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(54) HIGH-PRESSURE FLUID STORAGE TANK AND CONSTRUCTION METHOD THEREOF

(67)  The presentinvention relates to a high-pressure

fluid storage tank and a construction method thereof. The [FIG 1]
high-pressure fluid storage tank is buried in a cavern P
formed by excavating the ground to store high-pressure
fluid, and comprises: a tank body which is formed of an
airtight material, has a receiving part for storing the
high-pressure fluid formed therein, and is formed in such
a manner that a plurality of segments are sequentially
stacked and coupled in the lengthwise direction thereof;
areinforcing member disposed to surround the tank body
while being spaced apart from the tank body; a backfill
layerin which the reinforcing member is buried and which
is formed of a backfill material filled between the tank
body and the cavern; and a plug for closing the cavern.
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Description

TECHNICAL FIELD

[0001] The presentinvention relatestoahigh-pressure
fluid storage tank and a construction method thereof, and
more particularly, to a high-pressure fluid storage tank
and a construction method thereof which are capable of
storing a high-pressure fluid in underground so as to
guarantee safety and air-tightness of natural gas com-
pressed with a high pressure or compressed air.

BACKGROUND ART

[0002] Stable supply of energy corresponds to a fun-
damental infrastructure of a country.

[0003] Duetoanincrease in population and expansion
of industry, the demands for energy has been increasing,
but exhaustion of natural resources affects the supply of
energy as a limiting factor, so that the demands and sup-
ply of energy are showing a serious imbalance.

[0004] In these situations, an energy policy of each
country is trying to solve the imbalance between the de-
mands and supply of energy in three aspects. Firstly,
since the development of conventional resources such
as petroleum or natural gas has reached a limit, non-
conventional resources such as shale gas or tight gas
are actively developed. Secondly, a new energy source
such as wind power generation other than fossil fuel is
developed. Thirdly, as an approach from an aspect of
improving efficiency between the supply and consump-
tion of energy, smart grids using information technology
(IT) are being built up. The above three methods may be
understood to be complementary with each other.
[0005] To improve energy efficiency means to be ca-
pable of supplying energy in time corresponding to de-
mands of energy, which results in a problem of storing
energy. This will be described below in detail.

[0006] In case of a base load power station such as
thermal power generation or nuclear power generation,
once performing power generation, a certain amount of
electric energy is generated and the amount itself cannot
be adjusted. Accordingly, while the amount of power gen-
eration can not handle all power demands in a peak elec-
tricity consumption time in daytime, the amount of power
generation far outstrips the demands, and thus substan-
tial amounts of generated power are forced to be discard-
ed. To resolve such a difference between the amounts
of power generation and power consumption, it is nec-
essary to store surplus electricity at midnight and replen-
ish lacking power supply in daytime peak hours.

[0007] For this, it is essential to store electric energy.
Typically, pumped storage power generation has played
an important role in storing energy, but the energy stor-
age by the pumped storage power generation can no
longer be counted on due to environment problems and
limitation in location conditions.

[0008] Thus, compressed air energy storage (CAES)
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or a secondary battery as an energy storing means has
emerged as a keyword of national energy strategy. At
present, the CAES and the secondary battery are respec-
tively expected to be mainly used for large-capacity en-
ergy storage and small and medium capacity energy stor-
age. The CAES refers to a system which compresses
and stores air by using electricity generated by a base
load power generation such as thermal power generation
or by a new regeneration power generating means such
as wind power generation, and later, converts the com-
pressed air again to electricity by power generating
means such as a turbine or piston and supplies the con-
verted electricity.

[0009] Energy storage highly relates to not only an as-
pect of resolving imbalance of the demands and supply
of electric power but also to the quality of electric power
supply. For example, in case of wind power generation,
since the time and the strength of wind blow are not con-
stant, high-quality electricity cannot be produced. Also,
when a great amount of electricity is abruptly produced
through wind power generation, there is a problem of
causing frequency disturbance of power system. Also, in
an aspect of solving such problem, energy storage is
emerging as an important concept.

[0010] Thus, in conjunction with base load power gen-
eration sources and new regeneration energy power gen-
eration sources, the CAES has a strategic meaning in
future energy supply policy in terms of increasing elas-
ticity of energy supply.

[0011] CAES type power plants in operation include
Huntorf power plant in Germany, and Mcintosh power
plantin U.S, and these use caverns constructed by melt-
ing arock salt layer as the spaces for storing compressed
air. However, to overcome a limitation of location condi-
tion, CAES storage tank will be developed in the direction
of being constructed underground.

[0012] In designing a storage facility for compressed
air, one of important points is to secure the safety and
air-tightness of the storage facility of compressed air. In
case of storage tank of compressed air, fluid is stored at
a high pressure of at least about 50 bars, and therefore,
a safety issue is the most important issue. Furthermore,
when a highly compressed fluid leaks through a crack
formed in a rock bed, the efficiency as a storage tank is
degraded, and therefore, securing safety becomes an-
other important technological issue.

[0013] In a practical aspect, one of the key issues in
the CAES fluid storage plant is the problem of economic
feasibility of construction. This is because, although it is
reasonable to approach an energy policy from a strategic
viewpoint, the usability of CAES is remarkably increased
when the problem of economic feasibility is solved.

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0014] A purpose of the present invention is to provide
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a high-pressure fluid storage system and a construction
method thereof which are capable of storing a high-pres-
sure fluid by excavating an underground space so as to
guarantee safety and air-tightness and being economi-
cally constructed, and to thereby increase the applicabil-
ity of CAES.

TECHNICAL SOLUTION

[0015] Toaccomplish the above-described purpose, a
high-pressure fluid storage system according to an as-
pect of the present invention includes: a tank body which
is buried in a cavern formed by excavating the ground to
store a high-pressure fluid, is formed of an airtight mate-
rial, has a receiving part for storing the high-pressure
fluid formed therein, and is formed in such a manner that
a plurality of segments are sequentially stacked and cou-
pled in the lengthwise direction thereof; a reinforcing
member disposed to surround the tank body while being
spaced apart from the tank body; a backfill layer in which
the reinforcing member is buried and which is formed of
a backfill material filled between the tank body and the
cavern; and a plug for closing the cavern.

[0016] Also, to accomplish the above-described pur-
pose, a method for constructing a high-pressure fluid
storage system according to an aspect of the present
invention includes: an excavating step of excavating the
ground in a vertical direction to form a cavern; a filling
step of filling a first fluid for providing buoyant force in the
cavern; a tank manufacturing step of manufacturing a
tank body comprising launching a lower segment for con-
stituting a lower portion of the tank body on the first fluid
filled in the cavern, sequentially stacking and coupling a
plurality of body segments and an upper segment which
constitute a body portion and an upper portion of the tank
body on the lower segment, and installing the tank body
in the cavern; and a backfill step of forming a backfill layer
by filling a backfill material between the tank body and
an inner wall of the cavern so as to transfer an inner
pressure of the tank body to a rock bed, wherein in the
manufacturing of the tank body, an upper end portion of
a manufactured portion of the tank body inserted into the
cavern may be floated over the surface of a first fluid by
buoyant force of the first fluid.

ADVANTAGEOUS EFFECTS

[0017] The presentinvention provides a practical tech-
nique capable of installing a high-pressure fluid storage
plant, having a diameter of several meters or more and
a height of several tens of meters at a deep portion un-
derground, in a state n which safety and air-tightness are
maintained, and thus may increase usability of CAES.
[0018] Furthermore, the presentinvention is expected
to expedite the commercialization of the CAES by pro-
viding a method for economically constructing a high-
pressure fluid storage system.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a schematic cross-sectional view of a high-
pressure fluid storage tank according to a first em-
bodiment of the present invention.

FIG. 2 is a schematic front view illustrating a state in
which a tank body, a connecting member, and a re-
inforcing member are combined in a high-pressure
fluid storage tank illustrated in FIG. 1.

FIG. 3 is a schematic exploded perspective view for
describing a process in which segments are coupled
to each other.

FIG. 4 is a schematic cross-sectional view taken
along line a-a of FIG. 3.

FIG. 5 is a schematic cross-sectional view taken
along line b-b of FIG. 3.

FIG. 6 is a schematic perspective view of a support
frame illustrated in FIG. 1.

FIGS. 7 to 9 are perspective views illustrating anoth-
er shape of a connecting member.

FIG. 10 is a schematic flowchart of a method for con-
structing a fluid storage tank according to the present
invention.

FIGS. 11 and 12 are views for describing the con-
struction method illustrated in FIG. 10.

BEST MODE FOR CARRYING OUT THE INVENTION

[0020] According to the present invention, the seg-
ments for forming the tank body comprises: a lower seg-
ment having a opened upper surface so as to form a
lower end portion of the tank body; body segments each
having an annular shape and sequentially stacked and
coupled on the lower segment; and an upper segment
stacked and coupled on the body segments and having
an opened lower surface so as to form an upper portion
of the tank body.

[0021] In an embodiment according to the present in-
vention, a plurality of connecting members which are dis-
posed along an outer circumferential surface of the tank
body and spaced apart from each other in the lengthwise
direction of the tank body are further provided, and the
reinforcing member is installed on the connecting mem-
ber.

[0022] Also, the reinforcing member may include at
least one or both of a plurality of horizontal reinforcing
members disposed to be spaced apart from each other
in the lengthwise direction of the tank body, or a plurality
of vertical reinforcing members connected to the horizon-
tal reinforcing members to cross the horizontal reinforc-
ing members and disposed to be spaced apart from each
other,

[0023] Especially, the vertical reinforcing members,
each of which is formed of a plurality of segment mem-
bers which are sequentially connected in the lengthwise
direction, and the segment members are installed on the
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connecting member.

[0024] Also, although the vertical reinforcing members
may be installed on the connecting members, the hori-
zontal reinforcing members may be supported by the
connecting members or both the horizontal reinforcing
members and the vertical reinforcing members may be
installed on the connecting members.

