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This invention relates to the recovering of hydrocar 
bons from an oil shale deposit by in situ retorting meth 
ods. More particularly, it relates to such retorting of oil 
shale in which natural fractures, ‘and other physical 
properties, of the oil shale are utilized with the cycling 
of ?uid flows for the in place production of shale oil. 

Oil shale must be heated, i.e., retorted, to obtain hydro 
carbonaceous shale oil. Many methods have been pro 
posed for recovering shale oil from oil shale residing in 
massive subterranean formations. Usually, a suitably 
pressurized heating gas is injected into the massive shale 
formations to effect in situ combustion for thermally con 
verting the organic matter, kerogen, in the oil shale into 
a ?uid state. The heating gas also acts as a driving media 
for the production and recovery of the hydrocarbonous 
shale oil from the oil shale. Vast quantities of heat are 
required for thein situ conversion of oil shale into the 
desired hydrocarbon product, shale oil. Consideration of 
the ine?iciencies of the application of heat underground 
and for losses in the production and collection of the 
shale oil readily points out the great difficulty in provid 
ing van economically satisfactory method of in situ re 
torting for the recovery of shale oil. ' 
One proposal for carrying out an in situ retorting pro 

cedure is through the injecting of a heating gas into the 
oil shale and producing the retorted shale oil therefrom 
through the same well. For example, reference may be 
taken to United States Patent 3,139,928 for such a pro 
cedure. The injection of the heating gas and the produc 
tion of retorted shale oil into, and out of, respectively, 
a given portion of the oil shale from a single well is a 
substitute for the ?owing of heating gas and retorted 
shale oil between injection and production wells through 
fractures in the oil shale. However, the retorting method 
using cyclic ?uid ?ows from the same Well is strictly 
usable only in an oil shale which is very strong, unfrac 
tured, and otherwise impermeable. Particularly, a com 
'mon well, for injection and production purposes, appears 
usable only at considerable depths within the solid oil 
shale formations able to withstand considerable ?uid 
pressure without appreciable leakage of the pressurized 
?uids to the surrounding areas beyond their recovery 
from the well. It will be obvious that great ine?iciencies 
arise in this type of method from the losses in ‘both the 
‘injected heating gas and the produced shale oil where 
any appreciable leakage of these ?uids occurs from a 
cavern, well, or the like, throughout the oil shale forma 
tion. 

There are deposits of oil shale pervaded with many 
interconnecting fractures, including vugs, and other type 
openings, through which ?uids can readily leak. General 
ly, these interconnected fractures are aligned into a frac 
ture system. It has been found that these fractures are 
oriented predominantly vertically, and there is an appar 
ent ?uid permeability in such system, in at least one di 
rection, by which ?uids can ?ow through the oil shale 
deposit su?‘iciently that in situ retorting is feasible be 
tween spaced injection and production wells. However, 
the cycling of ?uid between injection and production 
?ows from the same well for the in situ retorting of oil 
shale in deposits with these interconnection fractures 
causes losses of the heating gas and the retorted shale oil 
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in amounts so great that continued cyclic operation be 
comes an economical and operational impossibility. It is 
therefore an object of the present invention to provide 
method and structure for the cycling of injection of the 
heating gas and production of the retorted shale oil 
through the same well to be carried out in oil shale de 
posits which are infused with a plurality of ?uidly inter 
connected fractures while avoiding any appreciable leak 
age and substantial loss of pressurized ?uids as would 
occur with prior ?ow cycling procedures. 
According to the present invention, through well means 

