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A geostationary floating platform
Field and background of the invention

The present invention describes a semisubmersible floating platform with a
built-in system for constant buoyancy at varying sea level at wave and tidal

movement.

Such platforms may have large distribution potential for mineral extraction on
the sea bed, for oil and gas extraction under the sea bed, as basis for pontoon

bridges, wind turbines, solar power or other constructions.
Summary of the invention

A floating platform is provided, comprising a structure, which is carried by one
or more columns placed on one or more buoyancy bodies, characterized in
that

- the column or columns comprise a built-in rise canister, equipped with at least
one opening in a lower part, so that fluid communication is provided between
the rise canister and a body of water; and

- the volume of the rise canister increases with increasing height, so that the

rise canister has increasing water surface area at rising water level.

At an upper part, the rise canister is in gas connection with a gas-filled
chamber.

In one embodiment:

- the rise canister is gas-connected with a first tank via a first valve, and the first
tank contains a gas, for example air, and is configured to have a higher
pressure than the highest pressure in the rise canister when the water in the
rise canister is at an upper level, and

- the rise canister is gas-connected with a second tank via a second valve, and
the second tank contains a gas, for example air, and is configured to have a
lower pressure than the pressure in the rise canister when the water in the rise

canister is at a lower level.
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The second tank preferably comprises a third valve for ventilation to the
atmosphere. A compressor can be gas-connected with the first tank and be

arranged to maintain an overpressure in the first tank.

In one embodiment, the column or columns at a part that is above the rise

canister have an outer diameter, which is decreasing upwards.

The buoyancy body or the buoyancy bodies have sufficient draft (Norwegian:
dypgang) for not being significantly affected by surface waves. The floating
platform is preferably a semisubmersible platform (Norwegian: halvt nedsenkbar

plattform).

The platform mentioned here comprises via the water surface one — or more —
columns each based on a buoyancy body deep enough for not being raised or

lowered by the wave movements on the surface.

The present invention describes a heave-neutralising automatic ballast system
without movable parts. The system comprises a rise canister with one or more
openings in a lower part, were the level of the water surface in the rise canister
is balanced by a confined volume of air or other gas at a slight overpressure.
The top level of the rise canister must be below the lowest water surface around
the column at the bottom of the passing wave. The air volume has a coupling to
an adjusted size of reservoir onboard. At rising wave height, the hydrostatic
pressure in the rise canister increases and drives the water surface upwards
and compresses the confined air volume. The rising water level that
encompasses the column leads to increasing buoyancy, and at the same time
the increasing water volume in the rise canister under the splash zone leads to
correspondingly reduced buoyancy, as the air volume is compressed. These
two volumes offset each other at any time and thereby neutralise the heave

forces of the floating rig.

For the system to be energy-neutral, the value of the pressure multiplied by the

volume in the confined air reservoir must be constant, pV=constant. The
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sectional area of the column, maximum wave height and that pV=constant are

the main criteria for the design basis.

The semisubmersible floating platform has one or more columns, which are
arranged to pass through the splash zone of the varying water level of the
surrounding waves and which are connected with a floating body with sufficient
draft not to be significantly affected by the surface waves within the certain
limitations of varying water levels in the splash zone of the waves. The invention
comprises a built-in system for constant displacement to thereby neutralise the
heave effect of the platform at varying wave height. This is obtained by, on a
level below the bottom of the waves, a platform being built into a rise canister
with increasing water surface and which is in fluid-communicating connection
with the surrounding bodies of water through one or more openings positioned
on a level below the lowest level in the rise canister. The level of the water
surface in the rise canister is controlled by a confined, compressed, gas-filled
volume in the floating body, which is either placed immediately above the
highest level of the water surface in the rise canister or at another place in the
platform and is then connected with pipes or channels. At rising water level
around the column, the hydrostatic pressure in the rise canister increases, and
the water level in the rise canister rises and compresses the air volume above
it. At rising water level, the buoyancy increases by the increasing displaced
volume of the column in the splash zone, and a precisely corresponding volume
increases in the rise canister below the water surface, compresses the confined
air and thereby reduces the buoyancy correspondingly. The area variation of
the rise canister together with the contained gas volume is configured so that
the value of pV for the gas volume is constant within the entire volume variation,
and the increased air pressure above the water surface in the rise canister in
combination with the increasing water surface area results in an increasing
buoyancy component that is compensated for by the wet area of the column

being reduced in the splash zone at rising wave height.

