
EP 0 195 064 B1                    2 Description
afore mentioned SE-documents these polygons have the form of various sized
pentagons having Technical field                                    a
common centre point. The cavities are therfore The present invention
relates to a method for     arranged in concentric circles. A further
cavity can constructing cavities in rock formations, and par-    5    be
arranged so that its centre axis coincides with ticularly, although  not
exclusively, vertical     the centre point of these circles. cylindrical
cavities intended for storing in rock    It is also known from
SE-A-8300185-9 to petroleum products or other fluids, or solid pro-
construct in rock formations a fluid-storage cavity ducts, such as
chemicals, chemical waste, radio-   location in which the actual cavity has
the form of active waste, and other material which are suited   10   a
substantially vertical cylinder, around which for storage in rock cavities.
there is provided a series of vertical holes forming The object of the
present invention is to provide   a water-drainage shield; this drainage
shield is a rock cavity for storing fluid and a method which  intended for
removal of the water bed upon which will enable vertical cylindrical
cavities to be con-  the stored fluid has rested. structed, blasted, in
rock formations with the    15  Rock cavites for storing oil or petroleum
pro- minimum  explosive effect on residual cavity      ducts of the prior
art have the form of long walls, while observing maximum  safety con-
"loaves", i.e. horizontally extending rock cavities ditions with respect to
the working environment    presenting a bottom surface area of 500x25 m or
of the personnel involved in the construction of   thereabove, and a height
of 30 m. It has been these cavities.                                20
found that when storing oil products in rock cavities of this kind, in
which the oil rests on a bed Background prior art
of water, microorganisms grow in the boundary It is previously known to
store petroleum pro-    layer between water and oil, the oil/oil products
ducts and also other liquids lighter than water, in  being destroyed
thereby and rendered worthless a cavity formed in groundwater carrying rock
25   for future use. When such cavities are used to formations, in which
the stored liquid lies in direct  store refined products, it has been found
contact with water-permeable surface of the cav-   necessary to re-refine
the products in order to ity walls. The pressure exerted on the cavity
walls  quarantee their usefulness. by the liquid stored in the cavity is
less than the    In order to overcome these problems asso- pressure exerted
by surrounding ground water,   30   ciated with horizontal cavities, the
use of vertical, thereby counteracting any tendency of the stored
substantially cylindrical rock cavities has been liquid to pass through the
wall.                   proposed, as beforementioned. Examples of such When
the stored liquid is lighter than water and    vertical cavities are
described and illustrated in insoluble therein, it is normal practice to
provide a  SE-A-7901278-7 and SE-A-8300185-9, and in water bed in the
lowermost region of the cavity.   35   subsequent articles by K.l. Sagefors
et al, WP- SE-A-7802027-8   (pub No. 410 430) and            System,
Stockholm, Sweden. When excavating 7901278-7 (pub. No. 425 305) describe
and illus-   the rock in the construction of such vertical trate complexes
for storing petroleum products      cavities, there is first formed a top
tunnel from and other fluids in rock formations. These storage  which the
conically shaped roof cupola is taken, complexes, or locations, have a very
high storage    40   by first drilling holes obliquely outwards and
capacity, despite being of relatively small horizon-  downwards in the
vicinity of the peripheral sur- tal extension. The stored product is
therewith     face of the ultimate cupola or roof structure, filling
located within a concentrated area, and the ex-    these holes with
explosives and blasting the rock; pedient of shielding the storage area
with a       forming one or more transport tunnels so that curtain of
densely packed, waterfilled drill holes    45    said tunnels open into the
cylindrical peripheral can therefore be more readily carried out, thereby
surface of the ultimate vertical rock cavity, exca- to off-set towering of
the groundwater level and     vation of rock being effected from the
transport preventing the stored product from spreading to    tunnels by
vertical drilling and bench excavation the complex surroundings.
operations, the shot rock-mass being taken-out at According to these patent
specifications, the   50   the bottom, which may taper conically down-
cavities are located at substantially mutually     wards to a separate
removal tunnel, which can be equal depths, and when seen in horizontal
section  used for introducing piping and like conduits into each cavity has
a substantially circular or oval    the cavity site, and for removing goods
stored in shape, and when seen in horizontal cross-section    the cavity.
