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(87) Abstract

The invention relates to a method in operating a lined cavern provided for the storage of gas, such as natural gas, coming from a
pipeline, in the form of gas. During filling of the cavern with gas to a nominal pressure, at least a portion of the gas is withdrawn from
the cavern and recirculated to the cavern under cooling and without substantial compression. The invention also relates to a method in
operating a lined cavern provided for the storage of gas, such as natural gas, coming from a pipeline, in the form of gas. In the withdrawal
of gas from the cavern for introduction into the pipeline, a portion of the withdrawn gas is, before the pipeline, recirculated to the cavern
under heating and without substantial compression.
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METHOD IN OPERATING A CAVERN FOR GAS

The present invention relates to a method in operat-
ing a cavern for gas.

There is a need for intermediate storage of gas,
such as natural gas, which is distributed via pipelines
from sources of natural gas, e.g. with a view to managing
the distribution during peak use of pipelines.

Intermediate storage of natural gas under pressure
is already known. Deep-seated (about 1000-2000 m below
ground level), unlined aguifers and salt formations have
been used as storage. Lined caverns (LRC, Lined Rock ‘
Cavern) at a little depth (100-150 m below ground level)
have also been disclosed, see e.g. FI-69503, where the
natural gas is stored at a high pressure (150 bar) and at
a temperature of +0°C to +6°C, that is 1in the form of gas.

The lining of caverns has been described as consist-
ing of a sandwich construction, see e.g. FI-69503 and
"Demo Plant for Lined Gas Stores at Grangesberg. Deeper
Analysis of the Test Results", TRITA-AMI Report 3004
(1995), the common denominator of these documents being a
gas-tight layer (steel, plastic) on the inside and a sup-
port layer (concrete) on the outside, in which latter
drainage pipes are embedded, among other things, for the
drainage of water. The thickness of the support layer 1is
selected in consideration of, for instance, the desired
temperature insulation capacity.

If a lined cavern is to be filled with natural gas
from a pipeline, the natural gas 1is compressed to the
nominal working pressure of the cavern, the quantity of
natural gas storable in the cavern at the maximum
permissible pressure being limited by a temperature
corresponding to this pressure after the compression.

It is desirable to be able to increase the quantity
of stored gas, such as natural gas, at a certailn pressure

(maximum permissible pressure) in a caverm.
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It is also desirable to reduce the risks of damage

to the lining due to repeated freezing and low temperatures.

It is also possible to save costs by reducing the thickness

of the lining of newly constructed caverns.

5 In accordance with one aspect of this invention,

there is provided a method of operating a lined cavern Ifor

the storage of gas which enters the cavern from a pipeline

in a gaseous state, which comprises filling the cavern with

the gas to a nominal pressure, withdrawing at least a

10 portion of the gas from the cavern and recirculating 1t to

the cavern under cooling and without substantially

compressing the gas.

In accordance with another aspect of this

invention, there is provided a method of operating a lined

"or the storage of gas which enters the cavern from a

| .

15 cavern

pipeline in a gaseous state which comprises withdrawlng gas

from the cavern into a pipeline, withdrawing at least a

portion of the gas from the cavern, before the pipeline, and

recirculating it to the cavern under heating and without

20 substantially compressing the gas.

The invention will now be further described with

reference to the accompanying drawlings.

Fig. 1 is a skeleton diagram of an installation

‘or carrying out the method, this skeleton diagram also

L1

25 constituting a flow diagram for the operation in filling

mode.

Fig. 2 is the same skeleton diagram, but a flow

diagram for the operation in withdrawal mode.

Fig. 3 shows the cavern in recirculation mode

30 during filling.
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Fig. 4 shows the cavern i1n recirculation mode

during withdrawal.

The installation has the following components

which are essential for the understanding of the invention:

A pipeline or main pipe 1 for natural gas, a lined
cavern 2, an injection pipe 3 connecting the main pipe to
the cavern, compressors 4 and 5, a cooler 6, in the pipe 3,
an inlet pipe 7 to the cavern, which pipé preferably extends
the injection pipe 3 to the bottom of the cavern 2 and

P

comprises an on-off valve 8, an outlet pipe 9 with a

recirculation branch 9' and with an on-off wvalve 10, and a
heater 11, which is connected in a pipe 12 bypassing the
cooler 6. The recirculation pipe 9' i1s connected to the
injection pipe 3 on the suction side of the compressor 5.

On-off valves 1in the i1njection pipe 3
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and the recirculation branch 9' have reference numerals
4' and 5'.