in ?uid communication with the interconnecting fractures 
in this character of oil shale deposit, steps are carried out 
wherein a peripheral pressure seal is provided in the oil 
shale in spaced relationship about the well means. Par 
ticularly, the pressure seal is established in the intercon 
nected fractures about the well means and so arranged 
that heating gas can be introduced to obtain in situ com 
bustion under elevated pressures through the well means 
into the interconnected fractures in ?uid communication 
therewith, Without appreciable leakage of this, or any 
other, ?uid to parts of the oil shale deposit from which 
recovery cannot later. be obtained. Further, this pressure 
seal can be arranged to withstand any magnitude of pres 
sure of the injected heating gas, even approaching the 
pressure at which induced fracturing of the oil shale 
occurs. This pressure seal is formed without reliance 
entirely upon the placement of arti?cial seals, such as by 
grouting, cementing, or sealing with drilling muds or the 
like. After the pressure seal is formed, then cooperating 
steps for the injection of the heating gas and the produc 
tion and recovery of the retorted shale oil are carried 
out from the well means. If desired, after a substantial 
part of the oil shale about the well means which receives 
the heating gas is retorted, disruption of the established 
peripheral seal is obtained. Thereafter, by certain steps, 
a new peripheral pressure seal can be formed at an in 
creased radial spacing from the well means beyond the 
initial pressure seal and the steps of cycling of ?uid ?ows 
may again ‘be carried out between injection and produc 
tion with the concomitant recovery of the retorted shale 
oil through the well means. Variations of steps in the 
present method may be employed to achieve yet more 
enhanced recovery of the retorted shale oil. It will be 
apparent from the following description of preferred em 

_ bodi-ments of the present invention that oil shale deposits 
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containing interconnecting fractures arranged in a frac 
ture system may be retorted in situ employing the de 
scribed cycling of ?uid ?ows with a high level of utiliza 
tion of the heating gas for combustion and a high level 
of shale oil recovery for each volume of the injected gas 
and retorted oil shale. 
The stated object, and other related objects, will become 

more apparent when considered in conjunction with the 
following detailed description, the appended claims, and 
the attached drawings, wherein: , 
FIGURE 1 shows in isometric perspective a subter 

ranean formation of oil shale having a fracture system 
in reference to which an illustrative embodiment of the 
method of this invention will be described; the oil shale 
is shown in exploded relationship as the lower block with 
a superimposed covering of overburden; and 
FIGURE 2 is a plan View of the oil shale block of 

FIGURE 1 showing a plurality of interconnected frac 
tures in ?uid communication with well means in the oil 
shale. ' 

Referring now to FIGURE 1 of the drawings, a de 
tailed description of an illustrative embodiment of the 
method of this invention will be given immediately after 
?rst describing the oil shale deposits in which its use is 
so advantageous. Massive oil shale 11 illustrates a struc 
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ture of certain deposits having networks of interconnected 
fractures, which fractures are arranged into a fracture 
system. The fractures 12 through 16 are aligned along one 
horizontal direction, and the fractures 17 through 19 are 
aligned in another horizontal direction; and the fractures 
are all ?uidly interconnected in such a manner that un 
less some means of control are provided ?uids can readily 
escape throughout the fracture system. One example of 
the oil Shale 11 is the Parachute Creek member of the 
Green River Formation in Colorado. The fractures in 
their natural state in this formation produce appreciable 
leakage of a pressurizing ?uid injected into any one of 
them and prevent ‘satisfactory recovery of the injected 
?uid using only a single well. The term “fracture” as 
used herein is intended to include all types of conductors 
with high permeability to ?uids whether open or ?lled 
with debris. 

Interposed along the horizontal in such oil shale de 
posit usually are one or more strata 22, which may be 
tutfaceous structures providing natural barriers to vertical 
?uid ?ows. A surface overburden 23 is generally present 
and may have a thickness up to 10010’ or more. The oil 
shale 11 usually rests upon a supporting substrata 21. 
The fracture system of the oil shale 11 is re?ected by 

surface phenomena in many cases. For example, vegeta 
tive growth 24 usually will be in alignment with most of 
the larger fractures extending below the surface of the 
earth. This growth in an area which is quite arid is be 
lieved prompted by the accumulation of moisture in these 
fractures. However, a geological survey, or other means, 
can be employed to determine the location of the frac 
tures in the system, if desired. In the oil shale 11, all ap 
parent permeability to ?uids resides in the fractures 12 
through 19 for practical purposes. The solid oil shale 
intervening between these fractures has effectively zero 
permeability to ?uids and an exceedingly small porosity 
and low thermal conductivity. However, the permeability 
to ?uids is very greatly increased after the oil shale 11 
is retorted; then the permeability to ?uids resides in both 
the fractures and those portions of the oil shale pre 
viously retorted. 

