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(54) UNDERGROUND COAL GASIFICATION AND LINKAGE METHOD

(57) An underground coal gasification and linkage
method comprises the following steps: a) establishing a
fire region (4; 21) in a bottom coal layer of a first drill hole
(1; 11; 22); b) taking another existing drill hole outside
the fire region or a newly drilled drill hole as a second
drill hole (2; 13, 14, 15; 23, 24, 25), and mechanically
and directionally drilling a nearby coal layer near the bot-
tom of the first drill hole near the fire region through the
lower end of the second drill hole, so as to link the nearby
coal layer, thereby forming, in the nearby coal layer, a
directional passage (5; 17; 27) communicating with the
fire region; and c) conveying oxygen-containing gas to
the fire region through the second drill hole and the di-
rectional passage, and performing hot working on the
directional passage, so as to expand the directional pas-
sage, thereby forming a gasification passage used for an
underground coal gasification furnace.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of CN Appli-
cation No. 201110388215.1 filed on November 30, 2011,
entitled "UNDERGROUND COAL GASIFICATION AND
LINKAGE METHOD", which is incorporated herein by
reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to a method for
underground coal gasification and linkage, which is ap-
plicable for the fields of underground coal gasification.

BACKGROUND OF THE INVENTION

[0003] Underground coal gasification technology re-
fers to a process in which a gasifying furnace is directly
constructed in an underground coal seam, and a gasifi-
cation action is controllably performed on the coal by
feeding in a gasification agent, so that coal may be con-
verted in situ into a combustible gas in natural state and
conveyed to the ground.
[0004] Linkage is one of the key steps in the process
of constructing an underground gasifying furnace, which
refers to a process in which a highly permeable channel
is artificially constructed along the coal seam at the bot-
tom of the gas inlet and outlet drilled wells before the
gasification process, so that it may be guaranteed that
the gasification agent may be fed to the coal seam swim-
mingly and the coal gas may be discharged from the coal
seam, and a thermal condition essential to the gasifica-
tion action may be provided.
[0005] In the development course of the underground
coal gasification technology, various gasification channel
linkage methods have been developed for different coal
seam hydrogeological conditions and physicochemical
properties by foreign countries, especially, the former
USSR, wherein the methods most widely researched and
applied so far mainly include: air firepower infiltration,
hydraulic pressure fracture and electric power linkage,
etc. Although these linkage methods are different in the
principles and implementation modes thereof, the proc-
esses are similar essentially, and external forces are re-
quired to increase the connectivity between natural coal
seam pores and fissures, so as to improve the gas per-
meability of the coal seam. Once a fissure channel is
formed, heating process must be performed on the coal
seam to enlarge the fissure channel into a gasification
channel, because the fissure channel formed in the initial
stage cannot meet the technological requirements for
large-scale gasification due to the main problems of small
channel section, large resistance and small gas through-
put. Heating process (generally referred to as combus-
tion linking) refers to a process in which a coal seam is
combusted by feeding in the air and the fissure channel

section is further enlarged after the coal seam is com-
busted. Generally, it may be further divided into reverse
combustion linking and forward combustion linking ac-
cording to the relation between the gas admission direc-
tion and the flame front moving direction, wherein reverse
combustion linking tends to burn a narrow channel with
a fixed diameter, while forward combustion linking gen-
erally expand forward with a wide flame front. Therefore,
reverse combustion linking may form a regular channel,
and forward combustion linking may enlarge the ignition
source.
[0006] However, as limited by the diversity of geologic
conditions and the anisotropy of the coal seam structure,
it is indicated by theoretical research and practice result
at home and abroad that the above methods has certain
defects in specific application, mainly as follows:

1) Great influence of coal seam and stratum condi-
tions: for example, for a coal seam that is deep em-
bedded or has a low permeability, when gasification
channels are linked via combustion infiltration, prob-
lems due to large stratum pressure or low coal seam
permeability may occur, for example, it is difficult to
form a fissure and to control the direction of a fissure-
expanded channel, and the linkage effect and effi-
ciency are poor, etc.; when the hydraulic pressure
fracture method is applied to a water-sensitive coal
seam or a fluffy stratum, because argillization tends
to occur on the coal seam and the fissure generated
by fracture tends to be blocked again, it is difficult to
attain the prospective effect; the electric power link-
age method may cause a too high current dropout,
etc., for a coal seam and a stratum with a high water
content;

2) Short linkage distance: as indicated by the data,
the linkage distance is generally less than 50 meters,
if it wants to increase the linkage distance, the pres-
sure or current intensity must be increased; as a re-
sult, the wall rock structure of the coal seam will be
destroyed, or the linkage time will be increased;

3) Inhomogeneous permeability and poor directivity
of the channel: because of the anisotropy of the pore
and fissure structure of the coal seam itself, a homo-
geneous fissure of the coal seam cannot be obtained
by the above methods; although channels with high
permeability can be formed between drilled wells,
these channels are not in line, and inhomogeneous
gasification tends to occur, thus coal loss will be in-
creased.

