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RECDVERY 0F PETRGLEUM PRODUCTS FRUM 

OHL SHALE 
John Lynn Dougan, Salt Lake City, Utah, assignor to 

Equity Oil Company, Salt Lake City, Utah, a corpora 
tion of Colorado 

Filed Apr. 10, 1963, Ser. No. 272,109 
10 Claims. (Cl. 16o-7) 

The invention relates to the art of heat-treating oil 
`shale for the recovery of thermal decomposition products 
therefrom, 'and particularly to such treatment carried out 
while the oil shale remains in its »natural location under 
ground, i.e. in situ, although it is also possible to derive 
certain advantages of the invention by carrying out the 
process within a pressurized retort. In either instance, 
the quality of the decomposition products is superior to 
that of products obtained by previously known processes. 
An efficient and economical process for the recovery 

of petroleum products from oil shale has long been 
sought. Because Iof the high cost 4of mining the shale for 
subsequent processing, efforts have been directed in many 
instances to thermal decomposition of the organic con 
tent of the shale in situ. This involves the supplying of 
decomposing heat to the underground formation and the 
conducting of decomposition products from such forma 
tion to surface areas. 
Most of the in-situ processes proposed heretofore have 

relied in whole or in part on the burning of a portion 
of the carbonaceous constituent of the shale, known as 
kerogen, for supplying much or all of the decomposing 
heat required. For this purpose, air or an oxygen 
containing gas has been introduced into the formation 
along with heating means capable of raising the tempera 
ture of a portion of the shale to the ignition point. 

In some special instances it has been proposed that a 
heated gas, inert to combustion, be introduced into the 
formation as a ‘heat-transfer agent. In these instances, 
.either the formation concerned is naturally porous, as in 
the case of porous tar sands of the Athabasca region of 
Canada, as distinguished from non-porous oil shales, see 
Pelzer U.S. Patent No. 3,040,809, or the proposal has 
involved the use of explosives to shatter impervious oil 
shale formations, see Hoover et al. U.S. Patent No. 
1,422,204, the taking advantage of naturally porous strata 
in such formations, see Huntington U.S. Patent No. 
2,969,226, or `the driving of drifts of gas flow into and 
through such formation, see Kiel U.S. Patent No. 
2,974,937. 
The process of the present invention utilizes natural 

gas, containing methane -as a principal constituent, for 
conveying kerogen-decomposing heat to the formation 
and products of distillation from the formation. Be 
cause this gas contains nothing that contaminates the 
products produced by the `decomposition of kerogen and 
transmits heat more eñîciently th-an do other gases that 
could be used, it is an ideal carrier for such products of 
decomposition. It will not reduce the heating value of 
`the product gases, and it will carry sufficient heat to 
effect the desired decomposition. Moreover, its own 
decomposition temperature (between 932° F. and 1292“ 
F., depending upon its composition) is low enough to 
give .automatic protection against any accompanying de 
composition of the host rock (decomposition of alkaline 
`earth metal carbonates occurs at well over 1292° R). 
In addition, it is highly significant that natural gas is 
substantially oxygen-free and, therefore, inert so far as 
oxidation of the kerogen is concerned. 

Another advantage accompanying the use of natural 
gas as a fluid heating medium is a solvent stripping action. 
The gas is a solvent for thermally decomposed kerogen 
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»and exercises a solvent-stripping action with respect to 
the oil shale by penetrating whatever pores naturally 
exist in such shale (although oil shale is generally re 
garded as impervious it often contains minute po-res or 
hair-line cracks) or are artifically developed during treat 
ment (by the dissolving or corroding `action of both the 
introduced carrier gas and the evolved gases), it being 
realized that the natural gas is introduced under a pres 
sure of from about 150 to 500 p.s.i.g. 
A feature of the invention is the changing of the pres 

sure of the solvent carrier gas periodically to effect what 
may be regarded as a pulsating action of such gas with 
respect to the shale formation being treated. When the 
pressure is reduced, gases and vapors within the shale are 
permitted to escape; when the pressure is increased, the 
solvent carrier gas is forced into whatever voids are left 
by decomposition of the kerogen and by escape of the 
resulting gases and vapors. Thus, there is a periodic 
cleansing action exerted on the thermally treated oil shale 
by the very gas which carries the heat to the shale, as 
well as an intimacy of contact between the gas and shale 
not heretofore achieved in the art. 
The process of the invention is described in detail 

hereinafter and is illustrated in the accompanying draw 
ings with respect to specific procedures presently regarded 
as the best mode of carrying out the invention in prac 
tice. From these, additional objects and features of the 
invention will become apparent. 

