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 3-9  Oil Spill from a Vessel with a Hole Rupture

Pop quiz !

Ｑ In the case of a collision accident etc., as shown in Figure 14, 

and in the event of a hole rupture in any one part from ① to ④ , 

predict how much oil will be spilled. This is assuming no change in hull angle 

inclination, trim or draft, and no effects from currents or waves. It is also 

assumed that no fuel oil tank is actually connected to the double bottom and 

tanks in the port and starboard sides.

Figure 14: Oil Spillage Differs According to Hole Rupture Location

③ Hole rupture just below sea surface

② Hole rupture on sea surface

① Hole rupture just above sea surface

④ Hole rupture to ship's bottom

Tanks are not arranged in this way in practice

As a hint of how to approach this, it may be helpful to distinguish between "instantaneous 

oil spill", where the spilled oil fl ows out the moment the hole rupture occurs, and "contin-

uous oil spill", where the spilled oil fl ows out slowly afterwards. Answer can be found on 

Page 75 .
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§4   Case Study of Oil Spillage Accidents§4   Case Study of Oil Spillage Accidents

Accident cases involving both oceangoing vessels and coastal vessels will be examined.

4-1  Oceangoing Vessel Case

＝ Date, Time and Point Accident Occurs ＝

Photograph 9: Hull Spoilage of Vessel After Accident

4-1-1  Accident Overview

The Vessel was in the process of bunkering when C-type fuel oil (HFO) spewed onto the deck 

from the air ventilation of the Vessel's No.2 fuel tank, of which approximately 3 KL spilled 

into the sea. Some of the oil spilled over the oil fence extended around the Vessel and spread 

to the surroundings after the accident, causing damage to nearby bay and fi shing facilities.

Photograph 10: Oil Slick Drifting in Coastal Areas Photograph 11: Damage to Fishing Facilities
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4-1-2  Accident Treatment Expense

The following expenses have been incurred for accident treatment.

Photograph 12: Fuel Oil Recovered from the Deck

Photograph 13: 

Recovery via Oil Adsorbent

Photograph 14: 

Recovery Work Using Oil Adsorbent
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Figure 15: Damage to Fishing Facilities 5 Days After Accident

Photograph 15: Fuel Oil Spilled on the Sea Photograph 16: Fuel Oil Washed Ashore against Seawall
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4-1-3  What Caused the Accident?

The Vessel, had almost fi nished with dock repair work and was docked at the wet dock 

quay. Scheduled to depart from dock on the evening of the 01.XX.20XX (Day 1), the 

Vessel's bunkering plan was to receive 100 M/T of Low Sulphur Marine Gas Oil (LS-

MGO) into No.5 Center DO tank and 600 M/T of 380cSt C-type fuel oil into No.3 Center 

and No.4 Center FO tanks as shown in Table 3.

Table 3: Planned Quantity for Bunkering

Table 4 illustrates the timeline of events leading up to the accident.

= Timeline of Events Leading up to the Accident =
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Table 4: Timeline of Events Leading up to the Accident

At approximately 19:15 on 01/MM/20YY, after a bunker barge (hereinafter referred to as 

“barge”) came alongside the starboard side of the Vessel and a briefi ng with the Master of 

the barge and confi rmation of the amount of fuel that the barge was holding was fi nished, 

at approximately 19:30, the connection of hose for bunkering was made, and from 20:30, 

LSMGO (Low Sulphur Marine Gas Oil) 100 M/T started to be received into No.5C DO 

tank. At 21:30, bunkering of LSMDO was completed. Later, at around 21:45, while the 

amount of LSMGO received by the Vessel was confi rmed the bunker hose was replaced 

with one designed for 380cSt C-type fuel oil.

The original Bunkering Plan was to fi rst bunker the No.3C FO tank with 300 M/T and 

then accept the remaining 300 M/T into the No.4C FO tank.

At 22:00 C-type fuel oil started being bunkered at a slow rate of transfer to begin with. 

After confi rming that there were no leaks from the pipeline, the amount of oil transferred 

was increased to around 130KT/h.
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At approximately 01:25 on 02/MM/20YY, 3 hours and 25 minutes after the start of bun-

kering, Ordinary Seaman (OS) on deck patrol reported fuel oil leaking from the Air Vent 

of No.2C FO Tank which was not to be bunkered.

The Chief Engineer immediately requested the barge to make an emergency stop of oil 

supply and reported the oil leak to the Master who was in the captain’s cabin.

At approximately 01:30, the Master issued an alert to the Oil Pollution Department, and 

at around 01:50, telephone called the Super Intendant (SI), the person in charge of the 

Vessel at dock and agents to inform them of the oil spill. 

After issuing an alert to the Oil Pollution Department, crew members started recovering 

the fuel oil spilled on the deck and, simultaneously confi rmed that it had spilled over-

board. Also, from approximately 03:00, because the No.2C FO tank was full, the C/E 

started transferring a portion of the fuel oil from No.2C FO Tank to No. 4C FO Tank.

At approximately 13:00 on the same day, 5 members of the Marine Safety Agency (MSA 

which is equivalent to the JCG or Ministry of Land, Infrastructure, Transport and Tourism 

in Japan) boarded. In addition to confi rming the spill and commencing questioning of the 

crew, two SPROs (Ship Pollution Response Organisations) were appointed to recover the 

fuel oil spilled overboard and clean the seawall and fi shing facilities. 

