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Purpose of Investigation 
The purpose of this investigation conducted by the Marine Accident Investigation and 
Shipping Security Policy Branch (MAISSPB) of Marine Department is to determine the 
circumstances and the causes of the incident with the aim of improving the safety of life at sea 
and avoiding similar incident in future. 

It is not intended to apportion blame or liability towards any particular organization or 
individual except so far as necessary to achieve the said purpose. 

The MAISSPB has no involvement in any prosecution or disciplinary action that may be 
taken by the Marine Department resulting from this incident. 
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Glossary of Terms and Abbreviations 
 
kW  kilowatt 
n.m.  nautical mile 
m Metre 
GMT Greenwich Mean Time 
 
C/O Chief Officer 
AB Able Bodied Seaman 
AB1 Able Bodied Seaman No.1 
AB2 Able Bodied Seaman No.2 
AB3 Able Bodied Seaman No.3 
OS Ordinary Seaman 
OS1 Ordinary Seaman No.1 
OS2 Ordinary Seaman No.2 
AO Apprentice Officer 
OL1 Oiler No.1 
OL2 Oiler No.2 
 
COT Cargo Oil Tank 
No.x P No. x Port Side 
No.x S No. x Starboard Side 
P&S Port Side and Starboard Side 
 
 
 
Time Notation in 24 hours 
e.g. 1234 : 12 - hour 34 - minute 

123456 : 12 - hour 34 - minute 56 - second 
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1. Summary 

1.1 On 18 April 2016, at approximate position of 5°30.89’N, 99°56.90’E in Malacca Strait, 

whilst en route from Penang, Malaysia to Singapore, the Hong Kong registered 

oil/chemical tanker “NO.3 HEUNG-A PIONEER” (the vessel) exploded on her main 

deck during cargo oil tank cleaning operation. The explosion resulted in one death and 

five injuries of the crew members.  

1.2 Before the accident, the vessel departed in ballast condition from Penang where she had 

completely discharged all the two grades of incompatible cargoes of nitric acid and 

acrylonitrile which would react violently if being mixed.  After casting off from the 

terminal of Penang at 1730 hours on 18 April 2016, C/O held a cargo oil tank cleaning 

safety meeting with deck crew from 1800 to 1820 hours.  During the preparation of the 

tank cleaning operation, an elbow spool piece was wrongly fitted to the port common 

manifold with the COT No. 8 P individual manifold. As a result, the acrylonitrile 

residue was able to creep through a leaky manifold cut-off valve of COT No. 8 P to mix 

with the nitric acid residue in the port common manifold.  

1.3 At about 2015 hours, when cleaning of COTs No. 2 P&S and No. 8 P&S by water was 

carried out for about 8 minutes, a violent explosion occurred at the port common 

manifold on the main deck and injured 6 crew members on deck. 

1.4 The vessel then returned to Penang and all the injured crew were sent ashore for 

treatment.  One of them was certified dead in hospital on the same day. 

1.5 The investigation had identified the following contributory factors to this accident: 

a) carelessness of the crew resulted in the elbow spool piece being wrongly fitted 

to the port common manifold with COT No.8 P individual manifold which 

violated the segregation requirements of two incompatible grades of cargoes;  

b) the manifold piping arrangements at midship port and starboard sides were 

complex.  But there were no conspicuous markings on the manifolds for the 

crew to identify the cargo grades inside the manifold; and 

c) although the leaky manifold cut-off valve of COT No.8 P was noticed before 

the accident, no precautionary measure was taken before the commencement of 

the cleaning operation.   
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1.6 The investigation had also found the following safety factors:  

a) no preventive measure was in place to prevent wrong connection of an elbow 

spool piece which violated the segregation for incompatible cargo grades in the 

common manifold; and 

b) the required procedure for verifying the proper connection and isolation of 

pipelines and hoses by the “line-up checklist” before tank cleaning operation had 

not been carried out. 
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2. Description of the vessel 

2.1 The vessel (Fig. 1) 

2.1.1 Particulars 

Ship name : “NO.3 HEUNG-A PIONEER” 

Flag : Hong Kong, China 

Port of registry       :  Hong Kong 

IMO No. : 9438925 

Type  : Oil/Chemical Tanker 

Year built, shipyard : 2008, Nokbong Shipbuilding Co.,Ltd., Geoje, South Korea                                                                                             

Gross Tonnage : 8,271 

Net Tonnage : 3,642 

Deadweight : 12,395 metric tonnes 

Length : 116.45 metres 

Breadth : 20.4 metres 

Engine power, type : 4,440 kW, one set of STX MAN B&W 6S 35MC  

Classification society : Korean Register of Shipping 

Registered owner : Eight River Shipping SA. 

