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1 SUMMARY 

 
The Malta-flagged multi-purpose carrier KELLY was en route from Rotterdam in the 
Netherlands to Kaliningrad in Russia on 6 September 2019. The ship was unladen at 
the time and appropriately manned for pilotage from the sea to Brunsbüttel toward the 
NOK1. A fire in the separator room triggered the fire alarm at 1335. The pilot on board 
notified the Brunsbüttel regional control centre, requesting assistance at the same 
time. In the meantime, the KELLY’s crew was involved in fighting the fire and 
recovering two crew members. A third seriously injured crew member was able to leave 
the burning engine room unassisted. The fire was extinguished rapidly as a result of 
the firefighting measures initiated by the crew and thus confined to the engine room. 
 
The ship’s propulsion and power supply systems failed at the same time. The pilot on 
board consulted with the master with regard to anchoring the ship safely so as to 
prevent her from grounding or drifting out of control. At the same time, shore-based 
emergency services and the fire brigade were alerted and directed by the German 
Central Command for Maritime Emergencies (CCME), which had assumed overall 
control of the operation in the meantime. 
 
The VIKING ENERGY collected and transferred the first casualty to the crew tender 
MASTER P, which then took him to Brunsbüttel where he was collected by a rescue 
helicopter and flown to a special clinic for burn injuries in Hamburg. A Federal Police 
helicopter winched the second casualty directly from the KELLY and also flew him to 
the clinic in Hamburg. An emergency doctor who had arrived on the ship could only 
record the third crew member’s time of death. 
 
The investigation revealed areas open to improvement when the crew is preparing risk 
and hazard assessments so as to identify potential hazards when working on heat 
transfer systems. In addition, a recommendation that the classification society amend 
its rules for surveying thermal oil systems after repairs and extended periods out of 
service was issued.  

                                            
1 NOK: Kiel Canal. Federal waterway linking the North Sea with the Baltic Sea.  
 Starts: Brunsbüttel, River Elbe (North Sea). 
 Finishes: Kiel-Holtenau, Kiel Firth (Baltic Sea). 
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2 FACTUAL INFORMATION 

2.1 Photograph of the ship 

 

Figure 1: MV KELLY  

2.2 Ship particulars 

Name of ship: KELLY 
Type of ship: Multi-purpose carrier 
Flag: Malta 
Port of registry: Valetta 
IMO number: 9255622 
Call sign: 9HA4962 
Owner (according to Equasis): HS KELLY OU 
Shipping company: Hansa Ship Management OU 
Year built: 2004 
Shipyard:  Hull: Daewoo-Mangalia Heavy Industries S.A. 

(hull number: 1042) 
Bodewes Scheepswerf “Volharding” Foxhol B.V. 
(hull number: 515) 

Classification society: Registro Italiano Navale (RINA) 
Length overall: 132.20 m 
Breadth overall: 15.87 m 
Draught: 7.75 m 
Gross tonnage: 6,361 
Deadweight: 9,857 t 
Engine rating: 3,840 kW 
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Main engine: MAK 8M32C; Caterpillar Motoren GmbH & Co. KG 
(Service) Speed: 15 kts (empty); 13.5 kts (laden) 
Hull material: Steel 
Hull design: Double hull (Ice Class 1A) 

2.3 Voyage particulars 

Port of departure: Rotterdam, the Netherlands 
Port of call: Kaliningrad, Russia 
Type of voyage: Merchant shipping/international 
Cargo information: Ballast 
Manning: 13 
Draught at time of accident: Df= 4.20 m, Da= 4.60 m 
Pilot on board: Yes 
Canal helmsman: No 
Number of passengers: 0 

 

2.4 Marine casualty or incident information 

Type of marine casualty: Very serious marine casualty; fire in the engine room 
with one deceased and two injured crew members 

Date, time: 06/09/2019, 13302 
Location: River Elbe, buoy 51,  
Latitude/Longitude: φ 53°51.5'N λ 009°02.1'E 
Ship operation and voyage 
segment: 

River Elbe 

 Fairway mode 
 Approaching the NOK off Brunsbüttel 
Place on board: Separator room inside the engine room 
Human factors: Yes 
Consequences: One deceased and two injured crew members; fire 

damage in engine room 
 

  

                                            
2 All times shown in this report are local (UTC + 2 hours). 
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Extract from Navigational Chart 46 (INT 1453),  
Federal Maritime and Hydrographic Agency (BSH) 

 

Figure 2: Scene of the accident 

 

2.5 Shore authority involvement and emergency response  

Agencies involved: Vessel Traffic Service (VTS) Brunsbüttel, 
Waterway Police (WSP) Hamburg, Cuxhaven 
Criminal Investigation Department, CCME, 
Brunsbüttel, Stade and Cuxhaven fire brigades, 
Rescue control center West, Stade and Hamburg 

Resources used: Firefighting unit (FFU) from Brunsbüttel and 
Cuxhaven, Stade Fire Brigade, tug PARAT, rescue 
cruiser ANNELIESE KRAMER, customs vessel 
GLÜCKSTADT, tug FAIRPLAY XV, German Life 
Saving Association (DLRG) Brunsbüttel rescue 
boat, Federal Police helicopter PIROL 806, tug 
MULTRA SALVOR 3, crew transfer boat MASTER 
P, tug LUCHS, rescue helicopter CHRISTOPH 29, 
tug HELMUT, police boat VOßBROOK, workboat 
VIKING ENERGY, On-Scene-Coordinator (OSC) of 
the CCME, rescue helicopter CHRISTOPH HANSA  

Actions taken: Brunsbüttle Fire Brigade brought on board using 
the tug PARAT; 
in the further course implementation of the orders 
of the HK via the OSC on site; 
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casualty transported ashore by the MASTER P and 
then to a hospital,  
other casualty transported to a hospital by 
helicopter,  
firefighters and emergency doctors transported to 
the KELLY by rescue cruiser and rescue helicopter, 
tugs shifted ship to Brunsbüttel’s south pier - WSP 
commences investigation there 
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3 COURSE OF THE ACCIDENT AND INVESTIGATION 

3.1 Course of the accident 

The account of the course of the accident is based on interviews with the ship’s crew 
(with the exception of the chief engineer officer and one of the two surviving burns 
victims). The second engineer officer was visited in hospital and questioned about the 
accident with the assistance of an interpreter. The second severely injured motorman 
was not fit for questioning due to his life-threatening injuries and ensuing state of shock 
and submitted his recollections of the accident in the form of a written statement at a 
later date. The shipping company provided copies of the deck log book and bell book. 
A statement of facts and a record of events were also submitted. In addition, a copy of 
the printout of the alarm event log, which logs special events in the engine room and 
other technical installations, was also submitted. The BSU was also provided with the 
mission reports of all agencies involved. Moreover, the written statement of the pilot 
on board made a significant contribution to the clarification of the chronology of events 
and the measures taken by the ship’s crew and the rescue agencies ordered. 
Accordingly, the following account of the accident shall be based mainly on the pilot’s 
progress report. Submissions from the crew are in italics for easier distinction. 
 
The Malta-flagged multi-purpose carrier KELLY was sailing in ballast from Rotterdam 
(NL) to Kaliningrad (RUS) via the NOK. The pilot entered her bridge at 1100 on 
6 September 2020 and notified Scharhörn Radar that he had embarked. After the 
usual exchange of information and the master’s verbal confirmation that all systems 
are currently operational and there are no faults, he also reported in to VTS Cuxhaven, 
which advised that the KELLY could expect the lock to be clear for entering the NOK 
at 1430. The master then left the bridge after handing over the responsibility to the 
officer on watch, requesting that he be informed 30 minutes before arrival at the 
Nordwest-Reede roadstead. The ship passed the radar tower at Cuxhaven at 1230. 
As agreed, the master returned to the bridge at 1320. On passing buoy 51 at 1331, 
they reported to VTS Brunsbüttel that the ship was inbound and approaching the canal.  
 
The engine room’s crew, comprising two motormen, the second engineer and the chief 
engineer, went on duty as usual at 0800 on the day in question. Works on the thermal 
oil system were planned for that morning. Since the available heating capacity was no 
longer sufficient due to the outside temperatures getting colder, a presumably blocked 
pipe section from said system in the separator room had to be inspected and cleaned. 
The second engineer and the two motormen were assigned this task. To that end, a 
pipe valve and one of the two control valves were closed but they were not 
disconnected from the power supply. Since neither of the valves closed completely, a 
cleaning rag had been put into the horizontal valve and a bucket was suspended from 
the vertical one. The second engineer stated that he had emptied it several times in 
the course of the morning.  
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The leakage oil was disposed of in the sludge tank3 outside the separator room.  
 

 

Figure 3: Removed pipe section/working area in the thermal oil system 

Deposits found in the dismantled pipe section (or in this case assumed fuel residues 
leftover from an earlier fuel ingress in the thermal oil system) were removed 
mechanically and the pipe section was then cleared with compressed air. The second 
engineer stated that this work had been completed and they then discussed 
reassembling the pipe section so that it was available for the forthcoming canal 
passage. Immediately after, he noticed a hissing or rather whistling noise followed by 
an explosion4 in the front of the separator room.  
 
