. Research has shown, however, that it is most com-
mon to focus on the outcome when facing difficult decisions1. Therefore, procedures which focus 
on process are not likely to make sense to persons in an emergency situation. The crewmembers 
on FRIGGA perceived the communication with agencies ashore as stressful, because their focus 
on the outcome on board was countered and hindered by the external environment’s focus on pro-
cess. 
 
FRIGGA was a small ship and therefore the crewmembers' proximity to the fire and the margin for 
when they would leave the ship was narrower than on a larger ship. All crewmembers experienced 
the fire at close range, and especially the crewmembers on the bridge were facing large flames 
from the casing. This continuous exposure to the fire caused the ship, the bridge in particular, to be 
a stressing environment. The crewmembers were therefore likely to react by entering a condition of 
natural and instinctive stress response, which causes cognitive and physiological changes. These 
changes impair, for example, the fine motoric functions, hand-eye coordination, and can cause a 
cognitive tunnel vision, enhancing the ability to react quickly and keep an intense focus, but impair-
ing the ability to solve complex problems. 
 
The cognitive tunnel vision affects the decision making so that the person under stress is likely to 
revert to backbone knowledge or to repeat actions from similar prior experiences2. This might ex-
plain why the Argonite was not released as a means of fire-extinguishing and evacuation while the 
chief engineer was in the engine room and the rest of the crew was unaware of his condition. The 
release of Argonite gas might have been associated with CO2 fire-extinguishing, which is lethal to 
human beings, and therefore all crewmembers might have focused on evacuating the chief engi-
neer before deploying the Argonite fire-extinguishing plant, though exposure to Argonite is harm-
less for a shorter period of time. 
 
The Argonite and alarm system on the bridge turned out to be a contributing stressor for the per-
sons on board and is likely to have impaired their emergency management performance during the 
fire. The control panel for the fire-extinguishing plant required fine motor skills in order to deploy 
the Argonite, but due to the stressing environment on the bridge, the master’s fine motor function 
was reduced causing difficulties dismantling the panel’s safety cover and the safety pin on the re-
lease push button. 
 
The alarms on the bridge were designed to attract the crew’s attention, but as the alarms continued 
to sound, they became disturbing to the persons exposed to them. Research has proved that noise 
is a powerful stressor3 that impairs the ability to concentrate and solve complex problems and 
therefore alarms contribute to the stress load during an emergency. 

                                                
1 Yates, J. F., Veinott, E., & Patalano, A. L. (2003). “Hard decisions, bad decisions: On decision quality and 
decision aiding” in: S. Schneider, & J. Shanteau (eds.), Emerging Perspectives in Judgment and Decision 
Research. Cambridge University Press, 2003. 
2 Staal, Mark A.: Stress, Cognition, and Human Performance: A Literature Review and Conceptual Frame-
work. NASA, 2004. 
3 Staal 2004. 
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 CONCLUSIONS 5.

 

The engine room fire on board FRIGGA was possible due to a problematic design of the lubricating 
oil filter. Because the machinery needed maintenance only rarely and due to a lack of space, the 
handle used to close off the oil flow was not fitted and the person interacting with the filter was not 
necessarily familiar with this specific design. As the placement of the air bleeding screw was not 
intuitive and its function neither clearly communicated nor protected by physical barriers, there was 
no functional warning or obstruction as the chief engineer unscrewed the air bleeding screw while 
the filter was pressurized. 
 
The fire on board FRIGGA did not cause great damage to the ship, and no crewmember was in-
jured during the fire. Nonetheless, the fire was experienced as very serious on board due to the 
extent of the flames in comparison to the size of the ship. This meant that the crewmembers were 
at close range of the fire at all times, especially the persons on the bridge. The crewmembers were 
affected by the presence of the fire and experienced a stress response which, in various ways, 
influenced the crewmembers' motoric and cognitive functions, and subsequently their decision 
making in the emergency situation. 
 
The fire on board FRIGGA illustrates how the design of on-board emergency equipment and pro-
cedures does not appraise the fact that the equipment is most likely to be operated by, or to facili-
tate the decision making of, persons who are experiencing cognitive and motoric impairments due 
to a stress response. Furthermore, alarms proved to be a substantial stress factor which might 
have impaired the crewmembers' performance when handling the complex tasks of emergency 
management, e.g. communicating internally and ashore. The DMAIB has identified the problem of 
alarms being stressful to crewmembers in several previous marine accident reports, such as the 
report on the flooding of the engine room on EMMA MAERSK4 and the report on the fire on board 
BRITANNIA SEAWAYS5. 
 
The position of FRIGGA near the harbour during the accident, the swift response and assistance 
from ships nearby as well as the immediate response from the fire brigade contributed to the posi-
tive outcome of the accident.  
 
 

 PREVENTIVE MEASURES TAKEN 6.
 
Following the accident on board FRIGGA on 5 May 2014, SVITZER A/S took preventive measures 
on all the fleet’s vessels carrying the same filter set-up:  
 

• All duplex filters are now clearly marked with warning and instruction signs. 
• Only one of duplex filter chambers is to be used at a time. 
• All vent screws grooves checked for debris and cleaned.  
• Handle for change over now located close to the filters. 
• Change-over is marked and clearly indicating which filter that is in use. 

 

                                                
4 Marine accident report about the flooding of the engine room on EMMA MÆRSK on 1 February 2013. 
5 Marine accident report about the fire on BRITANNIA SEAWAYS on 13 November 2013. 


