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Prevention of fire / explosion on chemical tankers
Repeated accidents on board chemical tankers
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The accidents of fire / explosion may occur

in chemical tankers under the following

situations:

1. Due to impact by collision, stranding and
other casualties

2. Due to careless hot works or handling of
fire on board

3. Due to erroneous handling of cargo in
loading or unloading

4. During tank cleaning operation

We review here the individual cases of

accidents under above situations, and explore

the countermeasure to avoid the accidents.

K. IBREBEHERCTER What causes the accidents of fire/explosion?
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The fire/explosive accidents easily occur
when the inflammable liquid or vapor
contacts with a source of fire. In the case of
chemical tankers, the cargos are inflammable
liquids with vapor which easily lead to the
accidents when they contact with a source of
fire. It is needless to say that careful use of
fire should be strictly controlled on the
chemical tankers. However, other sources of
fire such as ignition due to electrostatic
discharge caused by rubbing of the cloth
and physical impact could also become a
source of fire. Thus two factors for the
accidents, the inflammable liquids and the
source of fire, are always on the chemical
tankers. Therefore you cannot be too careful
for fire in the chemical tankers.
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] Accidents caused by collision or
stranding of the ship
1) In July, 2005, two coastal tankers, one
carrying crude benzene and the other
collided in the fog while
proceeding off Owase (Mie pref) . The tanker
of 697 gross tons with the cargo of 2,000k/1
of crude benzene was heavily struck on her

creosote oil,

starboard midship by the bow of the other
ship of 499 gross tons carrying creosote oil.
The impact of collision cracked the tanks of
benzene carrier and caused a fire on board.
The flaming crude benzene poured to the
other ship. Fortunately, the creosote oil on
board did not catch fire although one side of
her hull was burned on surface. The tanks
on the starboard side of the ship carrying
crude benzene continued to be on fire, with
intermittent explosions. The fire was
ultimately put out after three days’ activities
by the fire fighting experts of Maritime
Disaster Prevention Center. As a result of
investigation, all the cargo in the port side
tanks was found to be undamaged, and
about 70% of the cargo in the starboard
tanks which caught fire was saved. The
quantity of burned crude benzene was
estimated to be about 300k/1. Generally, the
fire on board the tanker carrying the cargo
of low flash point is difficult to be
extinguished, and the safest method to
avoid any further accident is to shift the
vessel off the shore and to wait for
completion of burning. In this case,
however, the safety of the crew on board
was not certain and it was an urgent matter
to put out the fire first to save their lives.
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Photo No.1 Deadly burned starboard side tanks and pipes
(the gasket has become useless)
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The result was that all crewmembers except
one on the bridge were found to be dead in
the crew quarters. The following conditions
were found when the fire was put out:

a) Diesel oil was leaking from the diesel oil
tank, part of which was damaged at the
time of collision,

b) Vapor of crude benzene was leaking on
deck from the manhole whose gasket was
damaged due to high temperature during
the fire,

c) Piping / vents / masts and
other deck structures were
heavily damaged by the heat.

Discussions were held by the
specialists as to how the
remaining cargo should be
taken into a barge safely in the
critical situation, but because of
an approaching typhoon, the
ship had to be shifted by a tug.
Eventually, in the course of
shifting she listed heavily and
sunk to the deep sea, leaving a
question how the remaining
cargo could have been saved if
the typhoon had not come.
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Photo No.2 Burned-out crew’s quarter
listing to the right after fire
extinguishment
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2) In July, 1986, a car ferry (6,378 gross tons)
collided with a coastal tanker (199 gross tons)
carrying acrylonitrile (of low flash point and
high toxicity). When the fore part of the
ferry cut into the starboard midship of the
tanker in the region of No.2 wing tank, as a
result, the tank was damaged and about
200k/1 of acrylonitrile leaked into the sea.
Because of the activities by the Coast Guard’s
patrol boat, all the passengers on the ferry
and the crew of the tanker were rescued.
Although a large amount of acrylonitrile
escaped from the ship, no fire occurred by
the collision and all the passengers and crew
were safe due to the favorable wind direction.
According to the report of the patrol boat
which arrived at the scene one hour after
the collision, there was an acute smell of
acrylonitrile 300m away from the two
vessels. However, the leaked acrylonitroile
was soon diluted by the sea water and no
vapor of acrylonitrile was detected at the sea
on the next morning. It was one of the most
fortunate cases in which no fire occurred
and all the passengers and crew were safe
without any injuries or poisoning, though
acrylonitrile with low flash point and high
toxicity existed in the case.
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Photo No.3 Collision between the car ferry and
coastal tanker carrying acrylonitrile
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Photo No.4 The bow of the car ferry denting the
side of the Acrylonitrile carrier

