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IN SITU RETORTING AND HYDROGENATION OF 
OIL SHALE 

This application is a continuation in part of copend 
ing application, Ser. No. 718,115 ?led Apr. 12, 1968, 
and now US. Pat. No. 3,601,193. 

BACKGROUND OF THE INVENTION 

This invention relates to the recovery of hydrocar 
bons from oil shale. More particularly, it relates to the 
recovery of shale oil by in situ retorting of underground 
formations of oil shale. 
The hydrocarbons contained in the vast deposits of 

oil shale, in the United States and elsewhere, cannot be 
recovered by conventional petroleum recovery 
techniques. The oil shalemust be subjected to destruc 
tive distillation or retorting to recover shale oil. Con 
ventional mining followed by above ground‘ retorting 
may be employed but is accompanied by various un 
desirable aspects well known in the art. 

In situ recovery techniques are likewise confronted 
with significant problems. Such ‘techniques have not 
been successful in recovering economical amounts of 
shale oil from the massive oil shale deposits that often 
are covered by an appreciable overburden. The very 
low natural permeability of oil shale has been a signi? 
cant factor in the relative ineffectiveness of in situ re 
torting techniques. The oil shale must be extensively 
fractured or broken up into a rubble of relatively‘high 
and uniform permeability in order to permit a nearly 
uniform heat permeation throughout a substantially im 
pervious natural retorting chamber so as to release sub 
stantially all of the available shale oil from the area 
being treated. 
The use of a nuclear explosive device placed near the 

bottom of the oil shale formation has been proposed. 
‘ Upon detonation of such a device, a large, substantially 
spherical hollow cavity would be created instantane~ 
ously. This cavity would be surrounded byia thick zone 
of fractured but nevertheless impervious shale or rock. 
The fractured rock located above the cavity would col 
lapse so as to at least partially ?ll the cavity. Thus, a 
substantially cylindrical retort-like zone or chimney 
?lled with crumbled ‘ and pervious oil shale would 
result. Such a technique ‘is described, for example, in 
the Jacobs et al patent, US. Pat. No 3,342,257 issued 
Sept. 19, 1967.‘ ; ‘ 

The retorting of the shale in the chimney thus formed 
may be initiated and supported by drilling gas inlet and 
oil recovery wells to connect the chimney with on-sur 
face gas pumping and shale oil recovery equipment. A 
hot or heated gas can thereafter be passed through the 
chimney of crumbled pervious shale, preferably in a 
downward direction, so as to decompose the hydrocar 
bons existing in the deposit in the form of kerogen and 
to distill shale oil from the shale in the chimney. The 
shale oil is collected and ?ows to the surface through 
the production well. 

This technique offers distinct advantages over the 
methods heretofore considered. Nevertheless, the ef 
fectiveness of this technique is dependent on the suc 
cess with which retorting of the oil shale in the relative 
ly large chimney space can be accomplished. As a re 
torting gas is injected into the chimney through a gas 
inlet well connecting the chimney with the gas pumping 
equipment at the surface, a hot zone of sufficient tem 
perature to support retorting is formed in the vicinity of 
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2 
the injection point. This hot zone can be advanced by 
the injection of additional retorting gas through the in 
jection well. Initiating and supporting retorting of the 
shale in the chimney in this manner is not entirely 
satisfactory, however, because of the dif?culty encoun 
tered in initiating and advancing the hot zone 
throughout the entire chimney volume. In the absence 
of satisfactory retorting throughout the chimney, the 
recovery of shale oil from the chimney will be unduly 
restricted, and the economic feasibility of utilizing this 
technique will be diminished. ‘ 

After the eduction of the shale oil it must be sub 
jected to treatment for removal of nitrogen and sulfur 
or for converting them to an innocuous form. This is 
generally accomplished by surface hydrogenation as 
described in Hamilton, et al., US. Pat. No. 3,233,668. 
Surface upgrading of this type is expensive and requires 
additional equipment and facilities for the in situ retort 
ing operation. A means for providing in situ oil shale 
upgrading is a necessary criteria for in situ oil shale re 
torting success. ‘ 

It is an object of the present invention, therefore, to 
provide an improved process for the in situ retorting of 
oil shale formations. ' . 

It is another object of the present invention to pro 
vide a process for increasing the recovery and quality 
of shale oil from underground oil shale deposits. 
These and otherobjects are accomplished by the 

novel process of the present invention as hereinafter set 
forth. 