On Day 3 PM, recovery and cleaning up of the fuel oil spilled on deck was completed, but 

it took approximately one more month for the oil that had washed ashore and onto fi shing 

facilities to be completed.
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＝ Estimated Amount of Overboard Discharge ＝

The fuel oil that spilled overboard was estimated to be approximately 3.0 KL; calculated 

from the amount of residual oil before the start of bunkering, that of residual oil after the 

stop of oil supply, that of overboard discharge recovered from the deck and the amount of 

oil transfer declared by the barge. Please refer to Table 5 for details.

As bunkering started at 22:00 and the emergency stop was initiated 01:25, approximately 

414.00 KL of fuel oil was pumped in the last 3 hours and 25 minutes. The estimated 

pumping rate, calculated as a simple average without taking into account the slow pump-

ing rate immediately after start, was 121.17 m๎/h. For the amount of spill, including the 

spill on the deck, calculated in Table 5 is 44.00 m๎ (column (C) of the table), divided by 

the oil transfer speed, we obtain: no one noticed the spill for approximately 22 minutes, 

after it had started through the air vent in tank No.2 C FO.

Table 5: Calculation of Estimated Overboard Discharge
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4-1-4  Accident Cause

＝ Direct Cause ＝

The direct cause was that the fi lling valve of the No.2C FO tank, which had not been 

scheduled to be bunkered, was not “fully closed” for some reason, but was slightly open, 

so that fuel from that tank entered the No.2C FO tank and overfl owed through the air vent. 

In addition, the direct cause of the fuel oil spill overboard was, as mentioned above, ac-

cording to calculations following the accident, a delay in noticing the spill from the air 

ventilation (no one noticed it for 22 minutes after the start of the spill) and a failure to 

make an emergency stop in time. 

Photograph 17: No.2 C FO Tank Air Vent.
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＝ Why Was the “Receiving Tank Main Valve (Filling Valve)” of 
No. 2C FO Tank Open When It Was Not to Be Refi lled? ＝

According to the Chief Engineer of the vessel, the reason why No.2C FO Tank fi lling 

valve was open was as follows.

  After the last refi ll of No.2C FO tank, the fi lling valve was confi rmed 

as being closed.

  The fuel warm-up steam pipeline equipped above the filling valve 

of each fuel tank in the engine room was repaired, including the 

installation of insulation, as dock work.

  Under normal circumstances, a stepladder should be used to carry 

out repairs. The pipe work was carried out using a stepladder 

scaffolding, but the subsequent work of fi tting the insulation only was 

simple enough for a dock worker, who was not in charge of the pipe 

work, who climbed over the Filling Valve of No.2 FO Tank by putting 

his foot on it.

 It is assumed that the closed valve was opened at that time.

Installation of thermal insulation

No.2C FO Tank Filling Valve

Photograph 18: Insulation Installation
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No.2C FO Tank Filling Valve

Reconstruction by the Vessel's crew

Photograph 19: Reason Why No.2C FO Tank Filling Valve Opened

＝ Accident Cause from the Perspective of Human Error ＝

After an accident, we review it in terms of, “What would have happened had we..?” 

(“what if” scenarios), which is referred to as hindsight bias (the tendency to think that 

something was predictable after it has happened.) Acknowledging that there are prophe-

cies recorded after the event (wise after the event) meaning that it is easy to be critical 

about anything after it has happened (psychological analysis), let’s analyse the causes of 

the accident from the perspective of a chain of errors. Indirect causes include the follow-

ing.

①   Human error factors related to the bunkering plan, including 

assignment of personnel

(1)  Has there been suffi  cient safety and environmental awareness on the part of the 

management (Master on the Vessel, Chief Engineer and/or the company's Opera-
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tions Manager)?

  It took an estimated 22 minutes from the start of the oil spill for it to be discovered. 

The OS (Ordinary Seaman), who were not directly involved in the bunkering 

work, were on deck patrol, but was every crew member on board aware of the 

potential signifi cant marine pollution that could be caused by an oil leak?

(2)  Had the bunkering plans and procedures been properly developed in advance? 

(e.g. bunker line, personnel assignment etc.)

  In the analysis of the accident this time, it was not possible to examine the bunker-

ing plan or the personnel assignment list, so we can only speculate. However, 

considering that it happened late at night, there was probably an insuffi  cient num-

ber of deck offi  cers on duty or deck patrols being conducted.

(3)  Did all personnel involved in the operation have an adequate understanding of the 

bunkering plan in the meeting prior to carrying out the work?

  Did they understand the bunkering procedures and the condition of the bun-

ker lines? Would both the Master and C/O also have been present at the 

engine department meeting in case of an emergency?

  Was it predetermined who would be in charge of which valve changeover 

and when?

  Due to the bunkering work being carried out at night, it is assumed that no 

other work was to be done, but had there been a confl ict with other work that 

arose, was the personnel assignment adequate?

  Was the deck OS on patrol briefed on which fuel tanks were to be bun-

kered?

(4)  Why did they start bunkering work with one valve open for No.3 C, even though 

No.3 C and No.4 C FO tanks were receiving tanks? (Reasons given below; see 

“General procedures when receiving the same type of fuel into more than two 

tanks.”).  Are there any factors in the procedure for opening or closing the relevant 

valves that could cause errors?
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②  Human error regarding status monitoring during bunkering work

The following four factors inviting human error have been introduced in several Loss 

Prevention Bulletins. In this guide, we will formulate an analysis applying these to the 12 

Human Characteristics (Figure 16).