Accidents caused by careless hot
works or handling of fire on board

In 1985, on board a coastal tanker (199
gross tons) carrying slop oil, crew members
started repairing her piping on deck after
completion of discharging. At the moment,
the inflammable vapor which came from the
open manhole and stayed on deck was
ignited in the presence of some unknown
fire source. The fire spread to all open
manholes, causing their cargo tanks to
explode successively. As a result, three men
including the master were Kkilled and a man
on the bridge was seriously injured. The
slop oil in question was a product which was
re-manufactured from crude oil with flash
point of 26 °C and high viscosity requiring
heated transportation at 77 °C. However, the
master treated the cargo as if it was fuel oil.
This accident occurred due to the fact that
all staff related to operation of the ship
were not safety-minded about handling of
inflammable products.

In the beginning, some corrosion holes were
found on the surface of the piping on deck
near No.3 starboard wing tank. The vessel
was shifted to a wharf 1,200m away from the
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Figure No.2 General arrangement of cargo tanks
and manholes of the slop oil carrier

berth for repairs with all the manholes and
ullage holes open. Without measurement of
flammable vapor concentration around the
working place, they prepared for the repairs
of the piping. After arrival of a truck
carrying repair equipment including a gas
welding machine, they started to use an
electric welder. Soon after that, a big
explosion occurred to No.3P tank, followed
by explosions at No.2P tank, No.2S tank and
No.3S tank leading to a big fire on board
where the No.2 and No.3 wing tanks and the
upper structures were totally destroyed.
Further, the repairer’s truck parked beside
the ship and some buildings in the vicinity
were also damaged. After investigations, it
was concluded that a certain amount of
inflammable vapor which came from the
open manhole, drifted by a breeze from the
bow and stayed around No.3 tank near the
crew quarters. It was ignited by some source
of fire (including a current test by contact of
welding rod and hull), spreading the fire
into the other tanks.
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Accidents during cargo loading
or unloading

In January 1993, a coastal chemical tanker
(551 gross tons) berthed alongside the wharf
of an oil refinery in Muroran (Hokkaido)
and started to load naphtha. Soon after that,
an explosion occurred in her engine room,
when two of the crew members and two
employees of the refinery were killed by
the blast.

The boatswain of the vessel patrolling on
board after commencement of cargo loading
found that naphtha was leaking in the pump
room. He immediately reported to the
master, who rushed to the wharf asking the
refinery staff to stop pumping. A few
minutes after the shore staff stopped
pumping, however, the explosions occurred
in the engine room on board. The fire was
soon extinguished by the crew and shore
personnel. It was found later that the
explosion occurred due to insufficient
closure of valves in the pump room. The
cargo which started to be loaded in the tank
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Figure No.3 Pump room of the Naphtha carrier
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Photo No.5 Ballooned inner wall of the engine room due to the

explosion (Naphtha carrier)
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came down toward the pump
room through pipes, as the vessel
happened to be by the stern. The
cargo which entered the pump
room due to insufficient closure
of valves stayed in the vicinity of
Naphtha then
leaked into the engine room from

a pump shaft.

the seal of pump shaft (The seal
is airtight but not watertight).
The leaked naphtha was vaporized
soon in the engine room and
caused an explosion by catching
some fire source used for repair
work in the engine room.

B} Accidents during the cleaning of
tanks and pipe lines

1) The case in which pipe lines were
cleaned in a pump room in a
benzene carrier

In October 1986, a coastal tanker of 486
gross tons left her mother ship after transfer
of cargo. She started to have her cargo tanks
and pipelines cleaned by the crew.

When three members disassembled a
strainer in the pump room, they suspended
the work because the smell of benzene
became stronger. They took a break and
came back to the pump room for resuming
the work after confirming the less smell of
benzene. Soon after that, an explosion
occurred. One person in the center of pump
room was heavily burned but his life was
saved, while the other two standing near the
entrance were blown off by the blast and
died. After the explosion accident, the
concentration of inflammable vapor in the
pump room was measured by specialists, but
the meter reading of a combustible gas
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detector indicated zero although there
remained some smell of benzene. During
investigation on board, they found a new
combustible gas detector at the entrance of
the pump room. The instrument was proved
to be in order, but there was no sign of
being used by the crew.

The accident seemed to occur in the

following sequence:

a) During the work of cleaning, the benzene
contained in the pipes and strainers came
out and accumulated at the bottom of
pump room,

b) gradually vaporized to form an explosive
atmosphere,

c)and eventually exploded in the presence
of some fire source.
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Figure No.4 Pump room of the
Benzene carrier
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Photo No.6 Curved iron casing of the pump room because of blast
(Benzene carrier)
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The pump room was
equipped with a
mechanical ventilation
system, but a ventilating
opening was located about
1 m above the bottom,
and thus unfitted for
sucking such a heavy gas
as benzene. As a result,
an explosive atmosphere
was created at the lower
layer. In spite of the
investigation held by the
experts, the fire source
was failed to be identified.
It is important to note
that any human actions
can be associated with
sources of fire.

