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This invention relates to a process for recovering vola 
tilizable constituents from carbonaceous materials such as 
shales, oil and tar sands, coals and the like, by treating 
such materials in their natural position. More particu 
larly, the present invention is concerned with a process for 
the in situ retorting of oil shale to recover shale oil. 

It is well known that these carbonaceous materials may 
be converted by a pyrolytic treatment to yield hydrocar 
bon oils, including oils boiling in the gasoline and gas oil 
ranges. Although oil shale does not in general contain 
oil as such, it does contain volatile and fixed-carbon con 
pounds, termed kerogens, which, upon retorting or destruc 
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tive distillation, yield products which may be refined much 
as crude petroleum is to yield fuels and the like. 

In the past these shales have generally been mined by 
methods adopted from the coal industry, crushed, and 
subjected to destructive distillation in cumbersome exter 
nal retorts involving large equipment and operating cost. 
Time consuming handling and crushing operations have 
contributed to the disadvantages attendant to such a retort 
ing method. In order to avoid the mining and equipment 
problems of these above-ground special retorts, it has been 
suggested that the shale be retorted in situ, generally by 
passing a combustion-supporting gas through a tunnel ar 
rangement within the shale strata, igniting the gas so that 
the kerogenic material is decomposed by heat, and then re 
covering the volatile shale oil. 
An object of the present invention is to provide a proc 

ess for recovering oils from carbonaceous materials with 
out extensive mining and handling operations required by 
most of the retorting processes disclosed in the prior art. 
A further object is to provide an improved in situ proc 

ess for the retorting of shale in which the maximum re 
covery of oil per unit quantity of shale is obtained and 
the oil recovered is in suitable form for further process 
1ng. 
A still further object is to provide a thermally efficient 

underground oil shale retorting process which provides a 
stable and controllable means of retorting at relatively 
low temperatures with the maximum recovery of heat 
from the retorted products, the spent shale, and the com 
bustion of the retorting fuel gas. 

Other objects will be apparent from a consideration of 
the description below. 
The large deposits of oil shales of the United States, 

particularly in Colorado, Utah and Wyoming, which con 
tain contiguous strata of shales ranging from twenty-five 
to six hundred feet in thickness, are well suited for the 
practice of the present invention. The subject invention 
is particularly applicable to those shale formations which 
outcrop on the slopes and cliffs above the valleys and 
which appear between strata of impervious rock and which 
extend in horizontal beds far back in the sides of the 
valleys. 

According to the present invention, the subject process 
comprises the steps of employing or forming channels 
within the carbonaceous material which will permit the 
passage of fluids through the material. A gaseous fuel 
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is then passed into these channels from a fuel release 
point, and a combustion zone is established at a predeter 
mined position downstream in the direction of gas flow 
from said fuel release point, within at least one of the 
channels, by releasing an oxygen-containing gas at the 
said position. The combustion zone is at a temperature 
sufficient to initiate retorting of the carbonaceous material 
in a retorting zone thereby developed further downstream. 
The hot retort gases emerging from the retorting zone are 
then allowed to flow onward through channels in unretort 
ed shale, the cold downstream portions of said channels 
comprising a condensing zone, thence into a separator 
from which the normally liquid constituents are recovered 
and from which at least a portion of the uncondensed 
product gases are returned as the gaseous fuel to the chan 
nels at the fuel release point. The oxygen-containing gas 
release point is then progressively advanced through the 
channels in the direction of the gas flow to effect a corre 
sponding movement of the combustion zone as the car 
bonaceous material adjacent the zone becomes depleted of 
volatilizable constituents. 
The invention may be more readily understood by ref 

erence to the attached drawings wherein: 
Figure 1 shows one embodiment of the present inven 

tion adapted to retort the oil from a stratum of oil shale 
outcropping from a cliff, said figure being a vertical sec 
tion through the cliff formation. 