The invention furthermore comprises a semisubmersible floating platform, which

is dynamically positioned vertically by the built-in system for neutralisation of
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heaving is equipped with a system for positive or negative additional energy to
offset unwanted heaving tendencies caused by viscous frictions on the hull or
hydrodynamic and/or aerodynamic resistance factors in the system. The air
reservoir in the system is coupled to a tank with a storage pressure lower than
the lowest system pressure at the lowest water level in the rise canister, and a
second tank with a storage pressure above the highest system pressure at the
highest water level in the rise canister, so that a control system with developed
algorithms that is in connection with geostationary references can predictively
actively control this individually for each column and thereby keep the platform

horizontal and heave-neutral.
Description of the embodiments of the invention

In the following, three different semisubmersible platform constructions are

described with different built-in alternatives for the system.

Fig. 1 shows a one-column platform, where the reference numeral 1 indicates a
column, here with a circular cross section. The reference numeral 2 indicates a
rise canister and 3 a buoyancy body — pontoon — here extended by a more
deeply attached uniform mass ballast module 3a of for example concrete, to
give the platform sufficient stability The ballast module 3a is optional, and the
invention shall not be limited to this embodiment. Furthermore, the reference
numeral 4 indicates a structure, such as e.g. a deck for payload, and 5 indicates
water level at zero wave height. The rise canister 2 is here built into the circular

pontoon.

Fig. 2 shows a three-column platform with the same elements as shown in Fig.
1, but here the pontoon 3 is shaped as a hexagonal torus. The idea of this
construction with three columns and 'doughnut'-shaped pontoon is that it should
be equally affected by sea currents regardless of direction. The rise canisters 2

are built around the circular columns 1.

Fig. 3 shows a platform with four columns 1 and two pontoons 3 in longitudinal

direction. In this embodiment, the columns 1 have an approximate quadratic
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cross section, and the rise canisters 2 are here built into the columns 1 shaped

in a quadratic cross section.

Fig. 4 is a vertical centre section of the platform from Fig. 1. The letter
designations are references to calculations in Fig. 6. Sea level at zero wave is
reference 6, the lowest level of wave bottom is 7, and the wave crest is 8. The
column 1 has a part 9 with decreasing outer diameter upwards, i.e. towards the
wave crest 8. In the rise canister 2, which is in fluid communication with the
surrounding body of water via the opening 40, the medium level 10 corresponds
to the zero wave level 6. The lowest level in the rise canister is 11 and the
highest level is 12. The inner diameter 13 of the rise canister 2 is decreasing
towards the peak level 12, so that the volume of the rise canister increases in
step with increasing height (i.e. upwards in the direction towards the deck 4).
The chamber 14 constitutes a reservoir (gas, but preferably and most
practically, air) and is in connection with the top of the rise canister 2 via the
openings 15 internally in the construction. The column 1 in this platform
construction has the through-going opening 16. The difference in area through

the water line is thus given by the difference between the diameters D and Di.

Fig. 5 shows an enlarged section of the pontoon 3, the rise canister 2, the
curved internal wall 13 and the air reservoir 14. The arrows 16 mark the force
component of the air pressure vertically upwards, and the arrows 17 mark the
force components of the same pressure downwards. At rising water level, the
water surface area increases and at the same time, the pressure in the
reservoir increases. This results in an increasing buoyancy component, which
has to be compensated for. This is obtained by an increasing water surface

encompassing the column at rising level, as illustrated in Fig. 4, no. 9.

A mathematical description of the curvature of the inner diameter in the rise
canister 13 and the outer diameter of the column 9 is demonstrated by the

calculations in Figs 6, 7, 8 and 9.



15

20

25

WO 2020/009588 PCT/NO2019/050142

Fig. 6 shows constants and initial values of the difference alignment stated in an

Excel table in Fig. 7. The formulas below have been copied from the Excel

sheet.

Explanation of the initial values on Fig. 6, column B:

Initial values in cells B1 to B4 are the basic criteria for the construction.
Initial value for hL, cell B5, is set as low as possible for the equation to
balance. The same applies to the value of total air volume, Va in B8.

The initial value c, B6, is a practical balancing.

The initial value AH, B7, is increments of the water level H in the
differential equation in Fig. 7, from cells A2 to A26.

The value in cell B9 is the specific gravity of sea water.

Based on the initial values mentioned above, the values from cells B10 to B14

in Fig. 6 are calculated

Explanation of the differential equation in Fig. 7, columns A to Q:

The value in cell A2 is set at 0 as onset value for H. A3 is A2 plus
increment 1, which is from Fig. 6, cell B7.

Column B calculates the air volume after the incremented compressing
at rising wave height, H. The value in B2 is copied from Fig. 6, B8. The
value in B3 is the value from B1 minus the value in A3 multiplied by the
area of the dry column, Fig. 6, B11. This is the new air volume after the
compression after the rise of the water level H. Formula: B3=(B8 in Fig.
6) - (B12 in Fig. 6) * A3).