In the drawings: 
FIG. l schematically represents, in perspective and in 

vertical section taken on the line 2-2 of FIG. 2, a typical 
installation of equipment capable of carrying out the 
process with respect to a natural underground deposit of 
oil shale with which it is associated; 
FIG. 2, a top plan view of the installation, progres 

sive expansion being indicated by broken lines; 
FIG. 3, a fragmentaryrvertical section taken on the 

line 3--3 of FIG. l and drawn ‘to a considerably larger 
scale; 
FIG. 4, a portion of the installation and of the progres 

sive well-layout pattern of FIG. 2 drawn to a larger scale 
and amplified to indicate, by dotted lines, well casings, 
underground flow channels, and initial gas-penetration 
areas; 
FIG. 5, a graph depicting the relationship between ñow 

rate of the natural gas carrier fluid calculated at atmos 
pheric pressure, temperature of discharge gases and 
vapors, and energy input to the shale zone being treated; 
FIG. 6, a graph depicting the relationship between flow 

rate of the natural gas carrier fluid at atmospheric pres 
sure, temper-ature of discharge gases and vapors, and 
quantity of shale which will be heated to a decomposi 
tion temperature of 932° F.; and 
FIG. 7, a graph depicting the relationship between 

flow rate of the natural gas carrier fluid at atmospheric 
pressure, temperature of discharge gases and vapors, and 
the quantity of methane released by the decomposed 
kerogen. 

Referring to the drawings: 
There are a variety »of ways in which the natural gas 

carrier fluid can be injected into the underground deposit 
of oil shale and the products of distillation recovered. 
It is preferred, however, and a feature of the invention 
that one or more extraction wells be drilled to intersect 
an injection Well at the bottom of that `portion of the 
oil shale deposit which is to be treated, the wells being 
cased and insulated down tothe treatment Zone, but being 
uncased within the treatment zone, whereby .the hot 
natur-al gas will freely .circulate from injection well to 
extraction well or wells and will come into intimate con 
tact with exposed `surfaces of the shale within the treat 
ment zone. 
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An advantageous arrangement of wells, which lends 
itself to a progressive expansion of the workings in a 
most economical manner, is illustrated in FIGS. 1, 2, 
and 3 with respect to a deposit of oil shale 10 covered 
by barren overburden 11. 

There, an injection well 12 is drilled through the over 
burden and into the deposit of oil shale to a level 10a 
that establishes the lower limit of a shale treatment zone 
and that avoids Iany water zone that may exist. A depth 
of a thousand feet or more is not unusual in an instance 
of this type, depending upon the natural formation en 
countered. 

Six extraction wells 13 are drilled symmetrically and 
concentrically around the injection well in hexagonal 
for-mation. They parallel the injection well through 
much of their depths, but have their lower end portions 
13a slammed toward and intersecting its bottom to estab 
lish free flow communication therewith. 

This hexagonal arrangement makes for economical ex 
pansion of the workings in successive similar hexagonal 
groups indicated by broken lines in FIGS. 2 and 4, such 
groups having injection wells 12A, 12B, 12C, etc. and 
new extraction wells 13A, 13B, 13C, etc., but each suc 
cessive working group making use of two injection wells 
of a preceding, worked-out group. 

Both the injection well 112 and the extraction wells 13 
of each hexagonal group of wells are double cased from 
the surface down to a level which establishes the upper 
limit 10b of the shale treatment zone, see the casings 
14 and 15, respectively, in FIG. 3, and the treatment 
zone 16 in FIG. l. Thermal insulation 17 of any suit 
able type is inserted between the two casings. The extent 
of the annular space bet-Ween the casings is determined 
in each instance by the circumstances, it being realized 
that the purpose is to prevent undue loss of heat from 
hot fluid passing through ythe inner casings. A typical 
installation will have the wells spaced at twenty foot 
intervals and will utilize nine inch diameter steel pipe for 
the outer casing and two and one-half inch diameter 
steel pipe for the inner casing. 
As previously indicated, natural gas is injected into the 

decomposition zone as a heating medium for the shale 
and as a carrier fluid for products of distillation. ~For 
this purpose, there is provided at the surface suitable gas 
compressing, heating, and injecting equipment and suit 
able product recovery equipment. In the illustrated in 
stallation, natural gas is supplied through a pipe 18 and 
a valved by-pass 19 to a compressor 20 from any suit~ 
able source, such as a storage tank (not shown). Alfter 
being compressed to a suitable extent, ordinarily about 
500 p.s.i.g., it is passed into preferably a gas-tired furnace 
21, where it is -circulated through a suitable heat exchanger 
(not shown) and heated to an injection temperature 
above 662° F. (minimum optimum decomposition tem 
perature of kerogen), but sui'liciently below its decom 
position te-mperature to insure stability (about 932° F. 
in most instances). Then, still under pressure, it is 
passed Áthrough suitable piping 15a into the inner casing 
15 of injection Well 12. 