Management company : PTS Co. Ltd. 

No. of Crew : 21 

2.1.2 The vessel was an oil/chemical tanker classed with Korean Register of Shipping. It had 

16 cargo oil tanks including the port and starboard slop tanks (also referred to as COTs 

No. 8 P&S). The manifold systems of the tanker were placed on port and starboard side 

main deck midship. A common manifold was installed within each manifold system.  
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 Fig. 1 - The vessel 
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3. Sources of evidence  

a) The statements of the master, officers and crew of the vessel 

b) Information provided by the ship management company of the vessel 

c) Death certificate of the deceased. 
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4. Outline of events 

(All times were local time GMT + 8 hours) 

4.1 The vessel loaded with two incompatible grades of chemical cargoes from two ports in 

South Korea to discharge in ports of Malaysia.  One grade cargo was about 6800 

metric tonnes (mt) of nitric acid (less than 70% in content) loaded at Yeosu in COTs 

No. 4 P&S, No. 5 P&S and No. 6 P&S. The other grade cargo was about 2000 mt of 

acrylonitrile loaded at Ulsan in COTs No. 2 P&S and No. 8 P&S. Details of their 

distribution are listed in Table 1. 

No.1 S 
Empty 

No.2 S 
Acrylonitrile 
683.9 mt 

No.3 S 
Empty 

No.4 S 
Nitric Acid 
1021.4 mt 

No.5 S 
Nitric Acid 
1356.1 mt 

No.6 S 
Nitric Acid 
1020.7 mt 

No.7 S 
Empty 

No.8 S 
Acrylonitrile 
280.7 mt 

No.1 P 
Empty 

No.2 P 
Acrylonitrile 
676.5 mt 

No.3 P 
Empty 

No.4 P 
Nitric Avid 
1015.0 mt 

No.5 P 
Nitric Acid 
1364.1 mt 

No.6 P 
Nitric Acid 
1021.9 mt 

No.7 P 
Empty 
 

No.8 P 
Acrylonitrile 
279.8 mt 

Table 1 Cargo distribution 

4.2 After arrival at Port Kelang, Malaysia, the vessel berthed by her port side to the 

terminal.  All cargo of nitric acid was discharged at Port Kelang through the port 

common manifold. The discharge was completed on 17 April 2016.  Six elbow spool 

pieces remained in position and connected the port common manifold with the port 

individual manifolds of COTs No. 4 P&S, No. 5 P&S and No. 6 P&S.   

4.3 The vessel then sailed and arrived at the port of Penang in early morning on 18 April 

2016.  All cargo of acrylonitrile was discharged through the starboard common 

manifold. Four elbow spool pieces were used to connect the starboard common 

manifold with the starboard individual manifolds of COTs No. 2 P&S and No. 8 P&S. 

During discharging of Acrylonitrile at Penang, the crew discovered that the cut-off 

valve of the port individual manifold of COT No. 8 P was leaky and reported it to C/O.  

4.4 The vessel departed from Penang in ballast condition at about 1730 hours on 18 April 

2016.  After dropping off the pilot at 1815 hours, the vessel sailed at full speed to 

Singapore.  

4.5 After the vessel was casted off from the terminal of Penang, C/O held a safety meeting 

of cargo oil tank cleaning in tally room from 1800 to 1820 hours with deck crew 

members, consisting of the bosun, A/O, AB1, AB2 and AB3, OS1 and OS2. During the 

meeting, C/O briefed the attendees on safety issues and their duties in the tanks cleaning 

operation. The tank cleaning plan including the cleaning sequence was also introduced. 
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The first group of tanks to be cleaned would be COTs No. 2 P&S and No. 8 P&S. Then, 

the second group of tanks would be COTs No. 4 P&S, No. 5 P&S and No. 6 P&S.                                                                            

4.6 Subsequently, at 1820 hours, the crew went to the main deck to arrange the cargo 

pipelines for cleaning COTs No.2 P&S and No.8 P&S.  In the meantime, as instructed 

by C/O through portable radio, AB1 connected the COT No.8 P individual manifold 

with the port common manifold by using an elbow spool piece. As such, the port 

common manifold was virtually linked up with COT No. 8 P, and segregated only by 

the leaky manifold cut-off valve.  

