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(54) NOVEL PROCESS FOR CONTROLLING DOWNHOLE GAS IN ABANDONED MINE

(67)  The presentinvention discloses a novel process

for controlling downhole gas in an abandoned mine. The

process comprises steps of: 1) before closing an aban-
doned mine, blocking branched downhole drifts (1, 2, 3),
and forming steel pipe holes in upper portions of squared
stone blocking walls to enable the interior to communi-
cate with the exterior; 2) connecting the steel pipe holes

formed in the blocking walls (4) of the multiple branched

downhole drifts with a downhole gas pumping main pipe
(7) to conduct gas pumping; 3) communicating the
blocked drift drainage water with main drift drainage wa-
ter, constructing a water reservoir (11) somewhere low
on the bottom of the mine, mounting a water drainage
pump (12) and a water pipe to pump inflowing downhole

water to the ground, in order to achieve normal pumping

of inflowing downhole water after the mine is closed; 4)

closing a main entrance and a secondary entrance of the
abandoned mine, embedding steel pipes in loess-filled
squared stone walls in an adit inclined shaft, blocking a
main entrance and a secondary entrance of a vertical
shaft with steel-reinforced concrete cover plates, and em-
bedding steel pipes in the main entrance and the sec-
ondary entrance of the vertical shaft to enable the inte-
riors of the entrances to communicate with the exteriors
of the entrances; and 5) pumping downhole gas by a
ground gas pumping equipment. The process of the
present invention can achieve the purposes of compre-
hensive control and utilization of downhole gas in an
abandoned mine.
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Description
TECHNICAL FIELD

[0001] The present invention belongs to the field of
control of gas in mines, and particularly relates to a novel
process for controlling gas in an abandoned mine.

BACKGROUND OF THE PRESENT INVENTION

[0002] Gas in abandoned mines means methane,
which is in an adsorbed or free state, residual in remain-
ing coal seams, surrounding rocks and downhole con-
fined spaces in mines that are closed according to rele-
vant provisions of the state due to the depletion of coal
resources or other reasons such as inconformity to re-
quirements and policies on safe production.The utiliza-
tion of gas in abandoned mines means that gas is ex-
tracted and utilized by the existing gas pumping system
on the ground, by taking certain blocking measures, be-
fore the mines are closed. In China, no successful expe-
rience and projects can be found in the field of control of
abandoned mines, in spite of some theoretical studies.
Although the pumping of gas by ground drilling has al-
ready been done in some mines, the real comprehensive
control and utilization of gas in abandoned mines is blank
yet. With the development of structural reform of the coal
industry and elimination of backward production capacity
in China, the number of the closed mines is increasing
year by year. The hazards of gas escape, mine collapse,
contamination of dirt and accumulated downhole water
in abandoned mines are increasingly obvious. The eco-
logical environment will be seriously threatened without
scientific control. Meanwhile, these closed mines are rich
in gas. It was reported that there may be a trillion cubic
feetof gasresourcesinthese abandoned minesin China.
The popularization and industrial application of the proc-
ess of the present invention all over the country will fa-
cilitate the development and utilization of unconventional
natural gas resources during the China’s "13t Five-Year
Plan", and also the transformation of coal enterprises,
the creation of new jobs and the reuse of abandoned
resources, and more importantly, will solve the safety
and environmental protection problems of abandoned
mines and protect the ecological environment. It is of
great social significance.

SUMMARY OF THE PRESENT INVENTION

[0003] In view of existing shortcomings in controlling
downhole gas in abandoned mines, an objective of the
present invention is to provide a novel process for con-
trolling downhole gas in abandoned mines, by blocking
downhole drifts in an abandoned mine, forming holes,
connecting and reconstructing the gas pumping pipe sys-
tem, reconstructing the water drainage system, pumping
downhole gas by a pumping device on the ground, in
order to achieve the purposes of comprehensive control
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and utilization of gas in an abandoned mine.
[0004] Forthispurpose, the technical solution compris-
es the following steps.