In the present method, well means are provided for 
conveying ?uids between the earth’s surface and the oil 
shale 11 with these means penetrating into ?uid communi 
cation with the fractures 12 through 19 in their intercon 
nection by the fracture system. Such well means may be 
provided by boreholes 26 and 27‘ which extend into the 
oil shale 11 ‘from the earth’s surface or other accessible 
locations. However, the present invention may be prac 
ticed employing one, both, or more than two, boreholes 
and their related assemblies. Any means may be em 
ployed for producing these boreholes 26 and 27. They are 
completed with suitable apparatus for conveying the 
?uids required forretorting oil shale 11 by in situ corn 
bustion. Preferably, the boreholes 26 and 27 are uncased 
through their extent in the oil shale 11 but contain cas 
ings 28 and 29, respectively, extending from the earth’s 
surface throughout the overburden 23. The casings 28 
and 29 may be cemented, or otherwise ?uidly sealed, 
within the surrounding boreholes 26- and 27. Carried on 
the casings 28 and 29 are wellhead assemblies 31 and 32. 
The wellheads 31 and 32 are arranged with conduits 33 
and 34, respectively, whereby pressurized ?uids, namely 
heating gas, and the shale oil produced by retortin-g, are 
transferred between the earth’s surface and the oil shale 
11 through the boreholes 26 and 27. The boreholes 26 
and 27 are spaced in the oil shale 11 su?iciently remote 
from the nearest atmospheric vent that no appreciable 
leakage of substantially all of the pressurized ?uids there 
about occurs to regions where return to the well means 
by reduced pressure flow is impossible. For example, the 
well means in the oil shale 11 are placed from the nearest 
atmospheric vent in the oil shale 11, such as an exposed 
cliff face, canyon, or another borehole vented to the 
atmosphere, at such distance that no substantial quan 
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tities of the pressurized ?uids would escape unrecoverably 
from the oil shale 11. Obviously, such atmospheric vents 
must be avoided or the loss of nearly all of the pressurized 
?uids in the oil shale 11 will necessarily result. 

It is found very desirable in many instances to frac 
ture the oil shale 11 about the boreholes 26 and 27, and 
this result may be obtained through any means. Fractur 
ing increases the surfaces of the oil shale 11 exposed to 
a heating gas. With momentary reference to FIGURE 2, 
the fracturing of the oil shale 11 should preferably pro 
duce volumes of rubble 36 and 37, surrounding the bore 
holes 26 and 27, respectively. The volumes of rubble 36 
and 37 desirably have an apparent permeability to‘ ?uids 
greater than 1 darcy whereby su?icient flow channels 
exist that ?uid communication therethrough is maintained 
while being subsequently subject to in situ combustion. 
Fracturing of the oil shale may be by explosives, hy 
draulic fracturing, or other means, effected about the 
well means. 
As another step of the present method, a heating gas 

