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CAVITY* TECHNI CAL FI ELD The present invention relates tommﬁmmmmmp gas
storage tank utilizing arock-bed s cavity, in which a be y

(drilling mud or clay base nud) is fed into an underground cayjdy forned
in a rock-bed, and conpressed gasses sucht as air or natural gas, which have
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contenplated a nethod for formng a concrete ayer over an inner wall

surface of a rock-bed cavity, a nethod for adhering a rubber sheet, a 25
nmet hod , for lﬁ@k '@ﬁpygmter sealing tunnel, or a nethod in which a
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It is, in general, difficult to construct or to install a tank for storing a compressed gas

15 such as a compressed air or natural gas considerably deep in the underground. In view of the
foregoing, compressed gas storing tanks are proposed, for example, by Japanese Patent
Application Laid-Open Nos. 09-154244 and 11-153082, in which an underground cavity or a
abandoned mine formed in a rock-bed, such as a self-sustaining hard rock, by means of

excavation operation is utilized as it is.

20 On the other hand, in a tank utilizing such a rock-bed cavity, since a compressed gas
tends to leak through a crack or the like formed in a rock-bed at the time of storing the
compressed gas, its air-tightness needs to be improved. As a method for increasing the air-
tightness of the rock-bed cavity, there can be contemplated a method for forming a concrete
layer over an inner wall surface of a rock-bed cavity, a method for adhering a rubber sheet, a

25  method for employing a water sealing tunnel, or a method in which a bentonite slurry is fed
into a rock-bed cavity and a mud cake is formed on an inner wall surface by muddy
component such as bentonite contained in the bentonite slurry so that a void and a crack
formed in the rock-bed is blocked with this mud cake.



2.According to this conpressed air storage tank nentioned above, a working
fluid conpoesed of a bentonite slurry and the like is supplied into an air
storage chanber fromthe underside thereof, which chanber is a cl osed space
for storing a conpressed air, for exanple through a connected passageway
between the air storage chanber and a stdrage reservoir s provided at an
upper location of the air storage chanber, and the working fluid is flowed
between the air storage chanber and the storage reservoir in accordance
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end part of the rock-bed cavity where the corrpressed gas tends to remain.
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i nvadi ng i &vidWcdnidrbds@BgdiRtotagéQhdk #9ing a rock-bed cavity in which a top end part of a
rock-bed cavity is surely blocked to realize a sufficient air-tightness, and in which self-
maintenance of air-tightness, which is performed by repeatedly creating a fluid tight state and
an air-tight state, can surely be performed at the top end part of the rock-bed cavity, and

30  therefore a compressed gas can be stored in a stable condition without allowing escape of the
compressed gas.



1.0 crack forned in an inner wall surface and having a specific gravity of
1.05 to 1.20, and a |l ower |ayer conposed of a heavy bentonite slurry m xed
with a high specific gravity fine powder as a |oad control material and
having a specific gravity of 1.20 to 2.0 (the invention as defined in claim
1). Moreover, according to the conpressed gas storage tank of the present
invention, it is 15 preferred that the Iight bentonite slurry is forcibly
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!

of 1.05 to 1.20 obtained by adding, for example, a powder of calcium carbonate having an
average grain diameter of about 10 to 20 microns, as a filler, to a bentonite slurry. This light
bentonite slurry is mixed with, for example, a lost circulation inhibitor (LCM) as a filling-up