The fire alarm on the ship triggered automatically at 1335. The smoke coming out of 
the engine room was already so heavy at this point that it was also noticeable directly 
on the bridge. The master sent crew members to clarify the situation. At the same time, 
vessel lost propulsion. However, at this point it was still possible to steer the ship. The 
pilot reported the incident to VTS Brunsbüttel immediately, requesting that the fire and 
rescue services be alerted and that information be passed on to shipping near the 
casualty. After the pilot’s urgent recommendation to the master that a crew member 
be sent to the forecastle to operate the windlass, the power supply system on board 

                                            
3 Sludge tank: Tank for oil residues (sludge). Every ship with a gross tonnage of 400 and above must 
be fitted with at least one tank of sufficient capacity to contain oil residues (sludge) from the cleaning of 
fuel and lubricating oils, as well as from oil spills in the machinery spaces. 
4 Event with subsequent fire as described by the second engineer. 



Ref.: 338/19    
 

_____________________________________________________________________________________________________ 
 

Page 15 of 78 

  
 Bundesstelle für Seeunfalluntersuchung

Federal Bureau of Maritime Casualty Investigation

BSU

the ship, including battery backup for navigation equipment, failed at 1337. This made 
it impossible for the ship to communicate on VHF. The pilot then switched on his own 
hand-held radio set. VTS Brunsbüttel’s response, informing them that the rescue chain 
was alerted and help is on the way, was received at 1340. Tug support was also 
confirmed. 
 
The second engineer stated that the separator room suddenly filled with dense acrid 
smoke accompanied by fire. Figure 4 shows the position of the three casualties at the 
time of the explosion. He yelled at his two colleagues, who were apparently in shock, 
to follow him. He reportedly slipped on the oily floor and fell several times when leaving 
the separator room. Parts of his overalls that were soaked with oil, mainly on his arms 
and legs, were on fire.  
 

 

Figure 4: Schematic representation of the room immediately before the explosion 

Deceased motorman, seriously injured motorman, seriously injured second engineer (from left).  
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In front of the separator room, lying on the floor in the engine room, he reportedly called 
for his two colleagues repeatedly. At that point there was zero visibility. Since he 
neither saw nor heard anything from them, he was hoping for physical contact. This 
failed to materialise, however. Suffering from shock and now barely able to breathe, 
he assumed both crew members had lost their lives and left the engine room. However, 
he still tried to turn off the fuel pumps and fans in the process.  
 

 

Figure 5: Schematic representation of the separator room shortly after the explosion 

 
The ship was now no longer under command and began to drift in a south-westerly 
direction. To compensate for this, the KELLY executed an emergency anchor 
manoeuvre outside the green buoy line just after buoy 53. Several vessels in the 
immediate vicinity offered their assistance within minutes. The pilot asked if medically 
trained personnel were on board. The skipper of the VIKING ENERGY confirmed this 
request, assured full assistance and agreed to take the casualties on board. 
 
At 1350, the master confirmed that firefighting was ongoing and that the first casualty 
from the engine room was being attended to. The latter could be seen on the main 
deck from the bridge5. He had severe burns but was apparently responsive when 
spoken to. This was the second engineer, who was able to leave the scene of the fire 
unassisted.  

                                            
5 The floor-to-ceiling windows on the starboard and port side of the bridge made it possible to see the 

main deck in front of the superstructures. 
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Once on deck, the second engineer met the chief engineer. He yelled loudly and 
repeated: “Fire, fire!” He then rather formally asked his superior to trigger the CO2 
system. He could no longer recall whether it was he himself or the chief engineer who 
had flooded the engine room with CO2 via the release station on the deck. The chief 
engineer was also unable to provide any further information. He stated that the main 
motivation for his actions was protecting the remaining crew and the ship from further 
harm. The master was neither involved in this decision nor informed about it. He only 

became aware of the situation due to the CO2 alarm. 
 
For a better understanding, and relevant from the investigator’s point of view, it should 
be noted that the engine room and the separator room have two separate CO2 systems 
that can be triggered independently of one another. Nevertheless, it is an 
indispensable measure to evacuate closed rooms, such as the engine room, before 
flooding with CO2 and to ensure that the crew is complete in a designated place. The 
BSU investigators are unable to judge to what extent it would have been possible to 
evacuate the two crew members still remaining in the separator room. It can be 
assumed that the additional time required to fight the fire elsewhere would also have 
cost the second motorman his life. 
 
In connection with the failure of the on-board power supply, it should be mentioned that 
fire fighting by means of water was no longer possible, as the fire pumps could also no 
longer be put into operation. The automatic starting of the emergency diesel also failed 
and prevented the possibility of pressurising the fire extinguishing system. Why no 
immediate attempt was made to start the emergency diesel manually could not be 
answered by any of the persons involved. 
 
Translated with www.DeepL.com/Translator (free version) 
Meanwhile, the skipper of the crew tender MASTER P offered to take the casualty to 
Brunsbüttel at maximum speed after the VIKING ENERGY had taken him on board. 
 
At the same time, the pilot requested a status report from VTS Brunsbüttel on the 
deployment of auxiliary personnel. The latter advised that the tug PARAT was about 
to pick up firefighters in the outer port and would then proceed directly to the casualty. 
At 1357, the pilot called the German Maritime Search and Rescue Association’s 
coordination centre in Bremen to request the status of the rescue cruiser ANNELIESE 
KRAMER from Cuxhaven and that it relay information about at least one seriously 
injured casualty on board. He also once more pointed out that assistance was urgently 
needed immediately. 
 
At 1409, the second engineer was taken on board the VIKING ENERGY with the help 
of her shipboard crane. 
 
The ship’s firefighting team, consisting of two deckhands, entered the engine room 
wearing full respiratory protection. The team was accompanied by the second officer, 
also wearing full respiratory protection. They did not encounter any open flames after 
entering. Due to the dense black smoke, visibility was almost zero even under the light 
of torches. After they entered the separator room, they found one of the two motormen 
lying on the floor (Figure 5). 
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At 1412, the master of the KELLY reported that another casualty had been recovered, 
who could also be seen from the bridge. The crew attempted to resuscitate 
immediately. The crew member was entered on the crew list as a motorman. 
 
A few minutes later, the master of the ship reported that the fire had been extinguished. 
The pilot relayed this information to VTS Brunsbüttel, requesting helicopter support at 
the same time. Furthermore, he once more pointed out that an emergency doctor was 
urgently needed in Brunsbüttel, as the evacuation of the first severely injured casualty 
(second engineer) was imminent.  



Ref.: 338/19    
 

_____________________________________________________________________________________________________ 
 

Page 19 of 78 

  
 Bundesstelle für Seeunfalluntersuchung

Federal Bureau of Maritime Casualty Investigation

BSU

Shortly after the motorman was recovered, the firefighting team returned to the 
separator room. The last casualty was found there, squatting with his back to the wall 
in the rear of the room (Figures 5 and 6). As far as could be seen, the supply of oxygen 
via a mask did not prompt any response. Due to his size and weight of about 130 kg, 
as well as his squatting position, it was not possible for the two rescuers to pull the 
motorman out of the corner of the room. Consequently, the chief mate, the second 
officer and the chief engineer were asked to provide assistance. It took an enormous 
effort for them to move the casualty to the deck, where they immediately tried to 
resuscitate but were unsuccessful.  
 

 

Figure 6: Rear part of the separator room 
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According to the pilot’s progress report, the second engineer was transferred from the 
VIKING ENERGY to the deck of the MASTER P at 1435 and taken by the latter to 
Brunsbüttel. It was then agreed with the skipper of the VIKING ENERGY that his vessel 
should form a platform on the port side of the KELLY for arriving emergency services. 
On the starboard side, the tug MULTRA SALVOR 3 was tasked with securing the 
position. The tug FAIRPLAY XV was moored as an assistant tug. 
 
The CCME contacted the pilot at 1439. After verifying the status, the CCME asked if 
helicopter support was needed. The pilot confirmed this and a helicopter was 
immediately dispatched to collect the casualty. The CCME formally notified that it was 
assuming overall control of the operation at 1445. Immediately after the takeover, the 
CCME staff met in Cuxhaven. 
 
At 1450, shortly after the arrival of the tug FAIRPLAY XV, the rescue cruiser 
ANNELIESE KRAMER also reached the casualty together with the FFU from 
Cuxhaven Fire Brigade and an emergency doctor. The fire brigade’s operational 
commander forwarded the information to the CCME that one casualty had already 
been taken off the ship and the fire was extinguished. The status of the ship’s engine 
and power supply was still unclear. At 1506, the CCME was informed that the 
emergency doctor had confirmed the death of one crew member. A few minutes 
later, the rescue helicopter CHRISTOPH HANSA dropped the emergency doctor on 
board and then went to Brunsbüttel in standby. 
The tug PARAT arrived at the casualty immediately afterwards and went alongside the 
VIKING ENERGY to transfer firefighters from Brunsbüttel Fire Brigade on board. In the 
meantime, the unit from Stade Fire Brigade had also boarded the KELLY. 
 
At 1510, the casualty’s master advised that the fire had been in the separator room. At 
the same time, the MASTER P reported her return from Brunsbüttel and the transfer 
of the injured second engineer to the emergency services there. The MASTER P 
remained with the ship for the time being to provide assistance.  
 
In the meantime, the remaining members of the engine room’s crew had managed to 
restore the emergency power supply on board the KELLY. After a blackout, the 
emergency generator should start automatically within a few minutes, supply the 
auxiliary units with power via the emergency busbar, and then ensure the normal power 
supply operation of all units via the main busbar. It was not possible to clarify 
retrospectively why this did not happen in the case of the KELLY.  
 