SUMMARY OF THE INVENTION 

The present invention is directed to an improved 
method for initiating and supporting in situ retorting 
and hydrogenation of the oil shale in the chimney of 
fractured and crumbled shale of high permeability 
formed by the detonation of a nuclear device posi 
tioned ina subsurface oil shale formation. The present 
invention permits and facilitates the establishment of a 
hot zone substantially across the cross~sectional area of 
the chimney. This is accomplished by injecting the re 
torting ?uid into the chimney space by means of at least 
one injection well positioned generally horizontally 
across the chimney. The retorting ?uid is injected 
through the perforations in the injection well liner. 
The injection of a retorting ?uid into the chimney 

from a multiplicity of points permits the establishment 
of a hot zone at a temperature sufficient to support re 
torting across substantially the entire width of the 
chimney. By injecting retorting ?uid through a series of 
injection wells thus positioned, the establishment of the 
desired hot zone substantially across and around the 
entire cross-sectional area of the chimney may be ac 
complished. The retorting ?uid may in addition provide 
means for the in situ hydrogenation of the oil shale, 
thereby causing the upgrading thereof. 
The support and advancement of the hot zone 

throughout the chimney face can-readily be accom 
plished by continued injection of the initial retorting 
?uid or a suitable gas into the injection wells and con 
sequently into and around the cross-sectional area of 
the chimney. The injection wells called for herein may 
be positioned either in the upper or the lower portion 
of the chimney, with the distilled shale oil being 
recovered through production wells in accordance with 
normal techniques. 
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BRIEF DESCRIPTION OF THE DRAWING 

The present invention may be more fully understood 
by referral to the accompanying FIGS. in which: 

FIG. 1 represents a side external view, partially in 
cross-section, showing the relative positions of an injec 
tion well and a production well in an illustrative em 
bodiment of the present invention; and 

FIG. 2 is a diagrammatical illustration of another em 
bodiment of the present invention employing four in 
jection wells positioned at 45° intervals around the oil 
‘shale chimney. 

' DETAILED DESCRIPTION OF THE INVENTION 

In order to initiate and support retorting of the shale 
across and around the chimney formed by the detona 
tion of a nuclear device in a subsurface in an oil shale 
formation, at least one injection well is positioned so 
that it extends into and preferably generally horizon 
tally across the width of the chimney. The injection 
well liner contains perforations through which retorting 
?uid may be injected into the chimney. The retorting 
fluid is used to establish a hot zone in the chimney at a 
temperature capable of supporting retorting of the 
shale. The injection of the retorting ?uid through a se 
ries or multiplicity of perforations in the generally 
horizontally extending injection well liner facilitates 
the establishment of a hot zone substantially across the 
width of the chimney. Injection of the retorting ?uid 
through a generally vertically positioned injection well 
extending into the chimney would, on the other hand, 
result in the establishment of a more localized hot zone 
in the vicinity of the injection well outlet. Even with the 
use of a very high injection volume, the extending of 
the hot zone substantially across the width of the chim 
ney would be dif?cult to accomplish. The present in 
vention, therefore, permits the establishment and sup_ 
port of a hot zone that enhances the retorting of the 
shale and the recovery of the shale oil from the chim 
ney. . \ 

In FIG. 1 of the drawing, the chimney of fractured 
and ‘crumbled shale of high permeability is represented 
by the numeral 101. This chimney is formed by the 
detonation of a nuclear device generally positioned at 
the bottom of oil shale formation 102. Access well 103, 
which is drilled from surface 104 through overburden 
105 and into oil shale formation 102 is employed ini 
tially in order to place the nuclear device in position for 
detonation. Slanted drilling rig 106 may be employed 
for the drilling of production well 107 positioned at the 
base of chimney 101. This drilling rig may also be em 
ployed in drilling the slant injection well 108 that is 
positioned in the upper portion and near the top of 
chimney 101. As can be readily seen from the drawing, 
injection well 108 is drilled so that the portion that ex 
tends across chimney 101 is positioned generally 
horizontally. Perforations generally represented by the 
numeral 109 are provided in the portion of injection 
well 108 extending across the chimney to provide suita 
ble injection ports for the injection of retorting ?uid 
substantially across the width of the chimney 101. 