Figure 2 illustrates another embodiment of the inven 
tion, the figure being a vertical section through a moun 
tain containing a horizontal stratum of oil shale. 

Figure 3 illustrates still another embodiment of the in 
vention, in which valved branch lines are provided, com 
municating between the recycle gas line 47 and horizontal 
tunnel 43. 

Figure 4 illustrates an inductor-type burner, for use in 
the present invention. 

Referring to Figure 1, the carbonaceous deposit (shown 
as shale bed 1) to be retorted is located between over 
burden 12 and country rock 13. According to this em 
bodiment of the present invention, an essentially horizontal 
tunnel 14 is driven immediately below the oil shale strata 
11. A plurality of holes 15, here shown to be vertical, 
are drilled or otherwise formed between the earth's sur 
face 16 and the tunnel 14. Tunnel 14 and holes. 15 con 
stitute channels through which fluids mayflow. • 
To start the process, a combustion zone is established 

within the shale bed 11, preferably at the upper level of 
the strata. This can be done by passing a fuel gas down 
the holes from lines 17 and caps 18 and releasing an 
oxygen-containing gas, for example, air, into the holes 
by means of lines 20 at the predetermined upper level. 
A portion of the fuel gas, admixed with the air, in, for 
example, a combustion chamber, is then ignited by con 
ventional means, as for example, by an electric spark. 
The combustion zone thus established must produce suffi 
cient heat output to initiate retorting of the adjacent shale 
formation. Following the establishment of the combus 
tion zone, the flow of air and gaseous fuel into the holes 
is continued so as to support the combustion zone located 
in the bed. This is accomplished by continuing the pas 
sage of the fuel down the holes from lines. 17 and caps 
18 (the latter being a fuel release point), and the air 
by header 19 and lines 20, the latter releasing the air 
at the combustion zone at a predetermined position. The 
ends of lines 20 may be extended down holes 15 to said 
predetermined position by any suitable conventional 
means, for example, by lowering the structure comprising 
header 19 and lines 20, by making lines 20 of telescopic 
construction, or by making a portion of lines 20 of flexible, 
heat resistant material of adequate length to permit lower 
ing said lines to the desired depth. The gases and vapor 
ous products of retorting thereafter flow downwardly 
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through the holes 15, successively heating the downstream 
shale and being cooled thereby to the point where shale 
oil condenses out. The cold, downstream portion of 
holes 15 wherein shale oil is condensed, comprises a 
condensing zone. The cooled shale oil and product gases 
pass from the holes into the tunnel 14, or, as shown in 
the drawing, into a recovery line 21, from which they are 
passed into separator 22 wherein any remaining vaporous 
shale oil is condensed, fogs are broken and the liquid 
phase removed as a product by line 23. The uncon 
densed gases from retorting, containing combustion gas, 
are withdrawn from separator 22 by line 24 and a portion 
of these gases may be removed from the system by line 
25. The remaining retort gases pass by line 24 to blower 
26 from which they are passed through line 27, lines 17, 
and caps 18, into holes 15 where they can replace the 
gaseous-fuel employed to initiate retorting. . 

Operation of the present invention after retorting in 
the shale has progressed to a point sufficient to displace 
gas initially in the system, and after considerable quanti 
ties of retort gas are produced, is as follows. . . . . 

Cold, recirculated retort gas is passed through line 27, 
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lines 17, and caps 18 into holes 15. The cold gas passes 
downwardly in the holes and comes into contact with hot, 
previously retorted shale, thereby cooling the shale and 
heating the gas. These previously retorted sections of 
holes 15 comprise a preheating zone. A portion of this 
preheated gas is withdrawn from the mainstream, for 
example, by an aspiration or induction device, and is 
mixed with air entering the holes by header-19 and lines 
20 to form a lean fuel/air mixture in respect to its retort 
gas content. An important feature of the present in 
vention is that the air entering the holes is not mixed 
with the recycle retort gas at the earth's surface 16. In 
stead, the air is introduced into the holes by lines 20 and 
no mixture of air and recycle gas is made until a point 
immediately abovee the shale undergoing retorting. The 

