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UNITED STATES PATENT OFFICE 

United States of America as represented by the 
Secretary of the Interior 

Application June 10, 1949, serial No. 98,343 
(C. 262-) 

(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 370 O. G. 757) 

5 Claims. 

1. 
The invention herein described and claimed 

may be manufactured and used by or for the 
Government of the United States of America, for 
governmental purposes without the payment of 
any royalties thereon. Or therefor. 
This invention relates to improvements in the 

process of underground gasification of coal and 
other carbonaceous materials in situ, i Such aS 
coal, lignite, oil shale and similar materials. 

Since the gasification of coal is essentially the 
conversion of its Solid carbonaceous compo 
nents, by means of oxygen-containing gases, into 
gaseous products, a primary object of the inven 
tion is to provide a method of controlling the 
gasification of coal, underground, and to make 
the conversion of a Sean of coal to gaseous prod 
ucts proceed in a continuous manner. 
A further object of the invention is the carry 

ing out of the gasification of the coal in place, in 
such a way, that each area of the Seam is en 
tirely, gasified, with the production of useful 
gases. 
The broad idea of converting coal underground 

to useful gases is old as shown in the recent review 
of this subject by J. D. Clendenin, in Chemical : 
Engineering Progress, vol.43, No. 11, pp. 581-584 
(1947) which mentions thirty-one literature 
references. 
However in spite of all these investigations, 

commercial success in underground gasification: 
of coal and other carbonaceous minerals has not 
been attained to date. The quality of the gas has 
been poor, gasification of the coal has been in 
complete and serious operating difficulties have 
been encountered in sustaining and directing the 
underground gasification. . . 
We have now found, that all of these objec 

tions can be overcome and a uniform grade of 
useful gases obtained, when the underground 
operations are carried out according to Olt in 
ventioia. : 
These and other objects are achieved by pre 

paring the coal sean, beforehand, initiating gasi 
fication of the coal, then carrying out the opera 
tions so as to control both the rate at which the 
product-gas is generated, and completion of the 
gasification in one area, before initiating gasifica 
tion of adjoining areas. Furthermore, the inven 
tion specifically prevents leakage of the Supplied 
oxygen-containing gases through burned out 
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areas, With attendant destruction of the prod 
uct-gases by combustion. This is an important 
feature of the invention and consists in the in 
jection of non-combustible materials into the coal 
formation at strategic locations duing the 
course of the coal-gasification process. 
Our improved method of initiating, sustaining 

and controlling the underground gasification of 
coal and other carbonaceous minerals is described 
in connection with the drawings, in which Figure 
i is an underground plan view of our process of 
carrying out the invention, and Figure 2 is a 
???cal Section, taken along the underground gal 
ery. 
EReferring to the drawing, Ais a gallery, con 

structed in the coal seam, along the entire length 
of one boundary of the area, to be gasified. A fire 
resistant Wall W is built along one side of the 
gallery to prevent the combustion of coal, beyond 
this area. This Wall is optional and may be dis 
regarded, where operations are to be carried on, 
at both sides of the gallery. Wertical boreholes, 
A-, A-2, A-3, etc., which are 10-20 inches in di 
ameter, are drilled from the surface of the ground 
down to gallery A. These boreholes are spaced 
about 300 feet apart, along the Surface of the 
ground and in an approximately straight line. 
This distance between these holes may vary in 
different types of deposits. Additional rows of 
boreholes, are drilled down to the coal seam. 
These are designated as B-, B-2, B-3, etc., Cl-, 
C-2, C-3, etc., and D-, D-2, D-3, etc., in Figure 
1. These rows are parallel to each other and to 
the outer row A-, A-2, A-3, etc., and are approxi 
mately 150 feet apart, with the holes in alternate 
rows, staggered, as shown in the drawing. This 
arrangement leads to a net-work of boreholes, 
in which the distance between holes in any row 
is about 300 feet and the distance between con 
tiguous holes in adjacentroWS is about 200 feet. 
Specifically, the distance from A- to A-2 is about 
300 feet, and the distance from A-, or A-2 to 
B- is about 200 feet. This results in forming 
between the contiguous holes in adjacent rows 
areas of similar triangular shape, as shown in the 
drawing. Each of the boreholes in roWSA and B 
are connected directly to line AA handling air 
and line AG handling the produced gas. Simir 
larly, each of the boreholes in roWS C and D are 
connected to line CA handling air and line CG 
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handling gas, respectively. All the air lines are 
Connected to manifold AM supplied by a blower 
BL, and all producer gas lines are connected to 
Inanifold GM, With an exhauster GE for remov 
ing the gas to a gas holder (not shown). 
The flow of air and gas is controlled by suit 

able valves, installed in the respective lines (not 
shown). 

Besides the larger boreholes, for admission of 
air, or other oxygen-carrying gases, to the coal 
Sean, and removal of the produced gases to the 
holder a third series of boreholes of much smaller 
size (3-4 inches) are drilled down to the coal 
Seam, which is to be gasified. These are desig 
nated as A-la, A-2a, A-3a, etc. „B-lib, B-2b, B-3b, 
etc. in the drawings. 
The role of these holes forms an important fea 

ture of our invention, and they play a major part 
in controlling and directing the course of the 
gasification operation, as will be described 
later on. 