Mbreover, according to the conpressed gas storage tank of the present

i nventton, :25 since the conpressed gas pipe for feeding a conpressed gas is
open downward fromthe top part of the rock-bed cavity, the bentonite
slurry can fully be filled in the cavity of the rock-bed while conpletely
allowing air and the like to escape from#4he cavity of the rock-bed, and in
addition, the void and the crack of the top end part of the rock-bed
cavity, at which part the stored gas tends to escape, can surely and

economi cal | matesialldendngesl dyore Iaoﬁﬁltynélomo@ﬁiﬁdﬁgoftahnﬂud calieF8X BRBIGhY & voldidHd a

the. rook: bed KA R st Qong g Brarencs ob e lenrgific a3k p mpcdrll, the
forcibly feuudreke ishearelpakd lﬁenil)cﬁxmbdl at ithe vdid ahd tieeclaclnbp tiet Rclsbed, Mitertisy
filled, thr%méyﬁebgé)gpqlgﬁ(ﬁg gas pipe, the light bentonite slurry s is

fedlntothe ro cav romthe top part to the ceiling part of the
rock-bed cavity with pressure applied thereto while pushing out the
bentonlte slurry_already fill g therein _and therefore, bl ocking of the voi d
and t he °crack fo%‘?eam}’%mf’ﬂé’“ﬁg ravyekentonite SN db @ Sespersian Qhitained By minies: ifery

the |ight beamphj taEbdﬁtdnlitéyslurf}t wvithhe highi sheaifie grmycmec bomérmutems RMaB&SHHE O

f h h d by

1141 at oo SRS bR oo oo BB Gl roneon et f i Moy oistiaing
the crack chre lhmvyrbemmatmﬂumc o4 imuddy slater dading acpedific ghavity lof alsampliefmmt)l ng
the i nexpeng{,v}ﬁ t!) 'tl%hiea%?&ﬁtte%h#g"}{a(/ tahﬁ@“%@cnhggra&q mﬁg g?ni?ﬂ{t% ?rrgrhlg?he

easi|y. Moreov accord ng@
pr esentl? nvieRE P%cani surely de hgldoing duad strn@tuvdmnea llslﬂebfemomae; slagy @s iaatupger

facilities laphardiSa sl QMRE Sbh gﬁa&ﬁpy%e%fmé@aethé%pﬂ@ﬂdelsarQSf“ﬁl %&ms%do&d%ﬁya“d
a deep aeratlla égl peé uxt apqsed t gto conom c efflciency

obt ai ned by" £ \yeaky PRt ihers H’{f Yo r {f 530 sﬁaf}tm*brbr%e%ylpekﬁdi}%ﬂmg

t he under grantadtingethe lighttbentohiee slackwitk theaay eddypart¥a@big- DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a schematic sectional view showing a state of storage of
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The light bentonite slurry is, in general, inexpensive compared with the heavy

bentonite slurry which is expensive. Therefore, due to the dual structure in which the upper

20 layer of the heavy bentonite slurry is replaced with light bentonite slurry, economic efficiency
can be obtained by reducing the quantity of use of the heavy bentonite slurry. In addition,
economical maintenance management can be obtained by supplementing the reduced quantity

of the bentonite slurry in the rock-bed cavity with the inexpensive light bentonite slurry.

Moreover, according to the compressed gas storage tank of the present invention,

25 since the compressed gas pipe for feeding a compressed gas is open downward from the top
part of the rock-bed cavity, the bentonite slurry can fully be filled in the cavity of the rock-bed

while completely allowing air and the like to escape from the cavity of the rock-bed, and in
addition, the void and the crack of the top end part of the rock-bed cavity, at which part the

stored gas tends to escape, can surely and economically be blocked by closely contacting the



Fi.g. 5is a schematic sectional view showi ng a conpressed gas storage tank
according to anot her enbodi nent of the present invention. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON One preferred enbodi nent of the present
invention will now be described in detail 6 with reference to the
acconpanyi ng drawi ngs. A conpressed gas siorage tank 10 utilizing a
rock-bed cavity according to this enbodi nent, as shown in Figs. 1 to 4,

i ncl udes arock-bed cavity 11 fornmed as an underground cavity at a
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such that its cerlrng part 15 exhibits a rising gra