- lean mixture is burned and a combustion zone wherein a 
flame temperature considerably above retorting tempera 
tures, for example, in the order of 2000-3000 F., is 
attained. These high temperature combustion products 
are immediately admixed with the main stream of cir 
culating retort gas and thus are quenched to a tem 
perature of, for example, 1300 to 1600. F., which is 
sufficiently above the desired retorting temperature of 
from about 1000 to 1250 F. to provide an adequate 
thermal driving force. 
of air necessary to be supplied to the process can be as 
low as 1000 to 2000 cu. ft. per ton of raw shale in certain 
Cases. 

In the combustion stage, it is preferred in some cases 
that the combustion take place substantially out of con 
tact with the shale, and that only after quenching does 
the heated gas come in contact with the shale. The de 
termining factors are whether clinkering is desired to 
aid in opening channels through the shale, or whether 
high temperatures are undesirable for process reasons dis 
cussed subsequently. One means of effecting this.com 
bustion out of contact with shale is to employ an inductor 
type of burner. Such as will be discussed in connection with 
Fig. 4, located on the lower end of air line 20, wherein 
a portion of the recycle retort gas is inducted or inspirated 
into the burner and mixed with the air to form a lean 
combustion mixture. It will be understood that whether 
or not an inductor-type of burner is used, that portion of 
the stream of recycle retort gas passing into holes 15 

It has been found that the amount 
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from caps 18 that is not burned near the end of line 20 
inherently acts as a thermal cushion between the com 
bustion Zone and the shale walls of holes 15. This 
thermal cushion may be used, in conjunction with a com 
bustion Zone designed to have a flame front with a de 
sired direction and configuration, to prevent the flame 
front from contacting the shale if such contact is not 
desired. 
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an outside source. 

4 
- The hot recycle gas passes downwardly from the con 

bustion zone and heats downstream shale to retorting 
temperature thereby converting the kerogenic materials 
therein to vaporized shale oil. The region in which this is 
the dominant reaction is termed the retorting Zone. The 
recycle gas and the hot gaseous products of retorting 
then pass further down the holes, preheating the raw shale 
as they are being cooled. The region in which the gases 
and vapors are cooled by contact with raw shale is termed 
the condensing zone. These gases may be cooled by their 
passage through the raw shale to a point at which con 
densation of the shale oil occurs, but in any case, the 
gases, or gases and liquid shale oil, are passed from the 
holes 15 through the tunnel 14, or recovery line 21, into 
separator 22 wherein essentially all of the vaporous shale 
oil is recovered as a liquid. At least a portion of the 
uncondensed gases from the condensing Zone, constituting 
recycle gas, are then returned by line 24 through blower. 
26, line 27, lines 17, caps 18, into holes 15. 
As noted before, retorting of the shale is preferably in 

itiated in the upper level of the shale bed 11 by es 
tablishing a combustion zone at that point. As the 
shale immediately below the zone is depleted of its kero 
gen content, the combustion Zone is moved down through 
the holes by moving the inductor burner located on air 
lines 20 downwardly, thereby causing the progressive 
retorting of raw shale in the lower levels of the bed. 
The fuel gas stream, on its way toward the combustion 
Zone, then contacts hot, retorted shale and is thus able 
to recover sensible heat therefrom. This effects a large 
improvement in thermal efficiency and also permits the 
use of low-B. t. u. gases as fuels, since these must be 
preheated - before combustion can proceed satisfactorily. 