1) Before closing an abandoned mine, branched
drifts with high downhole gas overflow are blocked
at their joints with a main drift by squared stone walls,
and pipes are embedded to extract gas and to pump
inflowing water:

a: Blockage of downhole drifts: before closing
an abandoned mine, at joints of branched down-
hole drifts in the mining area and goaf with a
main drift, an internal wall with a thickness of
0.8mto 1m and an external wall with a thickness
of 0.8m to 1m are built with squared stones, with
loess filled between the walls. During the whole
building process of the blocking walls, a pipe is
embedded to enable the interior of the drift to
communicate with the exterior. A removable en-
closure is formed outside the communication
pipe, so that a gas detector can be put into the
enclosed drifts for detection. If a drift with high
gas content is detected, this pipe is directly con-
nected to the downhole gas main pipe. Also, wa-
ter drainage holes are to be formed in lower por-
tions of the blocking walls, to drain inflowing wa-
ter from the drifts. The existing gas pumping pipe
systemis, after being reconstructed, keptin con-
nection to the pumping system on the ground,
to realize the pumping of downhole gas in the
abandoned mine.

b: Pumping of inflowing downhole water: nor-
mally, downhole water always inflows to the
goaf, and during the normal production of mines,
the pumping of inflowing downhole water is also
an important one of routine tasks in production
of mines. However, after a mine is shut down
and closed, if the inflowing downhole water is
not drained in time, the accumulated inflowing
downhole water will flood drifts in the goaf in the
mine. Consequently, there is no space for the
downhole gas to escape out, and as a result, it
is unable to extract and utilize the downhole gas.
In the present invention, after a mine is shut
down and closed, an inflowing downhole water
control and pumping system is redesigned, by
which, by operating on the ground, the inflowing
downhole water can be pumped to the ground
without any operator in the mine. In this way, a
space is reserved for the downhole gas to es-
cape out and the accumulation of water in the
mine is avoided. Meanwhile, the purpose of con-
trolling gas in abandoned mines is realized.

In the present invention, when building squared
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stone blocking walls for drifts, an overflow tank with
a water seal is formed in the lower portion of the
internal squared stone wall. The inflowing water in
the drifts flows into the overflow tank and overflows
out of the blocking wall through the water seal when
the level of water reaches a certain height, while gas
of a high concentration accumulated within the
square stone walls will not flow out of the blocking
wall through the overflow tank. The inflowing water
overflown from the overflow tank with a water seal
flows into the drainage ditch for the main drift. A water
reservoir is formed somewhere lowest on the bottom
of the mine. The water reservoir is usually built with
squared stones, cement and sand. The volume of
the water reservoir depends upon the amount of the
inflowing water inthe mine. The water in the drainage
ditch for the main drift flows into the water reservoir.
On the ground, by precisely positioning, a water
drainage wellbore is formed, which runs to the water
reservoir. On the ground, a water drainage pump
and a connection pipe are mounted in the wellbore
and the water drainage pump is put into about 2/3
of the depth of the water reservoir. When the level
of water in the water reservoir reaches the inlet of
the water drainage pump, the pump starts pumping
water, in order to pump water in the water reservoir
to the ground for reusing. In this way, the inflowing
downhole water can be pumped to the ground after
the mine is closed, to ensure an enough downhole
space to release the stored gas. The purposes of
comprehensive control and utilization of downhole
gas in abandoned mines are achieved.

