
1

UNDERGROUND STORAGE SYSTEM FOR FLUID STORAGE

Technical field

[1] The invention relates to the field of underground storage, notably

for storing fluids. More particularly, the invention relates to the field of5

underground storage systems for storing gas, for example for storing

hydrogen or for storing oxygen. Even more particularly, the invention

relates to the field of storing fluid at high pressures. “High pressures” are

understood to be pressures that may range between 100 bar and 1200 bar

and more particularly between 200 bar and 500 bar.10

[2] The invention also relates to an underground storage method for

storing fluids.

Technical background

[3] One of the emerging technologies for reducing an industry’s

carbon footprint is to use the hydrogen that is generated by renewable15

processes, such as wind or solar power processes. The electricity

generated by these renewable processes can be used by an electrolyser

for producing hydrogen and oxygen, notably on the basis of the

electrolysis of water.

[4] This large quantity of hydrogen produced by electrolysis needs to20

be compressed and stored so that it can then be used on demand either to

keep vehicles, such as trucks or cars, powered or to power the electrical

grid during times of peak consumption. In that case, in order to produce
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this electricity, the hydrogen may be supplied either to a turbine or to

hydrogen fuel cells. As for the oxygen, it may be advantageous to store it

so that it can be used in a field such as agriculture or for medical

purposes.

[5] Certain gases, such as hydrogen, are known to be gases that are5

difficult to contain. For example, their low density requires them to be

stored at high pressure, and their small-sized molecules and their low

viscosity mean they are likely to leak. Consequently, they must be stored

in a perfectly fluidtight device capable of storing large quantities of gas

while still meeting strict safety requirements, notably to minimize the10

risks of leaks. Underground storage is also advantageous for consumers

and manufacturers since it makes it possible to very effectively reduce

the space used above ground for these storage installations.

[6] Such underground fluid storage systems are generally installed at

depths ranging between 10 metres and 50 metres. These storage systems15

may be installed in ground of varying geological nature, for example in

solid rock such as granite or basalt, or in any other type of underground

geological structure.

[7] In this regard, the prior art patent US10837601 describes: a

device comprising a unit secured in a single underground bore, the unit20

comprising a plurality of separate vessels attached via at least one

retainer, each vessel of the plurality of separate vessels having at least

one cap comprising an inlet hole, an outlet hole, and a centre hole, the

centre hole being positioned off-centre from a radial centre of a top
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surface of the cap, the unit being secured in the single underground bore

by cement continuously extending between the plurality of vessels to

surround the unit and make contact with a sidewall of the underground

bore. In addition, the unit is attached to an anchoring element in the

vicinity of the bottom of the underground bore. The drawback of such a5

device is that, to keep the vessels in place in the underground bore, said

vessels are secured in cement and attached at the bottom to the anchoring

element, and this makes maintenance operations complex, notably when

it is necessary to extract one vessel from the unit in order to change it,

since the cement and the anchoring element prevent such extraction.10

However, this type of operation may be necessary, notably in the event

of a leak, for a control or maintenance operation. The upkeep and safety

of such a device are consequently not the best. Moreover, holding the

containers in the cement in this way causes the walls of the vessels to be

subjected to considerable compressive loading, increasing the risk of a15

leak.

Summary

[8] In order to overcome the drawbacks set out above, a first aim of

the invention is to make maintenance operations on an underground

storage system for fluids, such as gases, easier. In addition, a second aim20

of the invention is to make it possible to store large quantities of fluids at

high pressures while still meeting strict safety requirements. Lastly, a

third aim of the invention is to make it possible to store multiple
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different fluids underground at different pressures in one and the same

device, within one and the same storage system.

[9] As a result, the invention provides an underground storage system

for storing fluids, said storage system comprising:

- a hole which can be made in a ground, said hole having a bottom,5

- a support element comprising at least one opening able to receive a

joining element,

- at least one reservoir, said reservoir having a longitudinal axis (l), a

bottom end and a top end,

- a first closure means able to close the reservoir at its bottom end, and10

a second closure means able to close the reservoir at its top end,

said top end being able to be joined to the support element via the

joining element such that the reservoir is hung inside the hole and such

that an axial clearance able to absorb axial thermal expansion of said

reservoir remains between the first closure means of the reservoir and the15

bottom of the hole.