2) The case of explosion during
cleaning of cargo tanks

2) -1 In March 1987, a chemical tanker (5,357
gross tons) was going to clean her tanks on
the way to Mexico as she had discharged
benzene at Houston. After cleaned the tanks
with fresh water, the crew steamed them.
They cleaned several tanks in this manner.
When they poured steam into No.3C tank
after washed with fresh water, an explosion
occurred. Two crew members near the
manhole died. Their tank cleaning manual
required that the tank should be made gas
free before poring steam into it. However,
the crew did not follow the manual and
started the work without measurement of
inflammable vapor concentration in the tank.
They assumed from their experience that
the tank was in a vapor rich state in which
explosion did not occur even though there
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was a source of fire. On her previous voyage,
they carried out tank cleaning in the same
way without any problem. Therefore, it was
concluded that an outer air came in the tank
while it was washed with water, which
diluted the benzene vapor to fall within a
range of explosion.

2)-2 In December 2003, an explosion/fire
occurred suddenly at the fore part of a
chemical tanker (4,356 gross tons)during
sailing off Iwaijima, Kaminoseki-cho,
Yamaguchi pref. She had loaded about
4,000k/1 of ethyl alcohol in Korea and was
en route to Kobe. At first, it was reported
that the cargo of ethyl alcohol caused the
explosion. However, it was found later that
the accident occurred during cleaning of an
empty tank, the former cargo of which was
cracked gasoline, according to the salvage
expert and other investigators. On her
previous voyage, she loaded cracked
gasoline in all wing tanks, No.2 tank and a
slop tank. These tanks were empty on this
voyage. She carried the cargo of ethyl
alcohol in all other tanks. Thus the empty
tanks were being cleaned on the way from
Korea to Japan. The work was to
be done in the sequence of(1)
Butterworthing with sea water, (2)
Butterworthing with sea water mixed
with detergent, (3) Butterworthing
with hot sea water, (4) Washing with
fresh water and (5) Pouring steam.

BHT7 TUyIhrOME HERS
No 1ERETA Y 750 0 B REBIESINT WS
A\ Photo No.7 Heavily damaged No.1P wing tank,

4NN viewed from the bridge
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The explosion occurred in No.2C soon after
steam was poured into it and a slop tank
which is the final stage (5) of cleaning.
in No.1C
stowing ethyl alcohol which caught fire.

Another explosion followed

These explosions heavily damaged Nos. 1PS
located next to No.1C. Several small holes
were made on the joints of deck plating at
the fore part of No.3C through which the
cargo in this tank was visible. The fire of
ethyl alcohol in No.1C was put out by the
crew about one hour later. Consequently the
sea water came into No.1C, No.2C and Nos.
1PS. Fortunately, however, ballast water
tanks Nos.1PS located under the above
cargo tanks were not damaged, so that the
vessel managed to keep strength to avoid
sinking. Testing of the concentration of
inflammable vapor in the empty tanks
showed a high concentration of inflammable
vapor as follows :

Slop tank : 100LEL% or more
Nos.2PS: 40-90LEL%
Nos.4PS: 50-70LEL%

Although the actual concentration of vapor
before the cleaning work was unknown,
it is generally recommended that the
inflammable vapor in the tanks should be
completely purged at the time of steaming
because of the possible explosion due to the
obvious presence of static electricity.

It was concluded that the accident was
attributed to absence of proper measurement
of vapor by the crew before steaming, that
is, the vapor concentration in the tanks was
reaching the limit of explosion in the
presence of static electricity.
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Photo No.8 Upper deck of No.2 centre tank

was blown off in explosion, viewed from the fore
Wet blankets cover the damaged parts of

No.3 centre tank
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Figure No.5 Loading conditions of the tanks
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EOH EOH EOH EOH EOH EOH EOH
Empty Empty
1P 343 2P 410 3P 410 4P 410
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Empty Empty Empty Empty
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Figures: Capacity of the tank (kl), Yellow part: Tanks with Ethanol (EOH)

2 4—%42% No. of Centre tank

No.l +®¥%—%>7 Centre tank IFNV7IVa—)v Ethanol 566.293kl
No.2 v¥—%>7 Centre tank % Empty (Hifif 5-##>VY)> Last cargo: Cracked gasoline)
No.3 +®>v#%—%>7 Centre tank IFIVT7IV2—) Ethanol 633.641kl
No.4 +tr%—%>7 Centre tank IFN7IVa—)v Ethanol 633.281kl
No.b +®¥#—%>7 Centre tank IFN7)Va—)v Ethanol 632.083kl
No.6 +®¥%—%>7 Centre tank IFI)7IVa—)v Ethanol 632.577kl
No.7 +®&¥¥—%>7 Centre tank IFNV7I)Va—)v Ethanol 573.356kl
No.8 +®&¥¥—%>7 Centre tank IF N7 Ia—)v Ethanol 459.036kl

