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(57) This invention relates to a method for mnverting the
convex configuration of a liqud-product storage-tank
bottom with a view to providing greater efficiency in the
operations of removing the undesirable materials which
normally accumulate 1n the tank bottom (5). A layer of
material having, plastic properties, 1s placed over the
conventional tank bottom (7), except for one part from
the centre of the tank base to the edges. The material with
plastic properties hardens over time, thus producing a
new bottom (7) whose centre (11) 1s at a level below the
level of the edges. The part over which material having
plastic properties was not placed forms a flow gutter (9)
which leads the liquids and sediments which have to be
drained off to the edges.
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providing greater efficiency in the operations of removing the undesirable materials which normally accumulate in the tank bottom (5). A
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METHOD FOR INVERTING THE CONVEX CONFIGURATION OF A
LIQUID-PRODUCT STORAGE-TANK BOTTOM

Field of the invention

This invention relates to a method for inverting the convex configuration of the
bottom of a tank intended for the storage of liquid products, specifically petroleum and its
denivatives, and is intended to provide a more effective shape to promote flow of the
undesirable liquids and sediments which normally accumulate there. It is particularly

applicable to large capacity tanks.

Prior Art

Storage tanks are widely used in the o1l industry and are essential to the functioning of
an operational unit. They may be intended for the storage of e.g. crude oil, intermediate
products or final products.

Dunng product storage it 1s normal for there to appear undesirable liquids and
sediments which might have accompanied the product when 1t was placed in the tank. The
undesirable liquids and sediments (dense residues, sludges, water, sand, etc.) are generally
heavier than the product stored, and because of this they tend to deposit out at the bottom of
a tank.

The storage tanks currently in use, especially those of mediumand large capacity, have
a side wall of cylindrical shape mounted on a foundation ring. The bottom is generally in the
shape of a dome or cone, with the convex part pointing upwards.

Cleaning ports and inspection ports are provided 1n the lower part of the cylindncal
side wall. The cleaning ports have hatches which are located on the side wall, supported on the

foundation ring. This location enables the cleaning port to be used to monitor the level of the

 undesirable liquids deposited in the bottom of the tank.

This monitoring 1s performed using a liquid level indicator placed on the hatch of the
cleaning port. The level indicator is used to inform an operator when it necessary to drain a
tank to remove the undesirable liquids and sediments or when it 1s necessary to stop drainage,
so as to prevent the stored product being inadvertently drained off.

Various drainage pipes are located at the lower part of a tank 1n order to permit the

undesirable liquids and sediments to pass outside the storage tanks. At the outlet from each
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drainage pipe there is a shut-off valve which, when open, allows the undesirable liquids and
is sediments to flow out of the tank.

Commonly, mixers are installed within the tank to homogenize the stored product.
The number of mixers depends on the storage capacity and the type of product stored.

The mixers have the disadvantage that they also cause the undesirable liquids and
sediments to move towards the centre concave bottom of the tank, away from the drainage
ports, which makes it more difficult to cause these undesirable liquids and sediments to flow
outside the tank.

As the bottoms of tanks currently in use generally have a centre at a higher level than
their edge, there is a tendency for the undesirable iquids and sediments to accumulate at the
edge, forming an annular layer. However, because the edge of the tank is at a uniform level
and there is no difference in level to encourage these undesirable liquids and sediments to drain
oft through the drainage pipes, flow 1s slow, and this encourages the undesirable liquids and
sediments to accumulate at the bottoms of the tanks, mainly in the areas furthest from the
drains.

WO-A-98/04479 discloses an improvement for liqud product storage tanks, especially
those of large capacity, which solves the problems described above, and comprises inverting
the convex configuration of the bottom into a conical configuration, with the centre of the
tank bottom at a level lower than the level of the edges.

A drainage gutter runs fromthe centre of the tank bottom to the edge, with a sufficient
gradient to encourage flow of the undesirable liquids and sediments to the edge of the tank,
from where they can be easily drained off to a location outside the tank.

This 1mprovement can easily be applied to the construction of new tanks, since 1t is
easy to get the drainage gutter for undesirable residues to reach the level of the threshold of a
cleaning port, immediately above the foundation ring, while at the same time maintaining a

gradient in the drainage gutter or channel which encourages the flow of undesirable liquids and

-

- sediments to the edge of the tank.