[10] By virtue of these features, the integrity of the reservoir is not

compromised by mechanical stresses associated with the axial thermal

expansion of the reservoir during fluid injection and withdrawal

operations. Specifically, the axial clearance makes it possible to prevent20

axial thermal expansion during such operations from causing the

reservoir to be compressed against the bottom of the hole. Such stresses,

applied repeatedly, weaken the fluid tightness of the reservoir, notably at

the closure means.
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[11] In addition, by contrast to the devices of the prior art, such a

system means it is not necessary to use cement to secure the reservoir.

The reservoir is therefore only attached to the support element. The

reservoir is therefore hung in any fluid that originates from the

surrounding area in which the system is placed. For example, the5

reservoir is hung in air or water that originates from nearby rock

formations. It is therefore possible and easy to remove a reservoir from

the system.

[12] According to one embodiment, the reservoir is hung substantially

vertically.10

[13] According to one embodiment, the reservoir is composed of at

least one metal tube, said metal tube having at least one end provided

with at least one threaded portion.

[14] According to one embodiment, the metal tube has two ends, each

of said two ends being provided with at least one threaded portion.15

[15] According to one embodiment, the reservoir is composed of at

least two metal tubes screwed to each other, so as to form a column of

tubes. Two metal tubes can be joined by an integral connection or via a

coupling piece such as a sleeve.

[16] According to one embodiment, the axial clearance satisfies the20

following inequality:

[Math 1]

G ≥ ( � � ∗ � ∗ � ) + [20 ∗ � ∗ 80 ∗ (1 − � � � . � � ∗� )]
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in which: G is the length of the axial clearance expressed in metres, L

represents the length of a reservoir expressed in metres, β represents the 

geothermal gradient expressed in degrees Celsius per metre, and α 

represents the coefficient of thermal expansion of the metal expressed in

Celsius-1.5

[17] The geothermal gradient β varies depending on the geological 

formation in which the storage system is placed. Thus, β is such that 

0.02°/m≤ β≤2°/m. α represents the coefficient of thermal expansion of 

the metal expressed in degrees Celsius-1. The coefficient of thermal

expansion α varies depending on the type of metal from which the tubes 10

used to form a reservoir are made. Thus, α is such that 8*10-6°C-1≤ α ≤ 

18*10-6°C-1.

[18] The use of threaded tubes to produce the reservoir makes it easier

to mount and dismount the reservoir. This is particularly advantageous

when a tube needs to be changed. Servicing and maintenance of the15

reservoir are therefore made easier and the safety of the system is

improved.

[19] According to one embodiment, the reservoir is composed of a

single tube.

[20] According to one embodiment, the tubes used to produce a20

reservoir are metal tubes, preferably threaded metal tubes. For example,

they may be metal tubes made of titanium or tubes made of steel of the

kind used in the oil and gas industry, notably the tubes used for

producing oil and/or gas production wells.
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[21] According to one embodiment, the first closure means and/or the

second closure means is able to close the reservoir by screw-fastening. In

this case, the thread of said closure means may be a male or female

thread. In addition to the thread, the first closure means and/or the

second closure means may also comprise a metal seat. The presence of a5

metal seat contributes to improving the fluidtightness of the closure, and

this is particularly advantageous for storing gas, notably for storing

hydrogen, which is a gas particularly likely to leak.

[22] According to one embodiment, the first closure means and/or the

second closure means is a weld.10

[23] Closure means that are able to close the reservoir by screw-

fastening are preferred to welds, since the screw-fastened closure means

do not significantly change the thickness of the wall of the reservoir at

the closure. Thus, with screw-fastening closure means, the mechanical

properties of the reservoir at the closure are unchanged. In addition, in15

the case of storing hydrogen, they make it possible to avoid potential

problems of dihydrogen corrosion, which can arise on a weld.

[24] According to one embodiment, the support element comprises a

top surface 54 and a bottom surface 56.

[25] According to one embodiment, the support element is laid on the20

ground or attached to a slab of concrete or cement, said slab being

poured on the surface of the ground. The support element can be

attached to the slab of concrete or cement by any means known to those

skilled in the art.
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[26] According to one embodiment, the support element is a circular

cylindrical plate or a plate of angular geometrical shape.