The Federal Police helicopter reported in at 1518, stating it would be arriving 
imminently. Since it was not possible to establish the hatch cover’s load-bearing 
capacity with certainty, the fire brigade’s operational commander decided to have the 
casualty winched up. This and onward transport to a special clinic in Hamburg took 
place at 1544.  
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The CCME’s on-scene coordinator (OSC) reached the casualty prior to this happening. 
However, he remained on the tug TOW 8 and maintained contact with the pilot and the 
fire brigade’s operational commander, who was on board, from there. An emergency 
doctor attended to the chief engineer, who was suffering from shock, at the request of 
the pilot. 
 
Two officers from WSP Cuxhaven who arrived on the KELLY at 1615 took the body 
into custody and cordoned off the separator room. The decision of the average staff 
that the Brunsbüttel Fire Brigade should remain on board until arrival at the emergency 
berth was communicated to all those involved via the OSC on site. The chief engineer 
requested permission to inspect the engine room to close valves if necessary. He did 
this wearing respiratory protection and in the presence of firefighters.  
 
An investigative team from WSP Hamburg arrived at 1825 and relieved the officers 
from WSP Cuxhaven. After consultation with the average staff the OSC reduced the 
number of emergency services personnel gradually. 
 
At 1838, the chief engineer, an officer from WSP Hamburg and a team from the fire 
brigade re-entered the engine room to restore power to the ship via the generators. 
The emergency generator had been responsible for this up until that point. In the 
meantime, the pilot had consulted the NOK traffic control and the nautical supervisor 
on duty to establish whether a free lock would be available when the ship arrived.  
 
At 1900, the master of the KELLY notified that power had been restored, which also 
made it possible to haul in the starboard anchor. Based on this report, VTS Brunsbüttel 
dispatched the second tug (LUCHS). The pilot reported to VTS Brunsbüttel 40 minutes 
later that the towing connection with the tugs FAIRPLAY XV (aft) and LUCHS (fore) 
was in place and the ship was ready to hoist anchor. The CCME’s OSC then passed 
overall control of the operation to the responsible VTS Brunsbüttel. 
 
A canal pilot relieved the marine pilot at 2030 and the KELLY proceeded to the 
emergency berth she had been allocated at the south quay in Brunsbüttel, where she 
made fast at 2200.  

3.1.1 Other measures 

After she had made fast, a team from Brunsbüttel Fire Brigade entered the engine 
room to re-inspect it. The temperature remained unchanged at 50 °C and fire pockets 
were not detected or could be excluded. After the inspection was completed, the 
KELLY’s crew took charge of the fire watch until the following morning. The fire 
brigade’s operation ended at 2300. 

3.2 Investigation 

The CCME notified the Federal Bureau of Maritime Casualty Investigation about the 
incident on the afternoon of the day of the accident.  
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3.2.1 Crew 

There were 13 crew members (the two Ukrainian motormen and 11 people from 
Russia) on board the KELLY at the time of the accident. The description of 
qualifications is limited to the ship’s command and the people directly involved in the 
accident or fighting the fire. 
 
The 54-year-old Russian master has been working for the shipping company, Hansa 
Shipping, since December 2018. He has been employed in seagoing service since 
1981 (as master for 25 years). According to the watchkeeping schedule, he was on 
navigational watch from 0800 to 1200 and 2000 to 2400. 
 
The 49-year-old Russian chief mate has been employed in seagoing service since 
1999. He has held a chief mate’s licence since 2013 and serves as one for the shipping 
company, Hansa Shipping. He is the master’s deputy and the ship’s safety officer and 
as such crew members from the deck department report to him. According to the 
schedule, he kept navigational watch on the bridge from 0400 to 0800 and 
1600 to 2000. 
 
The 26-year-old Russian second officer has been employed in seagoing service for 
seven years, including four as second officer. He has been working for the shipping 
company, Hansa Shipping, for two years. According to the watchkeeping schedule, he 
is on watch at sea and in port from 0000 to 0400 and 1200 to 1600. 
 
The 26-year-old Russian AB6, who is part of the firefighting team, has held this rank 
since 2017. He has served on the KELLY since August 2019. It is his first contract with 
this shipping company. His daily hours of work at sea were set at 0800 to 1700. He 
was one of the gangway watchmen in ports (from 0000 to 0400 and 1200 to 1600).  
 
The 63-year-old Russian AB, who is also part of the firefighting team, has been 
employed in seagoing service since 1977 and started his first contract with the shipping 
company, Hansa Shipping, and thus also his first assignment on the KELLY in 
September 2019. His hours of work begin at 0800 (1200 to 1300 lunch break) and end 
at 1700.  
 
The 50-year-old Russian chief engineer officer was completing his first contract on this 
ship and with this shipping company. He has held a chief engineer’s licence since 
2008. 
 
The 36-year-old Russian second engineer has been working for the shipping company, 
Hansa Shipping, for three years. He has held a second engineer’s licence since 2016. 
It was his first assignment on the KELLY, which started in September 2019. 
 
The 35-year-old Ukrainian motorman who lost his life in the accident had been 
employed in seagoing service since 2005. 
  

                                            
6 AB: Able (or able-bodied) seaman. Qualified deck rating in the merchant navy with more than 
two years’ seagoing service. 
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The 26-year-old Ukrainian motorman, who was also seriously injured in the accident, 
began his seafaring career as an engineer cadet in 2014. He has served as a 
motorman since 2015. He has been working for the shipping company, Hansa 
Shipping, since December 2018. He began his first contract on the KELLY in 
August 2019 in St. Petersburg. The daily hours of work were set at 0800 to 1700. 

3.2.2 KELLY 

The KELLY is a multi-purpose carrier without shipboard cranes and was built in 2004. 
In addition to general cargo and bulk cargo, the ship can also transport containers on 
her deck and in her hatches. She is a double-hulled ship and has an ice-class notation 
of 1A. The KELLY has two cargo holds. These are closed with pontoon hatch covers, 
which are moved by means of a gantry crane. The ship has a left-hand propeller, a 
standard rudder and a bow thruster. 
 
She was managed by Wagenborg Agencies B.V. until October 2018. In January 2019, 
she was placed under the management of Hansa Shipping LTD-MTA following a 
change of ownership. In the intervening four months, she was laid up in Rotterdam 
without management. The ship was checked for seaworthiness at the time of or before 
she was placed under the management of Hansa Shipping. The scale of the defects 
found made it necessary for her to call at a shipyard for several weeks. Inter alia, and 
of relevance to the accident, it was found that there was considerable fuel 
contamination in the thermal oil system. The fuel had entered the thermal oil system 
through a defective heating loop in one of the storage tanks. This was marked in the 
tank plan as HFO No. 5 ps. The shipping company stated that the thermal oil was 
drained from the system during the repair. The defective heating loop was repaired by 
the shipyard. The thermal oil system was cleaned, flushed, refilled with fresh oil and 
then pressure tested. 
 
The local description of the ship is primarily limited to the conditions relevant to the 
accident (Figure 7).  
 
The engine room has two entrances. One is at the forward edge of the superstructure 
at main deck level (red arrows in Figure 7) via the workshop. The other is aft of the 
superstructure on the poop deck7 (orange arrows in Figure 7). This is marked as a 
primary escape route on the ship’s safety plan. 
 
Forward of the superstructure on the main deck is a so-called equipment hatch. This 
is watertight and used for carrying spare parts and consumables into the engine room. 
The hatch cover is opened/closed with several bolts. Since opening and closing 
requires tools and a certain amount of time, it is not intended for use as an emergency 
exit.  
  

                                            
7 The poop deck is the deck of a superstructure above the main deck at the stern. 
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The engine room exit, intended as a secondary escape route, is on the starboard side 
in the immediate vicinity of the entrance to the engine control room.  
 
The separator room is also on this tween deck but on the port side. The CO2 fire 
extinguishing system release station for this space is located on the starboard side aft 
of the same level. The CO2 fire extinguishing system release station for the entire 
engine room and the entrance to the CO2 room are located on the port side aft of the 
superstructure. 
 

 

Figure 7: Entrances to the engine room 
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3.2.2.1 Heating system on ships 

Steam is predominantly required on larger merchant ships for heavy oil processing 
(about 95 °C) and for final feed preheating (about 130 °C) before injection. It is also 
used for heating accommodation spaces and supplying hot water. The exhaust gas 
boiler and the auxiliary boiler are connected via the common steam system. The burner 
and the auxiliary boiler fan are switched on via a simple two-point controller when the 
pressure in the steam system falls below a lower limit value (e.g. 6 bar). In sea mode, 
the exhaust gas boiler usually delivers enough steam for the auxiliary boiler to only 
switch on when the load is low (estuary mode) or the engine is at a standstill (in port).  

3.2.2.2 Heating system on the KELLY 

Another method of heating, though rarely used on ships, is to use thermal oil instead 
of a water/steam circuit. It is produced using highly refined, paraffinic mineral base oils, 
which are mixed with additives to provide good thermal stability. Similar to the 
water/steam circuit, a heat exchanger heated by flue gas is used here, too. The 
advantages are a non-pressurised system, no corrosion, simple and precise 
temperature control, no water processing, no condensate losses and no risk of freezing 
when the system is not in operation. The disadvantages are the cost of thermal oil, 
contents hazardous to health, ageing tendency of the organic heat transfer medium 
and the higher risk posed by cracked pipes causing oil leaks and fires in the exhaust 
gas system. The TEXATHERM 32 used on the KELLY is designed for heat transfer 
systems operating in a temperature range of -15 °C to 300 °C. 
 