through the whole of the complex the mean    55      As mentioned above,
previous methods for points of the circular or oval horizontal sections of
constructing substantially cylindrical, vertical respective cavities lie in
the corners of regular   cavities from rock formations have involved driv-
polygons, al having the same number of sides.       ing a top tunnel from
which drilling takes place. By regular polygon is meant a polygon in which
This necessitates the provision of a large number all sides are of mutually
equal length and all   60   of drill holes and therewith an excessive
charge of corner angles are the same. A regular polygon       explosives,
which places the roof of the cavity can thus be inscribed in a circle which
passes     under unnecessary strain. Construction of the top through all of
the corner points and the centre of  tunnel also results in disturbance of
the rock which thus also forms the centre of the polygon.   located above
the cavity, with subsequent risk of 



In accordance with one embodiment of the   65   impaired strength.    1
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found that when storing oil products in rock cavities of this kind, in
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thereby and rendered worthless a cavity formed in groundwater carrying rock
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the products in order to ty walls. The pressure exerted on the cavity walls
quarantee their usefulness. by the liquid stored in the cavity is less than
the  In order to overcome these problems asso- pressure exerted by
surrounding ground water,   30   ciated with horizontal cavities, the use
of vertical, hereby counteracting any tendency of the stored
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et al, WP- SE-A-7802027-8 (pub No. 410 430) and              System,
Stockholm, Sweden. When excavating 7901278-7 (pub. No. 425 305) describe
and illus-   the rock in the construction of such vertical trate complexes
for storing petroleum products      cavities, there is first formed a top
tunnel from and other fluids in rock formations. These storage  which the
conically shaped roof cupola is taken, complexes, or locations, have a very
high storage   40   by first drilling holes obliquely outwards and [err]
despite being of relatively small horizon-  downwards in the vicinity of
the peripheral sur- al dimension. The stored product is therewith
face of the ultimate cupola or roof structure, filling located within a
concentrated area, and the ex-    these holes with explosives and blasting
the rock; pedient of shielding the storage area with a        forming one
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the shot rock-mass being taken-out at According to these patent
specifications, the   so   the bottom, which may taper conically down-
cavities are located at substantially mutually     wards to a separate
removal tunnel, which can be equal depths. and when seen in horizontal
section  used for introducing piping and like conduits into each cavity has
a substantially circular or oval   the cavity site, and for removing goods
stored in shape, and when seen in horizontal cross-section   the cavity.
through the whole of the complex the mean   55       As mentioned above,
previous methods for points of the circular or oval horizontal sections of
constructing  substantially cylindrical, vertical respective cavities lie
in the corners of regular  cavities from rock formations have involved
driv- polygons, al having the same number of sides.      ing a top tunnel
from which drilling takes place. By regular polygon is meant a polygon in
which   This necessitates the provision of a large number [err] sides are
of mutually equal length and all  60   of drill holes and therewith an
excessive charge of 



corner angles are the same. A regular polygon        explosives, which
places the roof of the cavity [err] thus be inscribed in a circle which
passes      under unnecessary strain. Construction of the top through all
of the corner points and the centre of  tunnel also results in disturbance
of the rock which thus also forms the centre of the polygon.     located
above the cavity, with subsequent risk of In accordance with one embodiment
of the   65   impaired strength.    3               EP 0195064 B1
4 Upon discovery that microorganisms grow in           These and other
characteristic features of the the boundary layer between the product
stored       invention are set forth in the following claims. and the water
present, it was demanded that any        When excavating cavities in rock
formations in water present should be kept to a minimum, and
accordance with the invention, serious crack it was further proposed in
conjunction herewith    5    formations are less likely to occur in the
cavity that the cavity walls be coated with an impervious   walls. In
addition, all drilling work is effected from composite lining comprising
multi-layers of shot-   the vertical shafts; the drillers are located in
the crete, reinforced shotcrete, epoxy resin, glass     protection of the
shafts and therefore need never fibre fabrics, and additionally epoxy
resin. One     enter the cavity. Blasting can be effected from such
cavity-lining method is described by Beck-   10   below, wherewith the
drillers can quickly re-take ers-Sigman, COLTURIET products.
their working position in the shafts. It is not certain, however, that a
lining of this    The invention will now be described in more nature would
be able to provide durable protec-      detail with reference to the
accompanying draw- tion should the lining be subjected constantly to
ings, in which water pressure on the rock side thereof. Con-   15
Figure 1 illustrates in horizontal section a pre- sequently, in order to
guarantee prolonged          ferred embodiment of a rock cavity constructed
in resistance of the lining, additional methods have    accordance with the
invention; been proposed for eliminating ambient water            Figure 2
is a vertical sectional view of the (SE-A-8300185-9).