4.7 At about 1945 hours, upon completion of the pipeline preparation, the crew members 

assembled again in tally room for a tool box meeting. Two additional members, OL1 

and OL2 from engine room department, joined the tool box meeting. C/O assigned tasks 

to each crew member before commencing the cleaning of the cargo oil tanks No.2 P&S 

and No. 8 P&S.  Afterwards, all the 9 crew members went to their respective locations 

on the main deck for further instructions from C/O.  C/O assigned the tasks to the crew 

members as follows: (i) AB1 and OS 2 on COT No. 2 P, (ii) AB2 on COT No. 2 S, (iii) 

the bosun and A/O on starboard manifold, (iv) OS1 and OL1 on COT No. 8 P, (v) AB3 

and OL2 on COT No. 8 S. 

4.8 After all crew members reported their position, at about 2002 hours, C/O instructed A/O 

to check and confirm all cargo oil tank individual manifold cut-off valves were closed.  

After a short while, A/O confirmed to C/O through portable radio that all individual 

manifold cut-off valves (both sides) were closed.  At about 2007 hours, after 

confirming the valves and washing machines ready with the local deck crew, the 

cleaning of COTs No. 2 P&S and No. 8 P&S commenced by supplying sea water to the 

respective fixed cargo oil tank cleaning machines.  While the cleaning of the cargo oil 

tanks was going on, the cargo oil pumps of COTs No. 2 P&S and No. 8 P&S were 

started to strip the washing water from the cargo oil tanks and discharged it overboard 

through vessel’s stripping line.  

4.9 In order to clean other pipes of the cargo oil tanks by washing water, at about 2010 

hours, C/O instructed the bosun and the A/O to link up the starboard common manifold 

by opening the starboard individual manifold cut-off valves of COTs No. 2 and NO. 8 

P&S and their respective dropping valves. It would allow the washing water to fill into 

the cargo pipes and return to the COTs through starboard common manifold and 

respective cargo oil pipes by consequently opening the drop valves of each tank.  



 

8 
 

4.10 At about 2015 hours, when the vessel was sailing in approximate position of 5°30.89’N, 

99°56.90’E in Malacca Strait, the OS1 together with OL1 went to open the drop valve 

of COT No. 8 P to allow washing water to pass through the drop line to the COT No. 8 

P for cleaning the pipe lines.  Suddenly a violent explosion occurred at port common 

manifold (Fig. 2). 

Fig. 2 - Damage of the port manifold 

4.11 After the accident, the master immediately ordered the third officer (who was on duty 

with the master on the bridge) to go down to the main deck to assess the situation and 

check if there were any injuries.  In the meantime, the master contacted Penang Port 

Control (PPC) for emergency assistance.  According to the PPC’s, at about 2058 hours, 

the master began to turn the vessel back to Penang Pilot Station.   

4.12 As the result of explosion, 6 out of the 9 crew members on the main deck were injured. 

The other 3 crew members (i.e. AB1, AB2 and OS2) on the forward deck at the COTs 

No. 2 P&S were not injured.  Their locations on deck at the time of explosion are 

shown in Fig. 3.  At about 2359 hours, the vessel arrived and berthed at Penang.  At 

about 0005 hours on 19 April 2016, the shore paramedics arrived on board.  The six 

injured crew members were sent to Seberang Jaya Hospital.  However, OL1 was 

certified dead in the hospital on the same day.  The other 5 injured crew members 

recovered in the hospital and one of them was able to resume his duty on board before 

the vessel’s departure.   
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 Fig. 3 - Locations of the crew members on deck at the time of explosion 

4.13 Due to the violent explosion, the main deck and attachments, outfitting, accommodation 

bulkhead and miscellaneous fittings / equipment were damaged to various extents.  It 

was observed that the explosion caused most of the metallic debris flown to the aft of the 

vessel.  Not much damage was found on the forward part.  Some of the damages were 

reported as follows:  

(i) The port common manifold was blown to pieces, leaving only a short piece of the 

aft end at its location.  It was obvious that the explosion centre was in the port 

common manifold (Fig. 4);   

(ii) The main deck and attached structures underneath the port spill tray were buckled 

(Fig. 5); 

(iii) Windows on the forward bulkhead of the accommodation were holed or shattered 

(Fig. 6); 

(iv) The forward bulkhead of the accommodation was scattered with holes and mainly 

on the top part, e.g. the chief engineer’s cabin on Captain Deck (Fig. 7); and 

(v) In the COTs No. 5 P&S under the manifold, extensive pitting damage to the 

bulkhead and bottom plate was found. Furthermore, there was also extensive 

damage to the heating coils (Fig.8, Fig.9).  