The ground level is designated M. The cavern may
have a prior-art construction (cf. the introductory part
of the description). '

The installation is operated in the following manner
when carrying out the inventive method.

1) Filling of the cavern with natural gas from the
main pipe 1, see Fig. 1l:

The valve 8 being open, natural gas is withdrawn
from the main pipe 1 (at a pressure of e.g. 30 bar) and
compressed in the compressor 5 (the valve 5' open),
whereupon it is cooled in the cooler 6 and injected 1into
the cavern 2. As a result, the pressure of the natural
gas increases and hence the temperature in the cavern. To
increase the effective volume or the quantity of natural
gas which is to be stored in the cavern, the valve 10 1is
opened, the valve 4' is opened and warm natural gas 1s
withdrawn from the cavern and recirculated through the
pipes 9, 9', the compressor 4 and the cooler 6 to the
cavern 2. The compressor 4 is provided for compression
substantially only to compensate for the pressure drop 1n
the injection pipe 3 between the compressor 4 and the
cavern 2, that is it performs no substantial compression
of the natural gas.

As already mentioned, the inlet pipe 7 preferably
extends to the bottom of the cavern 2, so that the cooled
recirculated natural gas presses the warmer natural gas
lying above to be recirculated and cooled, see Fig. 3.

2) A method of withdrawing natural gas from the
cavern to the main pipe 1, see Fig. 2:

For this purpose, the valve 10 1s opened. During the
withdrawal, the temperature decreases, thus increasing
the demands placed on the lining material. There 18 an
increasing risk of gas hydrate forming and of alternating
freezing and thawing of the cavern lining. To reduce Or

eliminate this risk and to eliminate gaid increase of
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demands, the valve 8 is also opened and a portion of the
withdrawn natural gas is recirculated to the cavern 2 via
the compressor 4 (the valve 5' closed and the valve 4'
open) and the bypass-pipe 12 with the heater 11 heating
the natural gas. This portion is introduced into the
cavern at the bottom via the injection pipe 7. Since this
portion is warmer and hence lighter at the bottom than at
the top, it will rise and blend with the top content. It
rhen absorbs water and hydrocarbons which may have
accumulated at the bottom of the cavern and also
contributes to a more efficient discharge from the cav-
ern, see Fig. 4.

The compressors 4, 5 can, of course, be replaced
with one single compressor for both filling and reclr-
culation in sequence. Thus, the compressor 4 and the
valve 4’, for instance, are eliminated and the
reciculation branch 9’ is connected to the injection pipe
3 upstream of the valve 4. When the nominal working
pressure of the cavern 2 of about 200 bar has been
attained, the injection of natural gas 1s terminated. The
valve 10 is then opened for recirculation of natural gas
via the valve 5’ and the compressor 5. When the
temperature of the natural gas 1n the cavern 2 has been
decreased in this manner, with the ensuing pressure drop
in the cavern, the filling of the cavern with natural gas
can be resumed until the nominal working pressure (about
200 bar) has been attained once more in the cavern. In
the withdrawal of gas from the cavern both valves 10 and
8 are opened. A portion of the withdrawn gas 1s
recirculated through the compressor 5 and the heater 11
to the cavern 2.

The cooler 6 can be arranged at the bottom of the
cavern 2. It is implied above that the natural gas 1is

stored and processed in the form of gas.
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CLAIMS:

1. A method of operating a lined cavern for the
storage of gas which enters the cavern from a pipeline in a
gaseous state, which comprisesg filling the cavern with the
gas to a nominal pressure, withdrawing at least a portion of
the gas from the cavern and recirculating it to the cavern

under cooling and without substantially compressing the gas.

2. A method according to claim 1, wherein said

fi1lling and recirculation are performed at the same time.

3. A method according to claim 1, wherein said

filling and recirculation are performed sequentially.

4 . A method according to c¢laim 1, wherein the
reclrculated gas portion is introduced into the cavern at
the bottom thereof, and the gas portion for recirculation 1is

wlthdrawn at the top of the cavern.

5. A method according to any one of claims 1 to 4,

wherein the gas 18 natural gas.

6 . A method of operating a lined cavern for the
storage of gas which enters the cavern from a pipeline in a

gaseous state which comprises withdrawing gas from the

cavern into a pipeline, withdrawing at least a portion of

the gas from the cavern, before the pipeline, and
recirculating it to the cavern under heating and without

substantially compressing the gas.

7. A method according to claim 2, wherein said
recirculated gas portion is introduced into the cavern at

the bottom thereof.

8 . A method according to claim 6 or 7, wherein the

gas 1s natural gas.
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