[27] According to one embodiment, the support element has at least a

surface area ranging between 0.2 m² and 10 m², preferably between 0.7

m² and 4 m².5

[28] According to one embodiment, the support element may be a

metal plate.

[29] According to one embodiment, the at least one opening is a

through-hole formed in a thickness of the support element.

[30] According to one embodiment, the at least one opening in the10

support element is a circular opening.

[31] According to one embodiment, the joining element is attached to

the top end of the reservoir.

[32] According to one embodiment, the joining element is welded or

screwed to the top end of the reservoir.15

[33] According to one embodiment, the joining element is tubular and

has a flange, said flange being able to rest on a surface of the support

element such that, when the joining element is attached to the top end of

the reservoir, said reservoir is hung from the support element via the

joining element.20

[34] According to one embodiment, the system comprises a plurality

of reservoirs, each reservoir having a longitudinal axis l, a bottom end

and a top end, said top end of each reservoir being able to be joined to
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the support element via a joining element such that each reservoir is

hung inside the hole.

[35] Such a system, which comprises a plurality of reservoirs, makes

it possible to have reservoirs of different lengths within one and the same

storage system. This is particularly advantageous in order to not hang a5

needlessly tall load from the support element. In addition, the length of a

reservoir can be adapted in order to make it easier to increase or lower

the pressure needed depending on the fluid storage conditions. Thus,

different fluids can be stored in the same system.

[36] According to one embodiment, each reservoir is connected to a10

fluid supply line and to a fluid withdrawal circuit which are specific to it

such that, when the storage system comprises a plurality of reservoirs,

said reservoirs may be independent of one another.

[37] These features make it possible to store larger quantities of fluid.

Notably, for the same hole depth, it is possible to store a large quantity of15

gas at very high pressures in a plurality of reservoirs. In addition, such a

system makes it possible to store a variety of fluids, it being possible for

each fluid to be stored in conditions, notably temperature and pressure

conditions, that are specific to the fluid and to the intended use of the

fluid.20

[38] According to one embodiment, each reservoir may be fitted with

sensors, such as pressure gauges, thermometers, leak detectors or

humidity detectors. In this way, it is possible to control the pressure and

the presence of leaks in each reservoir. This is advantageous both for the
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safety of the system and when not all of the reservoirs store the same

fluid. These sensors can also be placed directly in the hole.

[39] According to one embodiment, the system comprises a single

reservoir.

[40] According to one embodiment, the length L of a reservoir ranges5

between 1 metre and 3000 metres, preferably between 10 metres and

2500 metres, more preferably still between 20 metres and 500 metres.

[41] According to one embodiment, the storage system comprises

between 1 and 26 reservoirs, preferably between 1 and 14 reservoirs,

more preferably still between 1 and 6 reservoirs.10

[42] According to one embodiment, the hole has a depth ranging

between 10 metres and 2500 metres, preferably between 20 metres and

500 metres, said depth being measured between the surface of the

ground and the bottom of the hole.

[43] According to one embodiment, the hole has at least one casing.15

[44] According to one embodiment, the casing is made of concrete,

cement, or steel.

[45] According to one embodiment, the casing is a casing tube. The

casing tube may be cemented.

[46] According to one embodiment, the ground is composed of solid20

rock, such as granite or basalt. The advantage of realizing the storage

system in a ground composed of solid rock is that it is possible to

dispense with the casing, thereby simplifying the installation of the
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system. However, a casing is necessary when the system is realized in

loose ground.

[47] According to one embodiment, the hole may be made by boring

or by excavating.

[48] According to one embodiment, the hole has a mean diameter5

ranging between 0.5 metres and 4.5 metres, preferably between 1 metre

and 3 metres.

[49] The invention also relates to an underground storage method for

storing fluids, said method comprising the following steps:

- making a hole in a ground, said hole having a bottom,10

- providing a support element comprising at least one opening able to

receive a joining element,

- providing at least one reservoir, said reservoir having a longitudinal

axis, a bottom end and a top end,

- providing a first closure means able to close said reservoir at its15

bottom end, and a second closure means able to close the reservoir at

its top end,

- joining said top end to the support element via the joining element

such that the reservoir is hung inside the hole and such that an axial

clearance able to absorb axial thermal expansion of said reservoir20

remains between the first closure means of the reservoir and the

bottom of the hole.