2) The pipes embedded in the squared stone walls
are connected with a downhole gas pumping pipe to
form a downhole gas pumping pipe system, and then
the accumulated downhole gas in an abandoned
mine is pumped by the existing gas pumping system
device on the ground:

A firm steel-reinforced concrete cover plate, which
is bigger than the cross section of the wellbore, is
cast on the entrance of a vertical shaft. During the
casting, two steel pipes are embedded in the steel-
reinforced concrete cover plate. An end of the steel
pipe running into the inner side of the wellbore is
open, to communicate with the downhole space. A
blind flange is mounted on the outer side of the well-
bore, and connected by blots. For an inclined shaft
and an adit inclined shaft, a brick, stone or concrete
wall, which has a thickness of not less than 0.6m and
must be firm and reliable, should be built at 20m in-
side the entrance. Then, soil is filled up to the en-
trance. And then, another brick, stone or concrete
wall is built. After the mine is closed, the blind flange
outside the embedded pipe is removed, and a gas
detector or sampling device is put into the mine to
detect the concentration of gas in the mine. If gas in
the mine can be utilized, the pipe is connected to the

10

15

20

25

30

35

40

45

50

55

gas pumping pipe on the ground. In this way, the
pumping and utilization of accumulated downhole
gas is achieved after the mine is closed.

3) The blocked drift drainage water is communicated
with main drift drainage water, a water reservoir is
constructed somewhere low on the bottom of the
mine, a water drainage wellbore is formed from the
ground to the water reservoir, and a water drainage
pump and a water pipe are mounted to pump inflow-
ing downhole water to the ground, in order to achieve
normal pumping of inflowing downhole water after
the mine is closed.

4) after finishing the above operations, for an adit
inclined shaft, an entrance of the adit inclined shaft
is closed by building internal and external walls with
squared stones, cement and sand, with loess and
clay filled between the walls, and steel pipes that run
into the mine are embedded in an upper portion of
the entrance of the adit inclined shaft; and for a ver-
tical shaft, the entire entrance of the vertical shaft is
blocked with steel-reinforced concrete cover plates,
and steel pipes are embedded in the center of the
steel-reinforced concrete cover plates to enable the
interior to communicate with the exterior; and the
connection with the existing gas pumping system de-
vice on the ground achieves the pumping, control
and utilization of gas in an abandoned mine.

5) The existing gas pumping system device on the
surface is connected with a downhole gas pumping
main pipe to pump gas, thereby achieving the pur-
poses of comprehensive control and utilization of
downhole gas in an abandoned mine.

[0005] The presentinvention has the following benefi-
cial effects. By compressive gas control measures, such
as blocking downhole drifts in an abandoned mines, re-
constructing the downhole gas pipe, reconstructing the
pumping of inflowing downhole water, and closing the
entrance of the abandoned mine, disasters caused by
the accumulation and escape of downhole gas in the
abandoned mine and the accumulation of downhole wa-
ter are avoided. Meanwhile, the gas in the abandoned
mine can be reused. Great economic, environmental and
social benefits can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

Fig. 1 shows a downhole gas pipe system used in
the process of the present invention;

Fig. 2 is an inflowing downhole water drainage sys-
tem according to the present invention;
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Fig. 3 is a schematic view of closing the entrance of
a vertical shaft in an abandoned mine, according to
the present invention; and

Fig. 4 is a schematic view of blocking an inclined
shaft in an abandoned mine, and a gas pumping
pipe, according to the present invention.

Reference numerals:

[0007] 1: branched downhole drift #1; 2: branched
downhole drift#2; 3: branched downhole drift #3; 4: block-
ing wall for the branched downhole drift; 5: embedded
pipe; 6: pipe flange; 7: downhole gas pumping main pipe;
8: main downhole drift; 9: water outlet fora branched
downhole drift; 10: drainage ditch for the main downhole
drift; 11: downhole water reservoir; 12: water drainage
pump; 13: water drainage wellbore; 14: main entrance
of the abandoned mine; 15:cover plate for blocking the
entrance; 16: reserved gas pumping pipe; 17: main in-
clined shaft in the abandoned mine; 18: pipe embedded
in the blocking wall; 19: internal squared stone blocking
wall; 20: loess or sand filled section; 21: external squared
stone blocking wall; and 22: gas pumping main pipe on
the ground.