embodiment illustrated in Figure 1; It has been found that bench blasting
has a    20    Figure 3 is a horizontal sectional view of the [err]
deleterious affect on the residual cavity     upper part of the rock
facility according to Figure and hence it is necessary, at high costs, to
1; bolt the cavity wall and to line the same in order     Figure 4 is a
horizontal sectional view of a to achieve a durable result. Bench blasting
also     complex comprising a plurality of rock cavities results in the
formation of microfissures through    25   according to Figures 1-3; which
water in surrounding rock can enter the          Figures 5-11 illustrate
various sequencies in cavity.
constructing the cavity from rock formations, of Bench blasting also
presents a serious risk to     which figures the working environment of
those responsible for       Figure 5 illustrates the drilling of holes from
the drilling the holes.                            30   central shaft; For
reasons of a technical and environmental         Figure 6 illustrates the
drilling of finer holes in nature, there has now been raised a demand for a
the outer part, and the drilling of drainage holes new method of excavating
vertical rock cavities.    from the peripheral shafts; Figure 7 illustrates
the scaling of the cavity Disclosure of the present invention            35
walls with water under high pressure; It has been found that the present
invention         Figure 8 illustrates the step of spraying the
surprisingly meets all of these demands. The         cavity walls with
shotcrete; method according to the invention is charac-           Figure 9
illustrates the introduction of a plat- terized by constructing from a
transport tunnel an  form into the central shaft; upper circumferential
tunnel of larger external   40   Figure 10 illustrates the step of spraying
the ameter than the diameter of the substantially      cavity walls with a
synthetic resin composition; cylindrical part of the ulitimate rock cavity,
at a   and level above the highest ceiling level of said ultimate cavity;
forming from a second transport       Figure 11 illustrates inspection of
the drainage tunnel a lower circumferential chamber of larger   45
system. external diameter than the diameter of the sub-        In the
drawings the reference 1 identifies the stantially cylindrical part of the
ultimate rock     periphery of an ultimate, substantially cylindrical
cavity at a level which lies not higher than the     and vertical cavity
excavated from rock. When ultimate level of the lowermost point of the
seen in horizontal section, the rock cavity has a ultimate rock cavity;
connecting these circum-   50   polygonal cross-sectional form (in some
cases a ferential chambers by excavating a central verti-    decagonal
form). The ultimate outer contours of cal shaft and by excavating at least
three vertical  the cavity are shown in black, heavy lines, while shafts at
the periphery of the ulitimate cavity; ring  the lighter drawn, full or
broken lines show the drilling horizontally from the central shaft into the
cavity contours during construction. A transport central rock mass in the
ultimate cavity; fan    55   tunnel 2 opens into an annular chamber 3, the
drilling horizontal holes in the outer rock mass in    diameter of which,
or at least its outer diameter, is 



the ultimate cavity, from the vertical peripheral    greater than the
diameter of the ultimate rock shafts, so as to form a polygon of drill
holes in a  cavity (30-40 m), said chamber 3 being con- horizontal section
through the ultimate rock cav-    structed from the transport tunnel 2. In
the resi- ity: drilling angled holes from the said peripheral   60   dual
core mass 4 located within the annular shafts in a manner to form a conical
roof arch and/  chamber or tunnel 3 there is now formed a tunnel or a
conical base profile; and by blasting from the  5 which extends to a
vertical shaft 6 intended for bottom upwards in a consecutive series of
blast-     use as a waiting adit for horizontal/slightly slop- ing
operations, to form a polygonal, vertical rock   ing ring drilled holes in
the rock mass to be cavity.                                        65
blasted in the excavation of the rock cavity. When    5              EP
0195064  B1                     6 constructing the transport tunnel 2 there
is       canons, to bind all dust. This significantly formed at the same
time a second transport         reduces the risk of silicosis. tunnel 7
which extends to the bottom level of the    In order to seal-off the
rock-mass externally of ultimate rock cavity. A second annular tunnel 8 is
the cavity complex, vertical holes 16 are drilled excavated from this
second transport tunnel 7    5    from the upper annular tunnel 3 straight
down and the central vertical shaft 6 is joined to the  through the
rock-mass, to the level of the cavity second annular tunnel 8 by means of a
horizontal   bottom. A sealing agent is then injected into tunnel 9. Side
chambers 10 are excavated from      these holes, so as to fill the
micro-cracks and the upper annular tunnel 3, inwardly of the rock
macro-cracks in the rock-mass. mass. In the illustrated embodiments, three
or   10  Subsequent to excavating the complete cavity, six vertical shafts
11 are formed between the      the rock-mass can be readily sealed, by
lowering side chambers 10 and the lower annular tunnel 8,   lift or
elevator platforms carrying high-pressure these  shafts being formed by
tunnel boring         spray equipment down the peripheral shafts. upwards
from below.                                  When desiring a more
impervious surface, the This method involves drilling a narrow hole   15
rock-mass can be treated with shotcrete from the from above and downwards A
tunnel boring bit       same lift or elevator platforms as those used to is
connected in the tunnel 8 to a wire which       scale the rock surfaces.