[0007] In view of the above defects of traditional link-
age methods, in recent decades, in addition to improving
the traditional linkage methods, foreign research com-
munities and industrial enterprises have researched and
developed several novel linkage methods respectively,
mainly including: directional drilling, atomic energy blast-
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ing and chemical liquid crushing, etc., wherein, because
directional drilling has the advantages of 1) small influ-
ence of coal seam and stratum condition; 2) long linkage
distance; 3) strong channel directivity, regular channel
section and homogeneous gas permeability, it has been
widely applied to underground coal gasification engineer-
ing at home and abroad.
[0008] According to disclosed literature data and pat-
ents, in directional drilling, a drill directing and measuring
device is used, and it may reach a predetermined target
stratum by controlling the slope and direction of the drilled
well in real time, so that a directional channel with a cer-
tain diameter may be formed in the coal seam. The di-
rectional channel can replace the narrow fissure channel
formed by traditional linkage method, and connect the
vertical wells.
[0009] The existing directional drilling method gener-
ally employs a cold-state connection, that is, directional
drilling technology is firstly used to directly connect the
vertical well and the horizontal well in the coal seam dur-
ing the construction of a horizontal well, and in order to
prevent hole collapse and hole shrinkage, a sieve tube
is generally placed in the horizontal well. After the cold-
state connection, ignition and gasification are implement-
ed directly, and in the specific implementation mode, for
example, in a Controlled Retraction Injection Point
(CRIP) technology from USA, ignition is directly imple-
mented in the directional channel with the aid of a special
mechanical device, and changing the gasification agent
injection point by controlling the mechanical device in the
well, without the need to perform a heating process on
the horizontal well coal seam. And in another method
comprises the steps of implementing ignition in a vertical
well and performing a heating process in the horizontal
well to the coal seam, for example, a shaftless under-
ground gasification process of patent CN/ 01382065. It
is indicated by the practice result that, for the former,
because it needs to remote control the ignition device in
the well, the ignition device is complex, and its operation
is difficult, the success of ignition cannot be guaranteed;
and for the latter, if there is a large amount of ground
water in the coal seam, extra drainage wells must be
constructed first to drain off the ground water, and then
to start ignition, but in a high temperature, pressurized
and aired condition, the drainage of the coal seam is dif-
ficult, and water may not be drained in certain cases,
thereby the ignition process will be more difficult; addi-
tionally, one a directionally-drilled directional channel is
formed, if no operation for a long time, hole collapse and
hole shrinkage tend to occur easily, further channel block
may be caused.
[0010] In addition, for the existing heating process for
gasification channel, because air is employed as the gas-
ification agent, for a thin coal seam (with a thickness less
than 2.0 m), a water-containing coal seam and a coal
seam containing a large gangue, problems such as slow
flame moving speed, long linkage period and poor chan-
nel section stability, etc., may occur, the key reasons that

cause the above problem lie in the anisotropy of the coal
seam structure (for example, containing a gangue), the
great heat dissipation, the low temperature at the flame
front and the lack of necessary monitoring measures.

Definition of terms:

[0011] Combustion linking: it refers to a process in
which a coal seam is combusted by injected air and the
fissure channel section is further enlarged after the coal
seam is combusted. Generally, it may be further divided
into reverse combustion linking and forward combustion
linking according to the relation between the gas admis-
sion direction and the flame front moving direction. In
general, in the reverse combustion linking process, the
gas admission direction is opposite to the flame front
moving direction; while in the forward combustion linking
process, i the gas admission direction is the same as the
flame front moving direction.
[0012] Fissure channel: a coal seam has a natural void,
pore and fissure structure, and under the action of an
external force, the voids, pores and fissures contained
by the coal body may be connected, and a channel with
certain permeability can be formed; when the external
force exceeds the maximum stress the coal body can
bear, the coal body may crack, and an artificial fissure
channel with a certain width may be formed.
[0013] Directional channel: a drill directing and meas-
uring device is used, and it may reach a predetermined
target stratum by controlling the slope and direction of
the drilled well in real time, so that a directional channel
with a certain diameter may be formed in the coal seam.
[0014] Gasification channel: it refers to enlarging the
size of the section of a crack channel or directional chan-
nel by performing hole expansion on the crack channel
or the directional channel so as to form a channel with a
stable section, small resistance, high permeability and
large gas throughput, thereby the requirements of the
underground gasification process may be met.
[0015] Oxygen-containing gas: for convenient illustra-
tion, a gas containing oxygen is referred to as oxygen-
containing gas, the oxygen content of the oxygen-con-
taining gas is between 0~100%, and it generally includes:
air, oxygen-enriched gas and pure oxygen, and it may
also be prepared by mixing pure oxygen with carbon di-
oxide, or it may be prepared by mixing pure oxygen with
an inert gas such as argon gas, etc.
[0016] Oxygen-enriched gas: generally, the content of
oxygen in the air is 20.93%, the content of nitrogen is
78.1%, and the rest is a small amount of inert gas, etc.;
for convenient illustration, a gas with an oxygen content
of greater than 20.93% is referred to as oxygen-enriched
gas. Generally, it is prepared by mixing the air with pure
oxygen, or it may be prepared by mixing pure oxygen
with carbon dioxide, or it may be prepared by mixing pure
oxygen with an inert gas such as argon gas, etc., or it
may be prepared by mixing pure oxygen, carbon dioxide,
air and inert gas according to a required concentration
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in any proportion.
[0017] Burning zone of a well: it refers to a combusting
zone or a high temperature zone established after directly
igniting in a coal seam at the bottom of a well, wherein
the bottom of the well is in direct communication with the
burning zone; or, a bottom-hole high temperature zone
or combusting zone is formed by guiding the burning zone
to the bottom of the well via combustion linking technol-
ogy.

SUMMARY OF THE INVENTION

[0018] As described above, due to the influence by coal
seam and stratum conditions, the traditional linkage
method has technical defects of a short linkage distance,
poor channel directivity, a slow linkage speed and the
like in practice. With the current directional drilling linkage
method, the linkage distance may be increased, the
channel directivity may be improved, and the linkage
speed may be improved. However, there still exist prob-
lems that the initial ignition process tends to be influenced
by ground water, that the flame moving speed in the heat-
ing process is slow, and that hole collapse, hole shrink-
age and channel block tend to occur after the channel
distance is increased.
[0019] It has been found by the inventors that, the key
reasons that cause the above problems of the current
directional drilling linkage method lie in that the connec-
tion between the directional drilled well and the vertical
well is performed in a cold-state condition (that is, the
connection between the directional channel and the ver-
tical well is formed by means of a directional drilling tech-
nology, and then ignition or coal gasification is performed
in the directional channel or the vertical well), but water
is contained in the pores and fissures of a natural coal
seam, and a gangue is generally contained in the coal
seam, thus when a directional channel is formed, the
catchment zone is hence increased, as a result, the water
in the coal seam will infiltrate into the free directional
channel, which leads to channel flowage; when the chan-
nel flowage is caused, it is difficult to perform the ignition
process, and flameout will be caused, or even ignition
cannot be accomplished; moreover, during the heating
process, the heat dissipation is considerable, the tem-
perature at the flame front is low, and the flame moving
speed is slow because of the channel flowage; similarly,
because of the channel flowage, argillization may occur
in the gangue, which will cause hole shrinkage, block and
the like in the free directional channel.
[0020] Based on the above findings by the inventors,
an object of the invention is to solve the problems of the
existing directional drilling linkage method that the initial
ignition process tends to be influenced by ground water,
the flame moving speed during the heating process is
slow, hole collapse, hole shrinkage and channel block
tend to occur, and to provide a method for underground
coal gasification and linkage, thereby improving the effi-
ciency and reliability of the linkage process.