DETAILED DESCRIPTION OF THE PRESENT INVEN-
TION

[0008] Asshownin Fig. 1, a novel process for compre-
hensively controlling downhole gas in an abandoned
mine is provided. Before an abandoned mine is closed,
a blocking wall 4 is built, respectively, at a position about
8m from the adit entrance of the branched drifts #1, #2
and #3 in the downhole mining area and goafin the aban-
doned mine. Specifically, at a position 8m from the en-
trance of a branched drift, a blocking wall having a thick-
ness of about 0.8m to 1m is built with squared stones,
cement and sand to block the branched drift, and an ex-
ternal blocking wall having a thickness of about 0.8m to
1m is built with squared stones, cement and sand, with
a layer of loess having a thickness of 5m filled between
the walls. During the whole building process of the block-
ing walls, one embedded pipe 5 that is DN100-DN200
thick is embedded in the blocking walls at a position
0.2-0.3m from the top of the adit. By this embedded pipe
5, the branched drifts are communicated with the main
drift 8. A pipe flange 6 is used outside the embedded pipe
to close it. If gas reaches a concentration that can be
utilized, the pipe can be directly connected to a downhole
gas pumping main pipe 7 by the flange, and then the
downhole gas is pumped and utilized by the existing gas
pumping device on the ground.

[0009] Referringto Fig. 2, a system for pumping inflow-
ing downhole water in an abandoned mine is shown. Be-
fore an abandoned mine is closed, when building block-
ing walls for the branched downhole drift #1, a water out-
let 9 for a branched downhole drift is formed in the lower
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side of the blocking walls. The water outlet is in form of
an overflow water seal. A water tank, which is plastered
with cement mortar, is constructed inside the branched
drift close to the blocking walls. The volume of the water
tank depends upon the amount of inflowing water in the
branched drift. The inflowing water in the branched drift
flows into the water tank. When the level of the accumu-
lated water reaches the overflow height, water flows out
of the branched drift from the overflow tank in the lower
portion of the blocking walls for the branched drift. In this
way, the inflowing water in the branched drift can be
drained, while gas in the branched drift will not escape
from the water outlet 9 which is in form of an overflow
water seal. The inflowing water overflown from each
branched drift flows into a drainage ditch 10, which is
arranged in the main drift and plastered with cement mor-
tar. A water reservoir 11 is formed somewhere low on
the bottom of the mine. The water reservoir is an aditdug
somewhere lowest on the bottom of the mine. The water
reservoir is plastered with cement mortar. The length,
width and depth of the water reservoir depend upon the
size of the downhole drift, the capacity of the pumping
system, and the amount of inflowing water. Usually, the
water reservoir consists of two water reservoirs connect-
ed in series, which are 20m long, 3m wide and 3m deep.
A water drainage wellbore 13 is formed on the ground
rightabove the water reservoir, so that the water reservoir
is communicated with the ground by the water drainage
wellbore 13. A water drainage pump 12 is mounted in
the water drainage wellbore. An outlet of the water drain-
age pump 12 is connected to a water treatment device
on the ground. By the water drainage pump, the inflowing
downhole water accumulated in the water reservoir is
drained, to ensure an enough downhole space to release
the stored gas. In this way, the purposes of comprehen-
sive control and utilization of downhole gas in abandoned
mines are achieved.

[0010] Asshownin Fig. 3, inthe process of the present
invention, at the main entrance 14 of the abandoned
mine, a steel-reinforced concrete cover plate 15 is ar-
ranged to block the entrance. The distance from the up-
per surface of the cover plate to the ground, the thickness
of the steel-reinforced concrete cover plate, the size of
the used steel, the grade of concrete, and the proportion
of steel and concrete depend upon the size of the en-
trance, and will be designed by professional structure
design organizations. During the construction according
to the design document, when the steel-reinforced con-
crete cover plate is prepared, one or two steel pipes 3
having a diameter of DN300-500mm are embedded in
the steel-reinforced concrete cover plate. One end of the
embedded pipe extends into the entrance by a length of
greater than 15m, and the pipe orifice inside the entrance
is open. The other end of the embedded pipe remains
on the steel-reinforced concrete cover plate. A pipe
flange is welded at 0.5m to 1m from the ground, and the
blind flange and the flange are connected by bolts to block
the pipe orifice. After removing the blind flange, a sam-
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pling device is put into the pipe to sample and analyze
the concentration of downhole gas. If gas reaches a con-
centration that can be utilized, the pipe is connected to
the gas pumping system pipe on the ground to pump and
utilize the accumulated downhole gas. In this way, the
purpose of comprehensively controlling gas in aban-
doned mines is achieved.

