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The present invention relates to a tanker vessel for the transportation of oil or other liquids, which present a danger to the
environment: the tanker vessel consists of a hull with a bottom (10), two sides (12, 14), an upper deck (16), at least two longitudi-
nal bulkheads (18) and a number of transverse bulkheads, which together form a number of centre tanks (28) and side tanks (24,
26), wherein a mainly horizontal tween deck (22), located considerably below the load water line of the ship, divides at least the
side tanks into upper and lower compartments (26, 24). In order to eliminate or reduce the risk of oil spills caused by collision
damages in the side, according to the present invention, the upper side tanks (26) are ballast tanks, while the lower side tanks (24)
are cargo oil tanks, which at the head are connected to vertical oil riser trunks (30), which via a pipe branch (36) with a non-return

valve, are connected to an oil reception tank.
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Tanker Vessel

The present invention relates to a tanker vessel for the transportation of oil and
other liquids, which are lighter than water and present a danger to the
environment, and which is arranged to prevent spills in the event of a hole in the

side thereof.

5 The invention relates particularly to a tanker vessel according to the introduction

of patent claim no 1.

Since oil and other liquids leaking out of a tanker vessel in collision frequently
cause damage to the marine environment, the rather bad protection in this respect
of tanker vessels has become a current problem. Certain authorities have issued
requirements that a tanker vessel must be arranged with a double side shell to

10 reduce the risk of oil spills in collisions.

Certainly such a solution leads to an improved protection against leakages and spills

in less heavy collisions, but it has a number of important disadvantages. The
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vessel's cargo capacity is reduced as the volume between the double side walls can
only be used for ballast. The double side shell construction also becomes heavier

and more complicated and therefore more expensive. The surface area to protect

against corrosion also increases considerably.

It must also be noted that double side walls cannot guarantee that oil does not spill

and poliute the environment in the event of a heavy collision.

A study has shown that a tanker vessel of breadth 57.5 metres and double side walls
spaced 3.9 and 6.0 metres apart respectively has a probability of 80% and 60%
respectively to spill oil in collision, i.e. the probability is relatively high that the

inner wall is damaged in collision, when it is located 6.8% and 10.4% respectively

of the breadth of the ship inside the outer side wall.

International rules for tanker vessels transporting dangerous chemicals demand a
distance between the double side walls of at least 20% of the ship’s breadth to

achieve a reasonable safety level even if this means that about 40% of the ship’s

tank volume cannot be used for cargo.

A tanker vessel is nowadays divided into a relatively low number of center and side

tanks by at least two generally vertical longitudinal bulkheads and by a number of

transverse bulkheads.

Such a tanker vessel, built according to international rules for the prevention of
pollution at sea, has, in the form of ballast tanks, a limited, built-in protection

against oil spills in collisions and groundings.
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An improved design of tanker vessel with a means to prevent fluid leakage in the
event of a hole in the bottom thereof is described in GB patent 1 302 476, where
the cargo tanks are equipped with at least one horizontal deck positioned so that
when the tanker is afloat and loaded, the static pressure of the fluid in the lower
tanks is lower than the static pressure of the sea water on the outside of the tanker.
In grounding, the oil does not leak through the hole caused. None or very few
tankers with a built-in horizontal deck, dividing the cargo tanks in upper and lower
tanks to prevent spills in grounding, have ever been built due to technical and
operational difficulties. Satisfactory solutions about e.g. access to the lower tanks

or how to arrange the cargo piping system have not been found.

A considerable disadvantage of this type of tanker is that protection against oil
spills in collision is missing. For example, a hole in the side can damage several
upper and lower tanks so that sea water flows in and presses out all oil, which does

not fiow out by itself due to higher static pressure.

In accordance with the present invention comes a proposal for a ﬁew solution to the
probiem of how to prevent, or to a high degree, reduce the risk of oil spills from
tankers of the type as outlined in the introduction of patent claim no. 1, if such a
tanker should collide with another ship or object, or if a hole in the side of the hull

is caused for another reason.

The damage in the side is assumed to be caused when the kinetic energy of the tanker
vessel and/or the other ship or object - the collision energy - is absorbed by the
side shell plating, frames and transverse webs of the tanker vessel, which then are

ripped apart.
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The oil spill is assumed to occur when the oil in an upper side tank due to higher

static pressure flows out through the hole in the side.

The oil spill is also assumed fo occur when the potential energy of the inflowing

water is absorbed by the oil in the lower side tank, the possibility of which is only

to leak out through the hole in the side.