[0021] In order to realize the above object of the inven-
tion, according to a first aspect of the invention, there
provides an underground coal gasification and linkage
method, which employs a directional drilling and thermal-
state connection technology and an oxygen-enriched air
linkage technology, and is applied to construct a gasifi-
cation channel for an underground coal gasifying furnace
in the vicinity of the bottom of at least one substantially
vertical first well, where the method includes steps of:

a) establishing a burning zone in a coal seam at the
bottom of the first well;

b) performing mechanical directional drilling in the
coal seam nearby the bottom of the first drilled well
in the vicinity of the burning zone, connecting the
bottom of the second well, so that the coal seam
nearby the bottom of the first well is pre-perforated
to form a directional channel in communication with
the burning zone in the coal seam nearby the bottom
of the first drilled well, wherein the second well is an
existing drilled well or a newly-drilled well outside the
burning zone; and

c) an oxygen-containing gas is injected into the burn-
ing zone via the second well and the directional chan-
nel, and performing a heating process on the direc-
tional channel, to enlarge the directional channel to
form the gasification channel for the underground
coal gasification.

[0022] In the above first aspect of the invention, one
or more of the following additional technical solutions
may be employed:
[0023] The burning zone is established by means of
electric ignition, solid fuel ignition or coke ignition, or a
high-temperature coal seam of an existing burning zone
or cavity in an operation zone is taken as the burning zone
[0024] The directional drilling is performed by means
of any one of directional well technology, horizontal well
technology, lateral drilling technology, radial horizontal
well technology, branched well technology, cluster well
technology and extended reach well technology of the
petroleum or coal seam gas drilling technology.
[0025] The heating process is implemented by forward
combustion linking and reverse combustion linking, and
the medium used in the combustion linking comprises
air, pure oxygen, propane, silicane, diesel fuel or liquid
hydrocarbon, or a combination thereof.
[0026] The oxygen-containing gas includes any one
of: air, oxygen-enriched gas and pure oxygen.
[0027] The oxygen-containing gas is mixed with at
least one of propane, silicane, diesel fuel and liquid hy-
drocarbon that function as a combustion improver.
[0028] The mixing is performed on the ground or un-
derground.
[0029] The oxygen-containing gas and the combustion
improver are conveyed to the burning zone via an annu-
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lus conduit pipe, or directly conveyed from the ground to
the burning zone via a well.
[0030] The directional channel is located in the coal
seam and has a length of 10~1000m, and the directional
channel is a non-supported channel or a supported chan-
nel that is supported by a sieve tube.
[0031] According to a second aspect of the invention,
an underground coal gasification and linkage method is
provided, and the method includes steps of:

a) establishing a burning zone in a coal seam at the
bottom of a well;

b) performing a pre-perforating operation at the bot-
tom of the drilled well outside the burning zone by
directional drilling along the coal seam to form a
drilled directional channel, wherein a reserved coal
seam without drilled well is reserved between an end
of the directional channel and the burning zone;

c) performing a fissure enlarging operation in the re-
served coal seam so as to form a fissure in commu-
nication with the burning zone; and

d) conveying an oxygen-containing gas to the burn-
ing zone via the drilled well for the pre-perforating
operation, and performing a heating process on the
fissure formed in the reserved coal seam to enlarge
the fissure into a gasification channel, so that the
directional channel is in communication with the
burning zone via the gasification channel.

[0032] In the above second aspect of the invention,
one or more of the following additional technical solutions
may be employed.
[0033] The method may further include a step of: e)
performing a heating process on the directional channel
from the burning zone to the position where the direc-
tional drilling reaches the coal seam, to form a horizontal
gasification channel along the directional channel.
[0034] The burning zone is established by means of
electric ignition, solid fuel ignition or coke ignition, or a
high-temperature coal seam of an existing burning zone
or cavity in an operation zone is taken as the burning
zone.
[0035] At least one production well and at least one
injection well are formed and in communication with the
burning zone.
[0036] The directional drilling is performed by means
of any one of directional well technology, horizontal well
technology, lateral drilling technology, radial horizontal
well technology, branched well technology, cluster well
technology and extended reach well technology of the
petroleum or coal seam gas drilling technology.
[0037] During the fissure enlarging operation, a pres-
sure variation of compressed air in the injection well is
monitored, and when the pressure of the compressed air
in the injection well decreases rapidly, it is indicated that