[0011] Asshownin Fig. 4, in the process of the present
invention, there is mainly an inclined shaft in an aban-
doned mine. In this case, when blocking the entrance of
the main inclined shaft 17, at a depth more than 25m
from the entrance, a squared stone sealing wall 3 having
a thickness of not less than 1m is built with squared
stones, cement and sand; then, loess or clay is filled in
the loess or clay filling section 20 having a thickness of
greater than 20m, up to the adit entrance of the inclined
shaft; and then, a squared stone blocking wall 19 having
a thickness of not less than 1m is built with squared
stones, cement and sand. During the whole blocking
process, one or two steel pipes 2 having a diameter of
DN300-500mm are embedded in the upper portion of the
adit entrance. One end of the embedded pipe 18 extends
into the entrance 1 by a length of greater than 20m and
is supported by a rack, and the pipe orifice inside the
entrance is open. The other end of the embedded pipe
remains outside the squared stone blocking wall 19 at
the entrance of the inclined shaft. A pipe flange is welded
at 0.5m to 1m from the blocking wall, and the blind flange
and the flange are connected by bolts to block the pipe
orifice. After removing the blind flange, a sampling device
is put into the pipe to sample and analyze the concen-
tration of downhole gas. If gas reaches a concentration
that can be utilized, the pipe is connected to the existing
gas pumping main pipe 22 on the ground to pump and
utilize the accumulated downhole gas. In this way, the
purpose of comprehensively controlling gas in aban-
doned mines is achieved.

Claims

1. A novel process for controlling downhole gas in an
abandoned mine, wherein the process comprises
steps of:

1) before closing an abandoned mine, blocking
branched drifts with high downhole gas overflow
at their joints with a main drift by squared stone
walls and embedding pipes to extract gas and
to pump inflowing water;

2) connecting the pipes embedded in the
squared stone walls to extract gas with a down-
hole gas pumping pipe to form a downhole gas
pumping pipe system, and then pumping accu-
mulated downhole gas in an abandoned mine
by an existing gas pumping system device on
the ground;

3) communicating the blocked drift drainage wa-
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ter with main drift drainage water, constructing
a water reservoir somewhere low on the bottom
of the mine, forming a water drainage wellbore-
from the ground to the water reservoir, and
mounting a water drainage pump and a water
pipe to pump inflowing downhole water to the
ground, in order to achieve normal pumping of
inflowing downhole water after the mine is
closed;

4) after finishing the above operations, for an
adit inclined shaft, closing an entrance of the
adit inclined shaft by building internal and exter-
nal walls with squared stones, cementand sand,
with loess and clay filled between the walls, and
embedding steel pipes that run into the mine in
an upper portion of the entrance of the adit in-
clined shaft; and for a vertical shaft, blocking an
entire entrance of the vertical shaft with steel-
reinforced concrete cover plates, and embed-
ding steel pipes in the center of the steel-rein-
forced concrete cover plates to enable the inte-
rior to communicate with the exterior; and the
connection with the existing gas pumping sys-
tem device on the ground achieves the pumping,
control and utilization of gas in an abandoned
mine; and

5) connecting the existing gas pumping system
device on the ground with a downhole gas
pumping main pipe to pump gas, thereby achiev-
ing the purposes of comprehensive control and
utilization of downhole gas in an abandoned
mine.
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