extends through the hole and which during dril-     In certain cases, when
storing fuel for civilian ling is drawn from the bottom of the upwards.
and military jet aircraft, totally impervious sur- When the drill bit has
reached the top of the once   20   faces are required, so as to totally
eliminate the narrow hole and the shaft has thus been com-      presence of
water. In this case the cavity walls pleted, the drill bit is lowered to
the bottom of   are coated with a synthetic resin composite, from the shaft
and moved to the site of the next shaft,  a  collapsible/extendable
platform  structure, whereafter the procedure is repeated.
which is lowered down from the mouth of the As beforementioned, holes 12
are ring drilled   25   central shaft and which comprises working plat-
from the shaft 6 horizontally into the rock mass   forms from which work
can be carried out. to be blasted. In this case there is used a rela-   In
order to eliminate the water pressure tively coarse drill, diameter 10 cm,
and drilling is  exerted by water in the surrounding rock-mass, it
continued to a distance of about 5 m from the      is necessary to drain
this water away. This is ultimate cavity wall (40 times the hole diameter
30   effected by drilling drainage holes 17 in the rock- in centimeters).
Horizontal holes 13 are fan         mass from the peripherally located
vertical shafts drilled from the shaft 11 into the rock mass       11. The
drill holes 17 are placed so close together wh   is to be blasted out and
which has not        that water moving towards the rock cavity is been
perforated from the center. These holes are      captured and carred away
thereby. The holes 17 drilled with finer drills, e.g. drills of 20-40 mm in
35   slope slightly downwards towards the vertical diameter. The outermost
drill holes 13a are            shafts 11 and discharge thereinto. The
drainage instrumental in forming the inner wall of the       water runs
behind a wall 18 cast in respective ultimate rock cavity. These relatively
fine holes  vertical shafts 11, and can therewith be readily are not
normally drilled to distances in excess of  pumped away from the bottom of
said shafts. 10 [err] it is difficult to control the self-   40   Elevators
can be mounted in the remaining part steering of the drill at distances
greater than this.  of the shafts 11, so that the shafts can be moni-
Consequently the sides of the polygon are sel-    tored with respect to
water drainage. dom longer than 10 m.
Alternatively, when blasting is completed, the Holes which are Instrumental
in shaping the       vertical shafts can be filled with a concrete con-
ceiling  or roof structure 14 and the floor structure   45   struction, as
illustrated in Fig. 1 by the reference 15 of the cavity are drilled from
the shaft 11.    20. In this case the drainage pipes are led out These
holes are drilled from said shaft obliquely  through the concrete
construction. It will be upwards and obliquely downwards at an angle
understood that Fig. 1 only illustrates a few of of from 45-[err].
the total number of drill holes required for blast- The holes are filled
with blasting explosives   50   ing at each level. upon completion of a
hole-drilling sequence. The     The drainage holes 17 drilled behind the
cavity drill holes extending outwardly from the central       walls 1 may
suitably be connected vertically at 



vertical shaft are filled with heavy explosive       each corner of a
polygon where no vertical shaft charges, whereas the holes drilled in the
outer    is located, by means of vertical holes 21. These ring of rock-mass
are charged with a lighter 55   vertical holes 21 may also be used to blow
hot [err]  explosive  charge, 11-17  mm  in           air through the
drainage holes 17 in groups or diameter.
sections, and in this way dry/heat the cavity wall Blasting is effected
successively downwards,       prior to applying the synthetic resin lining
the rock is scaled and the shot rock-mass is taken  thereto. out through
the tunnel 9 with the aid of skips or   so    In order to drain the roof
region of the cavity, front  loaders.
drainage holes 17 are suitably drilled from the As soon as a blasting salvo
has terminated,       annular tunnel 3 at the roof level, in towards the
platforms can be automatically lowed down              centre, as
illustrated in Fig. 2. Conversely, for the the vertical shafts. whereafter
the fallen rock        purpose of draining the bottom region of the debris
can be sprayed with water from water-   65   cavity an umbrella of drainage
holes 17 is drilled A    7              EP 0 195 064 B1
8 from the centrally located rock chute 22 outwardly  If the stored
products deposit slime or sludge, to an area externally of the cavity wall.