part 14 whi%hPiPEe&il¥onnecting portion with the vertical shaft 12 and a
conpressed gas pipe 16 for feeding a conpressed air to the rock-bed cavity
11 is open downward fromthe top 2 o part 14. The rock-bed cavity 11 is an
under ground caviMaredvgyiageprding dodhreatdmypresisedcgasastoragectanlonf thieipréseftaaventidi,ainet er

of about 1Qp¢ &sé‘-&rh&’e tﬂ_é"\?erﬁé‘y hﬂaﬁ h]a} fabs%g%ﬁ:ﬁ [?%ﬂgm( § 638\54%\}3 otsglgslg Bl%mﬁa?w

laterally so as to have a m on
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Oning to this feature, its ceiling part 15 exhibits a gentle rising
gradient towards its t0fq part 14 where a lower end part of the conpressed

gas pipe 1EHEFQFESCRIRTION QFTHRHRAWINGSn 17 in the shape of a recess is
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al l oned to ext ekig. &cisasschematio seckiodmd vievashidwingl 3 state in which a compressed air is

removed and a bentonite slurry is filled in the compressed gas storage tank according to one
embodiment of the present invention;

Fig. 3 is a sectional view taken on line A-A of Fig. 1;
25 Fig. 4 is an enlarged view showing the area indicated by B of Fig. 1; and
Fig. 5 is a schematic sectional view showing a compressed gas storage tank according
to another embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

One preferred embodiment of the present invention will now be described in detail



s0 as to dent downward, is arranged to be open to the liquid pool portion
17. The vertical shaft 12 is a vertical hole having a circular section
whi ch has a dianeter of about 6 m forned by digging the underground
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to this becomes smaller towards the outside from its part located below the vertical shaft 12. Owing
to this feature, its ceiling part 15 exhibits a gentle rising gradient towards its top part 14 where

a lower end part of the compressed gas pipe 16 is open. A liquid pool portion 17 in the shape
of a recess is formed, by enlarged excavation operation, in a central bottom area of the rock-
30  bed cavity 11 located below the top part 14. A lower end of a mud feed pipe 18, which is
pipe-arranged along the vertical shaft 12 and allowed to extend across the rock-bed cavity 11
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The compressed gas pipe 16 for feeding a compressed air into the rock-bed cavity 11

25  and a reverse osmosis membrane water-generating pipe 16 are disposed along the mud feed
pipe 18. The compressed gas pipe 16 is a pipe made of FRP (fiber reinforced plastics) having

a diameter of about 100 mm. One end of the compressed gas pipe 16 is connected to a
compressor disposed at an electric power generating facility 26 as later described, and the

other end is once allowed to project outward of the mud feed pipe 18 at a lower end part of

30  the mud feed pipe 18 and then embedded in the blocking plug 19 with a distal end opening
thereof being open downward from the lower end face of the blocking plug 19 which is the



'Spe'ci'f ic gravity 1 material2.01.81.61.41.2 Base material fresh water
m 100] - 00100100100 Vi scosity inprover bentonite8.58.28.08.08.0 Viscosity
i mprover driscal 0.200. 200, 200. 150. 10 Di spersant SSMAO. 500. 450. 200. 100. 05

Load adjusting material baritel83.3136.389.256.322.8
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top part 14 of the rock-bed cavity 11.

The reverse osmosis membrane water-generating pipe 21 is constituted by installing a
reverse osmosis membrane module 23 taught by Japanese Patent Application Laid-Open No.
10-156356 to a lower end part of a protective pipe 22 composed of a steel pipe having a

5  circular section which has a diameter of about 1 m. In reverse osmosis membrane water-
generating pipe 21, a salt water composed of, for example, sea water, is supplied to the inside
of the protective pipe 22, and a fresh water collected into a production water vessel via a fresh
water collection pipe of the reverse osmosis membrane module 23 is lifted up by a lifting
pump through a lifting pipe 24. By doing so, fresh water is produced. According to this

