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@ Valve apparatus for use in raising a sunken vessel.

@ Valve apparatus (24) for use in raising a sunken
vessel (2), which valve apparatus (24) comprises a
vent pipe (26), attachment means (28) for attaching
one end portion (30) of the vent pipe (26) to the
sunken vessel (2), and cover means (32) which is
provided at the other end portion (34) of the vent
pipe (26) and which allows compressed air intro-
duced into the sunken vessel (2) to escape from the
sunken vessel (2) through the valve apparatus (24)
as the sunken vessel (2) starts to rise.
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This invention relates to valve apparatus for
use in raising a sunken vessel.

Hitherto, there have been three usual methods
of raising a sunken vessel in salvage operations.
The first method involves physically lifting the
sunken vessel by a crane or floatation bags or
tanks. The second method is by pumping air under
pressure into the vessel. The third method is by
cofferdamming (ie providing a trunking from the
sunken vessel to the surface) and pumping out the
water in the sunken vessel.

The first method of physically lifting the sunken
vessel is not practical on large sunken vessels.
Huge cranes are often not readily available and
they are very costly. Furthermore, it is often impos-
sible to secure sufficiently heavy wires around the
sunken vessel. The use of the floatation bags or
tanks gives only a limited lift and is not practical on
large sunken vessels.

The second method of pumping air under pres-
sure into the sunken vessel is not very practical on
sunken vessels such as cargo ships where the
hatches and decks of the cargo ships are not
designed to take an upward load. When raised on
air pumped in under pressure, a vessel is lifted up
by its deck and the entire weight of the vessel is
carried by the deck and the hatches. It is very
difficult to make the sunken vessel airtight, except
on oil tankers. Care has to be taken to vent excess
air as the sunken vessel rises, otherwise the vessel
could burst open with the release of the external
balancing pressures as the sunken vessel rises.

The third method of cofferdamming and pump-
ing out the water is probably the most widely used
method of raising a sunken vessel. As the water is
pumped out, the water level in the sunken vessel
drops but this places a great strain on the decks of
the sunken vessel. The load on these decks is the
full head of water above the decks and the decks
of most sunken vessels will not support a head of
water of about six metres (20 feet). Thus salvage
by this third method is not very practical in deep
waters unless expensive internal shoring of the
sunken vessel is undertaken in order to help the
decks of the sunken vessel take the strain of the
head of water above the sunken vessel. This inter-
nal shoring can be expensive and time consuming
fo install.

It is an aim of the present invention to reduce
the above mentioned problems.

Accordingly, this invention provides valve ap-
paratus for use in raising a sunken vessel, which
valve apparatus comprises a vent pipe, attachment
means for attaching one end portion of the vent
pipe to the sunken vessel, and cover means which
is provided at the other end portion of the vent pipe
and which allows compressed air introduced into
the sunken vessel to escape from the sunken ves-
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sel through the valve apparatus as the sunken
vessel starts fo rise.

The valve apparatus of the present invention

operates as a pressure inverter valve. The valve
apparatus is able to invert the pressure on the
sunken vessel so as to normalize the pressure
acting on the decks and hull of the sunken vessel
to within acceptable limits, thereby making salvage
simple, speedy and inexpensive. The valve appara-
tus is able to allow expanding air to escape rapidly
during raising of the sunken vessel. The valve
apparatus is able to prevent an air pressure build
up in the sunken vessel whilst the sunken vessel is
on the bottom, the valve apparatus is able to avoid
a vacuum being created inside the sunken vessel
during pumping out, and the valve apparatus is
able to maintain constant pressure inside the sunk-
en vessel. Advantageously, the valve apparatus is
able to allow a constant volume of water to remain
inside the sunken vessel and so prevent the sunk-
en vessel from tending to rush dangerously to the
surface, as often happens with the known salvage
method of pumping air into the sunken vessel
under pressure, the air expanding during the rais-
ing of the sunken vessel and tending to cause the
sunken vessel to rush to the surface.
The valve apparatus of the present invention en-
ables the sunken vessel to be raised by normal
floatation, with lift being given through the bottom
of the hull of the sunken vessel. This is in contrast
to the known method of pumping air under pres-
sure into the sunken vessel where decks and
hatches of the sunken vessel have to carry the
entire weight of the vessel and where hatches or
decks can easily be blown open during lifting as
the air inside the sunken vessel rapidly expands.

The valve apparatus of the present invention
avoids the need for extensive internal shoring as is
required by the above mentioned known method of
cofferdamming and pumping out the water.