AB1 
OS2 

AB2 

OL1 
OS1 

AB3 
OL2 

BSN 
A/O  

Point of 
Explosion 

Starboard side 

Port side 
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 Fig. 4 - Port COTs manifolds at midship after explosion 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 - Main deck underneath port spill tray 

 

 

Port common 
manifold was blown 
to pieces leaving the 
aft end at its location 

Spill tray was 
torn to pieces 

COTs manifolds  
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Fig. 6 - Windows on the accommodation forward bulkhead 

Fig. 7 - Accommodation forward bulkhead in Chief Engineer’s Cabin on Captain Deck  

 

Holed 

Windows on poop 
deck were holed Windows 

on the 
bridge were 
shattered 
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Fig. 8 – Damage on heating coils of COTs No.5 P&S 
 

Fig. 9 – Pitting damage on bulkhead and bottom plate of COTs No.5 P&S 
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5. Analysis 

Certification and manning of the vessel, and crew members’ working experience 

5.1 The statutory trading certificates of the vessel were valid and in order.  The vessel was 

manned by 21 crew members including the master and they came from South Korea or 

Myanmar.  

5.2 The tanker endorsements and experience of the crew members involved in the incident 

are shown in Table 2 below.  

Rank Nationality Tanker 
endorsements 

Years with 
company 

Year with 
Rank 

Years on 
chemical tanker 

Years on all 
type of tankers 

Months on 
board 

Master Korea Oil/Chemical 0.5 6.5 11.3 12.2 5.5 

C/O Korea Oil/Chemical 7.3 2.5 5.4 5.4 6.5 

Bosun Myanmar Oil/Chemical 0.5 10.4 4.9 11.4 5.6 

AB(1) Myanmar Oil/Chemical 1.7 3.0 3.8 3.8 9.5 

AB(2) Myanmar Oil/Chemical 6.0 0.5 3.5 3.5 1.7 

AB(3) Myanmar Oil/Chemical 1.0 0.1 2.1 2.1 0.6 

OS(1) Myanmar Oil/Chemical 0.5 3.6 1.4 1.4 6.2 

OS(2) Myanmar Oil/Chemical 0.3 1.7 1.7 1.7 3.1 

Oiler 
(1) 

Myanmar Oil/Chemical 0.8 5.9 3.0 4.0 9.5 

Oiler 
(2) 

Myanmar Oil/Chemical 0.1 3.1 0.8 0.8 1.7 

A/O Korea Oil/Chemical 0.6 0.6 0.6 0.6 7.7 

Table 2 Tanker endorsements and working experience of crew members involved in the accident  

5.3 The master, C/O and all ratings involved in the accident held certificates of competency 

or certificates of proficiency appropriate to their respective positions on board the ship. 

They were all experienced in the oil/chemical tanker operations.  A/O had joined the 

ship for more than 7 months for training purpose, and was under the supervision of the 

bosun during the cleaning operation.  

Working hours and alcohol abuse 

5.4 After the accident, all crew members on board had undergone alcohol test by using 

shipboard test kits by the master at 0400 hours on 19 April 2016. The results were all 

negative. C/O stated that he had a rest period of 10 hours and a work period of 8 hours 

during the day, and it was same for the deck crew members.  No evidence was found 
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during the investigation to show that C/O and other crew members involved were 

affected by either fatigue at work or alcohol and drug abuse.   

Weather and sea conditions   

5.5 On 18 April 2016, the weather was cloudy with south gentle breeze of force 3 on the 

Beaufort Wind Scale and slight sea condition of about 1 metre waves. The visibility was 

good (about 10 nautical miles) at the material time. The weather and the sea conditions 

did not contribute to the accident.   

5.6 Although it was already dark when the cleaning operation commenced, all crew 

members had torches and deck illumination was provided. No difficulty was reported in 

the operation. The illumination on deck was not considered as a contributory factor to 

the accident, but the darkness might reduce the alertness of the crew member on the risk 

of cleaning operation.  