Column C calculates how much the air volume is reduced. Formula:
C3=B3-B2. Column D calculates the new hydrostatic pressure height h.
This is the result of the pV constant, Fig. 6, B14, divided by the value of
B3. Formula: D3=(B14 in Fig. 6)/B3).

Column E calculates the increased water volume in the rise canister 2 to

be the same as the values in column C, but with opposite sign.
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Column F calculates the water level in the rise canister 2, WL. F2 is the
initial value from Fig. 6, BS. F3 is the value in A3 minus the value D3.
Formula: F3=A3-D3.

Column G gives the incremented rise in the water level WL in the rise
canister 2, this is the difference between the new and the previous value
in column F. Formula: G3=-F2+F3.

Column H gives the area of the water surface in the rise canister 2. This
is the result of dividing the value in column E by the value on the same
line in column G. Formula: H3=E3/G3.

In column [, the final inner diameter in the rise canister 2 is calculated for
each incremented level of WL. The outer diameter of the rise canister is
given in Fig. 6, B3. The area given by this outer diameter minus the
values in column H gives the values in column |. Formula:
13=2*ROT((((B3 in Fig. 6)/2)*2*mT-H3)/).

Column J calculates the increase in the area of the water surface in the
rise canister 2. The value J3 is H3 minus H2.

Column K converts the current hydrostatic pressure height h in column D
to pressure in kPa. The values in column D are multiplied by the specific
gravity of the sea water, Fig. 6, B9, as well as the gravity g. Formula:
K3=D3*(B9 in Fig. 6)*9.81.

Column L states the increase in the air pressure above the water surface
for each increment in the rise canister 2. Formula: L3=K3-K2.

In column M, the effect of the increasing buoyancy at the increasing air
pressure in column L is calculated. The values appear by the values in
column J being multiplied by the values on the same line in column L.
Formula: M3=J3xL3.

In column N the necessary ballast volume to compensate for the
increasing buoyancy in column M is calculated. Formula: N3
=M3/(9.81*(B9 in Fig. 6)).
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e In column O the area of the increasing wet water surface that
encompasses the column 1 at wave height H is calculated. Formula:
0O3=N3/((B7 in Fig. 6)).

e In column P the decreasing diameter of the column is calculated.
Formula: P3=P2-03. (P2=(B10 in Fig. 6)).

e Column Q calculates the adjusted column diameter for each increment.
Formula: Q3=2*ROT(P3/PI())

Fig. 8 shows curve plots from columns F and | from the spreadsheet in Fig. 7.
The horizontal axis "WL' refers to the water level in the rise canister from level
hL, cell B5, Fig. 6, and cell F2, Fig. 7, which is minus 20 metres and rising to
minus 4.8 metres, cell F26, Fig. 7. The vertical axis 'ID Cn' refers to the
reduction of the inner diameter of the rise canister stated in Fig. 7 from cell 12 to
126.

Fig. 9 shows curve plots from columns A and Q from Fig. 7. The horizontal axis
'H' indicates the wave height values from cell A2 to A26 from Fig. 7, and the
vertical axis 'OD Column' shows the reduction in the column's outer diameter

with increasing wave height stated in cells Q2 to Q26 in Fig. 7.

Fig. 10 shows a vertical centre section of one of the columns for the platform
illustrated in Fig. 2. The reference numerals 1 to 15 have the same designations
as in Figs 4 and 5. In Fig. 10, the rise canister 2 is built concentrically on the
outside of the column 1. For the column through the rise canister to the widest
possible extent to keep its structural integrity, the rise canister 2 has the
curvature 18 for increasing water surface at rising level facing outwards unlike
the previous example in Fig. 4 (reference numeral) 13. For the system to
require the smallest air reservoir possible, the column is divided into a dry and a
wet section through the splash zone. The dry section 19 is encompassed by the
curved bulkhead 20. The wet section 21 is encompassed by the column wall 22
on the outside and the bulkhead 20 inwards. For the column to maintain its
structural integrity through the splash zone, the necessary ventilation area for

the wet section is secured through the openings, the scuppers 23.
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A mathematical description of the curvature of the outer diameter in the rise
canister 18 and the outer diameter 20 of the dry section 19 in the column 1 is

demonstrated through the calculations in Figs 11, 12 and 13.

Fig. 11 shows the initial constants in cells B1 to B8 for the spreadsheet in Fig.