3.2.3 Investigations on board the KELLY 

Ten of the 13 crew members were on board when the BSU carried out its first survey 
on the day after the accident. The Managing Director and the Safety & Quality Manager 
of the shipping company, Hansa Shipping, were also present. Two lawyers 
represented the interests of the shipping company, the ship and the crew. A surveyor 
had been appointed by the P&I insurer8. Due to the shock and sadness over the loss 
of a colleague, the BSU staff refrained from interviewing the crew on that day. The 
shipping company as well as the lawyers confirmed to the BSU that the crew members 
would be available for questioning at a later stage. This interview was held on 
9 September 2019.  
 
In principle, it should be noted that the crew had carried out extensive rescue measures 
after the fire was detected on 6 September 2019 before the emergency services 
arrived. Conventional firefighting did not take place because the fire was extinguished 
by discharging CO2. The crew did not enter the engine room again after the third 
person was recovered. The scene of the accident was only inspected for pockets of 
embers by personnel on board from the emergency services.  
 
  

                                            
8 P&I (protection and indemnity) insurance is a comprehensive liability insurance for damages inflicted 
upon a third party. It covers the insured party’s liability risks arising from ship operation. 

https://en.wikipedia.org/wiki/Merchant_ship
https://de.wikipedia.org/wiki/Abgaskessel
https://de.wikipedia.org/wiki/Abgaskessel
https://en.wikipedia.org/wiki/Gas_burner
https://de.wikipedia.org/wiki/Thermoöl
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Moreover, the chief engineer entered the engine room in the presence of WSP officers 
to restore the ship’s power supply. However, since the engine room had not been 
closed or sealed by the time the investigators arrived, it had to be assumed during the 
survey that its condition was not identical to that at the time the fire broke out. This also 
applies to the watertight integrity of the engine room’s ventilation system. To that 
extent, certain findings are only addressed in more detail if they are related to the 
outbreak of fire, the firefighting operation, steps taken to recover personnel or if they 
constitute an aspect of interest to the investigators. 

3.2.4 Findings made during the first survey on 7 September 2019 and the 
follow-up survey on 9 September 2019 

Investigations on board began on the day after the accident at the south quay in 
Brunsbüttel. The effects of the previous day’s events on the crew were visibly evident. 
For example, the chief engineer, who was still suffering from shock, did not respond to 
any form of address. Accordingly, the crew was not formally questioned on that day. 
Information on the course of the accident was obtained from the lawyers, the shipping 
company’s two staff members, and the master. Crew members approached one of the 
investigators from time to time and gave a rough summary of the events. To begin with, 
every effort was made to ask as few questions as possible so as to avoid distorted 
statements and not influence the crew’s recollections. 
 
It is worth noting the different perceptions and observations of the various individuals. 
This was later also reflected in interviews with the crew members and the subsequently 
written statements, in which a ‘harmonisation’ was evident. Stress hormones are 
known to flood the brain, causing one’s perception to be very narrowly focused and 
more or less blanking out everything in the periphery. This means that perception is 
often very limited in stressful situations. Accordingly, the investigators attributed 
primary and secondary relevance to the statements and information9.  
 
After consulting the officers from Cuxhaven Criminal Investigation Department, which 
was responsible for the case, by phone and on condition that they only survey the 
scene of the accident, the BSU’s investigators entered the engine room together with 
the master and two representatives of the shipping company. The police had cordoned 
off the separator room, too, but gave permission for it to be entered and inspected.  
 
Due to the destruction of the electrical equipment, the photographs shown below were 
taken with the aid of torches and the shipboard spotlights that were provided.  
  

                                            
9 For example, one crew member testified that the second engineer was engulfed in flames from head 
to toe. However, only part of his oil-drenched clothing was on fire. The perception and the image that 
had then become firmly established in his mind were thus different. Nevertheless, his statement was not 
false in principle. 
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Figure 8: View ahead and of the separator room entrance 

The damage in the actual engine room as well as in the adjoining separator room 
mainly affected the forward bulkhead and adjacent ceiling areas. The aft area and floor 
of the rooms were not affected. The main engine and the areas beneath the gallery 
had not been exposed to heat stress. When considering the extent of the damage, it 
was noted that the fire evidently started in the separator room. This was indicated by 
the traces of fire running out of the room into the engine room (Figure 8). 
  

Equipment 
hatch 

Main engine 

Separator room entrance 
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Figure 9: View from the separator room toward the exit of the engine room 
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Figure 10: View from the separator room toward the exit of the engine room 

Figures 9 and 10 show the escape route chosen by the crew. An unused fire 
extinguisher (powder) can also be seen there. According to the rescuers’ accounts, 
they had considerable problems recovering the last motorman, described as tall and 
bulky, from the engine room. Either his arm or leg reportedly caught in the left handrail 
several times, which complicated his evacuation considerably. The use of a stretcher 
was not considered. Presumably, positioning and securing the casualty in a timely 
manner would have been difficult due to the lack of space in the separator room. Added 
to this was the fact that visibility was still severely limited. 
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Figure 11: View from the engine control room opposite into the separator room 

 
There was an open control cabinet on the right-hand side of the separator room’s 
entrance area. The mounting height was measured at 1.40 m to the lower edge and 
1.80 m to the upper edge. Integrated and attached parts of the cabinet were lying on 
the floor and in front of as well as behind the passage door. It was not possible to 
reconstruct whether these parts were hurled out of the room by the explosion or had 
found their way there as a result of the crew’s recovery measures. The components 
only exhibited traces of fire on one side. They were located on the side facing out of 
the housing, i.e. the control panel. 
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Figure 12: Control valve’s switch box with wiring harness hanging out 

 

Figure 13: Alterations to the control cabinet 

The images in Figure 13 show that a component previously lying on the floor had been 
reinserted in the door of the control cabinet, even though the police had already 
cordoned off the room as a crime scene. It is no longer possible to trace whether further 
alterations were made between the two survey dates. Similarly, the question remains 
as to who entered this cordoned off room and whether any alterations had an impact 
on the expert’s report.   
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There were also clearly isolated areas beneath the engine room ceiling with extensive 
fire damage. The mean thermal impact zone was 1.5 m downwards. Apart from 
superficial contamination, the fixtures directly below exhibited only minor damage. 
When the focus shifted to the severity of the damage, it was noticeable that the fire 
had severely affected many areas. Directly adjacent areas were partially only slightly 
fouled by soot or exposed to heat stress (Figure 14). 
 

 

Figure 14: Fire zone beneath the ceiling 
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Figure 15: Explosion site 

 
An open pipe system was located in the passage (or at the narrow end of the room 
toward the bow). An orange bucket that was almost completely filled with thermal oil 
was suspended from the valve handwheel on the right-hand pipe assembly. The traces 
of fire decreased further into the room and away from this pipe assembly. 
 

 

Figure 16: Bucket filled with thermal oil below the valve  
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Figure 17: View from the separator room into the engine room 

The entrance to the engine control room can be seen opposite. 
 

 

Figure 18: View from the separator room into the engine room 

An air hose that had been used for clearing the  
dismantled pipe section can be seen lying on the floor.  

Working air hose 
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A fire funnel starting from the floor area and running toward the ceiling is visible 
beneath the pipe system (Figure 19). The fire funnel was to the left of the open pipe 
on the bucket suspended there. A burn mark coming out of the fire funnel was visible 
there, too.  
 

 

Figure 19: Partial overview of the scene of the fire with opened pipe system 

 

Figure 20 shows a wash-stand in which the dismantled pipe section lay together with 
removed solid residues.  
 

 

Figure 20: Wash-stand on the left and dismantled pipe section from the thermal oil system with 
removed solids residue on the right  
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Immediately to the left of the scene of the fire was a separator marked MDO10 standing 
on a platform. The second engineer stated that this was not in operation. 

 

 

Figure 21: MDO separator (less than 2 m away from the position at which the fire broke out) 

 
A hammer with a work shoe next to it was on the floor below the bucket. Furthermore, 
to the left of the fire funnel was the removed insulation for the exposed control valve. 
This insulation exhibited a burn mark from the direction of the visible fire funnel. An 
electrical tank sensor unit was fitted in the floor area in the position at which the fire 
funnel started. A clean burn inside the fire funnel was visible immediately behind it. 
 

 

Figure 22: Position at which the fire funnel starts 

The red arrow points to the sensor unit and the yellow arrows indicate the fire funnel. 
 

  

                                            
10 MDO: Marine diesel oil. MDO is a fuel for marine diesel engines made up of various middle distillates 
from petroleum processing. Its international trade name is ‘Marine (Distillate) Fuel Oil’. 
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Figure 23: Rear part of the separator room 

 
In summary, with regard to the extent and severity of the damage in the engine room, 
it is noted that this is localised but in places severe on the forward bulkheads, ceilings, 
control cabinets and cable bundles, in particular. Other fixtures, such as lamps, have 
apparently only melted down. Consequently, it can be assumed that the event was 
rapid but spatially and temporally confined, even though no action was taken to cool 
down the area or actively contain the fire. 

3.2.5 Investigation into the possible cause of the accident 

In addition to the correct ratio of components, three further conditions had to be fulfilled 
for the explosion with fire to occur: 

- the presence of combustible material (liquid, solid or gaseous); 
- the presence of an oxidant, and 
- a source of ignition capable of igniting the combustible system. 

A variety of factors can influence the three above components. As a result, fires can 
be described as being extremely complex. 

 
The ambient air provided the oxygen (i.e. the oxidant) required for this process. The 
thermal oil with the gas emissions came into focus as a fuel and should therefore be 
examined in laboratory tests. Based on the findings made during both the first survey 
and the follow-up survey on 9 September 2019, several possible ignition sources 
materialised and are explained in more detail below: 
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- open flame or spark from a lighter; 
- open flame or spark from a Bunsen burner with gas cartridge;  
- control valve switch box, and 
- control valves. 