Other advantages of the present invention are as fol 
1ows: - 

1. Except for the unusual instance of retorting with 
electric energy which is uneconomic in most parts of the 
world, all of the heat requirements for retorting must be 
generated by the combustion of hydrocarbons retorted 
from the shale, residual in the shale, or introduced from 

The heat requirements for retorting 
include the sensible heat required to bring the shale and 
circulating gas up to retorting temperature, plus the heats 
of decomposition of shale, kerogen and oil, and of any 
carbonate mineral in the shale. Operation with the maxi 
mum heat recovery results in the increased recovery 
of hydrocarbons from a unit quantity of shale with the 
attendant decrease in cost per unit quantity of hydro 
carbons. Thus, in the present invention, by contacting 
the recirculating retort gas with the hot spent shale, and 
by heating the raw downstream shale with the retort 
products, maximum heat recovery is attained. - 

2. Since retorted shale oil must be reduced in molecular 
weight before final product separation, the avoidance of 
unnecessary cracking of shale oil during retorting permits 
the later use of refining processes such as thermal and 
catalytic cracking, operated under carefully controlled 
conditions, to give maximum yields of products within 
the desired gasoline and gas oil boiling ranges. In the 

actually contacting the shale, the high cracking tem 
peratures are avoided resulting in a shale oil produc 
boiling within the desired ranges. 

3. Another advantage of the present process is that 
by operating at relatively low temperatures, that is by 
a shielded flame followed by gas quenching, the retort gas 
Will be of a relatively high molecular weight, and thus, 
the molal heat capacity of the gaseous fuel-is maintained 
at a higher level than would be the case when excessive 
temperatures are employed, the latter giving rise to low 
molecular Weight product gases produced by thermal 
cracking. The higher the molal heat capacity of the 
gas, the less gas must be brought into contact with the 
shale to effect retorting, thus reducing the cost of gas 
compression to bring the gas into contact with the shaie, 
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4. A further advantage of the shielded flame followed 
by quenching, is that a minimum breakdown of carbonate 
compounds, often contained in shale, results because of 
the avoidance of high temperature flame contact with 
the shale. A disadvantage of carbonate decomposition 
is that carbon dioxide will be released, in an endothermic 
reaction wasting heat, diluting the normally gaseous hy 
drocarbon products with carbon dioxide and decreasing 
their heating value. The consequence of low heating 
value fuel gas is a reduced thermal efficiency in any 
combustion process in which it is used. 

5. A still further advantage of the present invention 
is that the process provides the most efficient type of 
combustion, i. e., a lean gas-air mixture with a high 
flame temperature. This is obtained by inducting re 
cycle retort gas into the oxygen-containing stream being 
passed into the holes, and burning under these lean 
conditions. As a result of this feature, a maximum 
amount of heat is liberated per unit volume of circu 
lated gas, and dilution of the retort gas with inerts is 
held to a minimum. This still further conserves its heat 
ing value over “4” above. 

Another embodiment of the present invention is illus 
trated in Figure 2, wherein shale bed 40 is located be 
tween overburden 41 and country rock 42. Pursuant to 
the invention, tunnels 43 and 44 are driven into the 
shale bed so that a body of the shale lies between the 
two tunnels, the latter being driven so that the upper 
tunnel 43 is essentially parallel to and superimposed over 
the lower tunnel 44. As shown in the figure, the tunnels 
are driven at the upper and lower extremities of the 
shale bed 40, but it must be understood that if the bed 
is extremely thick, it may be desirable only to isolate 
a portion of the shale between the tunnels. If such be 
the case, it may also be desirable to effect retorting of 
the stratum by employing a plurality of these systems 
hereinafter described. 

Following the establishment of tunnels 43 and 44, a 
plurality of essentially vertical holes 45 are drilled or 
otherwise formed in the shale between the two tunnels, the 
tunnels and holes constituting channels. A plurality of 
baffles 46 are positioned at predetermined positions in 
each of the horizontal tunnels 43 and 44 in Such a 
manner as to provide alternate zones of downward and 
upward flow through the vertical holes 45 in the shale 
bed. 
A combustion zone is established at a predetermined 