FIG. 2 illustrates an embodiment of the present in 
vention in which four injection wells 208 are positioned 
in a radial pattern from the surface 204, around chim 
ney 202 and access well 203. The four injection wells 
208 are positioned at 45° intervals around the chimney 
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201. Each injection well 208 extends through oil shale 
formation 202 across the width of the chimney 201 and 
is provided with perforations on substantially the entire 
portion crossing said chimney 201. This arrangement 
provides for a multiplicity of injection ports substan 
tially around and across the cross-sectional area of the 
chimney 201. As previously indicated, the injection 
wells 208 can be positioned in any convenient manner; 
however, as for example by passing the injection wells 
208 across the chimney 201 in a substantially parallel 
con?guration. 
The injection well called for by the present invention 

can be provided by known drilling techniques. The in 
15 jection well is drilled preferably as a slant well by the 
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so-called slant-hole drilling technique. Details ‘of this 
drilling technique, which involves tilting the drilling rig, 
are not included herein as this drilling technique is 
known and has been employed in conjunction with 
conventional petroleum producing methods. 

It is also possible to provide one or more injection 
wellbore holes that extend downward from the earth’s 
surface in a generally vertical direction with radially 
diverging bore hole extensions extending into the chim 
ney and across the chimney in a generally horizontal 
direction. The so-called directional drilling technique 
can be employed to provide the deviating bore hole ex 
tensions. Since directional drilling is also a well 
established technique that has been employed in con 
ventional operations, further details of the manner in 
which the drilling is accomplished are not included 
herein. 

In order to provide means for injecting the retorting 
?uid generally across the width of the chimney, per 
forated liner extensions may be employed in the por 
tion of the injection well passing through the chimney. 
Alternately, plain liner extensions may be employed, 
and perforations may be made after the liner has been 
placed. Techniques for perforating the liner after it has 
been positioned in the formation are well known in the 
art. For example, pressure may be employed to blow 
out plugs in the liner or perforations may be made by 
chemical action. 

Injection of the retorting ?uid into the chimney 
space may be accomplished through one or more injec 
tion wells. Each well, of course, preferably will have a 
generally horizontally extending portion in the chim 
ney. While one such injection well provides a series of 
injection ports across the width of the chimney, it may 
be desirable to employ two or more of such injection 
wells in order to more fully cover the cross-sectional 
area of the chimney. From about two to about six injec 
tion wells would normally be suf?cient for this purpose 
although additional injection wells could also be em 
ployed. Coverage across and around the cross-sectional 
area of the chimney can conveniently be achieved by 
positioning four injection-wells at intervals at about 45° 
around the circumference of the chimney. By extend 
ing each of these wells substantially across the width of 
the chimney, thus crossing at the center portion of the 
chimney, a multiplicity of injection ports can be pro 
vided around the cross-sectional area of the chimney. 
The various injection wells can be positioned across 

the chimney at various elevations if desired. Generally, 
however, the injection well or wells will be positioned 
near the top of the chimney. The injection wells can, 
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however, be positioned near the bottom of the chimney 
or at some intermediate position in either the upper or 
lower portion of the chimney. It is also within the scope 
of the present invention‘ to inject the retorting ?uid 
sequentially through injection wells positioned at more 
than one elevation in the chimney in order to facilitate 
the recovery of shale oil from the chimney space. 

‘ The heat generated by the explosion of the nuclear 
device is‘ insufficient to retort any appreciable portion 
of the available and recoverable oil in the chimney. The 
retorting ?uid, therefore, is injected into the chimney 
in order to heat the chimney space to a suf?cient tem 
perature to support combustion. The retorting ?uid 
may be any suitable material or combination of materi 
als that will provide the necessary heat to establish re 
torting conditions in the chimney. The retorting ?uid 
may conveniently comprise a combustion gas formed 
by burning a combustible-containing gas, such as 
methane or natural gas, with air or some other oxygen 
containing gas. It is within the scope of the present in 
vention to burn a combustible gas or liquid above 
ground to form the combustion gas or to inject the 
combustible gas or liquid together with an oxygen-con 
taining gas into the formation through the injection 
well so as to form the combustion gas underground. It is 
also within the scope of the invention to employ some 
other gas, such as a heatedoxygen-free gas, or steam as 
the retorting ?uid. 
The retorting ?uid injected through the perforations 

in the generally horizontally extending injection well 
supports the hot zone formed across the width of the 
chimney, by conventional ignition or burning at the in 
jection points, i.e. at the perforations, along the 
generally horizontally extending portion of the injec 
tion well in the chimney. The temperature required in 
the hot zone in order to support combustion varies with 
the pressure in the chimney while a temperature of at 
least about 600° F is ordinarily required at atmospheric 
pressure. Hot zone temperatures between about 700° F 
and about 2,5 00° F may conventionally be employed. 
The amount of retorting ?uid employed in the prac 

tice of the present invention is not critical and will vary 
depending on a number of factors, such as the retorting 
temperature employed, the extent of oil recovered, the 
initial shale temperature and the like. Retorting gas 
quantities of from about 20 to about 5,000 standard 
cubic feet into the relatively cool shale formation per 
cubic foot of crumbled shale in the chimney have been 
proposed although the size of the chimney developed 
will greatly in?uence the actual amount employed. 