＝ Causes Which Invite Human Error ＝

1.   Common characteristics of highly skilled technicians

2.  12 Human Characteristics

3.  Four Psychological Factors

4.  Human brain capacity and optical illusions

1　 Human beings sometimes make 
mistakes

2　Human beings are sometimes careless
3　Human beings sometimes forget
4　 Human beings sometimes do not notice
5　 Human beings have moments of 

inattention
6　  Human beings sometimes are able to see 

or think about only one thing at a time

7　Human beings are sometimes in a hurry
8　 Human beings sometimes become 

emotional
9　 Human beings sometimes make 

assumptions
10　Human beings are sometimes lazy
11　Human beings sometimes panic
12　 Human beings sometimes transgress 

when no one is looking

Twelve human characteristics 

 Figure 16: 12 Human Characteristics

(1)  Did the person in charge keep checking all FO tank levels and continue to monitor 

tank level changes? If not, ② Human beings are sometimes careless, ③ Human 

beings sometimes forget and ⑩ Human beings are sometimes lazy in Figure 16 

will be applicable.
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(2)  Had sounding measuring tape been used for level checking periodically as well as 

remote liquid level gauges?

④ Human beings sometimes do not notice, ⑥ Human beings are sometimes only 

able to see or think about one thing at a time, ⑨ Human beings sometimes make 

assumptions, and ⑩ Human beings are sometimes lazy are applicable.

(3)  Is the indicated oil transfer rate (121 m3 /h) adequate?

Because we have not been able to examine the diameter of the pipes in the Vessel's 

bunkering lines, we cannot judge whether the oil transfer speed was reasonable or 

not, but the author would like to know whether the person in charge was in a hurry 

to get the job done as quickly as possible. ⑦ Human beings are sometimes in a 

hurry will be applicable.

(4)  Had crew on duty checked the venting of all fuel tanks for air escape?　③ Human 

beings sometimes forget, ④ Human beings sometimes do not notice, and ⑩ Hu-

man beings are sometimes lazy will apply.

Photograph 20: Tank Sounding

③   General procedures when receiving the same type of fuel into more 

than two tanks

The author surveyed the relevant procedures for receiving the same type of fuel in multi-

ple tanks by more than two shipping companes in the form of interviews. This was sum-

marised as follows:
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(1) Check that all valves in the bunkering line are fully closed

　　 In order to avoid such situations shown in the case this time, the FO and DO settling 

tanks should be fi lled at least one or two hours before the start of bunkering, and then, 

all valves in the fuel pipeline should be turned to “all closed” at once and checked.

(2) Lineup

　　 According to the bunkering plan, Almost all companies used the "Line Up Form", 

opening the valves required for the receiving operation. The last valve to be opened 

should be the gate valve which is connected to the bunker hose.

(3) Topping off  procedures

　　 After the start of bunkering work, the valve opening angle and the oil transfer rate 

from the barge are decreased as each tank level is reached, and the valves of the tanks 

which have reached their levels are closed. A reasonable procedure for the order of 

topping off  is to start with the FO tanks farthest from the manifold in turn. On the 

contrary, we received many comments that opening and closing the valves in the 

middle of the process can be dangerous.

（4）Infl ow check

Immediately after the start of bunkering, all FO/DO tanks should be sounded, and 

not just the receiving tanks.

Also, check the air fl ow from all FO/DO tank air ventilations.

Sounding intervals were approximately 50/50, with some companies setting the 

standard and others leaving it to the Vessel. In general, most companies assigned a 

full engine department crew to each tank immediately after the start of sounding, 

and took frequent soundings, then once the amount of oil to be pumped reached a 

steady state, shifted from a full crew to a watchkeeping arrangement. Also, some 

companies ask the O/S on duty to check the air fl ow from the air ventilations.
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4-1-5  Recurrence Preventive Measures

①  Recurrence Preventive Measures submitted by Ship Management 

Company

Once the oil spill on deck had been recovered, the ship management company for the 

Vessel developed the following preventive measures.

 Periodical sounding during bunkering

 Reinforcement of additional deck inspections

 Periodical verifi cation of FO Filling Valve

  Verifi cation of FO Filling Valve every time prior to bunkering

 Conduct drills against oil spills periodically

Since then, the author heard that more specifi c recurrence preventive measures have been 

developed and not only incorporated into the SMS manuals, but that the accident summa-

ry has also been shared with other ships concerned.

②　 Preventive measures considered from the perspective of 

technological factors and human error

In addition to the above-mentioned preventive measures taken by ship management com-

panies, we have also considered preventive measures from the perspective of technologi-

cal factors and human error.

(a) Design of appropriate bunkering plan

● Planning that allows for suffi  cient capacity of the receiving tank and appropriate 

fl ow rate (m3/h)

● The maximum capacity of each fuel tank was generally between 85% and 90%, 

with a maximum of 93%, although each shipping company had diff erent standards. 

The amount of oil to be pumped per hour was basically at the ship's discretion, 

because the diameter of the fuel pipes on each vessel was diff erent.
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● Responsibility for bunkering operations (line changeover, work content and lay-

out), and other specifi c details such as who will do what and when (timing) are to 

be included in the bunkering plan.

● In principle, the bunkering plan should be developed in such a way that the tank 

valves are not switched. If it is unavoidable, another operator (preferably an engi-

neer) should double-check the plan.

(b) Briefi ng prior to carrying out of work

● Confi rmation of the target liquid level of the receiving tank and the operation of the 

pipelines, valves, etc. 

● Checking of work assignments (not only of the operator but also that of the man-

ager).

(c) Thorough lineup

Regardless of whether multiple tanks are bunkered or not, basically, it is important to 

check that all relevant valves are “fully closed” before bunkering, and then to ensure 

thorough lineup work such as opening the necessary valves which would prevent 

accidental infl ow into a tank that was not intended.