Definitions
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[50] The “bottom end” of the reservoir is understood to be that end of

the reservoir that is in the vicinity of the bottom of the hole. This

“bottom end” is defined in contrast to the end referred to as “top end” of

the reservoir, which is in the vicinity of the support element and

therefore the surface of the ground.5

[51] “Axial clearance” is understood to be a length which extends

along the longitudinal axis l of the reservoir and is measured between the

first closure means of the reservoir and the bottom of the hole. It should

be noted that the position of a reservoir does not have to be perfectly

vertical. In this case, the longitudinal axis l of the reservoir is at an angle10

in relation to the vertical in the coordinate system (x; y). This angle has a

maximum value of 15°. In this case, the axial clearance G is measured

by orthogonal projection onto the vertical axis passing through a point

on the first closure means that is closest to the bottom of the hole. In

other words, the axial clearance always corresponds to the shortest15

distance, measured between the bottom of the hole and the first closure

means.

[52] A “threaded metal tube” is understood to be a tube comprising at

least one end having at least one threaded portion, able to be joined to a

threaded metal tube comprising at least one end having at least one20

complementary threaded portion. The thread may be male or female.

[53] The “bottom of the hole” is understood to be the surface of the

bottom of the hole. Thus, when the hole has a casing and said casing is

cemented, the expression “bottom of the hole” then denotes the surface
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of the layer of cement at the bottom of the hole. When the casing is not

cemented, the term “bottom of the hole” very simply denotes the surface

of the ground at the bottom of the hole.

Brief description of the figures

[54] The invention will be better understood, and further objects,5

details, features and advantages thereof will become more clearly

apparent during the course of the following description of several

particular embodiments of the invention, which are given solely by way

of nonlimiting example with reference to the attached drawings.

[55] It should however be understood that the present application is10

not limited to the arrangements, structures, features, embodiments and

precise appearance that are indicated. The drawings are not to scale and

are not intended to limit the scope of the claims to the embodiments

shown in these drawings.

[56] Consequently, it should be understood that where features15

mentioned in the claims are followed by references, said references are

provided exclusively to aid comprehension of the claims and under no

circumstances limit the scope of said claims.

[57] Figure 1 is a diagram of a sectional view through a storage

system according to one embodiment of the invention.20

[58] Figure 2 is a three-dimensional diagram of the support element of

the storage system illustrated in Figure 1, on its own.
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[59] Figure 3 is a three-dimensional diagram of an alternative support

element, on its own, that can be used in one embodiment of the

invention.

[60] Figure 4 is a three-dimensional diagram of a joining element that

can be used in the storage system illustrated in Figure 1.5

Description of embodiments

[61] Figure 1 illustrates a sectional view through a storage system 1

according to one embodiment of the invention, in a coordinate system (x;

y). The axis x of the coordinate system (x; y) is a horizontal axis, and the

axis y of the coordinate system (x; y) is a vertical axis.10

[62] The storage system 1 comprises a hole 2 made in a ground 40, a

support element 4 laid on a surface S of the ground 40, and six reservoirs

10 hung in the hole 2 from the support element 4 (only four reservoirs

are shown in Figure 1).

[63] The hole 2 has a bottom 3 and comprises a casing 30. The hole 215

can be obtained by boring or by excavating, and has a depth of 500

metres, measured between the ground surface S and the bottom 3. The

hole 2 is of substantially circular cylindrical shape and has a mean

diameter of 4 metres.

[64] The casing is made of cement and extends vertically from the20

ground surface S to the bottom 3 of the hole 2.

[65] As shown in Figures 1 and 2, the support element 4 is a circular

cylindrical plate having a central body 50 and a flange 52, said flange 52

having a bottom surface 56 which rests on the ground surface S. The
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central body 50 has a first thickness E that may range between 10 mm

and 500 mm. The flange 52 has a second thickness e which may range

between 5 mm and 200 mm. In the embodiment illustrated in Figures 1

and 2, the support element 4 is a metal plate in which the first thickness

E is equal to 250 mm and the second thickness e is equal to 100 mm.5

[66] The support element 4 also comprises a top surface 54, said top

surface 54 being situated opposite the bottom surface 56 of the flange

52, said top surface 54 having a surface area equal to 8.6 m².