In another embodiment of the present invention, the 
hot zone may be established by the reaction of chemi 
cals in the chimney, other than by combustion, so as to 
generate the desired quantity of heat. These methods 
are known to the art, for example, pellets of sodium 
hydroxide, possibly carried by non-aqueous solution, 
may be injected into the chimney through the perfora 
tions in the generally horizontally extending injection 
wells. Water or an aqueous acid solution may then be 
injected into the chimney through the same perfora 
tions so as to contact and react with the pellets. A tre 
mendous heat of reaction would result with an evenly 
distributed heat force. Numerous other reactants will 
readily occur to those skilled in the art as suitable for 
injection into the chimney to provide, by means of their 
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6 
heat ofreaction, the heat necessary to support retorting 
of- the oil shale. lrrespective of the particular reactants 
employed, the injection of the reactants vthrough the 
perforations of the generally horizontally extending in 
jection wells of the present invention permits the 
establishment of the hot zone substantially across-and 
around the cross-sectional area of ‘the chimney. _ 

After the hot zone has been established, it may be ad 
vanced in the vdesired direction by continuous or inter 
mittent injection of a gas that advances the heat front 
through the chimney. Air or another oxygen-containing 
gas can conveniently be employed for this purpose. The 
oxygen content and rate of ?ow of the gas, together 
with the amount of residual combustibles in the forma 
tion, will determine the temperature and the rate at 
which the heat wave is propagated through the chim 
ney. 

It is a preferred embodiment of the present invention 
to provide means for the in situ hydrogenation of the ‘oil 
shale contained within the chimney. This may be pro 
vided by the reaction of specific chemicals for heat 
generation as mentioned above. For example, magnesi 
um pellets, may be injected into the chimney, together 
with water or other suitable carrying medium, through 
the perforations in the generally horizontally extending 
injection wells. Hydrochloric may then be injected into 
the chimney through the same perforations so as to 
contact and react with the‘pellets. Any of the many 
acid meta] reactions which release heat and evolve 
hydrogen may be employed. Such a technique would 
not only furnish the resultant heat of reaction, but 
would have an additional advantage as well. The reac 
tion would result in the evolution of hydrogen that 
would hydrogenate the kerogen in the chimney, thus 
tending to upgrade the shale oil recovered from the 
chimney. 
Another means for providing in-situ hydrogenation 

may be supplied by the introduction of water into the 
chimney and subsequent electrolysis. thereof. There 
fore, by theintroduction of water, say into the lower 
portion of the chimney, through a separate tubing 
string in the production well and subsequent hydrolysis 
thereof, the heated zone may be sustained by com 
bustion of the oxygen ‘diffusing thereto and the oil shale 
produced upgraded by the presence of the hydrogen at 
mosphere in the lower drainage position of the chim 
ney. Numerous other suitable hydrogen generating 
means will occur to those skilled in the art for use with 
the present invention. 

It has been suggested that a nuclear detonation may 
be used in the recovery of oil from Athabascatar sands 
and similar formations as well as from oil shale forma 
tions as disclosed herein. Recovery procedures would 
follow essentially the same pattern as in the recovery of 
shale oil. The present invention could also be employed 
in this‘ procedure in a similar manner as set forth 
herein. , 

In yet another embodiment, the horizontally extend_ 
ing injection wells disclosed herein may be employed in 
the retorting of oil shale substantially across an area of 
fractured and crumbled shale formed by the detonation 
of conventional explosive devices. 

While the. present invention has been described with 
reference to particular embodiments thereof, it will be 
appreciated that various changes and modi?cations can 
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be made therein without departing from the scope of 
the invention as set forth herein. 