According to the idea of the present invention, there is a tanker according to the
type described in the introduction of patent claim no. 1, where the upper side tanks
are water ballast tanks, while the lower side tanks are cargo oil tanks, each of
which at the head is connected to vertical, oil riser trunks, which, in turn, have a

pipe branch fitted with a non-return valve, which is connected to an oil reception

tank.

Furthermore, the lower side tanks are equipped with a cofferdam, which, in turn,

is fitted with a liner of reinforced, elastic plastic material.

Thanks to this solution, the risk of oil spills in collision is eliminated 6r reduced as

follows :

A) The collision energy is mainly absorbed by side shell platings, frames and
transverse webs in the outboard sloping side wall of the upper side tank,
which first will be in contact with the other ship or object, which can be
ripped apart. Sea water is allowed to flow into the upper side tank which is
a ballast tank and no oil will then flow out. It is also not probable that the
vertical longitudinal bulkhead, which normally is located more than 20% of

the breadth from the outer side wall, is damaged.
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The collision energy is also absorbed by the plating and the cofferdam of the
side wall of the lower side tank, when they are in contact with the other ship
or object, and they are also allowed to rip open. The water is therefore

allowed also to flow into the lower side tank, which is a cargo oil tank.

The liner of reinforced, elastic plastic material is expected either to

prevent the sea water to flow in or to reduce the inflow of sea water.

If sea water flows into the lower side tank, which is a cargo oil tank, the
water sinks to the bottom of the side tank and presses the oil or fluid liquid
up against the horizontal deck and up into the oil riser trunk. The oil can
then escape through the pipe connection with non-return valve to a
reception tank, i.e. the pressure and kinetic energy of the inflowing water is
absorbed by the oil partly as pressure energy in the oil itself, partly as

kinetic energy in the oil which escapes through the pipe connection.

The oil escapes from the damaged lower side tank in a way which offers least
resistance, i.e. through air in the pipe connection in the oil riser trunk to a
reception tank. Very little oil is expected to leak through the hole in the

damaged side because then the oil must flow against the inflowing sea water.

The above arrangement to prevent oil spill in collision does not require any

active action by the crew when the collision occurs.

The above arrangement to prevent oil spill in collision is an economic use of

the tanker's cargo volume where only the upper side tank are reserved for
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ballast.

Above arrangement to prevent oil spill in collision works as ang as the
energy of the inflowing sea water can be absorbed as pressure energy in the
cargo oil or liquid and as kinetic energy in the oil, which escapes to the
reception tank. This energy can be calculated by e.g. Bernoulis theory. If
the hole in the side is very large, then the energy flow is very large and then
it can happen that it cannot be absorbed as pressure energy and kinetic
energy in the oil without an oil spill. But the invention takes this into

account. It is necessary to limit the size of the hole in the lower side tank.

In a 90° collision, the side wall platings, frames and webs are pushed

inboard ahd ripped open, but then the reinforced, elastic plastic liner is
expected to be effective and to reduce the net surface of the hole caused by
the damage. A collision at e.g. 45° angle is worse, because then the side wall
plating and liner can be sheared off and leave a large opening, but then the
outboard sloping side of the upper side tank is expected to be effective, i.e. it

will shear off first absorbing most of the collision energy.

The reception tank can be a particular cargo oil tank or an upper side tank
reserved for ballast and the pipe system can be so arranged that the

reception tank is not expected to be damaged, when the relevant lower side

tanks are damaged.

The arrangement uses the physical phenomena that oil is lighter than water
and does not mix with it. When the water flows into the lower side tank, the

oil forms a (big) “bubble,” which floats in the water and which is kept in

-
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place by undamaged parts of the tank and the inflowing water.

Viscous forces in the oil and forces in the boundary layer between the oil and
water also keep the bubble together, while it is emptied to the reception
tank. There is no big static pressure difference in the boundary layer
between the oil and water in way of the horizontal deck. There is, however,
a pressure differential in the boundary layer between the oil and water in
the lower part of the bubble, but the bubble can absorb this pressure as

pressure energy without damaging the boundary layer.

For a better understanding of the invention and to show how it works and how
it can be carried into effect, reference is directed to the enclosed drawing, which

shows a midship section of a tanker according to the present invention.

The tanker vessel consists of a single hull with a bottom plating 10, lower side wall

12, upper side wall 14, and an upper deck 16.