(d) Periodic tank level checks using sounding measuring tape

Do not rely solely on the display of the liquid level gauge, even if a console has been 

installed. As explained in the previous section, soundings of all fuel tanks should also 

be periodically carried out to ensure that there is no infl ow into tanks that are not 

planned for bunkering.

(e) Appropriate response to irregularities and crew training

●  Not only the responsible operator for the bunkering operation (Chief Engineer), 

but also should the operator who was previously assigned and following the plan 

be changed at short notice for any reason, the manager must ensure that both the 

operators concerned and all other personnel be re-made aware of the change of 
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operators and the work to be carried out. If this requires a change in work proce-

dure, it is necessary to consider stopping the bunkering at once.

●  It is also necessary to educate and train the engineers and engine department crew 

by holding workshops on the daily work procedure manuals. In particular, in the 

event of crew change, a study session should be held.

(f)  Aspects that the deck department should be aware of during 

bunkering

There is a tendency to regard bunkering work as the Engine Department’s work, with 

only the Master and Chief Offi  cer (C/O) taking part in the briefi ng, with deck crew 

and the Duty Offi  cer who will actually be patrolling on deck being left in the dark. 

The deck offi  cers and the deck crew should also be briefed on the bunkering work 

and given clear instructions. For example, the engine department may be over-

whelmed with sounding work, so it is necessary to have the patrolling deck crew 

check the air fl ow from the air vent on a regular basis and report to the Chief Engineer 

via the duty offi  cer. It is also necessary to establish an information sharing system.
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4-2  Coastal Vessel Case

＝ Date, Time and Point Accident Occurs ＝

Photograph 21: Similar Kind of Vessel 

(Not Related to the Actual Accident)

4-2-1  Accident Overview

During bunkering operations on board the Vessel, C-type fuel oil spilled from the com-

mon air vent of the Vessel's fuel oil tanks onto the deck, of which approximately 300 litres 

spilled into the sea. Some of the oil spilled over the oil fence boom extended around the 

Vessel after the accident. It was washed ashore on a nearby quay. No damage was caused 

to the fi shing facilities.

Photograph 22:  Seawall Spoilage by Oil Washed Ashore
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4-2-2  Accident Treatment Expense

The following expenses have been incurred for accident treatment.

Photograph 23:  Seawall Scupper Spoilage Caused by Oil Leakage

Photograph 24:  Recovery Work Using Oil Adsorbent
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4-2-3  Extent of Damage

Most of the spilled oil was recovered by the evening of the day of the accident, but some 

was spread by the current. Later, the oil reached a seawall and the inside of a quay apron 

within a radius of approx. 3 km. It took 16 days to spread the oil and clean up the damaged 

seawall, resulting in a loss of almost the same amount as that of the fi rst day's recovery 

service fee. Fortunately, fi shing facilities were not damaged.

Photograph 25: Agitation Process

Photograph 27: Quay Wall SpoilagePhotograph 26: Spilled Oil on Sea Surface
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4-2-4  What Caused the Accident?

At approximately 07:00 on 01/MM/20YY, the Vessel was docked at a public quay in an 

unspecifi ed port of Japan on the port side for discharging. Then at approximately 09:00 

the barge came alongside the starboard side of the Vessel and started bunkering work with 

55 KL of C-type fuel oil at 09:10. Later, at approximately 09:50, the starboard No.1 FO 

(on the starboard side) tank overfl owed and the spilled oil fl owed into the “overfl ow tank 

(capacity 500 L)”, which was also full. Eventually, 2,450 L of fuel oil spilled on deck via 

common air ventilation.

Later on, when calculating the oil transfer speed, it showed that there was a continuous 

spill from the air ventilation onto the deck for approximately 2 minutes and 40 seconds. 

Because the deck scuppers were inadequately set, approximately 300 litres of the oil 

spilled overboard.

＝ Planned Quantity for Bunkering ＝

The planned amount for bunkering is shown in Table 6: a total of 55 KL of C-type fuel oil. 

The planned quantity for bunkering in No.1 FO Tank (on the port side) was 27 KL of 

C-type fuel oil fi rst, followed by the remaining 28 KL in No.1 FO Tank (on the starboard 

side). After the bunkering of C-type fuel oil was completed, the tank was to receive 15 KL 

of A-type fuel oil.

Table 6:  Planned Quantity for Bunkering
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Table 7 shows the timeline of events leading up to the accident.

＝Timeline of Events Leading up to the Accident＝
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Table 7: Timeline of Events Leading up to the Accident

In the 40 minutes between 09:10 and 09:50, pumping of 55 KL of FO (C-type fuel oil) 

was complete. Then, at 09:50, the C/E received a report from the duty offi  cer that there 

was a leak on deck and "Emergency Station" was issued by the Master. However, at 

10:10, the C/E started pumping DO (A-type fuel oil) .

At the point when 10 KL of A-type fuel oil had been pumped, it was confi rmed that C-type 

fuel oil had spilled overboard, and the emergency stop for bunkering had been initiated 

and the nearest Coast Guard Headquarters alerted. At 12:00, the fi rst oil recovery work-

boat arrived at the site and started recovery work immediately.

Meanwhile, at 13:00, Coast Guard offi  cers boarded to start investigating and interviewing 

related parties about the spill. They were instructed to recover as much oil as possible and 

to carry out agitation of any oil that had spread to the sea surface which could not be re-

covered.
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The oil spill on the deck was recovered on the same day, but it had spread unexpectedly 

over a large area of the sea surface, contaminating the seawall and quay and penetrating 

deep into the quay apron, requiring about 16 days for cleaning and agitation processing.