a crack has been formed in the reserved coal seam and
the fissure enlarging operation has been completed.
[0038] During the heating process on the crack formed
in the reserved coal seam, the pressure in the injection
well and temperature at the bottom of the production well
are monitored, and when the pressure of the directional
drilled well decreases and the temperature at the bottom
of the production well rises, it is indicated that a gasifica-
tion channel has been formed along the crack in the re-
served coal seam and the heating process has been com-
pleted.
[0039] The heating process is performed by means of
forward combustion linking or reverse combustion link-
ing, and the medium used in the combustion linking com-
prises air, pure oxygen, propane, silicane, diesel fuel or
liquid hydrocarbon, or a combination thereof.
[0040] The above described directional channel is lo-
cated in the coal seam and generally has a length of
10~1000m, and the directional channel may be a non-
supported channel or a supported channel that is sup-
ported by a sieve tube.
[0041] The beginning end of the above described di-
rectional channel may be located in a coal seam at the
bottom of an existing drilled well in the operation zone;
or, a new drilled well may be constructed according to
the designed trajectory of the gasification channel.
[0042] For the communication between the above de-
scribed directional channel and the burning zone, the end
of the directional channel may be located in the burning
zone after the drilling by a drilling machine; or, the direc-
tional channel does not reach the burning zone after the
drilling, instead, a segment of reserved coal seam without
drilled well may be reserved between the end of the di-
rectional channel and the burning zone, and a fissure
may be formed by performing a fissure enlarging opera-
tion on the reserved coal seam so as to make the direc-
tional channel to be in communication with the burning
zone.
[0043] The above described reserved coal seam has
a length of 0~50 meters, which depends on the change
of the permeability of the coal seam subjected to heat
and ground stress, and may be specifically determined
according to the construction process of horizontal drill-
ing.
[0044] Specifically, the fissure enlarging of the above
described reserved coal seam may be implemented by,
but is not limited to, a hydraulic fracture method, a pres-
surized air penetrating method, a blasting method or a
chemical liquid crushing method.
[0045] Specifically, the above described oxygen-con-
taining gas includes, but is not limited to, air, oxygen-
enriched gas and pure oxygen; and the oxygen-contain-
ing gas may be mixed with at least one of propane, sili-
cane, diesel fuel or liquid hydrocarbon that function as a
combustion improver.
[0046] The oxygen concentration of the above de-
scribed oxygen-containing gas is 0~100%, the oxygen-
containing gas may be prepared on the ground or under-
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ground, and the oxygen-containing gas may be mixed
with the combustion improver on the ground or under-
ground.
[0047] The above described oxygen-containing gas
may be conveyed from ground to the burning zone via
an annulus conduit pipe, or be directly conveyed from
ground to the burning zone via a well.
[0048] The above described method for performing a
heating process on the directional channel mainly em-
ploys reverse combustion linking, or a combination of
forward combustion linking and reverse combustion link-
ing; and the heating process is performed from the end
of the directional channel gradually to the beginning end
of the directional channel.
[0049] The above described method may be applied
for the linkage of gasification channels of the existing
underground gasifying furnace or a newly constructed
underground gasifying furnace.
[0050] The invention has advantages as follows.

1) The directional channel is directionally drilled and
connected the burning zone in a thermal state, that
is, even if the water inflow in the coal seam enters
the burning zone, the water may react in the burning
zone or heated and converted into steam and carried
out in a gas state along with the coal gas, so that the
case that the water inflow in the coal seam influences
the initial-stage igniting or sparking process (for ex-
ample, flameout, channel flowage, etc.) may be
avoided, thereby the reliability of the process may
be improved.

2) A coal seam is reserved between the directional
channel and the burning zone, thus the problem of
drill pipe burying, drill pipe sticking and the like
caused by mud leakage after the directional channel
is completely drilled to be in communication with the
burning zone may be avoided, thereby the construc-
tion difficulty of directional drilling may be lowered,
and the security and reliability of directional drilling
may be improved.

3) An oxygen-enriched gas or a combustion improver
is employed to realize the quick sparking in the coal
seam of the burning zone and form a char layer, and
the problem such as well collapse or well shrinkage
of the initially formed directional channel due to the
water influx may be avoided, thereby the stability of
the channel section structure may be improved.

4) The temperature at the flame front may be adjust-
ed by adjusting and controlling the composition and
flow quantity of the oxygen-enriched gas or the com-
bustion improver, and the linkage speed of the gas-
ification channels may be increased, so that the link-
age period may be shortened.

5) A suitable oxygen-enriched gas or combustion im-

prover may be selected according to the buried depth
of the coal seam, the coal seam thickness, the
gangue distribution situation, the coal seam water
content, etc., so that the efficiency of the linkage
process may be increased, and the flexibility and re-
liability of the process may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051]

Fig. 1A and Fig. 1B are simplified schematic front
sectional views of the process flow according to a
first embodiment of the invention, where Fig. 1A
shows an initial directional channel formed by direc-
tional drilling, and Fig. 1B shows a gasification chan-
nel formed after a heating process is performed on
the initial directional channel;
Fig. 2 is a simplified schematic front sectional view
of the process flow according to a second embodi-
ment of the invention; and
Fig. 3A and Fig. 3B are simplified schematic dia-
grams showing the process flow according to a third
embodiment of the invention, where Fig. 3A is a top
view, and Fig. 3B is a corresponding front sectional
view taken along the horizontal dashed line in Fig.
3A.

List of numeral signs

[0052]

1: Vertical well

2: Directional drilled well

3: Coal seam

4: Burning zone

5: Directional channel

6: Oxygen-containing gas

7: Pressurizing system

8: Mixing system

9: Gasification channel

11, 12: Drilled well (linked)

13: Drilled well (being linked)

14: Drilled well (to be linked)

15: Drilled well (to be linked)

9 10 
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16: Coal seam

17: Gasification channel

18: Flame front

19: Directional channel

21: Burning zone

22: Production well

23, 24, 25: Vertical well

26: Directional drilled well

27: Directional channel

28: Fissure in reserved coal seam

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0053] The following embodiments are provided for
better understanding of the invention, rather than limiting
the scope of the invention.

First Embodiment

[0054] As shown in Fig. 1A and Fig. 1B, a gasification
channel is to be established with the method of the
present invention between an existing vertical well 1 and
a directional drilled well 2 constructed 200 meters (m)
away from the vertical well 1, for the purpose of coal
gasification within a certain zone. The corresponding im-
plementation of the gasification channel is as follows.
[0055] A burning zone 4 is established in a coal seam
3 at the bottom of the vertical well 1 by means of electric
ignition, and the temperature in the burning zone is con-
trolled by adjusting the composition and flow quantity of
a gasification agent depending upon the hydraulic dis-
charge of the coal seam, temperature of the product gas,
etc. Generally, the temperature in the burning zone is not
lower than the autoignition temperature of the coal seam.
[0056] After the burning zone is established at the bot-
tom of the vertical well 1, a directional channel 5 is con-
structed along the coal seam from the directional drilled
well 2 through a directional drilling technology, where the
directional channel 5 is in direct communication with the
burning zone 4 and is not supported (in some other sit-
uations, the directional channel 5 may be generally sup-
ported by a sieve tube as desired). Therefore, the direc-
tional channel 5 is an unsupported well with a diameter
of about 150 millimeters (mm) that is located about 0.5
meters above the bottom of the coal seam. After the di-
rectional drilling of the directional channel 5 is accom-
plished, a well head, a valve and an instrument are in-
stalled on the top of the directional drilled well 2, an ox-
ygen-enriched gas is injected, and a heating process is