[67] As illustrated in Figure 2, the support element 4 also comprises

six openings 7. The openings 7 are through-holes made in the first10

thickness E of the body 50 of the support element 4. According to Figure

3, which illustrates a support element 4 that can be used in one

embodiment according to the invention, the support element 4 comprises

fourteen openings 7 made in the first thickness E of the body 50.

[68] Each reservoir 10 is hung from the support element 4 via a15

joining element 18. Thus, for each reservoir 10 of the storage system 1,

an axial clearance G remains between the first closure means 16, which

closes the reservoir 10 at its bottom end 14, and the bottom 3 of the hole

2. The purpose of this axial clearance G is to absorb any axial thermal

expansion of the reservoir 10, which occurs notably during filling and20

emptying operations. Thus, for each reservoir 10, the dimensioning of

the axial clearance G, and notably its length, depends directly on the

conditions of the surrounding area of the storage system 1, notably

conditions regarding temperature, pressure and the ability of the
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reservoir 10 to expand when it is subjected to temperature and pressure

variations, notably during filling and emptying operations. Thus, the

axial clearance G of any reservoir 10 of the storage system 1 satisfies the

following inequality:

[Math 1]5

G ≥ ( � � ∗ � ∗ � ) + [20 ∗ � ∗ 80 ∗ (1 − � � � . � � ∗� )]

in which: G is the length of the axial clearance expressed in metres. L

represents the length of a reservoir 10 expressed in metres. β represents 

the geothermal gradient expressed in degrees Celsius per metre. The

geothermal gradient β varies depending on the geological formation in 10

which the storage system 1 is placed. Thus, β is such that 0.02°/m≤ 

β≤2°/m. α represents the coefficient of thermal expansion of the metal 

expressed in degrees Celsius-1. The coefficient of thermal expansion α 

varies depending on the type of metal from which the tubes used to form

a reservoir 10 are made. Thus, α is such that 8*10-6°C-1≤ α ≤ 18*10-6°C-15

1.

[69] The reservoirs 10 are tubular, with a circular cross section, and

each have a longitudinal axis (l), a bottom end 14 and a top end 12.

[70] Each reservoir is closed at its top end 14 by a first closure means

16, and each reservoir 10 is closed at its bottom end 12 by a second20

closure means 17. In the embodiment illustrated in Figure 1, the bottom

end 14 and the top end 12 of each reservoir 10 are threaded ends, and the

first closure means 16 and the second closure means 17 also have a

thread, said thread complementing the thread of the bottom end 14 and
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of the top end 12. As a result, the bottom end 14 is fluidtightly closed by

screw-fastening with the first closure means 16, and the top end 12 is

fluidtightly closed by screw-fastening with the second closure means 17.

[71] The second closure means 17 is fitted with sensors 19 which are

pressure gauges, thermometers and leak detectors. Of course, the first5

closure means 16 may also contain pressure gauges, thermometers and

leak detectors. Other types of sensors can be used depending on the

objective set.

[72] Each reservoir 10 may be composed of a plurality of tubes A. In

the embodiment illustrated in Figure 1, the reservoirs 10 are composed10

of multiple threaded tubes A. Thus, the tubes A are screwed to one

another so as to form a column C of tubes A. In this way, an assembly

composed of a column C, closed at its ends 12 and 14 by the closure

means 16 and 17, forms a reservoir 10. A reservoir 10 may also be

composed of a single tube A, closed at its ends 12 and 14 by closure15

means 16 and 17.

[73] Each reservoir 10 is joined to a joining element 18. Each joining

element 18 is inserted in an opening 7 and held there by a flange 62

which abuts the top surface 54 of the support element 4. Each joining

element 18 is thus hung from the support element 4. In this way, each20

reservoir 10 is hung from the support element 4 via the joining element

18 to which it is joined.



18

[74] As illustrated in Figure 4, a joining element 18 is a tubular metal

part of circular cross section which comprises a tubular body 60 and a

flange 62.