12. The values in cells B9 to B12 are calculated on the basis of these constants.
Explanation of the columns in the spreadsheet in Fig. 12:

e Column A calculates the wave height from 0 in cell A2 to 12 m in cell
A26, based on the constants from cells B3 and B6 in Fig. 11.

e Column B calculates the air volume in the system at rising wave height,
B2 is copied from cell B7, Fig. 11. Cells B3 to B26 calculate the air
volume at each increment of the increasing displacement of the column
at increasing wave height.

e Column C states the incremental reduction of the air volume and appears
by the parallel value in column B being subtracted from the previous one,
for example the cell value is C3=B3 minus B2.

e Column D calculates the hydrostatic pressure height above the water
surface in the rise canister. Cell D2 is copied from cell B4 in Fig. 11. The
value in cell D3 is calculated by dividing the constant of cell B12 in Fig.
11 by the parallel one from column B, for example D3 = the constant B12
divided by B3.

e Column E states the incremental increase of the water volume in the rise
canister, which are the same values as in column C with opposite sign.

e Column F calculates the incremental water level in the rise canister. The
value in F2 is the same as in cell D2 with opposite sign. The value in cell
F3 appears by the parallel value in column D being subtracted from the
parallel value in column D, for example F3= A3 minus D3.

e Column G calculates the incremental increase of the water level in the
rise canister, where for example G3= -F2 plus F3.

e Column H calculates the area of the rise canister for each level. The

values appear by the parallel values in column E being divided by the
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parallel values in column G, for example H3=E3 divided by G3. H2 is
extrapolated from the values in H3 and H4, H2=H3-(H4-H3).

Column | calculates the diameter of the rise canister for each level as a
function of the areas in column H and the constant from cell B9 in Fig.
11. For example 12= 2 * ((B9 Fig. 11 +H2) /).

Column J calculates the increase of the area in the rise canister for each
level, where the value in J3 appears by the parallel value in column H
being subtracted from the previous one, J3=H3 minus H2.

Column K calculates the air pressure in the rise canister in kPa for each
level, for example K2=D2 multiplied by the constant in cell B8, Fig. 11,
multiplied by g (9.81).

Column L calculates the air pressure increase kPa in the rise canister for
each level, where for example L3=K3-K2.

Column M calculates the increasing buoyancy effect in kN of the
increasing air pressure and the increasing area of the water surface in
the rise canister, where for example M3=J3 multiplied by L3.

Column N calculates the necessary ballast water volume in m3 to
compensate for the increasing buoyancy effect, where for example
N3=M3 / (g*constant B8 in Fig. 11).

Column O calculates the area increase of the water surface around he
column, which is necessary to provide room for this ballast water, where
for example O3=N3 divided by the constant B6 in Fig. 11.

Column P calculates the new wet area of the column for each level,
where for example P3=03+P2.

Column Q then calculates the new dry area of the column for each level,
where for example Q3=value of cell B9 minus the value of cell P3.

Finally, the new diameter for the column's dry area for each level is

calculated in column R, where R3=2 * (Q3 /).

The upper part of Fig. 13 shows the curve plots from columns | and F from the
spreadsheet in Fig. 12. The horizontal axis 'WL' refers to the water level in the

rise canister from level hL, cell B6, Fig. 11, and cell F2, Fig. 12, which is minus
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8.5 metres and rising to minus 1.2 metres, cell F26, Fig. 12. The vertical axis 'ID
Cn' refers to the increase of the outer diameter of the rise canister stated in Fig.
12 from cells 12 to 126.

The curve plots in the lower part of Fig. 13 are from columns A and R from Fig.
12. The horizontal axis 'H' indicates the wave height values from cells A2 to A26
from Fig. 12, and the vertical axis 'd' shows the reduction in the column's outer
diameter of the dry area with increasing wave height stated in cells R2 to R26 in
Fig. 12.

Fig. 14 shows the outside of one of the columns for the four-column platform
illustrated in Fig. 3 as well as a vertical cross section of it. The reference
numerals 1 to 23 refer to the same as in Figs 4 and 10. Reference numerals
11a and 12a show additions for the water level in the rise canister at the bottom
and the top. Here the rise canister 2 is built into the column 1. The rise canister
here constitutes the space between the outer walls of the column and the curve
bulkheads 25 that form a quadratic core inside the column, and the rise canister
volume increases with increasing height (i.e. upwards in the direction of the
deck 4). The scuppers 24 connect the rise canister to the sea. The deck 27
isolates the wet area in the rise canister from the internally dry column below.
The deck 28 constitutes the roof of the rise canister and the air volume above
the water surface coupled to the pipe 15 and the chamber (the gas (air)
reservoir) 14. The pipe (opening) 15 is further connected to the arrangement
above, which is shown schematically. Fig. 14 is best read together with Figs 15
and 16, which are three-dimensional illustrations. A first valve 29 is coupled to a
first tank 33, which has been stored with air with a higher pressure than the
highest pressure in the rise canister at level 12. Furthermore, the pipe 15 is also
coupled to a second valve 30, which is coupled to a second tank 34, which is
stored at a lower pressure than the pressure in the rise canister at level 11. A
third valve 31 is for ventilation to the atmosphere. The compressor 32 is a low-
pressure compressor type with a high-volume capacity. The compressor
maintains the overpressure in the first tank 33. Control with opening and closure