started on the directional channel 5.
[0057] The oxygen-enriched gas is obtained by mixing
on the ground. A mixing system 8 is adjusted to homo-
geneously mix a certain amount of oxygen with air to
prepare the oxygen-enriched gas with a certain oxygen
concentration, which may be 50~60%. By adjusting the
pressure of a pressurizing system 7, the oxygen-enriched
gas is forced into the coal seam along the directional
drilled well 2 at a fixed flow quantity as required. Here,
the fixed flow quantity is maintained, and the pressure in
the directional drilled well 2 is monitored in real time.
[0058] The pressure is monitored by a pressure meter
at the directional drilled well 2. When a considerable de-
crease of the pressure of the directional drilled well 2 (for
example, generally a decrease of 10~60% of the initial
pressure) is detected, the flow quantity or the oxygen
concentration of the oxygen-enriched gas is increased;
specifically, the flow quantity or the oxygen concentration
is adjusted according to the gangue thickness and the
water content in the coal seam, and the distance between
the drilled wells, etc.
[0059] When the pressure difference between the di-
rectional drilled well 2 and the vertical well 1 is insignifi-
cant (for example, the pressure difference is lower than
0.1MPa), it is indicated that linkage or gasification chan-
nel construction is accomplished between the vertical
well 1 and the directional drilled well 2.

Second Embodiment

[0060] As shown in Fig. 2, in the field of underground
coal gasification and linkage, a plurality of substantially
vertically wells 11, 12, 13, 14, 15 are formed; moreover,
the plurality of wells are apart by unequal distances along
the horizontal direction (i.e. the direction from right to left
or from left to right in Fig. 2). The lower ends of the plurality
of wells that extend into the underground coal seam zone
need to be linked with each other, so as to form a gasi-
fication channel as required by an underground coal gas-
ifying furnace. As shown by the lower left part of Fig. 2,
the lower ends of the wells 11, 12 have been linked with
each other (by combustion linkage in the prior art), and
a substantially horizontal gasification channel 17 has
been formed. Then, the linkage operation is further per-
formed on the lower ends of the wells 12, 13, 14 and 15
by the method of the present disclosure, so that the speed
of forming the gasification channel is increased. The im-
plementation of the linkage operation is basically as fol-
lows.
[0061] The well 11 is taken as a gas injection well for
an oxygen-containing gas (specifically, the oxygen-con-
taining gas may be air), the well 12 is taken as a produc-
tion well, and a burning zone of the well 12 is established
at a joint between the lower end of the well 12 and the
gasification channel 17. The amount of the air injected
to the well 11 downwards depends on the product gas
temperature in the well 12 and the water content of the
coal seam.
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[0062] Lateral horizontal drilling is performed by direct-
ly opening in the vertical well 13 starting from the lower
end of the well 13 along the direction toward the lower
end of the well 12 (i.e., the direction from right to left in
Fig. 2) by an ultra-short radius horizontal drilling technol-
ogy, and the drilled directional channel is supported by
a sieve tube and located about 0.5 meters above the
bottom of the coal seam, and has a diameter of about 40
mm. The horizontal drilling of the directional channel is
stopped at about 25 meters away from the lower end of
the well 12, so that a reserved coal seam segment without
horizontal drilled well is reserved in a zone about 25 me-
ters to the right of the lower end of the well 12 (relative
to Fig. 2). After the drill rod is removed, a well head, a
valve and a pressure meter are installed on the top of
the well 13, and pressurized water is fed to the well 13
by a high-pressure plunger pump, so that hydraulic frac-
turing is performed on the reserved coal seam segment
between the lower end of the well 13 and the lower end
of the well 12, until a coal seam fissure is generated in
the reserved coal seam segment (generally, when the
water pressure measured at the well 13 decreases ap-
parently by over 60%, it is indicated that the fissure is
formed), thus the drilled directional channel is made in
communication with the gasification channel 17. After the
hydraulic fracturing process is started, a part of the water
will enter the gasification channel 17, in this case, the
flow quantity of air injected from the well 11 is increased,
so that the water and coal gas are carried out via the well
12 to prevent the water from staying in the gasification
channel. Here, the flow quantity of air injected from the
well 11 depends on the temperature and humidity of the
gas produced from the well 12.
[0063] After the hydraulic fracturing operation is ac-
complished, an oxygen-enriched gas is fed via the well
13, and a heating process is started on the reserved coal
seam segment and the drilled directional channel. The
specific operation is as follows.
[0064] The oxygen-enriched gas with a certain oxygen
concentration may be prepared by an adjustable high-
pressure proportioning mixer, which for example homo-
geneously mixes a certain amount of oxygen with air.
The oxygen concentration in the oxygen-enriched gas
depends on the water content in the coal seam as well
as the temperature and humidity of the coal gas produced
from the well 12, and generally, the oxygen concentration
of the oxygen-enriched gas is 50%~60%.
[0065] With the pressure adjustment by a pressurizing
system, the oxygen-enriched gas is forced to flow into
the burning zone of the well 12 along the well 13 at the
fixed flow quantity as required, and the flow quantity of
the oxygen-enriched gas fed along the well 13 depends
on parameters such as a distance between wells, resist-
ance of the directional channel, a bearing ability of the
well and strength of the roof and floor of the coal seam.
Thereafter, the flow quantity of the oxygen-enriched gas
is maintained for reverse combustion (i.e., the extending
direction of the flame front is opposite to the flow direction