[0025] Atleastone of the plurality of connecting mem-
bers is coupled to the tank body, and particularly, the
connecting member disposed at a lowest portion may be
connected to the tank body. Also, to increase the sup-
porting capacity, the connecting members may be cou-
pled to the tank body at predetermined height intervals.
[0026] In an embodiment according to the present in-
vention, an additional weld member attached to an inner
side surface or an outer side surface of the segment so
as to protrude with respect to an upper end surface or a
lower end surface of the segment may be further provid-
ed.

[0027] Also, in an embodiment according to the
present invention, at least one of a separation coating,
an anti-corrosion coating, a waterproof coating, or a heat
insulation coating may be further provided.

[0028] According to an embodiment of the present in-
vention, the tank body may be formed of a metal material
and may be further provided with a corrosion inhibitor for
a metal material electrically connected to the tank body
so as to delay corrosion of the tank body by a galvanic
effect.

[0029] According to an embodiment of the present in-
vention, the segments are stacked and coupled to each
other through welding while being spaced apart a prede-
termined distance from each other, and further provided
with spacers each of which have a predetermined height
so as to check the spaced distance between the seg-
ments when two segments are disposed adjacenttoeach
other to perform welding and are detachably attached to
an upper end portion or a lower end portion of the seg-
ments. In an embodiment according to the present in-
vention, a supporting frame which comprises: a support-
ing part installed on a bottom surface of the cavern; and
a mounting part which is formed on an upper portion of
the supporting part and on which the tank body is mount-
ed, whereby the tank body is maintained in a state of
being spaced apart upwardly from the bottom surface of
the cavern may be further provided. Also, the mounting
part may be formed in a shape corresponding to that of
alower surface of the tank body, or may be formed in an
annular shape having a smaller diameter than that of the
tank body.

[0030] Also, a binder inserted from the reinforcing part
to the ground such that the plug reinforcing part and the
ground are integrated may be provided. For example, a
lock bolt may be used as the binder.

[0031] In the present invention, in the installing of the
tank body, a second fluid may be filled in the manufac-
tured portion of the tank body so as to adjust the floating
force of the manufactured portion of the tank body. Es-
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pecially, the first fluid filled in the cavern may be dis-
charged to be thereby supplied to the manufactured por-
tion of the tank body and used as the second fluid so as
to adjust the floating force of the tank body. As another
method for adjusting the floating force of the manufac-
tured portion of the tank body, the first fluid filled in the
cavern may be gradually discharged so as to lower the
level. Important point is that when another segment is
subsequently coupled to the manufactured portion, an
operator is allowed to ensure a safe working position by
making the manufactured portion of the tank body to be
floated over the surface of the first fluid through the dis-
charging of the first fluid and the filling of the second fluid.
[0032] According to an embodiment of the present in-
vention, in the installing of the tank body, a position of
the manufactured portion of the tank body may be fixed
by using a first support unit such that the manufactured
portion of the tank body is not biased in the cavern, and
likewise, the body segment or the upper segment which
are coupled to the manufactured portion of the tank body
may be supported over the manufactured portion of the
tank body by using a second support unit.

[0033] Also, in an embodiment according to the
presentinvention, in the backfill step, the backfill material
may be filled after a third fluid is filled into the tank body
so as to prevent the tank body from being deformed due
to a pressure of the backfill material. Here, water or com-
pressed air may be used as the third fluid, and water and
compressed air may be filled together to endure buoyant
force and a pressure due to the backfill material. The
backfill material may be dividedly filled at time intervals,
or may be completely filled at once. When filling is divid-
edly performed and water is used as the third fluid, water
may be filled to a height equal to or higher than the height
of the backfill material. When the filling is performed at
once, the third fluid may be filled fully in the tank body.
However, when water is used as the third fluid, since the
self weight of the tank body is excessively increased,
compressed air may be filled together with water.
[0034] As the backfill material, water curable materials
which can be cured by reacting with water, such as grout
material, cement, milk, or mortar may be used. Also, in
the back fill step, the backfill material may be injected by
applying a pressure while the first fluid is filled in the cav-
ern.

[0035] In an embodiment according to the present in-
vention, an inner wall of the cavern is excavated in a
direction crossing a length direction of the cavern, then
an annular mold is installed along the inner wall of the
cavern over the excavated portion, and then placing a
filling material between the mold and the inner wall of the
cavern to thereby form a plug.

MODE FOR CARRYING OUT THE INVENTION

[0036] Thepresentinventionrelatesto ahigh-pressure
fluid storage tank and a method for constructing the
same.
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[0037] Also, in the present invention, a "high-pressure
fluid" means air compressed with a high-pressure of at
least about 50 bar to operate a CAES, but does not ex-
clude compressible fluids, such as natural gas, which
can be compressed by applying a pressure, and a range
of the pressure is not necessarily limited to a pressure
of at least about 50 bar, but the meaning is expanded to
include a high pressure the safety of which is required to
consider even when the high pressure is less than about
50 bar. Also, in the present invention, a storage tank
mainly means a tank for CAES for storing energy using
compressed air, but the meaning includes a high pres-
sure- storage tank for purely storage which is not con-
nected with a power generation facility.

[0038] Hereinafter, with reference to the accompany-
ing drawings, a high-pressure fluid storage tank accord-
ing to the present invention with an example of a com-
pressed air storage tank in a CAES power generation
system.

[0039] FIG. 1is a schematic cross-sectional view of a
high-pressure fluid storage system according to a first
embodiment of the present invention,

[0040] FIG. 2 is a schematic front view illustrating a
state in which a tank body, a connecting member, and a
reinforcing member are combined in a high-pressure fluid
storage tank illustrated in FIG. 1, and

[0041] FIG.3isaschematicexploded perspective view
for describing a process in which segments are coupled
to each other.

[0042] Firstly, the overall configuration of a high-pres-
sure fluid storage tank (hereinafter, referred to as "stor-
age tank") according to the present invention will be de-
scribed, and then detailed configuration will be described.
[0043] The storage tank 100 according to an embodi-
ment of the present invention includes a tank body 10, a
reinforcing member 30, a backfill layer 50 and a plug 90.
[0044] The tank body 10 has an inner space portion
formed therein to thereby provide a space in which com-
pressed air is stored. The tank body 10 is disposed in an
upward/downward vertical direction, preferably, in the
vertical direction to be embedded in a cavern 'c’ formed
inarock bed’g’in adeep portionunderground. The depth
(of the point at which an upper end portion is disposed)
of the tank body 10 relates to safety and economic fea-
sibility.

[0045] In an aspect of safety, the depth and the height
of the tank body 10 are determined according to the stor-
ing pressure and storing capacity of compressed air, and
in the current embodiment, the tank body 10 may be
formed to have the disposition depth of about 30 m to
about 60 m, the diameter of about 3m to about 8 m, and
the height of about 100 m to about 200 m.

[0046] One of the most important functions of the tank
body 10 is to maintain air-tightness with respect to com-
pressed air. Accordingly, the tank body 10 is made of a
material capable of preventing a gas leak such as steel,
rubber, or plastic. In the current embodiment, although
the tank body 10 is made of steel having the thickness
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of about 4 mm to about 10 mm, since the tank body 10
does not endure the pressure of compressed air by the
self strength, the thickness of steel may be further thinned
and the tank body 10 may be formed of a soft material
such as rubber.

[0047] Also, the shape of the tank body 10 may be
formed in various shapes, and in the current embodi-
ment, the tank body 10 is formed in a cylindrical pillar
shape such that a pressure is not concentrated on one
side, and the upper and lower portions thereof are re-
spectively formed in dome shapes.

[0048] Abackfillmaterialisfilled between the tank body
10 and the inner wall of the cavern ’c’ to thereby form the
backfill layer 50. The backfill layer 50 functions to transfer
the pressure of the tank body 10 to the rock bed 'g’. Ac-
cordingly, it is important for the backfill layer 50 to be
completely filled with the backfill material without a vacant
space. In the current embodiment, the backfill layer 50
may be formed in the thickness of about 30 cm to about
100 cm. Concrete is widely used as the backfill material,
but various grout materials such as cement, milk, or mor-
tarmay be used. Thatis, all water curable materials which
can be cured by reacting with water can be used as a
back filing material. However, in selecting the backfill ma-
terial, a material which can be formed to have a small
porosity of the back filing layer after curing is preferably
selected, considering the aspects of safety and sealing
property. Especially, when the porosity is great, it is un-
desirable because underground water can be easily in-
troduced toward the tank body 10 from the rock bed.
[0049] Also, the reinforcing member 30 is preferably
embedded inside the back filing layer 50. However, ac-
cording to the condition of the rock bed or the pressure
condition of the fluid to be stored in the tank body 10, the
reinforcing member may not be provided. The backfill
material has cement as the main component, but cement
has a property of being strong against a compressive
stress but being very weak against a tensile stress. Ac-
cordingly, to reinforce the tensile strength, the back filing
layer 50 preferably includes the reinforcing member 30
such as a reinforcing bar or a wire mesh. The reinforcing
bars are formed in a shape having horizontal and vertical
lattices and disposed to surround the tank body 10. The
tensile force applied to the backfill layer 50 is mainly ap-
plied in a tangential direction of the tank body 10, and a
crack in the backfill layer 50 may be mainly formed in the
vertical direction. Accordingly, when the reinforcing
member 30 is disposed in the horizontal direction (the
circumferential direction of the storage tank) rather than
in the vertical direction (the lengthwise direction of the
storage tank), the reinforcing member 30 has the more
important meaning in an aspect of reinforcing the tensile
strength.