position in the first of these alternate zones by releasing 
at a fuel release point a hot fuel gas which is passed into 
the formation through line 47, and by releasing at said 
predetermined position downstream an oxygen-contain 
ing gas, preferably air, which is passed into the first 
zone by header 48 and line 49. Header 48 is provided 
with branch lines 49, 50, 51, 52, and 53, each of which 
is equipped with a valve, the valves numbered 54, 55, 56, 
57, and 58, respectively. Initial operation is conducted 
with only valve 54 in line 49 open, the remaining valves 
in the branch lines being closed. After the combustion 
Zone, having a temperature in the range of from about 
800 to 1600 F., is established and maintained by the 
fuel gas and oxygen-containing gas introduced as de 
scribed, the hot gaseous products of retorting thereafter 
alternately flow downwardly and upwardly through the 
vertical holes 45 in each zone of the shale bed, preheating 
the downstream shale and in turn being cooled by their 
passage. During the passage of these retort gases through 
the downstream shale, they may be cooled to such a de 
gree that the shale oil will condense partially as a liquid 
and partially in the form of a fog, the latter being car 
ried along by the product gases. These cool, downstream 
sections form a condensing zone. The disposition of the 
shale oil liquid and fog may be accomplished in several 
ways. One method is to merely pass the total liquid-fog 
gas products through the alternate zones and removing 
then through tunnel 44 into separator 59 wherein es 
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6 
sentially all of the normally liquid shale oil is recovered 
as a liquid from line 60. A preferred method of re 
covering the liquid-fog-gas product is shown in the figure. 
In this method, when the liquid shale oil is condensed 
out of the retort gases by contact with cold downstream 
shale, the liquid product can be recovered from each 
alternate zone by a valved arrangement of product lines. 
Thus, the first shale oil will condense out in the first 
zone and can be removed via product line 61. This 
latter line is equipped with branch lines 62, 63, and 64 
which connect each zone with the product line 61. Line 
6 is provided with a valve 65 and the branch lines are 
similarly equipped with valves 66, 67, and 68 respectively. 
Thus, when the liquid shale oil forms in the first zone, 
only valve 65 will be open, which allows the liquid to 
pass through line 61 into line 60. As will be seen by 
the description below, the retorting will progress through 
the downstream Zones, with the attendant shale oil con 
densation occurring downstream of the zone undergoing 
retorting, and thus, this liquid may be recovered by 
merely opening the valve in the product branch line where 
the liquid is formed, and collecting it through line 61. 

During the preferred liquid recovery method described 
above, the fog-gas mixture may be allowed to flow through 
the downstream zones into the separator 59, or, in order 
to conserve horsepower, the mixture can be removed by 
means similar to that employed in the liquid recovery sys 
tem. Thus, the mixture can be removed by header 69 
(equipped with valve 70) and branch lines 71, 72, and 
73 provided with valves 74, 75, and 76 respectively, which 
pass the mixture into the separator 59. For example, 
upon the formation and withdrawal of liquid shale oil in 
the first Zone, it is not necessary to flow the fog-gas mixture 
through the entire mountain, but it may be directly re 
moved from the second zone (by branch line 71 and line 
69 with valve 74 open) or any other downstream Zone. 
Operating in this manner will considerably reduce the 
horsepower that would be necessary if the mixture was 
to be forced through all of the downstream zones. Of 
course, the liquid and fog-gas recovery methods described 
may be altered in various ways, such as by employing a 
single recovery line, or by reducing or increasing the 
number of branch lines, but these are all within the scope 
of the present invention and apparent to those skilled in 
the art. 

Whatever recovery methods are employed, from the 
separator is discharged the liquid product by line 60, and 
at least a portion of the uncondensed retort gases, con 
stituting recycle gas, are then returned by line 77, blower 
78, and line 47 to the fuel release point in the first alter 
nate Zone. The remaining portion of the gases may be 
withdrawn from the system by line 79 and used as a fuel 
gas elsewhere. 