10  reverse osmosis membrane water-generating pipe 21, if water in the fresh water collection
pipe is lifted up, a pressure difference equal to or larger than the reverse osmosis pressure
caused by the salt water in the protective pipe 22 is normally generated in a natural condition
between the internal pressure thereof and that of the fresh water collection pipe due to
hydrostatic pressure applied to an outer periphery of the reverse osmosis membrane module

15 23 and therefore, a pressure difference necessary for reverse osmosis can easily be obtained.
This makes it possible to produce fresh water economically and efficiently. According to this
embodiment, a lower end part of the protective pipe 22 of the reverse osmosis membrane
water-generating pipe 21 projects downward beyond a lower end of the mud feed pipe 18 and
its distal end is supportingly embedded in a bottom part of the liquid pool portion 17.

20  Accordingly, the reverse osmosis membrane water-generating pipe 21-is installed along the
mud feed pipe 18 in a stable manner.

Moreover, according to this embodiment, a heavy bentonite slurry storage reservoir 25
for storing the heavy bentonite slurry 13 to be fed to the rock-bed cavity 11 is formed on the
ground surface adjacent to the vertical shaft 12. This heavy bentonite slurry storage reservoir

25 25 has an electric power generating facility 26 equipped with the compressor generating the
compressed air, turbine generator, etc. The electric power generating facility 26 is disposed
on the reservoir 25 in a floating state. The upper end opening of the mud feed pipe 18 is
connected with the heavy bentonite slurry storage reservoir 25.

According to the compressed gas storage tank 10 of this embodiment, prior to
30  operation of the tank 10, the work for air-tightening the rock-bed cavity 11 is carried out by
blocking the void and the crack formed in the inner wall surface of the rock-bed cavity 11.
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The light bentonite slurry 30 is a muddy water having a specific gravity of
1.05 to 1.20 obtained, for exanple, by adding powder of calcium carbonate
having an average grain diameter of about 10 to 40 mcrons as a filler
while slightly increasing the quantity of 10 bentonite as a viscosity
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water with high specific gravity fine powder such as barite and hematite as a load adjusting
material in such a stable condition that it may hardly precipitate. The heavy bentonite slurry

10  is a comparatively ekpensive muddy water having a specific gravity of about 1.2 to 2.0.
Specifically, a bentonite slurry having a weight mix of Table 1, for example, can be used as

the heavy bentonite slurry 13.

TABLE 1
Composition of heavy bentonite slurry

Specific gravity / material 20 1.8 1.6 14 12
Base material

fresh water (ml) 100 100 100 100 100
Viscosity improver

bentonite (g) 8.5 8.2 8.0 8.0 8.0
Viscosity improver

driscal (g) 0.20 0.20 0.20 0.15 0.10
Dispersant

SSMA (2) 0.50 0.45 0.20 0.10 0.05
Load adjusting material 1833 | 1363 | 892 | 563 | 228
barite (g)

Alkari agent

slaked lime (g) 0.10 0.16 0.16 0.10 0.10
Antiseptic agent

HCHO () 0.05 0.05 0.05 0.05 0.05
Evaporation inhibitor . . . . .
liquid paraffin little little little little little
Total capacity (ml) 145 135 125 115 107

15

The light bentonite slurry 30 is a muddy water having a specific gravity of 1.05 to 1.20
obtained, for example, by adding powder of calcium carbonate having an average grain

diameter of about 10 to 40 microns as a filler while slightly increasing the quantity of