＝ Estimated Amount of Overboard Discharge ＝

The total amount of fuel oil spilled overboard was estimated to be approximately 0.3 KL 

(300 L), calculated from the amount of residual oil before bunkering started, another 

amount of residual oil after bunkering stopped, the amount of overboard discharge col-

lected from the deck and amount of oil transfer declared by the barge. (Please see Table 

63 for details.)

 

Table 8: Calculation of Spillage Overboard Discharge

According to the bunkering plan, the Vessel was to receive 40 KL (89% full) on her port 

side and 39 KL (87% full) on her starboard side in FO tanks at a volume capacity of 45m๎ 

at the end of bunkering, which shows that the plan itself was reasonable.
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4-2-5  Accident Cause

＝ Direct Cause ＝

The original plan was to receive 27 KL of C-type fuel oil in No.1 FO Tank (on the port 

side) and then switch the valve to receive the remaining 28 KL in No.1 FO Tank (on the 

starboard side). However, the fi lling valve on the starboard side was open and approxi-

mately 8 KL that was supposed to go into the port tank went into the starboard tank. 

Without noticing this error, when a further 28 KL was added to that (into the starboard 

side tank), it overfl owed. Figure 17 illustrates this pipeline.

Figure 17: Pipeline for Bunkering and Arrangement of Tanks
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  At 09:10, C-type fuel oil bunkering started and the No.1 FO Tank (P) with 13 KL of 

residual oil started receiving 27 KL as originally planned.

  However, as Filling Valve of No.1 FO Tank (P) was not fully closed, some of the 

pumped C-type fuel oil (7-8 KL) fl owed into No.1 FO Tank (S) with residual oil at 11 

KL.

  At 09:30, the Chief Engineer received a report from the barge that 27 KL had been 

pumped and assumed that the total amount of oil had been pumped to No.1 FO Tank 

(P) as scheduled. So he did not carry out confi rmation sounding. After opening the 

fi lling valve of No.1 FO Tank (S) and closing the fi lling valve of No.1 FO Tank (P), 

starting to receive the remaining 28KL.

   However, at this point, No.1 FO Tank (S) contains a total of 19 KL of C-type fuel oil, 

and if an additional 28 KL were to be loaded into the tank (the 45m๎ capacity), it 

would overfl ow by 2 KL.

  Of this overfl ow of 2 KL (2,000 L), 500 L remained in the overfl ow tank (500 L ca-

pacity), but ultimately 2,000 L spilled from the common air vent.

  The remaining 1,500 L on deck was eventually recovered, but 300 L via the scuppers 

spilled overboard.

  At 09:50, the bunker barge reported to the Vessel that it has fi nished pumping 55 KL 

as planned, but based on the oil transfer speed (82.5 m3/h), it takes about 1 minute and 

27 seconds for 2,000 L to fl ow out, so we can estimate that the spill started around 

09:48. For less than two minutes, it was assumed that no one noticed the leak.

＝ Why Was the No.1 FO Tank (S) Filling Valve, Which 
Was Not Planned for Bunkering, Open? ＝

The Vessel's crew member testifi ed: “I thought all the fi lling valves were closed after the last 

bunkering work, so I don't know why they were slightly open.” (Tentative translation.)

It is unknown whether the closed valves were opened by vibration during navigation, or 

whether the crew had made sure that they were closed after the last bunkering operation. 

In addition, the valves were not tightened to prevent them from opening accidentally.
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＝ Accident Cause From the Perspective of Human Error ＝

As in Accident Case of Oceangoing Vessel, the analysis of “...must have...” or “...should 

have...” is a hindsight bias assessment and therefore not an accident prevention measure. 

However, as a result of the lack of these measures, a chain of human errors occurred, 

which could not be broken, leading to an accident. Bearing this in mind, let’s consider the 

causes of the accident by applying Figure 16: 12 Human Characteristics on page 52  to 

see what human errors occurred.

(1) Soundings had not been conducted

If the crew had carried out soundings of all fuel tanks, including the overfl ow tank, it 

would have been discovered that the fi rst receiving tank did not contain the expected 

amount of C-type fuel oil and that the No. 1 FO Tank (S) was inadvertently fi lled.

The chief engineer (C/E), who was in charge of the main liquid line for bunkering 

work, testifi ed that soundings had been carried out only before and after the start of 

bunkering in the past, and that no regular soundings had been conducted during bun-

kering. Therefore, the barge report was taken into account even when bunkering mul-

tiple tanks. When comparing this with the 12 Human characteristics, ③ Human be-

ings sometimes forget, ⑨ Human beings sometimes make assumptions, and ⑩ 

Human beings are sometimes lazy will be applicable.

(2) Failure to take immediate action against the oil spill

At 09:50, the duty offi  cer reported an oil leak on deck, but it was assumed that there 

was no overboard spill, and continued bunkering A-type fuel oil. If the emergency 

stop for bunkering had been initiated immediately, the spill overboard would not 

have occurred. Human characteristics such as ① Human beings sometimes make 

mistakes (i.e. emergency response procedures in this case), ② Human beings are 

sometimes careless, ⑦ Human beings are sometimes in a hurry, and ⑨ Human be-

ings sometimes make assumptions will be applicable.
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(3)  Has there been suffi  cient safety and environmental awareness 

on the part of the management (Master on the Vessel, Chief 

Engineer and/or the company's Operations Manager)? Also, did 

the crew members follow a bunkering plan and procedure 

manual, or hold a briefi ng to confi rm role assignment?

The estimated time needed to detect an oil spill is less than two minutes from the 

start. It was not possible to fi nd out how many crew members were on board, but it 

appears that there was no clear role assignment between the duty offi  cer and the 

Master during the bunkering planning and actual bunkering. Human Characteristics 

③ Human beings sometimes forget, ⑥ Human beings are sometimes only able to 

see or think about one thing at a time, and ⑩ Human beings are sometimes lazy are 

applicable.

