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3 Claims. (C. 166-7) 

ABSTRACT OF THE DISCLOSURE 
An improved method of recovering hydrocarbons from 

essentially uniform oil shale formations by establishing 
at least two wells and communicating them by a horizontal 
fracture into which is injected a hot inert vaporous hydro 
carbon, e.g., benzene, under controlled flow rate and 
elevated temperature thereby fluidizing the solid hydro 
carbons in the formation and recovering said fluidized hydrocarbons, 

This invention relates to the recovery of petroleum 
existing in a solid or semi-solid state from underground 
deposits, and more particularly, to a method of in situ 
recovery involving a cracking operation for converting 
solid or semi-solid petroleum deposits into useful and 
recoverable hydrocarbon products. 

Substantial petroleum deposits exist in solid or semi 
solid form and these deposits, the so-called oil shale 
deposits, are the greatest oil reserves in the United 
States. These deposits were formed apparently from fresh 
water lakes in which organic matter, mostly of algal 
origin, collected with finely divided silt at the bottom of 

- fresh water lakes. This organic matter subsequently dried, 
became compacted and was transformed into a laminated, 
impermeable organic-bearing mineral matrix known to 
day as oil shale. 
The existence of the petroleum in such a semi-solid 

form is not conducive to economic recovery by present 
day techniques but, because of the extensiveness of these 
oil shale deposits they provide more than an adequate 
incentive to develop means of recovering the oil there 
from. For example, the Green River formation, located 
midway between Denver and Salt Lake City, extends 
over some 16,500 square miles, averaging 15 or more 
gallons of desirable shale oil per ton. This is probably 
the world's single largest known hydrocarbon deposit with 
estimated reserves of over 150,000,000,000 barrels. 

Presently, there are two broad approaches to the re 
covery of shale oil from the organic-inorganic matrix 
known as oil shale. One is retort of mined shale and the 

-; other is in situ treatment of the shale. Most successful 
today of the two general types of processes is the treat 

: ment of mined shale by retort processes. The difficulty 
with such a process is that a 50,000 barrel per day plant 
requires that 84,000 tons of raw, good grade, shale be 
processed through the plant per day and that 71,000 tons 
of inorganic residue be disposed of daily. Thus, the mate 
rials handling problems in such a process is enormous. 

Because the organic matter in oil shale exists largely 
as an insoluble residue, often referred to as kerogen, 
having a molecular weight of 3000 plus, it is difficult to 

- separate the organic matter from the inorganic matter 
without some modification of the kerogen. Heat converts 
it into a liquid or vapor form. This is the reason that 
retort processes mentioned above are more successful 
than other types. These retort processes involving mining 

5 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60. 

65 

the oil shale, transporting the shale to a suitable processing 
point, crushing and grinding the shale to a particle size 
permitting effective heat treatment and thereafter heat 
ing the resulting particles sufficiently to effect destructive 
distillation of the kerogen are not today economical. 

70 

2 
Even though the potential recovery of shale oil may be 

as high as 50 to 75 gallons per ton, material handling 
problems have caused industry to look for other methods 
of recovering the oil products from oil shales. This has 
led to the second broad approach to the recovery of 
organic matter which involves attempts to heat the oil 
shales in situ to recover the useful organic matter. These 
latter techniques are much akin to the retort process and, 
in fact, many use in situ retort processes either burning 
the organic matter in the shale or providing fuel within the 
formation to develop sufficient heat to cause destructive 
distillation thereby converting it to either recoverable liquid or vapor products. 

While the in situ combustion processes eliminate the 
costly operations of mining, transportation and processing 
of the raw oil shale, the virgin oil shale is very strong 
and impermeable in its natural occurring state which adds 
other problems. It is difficult to establish in situ com 
bustion and to maintain it once it has been initiated 
Another problem faced with in situ oil shale combustions 
when this art is used is that the produced gases are highly 
contaminated with nitrogen which may reduce their fuel 
value almost to nothing. Another difficulty with in situ 
combustions is the presence of both magnesium carbonate 
and calcium carbonate which begin to calcine from about 
1100' to about 1500 F. via an endothermic reaction 
which is also undesirable. 

Since both of the general techniques discussed above have 
their own unique problems, other approaches to the re 
covery of organic matter from oil shale have been sought. 
The present invention has resulted from efforts to find 
a better technique to recover the organic matter from the 
oil shale and avoid some of the serious drawbacks of 
the aforedescribed techniques. 

Broadly, the invention involves a new method of re 
covering solid to semi-solid organic matter from under 
ground formations, such as oil shale deposits, including 
the steps of penetrating the formation with at least one 
injection well and at least one production well, fracturing 
the formation between said wells, injecting a non-oxidiz 
ing heated vapor through the injection well, and re 
covering effluents from the production well which 
includes organic materials formed from the solid to semi 
solid organic matter in the formation by a thermal crack 
ing action. 

This invention will be better understood by referring to 
the attached drawing showing an earthen formation, taken 
in cross-section, including an underground oil shale de 
posit and also the necessary surface equipment for prac 
ticing the method of the present invention. 

Because the present invention is particularly applicable 
to recovery of organic matter from oil shales, some of the 
characteristics of such shales should be considered. Gen 
erally, the inorganic material of oil shales is a laminated 
marlstone intimately mixed with clay and lesser quantities 
of sediment, plus other mineral constituents. The organic 
matter in a semi-pure form (often referred to as kerogen) 
is a brown amorphous powder having a molecular weight 
of 3000 plus. Because of this high molecular weight, kero 
gen is insoluble in common petroleum solvents at ambient 
temperatures and structurally appears to be a molecular 
complex of saturated, basically non-benzenoid, condensed 
polycyclic ring systems loosely interconnected through 
alkyl side chains which may include hetero atoms. 