3.2.5.1 Thermal oil as a fuel 

The BSU secured three thermal oil samples on the day of the inspection, i.e. one day 
after the accident: 

1. sample of fresh oil from the storage tank; 
2. sample of oil from the bucket placed under the dismantled pipe section, and 
3. sample of oil from the pipe system. 

 

 

Figure 24: Thermal oil samples from the KELLY 

To ensure representative sampling, the sample vials were filled to the brim and sealed 
without trapping air. This approach was taken to prevent the oil from oxidising. Unused 
thermal oil should range from light amber to a colour reminiscent of honey. Samples 
two and three were almost black. Tar-like deposits were visible at the bottom of the 
fresh oil sample (see bottle on left-hand side of Figure 24) after only 24 hours.  
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3.2.5.1.1 Findings of the oil analyses on 7 September 201911 

The three samples were delivered to an SGS Germany GmbH laboratory. The heat 
transfer oil used was TEXATHERM 32 from Caltex. Since the reference sample from 
the storage tank was also contaminated, the information from the product data sheet 
was used as the basis for the assessment.  
 

 

Spreadsheet 1: Typical characteristic values of Texatherm 32 

 
To improve the comparability of the findings, the analyses of the three oil samples have 
been set against the typical characteristic values in the following spreadsheet.  
  

                                            
11 Dates shown in subsections 3.2.5.1.1 to 3.2.5.1.7 are the dates of sampling. 
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Spreadsheet 2: Comparison of the oil analyses 

 
In all three samples, 24.7-85.0 mass percentage of light fractions (corresponding to a 
diesel fraction) were detected. A large number of volatile components from the 
paraffinic, naphthenic and aromatic substance classes were identified. Furthermore, a 
supplementary analysis carried out in accordance with the method shown in 
DIN EN ISO 3679 revealed that the samples burn immediately at 100 °C and that the 
device could not detect the flashpoint. Based on that, the estimated flashpoint is well 
below 100 °C. The expected flashpoint should actually be 200 °C. The expert 
commissioned by the BSU, Dipl. Ing. Lars Tober (GSSOmbH Rostock), was able to 
determine during ignition tests that there was a very low flash point of the thermal oil 
between 55°C and 60°C. The initial boiling point was also not detectable due to the 
excessively high light fraction content. Since the light fractions contained in the 
samples were atypical for a thermal oil, the high-temperature simulated distillation 
could not be evaluated because these light fractions crossed into the solvent peak, 
making it impossible to evaluate them, too.  

3.2.5.1.2 Shipping company’s oil analysis 

The thermal oil sample analysis that the shipping company ordered via Chevron’s 
FAST service on 10 September 2019 concluded with the classification URGENT – 
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corrective action recommended12. A comment added to the report stated that the 
flashpoint is less than 140 °C and that this is indicative of fuel contamination or the 
presence of light fractions that arise when the oil has been exposed to extreme 
temperatures. The condition of the oil therefore precluded safe operation and an oil 
change should be considered. The presence of water was also indicated, as was a 
significant drop in viscosity.  

3.2.5.1.3 Impurities in the thermal oil system subsequently 

The shipping company provided the analysis report dated 5 December 2019. 
According to the information given, the shipyard had previously cleaned the thermal oil 
system mechanically and by means of steam circulation and then flushed it with fresh 
oil. They switched to TEXATHERM 46 when recharging the system. The reason for 
this was a higher flashpoint of 235 °C as compared to the 220 °C of Texatherm 32. 
Nevertheless, this report was also marked ATTENTION – Oil suitable; Monitoring13 . 
The flashpoint determined was above the safety limit of 140 °C but below 190 °C. 
Evaporation (or degassing) was recommended to remove light fractions. 

3.2.5.1.4 Findings made during the survey on 21 January 2020 

Since there were still unanswered questions as regards the operation of the ship, two 
BSU investigators visited the KELLY again on 21 January 2020. The ship was in 
Rendsburg at the time and had been back in service since 6 December 2019. The 
crew (or people) from the day of the accident were no longer on board. As with the 
previous crew, communication proved to be extremely difficult. Although the 
designated on-board language is supposed to be English, retrieving the simplest facts 
was almost impossible. Only the master could speak English to an acceptable degree.  
 
After sighting the latest thermal oil system analysis reports, it was found that the 
relevant characteristic values hardly differed from the results of the oil analyses of 
7 and 10 September 2019. When asked what had been done to compensate for this, 
the chief engineer explained that the shipping company had reportedly instructed him 
to drain 200 litres of oil from the system and to top it up with fresh oil. After that, another 
sample was to be sent in for analysis so as to verify the desired mixing effect. The 
result of the latest sampling on 3 January 2020 was not available at the time of the 
survey and was to be forwarded to the BSU upon receipt.  
 
The information on the total amount of thermal oil in the system (including storage tank) 
varies between 1,400 litres and 2,912 litres. For example, the shipping company refers 
to the statement of the chief engineer and indicated a quantity of 1,400 litres. However, 
the transfer of 2,912 litres of TEXATHERM 46 from barrels to the storage tank was 
noted in the machinery space log book on 9 September 2019. Due to the 
communication barrier, it is reasonable to assume that the 2,912 litres refers to the 
thermal oil system with storage tank and the 1,400 litres only to the quantity in the 
system. 
 
 

                                            
12 n/a 
13 n/a 
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3.2.5.1.5 Findings made on 3 January 2020  

The shipping company ordered an analysis of two samples. One sample was taken 
directly from the thermal oil system and the second from the storage tank. The oil had 
been circulating for 300 operating hours at that time. A Castrol laboratory was 
commissioned on this occasion. 
  
The result of the two analyses was provided on 27 January 2020. The laboratory 
classified the sample from the system as critical and considered it unsuitable for further 
use. A recommendation that part or even all of the oil should be changed was made. 
The flashpoint was 120 °C instead of 235 °C and the kinematic viscosity at 40 °C was 
found to be 38.09 mm²/s instead of 46 mm²/s. Compared to all earlier analyses, there 
was a significant increase in iron (39 ppm), which is indicative of system corrosion. In 
terms of colour, the sample was classified as amber-cloudy. 
 
The analysis of the oil sample from the store tank revealed no anomalies. The 
appearance was given as colourless-clear and the flashpoint determined at >190 °C. 

3.2.5.1.6 Findings of the oil analysis on 22 January 2020 

A new sample was taken on 22 January 2020 and the findings of the corresponding 
analysis were available on 29 January 2020. A Chevron laboratory carried out the 
analysis on this occasion. The number of operating hours was indicated as 400, i.e. 
100 hours more than in the previous analysis. The sample (or all the oil) was marked 
ATTENTION – Oil suitable; Monitoring and a comment stating that the flashpoint is 
above 140 °C (safety limit) but below 190 °C had been added. The kinematic viscosity 
at 40 °C was given as 43.0 mm²/s. Furthermore, safe venting and degassing of the 
system was recommended to remove light fractions from the oil.  

3.2.5.1.7 Findings of the oil analysis on 11 February 2020 

The last analysis provided to the BSU originates from 11 February 2020 (report date: 
14 February 2020). As before, a Chevron laboratory had carried out the analysis. Since 
the operating hours of the system and of the oil had evidently been entered incorrectly, 
this information is not included here. This sample was also marked ATTENTION – Oil 
suitable; Monitoring and contained the same comment as the sample from 
22 January 2020 did. The kinetic viscosity at 40 °C had dropped marginally to 
42.8 mm²/s. On the other hand, the iron content had increased to 18 ppm as compared 
to the previous sample (11 ppm). 

3.2.5.2 Open flame or spark from a lighter as the source of ignition 

An open packet of cigarettes was found at the scene of the accident (directly in the 
passage14). A lighter could not be secured. Similarly, there was no ashtray or the 
receptacles usually used on board for such purposes. Investigations revealed that at 
least two of the three casualties were smokers. It was no longer possible to determine 
which of the three people was the owner of this packet of cigarettes. According to the 
second engineer, no one had been smoking in the separator or engine room when the 
accident happened or at any other time. A general ban on smoking existed in the entire 

                                            
14 Entry into the separator room from the engine room. 
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area. It is conceivable that the cigarettes fell out of a pocket when the second engineer 
fell or during the recovery of the other two crew members.  

Abbildung 25: Cigarette packet at the scene of the accident 
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3.2.5.3 Open flame or spark from a Bunsen burner with gas cartridge as the 
source of ignition 

 

 

Figure 26: Bunsen burner between the separators 

 

A Bunsen burner with gas cartridge was on the floor between the wash-stand and 
separator marked HFO15. Based on its location, the position of the second engineer, 
his burn injuries and the fire pattern in the separator room’s entrance area, the BSU’s 
investigators believe that the Bunsen burner did not cause the explosion. It was not 
possible to establish what it was being used for.  

3.2.5.4 Control valve switch box as the source of ignition 

As already discussed, a control cabinet responsible for adjusting the control valves 
was situated in the separator room’s entrance area. The cabinet’s door was open on 
the date of the first inspection of the scene of the accident and a cable harness was 
hanging out of it. According to the second engineer, the control cabinet was not opened 
on the day of the accident in order to disconnect the control valves from the power 
supply before works started.  
 