(4)  Scuppers were not secured appropriately

The oil spilled overboard was via the scuppers. With 2,450 L of fuel oil spilled on 

deck, it may have gone over the gangway, but if the scuppers had been secured, the 

amount of the spilled overboard could have been much less. Human characteristics 

such as ④ Human beings sometimes do not notice and ⑤ Human beings have mo-

ments of inattention will be applicable.

(5)  The bunkering valves were not checked to confi rm if they were 

fully closed prior to start of bunkering and lineup work had not 

been completed. Also, why was it decided to top off  the fuel 

tanks one by one?

As a basic part of bunkering work, checking that the bunkering valves are closed 

before starting work and subsequent lineup work had not been carried out. In the 

case of the Vessel, the number of fuel oil tanks is four, even including the gate valve 

on each side (total is 2), so that in total there are only six valves to be checked that 

they are fully closed and two fi lling valves on the No. 1 FO Tank (P/S) to be opened. 

Human characteristics such as ⑦ Human beings are sometimes in a hurry, and ⑩ 
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Human beings are sometimes lazy will be applicable.

As for receiving the same type of fuel in multiple tanks, in order to achieve a time-stag-

gered topping off  procedure, the infl ow rate must be regulated by adjusting the valve 

openings, and soundings must be carried out periodically. In order to minimize time 

and eff ort, it has become routine to rely solely on bunker barge reports regarding the 

amount of oil to be pumped without further soundings, and when this has not caused 

any accidents, it seems that this method would make life easier. Human characteristics 

such as ③ Human beings sometimes forget, ⑨ Human beings sometimes make as-

sumptions, and ⑩ Human beings are sometimes lazy will be applicable.

（6）Did not a liquid level alarm of the Overfl ow Tank sound?

Some vessels' overfl ow tanks are equipped with “liquid level alarm devices” and oth-

ers are not, but in general most tanks are installed with liquid level alarm devices. It 

was not possible to confi rm whether or not the Vessel's overfl ow tank had this device 

installed, but if it did the alarm did not sound, this could be due to poor maintenance, 

human-caused cutting of the alarm or failure to test that the alarm was functioning 

properly, ② Human beings are sometimes careless, ③ Human beings sometimes for-

get, and ⑤ Human beings have moments of inattention will be applied.

4-2-6  Recurrence Preventive Measures

The same six measures discussed in 4-1-5 “② Recurrence Preventive Measures consid-

ered from the perspective of technical factors and human error” are listed below. For de-

tails, please refer to the same section.

(a) Development of an appropriate bunkering plan

In the case of coastal vessels, this may be seen as a regular and frequent task, but it 

is essential that the company's management is actively involved in the vessel's bun-

kering plan, rather than leaving it to the vessel.
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(b) Briefi ng prior to carrying out of work

For this Vessel's size, even with around six or seven crew, it is important that time is 

allotted for all crew to have a briefi ng prior to the carrying out of work.

(c) Thorough lineup

The basics are to be adhered to. By eliminating assumptions (e.g. other Filling 

Valves should be closed), and encouraging crew to suspect they may be open, it will 

become necessary to carry out checks. 

(d) Periodic tank level checks using sounding measuring tape

Reports from remote liquid level gauges and bunker barges are not to be overly re-

lied upon, but thoroughly double-checked.

(e) Appropriate response to irregularities and crew training

Regarding the spillage this time, despite the fact that the duty offi  cer had reported a 

leakage, the pumping of DO (A-type fuel oil) was started. It is essential to be aware 

that an oil spill will always lead to a marine pollution incident and that an emergen-

cy response will be necessary.

(f)  Aspects that the deck department should be aware of during 

bunkering

There may be few crew onboard, therefore, it is crucial that the role of each crew 

member is checked.

＝ Technological Recurrence Prevention Countermeasures ＝

The common root cause of the spillage of both cases is that prior to bunkering, all valves 

in the fuel system had not been checked to fi nd out if they had been “closed”, and that the 

sounding of tanks that had not been bunkered had not been carried out. Thus, to return to 

basics, it is necessary to check the position of the valves.
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Receiving tank master valve：Filling Valve

Flow Meter

Figure 18: Technological Countermeasures (Flow Meter)

However, could it not be that where the Filling Valves of each fuel tank are lined up in the 

engine room, a removable fl ow meter can be installed to visually check as to whether fuel 

oil is fl owing through the pipes? If it had been visible that fuel oil was fl owing into an 

unscheduled tank, the anomaly might have been noticed at that point.

More recently, a “collapsible oil spill prevention device” (Photograph 28) has been fi tted 

to air vents to allow air from the air vent to infl ate balloons in the event of an unscheduled 

infl ux of fuel oil into the tank. These are also available on the market and can be used as 

necessary.

Photograph 28: Overfl ow Tank (Collapsible Fuel Oil Overfl ow Prevention Tank)

Provided by NATIONAL MARINE PLASTIC.CO,LTD.
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§5  §5    ConclusionConclusion

Just as was discussed in Chapter 1 (accident statistics for coastal and oceangoing vessels) 

most oil spills reported to this Club are caused during bunkering operations. If an oil spill 

occurs, regardless of amount spilled, be it small or large, treatment takes many man-hours 

and incurs a tremendous amount of expense.

As we can see in the above accident case examples, the route cause is down to a chain of 

human errors. To prevent this from leading to an accident, this chain must be broken. We 

hope that it is understood that there are a number of opportunities that we can all take 

advantage of.