B DESE Kind of Cargo

FE#E Cargo Quantity

(B F =723 TATFYVARAF — VL All centre tanks are made of stainless steel)

42 82% No. of Wing tank
No.l wA4¥Z7%>»7 Wing tank
No.2 wA»Z7%>Z7 Wing tank
No.3 wA»Z7%>Z7 Wing tank
No.4d 94> 7%>Z7 Wing tank
Ay 747 Slop tank

%% Empty (Hiff
22 Empty (i
Empty (Hij#f
Empty (Hifif
Empty

SR Last cargo: Cracked gasoline)
M RAV1) Y Last cargo: Cracked gasoline)
9 fRAV) Y Last cargo: Cracked gasoline)
5 fRA) Y Last cargo: Cracked gasoline)
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A Discussion

1) Safety manual

We referred here some cases of accidents
caused by work operating personnel who
ignored partly or fully the Safety manuals
provided to them. These accidents were
human-made disasters. In the case of
chemical tankers or other ships with
potential hazards, they are provided with
Safety manual as a rule to avoid such
hazards. However, it should be noted that
the well prepared manuals cannot prevent
occurrence of accidents if the personnel to
perform the works are not alert or careful
enough. It is also true that even if they work
fully in compliance with the manuals,
accidents could happen because the manuals
cannot cover all. A well established line of
command, the well trained personnel to cope
with critical situations and their performance
based on the well prepared manuals are
necessary to avoid the accidents.

2) Importance of measurement
(Uncertainty of human senses)

When people are unaware of potential
hazards, they become accustomed to such
situations. When we are exposed to some
chemicals, we are often getting insensitive
for the odor or smell, even though the level
is dangerous. An explosion can occur by a
simple cause. In a confined place with no
proper ventilation, as the concentration of
inflammable vapor reached the lower limit of
explosion, an explosion will necessarily be
caused by the presence of fire sources such
as sparks of static electricity, sparks of
impact, sparks of friction, etc. Such sources
are considered to exist in any place of
working areas. The personnel to work in
such environments are required to test and
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supervise the level of vapor concentration
periodically. It is impossible for humans to
inspect the lower limit of explosion by their
sense and it is mandatory to use testing
equipment for this purpose.

3) Forming of partial explosive
atmosphere

The lower level of explosion limit of benzene
or naphtha is known to be around 1% which
is as high as 10,000ppm. If humans are
exposed to such high concentration of vapor,
they will immediately lose their consciousness
and die. In the accidents described above,
the crew continued to work in the pump room
or engine room until the explosion occurred.
These facts indicate that the explosive
atmosphere did not occupy the entire rooms
but was formed only in the lower part of the
space. (See the fig.Nos.3 and 4)

Special attention should be paid to the fact
that when the explosion, even though it is
small, occurs in a confined place, the blast
due to the explosion is strong enough to
deform the steel structure as evidence in the
above cases of accidents.

4) Hazards other than fire/explosion

Imminent hazards for the chemical tankers
loaded with the low flash point products are
fires or explosions. On the other hand, the
cargo often includes some chemicals which
harm the health of the crew or other staff,
though they are not the low flash point
substances. For instance, benzene is known
to cause cancer. Thus, its threshold limit
value in the working place is recommended
to be 0.5ppm. In the accident of the benzene
carriers described above, the crew were
reported to have been working without
wearing gas masks, because their attention
was paid only to the hazard of explosion.
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Therefore, it is necessary for the personnel
to use gas masks and other protective wears
in such working place not to be exposed to
harmful vapor.

5) Our opinion on the business
environment

In the shipping industry, especially in the
field of coasters, low salary and other
unfavorable working conditions due to
depression have caused various problems
such as crew's over work, aging of seamen
and so on. Such unfavorable working condition
of the crew seems to lower the labor quality
of the crew and became one of the causes of
the accidents. These circumstances seem to
be one of the factors against the safe operation
of the vessels. The problems are found not
only in the coastal business but also in
overseas trades. For example, in the ethanol
tanker which caused the serious accident as
described above, the vessel crew had to
carry out tank cleaning on the tightest
working plan en route from Korea to Kobe.
Owners can suspect that the crew might
omit some of the items in the safety manual
due to time constraint. We propose here that
the ship operators and seamen have more
chances to discuss the safe operations of the
labor in the shipping industry.
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