[0050] Also,abackup layer40 maybeformed by jetting
a quick curing material such as shotcrete on the inner
wall of the rock bed ’g’, when there is a concern about
falling rocks or ground failures during excavation.
[0051] Also, a separation coating 60 may be formed
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between the tank body 10 and the backfill layer 50. The
separation coating 60 serves to prevent the tank body10
from being coupled to the backfill layer 50 and thereby
to reduce shearing force on a friction surface which is in
contact with the tank body 10 and the backfill layer 50.
Although the tank body 10 and the backfill layer 50 should
closely contact each other without a gap therebetween,
it is undesirable that the tank body 10 and the backfill
layer 50 be physically coupled to each other. That s, this
is because when a pressure is applied to the tank body
10 by compressed air, a shearing force is generated on
the contact surface of the tank body 10 and the backfill
layer 50 to thereby cause physical damage, but when
the tank body 10 and the backfill layer 50 are not coupled
to each other but separated, the pressure is distributed
and the shearing force is reduced. In the current embod-
iment, the separation coating 60 may be formed by ap-
plying a fluidal material such as bitumen or grease on
the outer wall of the tank body 10, or by attaching a film
or a sheet which are formed of material not coupled to
cement to the outer wall of the tank body 10.

[0052] Also,awaterproofcoating 81 is formedbetween
the separation coating 60 and the backfill layer 50 and
can thereby prevent the corrosion of the tank body 10
caused by penetration of underground water. The water-
proof coating 81 may be formed through a method of
applying a waterproof agent or attaching a waterproof
sheet. Also, aside from the waterproof coating 81, to pre-
vent the corrosion of the tank body 10, an anti-corrosion
coating 82 may be formed by applying a corrosion inhib-
itor on at least one of the inner circumferential surface or
the outer circumferential surface of the tank body 10.
[0053] Also, the temperature of the fluid stored in the
tank body 10 rises during a compression process. To
prevent the temperature of the fluid from decreasing
through heat exchange with the surroundings, a thermal
insulation coating 83 may be formed on at least one of
the inner circumferential surface or the outer circumfer-
ential surface of the tank body 10. The heat insulation
coating 83 is also formed through a method of attaching
or applying a heat insulating material.

[0054] The above-described backup layer 40, the sep-
aration coating 60, the waterproof coating 81, the anti-
corrosion coating 82, and the heat insulation coating 83
are applied according to a condition in a manner that all
thereof may be applied, some thereof selectively may be
applied, or none thereof may be applied.

[0055] In the current embodiment, the anti-corrosion
coating 82 is first formed on the inner and outer surfaces
of the tank body 10, and the heat insulation coating 83
and the separation coating 60 are sequentially formed
from the surface of the anti-corrosion coating 82 posi-
tioned outside the tank body 10. Furthermore, the water-
proof coating 81 is formed on the surface of the separa-
tion coating 60, and the backup layer 40 is formed on the
inner wall of the rock bed 'g’. Also, according to an em-
bodiment, a thin film foil (not shown) formed of a non-
coupling material such as aluminum is interposed be-
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tween the waterproof coating and the anti-corrosion coat-
ing and can thereby prevent the waterproof coating and
the anti-corrosion coating from being mechanically cou-
pled to each other. The foil is made of waterproof material
and can function as both the waterproof coating 81 and
the separation coating 60.

[0056] Furthermore, a support frame 20 is installed on
the bottom of the cavern ’c’. The support frame 20 serves
to maintain the tank body 10 in a state of being spaced
apart from the bottom surface of the cavern 'c’.

[0057] Also, the plug 90 is installed over the tank body
10 to close the upper side of the tank body 10. In addition,
a pipe p for air inflow/outflow is inserted to the tank body
10, and the pipe p is connected to air compression equip-
ment and power generating equipment which are provid-
ed on the ground surface.

[0058] So far, the standards and materials of the high-
pressure fluid storage tank such as the height, the diam-
eter, and the disposition depth has been described, but
these standards and materials are merely examples, and
various standards and materials may be adopted accord-
ing to an embodiment.

[0059] The presentinventionwas derived notonly from
research on how to manufacture and/or construct the
storage tank 100 configured as described above, butalso
from research on how to economically construct.
[0060] As described above, the height of only the tank
body 10 is about 100 m to about 200 m, and considering
the disposition depth of the tank body 10, the cavern 'c’
should be formed by excavating downwardly from the
ground surface by at least about 150 m. It is technically
not easy to excavate the cavern having diameter of about
7 m to about 8 m vertically by about 150 m, but it is also
very difficult to insert the tank body 10 into the cavern’c’.
[0061] Although having an experience of constructing
such equipment at a deep portion underground, for ex-
ample, a petroleum storage base, since the petroleum
storage base or the like has a remarkably easy condition
than compressed air in terms of pressure-resistance and
air tightness, it was such a level that a sealed tank was
notintroduced and underground inner walls were finished
with only a concrete lining.

[0062] However, in case of compressed air, since air-
tightness should be guaranteed, a technical problem of
a totally different level from that in the petroleum storage
base or the like emerges, for example, introduction of a
sealed tank or the like. Firstly, there is a realizability prob-
lem of how to install, in the cavern, the tank body having
the height of about 100 m to about 200 m and the rein-
forcing member surrounding the tank body. Not only do-
mestically but also internationally, there has been no ex-
perience of actually constructing a sealed tank body and
areinforcing member in a cavern having the diameter of
about 5 m to about 8 m and the height of about 150 m to
about 200 m. Such a scale is directly connected to a
problem of whether the construction is possible rather
than a problem of size difference.

[0063] Also, even when the construction is possible,
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since actual industrial applicability is degraded in case
of causing a serious disadvantage in economic feasibility,
the problem of economic feasibility of construction
strongly emerges.

[0064] Consider only the problem of installing the tank
body in a cavern under a condition that a cavern has
been vertically excavated underground. A tank body hav-
ing the height of at least about 100 m cannot be manu-
factured as a single body, and therefore, segments there-
of should be coupled through a method such as welding.
Since welding quality significantly affects air tightness, it
is advantageous to manufacture in a factory equipped
with a perfect working condition, but the tank body of a
huge scale manufactured in a factory cannot be trans-
ported.

[0065] Then, the welding may be performed on the
ground surface at site. However, it is also not technically
easy to lift the tank with the height of about 150 m and
to insert the tank into a cavern after the tank is manufac-
tured. A crane for hanging the tank body should guaran-
tee a height of about 200 m, and since the tank body is
formed of steel, the weight endured by the crane is sub-
stantially great. Probably, a tower crane for constructing
a high-rise building can endure the height, but cannot
endure the weight. Although a goliath crane of shipyard
or the like can perform this kind of work, it is nearly im-
possible in reality to use the goliath crane considering
economical conditions.

[0066] As another alternative, in a state in which seg-
ments are sequentially inserted into the cavern, welding
can then be performed, but considering the narrow work-
ing condition and environment of the cavern, the welding
quality which is essential to maintain air-tightness cannot
be expected. For all that, widening of the cavern is un-
realistic because it is uneconomical and may cause a
problem in safety.

[0067] In case of reinforcing member, there is a more
difficult problem. It is also very difficult to install the rein-
forcing member having the height of about 150 m to be
spaced apart from the tank body. Even when reinforcing
bars are used as the reinforcing member, a middle portion
thereofis bent atthe height of about 150 m, and therefore,
it is difficult to maintain the required shape. For all that,
when all vertical reinforcing members are fixed to inner
walls of the rock bed, work processes become very com-
plicated, the construction period becomes longer, and
degradation of economic feasibility is inevitably involved.
[0068] Although several examples are given in the
above, these are most typical problems arising from the
construction, it may cause much difficulty in terms of re-
alizability and economic feasibility to install, in the cavern,
the tank and the reinforcing member which have a scale
of about 150 m with a space having the diameter of about
5 m to about 8 m.

[0069] Thatis, the fluid storage tank 100 manufactured
according to the presentinvention seems very easy when
considering only the structural aspect after completion,
but when actually trying to construct this, one cannot but
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experience a limit in construction technology.

[0070] Thus, the storage tank 100 according to the
presentinvention was derived together while researching
an economical construction method for burying the tank
body having the height of greater than about 100 m into
the cavern having the height of greater than about 150
m, and a optimal structure of the tank body for ensuring
the realizability and economicality of the construction
method.

[0071] In an aspect of construction method, water is
filled in the cavern ’c’, segments are then floated on the
water surface in the cavern 'c’ by using buoyant force,
and then the tank body is progressively manufactured
while the segments are sequentially stacked and cou-
pled. Manufactured portion which is completely welded
is allowed to sink by adjusting buoyant force, and only
the upper end portion of the manufacture portion is float-
ed over the water surface, and thus welding with another
segment can be performed on the ground surface. As
such, the method capable of safely manufacturing the
tank body in the cavern 'c¢’ by using buoyant force was
prepared.

[0072] Also, developed is a segment structure opti-
mized to realize the construction method using buoyant
force. Of course, the fluid storage tank according to the
presentinvention is not limitedly used only in the method
using buoyant force, and the structure thereof also en-
sures originality.

[0073] The key technology of the fluid storage tank 100
according to the presentinvention is the structure formed
such that the tank body 10 is formed in a structure in
which a plurality of segments are stacked and coupled,
and reinforcing members 30 can be supported by the
segments through connecting members 70. Further-
more, the reinforcing member 30, particularly a vertical
reinforcing member 32 is configured as a shape in which
a plurality of segment members are coupled to each oth-
er, and the segment members are structured to be easily
joined to each other through the connecting members
70. Also, the separation coating 60, the waterproof coat-
ing 81, the anti-corrosion coating 82, the heat insulation
coating 83, and the like are previously formed in the seg-
ments constituting the tank body 10.

[0074] Hereinafter, specific configurations of the tank
body 10, the supporting frame 20, the reinforcing member
30, and the connecting member 70, which are compo-
nents of the high-pressure fluid storage tank 100 accord-
ing to the present invention, will be described.