Death Certificate  

5.7 The death certificate of OL1 issued by the local authority concluded that his dead was 

caused by penetration injury over left lung.  It was most probably due to the flying 

metallic debris passing through his left lung.   

Loading and discharging of nitric acid and acrylonitrile and its segregation 

requirement 

5.8 The Material Safety Data Sheets (MSDS) for both grades of cargo were available on 

board.  According to the MSDS: 

- Nitric acid (less than 70%, CAS No.: 7697-37-2) is extremely hazardous due to its 

corrosive, reactive, strong oxidizing and toxic properties.  The nitric acid is fully 

soluble in water and may react violently upon contact with water with the evolution 

of heat, fumes and spattering. Although it is not combustible, its strong oxidizing 

characteristic together with the heat from reaction with water and combustible 

materials may cause ignition upon contact with combustible material, and can 

accelerate the burning of combustible materials. A contact with metals may generate 

to flammable hydrogen gas. Besides, a contact with combustible materials may lead 

to an explosion (Appendix 2); and 

- Acrylonitrile (CAS No.: 107-13-1) is highly flammable with moderate explosion 

hazard.  Although the vapor of acrylonitrile is heavier than air, it may travel a 

considerable distance to a source of ignition and flash back.  Acrylonitrile reacts 

rapidly with strong acid, strong base or oxidizing agents (Appendix 3).   
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5.9 The approved shipboard “Cargo Operating Manual” described that nitric acid and 

acrylonitrile belonged to cargo group numbers of 3 and 15 respectively.  The details of 

cargo compatibility between nitric acid and acrylonitrile were shown in the approved 

“Procedures and Arrangements Manual”.  The cargo compatibility chart in this manual 

indicated that the two cargoes were incompatible and would readily react with each 

other in a hazardous manner.  The reaction of mixing of both cargoes would generate 

gas such as hydrogen and create large amount of heat, then cause explosion if the 

reaction was contained in a limited space.  

5.10 In accordance with International Code for the Construction and Equipment of Ships 

carrying Dangerous Chemicals in Bulk (IBC Code), Chapter 3, paragraph 3.1.3.1, 

incompatible cargoes should be segregated from each other by means of a cofferdam, 

void space, or empty tank. In the cargo operating manual, it was also stated that the 

cargoes expected to result in a hazardous chemical reaction should not be loaded in the 

tanks adjacent to each other.  The principle of the segregation aimed to prevent any 

possibility of mixing of incompatible cargo due to leakage.  This was implemented by 

the loading and stowage arrangement in the loading ports in South Korea before 

proceeding to Port Kelang on 17 April 2016 (Fig. 10).  The cargo oil tanks in yellow 

were loaded with nitric acid at Yeosu and those in blue were loaded with acrylonitrile at 

Ulsan. It segregated two incompatible cargoes by empty tanks in between.  

Fig. 10 - Cargo stowage plan with nitric acid in yellow and acrylonitrile in blue 

5.11 This principle of segregation was also complied with during the discharging operation. 

The nitric acid was discharged via port individual manifolds and the port common 

manifold.  The Acrylonitrile was discharged via starboard individual manifolds and the 

starboard common manifold.  
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The arrangements of cargo piping system and manifold on main deck (Fig.11) 

5.12 The vessel was a type 2 oil/chemical tanker under the IBC Code with 16 segregated 

cargo oil tanks made of stainless steel (SUS 316L). Each cargo tank has individual 

outlet connections at midship and on each side of the main deck.  Each outlet 

connection manifold consisted of a cut-off valve, a short piece of pipe with a pressure 

gauge and a drain tube to the spill tray. The cut-off valves were butterfly valves which 

were controlled manually on local platform.   For loading and discharging cargo of 

one individual tank, the individual outlet manifold could be used by connecting with 

shore manifold, and be controlled by the individual cut-off valve (Fig. 12, Fig. 13, Fig. 

14) 

5.13 In addition, a common manifold was installed at midship and on each side of the main 

deck. It was constructed with 16 flange connections, which could be connected to any 

individual manifold outlet of each tank by an elbow spool piece. This combined the 

outlet cargo into one common connection with shore system.  In the common 

manifold, two spectacle blank plates were provided to separate it into two parts if 

necessary, such as when segregation of incompatible cargo was required.  