Therefore, I claim: 
1. In the recovery ‘of shale oil from a subsurface oil 

shale formation by means of a nuclear explosion that 
creates a cavity in the formation that ?lls with col 
lapsed oil shale to form a chimney of fractured and 
crumbled shale of high permeability from which shale 
oil is recovered through a production well while retort‘ 
ing ?uid is injected into the chimney through an injec 
tion well, an improved method of initiating and sup 
porting the in situ retorting and hydrogenation of the 
oil shale comprising: 

a. injecting the retorting ?uid into the chimney 
through four injection wells positioned at approxi 
mately 45° intervals along the periphery of the 
chimney area; 

b. hydrogenating the oil shale through in situ produc 
tion of hydrogen; and 

c. recovering the shale oil through at least one 
production well positioned in the chimney. 

2. The method of claim 1 in which said retorting ?uid 
is injected into the upper portion of the chimney and 
shale oil is recovered from the lower portion of the 
chimney. 

3. The method of claim 1 in which the injection wells 
cross one another so as to provide a multiplicity of in~ 
jection points throughout the cross-sectional area of 
the chimney. 

4. In the recovery of shale oil from a subsurface oil 
shale formation by means of a nuclear explosion that 
creates a cavity in the formation that ?lls with col 
lapsed oil shale to ‘form a chimney of fractured and 
crumbled shale of high permeability from which shale 
oil is recovered through a production wellwhile retort 

‘ ing ?uid is injected into the chimney through an injec 
tion well, an improved method of initiating and sup 
porting the in situ retorting and hydrogenation of the 
oil shale which comprises: 

a. injecting the retorting ?uid into the chimney 
through perforations in the liner of at least one in 
jection well in the chimney; 

b. injecting water into the chimney; I 
c. electrolyzing said water to produce free hydrogen 

to hydrogenate the oil and oxygen in situ to aid the 
supporting of the in situ retorting; and 

d. recovering the shale oil through at least one 
production well positioned in the chimney. 

5. In the recovery of shale oil from a subsurface oil 
shale formation by means of a nuclear explosion that 
creates a cavity in the formation that ?lls with col 
lapsed oil shale to form a chimney of fractured and 
crumbled shale of high permeability from which shale 
oil is recovered through a production well while retort 
ing ?uid is injected into the chimney through an injec 
tion well, an improved method of initiating and sup 
porting the in situ retorting and hydrogenation of the 
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8 
oil shale which comprises: 

a. injecting the retorting fluid into the chimney 
through perforations in the liners of from about 
two to about six injection wells positioned in a 
parallel con?guration across the width of the 
chimney; 

b. hydrogenating the oil shale through in situ produc 
tion of hydro en; and _ 

c. recovering e shale oil through at least one 
production well positioned in the chimney. 

6. In the recovery of shale oil from a subsurface oil 
shale formation by means of a nuclear explosion that 
creates a cavity in the,formation that ?lls with col 
lapsed oil shale to form a chimney of fractured and 
crumbled shale of high permeability from which shale 
oil is recovered through a production well while retort 
ing ?uid is injected into the chimney through an injec 
tion well, an improved method of initiating and sup 
porting the in situ retorting and hydrogenation of the 
oil shale which comprises: 

a. injecting the retorting ?uid into the chimney 
through perforations in the liner of at least one in 
jection well in the chimney; 

b. injecting chemical reactants into the chimney 
which react upon contact therein and generate 
heat and evolve hydrogen, retorting the fractured 
and crumbled shale in the chimney with said heat; 

0. hydrogenating the oil shale in situ with the 
hydrogen produced by reaction of the chemical 
reactants, said hydrogen also tending to 
hydrogenate the kerogen in the chimney, thus up 
grading the shale oil recovered from the chimney; 
and 

d. recovering the shale oil through at least one 
production well positioned in the chimney. 

7. The process of claim 6 in which said reactants are 
magnesium and hydrochloric acid. 

8. In the recovery of shale oil from a subsurface oil 
shale formation by means of a nuclear explosion that 
creates a cavity in the formation that ?lls with col 
lapsed oil shale to form a chimney of fractured and 
crumbled shale of high permeability from which shale 
oil is recovered through a production well while retort 
ing ?uid is injected into the chimney through an injec 
tion well, and improved method of initiating and sup 
porting the in situ retorting and hydrogenation of the 
oil shale which comprises: 

a. injecting the retorting ?uid into the chimney 
through perforations in the liners of injection wells 
positioned at more than one elevation in the chim 
ney space, said injection into the wells being 
sequential; 

b. hydrogenating the oil shale by in situproduction of 
hydrogen; and , 

c. recovering the shale oil through at least one 
production well positioned in the chimney. 