is supplied from a suitable source (not shown) at ele 
vated pressure, through the well means via conduits 33 
and 34 into the interconnected fractures 12 to 19. The 
heating gas is an oxygen-containing gas, so that in situ 
combustion can be effected in the oil shale 11. Com~ 
buStible and noncombustible gases, in various proportions 
and combinations, may be admixed in the heating gas 
to vary its combustion-supporting properties as found 
desirable. The heating gas upon injection, especially if 
preheated, can produce su?‘icient heating in the oil shale 
11 to initiate combustion by an auto-oxidation mech 
anism. In situ combustion can be effected by supplying 
heating gas into the boreholes 26 and 27 of the Well means 
in conjunction with the auxiliary heating of the adja 
cent surfaces in the oil shale 11 to elevated temperatures 
until combustion is initiated by spontaneous ignition. 
Under these conditions, the heating gas, supplied at a 
rate sufficient for maintaining combustion of the oil shale, 
is continued to be introduced from the well means into 
the fractures 12 through 19 at a ?rst pressure of a magni 
tude greater than atmospheric but less than about the 
pressure which induces fracturing in the oil shale 11. After 
combustion of the oil shale 11 is obtained, the temperature 
and velocity of the resulting combustion front can be 
regulated by adjusting the composition, temperature, and 
volumetric rates of the heating gas. Usually, the oil shale 
11 is preferably heated to temperatures above 500° F., 
and more preferably, between 500° F. and 1000° F. The 
combustion of hydrocarbon materials in the oil shale 11 
produces the heat to decompose the kerogen into ?uid 
shale oil and residual coke as the resulting hydro 
carbonous products. 

It has been found in the oil shale 11, continuing to 
supply the heating gas into the fractures 12 to 19 at the 
?rst pressure for a su?icient period of time produces a 
peripheral pressure seal at some radial distance about 
‘the Well means in the oil shale 11 by the effects of the 
heating. The seal is denoted by the letter S. The mech 
anisms of how this seal is formed are not completely 
understood. It is believed that the seal is formed through 
action of the fractures being ?lled with carbon particles, 
and gums, and the thermal expansion of the oil shale 11, 
to close each of the fractures at their narrowest openings 
which usually reside some distance from the well means. 
Since the pressure seal is in narrow fractures which re 
stricts ?uid ?ows conveying heat, a combustion front 
must retort the adjacent oil shale masses before it reaches 
the seal sufficiently to disrupt it. The seal cannot be ob 
tained without a greatly increased loss of hydrocarbons 
where there is a cycling, or reversal in ?ow, of the ?uids 
in the oil shale 11 before the seal is completely formed. 
The amount of fluids lost before the peripheral pressure 
seal is completed is not signi?cant when compared to 
the large volume of oil shale 11 enclosed within the 
seal, and the great volumes of shale oil which can be 
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obtained from such oil shale volume. Thus, a peripheral 
pressure seal is produced in the oil shale 11 by steps of 
this invention to contain the presurized ?uids within an 
area about the well means. Therefore, the loss of the 
retortcd shale oil to the surrounding formation is re 
stricted and the shale oil is recoverable without appre 
ciable leakage radially outwardly through existing frac 
tures for the remaining steps of this method. 
As the next step, the supply of the heating gas into 

the well means, namely the boreholes 26 and 27, is ter 
minated when the in?ow of such gas is substantially re 
duced in rate at the mentioned ?rst pressure at which it 
?ows into the oil shale 11. This indicates that the periph 
eral pressure seal has formed in the fractures 12 through 
19 interconnected in ?uid communication'with the well 
means. It will be apparent that an equilibrium condition 
has been obtained at this time wherein the amount of 
pressurized ?uid introduced into the well means is about 
equal to that which is escaping the pressure seal, if any 
escapes at all. Generallyythis leakage of ?uid will be 
small in amount, as for example about 100 to 200 s.c.f.h. 
When this restricted leakage of ?uid condition is ob 
tained, the next step of the present invention is practiced. 