Operation of this embodiment of the invention, after 
establishment of the combustion zone and retorting of the 
shale has progressed to a point sufficient to displace the 
air in the system, is as follows. 

Cold recycle retort gas is passed through line 77, 
blower 78, and line 47 and is released at the fuel release 
point in the first Zone. The cold gas passes through the 
first Zone, contacting hot, previously retorted shale (com 
prising a preheating zone), thereby cooling the shale and 
heating the recycle gas. A portion of this preheated gas 
is withdrawn, for example by an induction device, and is 
mixed with an oxygen-containing gas, preferably air, en 
tering the system by header 48 and branch line 50. The 
air is introduced by line 50 for the following reasons. 
Since an important aspect of the present invention is to 
release the oxygen-containing gas at the combustion zone, 
thereby preventing the disadvantages heretofore pointed 
out, the passing of the air into the depleted first zone is 
avoided, and thus, the air is introduced so as to support 
a combustion Zone downstream from the previously re 
torted shale and upstream from the zone of active retort 
ing which is proceeding through the shale, Thus, valve 55 



in line 50 is the only open valve in the air-inlet system. 
A portion of the preheated recycle gas is inducted by a 
burner located on line 50 and a lean mixture (lean in re 
spect to its fuel/air ratio) combustion results, followed 
by quenching of the combustion products in the remainder 
of the recycle gas stream. As each zone is retorted, the 
air is progressively released at points further downstream 
so as to effect a corresponding movement of the combus 
'tion zone through the fresh, preheated shale. . . 
... Referring now to Fig. 3, it will be seen that still an 
other modification of the present invention is to provide 
the recycle retort gas return line 47 of Figure 2 with 
valved branch lines 85, having valves: 86, similar to the 
valved branch lines in the air-inlet system. Only so much 
of the pertinent portions of Fig. 2 are reproduced in Fig. 3 
as are necessary to illustrate this modification. In such 
an operation, the recycle gas is injected into hot depleted 
zones upstream from the combustion Zone. For example, 
as the retorting progresses through the stratum, the initi 
:ally retorted shale zones will be cooled to a point where 
the recycle gases will not be appreciably heated by their 
passage and no advantage would be gained by passing 
them on a tortuous path through the cold depleted zones. 
Thus, by a header-branch line arrangement, the recycle 
gas can be returned only to hot retorted zones, thereby 
being preheated. However, in such an operation, the 
recycle gas is introduced only to zones upstream from the 
combustion zone. - 
The terms “induction device,” and "inductor-type burn 

er” used herein refer to a burner well known in the art, 
viz, one in which a stream of a first gas in passing through 
the burner under pressure exerts an aspirating effect to 
draw a second gas into contact with the first gas. The 
common Bunsen burner is an example of an air-induction 
burner. ... A gas-induction burner operating on similar 
principles is recommended for use in the present invention. 
Such a burner is exemplified in Fig. 4. Referring now to 
Fig. 4, burner body 87 is attached to air inlet pipe 83. 
The end of pipe. 88 is preferably reduced in diameter as 
shown as necessary to provide an air jet of the desired 
velocity. This air jet enters body 87 along with com 
bustible gas that it inspirates through apertures 99. The 
amount of inspirated gas, and thus the leanness of the gas 
air mixture, may be controlled in various ways, for ex 
ample, by varying the size and number of apertures 90. 

: The sloping sides 9 of body 87 may be designed to serve 
as flame shields or directors to keep the flame front from 
contacting adjacent shale, in addition to forcing the in 
spirated gas into mixing contact with the air stream emerg 
sing from pipe 88. It will be appreciated that an inductor 
type burner is only one possible means for effecting the 
combustion necessary in this invention, and that those 
skilled in the art will be aware of other means for creat 
ing a combustion zone in the proper proximity to the 
shale. …... - 

While the process described herein has been directed 
primarily to the retorting of oil shale, it must be under 
stood that the process is adaptable for the recovery of oil 
from any subterranean oil-containing substance. The 
present invention employs the word "channels' to denote 
either artificially created fluid passageways such as tunnels, 
drilled holes, the void spaces resulting from stoping or 
fracturing, or the naturally occurring fluid passageways 
that exist in porous media or the interstitial spaces present 
in oil sands and the like. It is particularly intended that 
the retorting of shale oil from fractured shale contained 
in underground stopes is within the scope of the present 
invention. . 