However, when the same principle of invérting the base 15 applied to an existing tank
various difficulties are encountered. If for example the edge of the tank bottom is kept at the
level of the foundation ring, it will be seen that the drainage gutters reach the side edges of the
tank at a level below the top of the foundation ring, which makes it necessary to make
openings in the foundation ring in order to allow flow through the drainage pipes, which

implies the need to revise the structural design in order to check the strength of the ring. It
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may even be necessary to adopt new structural solutions.

In order to change the convex configuration of the bottom of an existing tank so that the
drainage gutter ends precisely at the threshold of the inspection port, the edges of the bottom must be
at a level higher than the level of the top of the foundation nng. This change makes it necessary to
revise the structural design of the tank and also to raise the level of the base supporting the bottom of
the tank, which makes the cost of the alteration quite expensive.

It should also be mentioned that the alternatives described above are not envisaged in the
petroleum industry standard API 650 which govemns the construction of tanks.

NL-A-9100874 discloses the renewal of the bottom of a used tank which has an upwardly
concave conical floor, such that the renewed floor 1s also upwardly concave.

US-A-4457332 discloses a new tank construction in which an unfinished tank having a flat
bottom has its floor configuration changed, upon finishing, to give it an upwardly concave
configuration.

Object of the invention
It is an object of this invention to provide a method of modifying an existing liquid storage

tank so as to improve the efficiency in the operation of draining off the undestrable liquids and

sediments which normally accumulate at the bottom of a storage tank.

It is a further object of the invention to provide a simple method of modifying a tank bottom
to improve the drainage of such undesirable liquids and sediments.

Summary of the invention
The present invention provides a method for inverting the upwardly convex configuration of

the bottom of a liquid-product storage tank having at least one cleaning port by applying a matenal

having plastic properties and which hardens in time, comprising the following stages:

- first arranging on the bottom a plurality of containment formwork units distributed over the
surface of the bottom, except in at least one section extending from the centre of the tank
bottom to a region at its periphery in front of a said cleaning port, which units form
containment areas for the placing of matenal having plastic properties,

— then placing in the containment areas formed by the containment formwork a hardenable
material which has plastic properties and which has dimensions such that, other than in said
at least one section extending from the tank bottom centre to its periphery, the quantity of

said hardenable material which has to be placed in the containment areas
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increases with increasing radial distance from the centre of the conventional bottom; and
- converting said at least one section 1nto a drainage gutter which has a ramp whose gradient is

sufficient to encourage flow of the undesirable liquids and sediments to the region in front of

the cleaning port from which they can more easily be drained off.
This method provides a low-cost and simply-applied method which can be used to invert the

concave configuration of an existing tank having a conventional bottom without the need to remove

the bottom, simply by depositing over the conventional bottom a material having plastic properties,

which hardens over time.

Using this method the original conventional bottom continues to meet the existing standards,
any small imperfections in its surface resulting from the process of construction are corrected, and
any small leaks which may be occurring are stopped, thus also preventing corrosion and the
consequent contamination of groundwater.

This method can also be used when constructing new tanks, in that the bottom may be
constructed in accordance with current standards, and then 1ts convex configuration may inverted by
the subsequent application of a material having plastic properties which hardens over time.

The layer of a material having plastic properties, which hardens over time, may be placed
over the surface of the tank bottom using containment formwork.

[t confers on the bottom, a concave shape providing a single central point for the collection
of undesirable liquids and sediments, that is a convergence point for drainage.

The undesirable liquids and sediments which accumulate in the centre of the bottom flow out
through at least one inclined drainage gutter which starts at the central collection point 1n the middle
of the bottom and ends at the periphery of the tank bottom, at a level below the centre of the tank
bottom, and has a sufficient gradient to enable the undesirable liquids and sediments to flow out of
the tank.

The bottom of the tank may first be coated with a layer of sealant resin, e.g. polyurethane
resin, before application of the matenal having plastic properties.

Likewise a layer of sealant resin may be placed on the layer of matenial having plastic
properties, after it has hardened, particularly at junction points, in order to improve the seal at those
points.

Brief description of the drawings

The characteristics of this new method will be better understood from the following
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detailed description, provided merely by way of example, of one possible embodiment of the
invention, taken in conjunction with the drawings mentioned below, which form an integral
part of this description. In the drawings:

Figure 1 1s a perspective view of a prior art liquid product storage tank.

Figure 2 is a perspective view of the liquid-product storage tank of Figure 1 which has
been modified in that
a layer of matenal having plastic properties, which has already hardened, has been applied in
segments to the bottom of the tank.

Figure 3a 1n a cross-sectional view and Figure 3b is a top plan view of the storage tank
of Figure 2 showing a layer of material with plastic properties which has already hardened

applied to the bottom of the tank.