Having completed the necessary boreholes 
down to the coal formation, as indicated in the 
drawing, the actual operation of the process of 
coal gasification is carried out as follows: 

Gallery A is filled with combustible material, 
Which may be pieces of broken coal taken from 
the same formation, pieces of coal from a richer 
formation, low-grade coal impregnated with oil, 
or in Some cases combustible woody materials. 
This combustible material is ignited in any suit 
able way, for example by means of thermite 
bombs, at Several alternate locations such as at 
A-1, A-3, A-5, etc. The number to be ignited 
Will depend on the extent of the operation and 
the quantity of produced gas required. After the 
ignition of the combustible material at the desig - 
nated locations, air or other oxygen-containing 
gases, are blown down these alternate boreholes 
to Support the desired combustion. The regulat 
ing Valves on each alternate pipe are manually 
adjusted to yield approximately equal amounts 
of air to each producing borehole. 
The combustion of the coal or other carbon 

aceous mineral results in the formation of carbon 
dioxide, carbon monoxide and some distillation 
products, which together with, the nitrogen from 
the entering air are removed through the aliter 
nate boreholes A-2, A-4, A-6, etc. and sent to 
the gas holder. 
As the combustible material in gallery Abe 

tween the boreholes is consumed by the oxygen 
of the entering gas, heat is generated and the 
roof subjected to this heat melts and sags, as 
was observed in Bureau of Mines' tests recently 
carried out at Giorgas, Alabama. 
As the roof Sags it partly fills the gallery and 

causes the entering gas to fiOW around the fallen 
roof, along the face of the coal seam, correspond 
ing to the curved lines between adjacent holes, 
as shown on the drawing. 

In the event that there are voids in the fallen 
roof, whereby the Oxygen-containing gases may 
leak back to the adjacent hole and burn the 
make gas instead of the solid carbonaceous ma 
terial, non-combustible Solidifying material, such 
as fiuid cement, mixtures of mud and oil, rock 
dust and Water, or a Special mixture for sealing 
Cracks known as gunite is injected into the for 
nation through the smaller holes A-fa, A-2d, 
etc. In this way the combustion is maintained 
in the coal seam and a uniform production of 
useful make-gas is maintained. 

Detection of leaks in the fallen roof is clearly 
shown by a drop in quality of the make gas which 
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4. 
condition indicates that some of the make-gas 
is being consumed. 
When most of the carbonaceous material be 

tween sets of boreholes, such as A-3, A-4 and 
B-3, as indicated on the drawing, has been gasi 
fied as shown by a falling-off in the quantity of 
make-gas the flow of gas from borehole A-4 is 
discontinued, and after Suitable purging the flow 
of air and gas is reversed to complete gasifica 
tion of the combustible material in the indicated 
area. Then the burning area reaches borehole 
B-3. 
Operations are now shifted to row B until the 

whole area of the second row is burned out as 
indicated by the curved lines on the drawing. 

Emphasizing again the importance of the 
Smaller boreholes A-la, B-2b, C-3c, etc., they are 
provided for the purpose of introducing the inert, 
non-combustible material, between pairs of inlet 
and outlet holes, such as A- and A-2, to close 
any voids away from the burning face of the coal, 
thereby preventing the bypassing of the entering 
oxygen-containing gas, which might burn the 
make gas before it reaches the exit pipes. This 
is an absolutely essential step for good control 
of the gasification process. In certain Special 
cases additional small holes, for the introduction 
of inert, non-combustible material may be drilled 
between the parallel rows of holes in order to 
in prove control of the coal gasification. 
While Our disclosure shows one form of an 

Operation, in which burning proceeds away from 
the retaining wall, it is obvious to those skilled 
in the art that the operation can also be carried 
out on the other side of the gallery, in the absence 
of the fire resistant wall either simultaneously 
Or Consecutively, 
Having described our invention, we claim: 
1. An improved process for rapidly gasifying 

large areas of underground. carbonaceous min 
erals With a minimum of underground work, in 
volving the simultaneous use of a plurality of 
boreholes from the surface of the ground to the 
bed of the carbonaceous mineral, comprising the 
Steps of forming a gallery of considerable length 
in a bed of carbonaceous mineral, forming a first 
Set of boreholes communicating from the surface 
with Said gallery, forming a plurality of addi 
tional sets of boreholes essentially parallel to, and 
Spaced laterally from said first set and from each 
other, and extending from the surface to said 
bed of carbonaceous mineral initiating combus 
tion within Said gallery, supplying oxygen-con 
taining gas to said bed through alternate bore 
holes of Said first set thereby maintaining a com 
bustion Zone along said gallery at the face of said 
carbonaceous mineral, removing the gases pro 
duced from intervening boreholes of said first 
Set, continuing to supply oxygen-containing gas 
to, and to remove produced gas from, said first 
Set of boreholes thereby advancing the combus 
tion Zone toward said second set of boreholes 
along a line essentially parallel to said gallery, 
transferring the operations of supplying oxygen 
containing gas and of removing produced gases 
to said Second set of boreholes as the combustion 
Zone reaches said second set, and continuing to 
advance Said combustion zone in like manner to 
Ward Successive sets of boreholes, thereby rapidly 
and Systematically advancing said combustion 
Zone into Said bed of carbonaceous mineral along 
a line essentially parallel to said initial gallery. 

2. A process in accordance with claim 1 in 
which the carbonaceous mineral comprises coal. 

3. A process in accordance with claim 1 in 
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Which incombustible material is injected at se 
lected points into the voids resulting fron under 
ground combustion of Said carbonaceous mineral 
to prevent bypassing of gases through said voids. 

4. A process in accordance with claim i in 
which the boreholes in adjacent rows are ar 
ranged in staggered relation to one another. 

5. A process in accordance with claim 1 in 
which the direction of flow between adjacent 
boreholes is periodically reversed. ?} 

LOUIS. T. NEW/AN. 
WILBURN C. SCHROEDER. 
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