I claim: 
1. A process of recovering volatilizable constituents 

from underground formations of carbonaceous material, 
said materials containing channels capable of permitting 
fluid flow therethrough, said channels having substantially 
exposed walls of said carbonaceous material, which com 
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prises passing a gaseous fuel into said channels from a 
fuel release point; establishing a combustion zone at a 
predetermined position within at least one of said chan 
nels downstream from said fuel release point by releasing 
an oxygen-containing gas at said position; passing the 
resulting gaseous and vaporous products of retorting and 
combustion through said channels into a separator; recov 
ering the normally liquid constituents from said separator 
and returning at least a portion of the uncondensed prod 
uct gases as the gaseous fuel to said channels at said fuel 
release point; and progressively advancing the release 
point of said oxygen-containing gas in the direction of 
gas flow in said channels to effect a corresponding move 
ment of said combustion zone as the adjacent carbona 
ceous material becomes depleted of volatilizable con 
stituents. - - - . . . . 

2. The process of claim 1 wherein the fuel release point 
is progressively advanced in the direction of gas flow in 
said channels, said fuel release point being always main 
tained upstream of said combustion Zone, so as to contact 
the gaseous fuel with hot, previously retorted carbona 
ceous material. - 

3. The process of claim 1 wherein the carbonaceous 
material is oil shale. 

4. A process of recovering volatilizable constituents 
'from carbonaceous material in its natural position, which 
comprises driving an essentially horizontal tunnel imme 
diately below said material; drilling a plurality of sub 
stantially vertical holes through said material into said 

30. tunnel, said holes having substantially exposed walls of said carbonaceous material; passing a gaseous fuel through 
said holes into said tunnel from a relatively fixed fuel re 
lease point; establishing a combustion zone at an upper 
level within each of said holes downstream from said fuel 

40 

release point by releasing an oxygen-containing gas at 
said upper level; passing the resulting hot gaseous and 
vapoorus products of retorting and combustion through 
said holes and said tunnel into a separator; recovering 
the normally liquid constituents from said separator and 
returning at least: a portion of the uncondensed products 
as the gaseous fuel to said holes at said fuel release point; 
and releasing said oxygen-containing gas at progressively 
lower levels in said holes to effect a corresponding lower 
ing in said combustion Zone as the adjacent carbonaceous 
material becomes depleted of volatilizable constituents. 

50. 
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material is oil shale. 
5. The process of claim 4 wherein the carbonaceous 
6. A process of recovering volatilizable constituents 

from carbonaceous material in its natural position, which 
comprises driving essentially horizontal tunnels immedi 
ately above and below at least a portion of said materials; 
drilling a plurality of vertical holes through said material 
to connect said tunnels, said vertical holes having sub 
stantially exposed walls of said carbonaceous material; 
positioning a plurality of baffles at predetermined points 
within each of said tunnels to provide interconnecting 
alternate zones of up and down flow through a series of 
the vertically drilled holes between said tunnels; releas 
ing a gaseous fuel into the first of said zones adjacent 
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the exterior of said material from a fuel release point; 
establishing a combustion zone at a predetermined posi 
tion within said first zone downstream from said fuel re 
lease point by releasing an oxygen-containing gas at said 
position; passing the resulting hot gaseous and vaporous 
products of retorting and combustion alternately up and 
down through the remaining interconnecting zones into 
a separator; recovering the normally liquid constituents 
from Said separator and recycling at least a portion of 
the uncondensed products as the gaseous fuel into said 
first interconnecting zone at said fuel release point; and 
progressively advancing the release point of said oxygen 
containing gas through the remaining downstream alter 
nate-Zones to effect a corresponding movement of said 
combustion Zone as the adjacent carbonaceous material 
becomes depleted of volatilizable constituents. 