Description of a preferred embodiment

- Figure 1 shows a perspective view of a tank (1) for the storage of liquid products. A
foundation ring (2) serves as a base to support a cylindrical side wall (3), which forms the wall
of the tank (1).

At least one cleaning port (4) is provided in side wall (3), immediately above foundation
ring (2) to provide access to the interior of tank (1) and for allowing the undesirable liquids and
sediments contained in it to flow out.

A conventional bottom (5), of convex shape, which is linked to the lower part of the
inside face of the side wall (3) and which is supported on an area of compacted ground (6)
contained within the foundation ring (2), can be seen at the lower part of tank (1).

The method for inverting the concave configuration of the conventional bottom (5) of
the liquid storage tank (1) will now be described in detail.

The basic principle used in the method is the application over the conventional tank
bottom (5) of a material having plastic properties and configured so that the new edges of the
bottom are raised to a level which is conveniently higher than the level of the centre of the
new bottom. The material having plastic properties solidifies after a period of time and thus
produces a new bottom with a concave configuration, similar to that described in above
mentioned WO-A-98/04479.

In order to obtain the drainage gutter mentioned in WO-A-98/04479 it is sufficient to
avold or reduce the deposition of the material having plastic properties in a segment having

a shape equivalent to that of a drainage gutter. By proceeding in this way a small part of the

L A LA N A I SRt . e e - T ek N O A R O ey 1 T T TN A P MM Y NI Lt OVt A A AR



10

15

20

25

30

CA 02306774 2000-04-13

WO 99/20545 -6 - PCT/BR98/00065

conventional bottom (5) acts as the inclined drainage gutter, as will be seen more clearly below.

Merely by way of example, in this description the material having plastic properties and
which is placed over conventional bottom (5) is a mortar, preferably concrete. Merely for the
purposes of simplifying the, description, only the term hardenable plastic material will be used
hereinafter to refer to either concrete particular or the matenal having plastic properties, in
general, and thus the various references to both the material in general and to mortar should
be regarded as being equivalent. This cannot however be regarded as any limitation on the
method now being described and in implementing the method it is possible to use any other
material having properties similar to concrete.

Figure 2 shows the bottom (7) resulting from the placing of concrete over the
conventional bottom (5) set out in the form of radial segments (8) with the help of
containment formwork (18). It should be pointed out that the radial distribution of the
formwork is only one of many possibilities, and should not be regarded as limiting this
method.

A procedure for placing matenal having plastic properties on the conventional tank
bottom (5) 1s described below.

Initially a plurality of items of containment formwork (18), which is appropriately
distributed and is manufactured of appropriate material, is placed on the conventional bottom
(5) so as to bound containment areas for emplacement of the concrete. This containment
tormwork (18) 1s of a size such that the quantity of concrete which has to be placed in the
containment areas will increase with increasing radial distance from the centre of the
conventional bottom (5) so that the periphery of the new bottom will be at a level higher than
the level of the centre, as may be seen in Figure 3a.

The containment formwork (18) is distributed over the entire, surface of conventional
bottom (5) except in at least one radial stnip of the conventional bottom (5), in front of a
cleaning port (4), where no concrete is placed.

Concreteisthen placed in the containment areas formed by the containment formwork
(18) other than said at least one radial strip, using any known technique as will be widely
known to those skilled in the art; such application technique will not be described here as it
does not form an integral part of this method.

Afterthe concrete has been placed in the containment areas formed by the containment
formwork (18)and after the concrete has fully set, a new bottom (7) with a concave

configuration is obtained.
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The region in which no concrete was placed becomes a drainage gutter (9) which has
an inclined floor in the form of a ramp (10) comprising a part of the conventional bottom (5)
whose gradient is sufficient to cause the undesirable liquids and sediments to flow outwardly
to the region alongside cleaning port (4), from which they can more easily be removed. The
side walls of the drainage gutter (9) are the walls of the containment formwork (18) or, if these
have been removed, of the concrete itself. The drainage gutter (9) can be protected by an
appropriate material coating its side walls and ramp (10), as will be seen below.

I desired, the ramp (10) may be formed by applying to the conventional bottom (5) a
tapering layer of the hardenable material having plastic properties, so as to modify the angle
of inclination of the bottom of the gutter (9) to differ from the angle of inclination of the
original tank bottom (5).