In this step, the pressurized ?uids contained within 
the peripheral pressure seal in the oil shale 11 are vented 
through the well means into a suitable hydrocarbon re 
covery system (not shown); The hydrocarbons are re 
covered from such vented ?uids in the system. The sys 
tem can be conventional in design and its particular form 
is not critical in the present invention. The system is con 
sidered to be connected operatively to receive the vented 
?uids through the conduits 33 and 34 at the wellheads 
31 and 32. The pressurized ?uids are vented from the 
well means until the out?ow of these ?uids is substan 
tially reduced in rate at a second pressure less than the 
?rst pressure. Usually, these ?uids need not be vented 
down to a nearly zero ?ow rate at atmospheric pressure 
for satisfactory results. There will be in most cases some 
pressure above atmospheric, but less than the ?rst injec 
tion pressure, at which'the out?ow of ?uids is so reduced 
in rate that further amounts of shale oil recovered from 
these vented ‘?uids do not warrant continued operation 
under this step. ' j 

The heating gas, after completing the step of venting 
the pressurized ?uids, is again injected to promote in ‘ 
situ combustion through the well means into the oil shale 
11 at a third pressure greater‘than the second pressure 
at which the ?uids were vented but .not' greater than 
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about the ?rst pressure under which the peripheral pres- 7 
‘sure ‘seal was formed in the oil ‘shale 11 so as to induce 
fracturing. Preferably, the heating gas is injected at the 
‘third pressure about equal to the ?rst pressure at which 
the heating gas was supplied through the well means in 
the earlier step whereby the peripheral seal is protected 
against being ruptured. The injection of the heating gas 
again is continued until the rate of '?ow into the well 
means ‘substantially ceases at this injection pressure as 
‘in the earlier injection step. 

Thereafter, the step of venting the pressurized ?uid 
from the well means with recovering of the shale oil ' 
may again be practiced. 

The steps of injecting the heating gas into the well 
means and venting the pressurized ?uids through the well 
means can be practiced one or more times for repeatedly 
cycling ?uid ?ows during the in situ retorting of the oil 
shale 11 about the well means and within the peripheral 
pressure seal until a substantial part of the oil shale 11 
about the well means, which part receives the heating 
gas contained within the peripheral seal, is retorted. At 
this time,‘ depending upon the circumstances, the retort 
fing method may be considered to be complete after sub 
stantial quantities of oil shale are recovered. 

The pressure seal is, to great advantage, self-adjusting 
to the approaching combustion front propagated from 
the well means by repeating the preceding steps. As the 
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combustion front begins to disrupt the seal at any loca 
tion, some leakage of the ?uids occurs and, as a result, 
the pressure seal is relocated downstream of its former 
location. This is an advantage not found with seals 
produced by muds, grouts, cements, and the like. Addi 
tional-ly, this nature of the pressure seal in the present 
method permits in situ retorting of all the oil shale inter 
vening between it and the well means. As a result, no 
special precautions need to be taken to protect the seal 
during the practice of the described steps other than not 
unintentionally ?uidly fracturing it. 
As is apparent, there has been provided a novel struc 

ture within the oil shale 11 by which cyclic ?ow of 
?uids during injection and production steps can be e?ected 
from a common well means without appreciable leakage 
and substantial loss of the pressurized ?uids. The periph 
eral pressure seal disposed within the fractures, in com 
bination with the well means and geological character 
istics of the ‘oil shale, has essentially produced a new 
type retort by which in situ retorting can be obtained. 
Thus, all the advantages of ?uid-tight surface retorts 
are obtained below ground. , 

If desired to retort greater areas of the oil shale 11 
after completing the above steps, the heating gas can 
be supplied during injection into the oil shale 11 with 
increased pressure su?icient to induce fracturing of the 
oil shale 11 and disruption of the peripheral pressure 
seal. Once fracturing‘is accomplished, ?uid communica 
tion between the well means and the fractures 12 through 
19 exteriorly of the ‘peripheral seal will be obtained. 
Thereafter, the steps of supplying the heating gas through 
the Well means to produce another peripheral pressure 
seal at about the ?rst pressure and terminating the supply 
of the heating gas when the new pressure seal is effected 
can be undertaken. Then practicing the earlier described 
steps of venting the pressurized ?uids through the well 
means and recovering the hydocarbons from them, again 
injecting the heating gas to promote in situ combustion 
to the well means and thereafter venting the pressurized 
?uids, will result in retorting more of the oil shale 11, 
which‘steps may be repeated as‘ desired. 