Scandinavian Underwriters Agency GmbH (SCUA), which had been appointed by the 
ship’s insurer, requested an expert report on a possible cause based on the fire starting 
in the control cabinet. In the course of preparing the expert report, the focus shifted to 
the cable harness already discussed and it was sent to an accredited materials testing 
laboratory for metallurgical examination. The inspection summary report is annexed 

                                            
15 HFO: Heavy fuel oil. HFO is a residual oil from distillation or from crackers used in the petroleum 
processing industry. 
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below (Annex 8.3). Based upon the information provided, which concerns the control 
cabinet alone, an accident cause which is completely inconceivable in the opinion of 
the BSU’s investigators was then determined. At the instigation of the insurer, no 
information could be provided in response to questions about the expert report and 
partial expert report from the BSU.  
 
The summary of the report reads: 
Based upon the investigations, the expert assumes with a very high degree of 
probability that a short circuit with arcing at the lower edge of the control cabinet for 
the day tank and the settling tank control valves constituted the source of ignition for 
an ignitable vapour/air mixture created by thermal oil in the separator chamber. 
 
The control cabinet was not closed when the damage occurred. Due to the cable 
harness hanging down from the control cabinet being crushed by the door of the control 
cabinet, single conductors in the cable harness were damaged, causing a short circuit 
in at least one live conductor. 
 
The cigarette packet with unconsumed cigarettes found on the floor of the separator 
room will have fallen out of the pocket of one of the casualties during their recovery. 
Cigarette ends and a lighter were not located in that room or in the engine room. 
 
The expert is not aware of the extent to which preliminary investigation results are 
available from the WSP, nor of any objects that may have been seized during their 
investigations.16  
 
The summary of the opinion on the expert’s report goes on to state: 
The findings of the materials testing laboratory confirm the theory put forward by the 
expert in his interim report that closing the control cabinet door caused an electrical 
short circuit with arcing in the cable harness hanging out of the control cabinet, igniting 
the explosive vapour/air mixture in the separator room in the process.17  
 
The expert’s report was drawn up 20 days after the accident on 26 September 2019 
and finalised with an opinion on 22 January 2020. It seems to the BSU that impurities 
in the thermal oil or a possible defect in the actual control valves were not so much as 
considered or were only hinted at as a cause. The materials testing laboratory stated 
that it drew conclusions from the expert’s findings and the information provided. 
 
Material aspects of the possible cause of the accident were neither questioned nor 
considered. For example, the investigators believe there are three theories as to how 
the control cabinet door could have opened and resulted in damage to the cables.  
  

                                            
16 Expert’s report on the fire in the motor vessel KELLY (IMO number 9255622). 26 September 2019. 
P 16.  
17 Opinion on the fire in the motor vessel KELLY (IMO number 9255622). 22 January 2020. P 2. 
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1. The explosion may have caused the cabinet door to swing open violently. The 
control elements (blocks) in the door and parts of the closing mechanism may 
have been ejected and landed outside the separator room. The cable harness 
could also have been torn out of the control elements when the control cabinet 
door swung open violently.  

2. The closed but unlocked cabinet door was opened unintentionally and the cable 
harness torn out and damaged in the process during the recovery of the two 
motormen. The last (deceased) motorman had to be taken out of the separator 
room by five people because of his size and weight.  

3. Although seriously injured and still burning himself, the second engineer was 
able to leave the room unassisted. He testified that he had slipped on the oily 
floor and fell several times in the passage. Here, too, the unlocked cabinet could 
have been opened unintentionally and the cable harness torn out and damaged. 

 
In the case of the second and third theories, there is a possibility that mechanical 
damage to the cables could have occurred as a result of the recovery operation, as 
well as that the control elements and parts of the locking system landed on the floor in 
front of the separator room’s entrance area. Assuming that the cables had suffered 
mechanical damage in the course of the explosion or due to the second engineer’s 
escape attempt, a short circuit could have occurred even after the explosion or ignition. 
Similarly, the cables may have melted due to heat stress during the fire. The fire was 
only extinguished when CO2 was discharged into the engine room by the second 
engineer. A blackout did not occur until several minutes later. This means that the 
switch box or the cables were still conducting immediately after the explosion. 
 

 

Figure 27: Open control valve control cabinet  
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3.2.5.5 Control valve as the source of ignition 

The BSU secured two control valves during the inspection of the scene of the accident 
and sent them to the Herrgesell inspection agency for further assessment. The second 
engineer had testified that the two control valves had not been disconnected from the 
power supply and that the associated control cabinet had not been worked on by any 
of the three crew members. The BSU suspected that one or both of the valves had 
been permanently activated and could thus have served as a source of ignition. Using 
the available circuit diagram, the valves for controlling the heating circuit have been 
installed in the feed. A temperature sensor was installed in the fuel tanks behind it, 
which interacts with the control valve. According to the second engineer, the system is 
operated at 6 bar and 120 °C.  
 
Both valves were subjected to non-destructive testing using computer tomography so 
as to determine their functional performance. It was evident from the threaded 
connection between the control unit and the pipe valve (referred to as the coupling 
interface in Figure 28) that the valve (immediately to the right of the bucket) was not 
closed. At the same time, the thread guide exhibited a thread misalignment, indicating 
that the valve was no longer fully functional. 
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Figure 28: Coupling interface 
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Figure 29: Centre offset valve rod 

 

Based on the facts available, the expert assumed that this valve was already defective 
before the removal of the pipe section (or the start of the cleaning works). 
 

 

Figure 30: Control valves after the accident on the left and after the repair on the right  

S
o
u
rc

e
: 

H
e
rr

g
e
s
e

ll 
in

s
p

e
c
ti
o
n
 a

g
e
n
c
y
 



Ref.: 338/19    
 

_____________________________________________________________________________________________________ 
 

Page 50 of 78 

  
 Bundesstelle für Seeunfalluntersuchung

Federal Bureau of Maritime Casualty Investigation

BSU

3.2.6 Investigation into the cause of death 

As already discussed above, two crew members from the engine room were seriously 
injured during the accident. Another crew member (a motorman) lost his life. At the 
time of the initial investigation, it was not possible to clarify whether the motorman in 
question lost his life as a result of the discharged CO2 or whether other fire and 
explosion-related causes existed. Therefore, the competent public prosecutor’s office 
ordered a post-mortem examination. An analysis of the victim’s blood for carbon 
monoxide had already been ordered.  
 
The following findings were made during the post-mortem examination of the deceased 
person: 
There was no evidence of blast trauma from a blast wave that could cause internal 
injuries. Moreover, there were no signs of internal disease or external injury that might 
have caused or contributed to death.  
 
The findings made during the chemical and toxicological examination revealed 
extremely high concentrations of carboxyhaemoglobin (55%). These findings mean 
that death is very likely to have been caused by carbon monoxide poisoning. The post-
mortem also revealed findings that could be interpreted as an indication of carbon 
monoxide poisoning (rather bright red lividity, salmon-coloured musculature). There 
were also signs of breathing (aspiration of stomach content and soot to the periphery 
of the respiratory tract and possible soot deposits in the oesophagus and upper section 
of the stomach). The examinations did not provide any evidence to suggest that Mr [...] 
was under the influence of alcohol or any other centrally acting substance at the time 
of death. The preliminary immunochemical examination did reveal evidence to suggest 
the presence of ecstasy. This preliminary finding was not confirmed during the 
evidentiary examination. […] 
 
In summary, there is no indication that Mr [...] was under the influence of the 
aforementioned centrally acting substances at the time of death. The findings are 
indicative of fatal carbon monoxide poisoning.  
 
It was also suggested that a test for carbon monoxide be carried out. Since the samples 
had not been preserved in gas-tight conditions, such an examination, which would 
have necessitated external shipment, did not seem expedient.18  
 
 

  

                                            
18 Autopsy report dated 21 September 2019 and 20 January 2020, Hamburg-Eppendorf University 
Clinic, Institute of Forensic Medicine. 
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4 ANALYSIS 

 
The accident occurred due to works on a thermal oil system containing fuel 
contaminated oil and a low flashpoint as a result of this. The source of the ignition could 
not be clearly identified, however. 

4.1 Assessment of possible causes of the accident 

The multi-purpose carrier KELLY was placed under the management of Hansa 
Shipping LTD-MTA after being laid up for a period of four months. Deficiencies found 
at the time of the transfer were remedied during a call at a shipyard. Inter alia, the 
thermal oil system was heavily contaminated by fuel ingress via a defective heating 
coil in one of the fuel storage tanks. The entire system was drained, cleaned, flushed 
and then refilled with fresh oil (TEXATHERM 32 from Chevron). Although an oil quality 
check is stipulated after work of this nature, this was not carried out. 
 
The BSU received the following reply in response to an enquiry to Chevron 
Deutschland GmbH, the supplier of the thermal oil used after the ship was transferred:  
 
[...] „… contamination with fuels, replacement of the thermal oil system’s entire charge 
is recommended. All types of fuel are unstable when exposed to thermal stress for a 
prolonged period. They produce carbon deposits and a huge variation of light fractions. 
The latter of the two aspects directly affects operational safety because it directly 
affects the flashpoint. Proper cleaning and flushing is critical, as the smallest amount 
of solvent/fuel (with the low flashpoint) in the thermal oil system can lead to a low 
flashpoint throughout the system. Therefore, the crew is strongly advised to replace 
the entire charge of thermal oil with fresh oil after completion of the necessary repair 
and cleaning works. Most OEMs19 provide special instructions or support services for 
such cases." 
 
On 6 September 2019, the KELLY was en route from Rotterdam to Kaliningrad via the 
NOK. Shortly before reaching the lock at Brunsbüttel, an explosion and fire occurred 
in the separator room. One crew member lost his life and two others were seriously 
injured. The crew was able to extinguish the fire by discharging CO2. The three people 
directly affected by the incident were tasked with dismantling and cleaning a clogged 
pipe in the thermal oil system.  
 