Figure 3a shows a cross-sectional view of the, storage tank in Figure 2, showing a layer
of hardened concrete placed on conventional bottom (5) of the tank (1) to form a new bottom
(7) with a concave configuration, whose centre (11) lies at a level lower than the level of the
periphery of new bottom (7). Drainage gutter (9) with its ramp (10) can be seen, and in this,
as discussed above, the ramp (10) is a part of the conventional bottom (5) on which concrete
has not is been placed. This modified tank is shown in top plan view in Figure 3b.

It should be pointed out that the material having plastic properties which is placed on
conventional bottom (5) must have properties such as to ensure that the new bottom (7) is
leakproof with respect to the liquid which will be stored.

The conventional tank bottom (5) may be coated with a layer of sealing material, for
example polyurethane resin, before application of the material having plastic properties, in
order to ensure that it is leakproof. If not all of the conventional bottom (5) is coated with
sealing material before application of the material having plastic properties, it is then to be
recommended, that at least the part of the conventional bottom (5) which forms the ramp (10)
should be coated with a sealing material.

Likewise a layer of sealing material may be applied either to the entire surface of the
layer of material having plastic properties after it has hardened, or alternatively only to the
joints in order to improve the seal in these areas.

In orderto achieve a further improvement in the quality of the coating of the junction
areas, the containment formwork (18) may be constructed so that a small portion of its upper
part, at the surface of the layer of matenal having plastic properties, can be removed after that

material has hardened. In this way a quantity of sealing material can be placed within the
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resulting gaps which form between the hardened layers of material having plastic properties,
which guarantees prevention of impregnation, by the stored liquid product, of the material of
the embedded containment formwork (18) which is generally made of wood or a similar
maternal.

The method described above thus provides an easy, is convenient and secure method
tor inverting the convex configuration of the bottom of a storage tank for liquid product,
which provides better drainage of the undesirable liquids and sediments which accumulate at

the bottom of such a tank.
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CLAIMS

1. Method for mverting the upwardly convex configuration of the bottom of a liquid-product

storage tank having at least one cleaning port, by applying a hardenable material having plastic

properties and which hardens over time, comprising the following stages:

- first arranging on the bottom (5) a plurality of containment formwork units (18) distributed
over the surface of the bottom except in at least one section extending from the centre of the
tank bottom (5) to a region at its periphery in front of a said cleaning port (4), which units
form containment areas for the placing of a hardenable material having plastic properties;

— then placing in the containment areas formed by the containment formwork (18) a
hardenable material which has plastic properties and which has dimensions such that, other
than in said at least one section extending from the tank bottom centre to its periphery, the
quantity of said hardenable matenal which has to be placed on the containment areas
increases with increasing radial distance from the centre of the conventional bottom (5); and

— converting said at least one section into a drainage gutter (9) which has a ramp (10) whose
gradient 1s sufficient to encourage flow of the undesirable liquids and sediments to the region
in front of the cleaning port (4) from which they can more easily be drained off.

2. Method according to Claim 1, characterized in that the containment formwork (18) extends

radially over the conventional bottom (35) of the hquid-product storage tank (1).

3. Method according to Claim 1, characterized in that the conventional bottom (5) 1s coated

with a layer of sealing material.

4. Method according to any one of claims 1 to 3, characterized in that none of the hardenable

plastic material 1s apphied to said at least one section extending from the centre of the tank bottom to

its periphery opposite a cleaning port.

5. Method according to Claim 4, characterized by the step of applying a coating of sealing

matenal to the part of the conventional bottom (5) which forms the ramp (10).

6. Method according to any one of claims 1 to 3, characterized by the step of applying said

hardenable plastic matenal to said at least one section extending from the centre of the tank bottom

to its peniphery, 1n a configuration such that the surface of the hardened matenal in said at least one

section 1s inclined downwardly from the centre of the tank bottom towards
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the tank periphery with an inclination which differs from that of the conventional tank
bottom before conversion.

7. Method according to claim 6, characterised by the step of applying a coating of
sealing material to the surface of said hardened material in said at least one section.

8.  Method according to any one of Claims 1 to 3 characterized in that the

‘containment formwork (18) is constructed such that part of the top which is at the level of the

surface of the layer of the hardenable plastic material can be removed after the applied material
has hardened; and in that sealing material is applied to the interior of the gaps formed between
the adjacent bodies of the already-hardened plastic material.

9. Method according to claim 1 or 2, characterized by coating with a sealing material
the new bottom (7) formed by the application of hardenable plastic material, the side walls of
said drainage gutter (9) and the part of the conventional bottom (5) forming the ramp (10), of

the drainage gutter.
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