[0075] The tank body 10 includes a plurality of seg-
ments, and in the current embodiment, segments are
made of a steel material, and include a lower segment
11, a plurality of body segments 12, and an upper seg-
ment 13. The lower segment 11 which forms a lower end
portion of the tank body 10 is formed in a bowl shape
having an opened upper surface. The body segments 12
which form a body portion of the tank body 10 are formed
in an annular shape having lower and upper surfaces
which are both opened. The body segments 12 are
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formed in plurality, and are sequentially stacked and cou-
pled on the lower segment 11. The upper segment 13
which forms the upper end portion of the tank body 10 is
stacked and coupled on the body segments 12. The up-
per segment 13 is formed in a shape which is an inverted
shape of the lower segment 11, that is, formed in a bowl
shape having an opened lower surface. When the lower
segment 11, a plurality of body segments 12, and the
upper segment 13 are stacked and coupled, a sealed
space in which a high-pressure fluid is stored is formed
inside the tank body 10.

[0076] Additional weld members 15 are respectively
attached to the segments 11, 12, and 13. When the seg-
ments are stacked and coupled, a butt welding is per-
formed at a gap while the segments are slightly spaced
apart from each other by the gap. When performing the
butt welding, a backing plate for covering the spaced gap
is required. Accordingly, in the segments, the additional
weld member 15 is allowed to protrude as illustrated in
FIG. 4, to thereby cover the spaced gap from the neigh-
boring segment. In FIG. 4, the portion represented as w
is the welded portion. The additional weld member 15
may be installed to protrude from the upper portion or
from the lower portion of the segment. Also, when the
segments are welded at the side of the outer surface, the
additional weld member 15 should be attached to the
inner surface of the segment, and on the contrary, when
the segments are welded at the side of the inner surface,
the additional weld member 15 should be attached to the
outer surface of the segment When the annular segments
are welded, it is advantageous to weld at the outer sur-
face of the segment, and therefore, in the presentinven-
tion, the additional weld member 15 is attached to the
inner surface of the segment.

[0077] Also, spacers’s’ for adjusting a gap are detach-
ably attached to the upper or lower end portions of the
segment 11, 12, 13, respectively. Although described
above, the segments should be disposed to be spaced
apart a predetermined distance from each other to per-
form welding between the segments. When a segment
to be newly welded is positioned over the coupled seg-
ment by using a crane or the like, gaps between the seg-
ments can be determined by means of the spacers ’s’.
Thatis, in a state in which spacers ‘s’ are attached to the
lower end portion of the segment to be newly welded or
to the upper portion of the already coupled segment,
when two segments both contact the spacers’s’, welding
gap is accurately formed. In the state in which the gap is
thus formed, the spacers’s’ are detached, and then weld-
ing is performed.

[0078] Also, to maintain the tank body 10 in a state of
being spaced apart upwardly from the bottom surface of
the cavern 'c’, the support frame 20 may be selectively
provided. The function of the support frame 20 is not to
make the tank body 10 directly contact the bottom surface
of the cavern 'c’, but to make the tank body 10 and the
bottom surface of the cavern 'c’ be spaced apart from
each other, and to interpose the backfill layer 50 between
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the tank body 1 and the bottom surface of the cavern ‘c’.
Accordingly, when the backfill layer is first placed on the
bottom surface of the cavern ’c’ before the tank body 10
is buried, or when the backfill material can be filled in a
state in which the tank body 10 is hung to be spaced
apart from the bottom surface of the cavern ’c’, the sup-
port frame 20 is not necessarily required.

[0079] However, to easily apply the construction meth-
od developed together with the storage tank 100 accord-
ing to the present invention, the support frame 20 is pref-
erably provided. The reason for this will be described in
detail when the method for constructing the storage tank
100 according to the present invention.

[0080] As illustrated in FIG. 6, the support frame 20
includes a support part 21 installed on the bottom surface
of the cavern ‘c’, and a mounting part 22 formed on the
supporting part 21.

[0081] Since the backfill material should be also filled
at the inner side of the support part 21, the support part
21 is formed in a lattice type by using reinforcing bars or
the like such that the backfill material is filled between
the reinforcing bars. Alternatively, as illustrated in FIG.
6, the support part 21 is formed by a plurality of plates
and a plurality of introducing holes 23 through which the
backfill material can be introduced.

[0082] Since the tank body 10 is mounted on the
mounting part 22, the mounting part 22 is preferably
formed in a shape corresponding to the lower end portion
of the tank body 10. As illustrated in FIG. 6, the mounting
part 22 is formed in a bowl shape corresponding to the
lower end portion of the tank body 10. Also, although not
shown, a spherical sheet may be installed such that the
tank body 10 is flatly mounted. The spherical sheet
makes a core maintain the flatly disposed state such that
the core is vertically applied with a force when the com-
pressive strength of the concrete core is tested.

[0083] Furthermore, in another embodiment, the
mounting part may be formed in an annular shape having
a diameter smaller than that of the tank body 10. The
tank body may be mounted on the annular mounting part.
[0084] The reinforcing member 30 serves to reinforc-
ing the tensile strength of the backfill layer 50. Although
also described above, concrete or the like used as the
backfill material is strong against compressive force but
weak against tensile force. Therefore, the reinforcing
member 30 such as a reinforcing bar or a wire mesh is
buried in the backfill layer 50 to improve the tensile
strength of the backfill layer 50. Accordingly, the reinforc-
ing member 30 is installed to be spaced apart from the
tank body 10 and to surround the tank body 10. Like the
current embodiment, when the support frame 20 is pro-
vided, the reinforcing member 30 functions to surround
the tank body except for the portion of the support frame,
and the support frame 20 serves as a reinforcing member
disposed on the lower end portion of the tank body 10.
Furthermore, when the support frame is not provided,
the reinforcing member 30 is disposed to completely sur-
round the tank body 10.
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[0085] In the current embodiment, the reinforcing
member 30 includes a horizontal reinforcing member 31
and a vertical reinforcing member 32. The horizontal re-
inforcing member 31 is formed in the circumferential di-
rection of the tank body 10, and disposed in plurality to
be spaced apart from each other in the lengthwise direc-
tion of the tank body 10. The vertical reinforcing member
32is disposed to cross the horizontal reinforcing member
31, and disposed in plurality to be spaced apart from
each otherin the circumferential direction of the tank body
10. The horizontal reinforcing member 31 and the vertical
reinforcing member 31 are joined to each other and the
entirety thereof is integrally connected as one member.
Thatis, the reinforcing member 30 is formed in an overall
net shape by the horizontal reinforcing member 31 and
the vertical reinforcing member 32 to thereby surround
the tank body 10.

[0086] A single horizontal reinforcing member 31 has
a length of about 9 m to about 10 m considering the di-
ameter of the tank body 10, and therefore can be inte-
grally formed, but the vertical reinforcing member 32
should correspond to the total height of the tank body 10,
and therefore, should be formed in the length of about
150 m. Accordingly, the vertical reinforcing member 32
is difficult to be integrally formed, and has a shape in
which the plurality of segment members 33 is connected
with each other.

[0087] To easily install the reinforcing member 30 to
be spaced apart from the tank body 10, the connecting
member 70 is provided. More specifically, the connecting
member 70 serves as a medium for making the reinforc-
ing member 30 which are totally connected in a net shape
be supported by the tank body 10. This is because since
the horizontal reinforcing member 31 and the vertical re-
inforcing member 32 are connected as one net, when
the connecting member 70 is coupled to a portion of the
reinforcing member 30, the entirety of the reinforcing
member 30 can be supported by the tank body 10. Ac-
cordingly, the connecting member 70 functioning as such
may be formed in very various shapes. The various con-
figuration examples of the connecting member will be
described later, and firstly, the connecting member 70
applied in the current embodiment will be described.
[0088] The connecting member adopted in the current
embodiment has a characteristic in that aside from the
basic function to support the entirety of the reinforcing
member 30, afunction for very easily joining the segment
members 33 constituting the vertical reinforcing member
32 is added.

[0089] In the current embodiment, the connecting
member 70 is formed in an annular shape to surround
the tank body 10, and is disposed in plurality to be spaced
apart from each other in the lengthwise direction of the
tank body 10.

[0090] The plurality of connecting members 70 may be
disposed one by one for each segment, and may be dis-
posed in a manner of one for several segments. Also,
the connecting member 70 may be also coupled to a
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segment, and may also surround a segment while being
separated from the segment. At least one of the plurality
of connecting members 70 is preferably coupled to a seg-
ment, and particularly, the connecting member 70 is pref-
erably coupled to the lower segment 11.

[0091] In the current embodiment, the connecting
members 70 are coupled to the lower segment 11, and
the connecting members 70 are connected to the seg-
ment at intervals of several segments in the height direc-
tion of the tank body 10. Furthermore, the remaining con-
necting members 70 are not coupled to a segment, but
functions as a connection parts for joining the segment
members 33 to each other. For convenience of descrip-
tion, the connecting members coupled to the segment
are represented as reference number 71, and the con-
necting members not coupled to the segment are repre-
sented as reference number 72.

[0092] In the current embodiment, the connecting
members 71 coupled to the segment has a shape of letter
' or letter '’ approximately, and coupled to the circum-
ferential surface of the segment. Accordingly, a space
into which the segment members 33 can be inserted is
provided inside the connecting members 71. This space
is referred to as mounting part 73. Since the connecting
members 72 not connected to a segment are formed in
a hollow pipe shape, the mounting parts 73, into which
the segment members 33 can be inserted, are also
formed inside thereof.

[0093] Insertion holes 74 and 75 through which the
segment member 33 can be inserted into the mounting
part 73 are formed respectively in upper and lower por-
tions of the connecting members 71 and 72. The insertion
holes 74 and 75 are continuously disposed at predeter-
mined intervals in the circumferential directions of the
connecting members. The lower end portion of the seg-
ment members 33 is inserted through the insertion hole
74 formed in the upper portion, and the upper end portion
of the segment members 33 is inserted through the in-
sertion hole 74 formed in the lower portion.