The assessment of possible sources of ignition and the findings of the investigation 
revealed that: 

1. Oil analyses 
The oil analyses ordered by the BSU revealed a significant percentage of light 
fractions of diesel. This suggests that the thermal oil was heavily contaminated 
with fuel. It was not possible to clearly determine the source of this ingress in 
the thermal oil but the investigators have the following theory: 

  

                                            
19 OEM: engl. Original Equipment Manufacturer 
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 the measures initiated to clean the thermal oil system during the first call at 
the shipyard included draining and cleaning the system. According to the 
shipping company, the works included mechanically cleaning the blocked 
pipes and subsequent flushing with superheated steam to loosen remaining 
residues. This is a common and more cost-effective option than the use of 
chemicals alone or a chemical/diesel mixture. The entire system was then 
flushed with fresh oil. Either these measures were not sufficient to remove 
all the deposits or thorough flushing with fresh oil did not take place. During 
further operation, there was a further washout in the system, which then 
contaminated the fresh oil accordingly and consequently forced the 
flashpoint to drop well below the safe operating limit of 140 °C. 

 
The shipping company was unable to show that the oil was checked after the 
system (or the ship) was put back into operation by means of analysis reports. 
In accordance with the specifications of the system’s manufacturer, the oil must 
be tested after repairs and extended periods out of service and an analysis must 
be made every six months thereafter during operation. The oil was evidently not 
tested in the period leading up to the accident. 

 
2. Open flame or spark from a lighter 

This theory can be disregarded because there was no evidence in the separator 
room to suggest that smoking took place there when the explosion happened 
or at any other time. The statement of the second engineer also confirmed this. 
 

3. Open flame or spark from a Bunsen burner with gas cartridge 
Based on the location of the Bunsen burner, the position of the second engineer, 
his burn injuries and the fire pattern in the separator room’s entrance area, it is 
reasonable to assume that the Bunsen burner did not cause the explosion.  
 

4. Control valve switch box 
Although the expert from the Herrgesell inspection agency and an official from 
the State Office of Criminal Investigation’s Department 45 (responsible for fires 
and special accident events) have both ruled out an explosive short circuit in 
the switchboard, they do not consider it impossible, either. The two above 
individuals question the theory that a short circuit in the switch box caused the 
ignition because of the formation of a fire funnel in the area of the floor a good 
1.5 m away from the switch box. A current-conducting tank sensor is also 
located in this area. The formation of a fire funnel is not visible in the immediate 
vicinity of the switch box.   
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5. Control valves 
The removed pipe section was taken from between the handwheel and the 
control valve. Closing the hand valve interrupts the pressure supply in the 
system. If the control valve is opened slightly (the control valve was apparently 
defective and did not close completely separately), then the pressure could 
escape from the remaining pipe section (or the pressure in the system would 
drop), meaning a flammable aerosol could not have formed. The fire pattern 
found also opposes an ignition at the level of the control valve.  
 

4.2 Preventability of the accident 

The delivery documents found on board showed that TEXATHERM 32 had been 
received several times. 
 

- 23/01/2019 1,040 l  5x 208 l barrels 
- 18/02/2019 1,040 l  5x 208 l barrels 
- 18/04/2019 416 l  2x 208 l barrels 
- 19/06/2019 832 l  4x 208 l barrels 

 
- 04/11/2019 2,912 l  14x 208 l barrels (TEXATHERM 46) 

 
The BSU’s investigators believe that the delivery on 23 January 2019 was to recharge 
the thermal oil system (without storage tank) in the course of the repairs in the shipyard. 
The delivery took place shortly before the end of the first call at the shipyard in early 
2019. However, the quantity does not correspond to the 1,400 litres specified by the 
shipping company. Barrels containing a total quantity of 2,288 litres of TEXATHERM 
32 were regularly delivered at intervals of about two months subsequently. Even on 
the assumption that the delivery of 18 February 2019 was for recharging the storage 
tank, there is still a quantity of 1,248 litres of oil that was consumed up until the 
accident. Since this is not a consumable oil and both the chief and the shipping 
company stated that there were no leaks in the system, it must be assumed that they 
were aware of the thermal oil’s poor quality and therefore repeatedly exchanged partial 
quantities. This would also be consistent with the statement of crew members that 
based upon the knowledge of the former contamination of the system, it was assumed 
that residues of the fuel remaining in the thermal oil had clogged the pipe. This in turn 
justified dismantling the pipe section on the day of the accident. 

4.3 General evaluation of oil analyses 

Essentially, the thermal oil is examined with regard to an increased fire hazard that 
such a system can pose if too many readily combustible oil components have formed 
in the oil. Spreadsheet 3 below lists the criteria that can be assessed by means of an 
oil analysis. They are an important tool for monitoring the heat transfer oils and the 
complete systems, as changes in the oil can give rise to an increased fire risk or 
damage can occur. The accumulation of oil carbon on the inside of pipes in the boiler 
plant can lead to the destruction of a pipe due to heat stress, for example.  
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If heat transfer oil ages disproportionately quickly, undiscovered problems in the 
operation of the system are usually the reason. For example, a system may be shut 
down several times a week without the oil still being moved through the circulation 
pump until it has completely cooled down in the system. The cause of a rapid decline 
in an oil’s performance should be determined as soon as possible because 
prematurely aged oil contains acids, which can cause corrosion. Polymerisation 
products are also formed, which cause solid or paste-like deposits. 
 

There may also be serious problems if the oil charge heats up too quickly or if the oil 
is permanently overheated. Products with a low boiling point are formed in the oil even 
under ‘normal’ operating conditions. They usually evaporate into the ambient air via 
the expansion tank. However, if the oil is heated higher, e.g. to compensate for the 
reduction in heating power that has already set in, then cracking may actually occur as 
in a refinery. In the process, an extremely high proportion of hydrocarbon compounds 
with a low boiling point is formed, which drastically lowers the flashpoint. Moreover, the 
oil may also start to boil in the boiler, resulting in increased steam pressure in the 
system. In addition, the oil becomes thinner (similar to petrol) and the circulation pumps 
are at risk of failure due to cavitation.  

At the same time as the products with a low boiling point, those with a high boiling point 
are left as long-chain molecular compounds. These leave coke-like deposits on the 
heating surfaces and in the pipe system. Ultimately, they impair heat transfer, obstruct 
the flow of oil and clog the system.  
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Spreadsheet 3: Analytical values and assessment of thermal oil samples 

  

Analytical values 
 

Assessment 
 

Warning and limit 
values 

 
Wearing metals:  
Iron, copper, lead, aluminium 

 
Iron, in particular, is an indication of plant 
corrosion. Aluminium points to wear in the 
circulation pump, copper and lead to 
possible non-ferrous metal corrosion. 

 
Fe< 25 Al< 10 Cu, Pb 
< 5 others< 1 

   

 
Additives:  
Phosphorus, zinc, sulphur, 
calcium, barium 

 
Additives should not be present in the heat 
transfer oil (except for small amounts of 
phosphorus). If they are present, mixing or 
residues from the process. 

 
P< 50 other< 1 

   

 
Impurities: 
Silicon, potassium, sodium, 
water 

 
Small amounts of silicon originate from 
antifoam additives. Water is usually only 
found in systems that frequently stand still. 
It must be carefully evaporated by slow 
heating. 

 
Si< 5 Na, K < 2 H2O 
0.05% 

   

 
Oil condition:  
Vis. 40°, 100 °C, VI, oxidation, 
colour 

 
The oil must not become too ‘thin’ due to 
cracking products or too ‘thick’ due to 
oxidation products. Fourier-transform 
infrared spectroscopy reveals possible 
oxidation. The appearance and colour 
should not differ significantly from the 
previous sample in trend analyses. 

 
Vis.: +/- 10% Oxi.:10 
A/cm Colour6 

   

 
Neutralisation number (NN), 
acid number (AN) 

 
Oil becomes increasingly ‘acidic’, NN rises 
due to the accumulation of oxygen 
molecules and thus gives further clear 
indications of oil ageing. 

 
NN: < 0.25mgKO/g 

   

 
Flashpoint 

 
The flashpoint drops due to volatile oil 
components. An excessively low 
flashpoint promotes the risk of fire in a 
system. 

 
> 100 °C 

   

 
Conradson carbon residue 

 
Carbon residue indicates the risk of 
deposits forming, which develop 
especially in the boiler area (even in the 
absence of air) and cannot be removed by 
changing the oil. 

 
< 0.5% 
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An advanced ageing process and/or cracking at elevated temperatures change the 
viscosity of the heat transfer medium. Oil ageing usually causes it to increase, cracked 
oil with a reduced flashpoint causes it to decrease. Since these processes are partly 
overlaid, the determination of viscosity must be combined with other methods of 
analysis. If the required viscosity is no longer present, then the circulation pumps will 
no longer be tuned appropriately. This may impair the performance of the entire 
system. Important criteria include 

 a reduced flashpoint as evidence of products with a low boiling point from a 
possible cracking process; 

 oxidation and neutralisation number as characteristic values for the ageing 
and/or remaining performance of the oil, and  

 the Conradson carbon residue, which is used to detect coke-like residues and 
suspected products with a high boiling point from a cracking process.  