of the valves 29, 30 and 31 is intended to be coupled to a control system with
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entry data from geostationary references. When, due to hydrodynamic inertia
effects as well as viscous hydrodynamic frictions, the platforms are not kept
entirely calm, the additional capacities marked WL- and WL+, 11a and 12a can
be activated and adjust for this. The system can be equipped with algorithms
developed for this purpose, which can function predicatively and individually
independently for the 4 columns keep the platform stable horizontally and

heave-neutral.

Fig. 17 shows the initial constants in cells C1 to C9 for the spreadsheet in Fig.
18. The values in cells C10 to C14 are calculated on the basis of these

constants.

The explanation for the columns in the spreadsheet in Fig. 18 is in principle the
same as for Fig. 12, until column H. In column | in Fig. 18, the outer linear
measures on the sides of the quadratic core that constitutes in inner walls of the
rise canister are calculated, as it here, cf. Figs 14, 15 and 16, is built into a

square column.

Furthermore, the other difference is that in column Q, the linear measure is
calculated at a distance from the outer wall of the column to the curved
bulkhead that separates the wet and the dry area of the column in the column's

splash zone.

The upper part of Fig. 19 shows the curve plots from columns | and F from the
spreadsheet in Fig. 18. The horizontal axis '"WL' refers to the water level in the
rise canister from level hL, cell C5, Fig. 17, and cell F2, Fig. 18, which is minus
8.9 metres and rising to minus 1.0 metre, cell F26, Fig. 18. The vertical axis 'B x
L' refers to the increase of the outer linear measures of the sides of the
quadratic core that constitute the inner walls of the rise canister stated in Fig. 18

from cells 12 to 126.

The curve plots in the lower part of Fig. 19 are from columns A and Q from Fig.
18. The horizontal axis 'Wave height' indicates the wave height values from

cells A2 to A26 from Fig. 18, and the vertical axis 'AD wall length' shows the
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increase of the linear measure of the column outer wall to the curved bulkhead
that separates the column's wet and dry area in the column splash zone, stated
in cells Q2 to Q26 in Fig. 18.
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CLAIMS

1. A floating platform, comprising a structure (4), which is carried by one or
more columns (1) placed on one or more buoyancy bodies (3), characterized
in that

- the column or columns (1) comprise a built-in rise canister (2), equipped with
at least one opening (40; 24) in a lower part, so that fluid communication is
provided between the rise canister and a body of water, and
- the volume of the rise canister increases at increasing height so that the rise

canister has increasing water surface area at rising water level.

2. A floating platform according to claim 1, wherein the rise canister (2) at

an upper part is in gas connection with a gas-filled chamber (14).

3. A floating platform according to clam 1 or claim 2, wherein
- the rise canister (2) is gas-connected with a first tank (33) via a first valve (29),
wherein the first tank (33) contains a gas, for example air, and is configured to
have a higher pressure than the highest pressure in the rise canister when the
water in the rise canister is at an upper level (12), and
- the rise canister (2) is gas-connected with a second tank (34) via a second
valve (30), and wherein the second tank (34) contains a gas, for example air,
and is configured to have a lower pressure than the pressure in the rise canister

when the water in the rise canister is at a lower level (11).

3. A floating platform according to claim 2, wherein the second tank (34)

comprises a third valve (31) for ventilation to the atmosphere.

4, A floating platform according to claim 2 or claim 3, further comprising a
compressor (32) that is gas-connected with the first tank (33) and arranged to

maintain an overpressure in the first tank (33).

5. A floating platform according to any one of claims 1-4, wherein the
column or columns (1) at a part that is above the rise canister (2) have an outer

diameter (9), which decreases upwards.
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6. A floating platform according to any one of claims 1-5, wherein the
buoyancy body or the buoyancy bodies (3) have sufficient draft (Norwegian:

dypgang) for not being significantly affected by surface waves.

7. A floating platform according to any one of claims 1-6, wherein in the
plattorm is a semisubmersible platform (Norwegian: halvt nedsenkbar
plattform).