[0094] Also, in the current embodiment, the upper in-
sertion holes 74 and the lower insertion holes 75 are dis-
posed such that the center points thereof are spaced
apart from each other. Accordingly, as illustrated in FIG.
5, the segment members 33 are disposed to overlap each
other in the mounting part 73 of the connection members
71 and 72.

[0095] Furthermore, a separate hole is formed beside
the upper insertion hole 74. The hole is an injection hole
76 for injecting a resin r into the mounting part 73. That
is, when the resin r is injected through the injection hole
76 in a state in which two segment members 33 are dis-
posed to overlap each other, the two segment members
33 are joined to each other by the resin r in the mounting
part 73. When all the mounting parts inside the connect-
ing members 71 and 72 commmicate with each other
across the entirety of the connection members 71 and
72, the injection hole 76 is not necessarily formed for
each insertion hole. However, when a partition d is in-
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stalled inside the connection members 71 and 72 and
the mounting parts 73 separated for each of the insertion
holes 74 and 75 are formed, the injection holes 76 are
formed for each of the insertion holes 74 and 75.
[0096] The important point is it is undesirable that a
vacant space be formed inside the connecting members
71 and 72. Accordingly, as in the current embodiment,
when the space for the mounting parts is provided inside
the connecting members 71 and 72, all the mounting
parts should be filled with a resin or a backfill material.
Thus, a plurality of holes should be formed in the con-
necting members, so that the backfill material can be
introduced and filled in the portion in which the resin is
notfilled. Alternatively, the connectingmembers are pref-
erably not formed in a hollow shape such that a space is
not formed inside the connecting members except for the
mounting parts.

[0097] Asdescribedabove, inthe currentembodiment,
the resin ris injected in a state in which each of the seg-
ment members 33 constituting the vertical reinforcing
member 32 is inserted into the insertion holes 74 and 75
of the connecting members 71 and 72, and thereby, the
segment members 33 are very easily and integrally con-
nected to form the single vertical reinforcing member 32.
Furthermore, since several connecting members 71 in a
state of being coupled to the segments support the ver-
tical reinforcing member 32, the vertical reinforcing mem-
ber 32 formed in the height of about 150 m can be main-
tained in a required shape without being bent. When all
connecting members 71 are coupled to the segments,
the supporting force with respect to the vertical reinforc-
ing member 32 can be further increased. Furthermore,
the horizontal reinforcing member 31 can be coupled to
the vertical reinforcing member 32 which is disposed in
the circumferential direction by means of steel wires or
the like.

[0098] Inthe current embodiment, the connecting wire
provides not only provides a basic function of allowing
the reinforcing member to be supported by the tank body
in a state of being spaced apart from the tank body, but
also provide a function of very simply and easily joining
the segment members which constituting the vertical re-
inforcing member 32.

[0099] In a classical method in which the connection
member is not used unlike in the current embodiment,
the vertical reinforcing member 32 should be supported
by the inner wall of the rock bed by using a separate fixing
means, and therefore, there are accompanying difficul-
ties in the technological and economical aspects. Also,
even though being supported by the tank body, if the
method does not use a mounting part and a resin as in
the current embodiment, it is not economical because all
the segment members should be coupled by welding or
reinforcing bars. Thatis, the work of integrally connecting
the segment members 33 by the connecting members
having a special configuration which is used in the current
embodiment can be very easily performed, and thus the
economic feasibility of construction can be improved.
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[0100] Furthermore, in the current embodiment, the
waterproof agent, anti-corrosion agent, and the heat in-
sulation material are previously applied for each seg-
ment, so that when all the segments are coupled, the
waterproof coating 81, anti-corrosion coating 82, and the
heat insulation coating 83 can be formed on the entirety
of the tank body 10. Likewise, the separation coating 60
is formed for each segment, when all the segments are
combined, the separation coating 60 can be formed on
the entirety of the tank body 10.

[0101] In the current embodiment, only the anti-corro-
sion coating 82 is formed on the inner circumferential
surface of each segment, and the anti-corrosion coating
82, the heat insulation coating 83, the separation coating
60, and the waterproof coating 81 are sequentially
formed on the outer circumferential surface of each seg-
ment.

[0102] Also, inside the storage tank according to the
current embodiment, not only gas is contained but also
water is contained together with air according to kinds of
power generating equipment using compressed air. Fur-
thermore, even though being provided with a waterproof
coating and the anti-corrosion coating, the storage tank
may be exposed to underground water. Thus, when the
tank body 10 made of steel is used for a long time, there
may be a corrosion problem. Accordingly, in the current
embodiment, the corrosion of the tank body is prevented
by using a galvanic effect. That is, although not shown,
acorrosion inhibitor (a galvanic anode) formed of a metal
material is installed so as to be electrically connected to
the inside or the outside of the tank body 10. Since the
corrosion inhibitor has only to be electrically connected
to the tank body, the corrosion agent may be directly
attached to the tank body, but it may be fine to be elec-
trically connected to each other by means of a conductor
in a state of being spaced apart from the tank body. Since
the corrosion inhibitor has an active potential than the
material of the tank body, the corrosion inhibitor functions
as a positive electrode and the thank body functions as
a negative electrode, and thus the corrosion inhibitor
quickly corrodes and the tank body 10 is prevented from
corroding. Since the corrosion inhibitor is completely con-
sumed by the corrosion when a predetermined time
elapses, the corrosion inhibitor preferably has a replace-
able configuration. To facilitate the replacement of the
corrosion inhibitor, it is desirable that the corrosion inhib-
itor is disposed at the outside to be spaced apart from
the tank body and electrically connected to the tank body
rather than directly attached to the tank body.

[0103] Also, the upper side of the cavern 'c’ is closed
by placing concrete or the like to form the plug 90. Of
course, the pipe p connected with the tank body 10 is
connected to the power generating equipment and the
compression equipment on the ground surface through
the plug 90.

[0104] Inthe current embodiment, the plug 90 includes
a body part 91 formed over the tank body 10, and an
annular reinforcing part 92 extending from the upper side
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of the body part 91 along the inner wall of the cavern 'c’.
Furthermore, the body part 91 and the reinforcing part
92 are integrally formed by using a filling material such
as concrete. In the current embodiment, the main reason
for forming the annular reinforcing part 92 is to ensure
the safety against stress in a longitudinal direction in an
aspect of safety of the fluid storage tank. That is, it is to
suppress a displacement in the lengthwise direction
(height direction) of the fluid storage tank by forming the
reinforcing part 92. Also, the reinforcing part 92 may per-
form additional function to protect the inner wall in the
upper side of the cavern ’'c’. Especially, the hole wall pro-
tection function of the reinforcing part 92 is increased
when a backup layer is not formed by jetting shotcrete
to the hole wall of the cavern ’c’. Also, the reinforcing part
92 is preferably integrated with surrounding rock bed.
Accordingly, a binder 94 may be installed to integrate the
reinforcing part 92 and the rock bed 'g’. A lock bolt or the
like may be used as the binder 94. In the current embod-
iment, the binder 94 is installed in plurality along the cir-
cumferential direction of the cavern 'c’ and includes an
insertion part 94a which is inserted from the reinforcing
part 92 to the rock bed 'g’ and a head part 94b which
extends from one end portion of the insertion part 94ain
a direction crossing the lengthwise direction of the inser-
tion part 94a. The head part 94b is preferably buried into
the reinforcing part 92. A support member 95 such as H-
beam may be installed in a bent portion between the body
part 91 and the reinforcing part 92. In addition, water may
be filled into an inner receiving space formed by being
surrounded by the reinforcing part 92.

[0105] Also, a reinforcing member 93 is buried in the
body part 91 to thereby increase the tensile strength of
the plug. The reinforcing member 93 may adopt a method
of disposing reinforcing bars in a lattice shape, and since
tensile force is mainly applied to a lower end of the body
part 91, corresponding to this, the reinforcing member is
also installed at a lower side of the body part 91 of the
plug 90.

[0106] As described above, the present invention is
configured such that the tank body is formed by stacking
and coupling the segments, wherein the anti-corrosion
coating, the waterproof coating, the separation coating,
and the heat insulation coating are previously formed in
the segments and thus various functional coatings can
be formed between the tank body and the rock bed by
only coupling the segments. Also, the vertical reinforcing
members and the horizontal reinforcing members are
previously installed in the segments, and the reinforcing
members are supported by the segments, and thus the
manufacturing of the tank body and the installation of the
reinforcing members can be simultaneously performed.
Most of all, it is advantageous in terms of construction in
that the reinforcing members can be very easily installed
in a state of being spaced apart from the tank body. Also,
it is further advantageous in that segment members con-
stituting the vertical reinforcing members can be very
easily connected with each other by using the specially
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configured connecting members. As described above,
the present invention may be important in that the tank
body and the reinforcing members are installed by a unit
of segments and segment members, and thus realizabil-
ity and economic feasibility of construction is improved.
[0107] So far, the connecting members are described
and illustrated as being formed in an annular shape, but
is not necessarily formed in an annular shape, and as
illustrated in FIG. 7, the connection member 70a can be
installed in plurality to be spaced apart from each other
in the circumferential direction of the tank body 10. A
mounting part is installed inside the connecting member
70a having an independent shape, and insertion holes
and injection holes are formed the same as described
above.

[0108] Also, so far, it is described and illustrated that
the mounting parts are formed inside the connecting
members and the segments are joined to each other in-
side the mounting parts, but as illustrated in FIG. 8,
through holes 77 are simply formed and the vertical re-
inforcing members may be lengthily inserted into the
through holes 77. Alternatively, each of the vertical rein-
forcing members is divided into long segments (formed
in relatively long lengths than the above-described seg-
ment members), the segments are then inserted into the
through holes 77, and then the segments may be con-
nected by a method such as welding.