Drainage  the sludge can readily be collected and pumped water can be
removed from the rock chute 22 via    away from the storage complex, and it
is not pipes not shown.                                   necessary to
arrange large collecting spaces for The vertical shafts 11 may comprise an
active    5    the final deposition of sludge in the bottom of the storage
part of the overall storage facility, or may  complex. alternatively play
no part therein, depending on       The particular form  of the cavities
also the type of fluid to be stored. When storing jet fuel  facilitates the
installation of monitoring sensors, these shafts play no active storage
part, and      for example temperature responsive means and hence there is
introduced into the rock chute   10  level indicators, and the like. When
the space is above the drainage area a bottom  structure        used as a
machinery room, material transport can through which pipes (not shown) are
drawn for      be effected with the aid of overhead cranes. pumping away
the jet fuel. When storing crude         As beforementioned, the rock-mass
can be oil, the whole of the tunnel and shaft system may  sealed by
injecting a sealing material through drill form active storage locations,
in which case there   15   holes. This sealing material may be a silicone
is inserted in the tunnel 7 a plug through which    elastomer or the like.
oil-pumping pipee are drawn.                         Because the storage
space is dry, it can also be The complex illustrated in Fig. 4 thus
includes a   used to store low radioactive and average radio- plurality of
polygonal cavities formed in the rock-  active nuclear waste deriving from
nuclear power mass, each of these cavities having a sub-   20   stations
and nuclear research stations, in addition stantially cylindrical shape,
and each cavity form-  to the aforesaid products. ing a storage space, the
rock-formed walls of         The rock cavity according to the present
inven- which directly absorb the pressure exerted by the  tion eliminates
all problems known at present fluid stored in the cavity, the centre axes
of the  with the oil storage technique. The pumpability of cavities
extending vertically. Each cavity suitably   25   oil stored compared with
horizontal storage has a vertical height which is greater than or
loaves provides a volumetric gain in storage equal to its diameter in
cross-section.             facilities which can be calculated in
multi-million The storage complex is compact and requires      sums of
currency in storage costs over an the minimum of surface area. It is thus
possible to  operational time of 20 years. construct very large storage
complexes within   30       The method according to the invention affords
limited areas.  The area of the storage region is     the advantage of a
rapid tunnel-driving method; minimal. This greatly facilitates provision of
those  precise contour drilling; optimal placement of means required to
avoid lowering of the ambient     injection  holes; blasted  rock-mass can
be ground water. The geometric configuration of the   removed independently
of drilling; 80% of the storage complex also facilitates provision of   35
drilled volume is coarse ring drilling; personnel water curtains externally
of the storage complex.       need not enter the rock cavity, because of
the These water curtains comprise rows of vertical        presence of the
vertical shafts; worker protection drill holes filled with water. The
groundwater         and ergonometry is improved by the vertical level can
be maintaned within the storage com-      shafts; shorter construction
times in comparison plex and externally thereof with the aid of such   40
with conventional techniques and lower blasting [err] curtains. The fact
that the storage complex    costs are achieved. The costs saving compared
can be constructed within a compact area enables    with conventional
technique for a rock storage the complex to be readily excavated from a
complex having a volumetric capacity of 500,000 homogeneous rock-mass,
thereby avoiding dis-             [err] can be estimated to be at least 20
MSEK. [err] in the surroundings more readily.   45 Since each cavity has a
height which is greater   Claims than [err] diameter. the rock-mass in
which the 



[err] is constructed can be utilized more           1. A rock cavity for
storing fluid, solid products favorably to great depths, which enables a
more    or for some other storage purpose, such as compact storage complex
to be constructed and a   so   protected manufacturing or production pro-
more favorable economy to be achieved with        cesses. comprising a
substantially vertical rock regard to the use of available ground area, and
cavity, with a conical roof part (14) and a conical also provides improved
heat economy when the        or horizontal bottom part (15) and a vertical
part stored product is heated.                            (1) characterized
in that said vertical part (1) in As a result of the considerable height of
55   cross-section is of polygonal shape, and in that respective cavities,
the head obtained is sufficient  cavity vertical shafts (11) are located at
at least to enable the product to be readily pumped away        half of the
corners of the polygon. with the aid of pumps arranged beneath said
2. A method for constructing a rock cavity [err]. The compact design of the
storage com-        according to claim 1, characterized by forming ples
also means that the requisite pipe installa-   50   from a transport tunnel
(2) an upper circum- tions will be less expensive than would otherwise
ferential tunnel (3) having an outer diameter [err] the case
which is greater than the diameter of the sub- [err] the stored product is
to be heated, this heat    stantially cylindrical part of the ultimate
cavity (1) can be supplied to any desired part of the cavities  at a level
which lies above the highest roof level of at any desired level
65   the ultimate rock cavity; by forming from a further    7         EP
0195064 B1                       8 from the centrally located rock chute 22
outwardly  If the stored products deposit slime or sludge, to an area
externally of the cavity wall. Drainage  the sludge can readily be
collected and pumped water can be removed from the rock chute 22 via   away
from the storage complex, and it is not pipes not shown.