7. The process of claim 6 wherein the fuel release point 
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is progressively advanced in the direction of gas flow 
through said downstream alternate zones, said fuel re 
lease point being always mintained upstream of said 
combustion zone, so as to contact the gaseous fuel with 
hot, previously retorted carbonaceous material. 

8. The process of claim 6 wherein the carbonaceous 
material is oil shale. 

9. The process of claim 6 wherein the combustion zone 
is established at said predetermined position by with 
drawing a portion of the main stream of gaseous fuel 
passing through the interconnecting Zones and mixing 
said portion with an oxygen-containing gas, said latter 
gas being released at said predetermined position, burn 
ing the resulting mixture, and passing the resulting com 
bustion products into said main stream of gaseous fuel. 

10. The process of claim 9 wherein the gaseous 
fuel/oxygen-containing gas mixture is substantially at the 
stoichiometric ratio for combustion. 

11. A process of recovering volatilizable constituents 
from underground formations of carbonaceous material, 
said material containing channels capable of permitting 
fluid flow therethrough, which comprises passing a main 
Stream of gaseous fuel into said channels from a fuel 
release point; establishing a combustion zone at a prede 
termined position within at least one of said channels 
downstream from said fuel release point by releasing an 
Oxygen-containing gas at Said position; passing the result 
ing gaseous and vaporous products of retorting and com 
bustion through said channels into a separator; recover 
ing the normally liquid constituents from said separator 
and returning at least a portion of the uncondensed prod 
uct gases as the gaseous fuel to said channels at said fuel 
release point; progressively advancing the release point 
of said oxygen-containing gas in the direction of gas flow 
in Said channels to effect a corresponding movement of 
said combustion Zone as the adjacent carbonaceous mate 
rial becomes depleted of volatilizable constituents; and 
establishing said combustion zone at said predetermined 
position by withdrawing a portion of said main stream of 
gaseous fuel passing through said channels and mixing 
said portion with said oxygen-containing gas released at 
Said predetermined position, burning the resulting mix 
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ture, and passing the resulting combustion products into 
said main stream of gaseous fuel. 

12. The process of claii. 11 wherein the gaseous 
fuel/oxygen-containing gas mixture is substantially at the 
stoichicmetric ratio for combustion. 

13. A process of recovering volatilizable constituents 
from carbonaceous material in its natural position, which 
comprises driving an essentially horizontal tunnel imme 
diately below said material; drilling a plurality of sub 
stantially vertical holes through said material into said 
tunnel; passing a main stream of gaseous fuel through 
said holes into said tunnel from a relatively fixed fuel 
release point; establishing a combustion Zone at an upper 
ievel within each of said holes downstream from said fuel 
release point by releasing an oxygen-containing gas at 
Said upper level; passing the resulting hot gaseous and 
vaporous products of retorting and combustion through 
Said holes and said tunnel into a separator; recovering 
the normally liquid constituents from said separator and 
returning at least a portion of the uncondensed products 
as the gaseous fuel to said holes at said fuel release point; 
releasing said oxygen-containing gas at progressively 
lower levels in said holes to effect a corresponding lower 
ing in Said combustion Zone as the adjacent carbonizable 
material becomes depleted of volatilizable constituents; 
and establishing said combustion zone at said upper level 
by Withdrawing a portion of said main stream of gaseous 
fuel passing through said holes and mixing said portion 
With Said oxygen-containing gas released at said upper 
level, burning the resulting mixture, and passing the re 
Sulting combustion products into said main stream of 
gaseous fuel. 

14. The process of claim 13 wherein the gaseous 
fuel/oxygen-containing gas mixture is substantially at the 
Stoichiometric ratio for combustion. 
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