[0109] Also, as illustrated in FIG. 9, a method in which
the connecting members 70c may be used to support the
horizontal reinforcing members 31 may be applied. That
is, the connecting members 70c are formed in the length-
wise direction of the tank body 10, are disposed in plu-
rality to be spaced apart from each other in the circum-
ferential direction of the tank body 10, and when the
through holes 78 are provided in the connecting mem-
bers, the horizontal reinforcing members 31 are inserted
into the through holes 78 and may thereby be supported.
The vertical reinforcing members 32 may be supported
while being connected to the horizontal reinforcing mem-
bers 31.

[0110] Furthermore, in another embodiment, a con-
necting member for supporting the horizontal reinforcing
member and a connecting member for supporting the
vertical reinforcing member may be separately provided.
[0111] Although not shown, in another embodiment, a
method in which a through hole is simply formed in the
connecting member, and a segment member is fixed to
the connecting member while the segment member is
inserted into the through hole is also possible. That s, in
a state in which upper and lower end portions of the seg-
ment member respectively protrudes after passing
through the connecting members in the upper segment
and the lower segment and protrudes, bolts are fastened
respectively to the upper and lower end portions of the
segment member. The bolt fastened to the upper end
will contact the upper surface of the upper connecting
member, and the bolt fastened to the lower end will con-
tact the lower surface of the lower connecting member.
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Accordingly, the segment member is fixed by the bolts
between the two connecting members and is prohibited
to move in the vertical direction. Even when the bolts are
not used, the segment member inserted in the through
hole of the connecting member may also be fixed to the
connecting member by welding.

[0112] Hereinafter, with reference to the drawings, a
method for constructing a high-pressure fluid storage
tank 100 according to the present invention will be de-
scribed.

[0113] FIG. 10is a schematic flowchart of a high-pres-
sure fluid storage tank according to the presentinvention,
and FIGS. 11 and 12 are views for describing the con-
struction method illustrated in FIG. 10.

[0114] Referring to FIGS. 10 to 12, a method for con-
structing a storage tank includes an excavating step
(M10), a filling step (M30), a tank manufacturing step
(M50), and a backfill step (M70).

[0115] In the excavating step (M10), the ground is ex-
cavated from a first horizontal tunnel, and a cavern’c’ is
formed in an upward/downward direction, preferably, in
the vertical direction. As a method for forming a vertical
cavern 'c’, a top-down blasting and a bottom-up blasting
may be considered. The top-down blasting excavation is
a method of excavating the ground vertically from the
ground surface through gunpowder blasting. However,
in the current construction method, since the excavation
depth is very deep, there is a disadvantage in that the
deeper the depth, the more difficult the blasting work,
and a technical supplementation is required to discharge
broken rocks generated by blasting to the ground sur-
face.

[0116] The bottom-up blasting excavation is a method
in which a separate access tunnel is formed up to a low-
ermost position of the cavern ’c’, and then blasting is
performed upwardly from the bottom. In this method,
since broken rocks generated by blasting fall downwards,
there is a merit of easy discharging of broken rocks
through the access tunnel. However, when the diameter
of the cavern is about 10 m or so, it is uneconomical to
excavate a separate access tunnel. When excavating a
large silo shape or a tunnel shape of about several ten
meters or when small but a plurality of caverns are formed
in parallel, the bottom-up blasting method through an ac-
cess to the access tunnel can be considered.

[0117] In the presentinvention, aside from the above-
described method, the method of downwardly excavating
from the ground surface by using a vertical excavator
can be adopted. For example, it is possible to perform
an excavation by using a hammer exactor disclosed in
Korean Patent No. 0683909, Korean Patent No.
1068578, and Korean Patent No. 1334298. When the
vertical excavator is used, since the broken rocks are
discharged through drilling mud injected when the bit of
the excavator drills the rock bed, there is an advantage
in treating the broken rocks. Aside from the equipment
described in the above invention, a cavern having the
diameter of less than about 10 m can be easily formed
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by using an existing vertical excavator. The vertical ex-
cavator is evaluated to have the most superior applica-
bility if economic feasibility can be guaranteed in com-
parison of that in a blasting method.

[0118] When the cavern ’c’is formed through excavat-
ing, quick-curing shotcrete is jetted to an inner wall of the
cavern 'c’ so as to prevent the collapse of the inner wall
and thereby can form a backup layer 40 (M20). The back-
up layer 40 can also be temporarily formed after com-
pleting excavating, but may be dividedly placed during
excavating process. However, when the rock bed is
strong, the backup layer 40 may not be provided.
[0119] In vertically excavating the cavern 'c’, when
reaching a predetermined depth, excavation is per-
formed slightly widely in the horizontal direction such that
the plug 90 can be installed. An excavation cross-section
for installing the plug may be variously selected from a
wedge type, a taper type, or a block type.

[0120] When the excavation of the cavern 'c’ is com-
pleted, a support frame 20 is installed in advance in a
lower portion of the cavern ’'c’. When the installation of
the support frame 20 is completed, a tank body 10 should
be installed, but the filling step (M30) of filling the cavern
'c’ with a first fluid is performed as a preliminary work.
The first fluid serves to provide buoyant force and water
can be used. As the first fluid, various fluids capable of
providing buoyant force other than water may be used.
When excavating using a blasting method, the first fluid
should be separately filled, but when the above-men-
tioned vertical excavator is used, the cavern'c’ is already
filled with water injected during excavation.

[0121] When the filling with the first fluid is completed,
the tank manufacturing step (M50) is performed. The tank
manufacturing step (M50) is an important process in
which the tank body 10 having the height of about 100
m to about 200 m is manufactured, and at the same time
is installed in the cavern 'c’.

[0122] Inthe tank manufacturing step (M50), a plurality
of segments for constituting the tank body 10 are man-
ufactured by being welded to each other in the cavern’c’.
[0123] When connecting members 71 and 72 are pre-
pared for the segments 11, 12, and 13, firstly, a lower
segment 11 is transported by using a crane 'a’ and is
launched on a first fluid f1 filled in the cavern 'c’. The
method for supporting the segments 11, 12, and 13 by
the crane 'a’ may be variously employed, for example, a
method in which an electromagnet s attached to the trac-
tion rope b of the crane and the electromagnet is coupled
to the inner circumferential surface of the segment ac-
cording to whether to apply power may be employed.
[0124] After launching the lower segment 11, the con-
nection with the crane 'a’ is released, and the upper end
portion of the lower segment 11 is then floated on the
surface of the first fluid f1 by buoyant force. When the
upper end portion of the lower segment 11 is floated high-
er than a work position for welding later with the body
segment 12, a portion of the first fluid is discharged to be
supplied into the lower segment 11 to adjust the height.
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When the height of the lower segment 11 is adjusted 11,
the posture and the angle of the lower segment 11 is
fixed by a first supporting unit M1 installed in the first
horizontal tunnel so as not to be biased. Since the lower
segment 11 is floated by buoyant force, the first support-
ing unit M1 only functions to fix the center on the surface
of the lower segment.

[0125] After the position of the lower segment 11 is
fixed, the body segment 12 is stacked on the lower seg-
ment 11 to be coupled to each other, and in the current
embodiment, the segments are coupled by welding con-
sidering air-tightness and safety. As described above,
the welding quality between the segments is the most
important point in the air-tightness of the entire tank body
10. Describing more specifically about the welding proc-
ess, a first body segment 12 is hung up by the crane ’'a’
and is positioned on the lower segment 11 in a state of
being spaced apart a predetermined distance from the
lower segment. Since a spacer’s’ is attached to the upper
end portion of the lower segment 11, the body segment
12is disposed to contactthe spacer’s’. Then, the position
of the body segment 12 hung up on the crane ’a’ is fixed
so as not to be biased to the left or right and to be flat by
a second supporting unit M2 installed in the first horizon-
tal tunnel. Since the body segment 12 is supported by
the crane 'a’, the second supporting unit M2 functions to
centering the body segment 12. When the body segment
12 is disposed at a correct position, the center points of
the body segment 12 and the lower segment 11 coincide
with each other, and the upper end surface of the lower
segment 11 and the lower end surface of the body seg-
ment 12 are disposed to be flat and slightly spaced apart
from each other.

[0126] When the position adjustment of the two seg-
ments to be coupled is completed, the spacer’s’ attached
to the upper end portion of the lower segment 11 is de-
tached. Since additional weld members 15 are attached
between the segments, the welding space is exposed in
a state in which rear side is closed. After completing weld-
ing, it is desirable to check the welding quality through
an inspection.

[0127] As described above, when the coupling of the
lower segment 11 and the first body segment 12 is com-
pleted, a plurality of body segments 12 are sequentially
stacked and coupled by the same method. The manu-
factured portion which are already coupled are supported
by buoyant force as described above, the position thereof
is fixed by the first supporting unit M1, and the segment
to be newly coupled is hung up on the crane ’a’ and the
position thereof is fixed by the second supporting unit M2.
[0128] Also, the upper end portion of the manufactured
portion is always disposed at a predetermined height by
floating force to perform welding. To adjust the upper end
portion of the manufactured portion to a position at which
welding is performed, the floating force should be adjust-
ed. As a method for adjusting the floating force, firstly,
there is a method in which the first fluid f1 in the cavern
'c’ is slowly discharged. As the water level is lowered,

10

15

20

25

30

35

40

45

50

55

13

the manufactured portion is also inserted together into
the cavern ’c’, and therefore, the work position can be
maintained. Also, a second fluid f2 is supplied into the
manufactured portion so as to increase the weight, and
thereby, the manufactured portion can be lowered. In the
current embodiment, while the segments are progres-
sively coupled, the first fluid f1 in the cavern’c’ is pumped
to be supplied to the manufactured portion and thus the
manufactured portion is lowered and the position thereof
is adjusted. That is, the first fluid f1 is discharged and
then used as the second fluid f2.

[0129] When the lower segment 11, the body segment
12, and the upper segment 13 are all welded, the man-
ufacturing to the tank body 10 is completed.