necessary to arrange large collecting spaces for The vertical shafts 11 may
comprise an active    5    the final deposition of sludge in the bottom of
the storage pan of the overall storage facility, or may  complex.
alternatively play no part therein, depending on       The particular form
of the cavities also the type of fluid to be stored. When storing jet fuel
facilitates the installation of monitoring sensors, these shafts play no
active storage part, and       for example temperature responsive means and
hence there is introduced into the rock chute   10  level indicators, and
the like. When the space is abov  the drainage area a bottom  structure
used as a machinery room, material transport can through which pipe (not
shown) are drawn for       be effected with the aid of overhead cranes.
pumping away the jet fuel. When storing crude        As beforementioned,
the rock-mass can be oil, the whole of the tunnel and shaft system may
sealed by injecting a sealing material through drill form active storage
locations, in which case there   15   holes. This sealing material may be a
silicone is inserted in the tunnel 7 a plug through which       elastomer
or the like. oil-pumping pipes are drawn.
Because the storage space is dry, it can also be The complex illustrated in
Fig. 4 thus includes a   used to store low radioactive and average radio-
plurality of polygonal cavities formed in the rock-  active nuclear waste
deriving from nuclear power [err] each of these cavities having a sub-   20
stations and nuclear research stations, in addition stantially cylindrical
shape, and each cavity form-   to the aforesaid products. ing a storage
space, the rock-formed walls of        The rock cavity according to the
present inven- which directly absorb the pressure exerted by the  tion
eliminates all problems known at present fluid stored in the cavity, the
centre axes of the  with the oil storage technique. The pumpability of
cavities extending vertically. Each cavity suitably   25   oil stored
compared with horizontal storage has a vertical height which is greater
than or      loaves provides a volumetric gain in storage equal to its
diameter in cross-section.            facilities which can be calculated in
multi-million The storage complex is compact and requires      sums of
currency in storage costs over an the minimum of surface area. It is thus
possible to  operational time of 20 years. construct very large storage
complexes within   30   The method according to the invention affords
limited areas. The area of the storage region is      the advantage of a
rapid tunnel-driving method; minimal. This greatly facilitates provision of
those  precise contour drilling; optimal placement of means required to
avoid lowering of the ambient      injection  holes; blasted  rock-mass can
be ground water. The geometric configuration of the   removed independently
of drilling; 80% of the storage complex also facilitates provision of   is
drilled volume is coarse ring drilling; personnel water curtains externally
of the storage complex.          need not enter the rock cavity, because of
the These water curtains comprise rows of vertical          presence of the
vertical shafts; worker protection drill holes filled with water. The
groundwater     and ergonometry is improved by the vertical level can be
maintained within the storage com-   shafts; shorter construction times in
comparison plex and externally thereof with the aid of such   40   with
conventional techniques and lower blasting [err] curtains.  The fact that
the storage complex      costs are achieved. The costs saving compared
[err] be constructed within a compact area enables     with conventional
technique for a rock storage the complex to be readily excavated from a
complex having a volumetric capacity of 500,000 



homogeneous rock-mass, thereby avoiding dis-       [err] can be estimated
to be at least 20 MSEK. turbances in the surroundings more readily. Since
each cavity has a height which is greater    Claims than its diameter, the
rock-mass in which the complex is constructed can be utilized more
1. A rock cavity for storing fluid, solid products favorably  to great
depths, which enables a more        or for some other storage purpose, such
as compact storage complex to be constructed and a    so   protected
manufacturing or production  pro- more favorable economy to be achieved
with          cesses, comprising a substantially vertical rock regard to
the use of available ground area. and      cavity, with a conical roof part
(14) and a conical also provides improved heat economy when the          or
horizontal bottom part (15) and a vertical part stored product is heated.