1o substances of vermiculites, nica pi eces, chrysotiles and the like, or
synthetic products such as cut articles of film mxtures of cell ophane and
the like. Particularly, in order to rapidly fill up the void and the crack
formed in the ceiling part 15 of the rock-bed cavity 11 where | eakage of
the conpressed gas tends to occur, it islpreferable to use a material, such
as a |light weight aggregate which can be floated and suspended at an upper
part in the bentonite slurry. 15 TABLE 2 Conposition of |ight bentonite
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bentonite slurry 30 is mixed with, for example, a lost circulation inhibitor (LCM) as a filling-
up material serving as a core at the time of forming a mud cake for blocking the void and the
5  crack formed in the rock-bed. Owing to presence of the filler and the filling-up material, the
mud cake is surely and firmly retained in the void and the crack formed in the rock-bed.
Specifically, a bentonite slurry having a weight mix of Table 2, for example, can be used as
the light bentonite slurry 30. As the lost circulation inhibitor, there can be used plants such as
cottons, walnut shells, pulp processed products and the like, minerals such as pulverized
10  substances of vermiculites, mica pieces, chrysotiles and the like, or synthetic products such as
cut articles of film, mixtures of cellophane and the like. Particularly, in order to rapidly fill up
the void and the crack formed in the ceiling part 15 of the rock-bed cavity 11 where leakage
of the compressed gas tends to occur, it is preferable to use a material, such as a light weight
aggregate which can be floated and suspended at an upper part in the bentonite slurry.

15 TABLE 2

Composition of light bentonite slurry
Specific gravity / material 1.15t0 1.10

Base material 100
fresh water (ml)
Viscosity improver 10.0
bentonite (g) )
Filler 8.0
calcium carbonate powder (g) )
Dispersant
SSMA () 0.05
Load adjusting material (g) -
Alkari agent (g) -
Antiseptic agent
HCHO () 0.05
Ffval.)oratlon inhibitor little
liquid paraffin
Total capacity (ml) 107

By filling the heavy bentonite slurry 13 and the light bentonite slurry 30 in the rock-
bed cavity 11 in this way, a mud cake is formed on the inner wall surface of the rock-bed
20  cavity 11 and the void and the crack of the rock-bed are blocked with the mud cake. Thus,
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and the light bentonite slurry 30 in the rockbed cavity 11 in this way, a
mud cake is formed on the inner wall surface of the rock-bed 2 o cavity 11
and the void and the crack of the rock-bed are bl ocked with the nud cake.
Thus, 11 the rock-bed cavity 11 is air-tightened. According to this

enbodi ment, since the bentonite slurry filled in the rock-bed cavity 11 has
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compressed air tends to easily leak outside can be also surely blocked by completely filling

the light bentonite slurry 30 and the heavy bentonite slurry 13 into the rock-bed cavity 11,
15 while allowing air to completely escape from the rock-bed cavity 11 without remainder.
Thus, a firm air-tightening performance can be given to the rock-bed cavity 11.

Furthermore, according to the compressed gas storage tank 10 of this embodiment,
after the rock-bed cavity 11 is air-tightened by the heavy bentonite slurry 13 and the light
bentonite slurry 30, the compressed gas storage tank 10 is operated. That is to say,

20 compressed air is produced by the compressor within the electric power generating facility 26
utilizing surplus electric power at night time, for example. And the compressed air thus
produced is forcibly fed into the rock-bed cavity 11 through the compressed gas pipe 16. The
forcibly fed compress air is stored in the compressed gas storage tank in a state in which it is
loaded with a hydrostatic pressure load from its underside by the heavy bentonite slurry 13,

25  while pushing down the heavy bentonite slurry 13 and the light bentonite slurry 30 in the
rock-bed cavity 11 by the pressure. The pushed-down heavy bentonite slurry 13 is
sequentially flowed into the mud feed pipe 18 the lower end opening of which is open to the
liquid pool portion 17, as the capacity of the compressed air is increased in the rock-bed
cavity 11. And the heavy bentonite slurry 13 is then moved to the heavy bentonite slurry

30  storage reservoir 25 through the mud feed pipe 18 in such a manner as to be pushed up (see
Fig. 1).