[0130] As described above, when the manufacturing
of the tank body 10 is completed, the tank body 10 is in
the state of being completely inserted into the cavern 'c’
and floated by buoyant force. Then, the tank body 10 is
mounted on a supporting frame 20. Similarly to the above
processes, when the first fluid f1 remaining in the cavern
’c’ is slowly discharged and supplied to the tank body 10,
the tank body 10 is lowered, and at the instant when the
self weight of the tank body 10 becomes greater than the
buoyant force, the tank body 10 is mounted on the mount-
ing part22. When the tank body 10 is lowered and mount-
ed on the supporting frame 20, the first supporting unit
M1 performs assisting such that the center is not shaken
and the tank body 10 is vertically disposed. When the
tank body 10 is mounted on and supported by the sup-
porting frame 20, the installation of the tank body 10 is
completed.

[0131] Also, in the manufacturing and installing proc-
esses of the tank body 10 as described above, the first
support unit M1 and the second supporting unit M2 re-
spectively function to fixing the positions of the manufac-
tured portion and the portion to be newly coupled, various
apparatuses can be used as the first and second sup-
porting units M1 and M2. Although not shown, a plurality
of cylinders are installed at predetermined angle intervals
along the outer circumferential surface of the portion to
be newly coupled or the manufactured portion, and pis-
tons installed in the cylinders are allowed to independ-
ently push the segments and thus the segment to be
newly coupled can be disposed at an accurate position.
Also, after installing a ring disposed to surround the seg-
ments and the manufactured portion, a plurality of hinge
members are installed along the inner circumferential
surface of the ring, and the positions of the segments
and the manufactured portions can be fixed while all the
hinge members are fixed in a radial direction. That is,
while the hinge members are fixed in the radial direction
of thering, the segments which are disposed to be biased
can be pushed to be disposed at a correct position.
[0132] In the above, the first and second supporting
units M1 and M2 are described as examples, and the
positions of the manufactured portion or the newly cou-
pled may be adjusted through various kinds of appara-
tuses. Also, even though these first and second support-
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ing units M1 and M2 are not used, the manufactured por-
tion is supported by buoyant force, and the portions to
be newly coupled are supported by the crane, and there-
fore, when the segments are coupled, the positions of
the manufactured portion and the segment to be newly
coupled may be simply and accurately adjusted. Like-
wise, after completing the manufacturing of the tank
body, when the tank body is mounted on the supporting
frame 20, the tank body may be adjusted such that the
tank body is vertically disposed without biasing to the left
or to the right.

[0133] As described above, while the manufactured
portion is supported, the upper end portion of the man-
ufactured portion is floated up to a welding position (in
general, the upper portion of the first horizontal tunnel),
and thus, a method for easily coupling other segments
is provided. Through such a method, the tank body hav-
ing the height of greater than about 100 m could be di-
rectly manufactured at site to be installed in the cavern.
[0134] When the tank body is installed in the cavern
without using buoyant force, a crane for carrying the man-
ufactured portion and a crane for carrying the segment
to be newly coupled are separately required, and there-
fore, the manufacturing work becomes very difficult. Es-
pecially, since the manufactured portion and carrying the
segment to be newly coupled should be coaxially dis-
posed, it may be even impossible to use two cranes. That
is, inthe presentinvention, a method capable of perform-
ing the manufacturing and installing of the tank body
which has the height of greater than about 100 m in the
most economical manner and thus, the present invention
has a contribution in increasing actual applicability of
CAES.

[0135] Also, while the tank body 10 is installed, the
reinforcing member 30 is installed together. That is, while
each of the segments is coupled to manufacture the tank
body 10, the segment members 71 and 72 which are
installed in each segment are inserted into the connecting
members 71 and 72 and are filled with a resin. In the
above process, the segment members 33 are connected
to each other, and are integrally formed when the man-
ufacturing of the tank body 10 is completed. Since the
horizontal reinforcing member 31 is coupled to the verti-
cal reinforcing member 32, the reinforcing member 30 is
formed in an overall net shape to surround the tank body
10.

[0136] Also, as described above, in the stacking and
coupling of the segments, since the separation coating
60, the waterproof coating 81, the anti-corrosion coating
82, and the heat insulation coating are formed together,
remarkably economical construction can be performed.
[0137] Now, as a final step, the backfill step (M70) is
performed. That is, a backfill material is filled between
the tank body 10 and the rock bed ’g’ to form a backfill
layer 50. The backfill material may be dividedly placed
with a time difference or may be placed at one time. Fur-
thermore, in the current embodiment, a grout material is
jetted at a high pressure to perform the back filing.
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[0138] The pointto remember in filling the backfill ma-
terial is that a third fluid f3 should be first filled in the tank
body 10. The backfill material, when filled, exerts two
actions on the tank body 10. First, as the backfill material
is filled, buoyant force is applied to the tank body 10, and
secondly, the tank body 10 is pressed by the weight of
the backfill material. Accordingly, before the backfill ma-
terial is filled, the third fluid f3 is preferably filled into the
tank body so as to prevent the damage to the tank body
10 due to the pressure of the backfill material.

[0139] As the third fluid, water or compressed air may
be used.

[0140] When water is used, the level of water filled in
the tank body 10 is formed slightly higher than the height
to which the backfill material is filled. That is, when backfill
is dividedly performed, water has only to be filled to the
level slightly higher than the height of backfill material
which is filled for each divided placement, and when the
backfill is performed at once, water has only to be fully
filled in the tank body 10. When water is used as the third
fluid, it is advantageous because the water is suitable to
a pressure and buoyant force, but there is a problem in
that since water is fully filled in the tank body 10, the self
weight of the tank body 10 becomes too great. For this,
in the current embodiment, the support frame 20 is pre-
viously installed. If the support frame does not support
the tank body 10, the crane 'a’ should support and carry
allthe weight of the tank body, but there may be a problem
of crane output because the weight of the tank body ex-
ceeds about 2,000 tons when water is fully filled in the
tank body which has the diameter of about 5 m and the
height of about 100 m. In the current invention, since the
supporting frame 20 is previously installed to support the
tank body 10, such technical problems can be solved.
[0141] When water is used, since the self weight of the
tank body 10 is problematic, a method of using com-
pressed air as the third fluid may be considered. This is
because when a pressure is applied to the inside by com-
pressed air, itis possible to cope with the pressure of the
backfill material. However, when compressed air is used
as the third fluid, there is a problem in that it is impossible
to use buoyant force required for the backfill material.
This is because even though air is compressed, the air
has a very small weight.

[0142] Inthecurrentembodiment, since the supporting
frame 20 is previously installed, a method in which only
water is used as the third fluid may be employed, but
more preferably, a method in which water and com-
pressed air are used together is employed. That is, after
filing water partially in the tank body 10, air is com-
pressed with a high pressure and injected to the tank
body 10, and thus it is possible to cope with both the
buoyant force and the pressure of the backfill material.
[0143] When a predetermined time elapses after the
backfill material is entirely placed, the back filing material
is cured. In addition, when the upper side of the plug is
filled by using rocks or soil, the high-pressure fluid stor-
age tank 100 is completed.
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[0144] In the current embodiment, the reinforcing
member 90 includes a horizontal reinforcing member 19
and a vertical reinforcing member 92. To make the shape
of the plug according to the current embodiment, an an-
nular mold is previously installed along an inner wall in
an upper portion of the cavern, then a plurality of binders
94 are inserted and installed on the inner wall of the cav-
ern, and then the backfill material is placed.

[0145] A power generating system according to the
present invention is formed by connecting a pipe 15 of
the high-pressure fluid storage tank 100 with the power
generating system on the ground surface. As a CAES
power generating system, a turbine power generating
method, a cylinder-motor power generation method, or
the like may be used. In the turbine power generation
method, a plurality of compressors, a heat exchanger, a
expander, and a turbine are provided, air is then com-
pressed in multiple stages by the compressors and is
then stored in a high pressure fluid-storage tank 100, and
then the air is supplied to the turbine to generate power.
The cylinder-motor method is a method for generating
power such that an engine shaft connected to the motor
is driven to drive a plurality of cylinders, air is then com-
pressed and stored in the high pressure-fluid storage
tank 100, and then the compressed air is supplied to the
cylinders again to rotate the engine shaft in the reverse
direction. Besides, the high pressure-fluid storage tank
may be used to improve power generation efficiency by
being connected to a complex thermal power generation
system combining a turbine system and thermal power.
[0146] As described above, the present invention pro-
vides a practical technique capable of installing a high
pressure-fluid storage plant, having a diameter of several
meters or greater and a height of several tens of meters
at a deep portion underground, in a state in which safety
and air-tightness are maintained, and thus may increase
applicability of CAES. Furthermore, the presentinvention
is expected to expedite the commercialization of the
CAES by providing a method for economically construct-
ing a high pressure-fluid storage system.

[0147] Although the present invention has been de-
scribed with reference to embodiments illustrated in the
accompanying drawings, these embodiments are merely
exemplary, and it could be understood that various
changes and modifications can be made hereto by those
skilled in the art. Therefore, the true protection scope of
the present invention would be defined only by the ap-
pended claims.

Claims

1. A high-pressure fluid storage tank comprising:
a tank body which is buried in a cavern formed
by excavating the ground to store a high-pres-

sure fluid, is formed of an airtight material, has
areceiving part for storing the high-pressure flu-
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id formed therein, and is formed in such a man-
ner that a plurality of segments are sequentially
stacked and coupled in the lengthwise direction
thereof;

a reinforcing member disposed to surround the
tank body while being spaced apart from the
tank body;

a backfill layer in which the reinforcing member
is buried and which is formed of a backfill mate-
rial filled between the tank body and the cavern;
and

a plug for closing the cavern.

2. The high-pressure fluid storage tank of claim 1,
wherein the segments for forming the tank body com-
prise:

a lower segment having an opened upper sur-
face so as to form a lower end portion of the tank
body;

body segments each having an annular shape
and sequentially stacked and coupled on the
lower segment; and

an upper segment stacked and coupled on the
body segments and having an opened lower sur-
face so as to form an upper portion of the tank
body.