The hull is arranged with two vertical and oil tight longitudinal bulkheads 18 and

with a horizontal tween deck 22 in the side tank at about half-depth of the hull.

Furthermore, the hull has a number of vertical transverse bulkheads that are not

shown, which together with the longitudinal bulkheads 18, bottom 10, sides 12 and
14, the upper deck 16 and the tween deck 22 forms a number of tank compartments
i.e. lower side tank compartments 24, upper side tank compartments 26 and centre

tank compartments 28.
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The lower side tank compartments 24 are at the head connected to one or more il
riser trunks 30, which are accessible from the upper deck 16, and which, for
example, have a horizontal area of 5-10 square metres and a total volume
corresponding to about 1-3% of the volume of the associated tank. The oil riser

trunk is also used for space for access to the tank.

The upper side wall 14 is inclined outboard so that its upper corner is about 2
metres outside of the lower side wall 12. A cofferdam 32 is arranged in the lower

side wall 12. A liner 34 of reinforced, elastic plastic material is fitted on the cargo

tank side of the cofferdam 32.

A pipe branch 36 with a non-return valve 38 connects the oil riser trunk 30 with
an oil reception tank (not shown) or an upper side tank compartment, which is

located at a distance from the tank of the riser trunk.

In collision, the other ship or object can first damage the upper outboard sloping
side 14 and associated platings, frames and transverse webs. The upper side tank

compartment 26, which is a ballast tank is water filled without oil spill.

The lower side wall 12 can also be damaged including the cofferdam 32 and the liner

34, but the latter is expected to reduce the water inflow into the lower side tank

compartment 24.

The lower side tank compartment 24 is filled by water through the hole in the side,
whereby the water flows to the bottom of tank 24 and the oil is pressed up against

the horizontal deck 22 and up into the oil riser trunk 30. From the oil riser
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trunk, the oil escapes through the pipe connection 36 and the non-return valve 38

to the reception tank.

In collision and when water flows into the lower side tank compartment 24, the oil
forms a bubble which floats in the water and is kept in place by the undamaged
parts of the tank and by the inflowing water itself. The oil bubble is kept together
by surface tension in the boundary layer between oil and water and by viscous
forces in the oil, and as long as the water inflow into the tank is moderate, then the
oil bubble remains intact while it is emptied through the pipe connection 36,
whereby it does not flow out through the hole in the side against the inflowing

water.

The arrangement of the invention can completely or partly be installed in existing
tanker vessels to improve their collision protection. A tween deck is then fitted in
an existing side tank and at the same time, a cofferdam is built in the side of the

lower side tank. One or more riser trunks are fitted to connect the lower side tank

with the upper deck. A liner is fitted on the tank side of the cofferdam.

It can be difficult to rearrange the upper side wall to be outboard sloping, but still
half the ship's side is completely protected against collisions with smalier ships

which have a limited draught and cannot reach the lower side tank.

It is also a fact that the flare of the bow of many ships only damages the upper side

of the other ship.
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Tanker vessels, partjcularly for transport of oil or other liquids, which are
lighter than water and present a danger to the environment, which consist of
a hull with-a bottom (10), two opposite side walls (12,14), an upper deck
(16), at least two mainly vertical longitudinal bulkheads (18) and a
number of transverse bulkheads, which together forms a number of centre
tank compartments (28) and side tank compartments (24,26}, wherein a
mainly horizontal tween deck (22), located considerably below the ship’'s
loaded water line, divides at least the side tank compartments into upper and
lower side tank compartments (26 resp. 24) ‘characterized by the
upper side tanks (26) being water ballast tanks while the lower side tanks
(24) being cargo oil tanks, which at the head are connected to vertical oil
riser trunks (30), which via a pipe branch (36) with a non-return valve

are connected to an oil reception tank.

Tanker vessels as claimed in patentclaimno. 1 characterized by the
lower side tanks (24) being fitted with a cofferdam (32) in at least the

upper part of their outer side wall (12).

Tanker vessels as claimed in patent claimno.2 characterized bya

liner (34) of reinforced, elastic plastic material being fitted on the tank

side of the cofferdam (32).

PCT/SE91/00792

-
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Tanker vessels as claimed in any of claimnos. 1-3 characterized by
the volume of the riser trunks (30) being about 1-3% of the volume of the

associated lower side tank (24).

Tanker vessels as claimed in any of claimnos. 1-4 characterized by
the outer side wall (14) of the upper side tanks (26) being inclined
outboard from the mainly vertical side wall (12) of the lower side tanks

(24).
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