In addition, although each company's ISM code and SMS manuals always incorporate 

measures and procedures to prevent recurrence as shown in the above accident examples, 

the failure of the crew to follow them in the accident analysis is almost always the appar-

ent cause. However, despite the fact that crew should also be well aware of this, there are 

numerous examples that show that they failed to carry out their duties in accordance with 

the operation manual.

Some cases may state that this is easily resolved through thorough crew training, but in 

practice this is very diffi  cult. However, since this must not be abandoned, repeated expla-

nations, guidance and training will be required, which should not only be left to the Ves-

sel's Master and Chief Engineer, but also require the active involvement of the company's 

administration.

In the unfortunate event that oil is spilt overboard, in order to mitigate any damage as 

much as is possible, keeping the area of spreading to an absolute minimum will be crucial. 

Also, because it is almost impossible to stop the spread of oil spills at sea with the oil 

treatment equipment available on board, the key is to start the recovery operation as soon 

as possible. Although this was not introduced above as an example, there have been a few 

cases where the cost of arranging a recovery service was a concern, which led to the ar-
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rangement of a more geographically remote recovery service, which delayed the start of 

the recovery process and resulted in the spread of the spillage over a wide area, making it 

more expensive than it should have been.

We believe that spills during bunkering operations are accidents that can be prevented by 

sticking to the basics and by raising the safety and environmental awareness of the crew. 

We hope that this Loss Prevention Bulletin can be of assistance in any way.
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 P.40  Answer to Quiz

①　Hole rupture just above sea surface

The oil loaded above the lower edge of the hole rupture (grey area) spills 

momentarily.

Thereafter, a small amount of oil may be spilled due to the ship’s pitching 

and rolling, but this will not be a continuous spill. However, it is ideal to 

carry out shift and gas release of as much of the cargo oil as possible in 

the tanks where a hole rupture has occurred, in case of spills or repairs 

due to the ship's pitching and rolling or changing conditions. If other 

cargo tanks are fully loaded or ship-to-ship cargo transfer is not possible, 

as an emergency measure, shift it to other tanks in so far as oil will not 

breach the tank.

Figure 19: Hole Rupture Just above Sea Surface
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②　Hole rupture on sea surface

Firstly, as in ①, the oil above the surface of the water spills momentarily.

Then, due to the relationship between the specific gravity of water and oil 

(displacement), seawater infiltrates from the hole rupture and gradually 

accumulates at the bottom of the tank, and the oil is pushed out because 

of the inflow that it continues to flow out in turn and is replaced by 

seawater up to the hole rupture.

In the event of grounding, the water level will be lowered by the change 

in tidal current or, if Deballasting is carried out to reduce the draft, the oil 

level will be raised above the water  level by that amount. It is important to 

understand that this will lead to a continuous oil spill.

Figure 20: Hole Rupture on Sea Surface
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③ Hole rupture just below sea surface

Firstly, as in ①, the oil above the surface of the water spills momentarily.

Then, similar to ②, due to the relationship between the specific gravity of 

water and oil (displacement), seawater infiltrates from the hole rupture 

and gradually accumulates at the bottom of the tank, and the oil is pushed 

out because of the inflow that it continues to flow out in turn and is 

replaced by seawater up to the hole rupture.

In the event of grounding, the water level will be loweredby the change 

in tidal current or, if Deballasting is carried outto reduce the draft, the oil 

level will be raised above the water level by that amount. It is important to 

understand that this willlead to a continuous oil spill.

Figure 21: Hole Rupture Just below Sea Surface
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④　Hole rupture to ship’s bottom

Similar to ①, the oil above the surface of the water spills momentarily.

Then, the spill will stop when the pressure of the oil at the bottom of the 

tank is equal to the pressure at the bottom of the ship. Not only because 

the specific gravity of oil is smaller than that of seawater, but because the 

pressure from the surface of the water to the bottom of the ship is lower 

than the water pressure at the bottom of the ship, the seawater floods 

into the tank through the hole rupture. 

（For example, if the draft is 10m and the specific gravity of theseawater is 

1.025, the water pressure is 1.025kg/cm2. On the other hand, because the 

specific gravity of C-type fuel oil is about 0.998, and the pressure at the 

bottom of the ship is0.998 kg/cm2, seawater will enter through the hole 

rupture, until this pressure difference is eliminated.）Similar to ③, if the 

oil level rises above the surface of the water due to draft or discharging 

quantity adjustments, the hole rupture in the ship's bottom will cause a 

mixture of seawater and oil to spill. Care should be taken to avoid this.

Figure 22: Hole Rupture to Ship’s Bottom
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⑤　 Hole Rupture to ship’s bottom of a common 
double-bottom fuel oil tank

Each company has its own ISM code, SMS manual (Safety Management 

System) and internal regulations which determine the maximum amount 

of fuel that can be accepted in a fuel oil tank, but generally in most cases, it 

is between 85% and 90% of the tank capacity. This means that no more up 

to the air ventilation can be filled with fuel.   Figure: 23(1))

In the event of a hole rupture in a double bottom fuel tank, due to 

groundings etc., the water pressure in the bottom of the tank will push 

the fuel oil up to the level of the vent line, which will in turn be flooded by 

seawater.   Figure: 71(2))  However, the fuel in the tank is unlikely to spill.

Figure 23: Hole Rupture to Ship’s Bottom of a Common Double-Bottom Fuel Oil Tank

Air Vent Air Vent

（2）（1）
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⑥   Hole rupture to ship’s bottom due to internal pressure 
on the tank

Currently, there are no tankers with a single hull, only those with double hulls.