3. The high-pressure fluid storage tank of claim 1, fur-
ther comprising a plurality of connecting members
which are disposed along an outer circumferential
surface of the tank body to be spaced apart from
each other in the lengthwise direction of the tank
body,
wherein the reinforcing members are installed on the
connecting members.

4. The high-pressure fluid storage tank of claim 3,
wherein the reinforcing member comprises at least
one of
a plurality of horizontal reinforcing members dis-
posed to be spaced apart from each other in the
lengthwise direction of the tank body, or
a plurality of vertical reinforcing members connected
to the horizontal reinforcing members to cross the
horizontal reinforcing members and disposed to be
spaced apart from each other.

5. The high-pressure fluid storage tank of claim 4,
wherein the reinforcing member comprises the ver-
tical reinforcing members, each of which is formed
of a plurality of segment members which are sequen-
tially connected in the lengthwise direction, and the
segment members are installed on the connecting
member.

6. The high-pressure fluid storage tank of claim 5,
wherein the connecting members each is provided
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with a mounting part in which the segment members
which are adjacent to each other in a lengthwise di-
rection thereof are joined with each other.

The high-pressure fluid storage tank of claim 6,
wherein

the segment members adjacent to each other are
inserted together into the mounting part, and

the segment members inserted into the mounting
part are joined with each other by a resin in the
mounting part.

The high-pressure fluid storage tank of claim 7,
wherein

insertion holes which respectively communicate with
the mounting parts and to which the segment mem-
ber is respectively inserted are provided in an upper
and lower surfaces of the connecting members, and
injection holes which respectively communicate with
the mounting parts are formed in the connecting
members so as to inject a resin for joining the seg-
ment members with each other.

The high-pressure fluid storage tank of claim 8,
wherein the insertion holes formed in the upper and
lower surfaces of the connecting members are dis-
posed such that center points thereof are spaced
apart from each other, and thereby the segment
members are disposed to overlap each other in the
mounting parts.

The high-pressure fluid storage tank of claim 4,
wherein

the connecting members are formed in an annular
shape to be coupled to an outer circumferential sur-
face of the tank body or formed in an annular shape
which is spaced apart from the tank body to surround
the tank body like a hollow pipe, and

mounting parts in which the vertical reinforcing mem-
bers are inserted are formed therein.

The high-pressure fluid storage tank of claim 4,
wherein

the connecting members are installed in plurality to
be spaced apart from each other in the circumferen-
tial direction of the tank body and are disposed to be
coupled to the tank body or to be spaced apart from
the tank body, and

mounting parts in which the vertical reinforcing mem-
bers are inserted are formed therein.

The high-pressure fluid storage tank of claim 4,
wherein the reinforcing member comprises horizon-
tal reinforcing members, and the horizontal reinforc-
ing members are supported by the connecting mem-
bers.

The high-pressure fluid storage tank of claim 3,
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wherein
at least one of the plurality of connecting members
is coupled to the tank body.

The high-pressure fluid storage tank of claim 13,
wherein a connecting member disposed at a lower-
most portion from among the plurality of connecting
members is coupled to the tank body.

The high-pressure fluid storage tank of claim 1, fur-
ther comprising additional weld members each at-
tached to an inner surface or an outer surface of
each segment so as to protrude with respect to an
upper end surface or a lower end surface of each
segment.

The high-pressure fluid storage tank of claim 1, fur-
ther comprising a separation coating formed on an
outer surface of the tank body such that the tank
body and the backfillmaterial are not coupled to each
other.

The high-pressure fluid storage tank of claim 1, fur-
ther comprising an anti-corrosion coating formed on
at least one of an inner surface or an outer surface
of the tank body so as to prevent the corrosion of the
tank body.

The high-pressure fluid storage tank of claim 1, fur-
ther comprising a waterproof coating formed on an
outer surface of the tank body so as to prevent the
tank body from contacting water in surroundings.

The high-pressure fluid storage tank of claim 1, fur-
ther comprising a heat insulation coating formed on
at least one of an inner surface or an outer surface
of the tank body so as to prevent the fluid stored in
the tank body from heat-exchanging with the sur-
roundings.

The high-pressure fluid storage tank of claim 1,
wherein the tank body is formed of a metal material
and is further provided with a corrosion inhibitor for
a metal material electrically connected to the tank
body so as to delay corrosion of the tank body by a
galvanic effect.

The high-pressure fluid storage tank of claim 1,
wherein the segments are stacked and coupled to
each other through welding while being spaced apart
a predetermined distance from each other, and

are further provided with spacers each of which has
a predetermined height so as to check the spaced
distance between the segments when two segments
are disposed adjacent to each other and are detach-
ably attached to an upper end portion or a lower end
portion of the segments.
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The high-pressure fluid storage tank of claim 1, fur-
ther comprising a supporting frame which compris-
es: a supporting part installed on a bottom surface
of the cavern; and

a mounting part which is formed on an upper portion
of the supporting part and on which the tank body is
mounted,

whereby the tank body is maintained in a state of
being spaced apart upwardly from the bottom sur-
face of the cavern.

The high-pressure fluid storage tank of claim 22,
wherein the supporting part is formed in a lattice
shape such that the backfill material is filled inside
the supporting part of the supporting frame, or is
formed of a plurality of plates in which multiple intro-
duction holes are formed.

The high-pressure fluid storage tank of claim 22,
wherein the mounting part is formed in a shape cor-
responding to that of a lower surface of the tank body.

The high-pressure fluid storage tank of claim 22,
wherein the mounting part is formed in an annular
shape having a smaller diameter than that of the tank
body.

The high-pressure fluid storage tank of claim 1,
wherein the plug comprises:

a body part disposed in an upper portion of the
tank body; and

an annular reinforcing part upwardly extending
along an inner wall of the cavern from the body
part.

The high-pressure fluid storage tank of claim 26, fur-
ther comprising a binder inserted from the reinforcing
part to the ground such that the plug reinforcing part
and the ground are integrated.

The high-pressure fluid storage tank of claim 27,
wherein the binder comprises:

an insertion part inserted from the reinforcing
part to the ground; and

a head part extending from an end portion of the
insertion partin a direction crossing a lengthwise
direction of the insertion part and disposed in
the reinforcing part.

The high-pressure fluid storage tank of claim 26,
wherein a reinforcing member is buried in the body
part of the plug so as to improve a tensile strength
of the plug.

A method for constructing a high-pressure fluid stor-
age tank, the method comprising:
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an excavating step of excavating the ground in
a vertical direction to form a cavern;

a filling step of filling a first fluid for providing
buoyant force in the cavern;

a tank manufacturing step of launching a lower
segment for constituting alower portion of a tank
body on the first fluid filled in the cavern, and
sequentially stacking and coupling a plurality of
body segments and an upper segment which
constitute a body portion and an upper portion
of the tank body on the lower segment to install
the tank body in the cavern; and

a backfill step of forming a backfill layer by filling
a backfill material between the tank body and
an inner wall of the cavern so as to transfer an
inner pressure of the tank body to a rock bed,
wherein in the manufacturing of the tank body,
an upper end portion of a manufactured portion
of the tank body inserted into the cavern is float-
ed over the surface of the first fluid by buoyant
force of the first fluid.

The method of claim 30, wherein in the installing of
the tank body, a second fluid is filled in the manu-
factured portion of the tank body so as to adjust the
floating force of the manufactured portion of the tank
body.

The method of claim 31, wherein the first fluid filled
in the cavern is discharged to be thereby supplied
to the manufactured portion of the tank body and is
used as the second fluid so as to adjust the floating
force of the tank body.

The method of claim 30, wherein in the installing of
the tank body, a first fluid filled in the cavern is grad-
ually discharged so as to adjust the floating force of
the manufactured portion of the tank body.

The method of claim 30, wherein in the installing of
the tank body, a position of the manufactured portion
of the tank body is fixed by using a first support unit
such that the manufactured portion of the tank body
is not biased in the cavern.

The method of claim 30, wherein the body segment
or the upper segment which are coupled to the man-
ufactured portion of the tank body are fixedly posi-
tioned over the manufactured portion of the tank
body by using a second support unit.

The method of claim 30, wherein the backfill material
is filled after a third fluid is filled into the tank body
so as to prevent the tank body from being deformed
due to a pressure of the backfill material.

The method of claim 36, wherein the third fluid is
water or compressed air.
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The method of claim 36, wherein water and com-
pressed air are filled together into the tank body as
the third fluid.

The method of claim 30, wherein in the forming of
the backfill layer, the backfill material is injected by
being applied with a pressure while the first fluid is
filled in the cavern.

The method of claim 30, wherein before the filling of
the backfill material, reinforcing members surround-
ing the tank body are installed, and when the backfill
material is filled, the backfill layer contains the rein-
forcing members.

The method of claim 40, wherein after respectively
installing the reinforcing members to be spaced a
predetermined distance from outer surfaces of the
upper segment, the body segments, and the lower
segment, when each of the segments are coupled
to each other in the manufacturing of the tank body,
the reinforcing members which has been respective-
ly installed on the segments are installed by being
connected to each other.

The method of claim 30, wherein an inner wall of the
cavern is excavated in a direction crossing a length
direction of the cavern, then an annular mold is in-
stalled along the inner wall of the cavern over the
excavated portion, and then placing a filling material
between the mold and the inner wall of the cavern
to thereby form a plug.
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¥

COMPLETE COUPLING OF ALL SEGMENTS TO COMPLETE
INSTALLATION OF TANK BODY

¥

COMPLETE INSTALLATION OF REINFORCING
MEMBER/SEPARATION MEMBRANE/ WATERPROOF MEMBRANE

Vi

FILL THIRD FLUID IN THE TANK BODY AND THEN PLACE BACKFILL MATERIAL

Vi

FINISH
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[FIG 11]
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[FIG 12]
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