Because of this nature of oil shales, the only industrial 
successful process to date is destructive pyrolysis of 
crushed oil shale at temperatures in the order of 900 
F. and at ambient pressures. In pyrolysis, about 66% of 
the organic matter is converted to a liquid oil and 9% 
is converted to light gases with the remaining 25% stick 
ing to the inorganic matrix as a carbon-rich residue. 
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conduction and/or convection to the oil shale formation 
adjacent to the fracture. As these hot hydrocarbon vapors 
flow through the fracture 9 to the production well 4, some 
of the organic matter in the oil shale formation is ther 
mally cracked to lower boiling products which are much 
less viscous. Once the cracked products from the organic 
matter in the formation are reduced to low viscosity prod 
ucts and/or vaporized, they are forced out of their 
original position by expanding vapor pressure and swept 
along with the hot hydrocarbon to the production well 
from whence they are recovered via tubing string 7. As 
the circulation continues, the area of the shalle forma 
tion 2 adjacent to fracture 9 will become depleted of 
much of the organic matter as indicated by the depleted 
Zone 24. As the areas adjacent to fracture become de 
pleted organic matter, it will become permeable to the 
hot hydrocarbon vapors allowing them to contact more 
virgin shale. 

În the instant process, since the circulation of the hydro 
carbon occurs in a closed circulatory system, little if any 
oxygen is available for actual in situ combustion which 
would occur at the temperatures in the formation if oxy 
gen were present. Further, even if some oxygen is avail 
able within the formation, it is of little or no moment, 
since an extremely limited amount will be available to 
Support combustion. Actual combustion in the formation 
is not desired since it could adversely affect permeability. 
Though we have discussed the invention relative to the 

use of two spaced wells, one of which is the injection well 
and one of which is the production well, it should be 
appreciated that it would be possible to carry out the 
instant process in a single well with dual insulated tubing 
strings and through a vertical fracture. 

Further, it should be appreciated that the facilities lo 
cated above the ground would all involve appropriate in 
sulation in order to conserve thermal energy and the use 
of appropriate heat exchangers in order to recover the 
maximum amount of thermal energy from the effluents 
from the production well. In this way, the efficiency of the 
process can be improved and it can be operated on a 
commercial scale. 
As the circulation of the hot hydrocarbons continues 

through the oil shale formation 2, the depleted Zone 24 
continues to expand as more and more of the organic 
matter is stripped therefrom. In some cases, it may be 
desirable to establish a fracture 9 at multiple levels in 
order to optimize the effects of this process in the forma 
tion and to allow for irregularities in the formation it 
self. When the fractures are employed at multiple levels, 
the hot hydrocarbons can be injected into the fractures 
separately or simultaneously but usually separately in 
order to avoid failure of the casing string resulting from 
a large segment thereof being exposed to the relatively 
high temperatures. To avoid simultaneous injections or 
exposing large areas of the casing 5 to high tempera 
tures, a lower packer 25 may be used in each casing 5. 
In order that the invention can be better understood, 

the following example is illustrative of the instant inven 
tion and method of carrying it out. 

Example I 
In a mathematical model, it was determined that 950 

F. benzene vapors injected into a shale formation through 

10 

15 

20 

25 

30 

35 

40 

45 

6 
an injection well and recovered at a production well at 
650 F. would give 55,000 B.t.u.'s/bbl. to the formation. 
Calculated on four acre spacing with wells 300 feet apart 
and having fluid communication therebetween through the 
oil shale, an injection of 3260 barrels per day of 950 F. 
benzene vapors into fractures between the wells will raise 
the temperature of a portion of the shale formation 25 
feet on each side of the fracture to 750 F. within four 
years. The pressure drop will be 200 p.s. i. between the 
wells. If the shale has a richness of 30 gallons/ton of 
virgin oil shale, 442,000 bbls. of oil (or vaporous hydro 
carbon equivalent) would be given out of the four acre 
50 foot interval during the four year period. An average 
of 300 bbls./day for the producing wells for the period. 
The foregoing example is based on calculations and is 

not intended to limit the invention. Various changes in 
injection rates and temperatures will probably be neces 
sary depending on the particular shale formations and 
the gaseous effluents (shale gas) recovered from the for 
mation will probably be the most economical vapor to 
use in the instant process. 

I claim as my invention: 
1. A method of recovering solid to semi-solid hydro 

carbons from uniform underground oil shale reservoirs 
comprising the steps of: 

(a) pentrating such a reservoir with at least one in 
jection well and at least one production well; 

(b) horizontally fracturing and establishing fluid com 
munication channels through said reservoir between 
said injection well and said production well; 

(c) passing hot benzene through said reservoir by in 
jecting it through said fractured injecting well into 
said fluid communication channels at a temperature 
in excess of 650 F. to convert solid to semi-solid 
hydrocarbon residues in said formation to mobile 
fluids; 

(d) recovering said mobile fluids from said production 
well; and 

(e) separating said mobile fluids into liquid and gaseous 
hydrocarbon fractions. 

2. A method according to claim 1 in which a con 
ventional propping agent is added to the fractures. 

3. A method according to claim 1 in which the flow rate 
through the reservoir and the temperature of the hot ben 
zene is controlled so that the solid to semi-solid hydro 
carbons are substantially converted to hydrocarbon vapor 
and which are recovered above ground, condensed and 
fractionated into liquid hydrocarbon oil and hydrocarbon 
gases. 
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