5.14 There were specific elbow spool pieces on board the vessel for each individual manifold 

marked with the tank number (Fig. 15).  There were also elbow spool pieces 

designated and provided on board for connecting individual manifold with each other 

without using common manifold. The elbow spool pieces and their typical connections 

were shown in Fig. 16.  

5.15 The manifold pipeline arrangement for the 16 tanks was quite complex and required 

extreme caution to avoid any mistake when linking up the desired cargo oil tank 

manifolds with the shore connection.  Therefore, any operations on the midship cargo 

manifolds required good communication between the crew at the manifolds and C/O 

who was the person in charge staying in the cargo control room.  Particular caution 

should be drawn by the crew members operating the common manifold by using the 

elbow spool pieces and/or spectacle blanks.  The crew’s knowledge on the piping 

system was another critical safety factor.  Any miscommunication or negligence of the 

crew would cause mistake in linking up pipe lines at midship cargo manifolds. Special 

precaution should be paid to comply with the segregation requirement between 

incompatible grades of cargo. 
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Fig. 11 - Pipe diagram of cargo pipe system on deck 
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 Fig. 12 - The cargo pipe diagram showing the COTs No. 5, 6, 7 and 8 (Slop) P&S
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Fig. 13- Manifold arrangement (Starboard) 

Fig. 14 - Manifold cut-off valve for each individual manifold 

Cut-off valve for 
individual manifold 

Cut-off valve hand wheel 
for individual manifold 

 
6 Inches connection 
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Fig. 15 - Elbow spool pieces for manifold connection. 

Fig. 16 - Typical connection of manifold by elbow spool pieces 

The manifold connection for discharging cargo before the cleaning operation 

5.16 Upon arrival at her first discharge port, Port Kelang, on 17 April 2016, in accordance 

with the discharge plan, the vessel discharged nitric acid via port common manifold.  

Therefore the port individual manifolds of COTs No. 4 P&S, No. 5 P&S and No. 6 P&S 

were connected with the port common manifold by six elbow spool pieces for 

discharging the cargo ashore.  The connections remained in place after discharging and 

the port common manifold contained nitric acid residue (Fig. 17). 

5.17 After the vessel arrived at port of Penang on 18 April 2016, the remaining cargo grade 

of Acrylonitrile in COTs No. 2 P&S and No. 8 P&S were discharged via starboard 

common manifold.  4 elbow spool pieces were used to link the individual manifolds to 

the starboard common manifold. After discharging, the elbow spool pieces remained in 

place (Fig. 18).  During discharging, the cut-off valve of the port individual manifold 

Connection with 
common manifold 

Connection with 
each other tank 

Outlet of common 
manifold for shore 
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of COT No. 8 P was found leaky by observing the pressure gauge fitted after the cut-off 

valve. Since there was no imminent need, C/O planned to replace the leaky valve after 

the cargo oil tank cleaning.  

5.18 When AB1 used an elbow spool piece to connect the port individual manifold of COT 

No. 8 P with port common manifold as per the C/O’s instruction, the port common 

manifold was connected with the individual manifold of No. 8P.  Since the port side 

cut-off valve was leaky, any liquid in the individual manifold of COT No. 8 P and/or in 

the port common manifold could pass through the leaky valve and mix with each other.  

Fig. 17 - Illustration of the port common manifold in connection with the manifolds of 

COTs No. 8P, No. 6 P&S, No. 4 P&S, No. 5 P&S by elbow spool pieces 

 
 
 
 
 
 
 
 
 
 

7 elbow spool pieces 
were connected to port 
common manifold   

The spectacle was 
on pass position 

Use starboard manifold 
photo illustrating port 
manifold connection 
arrangement  
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4 elbow spool pieces were 
connected to starboard 
common manifold   

Fig. 18 - Illustration of the COTs No.2 P&S and No.8 P&S manifolds in connection with 
the starboard common manifold 

Tank washing and stripping operation and cargo pipe flushing  

5.19 The tank washing system was separated from the cargo system. The sea water was 

pressurized and delivered to the washing pipe system on deck by a tank cleaning pump. 

The pressurized water drives the tank cleaning machine (Fig. 19) and jets into the cargo 

tank to clean the tank inner surface.  