[75] The body 60 of the joining element 18 is attached, preferably

screw-fastened, to the top end 12 of a reservoir 10. It is possible to use5

welding in an alternative embodiment. The body 60 of the joining

element 18 has a complementary male or female thread (not shown) to

the thread of the top end 12 of the reservoir 10 to which said joining

element 18 is joined. The flange 62 comprises a top surface 64 and a

bottom surface 66.10

[76] In the embodiment illustrated in Figure 1, the tubular body 60 of

each joining element 18 is inserted in an opening 7 in the support

element 4. Each joining element 18 rests on the support element 4 via its

bottom surface 66 which abuts the top surface 54 of the support element

4. In addition, each joining element 18 is screw-fastened to a reservoir15

10 at the top end 12 of said reservoir 10.

[77] The flange 62 of the joining element 18 thus allows the latter to

rest on the top surface 54 of the support element 4. As a result, the

joining element 18 does not need to be attached to the support element 4,

for example by welding or by screw-fastening, thereby making it easier20

to assemble the storage system 1, notably in order to hang the reservoirs

10.
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Claims

1. Underground storage system (1) for storing fluids, said

storage system (1) comprising:

- a hole (2) made in a ground (40), said hole (2) having

a bottom (3),5

- a support element (4) comprising at least one opening

(7),

- a joining element (18) inserted in the opening (7) of

the support element (4),

- at least one reservoir (10), said reservoir (10) having a10

longitudinal axis (l), a bottom end (14) closed by a

first closure means (16), and a top end (12) closed by

a second closure means (17),

said top end (12) being joined to the support element (4)

via the joining element (18) such that the reservoir (10) is15

hung inside the hole (2) and such that an axial clearance

(G) able to absorb axial thermal expansion of said

reservoir (10) remains between the first closure means

(16) of the reservoir (10) and the bottom (3) of the hole

(2).20

2. Storage system (1) according to Claim 1, characterized in

that the reservoir (10) is composed of at least one metal
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tube (A), said metal tube (A) having at least one end

provided with at least one threaded portion.

3. Storage system (1) according to Claim 2, characterized in

that the reservoir (10) is composed of at least two metal

tubes (A) screwed to each other, so as to form a column5

of tubes (C).

4. Storage system (1) according to any one of the preceding

claims, characterized in that the axial clearance (G)

satisfies the following inequality:

[Math 1]10

G ≥ ( � � ∗ � ∗ � ) + [20 ∗ � ∗ 80 ∗ (1 − � � � . � � ∗� )]

in which: G is the length of the axial clearance expressed

in metres, L represents the length of a reservoir (10)

expressed in metres, β represents the geothermal gradient 

expressed in degrees Celsius per metre, and α represents 15

the coefficient of thermal expansion of the metal

expressed in metres per degree Celsius.

5. Storage system (1) according to any one of the preceding

claims, characterized in that the first closure means (16)

and/or the second closure means (17) is able to close the20

reservoir by screw-fastening.

6. Storage system (1) according to any one of the preceding

claims, characterized in that said system (1) comprises a

plurality of reservoirs (10), each reservoir (10) having a
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longitudinal axis (l), a bottom end (14) and a top end (12),

said top end (12) of each reservoir (10) being able to be

joined to the support element (4) via a joining element

(18) such that each reservoir (10) is hung inside the hole

(2).5

7. Storage system (1) according to any one of the preceding

claims, characterized in that the hole (2) has at least one

casing (30).

8. Storage system (1) according to Claim 7, characterized in

that the casing (30) is made of concrete, cement, or steel.10

9. Underground storage method for storing fluids, said

method comprising the following steps:

making a hole (2) in a ground (40), said hole (2) having a

bottom (3),

providing a support element (4) comprising at least one15

opening (7) able to receive a joining element (18),

providing at least one reservoir (10), said reservoir (10)

having a longitudinal axis (l), a bottom end (14) and a top

end (12),

providing a first closure means (16) able to close said20

reservoir (10) at its bottom end (14), and a second closure

means (17) able to close the reservoir (10) at its top end

(12),
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joining said top end (12) to the support element (4) via

the joining element (18) such that the reservoir (10) is

hung inside the hole (2) and such that an axial clearance

(G) able to absorb axial thermal expansion of said

reservoir (10) remains between the first closure means5

(16) of the reservoir (10) and the bottom (3) of the hole

(2).