' Where two boreholes 26 and 27 are employed at spaced 
horizontal locations in the oil shale 11 and each is in 
?uid communication with at least one fracture intercon 
nected with other of the fractures 12 through 19 of the 
fracture system,’ then the steps of the present invention 
may be practiced through either or both of these Well 
means. The‘s'teps may be practiced concomitantly or al 
ternately through these well means and in any order. For 
example, the steps of injecting the heating gas into the oil 
shale 11 may be‘ all practiced through the borehole 26, 
whereas the borehole 27 may be employed for venting the 
pressurized ?uid from' the 'oil shale 11. Also, the well 
means can be shifted between their use for injection and 
for production purposes on alternate pressure cycles. 
However, if it is desired, borehole 26 may be used exclu 
sivelyfor injecting the heating gas into the oil shale 11 
‘and the borehole 27 may be used exclusively for venting 
from the oil shale 11 the pressurized ?uids carrying the 
produced shale oil. 
From the foregoing it will be apparent that the de 

scribed method and structure provide for the placement of 
well means in the oil shale 11 to utilize the fracture sys 
tern and the apparent permeability to ?uids in such a man 
ner that in situ retorting of shale oil may be effected 
through cycling of ?uid flows through the same well 
means. This is all accomplished ‘without resort to provid 
ing arti?cial seals entirely by use of cements, grouts, or 
‘the like, and without any appreciable leakage of the pres 
surized ?uids introduced and established within the oil 
shale structure. 

It will be readily appreciated from the foregoing de 
scription that_her_ein ‘is disclosed a novel method and 
structure adapted for obtainingthe recovery of shale oil 
from underground formations of massive oil shale con 



3,346,044 
7 

taining fracture systems. Further, these hydrocarbons can 
be obtained without practicing extensive auxiliary steps so 
that the retorting of the oil shale may be carried out with 
out appreciable leakage of pressurized ?uids into areas 
of the formation from whence they cannot be recovered 
using common well means. 

Various changes and modi?cations of the method of 
this invention may be made without departing from the 
scope thereof. These departures are contemplated in pre 
senting this invention and they are intended to be Within 
the scope of the appended claims. As many embodiments 
as possible may be made of the invention without de 
parting from its scope. It is to be understood that with re 
gard to the scope of the present description all matter 
herein set forth is to be interpreted as illustrative and not 
limitative. 
What is claimed is: 
1. A retorting method employing in situ combustion of 

a subterranean deposit of oil shale having interconnected 
fractures, which fractures are oriented predominantly 
vertically and aligned with interconnection into a frac 
ture system having permeability to ?uids in at least one 
direction by which ?uids can ?ow through such oil shale, 
comprising the steps of: 

(a) providing well means for conveying ?uids between 
the earth’s surface and the oil shale with said means 
penetrating the oil shale into ?uid communication 
with interconnected fractures in the fracture system 
and remote from any atmospheric vent through which 
fracture-contained pressurized ?uids suffer appreci 
able leakage and substantial loss, 

(b) supplying a heating gas through the well means 
into the interconnected fractures in ?uid communica 
tion therewith and initiating combustion in the oil 
shale adjacent the well means with the heating gas in 
maintaining combustion in the oil shale introduced at 
a ?rst pressure in the fractures greater than atmos 
pheric pressure and less than the pressure at which in 
duced fracturing of the oil shale occurs, 

(0) terminating the supply of said heating gas into the 
well means only when the in?ow of said heating gas 
is substantially reduced in rate at said ?rst pressure 
upon a peripheral pressure seal being formed in the 
fractures in ?uid communication with the well means, 
thereafter, 

((1) venting the pressurized ?uids contained by the pe 
ripheral seal in the oil shale through the well means 
and recovering hydrocarbons from said ?uids until 
the out?ow of said ?uids is substantially reduced in 
rate at a second pressure less than said ?rst pressure, 