The valve apparatus of the present invention
allows water pressure on the decks and hull of the
sunken vessel to be reduced during salvage, and
to be kept at safe and acceptable levels. By creat-
ing an internal pressure of slightly less than the
outside pressure, sealing and patching of the sunk-
en vessel by divers or by other means is made
simple by the inward suction of water. The valve
apparatus eliminates the depth limitations of sal-
vage caused by pressure from the head of water
above the sunken vessel since the pressure inside
the sunken vessel can automatically be kept at a
pressure slightly less than the external pressure
irrespective of depth. The depth limitation of the
valve apparatus of the present invention is only
governed by the depth at which divers, remote
controlled vehicles or other means can operate. Air
at ambient pressure can enter the sunken vessel
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whilst it is being pumped out.

The required pressure to suit any particular
size, strength and type of sunken vessel can be
achieved by varying the distance from the bottom
of the cover means to the decks of the sunken
vessel.

The valve apparatus may be one in which the
vent pipe is from 1 - 3 metres (3 - 10 feet) long.

Usually, the vent pipe will be of circular cross
section. If desired however, the vent pipe may be
of a cross sectional shape other than circular.
Where the vent pipe is of circular cross section,
then it may be from 150-900mm (0.5-3 feet) in
diameter.

The vent pipe may be a rigid vent pipe or it
may be a flexible vent pipe.

The valve apparatus may be one in which the
attachment means comprises a base for engaging
with the sunken vessel around a hole in the sunken
vessel, and fastener means for fastening the base
in position.

Preferably, the fastener means comprises hook
bolts. Other types of fastener means may however
be employed.

The attachment means may comprise sealing
means for forming a seal between the valve ap-
paratus and the sunken vessel. The sealing means
may be made of a rubber or a plastics material.
The rubber or the plastics material may be of solid
or foam form.

The cover means may be approximately one
half of the length of the pipe and twice the width of
the pipe.

The valve apparatus may include air connector
means for connecting an air line to the valve ap-
paratus. The apparatus may also include water
discharge connector means for connecting a water
discharge line to the valve apparatus. The air con-
nector means and the water discharge connector
means may be provided on the cover means.

An embodiment of the invention will now be
described solely by way of example and with refer-
ence fo the accompanying drawings in which:

Figure 1 illustrates a known method of lifting a

sunken vessel involving pumping air under pres-

sure into the sunken vessel;

Figure 2 illustrates a known method of lifting a

sunken vessel by cofferdamming and pumping

out the water;

Figure 3 shows the valve apparatus of the

present invention in use;

Figure 4 shows the valve apparatus in more

detail; and

Figure 5 is a top plan view showing the valve

apparatus of Figure 4 as it is fixed to the sunken

vessel.

Referring to Figure 1, there is shown a sunken
vessel 2 resting on a bottom 4 in water 6. The
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sunken vessel 2 is provided with compressed air 8
from an air line 10 which extends above the sur-
face 12 of the water 6. The air 8 forces water 14
from the sunken vessel 2 through a hole (not
shown) and the sunken vessel 2 rises when suffi-
cient water 14 is removed from inside the sunken
vessel 2. During raising, the sunken vessel 2 is
lifted up by its decks 16 and the whole weight of
the sunken vessel 2 is carried by the decks 16 and
hatches ( not shown ). It is often very difficulf,
except with oil tankers, to make the sunken vessel
2 sufficiently airtight to retain the air 8. Also, care
has to be taken to vent excess air 8 as the sunken
vessel 2 rises as otherwise the sunken vessel 2
could burst open as the pressure of the water 6
acting on the outside of the sunken vessel 2 re-
duces.

Referring now to Figure 2, similar parts as in
Figure 1 have been given the same reference
numerals for ease of comparison and understand-
ing. In Figure 2, a pump 18 pumps water via a
water discharge line 20 up to the surface 12 of the
water 6. Trunking 22 has to be provided to the
surface 12 in order to enable the air 8 to enter the
vessel 2. As the water 14 is pumped out of the
sunken vessel 2, the volume of air 8 increases.
However, since this air is at surface pressure, a
considerable strain is placed on the decks 16 of
the sunken vessel 2. This pressure is a function of
the head of water above the decks 16. The decks
16 of most sunken vessels 2 are not able to sup-
port a head of water of more than six metres (20
feet). Thus salvage of the sunken vessel 2 by the
method illustrated in Figure 2 presents consider-
able problems in deep waters. Often extensive in-
ternal shoring of the sunken vessel 2 is required in
order to stop the decks 16 and/or the hull 23 from
collapsing.

Referring now to Figures 3, 4 and 5 similar
parts as in Figures 1 and 2 have again been given
the same reference numerals. In Figures 3, 4 and 5
there is shown valve apparatus 24 comprising a
vent pipe 26, attachment means 28 for attaching
one end portion 30 of the vent pipe 26 to the
sunken vessel 2, and cover means 32. The cover
means 32 is provided at the other end portion 34 of
the vent pipe 26. The cover means 32 allows
compressed air introduced into the sunken vessel 2
to escape from the sunken vessel 2 through the
valve apparatus 24 as the sunken vessel 2 starts to
rise.