5.20 During the cleaning operation, the washing water mixed with cargo residue and 

accumulated in the bottom of the tank. Then the cargo oil pump (Fig. 20) would be used 

to strip the water through the stripping line and discharge it overboard through a valve 

in compliance with MARPOL Annex II requirements. (Figs. 21 and 22)  

5.21 After lining up the washing system, C/O started the tank cleaning pump at about 2007 

hours. After confirming all washing machines running satisfactory, C/O started the 

cargo pump for each tank to strip the washing water and discharge it overboard.  As 

the operation was being conducted smoothly, C/O instructed the deck persons to open 

the drop valves to let the stripped washing water from cargo tanks to pass the drop pipes 

and return to the cargo tanks in order to flush the drop pipes. During the washing and 

stripping operation, the washing pipe system and the cargo pipe system of COTs No. 2 

P&S and No. 8 P&S were filled with sea water and the stripped washing water with 

acrylonitrile residue respectively.    
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5.22 At about 2015 hours after about 8 minutes of cleaning operation, an explosion occurred 

on the port common manifold.  It was deduced that the washing water mixed with 

acrylonitrile filled up the individual manifold pipe of COT No.8 P, leaked from the 

leaky cut-off valve, passed through the wrongly connected elbow spool piece, entered 

into the port common manifold, and mixed with the cargo residue of nitric acid.  The 

mixture of the acrylonitrile and nitric acid reacted violently in the limited enclosed 

space of the common manifold and resulted in a violent explosion thereafter. It occurred 

so sudden that no crew member could even hear any abnormal noise or vibration caused 

by the boisterous reaction of the mixture before the explosion. 

 

Fig. 19 - Fixed tank cleaning machine on 

deck 

 

Fig. 20 - Deep well cargo pump on 
deck 
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Fig. 21 - Diagram of Discharging stripped washing water from COT No.8 P 
 

Slop line  
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Fig. 22 - Diagram of tank cleaning water flow and stripped washing residue flow during the tank cleaning operation of COTs No. 8 P&S and No. 2 P&S  

Usually called No.8 
cargo tank 

 

Wrong 
connected elbow 

 

Starboard manifold, 
Acrylonitrile 

 

Port manifold, 
Nitric Acid 
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Identification of manifold connection and malfunction of the manifold cut-off valve   

5.23 After the accident, an examination into the manifold found that there were no 

distinguishable markings on the manifolds to identify different cargoes in the pipelines. 

Therefore, it was very easy to make mistakes when linking up the manifolds by the 

elbow spool pieces in the congested piping area. The port individual manifolds of COTs 

No.8 P&S and No. 2 P&S were not marked or secured by lashing seal, chain lock or 

other barriers to prevent them from being wrongly connected to the port common 

manifold once it was left with cargo residue of nitric acid.  

5.24 Although the leaky cut-off valve was discovered before the accident, no particular 

safety or precautionary measure was implemented before the washing operation.  The 

crew proceeded to wash in normal manner without noticing the deficiency.  The AB1 

followed the C/O’s instruction and linked up the COT No.8 P individual manifold with 

the port common manifold using an elbow spool piece.  C/O was busy in monitoring 

the 9 crew members in the operation and did not recognize that his instruction resulted 

in the violation of segregation requirement.  

Tank cleaning plan and risk assessment with safety check list 

5.25 According to the procedure of the Safety Management System (SMS) on board the ship, 

the tank cleaning plan was prepared by C/O and approved by the ship’s master. Full risk 

assessment with checklist was completed by C/O. Safety meeting and tool box meeting 

were convened before the operation.  Before tank cleaning, the checklist showed that 

the item “Are line and hoses connected properly and securely” was checked and 

confirmed. It was found during the investigation that this item was not adequate to 

identify the wrong connection of an elbow spool piece with the common manifold.  

After the accident, the company revised this checklist by adding a new item “Are lines 

and hoses connected or isolated properly by using ‘line-up checklist’?” (Appendix 4). 

5.26 Although a “line-up checklist” (Appendix 5) was provided on board as a part of the 

procedures of SMS system, it had not been used for the tank cleaning operation before 

the accident.  In this checklist, verification of the elbow spool piece connection was 

not included.   

Safety meetings for the tank cleaning operation 

5.27 The two oilers (including the deceased) normally worked inside the engine room. They 
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did not attend the cargo oil tank cleaning safety meeting with the deck crew in tally 

room.  They were only briefed by C/O in the tool box meeting with others before 

commencing the washing operation.  The oilers might not have received sufficient 

safety briefing so as to be fully aware of the potential hazards involved in their jobs.   