of the fed gas), and the pressure at the well 13 is moni-
tored in real time.
[0066] When the pressure detected by the pressure
meter on the top of the well 13 decreases apparently
(generally by 10~60% of the initial pressure), it is indicat-
ed that the burning zone of the well 12 has been expand-
ed to the vicinity of the bottom of the well 13. Thereafter,
the flow quantity or the oxygen concentration of the ox-
ygen-enriched gas supplied to the well 13 downwards
from the top of the well 13 is increased for the purpose
of forward hole expansion by fire; specifically, the flow
quantity or oxygen concentration of the oxygen-enriched
gas is adjusted according to the gangue thickness and
the water content in the coal seam, a distance between
the wells, etc. When the pressure difference between the
well 13 and the well 12 is insignificant (or the pressure
difference is lower than 0.1MPa), it is indicated that com-
bustion linking has been accomplished on the coal seam
segment between the lower end of the well 12 and the
lower end of the well 13; that is, a gasification channel
has been constructed successfully between the lower
end of the well 12 and the lower end of the well 13.
[0067] After the burning zone of the well 12 has been
expanded to the bottom of the well 13, a directional chan-
nel (denoted by a numeral 19 in Fig. 2) is further con-
structed starting from the lower end of the well 14 along
the direction toward the lower end of the well 13 (i.e., the
direction from right to left in Fig. 2) by the ultra-short radius
horizontal drilling technology, so that the drilled direction-
al channel is in communication with the burning zone of
the well 13, where the directional channel is not support-
ed by a sieve tube, is located about 0.5 meters above
the bottom of the coal seam and has a diameter of about
40 mm. The drilling of the directional channel is stopped
at about 15 meters away from the lower end of the well
13 so as to reserve a reserved coal seam segment. By
a process similar to the above described process (includ-
ing fracturing and fissure enlarging in the coal seam seg-
ment, directional channel processing and the subse-
quent processes) in which the linkage is accomplished
between the lower end of the well 12 and the lower end
of the well 13, the heating process is started on the di-
rectional channel, and the channel linkage between the
lower end of the well 13 and the lower end of the well 14
is accomplished.
[0068] After the burning zone at the bottom of the well
13 expands to the bottom of the well 14, by a process
similar to the above described processes (including frac-
turing and fissure enlarging in the coal seam segment,
directional channel processing and the subsequent proc-
esses) in which the linkage is performed between the
bottom of the well 12 and the bottom of the well 13 and
between the bottom of the well 13 and the bottom of the
well 14, a heating process is started between the lower
end of the well 15 and the lower end of the well 14 (here,
the length of the reserved coal seam segment between
the lower end of the well 15 and the lower end of the well
14 is 50m), and the channel linkage is accomplished be-
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tween the lower end of the well 14 and the lower end of
the well 15.
[0069] Multiple tests have been performed by the ap-
plicant by employing the above linkage method of the
invention to link the lower ends of the wells 12, 13, 14
and 15 in the coal seam, thereby constructing an under-
ground coal gasification channel. Results of the tests
show that the average linkage speed obtained by the
linkage method of the invention is 1.0~1.2 meters per
day, while the average speed of traditional air fire-pene-
trating linkage is 0.5~0.8 meters per day, thus the con-
struction speed of the gasification channel may be im-
proved apparently by employing the method according
to this embodiment of the invention, and the linkage ef-
ficiency is high.
[0070] Additionally, it should be noted that, although
there are four wells 12, 13, 14, 15 in the above second
embodiment, the method according to the invention is
not limited to this specific number of wells. It may be
known from the above description that the method ac-
cording to the invention can be applied for gasification
and linkage among any number of wells as actually re-
quired.

Third Embodiment

[0071] Fig. 3A and Fig. 3B show an example of an ex-
isting underground gasifying furnace. According to the
layout of the existing underground gasifying furnace, a
plurality of vertical wells have been constructed. The coal
seam at the lower end of the well 22 has been selected
for ignition and a burning zone 21 of the well 22 is formed,
but the lower ends of the existing wells 23, 24, 25 at the
coal seam still need to be linked, and the wells 23, 24,
25 are used as production wells after the linkage is ac-
complished. The wells 23, 24, 25 are all vertical wells,
and bottom ends of sleeves of these vertical wells are
located 0.5 meters above the bottom of the coal seam,
and centers of the wells are basically located on the same
straight line (as indicated by the horizontal dashed line
in Fig. 2A), where, the distance between adjacent ones
from the wells 23, 24, 25 is about 50 meters, and the
distance between the wells 22, 23 is also about 50 m. As
described below, the linkage between the wells 23, 24,
25 is performed along the coal seam using the directional
drilling technology, so that the wells 23, 24, 25 are in
communication with the burning zone 21, and the
processing of the gasification channel is accomplished
according to the method of the invention.
[0072] A directional drilled well 26 is constructed gen-
erally along the direction of a line passing through the
wells 22, 23, 24, 25 (i.e. the horizontal dashed line in Fig.
2A), the horizontal distance between the vertical upper
segment of the directional drilled well 26 and the well 25
is about 150 meters, and the arched lower segment of
the directional drilled well 26 is extended into the coal
seam at a location apart from the lower end of the well
25 by a horizontal distance of about 30 meters; thereafter,