The attachment means 28 comprises a base
36 for engaging with the sunken vessel 2 around a
hole 38 in the sunken vessel 2, and fastener means
in the form of hook bolts 40 for fastening the base
36 in position. The hole 38 can be formed in a part
42 of a deck or hatch of the sunken vessel 2. The
hook bolts 40 are tightened in place by means of
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wing nuts 44. The attachment means 28 also in-
cludes a foam rubber seal 46 for forming a seal
between the valve apparatus 24 and the sunken
vessel 2.

The cover means 32 sits as shown over the
end portion 34 of the vent pipe 26. The cover
means 32 allows easy passage of air or water
around the end portion 34 of the vent pipe 26.

During a salvage operation, water will be
pumped out of the sunken vessel 2 by the pump
18. The pump 18 may be a submersible electric
pump. The water being pumped out of the sunken
vessel 2 is led through the cover means 32 as
shown. Optionally, the pumped water is then led to
the surface 12 for monitoring. Whilst pumping is in
progress, compressed air is pumped along the air
line 10 and into the sunken vessel 2 via the cover
means 32. The compressed air may be pumped
into the sunken vessel 2 at any pressure above the
water pressure at the depth of the sunken vessel 2.
This water pressure may be represented as A.S.
As the water 14 is pumped out of the sunken
vessel 2, the air, at pressure A.S, is drawn into the
sunken vessel 2 as shown. The air is at a pressure
of A.S which may be regarded as the water pres-
sure at depth A. There is thus a small downward
pressure P or P + i on the decks 16 and the
hatches. This small downward pressure seals
hatches and facilitates the sealing of leaks from
outside by divers. The sunken vessel 2 is then in
its designed situation of a slight downward pres-
sure on the decks, and the sunken vessel 2 will
eventually float to the surface.

The sunken vessel 2 is advantageously best
raised by mechanical means when it is almost
buoyant, so as fo give control of ascent of the
sunken vessel 2. As the sunken vessel 2 rises,
excess air is allowed to escape from the valve
apparatus 24. Water may be allowed to re-enter the
sunken vessel 2 if the sunken vessel should be
lowered. Preferably the sunken vessel 2 is main-
tained in a vertical position. If the sunken vessel 2
is such that the valve apparatus 24 cannot be kept
vertical, then a flexible pipe may be employed as
part of the valve apparatus 24 to attain a vertical
working position for practical purposes.

As can be seen from Figure 4 the air line 10 is
provided with a valve 48. This valve 48 enables the
air supply to the cover means 32 to be cut off
when desired, for example when sufficient air has
been provided inside the sunken vessel 2 or in the
event that the air line 8 should become ruptured
when, without the valve 48 being in a closed posi-
tion, air from inside the sunken vessel 2 would be
lost.

As also shown in Figure 4, the water discharge
line 20 connects to a water discharge pipe 50 in
the cover means 32 by means of a quick connect-
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ing coupling 52. The water discharge line 20 is also
preferably provided with a valve (not shown) in
case it should be desired to cut off the water
discharge line 20.

It is to be appreciated that the embodiment of
the invention described above with reference to the
accompanying drawings has been given by way of
example only and that modifications may be effec-
ted. Thus, for example, the illustrated shape of the
attachment means 28 and the cover means 32 may
be varied.

Claims

1. Valve apparatus for use in raising a sunken
vessel, which valve apparatus comprises a
vent pipe, attachment means for attaching one
end portion of the vent pipe to the sunken
vessel, and cover means which is provided at
the other end portion of the vent pipe and
which allows compressed air introduced into
the sunken vessel to escape from the sunken
vessel through the valve apparatus as the
sunken vessel starts to rise.

2. Valve apparatus according to claim 1 in which
the vent pipe is from 1 - 3 metres (3 - 10 feet)
long.

3. Valve apparatus according to claim 1 or claim
2 in which the vent pipe is of circular cross
section, and in which the vent pipe is 150 -
900mm (0.5 - 3 feet) in diameter.

4. Valve apparatus according to any one of the
preceding claims in which the attachment
means comprises a base for engaging with the
sunken vessel around a hole in the sunken
vessel, and fastener means for fastening the
base in position.

5. Valve apparatus according to claim 4 in which
the fastener means comprises hook bolts.

6. Valve apparatus according to any one of the
preceding claims in which the attachment
means comprises sealing means for forming a
seal between the valve apparatus and the
sunken vessel.

7. Valve apparatus according to any one of the
preceding claims in which the cover means is
approximately one half the length of the pipe
and twice the width of the pipe.

8. Valve apparatus according to any one of the
preceding claims and including air connector
means for connecting an air line to the valve
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apparatus.

Valve apparatus according to any one of the
preceding claims and including water dis-
charge connector means for connecting a wa-
ter discharge line to the valve apparatus.

Valve apparatus according to claims 8 and 9 in
which the air connector means and the water
discharge connector means are provided on
the cover means.
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