5.28 It was obvious that in the safety meeting, a thorough risk assessment on the leaky 

cut-off valve of the COT No.8 P individual manifold was ignored. In addition, the 

compliance with the segregation requirement was overlooked.  As a result, AB1 

followed the C/O’s instruction and connected the elbow spool piece to port common 

manifold without hesitation and doubt.  Moreover, although the instruction was given 

by walkie-talkie and all team members should have received it via walkie-talkie, nobody 

realized this wrong instruction and challenged it by double checking with C/O before 

AB1 connected the elbow spool piece. 
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6. Conclusions 

6.1 On 18 April 2016, the vessel was in ballast condition en route from Penang, Malaysia, 

to Singapore. In approximate position of 5°30.89’N, 99°56.90’E in Malacca Strait, the 

port common manifold of the vessel exploded during cargo oil tank cleaning operation 

which resulted into the death of an oiler and injuries of five crew members.   

6.2 The investigation had identified the following contributory factors to this accident:  

a) carelessness of the crew members resulted in the elbow spool piece being 

wrongly fitted to the port common manifold with COT No.8 P individual 

manifold which violated the segregation requirements of two incompatible 

grades of cargo; 

b) the manifold piping arrangements at midship port and starboard sides were 

complex.  But there were no conspicuous markings on the manifolds for the 

crew to identify the grades of cargoes inside the manifolds; and  

c) although the leakage of the manifold cut-off valve of COT No.8 P was noticed 

before the accident, no precautionary measure was taken before the 

commencement of the cleaning operation. 

6.3 The investigation had also found the following safety factors:  

a) no preventive measure was in place to prevent wrong connection of an elbow 

spool piece which violated the segregation for incompatible cargo grades in the 

common manifold; and 

b) the required procedure for verifying the proper connection and isolation of 

pipelines and hoses by the “line-up checklist” before tank cleaning operation had 

not been carried out.  
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7. Recommendations 

7.1 The ship management company of the vessel should:- 

(a) inform all masters, officers and crew of the fleet on the findings of this accident 

investigation; 

(b) issue safety instruction on handling leaky valves of cargo oil pipeline during 

operation; 

(c) provide onboard familiarization training to crew of the cargo manifold piping 

arrangement; 

(d) review the onboard procedures for handling incompatible cargoes, taking the 

following aspects into considerations:  

 full risk assessment should be conducted for the tank cleaning operation;  

 particular cautions should be highlighted when using the common 

manifold. The “line-up checklist” should include the use of elbow spool 

pieces to avoid any violation of the segregation requirement;  

 procedures should be developed such as using warning signs, chain 

lock/seal or barrier on the individual manifold to prevent them from 

being wrongly connected to the common manifold which may contain 

incompatible cargo;  

 cargo compatibility information should be readily available to all crew 

members for reference; and    

 crew members involved in the cargo tank cleaning operation should attend 

all relevant safety and tool box meetings. 

7.2 A Hong Kong Merchant Shipping Information Notice is to be issued to promulgate the 

lessons learnt from the accident. 
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8. Submission  

8.1 The draft report was sent to the following parties for their comments:  

a) the ship management company, master and C/O of the vessel; and  

b) the Ship Safety Branch of the Marine Department. 

8.2 No comment was received from the above parties at the end of consultation.  
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9. Appendices 

Appendix 1 - Photographs of port and starboard manifolds with elbow spool pieces 
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Appendix 2 - Marine Safety Data Sheet of Nitric Acid 
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Appendix 3 - Marine Safety Data Sheet of Acrylonitrile 
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Appendix 4 - Revised “Checklist Before Tank Cleaning” 
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Appendix 5 - “Line-up Check List” 

 



 

 
 

 


	1. Summary
	2.  Description of the vessel
	3.  Sources of evidence
	4.  Outline of events
	5.  Analysis
	6. Conclusions
	7.  Recommendations
	8.  Submission
	9. Appendices
	Appendix 1 - Photographs of port and starboard manifolds with elbow spool pieces
	Appendix 2 - Marine Safety Data Sheet of Nitric Acid
	Appendix 3 - Marine Safety Data Sheet of Acrylonitrile
	Appendix 4 - Revised “Checklist Before Tank Cleaning”
	Appendix 5 - “Line-up Check List”