a sleeve is placed in the directional drilled well 26, and
a well cementing operation is performed.
[0073] A target point is placed in each of the wells 23,
24, 25, and directional drilling is started. The directional
channel is located about 0.5 meters above the bottom of
the coal seam and has a diameter of about 150 mm. The
directional drilling is stopped at a location apart from the
lower end of the well 22 by a horizontal distance of about
15 meters (in Fig. 3B) and the drill rod is pulled out, so
that a reserved coal seam segment is reserved.
[0074] After the directional channel is constructed, a
well head, a valve and an instrument are installed on the
top of the directional drilled well 26, temperature meas-
uring devices are installed in the wells 23, 24, 25, the
valves on the tops of the wells 23, 24, 25 are closed, and
pressurized air (with a pressure of 1.0~5.0MPa) is fed to
the directional drilled well 26, so that pressurized fractur-
ing is performed on the reserved coal seam segment
between the lower end of the well 23 and the burning
zone 21, to generate a coal seam fissure in the reserved
coal seam segment. The valve and the instrument on the
top of the directional drilled well 26 are monitored, to in-
spect changes of pressure and product gas compositions
during the process; when the pressure detected by the
valve on the top of the directional drilled well 26 decreas-
es rapidly, it is indicated that a fissure 28 has been formed
in the reserved coal seam segment.
[0075] After the fissure 28 in the reserved coal seam
segment is formed, air may be fed into the burning zone
21 along the fissure 28, so that the residual slurry in the
directional channel and the coal seam water inflow gen-
erated may be carried over to the burning zone 21. In
addition, the air contacts high-temperature coal seam in
the burning zone 21, to facilitate combustion and gasifi-
cation action of the coal seam, meanwhile water is va-
porized when it contacts the high-temperature coal seam
(a part of the water participates in the gasification ac-
tions), and the resultant wet coal gas is discharged via
the drilled well 22.
[0076] During the method of this embodiment, after the
fissure 28 in the reserved coal seam is formed, the flow
quantity of air fed to the directional drilled well 26 is ad-
justed to perform reverse combustion linking (i.e., the
extending direction of the flame front is opposite to the
flow direction of the fed gas), where the flow quantity of
air depends on the coal gas compositions at the exit on
the top of the well 22. During this process, changes of
the pressure in the directional drilled well 26 and the tem-
perature at the bottom of the well 23 are monitored. When
the pressure in the directional drilled well 26 decreases
to a certain degree (generally by 10~60% of the initial
pressure), and/or the temperature at the bottom of the
well 23 slowly rises to a certain degree (e.g. rises at a
rate of 10~50°C/h), it is indicated that gasification channel
linkage has been constructed in the reserved coal seam
segment, and the gasification channel is in communica-
tion with the directional channel 27.
[0077] After the burning zone is extended to the direc-
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tional channel 27, the flow quantity of air fed to the direc-
tional drilled well 26 is further adjusted to implement re-
verse combustion linking in the directional channel,
where the flow quantity of air is depends on the change
of temperature at the bottom of the wells 23, 24, 25. When
the temperature at the bottom of the well 23 rises rapidly,
it is indicated that the burning zone has expanded to the
well 23; at this time, feeding of air to the well 23 is started
for forward combustion linking, where the flow quantity
of the air depends on the temperature at the bottom of
the well 23 and the coal gas compositions in the well 22.
[0078] For each zone between the lower ends of ad-
jacent ones from the wells 23, 24, 25, the flow quantity
of the air fed to the directional drilled well 26 is adjusted
according to the above method, to perform reverse com-
bustion linking on the directional channel; at the same
time, the gas fed to the wells 24, 25 is adjusted for the
forward combustion linking. When the pressure differ-
ence between the directional drilled well 26 and the well
22 is insignificant or lower than 0.05 MPa, it is indicated
that the gasification channel linkage has been accom-
plished among the wells 23, 24, 25.
[0079] Multiple tests have been performed by the ap-
plicant using the above linkage method of the invention
so as to link the lower ends of the wells 23, 24, 25 in the
coal seam, thereby constructing an underground coal
gasification channel. Results of the tests show that, ac-
cording to calculated time for the temperature changes
of adjacent wells (for example, the wells 23, 24), the av-
erage linkage speed obtained by the linkage method of
the invention is 1.2~1.5 meters per day, while the average
speed of traditional combustion linkage is 0.5~0.8 meters
per day; thus, the construction speed of the gasification
channel may be improved apparently by employing the
method according to this embodiment of the invention.

Fourth Embodiment

[0080] The scheme of the fourth embodiment is basi-
cally the same as the scheme according to the second
embodiment. Although the air and the oxygen-enriched
gas are employed for the reverse combustion linking, the
fourth embodiment is different from the second embod-
iment in that the air and the oxygen-enriched gas are
also mixed with propane functioning as a combustion im-
prover within the wells, where the air and the propane
may be conveyed to the burning zone from the ground
via an annulus conduit pipe and mixed within the wells,
so as to improve the efficiency of the combustion linking.
[0081] The average linkage speed obtained by this
method is 1.4~1.8 meters per day, while the average link-
age speed in the second embodiment based on the tra-
ditional oxygen-enriched gas and air is 1.0~1.2 meters
per day, thus the channel construction speed may be
improved apparently by employing the method of the
present embodiment of the invention.

Fifth Embodiment

[0082] The scheme of the fifth embodiment is basically
the same as the scheme in the third embodiment. Al-
though air is employed for the reverse combustion link-
ing, the fifth embodiment is different from the third em-
bodiment in that the air may also be mixed on the ground
with silicane functioning as a combustion improver. After
the air and the silicane passing through conduit pipes are
mixed on the ground and then conveyed to the burning
zone so as to improve the efficiency of combustion link-
ing.
[0083] The average linkage speed obtained by this
method is 1.6~2.0 meters per day, while the average link-
age speed based on air according to third embodiment
is 1.2~1.5 meters per day, thus the channel construction
speed may be improved apparently by employing this
embodiment of the invention.

Claims

1. A method for underground coal gasification and link-
age, which is applied to construct a gasification chan-
nel for an underground coal gasifying furnace in the
vicinity of the bottom of at least one substantially
vertical first well, wherein the method comprises
steps of:

a) establishing a burning zone in a coal seam at
the bottom of the first well;
b) performing mechanical directional drilling on
a coal seam nearby the bottom of the first well
in the vicinity of the burning zone, starting from
a lower end of the second well, so that the coal
seam nearby the bottom of the first well is pre-
perforated to form a directional channel in com-
munication with the burning zone in the coal
seam nearby the bottom of the first well, wherein
the second well is an existing well or a newly-
drilled well outside the burning zone; and
c) feeding an oxygen-containing gas to the burn-
ing zone via the second well and the directional
channel, and performing a heating process on
the directional channel, to enlarge the direction-
al channel to form the gasification channel for
the underground coal gasifying furnace.

2. The method for underground coal gasification and
linkage of claim 1, wherein the burning zone is es-
tablished by means of electric ignition, solid fuel ig-
nition or coke ignition, or a high-temperature coal
seam of an existing burning zone or combustion
space zone in an operation zone is taken as the burn-
ing zone.