(1) characterized in that said vertical part (1) in As a result of the
considerable height of   55   cross-section is of polygonal shape, and in
that respective cavities, the head obtained is sufficient  cavity vertical
shafts (11) are located at at least to enable the product to be readily
pumped away     half of the corners of the polygon. [err] the aid of pumps
arranged beneath said          2. A method for constructing a rock cavity
[err]. The compact design of the storage com-         according to claim 1,
characterized by forming ples also means that the requisite pope install-
60    from a transport tunnel (2) an upper circum- tions will be less
expensive than would otherwise        ferential tunnel (3) having an outer
diameter [err] the case                                        which is
greater than the diameter of the sub- [err] the stored product is to be
heated. this heat    stantially cylindrical part of the ultimate cavity (1)
van be supplied to any desired part of the cavities  at a level which lies
above the highest roof level of at any desired level
65    the ultimate rock cavity; by forming from a further 5    9
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circumferential          lichen zylindrischen Teils der fertigen Gesteigs-
chamber (8) having an outer diameter which is          aushohlung (1) ist.
in einer Hohe, die *m wesent- greater than the diameter of the
substantially        lichen in der Hohe liegt, wo die niedrigste Hohe
cylindrical part of the ultimate rock cavity (1) at a  der fertigen
Aushohlung (1) zu liegen kommt. level which lies substantially on the level
where    5    bildet. einen vertikalen Mittelschacht (6) zur Ver- the
lowest level of the ultimate cavity (1) is to lie;  bindung der ringsum
laufenden Kammern (3. 8) by forming a vertical central shaft (6) to connect
bildet und wenigstens drei vertikale Schachte (11) said circumferential
chambers (3, 8) and forming       am Umfang der fertige Felsaushohlung (1)
bildet. at least three vertical shafts (11) at the periphery   horizontal
von dem Mittelschacht (6) aus in die of the ultimate rock cavity (1); by
ring drilling    10    mittige Felsmasse im Bereich der fertigen Fels-
horizontally from the central shaft (6) into the       aushohlung
ringbohrt, horizontale Bohrlocher in central rock-mass in the ultimate rock
cavity; by      der 5uBeren Felsmasse in dem Bereich der ferti- forming
horizontal drill holes in the outer rock-      gen  Felsaushohlung  (1) von
den  vertikalen mass in the ultimate rock cavity (1) from the
Umfangsschichten (11) aus bildet. wobei diese vertical peripheral shafts
(11), these horizontal    15   horizontalen Bohrlocher so angeordnet
werden. drill holes being placed so as to form a polygon in    daB sie im
horizontalen Schnitt durch die fertige a horizontal section through the
ultimate rock         Felsaushohlung ein Vieleck bilden. und gewin- cavity;
and by drilling angled holes from said         kelte Locher von den
Umfangsschichten O11) aus peripheral shafts (11) in a manner to form  a
in solcher Weise, daB sich ein konisches Decken- conical roof (14) and/or a
conical bottom profile   20    profil (14) und/oder ein konisches
Bodenprofil 415) (15), whereafter blasting is effected from below
bildet, bohrt. worauf man von unten aufwarts and upwards to form a vertical
rock cavity of          sprengt und so eine vertikale Felsaushohlung von
polygonal cross-section.                               vielekkigem
Querschnitt bildet. 3. A method according to claim 2, characterized
3. Verfahren nach Anspruch 2, dadurch gekenn- by forming drainage holes
(17) in the rock-mass    25   zeichnet, daB man Drainagelocher (17) in der
externally of the rock cavity, these drainage holes    Felsmasse auBerhalb
der Felsaushohlung bildet. (17) opening into the vertical peripheral shafts
wobei diese Drainagelocher (17) in die vertikalen (11).
Umfangsschichte I11) munden. 4. A method according to claim 2,
characterized        4. Verfahren nach Anspruch 2. dadurch gekenn- by
drilling  from  the  upper circumferential   30   zeichnet, daB man von der
oberen ringsum lau- chamber (3) vertical holes (16) through which rock
fenden Kammer (3) vertikale Locher (16) bohrt. located externally of the
cavity can be injected       durch  welche  auBerhalb  der  Aushohlung with
a water-impervious substance.                    liegendes Gestein mit
einer wasserundurchlissi- 5. A method according to claims 2 and 3,
gen Substanz injiziert werden kann. characterized by constructing in the
vertical peri-   35  5. Verfahren nach den Anspruchen 2 und 3. pheral shaft
(11) a vertical wall (18) in a manner to  dadurch gekennzeichnet, daB man
dem vertikalen form a confined area in which the drainage holes
Umfangsschacht (11) eine vertikale Wand (18) in (17) discharge.