4.4 Shipping company’s safety management system 

The shipping company provided the Safety Management Manual (SMM) and the Fleet 
Procedures Manual (FPM) derived from that. English is the designated working 
language according to the SMM. This was also noted on the first page of the deck log 
book. However, parts of each manual were additionally drawn up in Russian. The 
shipping company stated in response to a query that the reason for this was to ensure 
that all crew members could understand the relevant passages in their first language, 
thus confirming the finding that the English skills of all crew members were not equal 
or almost non-existent. The same impression emerged during the questioning of 
witnesses.  
 
According to the FPM, the master and the chief engineer are responsible for carrying 
out a risk assessment whenever necessary. Risk assessment is the process of 
evaluating health and safety hazards to workers resulting from workplace hazards. It 
is a systematic study of all aspects of work to establish: 

- what could cause injury or harm; 
- how the hazards can be eliminated, and if not, 
- what preventative or protective measures are or should be in place to contain 

the hazards. 
 
If this analysis – i.e. the starting point of a health and safety management approach – 
is not carried out thoroughly or at all, then the appropriate measures cannot be 
identified or implemented, either. 
 
When the documents on board were examined, a hazard analysis was neither 
available for the engine department nor for the deck department. This fact calls into 
question general safety awareness on board. Non-compliance with the FPM on board 



Ref.: 338/19    
 

_____________________________________________________________________________________________________ 
 

Page 57 of 78 

  
 Bundesstelle für Seeunfalluntersuchung

Federal Bureau of Maritime Casualty Investigation

BSU

the ship did not give rise to any requests, checks or enquiries from the person ashore 
responsible for this (DPA20).  
 
The survey of the scene of the accident also included an inspection of the life-saving 
appliances and escape routes shown in the safety plan. The life-saving appliances, 
including fire-protection suits, were located in the designated places and in good 
condition. The primary escape route, marked with a solid green arrow in the safety 
plan, is also the exit from the engine room chosen by the rescuers. The secondary 
escape route, marked with a dotted green arrow, exited the engine room via a shaft. 
The distance from the separator room to the emergency exit via the shaft was 3.40 m, 
which was many times shorter and would have been easier to pass than the chosen 
escape route. However, recovering the casualty via this route would have failed due to 
the absence of a harness or recovery system, which is required for such emergency 
exits. It should be noted in this context that putting a safety harness around an 
unconscious person would certainly have been more time-consuming. However, if this 
escape route is the only way to get out of the burning engine room, then the escape 
and thus the evacuation of unconscious people must be ensured regardless of any 
additional effort involved. Since the use of the secondary escape route was not an 
option in this case and had no effect on the rescue operation, a safety recommendation 
will not be made in this report. 
  

                                            
20 DPA: Designated person ashore. According to the ISM Code, the DPA plays a key role in the effective 
implementation of a safety management system and is responsible for reviewing and monitoring all 
safety and environmental protection measures. 
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Figure 31: Extract from the safety plan 

4.5 Port State controls and inspection by the classification society 

According to the classification society’s records, the KELLY was classed on 
11 January 2019 with effect from 30 January 2019. This took place in connection with 
the transfer to the management of Hansa Shipping. All certificates were issued without 
any restrictions when the ship was put back into service. 
 
In the course of the investigation, the classification society was asked how specific the 
requirements are for: 

- thermal oil boilers being returned to service after a prolonged period of inactivity, 
and 

- thermal oil boilers being returned to service after repairs. 
 
Only parts of the enquiry were actually answered. RINA referred to the rules and 
instructions for the general boiler survey. According to the documents provided, the 
surveyor’s inspection also includes reviewing the heat transfer oil analysis, but only for 
the annual survey.  
 
The KELLY was inspected by the Baltic port State control authority once prior to the 
accident, on 21 February 2019. No deficiencies were found. 
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5 ACTIONS TAKEN 

 
Since it was apparent that a positive trend in the analyses was not to be expected, the 
shipping company decided at the end of February 2020 to have the thermal oil system 
chemically cleaned by GLOBAL BOILER, a company based in Aalborg. This involved 
connecting a cleaning system to the ship’s boiler system and charging it with about 
1,300 litres of conventional diesel oil and 300 litres of carbon remover21. After allowing 
this solution to circulate for 15 hours, a further 100 litres of carbon remover were added 
to optimise the cleaning result. This mixture was then circulated for another 6-8 hours. 
The result was seen as residues in the filter mats and in the bottom of the cleaning 
tank. The company recommended that the system be flushed thoroughly to remove 
any diesel or chemical residues. It was also recommended that the thermal oil be 
tested (or analysed) regularly after the cleaning procedure. The BSU is not aware of 
whether and with what result this was carried out. 
 

 

Figure 32: Residues in the filter mats 

  

                                            
21 Unitor™ Carbon Remover™ is a powerful, non-corrosive cleaning agent for removing carbon 
deposits. 
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Figure 33: Residues in the cleaning tank 
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6 CONCLUSIONS 

 
Impurities in the thermal oil were unequivocally identified as the cause of the accident 
during the BSU’s investigations. Five possible sources of ignition for the explosion in 
the KELLY’s separator room were further identified:  
 
1. Open flame or spark from a lighter. 
2. Open flame or spark from a Bunsen burner. 
3. Short circuit in the control valve switch box. 
4. Control valves. 
5. Tank sensor. 
 
A typical fire pattern with a clearly formed fire funnel was identified 1.5 m away from 
the control cabinet in the area of the floor. A current-conducting tank sensor was 
located immediately below the funnel. Based on that, the investigators believe it 
possible that the explosion started in this area. 
Since this source of ignition only became evident in the further course of the 
investigation, the sensor could no longer be secured and subjected to a technical 
inspection. 
 
The findings gained from the thermal oil samples revealed significant fuel 
contamination. This was a contributing factor in the accident. The investigators believe 
that an explosion or flashover would not have occurred had the oil complied with the 
parameters shown in the safety data sheet. Moreover, they are of the opinion that it 
has been proven that the contaminated thermal oil was the cause of the accident on 
6 September 2019. 
 
However, the fact that this accident could have been avoided had there been an 
awareness of the potential danger of thermal oil contaminated with fuel has been 
established indisputably and unequivocally.  
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7 SAFETY RECOMMENDATIONS 

 
The following safety recommendations do not constitute a presumption of blame or 
liability in respect of type, number or sequence. 

7.1 Hansa Shipping  

The Federal Bureau of Maritime Casualty Investigation recommends that the shipping 
company, Hansa Shipping, comply with the requirements laid down in its Safety 
Management Manual and Fleet Procedures Manual (Chapter 19: Risk Management, 
Section 0, Subitem 3.2 Risk Analysis). This applies to operations on board and at the 
shipping company.  

7.2 Hansa Shipping 

The Federal Bureau of Maritime Casualty Investigation recommends that the shipping 
company, Hansa Shipping, fully compile any quality-related documents in English, as 
well as in Russian if necessary due to language deficiencies of the crew. 

7.3 Hansa Shipping 

The Federal Bureau of Maritime Casualty Investigation recommends that the shipping 
company, Hansa Shipping, comply with the supplier’s rules for testing heat transfer oil 
after repairs, as laid down in the safety data sheet. 

7.4 Hansa Shipping 

The Federal Bureau of Maritime Casualty Investigation recommends that the shipping 
company, Hansa Shipping, supplement its Fleet Procedure Manual (Chapter 10: 
Maintenance, Section 0, Subitem 3.2.3 Lubrication Oil Samples) to the effect that 
sampling of the thermal oil must also be carried out at six month intervals. 

7.5 The classification society, RINA 

The Federal Bureau of Maritime Casualty Investigation recommends that the 
classification society, RINA, expand upon its rules to the effect that a quality analysis 
of the heat transfer oil must be sent to the classification society after the boiler plant 
has been repaired or out of service for an extended period. 
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8 SOURCES 

 

 Enquiries of the WSP 

 Written explanations/submissions 
- Ship’s command 
- Shipping company 
- Classification society 

 Witness testimony 

 Expert opinion/technical paper 

 Navigational charts and ship particulars, BSH 

 Official weather report of Germany’s National Meteorological Service 

 Radar recordings, ship safety services/vessel traffic services (VTS) 

 Documentation, Ship Safety Division (BG Verkehr) 
- Accident Prevention Regulations for Shipping Enterprises 
- Guidelines and codes of practice 
- Ship files 
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9 ANNEXES  

9.1 Texatherm 32, 46 safety data sheet 

 

 

Figure 34: Extract from the safety data sheet 



Ref.: 338/19    
 

_____________________________________________________________________________________________________ 
 

Page 65 of 78 

  
 Bundesstelle für Seeunfalluntersuchung

Federal Bureau of Maritime Casualty Investigation

BSU

 

Figure 35: Extract from the safety data sheet 



Ref.: 338/19    
 

_____________________________________________________________________________________________________ 
 

Page 66 of 78 

  
 Bundesstelle für Seeunfalluntersuchung

Federal Bureau of Maritime Casualty Investigation

BSU

 
 
 

Figure 36: Extract from the safety data sheet 
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Figure 37: Extract from the safety data sheet 
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Figure 38: Extract from the safety data sheet 
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9.2 SGS oil sample test report22 

 

Figure 39: Oil sample test report 

                                            
22 The sample test reports are only available in German language. 
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Figure 40: Oil sample test report 
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Figure 41: Oil sample test report 
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Figure 42: Oil sample test report 
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Figure 43: Oil sample test report 
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Figure 44: Oil sample test report 
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9.3 MQ Engineering inspection summary report23 

 

Figure 45: MQ Engineering inspection summary report 

                                            
23 The MQ Engineering inspection summary report is only available in German language. 
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Figure 46: MQ Engineering inspection summary report 
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Figure 47: MQ Engineering inspection summary report 
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