3. The method for underground coal gasification and
linkage of claim 1, wherein the directional drilling is
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performed by means of any one of directional well
technology, horizontal well technology, lateral drill-
ing technology, radial horizontal well technology,
branched well technology, cluster well technology
and extended reach well technology of the petroleum
or coal seam gas drilling technology.

4. The method for underground coal gasification and
linkage of claim 1, wherein the heating process is
implemented by forward combustion linking and re-
verse combustion linking, and the medium used in
the combustion linking comprises air, pure oxygen,
propane, silicane, diesel fuel or liquid hydrocarbon,
or a combination thereof.

5. The method for underground coal gasification and
linkage of claim 1, wherein the oxygen-containing
gas comprises any one of: air, oxygen-enriched gas
and pure oxygen.

6. The method for underground coal gasification and
linkage of claim 1, wherein the oxygen-containing
gas is mixed with at least one of propane, silicane,
diesel fuel and liquid hydrocarbon that function as a
combustion improver.

7. The method for underground coal gasification and
linkage of claim 6, wherein the mixing is performed
on the ground or underground.

8. The method for underground coal gasification and
linkage of claim 6, wherein the oxygen-containing
gas and the combustion improver are conveyed to
the burning zone via an annulus conduit pipe, or di-
rectly conveyed from the ground to the burning zone
via a sleeve for drilled well.

9. The method for underground coal gasification and
linkage of claim 1, wherein the directional channel
is located in the coal seam and has a length of
10~1000m, and the directional channel is a non-sup-
ported channel or a supported channel that is sup-
ported by a sieve tube.

10. A method for underground coal gasification and link-
age, comprising steps of:

a) establishing a burning zone in a coal seam at
the bottom of a well;
b) performing a pre-perforating operation at the
bottom of the well outside the burning zone by
directional drilling along the coal seam to form
a drilled directional channel, wherein a reserved
coal seam without well is reserved between an
end of the directional channel and the burning
zone;
c) performing a fissure enlarging operation in
the reserved coal seam so as to form a fissure

in communication with the burning zone; and
d) conveying an oxygen-containing gas to the
burning zone via the well for the pre-perforating
operation, and performing a heating process on
the fissure formed in the reserved coal seam to
enlarge the fissure into a gasification channel,
so that the directional channel is in communica-
tion with the burning zone via the gasification
channel.

11. The method for underground coal gasification and
linkage of claim 10, further comprising a step of:

e) starting from an end of the directional channel
that abuts against the burning zone, performing
a heating process on the directional channel un-
til the bottom end of the well, to form a horizontal
gasification channel along the directional chan-
nel.

12. The method for underground coal gasification and
linkage of claim 10, wherein the burning zone is es-
tablished by means of electric ignition, solid fuel ig-
nition or coke ignition, or a high-temperature coal
seam of an existing burning zone or combustion
space zone in an operation zone is taken as the burn-
ing zone.

13. The method for underground coal gasification and
linkage of claim 10, wherein at least one production
well and at least one injection well are formed in the
burning zone, and the bottom of the at least one pro-
duction well and the bottom of the at least one injec-
tion well are in communication with the burning zone.

14. The method for underground coal gasification and
linkage of claim 10, wherein the directional drilling is
performed by means of any one of directional well
technology, horizontal well technology, lateral drill-
ing technology, radial horizontal well technology,
branched well technology, cluster well technology
and extended reach well technology of the petroleum
or coal seam gas drilling technology.

15. The method for underground coal gasification and
linkage of claim 10, wherein the length of the re-
served coal seam is 0~50 meters, and the length at
least depends on a change of permeability of the
coal seam subjected to heat and ground stress.

16. The method for underground coal gasification and
linkage of claim 13, wherein during the fissure en-
larging operation, a pressure variation of com-
pressed air in the injection well is monitored, and
when the pressure of the compressed air in the in-
jection well decreases rapidly, it is indicated that a
crack has been formed in the reserved coal seam
and the fissure enlarging operation has been com-
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pleted.

17. The method for underground coal gasification and
linkage of claim 13, wherein
during the heating process on the crack formed in
the reserved coal seam, air pressure in the injection
well and temperature at the bottom of the production
well are monitored, and when the pressure of the
directional drilled well decreases and the tempera-
ture at the bottom of the production well rises, it is
indicated that a gasification channel has been
formed along the crack formed in the reserved coal
seam and the heating process has been completed.

18. The method for underground coal gasification and
linkage of claim 10 or 11, wherein the heating proc-
ess is performed by means of forward combustion
linking or reverse combustion linking, and the medi-
um used in the combustion linking comprises air,
pure oxygen, propane, silicane, diesel fuel or liquid
hydrocarbon, or a combination thereof.

19. The method for underground coal gasification and
linkage of claim 10, wherein the fissure enlarging
operation performed on the reserved coal seam
comprises any one of or a combination of: a hydraulic
fracture method, a pressurized air penetrating meth-
od, a blasting method and a chemical liquid crushing
method.

20. The method for underground coal gasification and
linkage of claim 10, wherein the oxygen-containing
gas comprises any one of: air, oxygen-enriched gas
and pure oxygen.

21. The method for underground coal gasification and
linkage of claim 10, wherein the oxygen-containing
gas is mixed with at least one of propane, silicane,
diesel fuel and liquid hydrocarbon that function as a
combustion improver.

22. The method for underground coal gasification and
linkage of claim 21, wherein the mixing is performed
on the ground or underground.

23. The method for underground coal gasification and
linkage of claim 21, wherein the oxygen-containing
gas and the combustion improver are conveyed to
the burning zone via an annulus conduit pipe, or di-
rectly conveyed from the ground to the burning zone
via a sleeve for drilled well.

24. The method for underground coal gasification and
linkage of claim 10, wherein the directional channel
is located in the coal seam and has a length of
10~1000m, and the directional channel is a non-sup-
ported channel or a supported channel that is sup-
ported by a sieve tube.

25. The method for underground coal gasification and
linkage of any one of claims 1 to 24 is applied to
linkage of the gasification channel for an existing or
newly constructed underground coal gasifying fur-
nace.
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