However, suppose that a hole rupture is made in the bottom of the ship,  in the case 

of a tanker with a single hull as shown in Figure 72, and internal pressure is applied.

With a draught of 10m, the water pressure at the bottom of the ship is 

1.025 kg/cm2. In the event of a hole rupture here, depending on the specific gravity 

of the oil, the cargo oil will be pushed out until the pressure on the bottom of the 

ship is equal to the water pressure.

Except in the ① event of a hole rupture just above sea surface, the residual oil in 

the tank shall be shifted in order to prevent a continuous oil spill. However, even 

if a transfer pump is used for fuel oil, or a cargo pump for tankers, the suction is 

located close to the bottom of the tank. If the hole rupture is large, only flooded 

seawater is sucked in, which makes it difficult to shift the oil. This will be time-

consuming, but requires a flexible response to the situation, such as using a 

portable pump to suck up the oil from near the surface and shift it. 

Figure 24: Hole Rupture to Ship’s Bottom of a Single Hull Tanker

1.025kg/cm²
10m

Increased internal pressures

Depending on the location of the hole rupture, it should be understood that different 

measures need to be taken. It is important to assess the situation and conditions 

properly and take the appropriate measures in accordance based on them.
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Attachment 1: Oil Recovery Procedure by Oil Type

Point 
oil spill 
occurs

Oil type Preventive 
objective Procedure Necessary 

materials
Damage 

expected Remarks

In port

A-type fuel oil Recovery/
spreading A, B

Oil fence boom 
and absorbent 
boom

Port closure, 
spoilage of water 
intakes, etc.

Spreads to form a 
thin oil film

C-type fuel oil Recovery A, B, C

Oil fence boom, 
absorbent boom, 
and powerful 
suction trucks

Port closure, 
spoilage of water 
intakes, etc.

Use of absorbents 
for high viscous 
oils, emulsions

Emulsion Recovery A, B
Oil fence boom 
and absorbent 
boom

Use of absorbents 
for high viscous 
oils, or snares (see 
photograph)

Petrol Monitoring and 
evacuation

Powder gelling 
agent

Fire, explosions and 
loss of life

Preventing 
the spread of 
secondary damage

Chemicals
Investigation 
and 
confirmation

Instructions 
from expert

Powder gelling 
agent

Differ depending 
on type of chemical

Always consult an 
expert as treatment 
will vary depending 
on type

Liquefied gas Monitoring and 
evacuation

Fire, explosions and 
loss of life LNG and LPG

Outside 
of port

A-type fuel oil Recovery/
dispersion A, B, D

Oil fence boom, 
absorbent boom, 
oil recovery 
vessels and oil 
treatment agents

Destruction of 
fisheries, tourism, 
and the natural 
environment

C-type fuel oil Recovery/
dispersion A, B, D

Oil fence boom, 
absorbent boom 
and oil treatment 
agents

Destruction of 
fisheries, tourism, 
and the natural 
environment

Emulsion Recovery A, B

Oil fence boom, 
absorbent boom 
and oil recovery 
system

Destruction of 
fisheries, tourism, 
and the natural 
environment

Petrol Monitoring and 
evacuation

Fire, explosions and 
loss of life

Preventing 
the spread of 
secondary damage, 
natural evaporation

Crude oil Recovery/
dispersion A, B, D

Oil fence boom, oil 
recovery vessels 
and oil recovery 
system

Destruction of 
fisheries, tourism, 
and the natural 
environment; fire, 
explosions and loss 
of life

Initially there is a 
crude gas hazard, 
then emulsions 
form

Chemicals
Investigation 
and 
confirmation

Instructions 
from expert

Differ depending 
on type of chemical

Always consult an 
expert as treatment 
will vary depending 
on type

Liquefied gas Monitoring and 
evacuation

Fire, explosions and 
loss of life LNG and LPG
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Attachment 2: Flowchart of Oil Spill Response (Example) 

Flowchart of Oil Spill Response (Example)

Oil spillage accident occurs 

Fire, explosion, personal injury/fatality or sinking

Collision accident

Department issues alert

First response 
measures

The 
Vessel

of rescue needs
 (personal injury/fatality 

or hull damage)

Abandon 
ship

Decision on 
port of 

evacuation

Other 
vessels

of rescue 
needs

Shipowner and 
ship management 

company

Japan Coast Guard 
(JCG)  Navigation 

Safety Division

Various 
arrangements

Collection and 
preservation 

of records

Contact P&I, 
Hull Insurance 

and relevant parties

Paperwork and
 other instructions 

on the Vessel

Dealing with 
the news media

Start recording
secondary disaster

To be decided at the meeting as to whether the 
Vessel or the company is to report the spill to the 
Japan Coast Guard (Coast Guard department).
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Attachment 3:   Response Framework to Major Oil Pollution Incidents in Japan 
(Organisation Chart)

Response Framework to 
Major Oil Pollution Incidents in Japan (Organisation Chart)

Instructions

Government 
(Countermeasure headquarters)

Japan Coast Guard 
(JCG)

Local coast 

Marine Disaster 
Prevention Center 

(MDPC)

Hull & Machinery 
Insurance

Agency, 
Charterer and 

Terminal

The Vessel
(Countermeasure headquarters 

for maritime accidents)

Report

Report

Clean-up operation

Instructions 
(No.1 duties)

Request for aid 

Request 
for aid 

Request and
 contract (No.2) 

Request / 
contract

Report and request, etc.

Instructions

Request for aid and towing

Contact

Report

Contact
C

o
n

ta
c
t

Contact

Contact

Contact and contract

Request for inspection

Investigation

Investigation

R
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Attachment 4: Oil Spill Report Form: Sample
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