solcher Weise baut. daB ein begrenzter Bereich 



gebildet wird, in welchen die Drainagelocher (17) Patentanspruche
40    munden. 1. Gesteinsaushohlung zur Lagerung flielfiihi-
Revendications ger oder fester Produkte oder fur irgendeinen anderen
Lagerungszweck, wie geschutzte Ferti-           1. Excavation rocheuse
destinee au stockage gung oder Produktionsverfahren, mit einer im    45
d'un fluide, de produits solides ou pour d'autres wesentlichen vertikalen
Gesteinsaushohlung mit         besoins de stockage, tels que pour des
procedes einem konischen Deckenteil (14) und einem koni-        proteges de
fabrication ou de production, corn- schen oder horizontalen Bodenteil (15)
und einem       prenant une excavation rocheuse sensiblement vertikalen
Teil (1), dadurch gekennzeichnet, dal3      verticale, comportant une
partie conique formant der vertikale Teil (1) iryl uuerschnitte vieleckige
so   toit (14) et une partie conique ou horizontale Form hat und daB in der
Aushohlung vertikale
formantfond(15).ainsiqu'unepartieverticale(1), Schachte (11) in wenigstens
der Halfte der Ekken       caracterisee en ce que cette partie verticale
(1) est des Vielecks angeordnet sind.                          d'une forme
polygonale en coupe transversale, et 2. Verfahren zur Herstellung einer
Felsaushoh-       en ce que des puits verticaux d'excavation (11) lung nach
Anspruch 1, dadurch gekennzeichnet.   55   sont localises a au moins la
moitie des coins du dag man von einem Transporttunnel (2) aus einen
polygone. oberen ringsum laufenden Tunnel (3) mit einem            2.
Procede de construction d'une excavation AuBendurchmesser, der groger als
der Durch-           rocheuse suivant la revendication 1, caracterise
messer des im wesentlichen zylindrischen Teils        en ce que: on forme
au depart d'un tunnei de derfertigen Aushohlung (1) ;st, in einer Hohe, die
60   transport (2) un tunnel circonferentiel superieur oberhalb der
hochsten Deckenhohe der fertigen          (3) presentant un diametre
extbrieur qui est supe- Felsaush6hlung liegt, bildet, von einem weiteren
rieur au diametre de la partie essentiellement Transporttunnel (7) aus eine
untere ringsum lau-       cylindrique de l'excavation finale (1), a un
niveau fende Kammer (8) mit einem Aulendurchmesser.           qui se situe
au-dessus du niveau le plus eleve der groler als der Durchmesser des im
wesent-   65   formant toit de l'excavation rocheuse finale; on    -i -4,,
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forme a partir d un autre tunnel de transport 171.       maniere a creer un
toit conique 114) e/ou un profil une chambre circonferentielle inferieure
(8) pre-        de fond conique (15). le sautage etant ensuite sentant un
diametre exterieur qui est superieur au      realise depuis le bas vers le
haut pour creer une diametre de la partie essentiellement cylindrique
excavation rocheuse verticale d'une section trans- de l'excavation rocheuse
file (1). a un niveau qui    s    versale polygonale. se trouve
essentiellement au niveau le plus bas de         3. Procede suivant la
revendication 2. caracte- !'excavation finale (1); on forme un puits
central       rise par le formage deotrous de drainage (17) dans vertical
(6) destine 3 relier les chambres circon-       la masse rocheuse.
exterieurement A rexcavation ferentielles (3. 8) et on forme au moins trois
puits     rocheuse. ces trous de drainage 117) s'ouvrant verticaux (11) a
la peripherie de l'excavation     0o   dans les puits peripheriques
verticaux (11 . rocheuse finale (1); on procbde a un forage en
4. Procode suivant la revendication 2. caracte- anneau horizontalement
depuis le puits central (6)       rise par le forage, depuis Ia chambre
circonferen- dans la masse rocheuse central se trouvant a
tieile superieure (3). de trous verticaux 116) a l'interieur de
l'excavation rocheuse finale; on cree     travers lesquels on peut injecter
dans la roche se des trous de forage horizontaux dans la masse    's
trouvant A I'extirieur de l'excavation. une subs- rocheuse exterieure se
trouvant dans les limites         tance impermeable A I'eau. de la cavite
rocheuse finale 11) depuis les puits          5. Proc6do suivant les
revendications 2 et 3. ooripheriques verticaux 111). ces trous de forage
caracteris6 par la construction. dans le pults norizontaux etant disposes
de maniere a former           peripherique vertical 11t). d'une parot
verticale un   lygone en section horizontal a travers lex-    20    (18) de
maniere 3 creer une atre confinee dans *caN.son rocheuse finale; et on fore
des trous          laquelle se dechargent les trous do drainage (17).
angulaires depuis les puits peripheriques 111i de 25 30 35 40 45 50 55 60
65    