Furthefnore, according to the conpressed gas storage tank 10 of this
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13 void and the crack formed in the ceiling part 15. Mreover, since the
ceiling part 15 of the rock-bed cavity 11 exhibits a rising gradient
towards the top part 14 and the conpressed gas pipe 16 is open downward
fromthe top part 14, the ceiling part 15 where the stored conpressed gas
tends to easily escape outside can surel wsbe self-recovered by surely
creating s a liquid-tight state up to the ceiling part 15 and the top part
14 of the rock-bed cavity 11 while allow ng the conpressed gas to escape
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can be nmade, For K exanp cavl
15  the interior of the mud feed pipe 18 is juxtaposed to the vertical shaft 12, economic efﬂcnency

can be obtained by effectively utilizing the vertical shaft 12 which is formed by excavating
the underground deep to the rock-bed cavity 11.

Furthermore, since the bentonite slurry to be filled into the rock-bed cavity 11 has a
dual layer structure consisting of the heavy bentonite slurry 13 and the light bentonite slurry
20 30, and the quantity of use of the expensive heavy bentonite slurry 13 can be reduced by a
portion equal to the quantity of use of the light bentonite sturry 30, economic efficiency can
be obtained.

Moreover, since the supplement made at the time of reduction of the bentonite slurry

is carried out utilizing the inexpensive light bentonite slurry 30 which is fed through the

25  compressed gas pipe 16, the maintenance management of the compressed gas tank 10 can be
performed economically.

It should be noted that the present invention is not limited to the above-mentioned

embodiment and many changes can be made. For example, the rock-bed cavity 11 is not



necessarily obtained by form ng an underground cavity by means of tunnel
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3: The conpressed gas storage tank utilizing arock-bed cavity according to
claimi1, 2.0 wherein said rock-bed cavity is an underground cavity
extending laterally with a ceiling part thereof exhibiting a rising
gradient toward said top part which is a connecting portion with said
conpressed gas pipe. 4. The conpressed gas storage tank utilizing arock-bed
cavity according claim1l, wherein the heavy bentonite slurry is fed into
sai d rock-bed cavity through a vertical shaft 25 formed in the underground
and said vertical shaft has associ atedciLagMs ti es such as a reverse osnosi s
menbr ane wat er-generating pipe and a deep aeration pipe juxtaposed thereto.

1. A compressed gas storage tank utilizing a rock-bed cavity in which a bentonite slurry

is fed into an underground cavity formed in a rock-bed, and a compressed gas forcibly fed to

said underground cavity through a compressed gas pipe is stored in said rock-bed cavity in a

5  state in which the compressed gas is loaded with a pressure load of the bentonite slurry from
the underside of the compressed gas, '
wherein said compressed gas pipe is open downward from a top portion of said rock-

bed cavity, and said bentonite slurry in said rock-bed cavity is of a dual layer structure
consisting of an upper layer composed of a light bentonite slurry mixed with a filling-up

10  material invading into and filling up a void and a crack formed in an inner wall surface and
having a specific gravity of 1.05 to 1.20, and a lower layer composed of a heavy bentonite
slurry mixed with a high specific gravity fine powder as a load condition material and having

a specific gravity of 1.20 to 2.0.

15 2. The compressed gas storage tank utilizing a rock-bed cavity according to claim 1,
wherein said light bentonite slurry is forcibly fed through said compressed gas pipe into said
rock-bed cavity in which the bentonite slurry is filled.

3. The compressed gas storage tank utilizing a rock-bed cavity according to claim 1,
20 wherein said rock-bed cavity is an underground cavity extending laterally with a ceiling part
thereof exhibiting a rising gradient toward said top part which is a connecting portion with

said compressed gas pipe.

4, The compressed gas storage tank utilizing a rock-bed cavity according claim 1,

wherein the heavy bentonite slurry is fed into said rock-bed cavity through a vertical shaft
25  formed in the underground and said vertical shaft has associated facilities such as a reverse

osmosis membrane water-generating pipe and a deep aeration pipe juxtaposed thereto.