(e) injecting the heating gas through the well means 
into the oil shale to promote in situ combustion at a 
third pressure greater than the second pressure and 
not greater than about the ?rst pressure until the in 
?ow of said heating gas substantially ceases at said 
third pressure, and, thereafter, 

(f) repeating step (d). 
2. The method of claim 1 wherein the steps‘ (e) and 

(f) are repeated until a substantial part of the oil shale 
about the well means, which part receives the heating gas 
contained within the ?rst-formed peripheral seal, is re 
torted. 

3. The method of claim 1 wherein the steps (e) and 
(f) are repeated until a substantial part of the oil shale 
about the well means, which part receives the heating gas 
contained within the ?rst-formed peripheral seal, is re 
torted; and then supplying heating gas through the well 
means into the oil shale at a fourth pressure suf?ciently 
in excess of the ?rst pressure to induce fracturing in the 
oil shale with disruption of the priorly established periph 
eral seal, reducing the pressure to about the ?rst pressure 
and practicing steps (b), (c), and (d), and lastly, steps 
(e) and (f). 

4. A retorting method employing in situ combustion 
of a subterranean deposit of oil shale having intercon 
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8 
nected fractures, which fractures are oriented predomi 
nantly vertically and aligned with interconnection into a 
fracture system having permeability to ?uids in at least 
one direction by which ?uids can ?ow through such oil 
shale, comprising the steps of: 

(a) providing well means for conveying ?uids between 
the earth’s surface and the oil shale with said means 
penetrating the oil shale into ?uid communication 
with interconnected fractures in the fracture system 
and remote from any atmospheric vent through 
which fracture-contained pressurized ?uids suffer ap 
preciable leakage and substantial loss, 

(b) fracturing the oil shale adjacent at least one well 
means into a rubble having a permeability to ?uids 
greater than 17 darcy to provide suf?cient ?ow chan 
nels that ?uid communication therethrough is main 
tained while said rubble is subsequently subject to in 
situ combustion, 

(c) supplying a heating gas through the well means 
into the interconnected fractures in ?uid communi 
cation therewith and initiating combustion in the oil 
shale adjacent the well means with the heating gas in 
maintaining combustion in the oil shale introduced 
at a ?rst pressure in the fractures greater than at 
mospheric pressure and less than the pressure at 
which induced fracturing of the oil shale occurs, 

(d) terminating the supply of said heating gas into the 
well means only when the in?ow of said heating gas 
is substantially reduced in rate at said ?rst pressure 
upon a peripheral pressure seal being formed in the 
fractures in ?uid communication with the well means, 
thereafter, 

(e) venting the pressurized ?uids contained by the pe 
ripheral seal in the oil shale through the well means 
and recovering hydrocarbons from said ?uids until 
the out?ow of said ?uids is substantially reduced in 
rate at a second pressure llCSS than said ?rst pressure, 

(f) injecting the heating gas through the well means 
into the oil shale to promote in situ combustion at a 
third pressure greater than the second pressure and 
not in excess of about the ?rst pressure until the in 
?ow of said heating gas is substantially reduced in 
rate at said third pressure, and, thereafter, 

(g) repeating step (e). 
5. The method of claim 4 wherein the steps (if) and 

(g) are repeated until a substantial part of the oil shale 
about the well means, which part receives the heating g-as 
contained with the ?rst-formed peripheral seal, is re 
torted. 

6. A retorting method employing in situ combustion of 
a subterranean deposit of oil shale having interconnected 
fractures, which fractures are oriented predominantly 
vertically and aligned with interconnection into a fracture 
system having permeability to ?uids in at least one direc 
tion by which ?uids can ?ow through such oil shale, com 
prising the steps of: 

(a) providing well means for conveying ?uids between 
the earth’s surface and the oil shale with said means 
penetrating the oil shale at horizontally spaced apart 
locations and in ?uid communication with intercon 
nected fractures in the fracture system and remote 
from any atmospheric vent through which fracture 
contained pressurized ?uids suffer appreciable leak 
age and substantial loss, 

(b) fracturing the oil shale. surrounding said well 
means into a continuous mass of rubble having a 
permeability to ?uids greater than about 1 darcy to 
provide su?icient ?ow channels that ?uid communi 
cation therethrough is maintained while said rubble 
is subsequently subject to in situ combustion, 

(c) supplying a heating gas through the well means 
into the interconnected fractures in ?uid communica 
tion therewith and initiating combustion in the oil 
shale adjacent the well means with the heating gas in 
maintaining combustion in the oil shale introduced 
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at a ?rst pressure in the fractures greater than atmos 
pheric pressure and less than the pressure at which 
induced fracturing of the oil shale occurs, 

((1) terminating the supply of said heating gas into the 
well means only when the in?ow of said heating gas 
is substantially reduced in rate at said ?rst pressure 
upon a peripheral pressure seal being formed in the 
fractures in ?uid communication with the well means, 
thereafter, 

(e) venting the pressurized ?uids contained by the pe 
ripheral seal in the oil shale through the well means 
and recovering hydrocarbons from said ?uids until 
the out?ow of said ?uids is substantially reduced in 
rate at a second pressure less than said ?rst pressure, 

(f) injecting the heating gas through the well means 
into the oil shale to promote in situ combustion at a 
third pressure greater than the second pressure and 
not in excess of about the ?rst pressure until the in 
?ow of said heating gas is substantially reduced in 
rate at said third pressure, and, thereafter, 

(g) repeating step (e). 
7. The method of claim 6 wherein the steps (f) and 

(g) are repeated until a substantial part of the oil shale 
about the well means, which part receives the heating gas 
contained with the ?rst-formed peripheral seal, is retorted. 

8. The method of claim 6 wherein the well means ad 
jacent the rubble in the oil shale are employed; ‘one well 
means for practicing steps (c), (d), and (f), and other 
well means for practicing steps (e) and (g); and terminat 
ing ?uid ?ow therethrough when said well means are not 
employed in the designated steps. 

9. The method of claim 8 wherein the Well means after 
completing the steps in the method of claim 8 are al 
ternated between being employed for practicing steps (c), 
(d), and (f) on one cycle and steps (e) and (g) on the 
next cycle. 

10. A structure for producing hydrocarbonous shale 
oil comprising: 

(a) an oil shale having interconnected fractures, which 
fractures are aligned into a fracture system having a 
?uid permeability at least in one direction through 
which ?uids can ?ow through the oil shale, 

(b) well means for conveying ?uids positioned in the 
oil shale in ?uid communication With said fractures 
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and remote from any atmospheric vent through which 
fracture-contained pressurized ?uids su?'er appreci 
able leakage and substantial loss, 

(0) a peripheral pressure seal surrounding said Well 
means in the oil shale comprising a blockage of said 
fractures with products of the in situ combustion re 
action of a heating gas and the hydrocarbonous ma 
terials in the oil shale under continued injection ?ow 
conditions at the Well means, 

(d) means connected with the Well means for supply 
ing a heating gas into the fractures in ?uid communi 
tion therewith, and 

(e) means connected with the well means for recover 
ing hydrocarbons from pressurized ?uids in the oil 
shale as said ?uids are vented from the well means. 

11. The structure of claim 10 wherein said well means 
are disposed at horizontally spaced apart locations in the 
oil shale and the means for supplying said heating gas are 
connected to one well means and the means for recovering 
hydrocarbons from the pressurized ?uids as they are 
vented from the oil shale are connected to other of the 
Well means. 

12. The structure of claim 11 wherein means for con 
veying ?uids are interconnected between the well means 
and each of the means for supplying the heating gas and 
the means for recovering hydrocarbons. 
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