This pressurized, hot, natural gas travels down into the 
uncased lower portion 12a of the injection well and into 
.the uncased lower portions 13a of the extraction wells 
13, directly contacting the exposed shale faces of the 
several uncased well portions. 
A sufiicient quantity of the compressed, hot, natural 

gas is introduced (determined both by the carrying ca 
pacity of the inner casing 1S, the depth of the wells, the 
length and diameters of `the uncased portions 12a and 
13a, and the input pressure) to heat a superñcal layer 
of the shale to the distillation temperature of the con 
tained kerogen, i.e. between 626° F. Iand 1022° F. In 
this connection, it should be noted that the heat capacity 
of natu-ral gas is 0.910 B.t.u. per pound at 932° F. and 
that it requires 0.314 B.t.u.’s `to raise the temperature of 
one pound of oil shale one degree F. under ordinary 
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4 
conditions. It is significant that this heat capacity is ap 
proximately two and a half times as great as that of any 
other gas that would be practical to use, and that natural 
gas is substantially oxygen-free and therefore chemically 
inert with respect to the kerogen. 

`It has been found experimentally that the optimum tem 
perature for decomposition of kerogen and the rapid 
evolution of decomposition products is -about 824° F. In 
order to attain that working .temperature in the forma» 
tion, `the natural gas will normally be introduced at a 
temperature of 932° 1:". 

It should be apparent that the exact gas injection tem 
perature, pressure, and rate will depend upon the circum 
stances in each appli-cation of the present process in ac 
tual practice and that calculations will have to be made 
in accordance with sound engineering practice based upon 
available data concerning theI particular deposit and con 
ditions peculiar thereto. 

In any event, the thermal decomposing and solvent ac 
tion of the hot, natural gas carrier 11u-id, and of such 
carrier ñuid augmented by product gases `and vapors, 
against the exposed faces of the uncased well portions 
12a and 13a, will either cause spent portions of the shale 
to Slough olf, exposing fresh shale for treatment, or will 

“ render such ̀ shale permeable and susceptible to extension 
of the treatment backwardly from such well portions, 
depending upon the nature of the particular host rock. 

In this way, the kerogen components of the shale 
in treatment zone 16 will be decomposed progressively 
outwardly from the uncased well portions 12a and 13a, 
somewhat as indicated at 16a in FIG. 4, and the shale 
in such zone will be effectively worked in situ. 
The natural gas `carrier fluid, accompanied by decom 

position product vapors and gases, passes upwardly 
through the extraction wells 13 into product recovery lines 
22 and into and through condensers 23 intenposed in such 
line, were the decomposition vapors condense, leaving 
the natural gas carrier fluid to pass through pipe 24 back 
to the »compressor 20, the heater 21, pipeline 15a, and 
injection well 12, thereby completing a circuit. The 
liquitied decomposition products pass through pipes 25 
and 26 to storage tanks 27 and 28, respectively. 
The natural gas supply line 18 leads directly to the gas 

burner (not shown) of furnace 21 and supplies furnace 
fuel. Whenever the quantity of natural gas carrier iluid 
is suñiciently augmented by meth-ane and other suitable 
decomposition components of the kerogen content of 
the shale being treated, the valved by-pass 19 may be 
opened to permit part of the recycled gas to be burned 
as fuel for the furnace. 

In order to achieve maximum contact between the hot 
natural gas and the kerogen content of the shale, it is a 
feature of the invention that a pulsating action be imparted 
to the gas within the bore holes. This can be accom 
plished by alternately slowing down and speeding up the 
compressor for time intervals which may vary from a 
few minutes to an hour or more, or by opening and closing 
valves (indicated as such) at the upper ends of the extrac 
tion wells 13 for such time intervals. The pressure dif 
ferentials for effecting this pulsating action can vary 
widely, depending upon the circumstances. A differential 
of about 50 p.s.i.g. should suñìce in most instances. 
A preferred procedure in the operation of each succes 

sive hexagonal well group when utilizing a constant gas 
injection pressure is to commence the operation with the 
valves of all extraction wells closed and to keep them 
closed until the pressure gauge (not shown) reaches the 
desired maximum pressure. Then the valve of one of the 
extraction wells 13 is opened, permitting part of the 
natural gas carrier ñuid and the product vapors carried 
thereby to flow out of the well system. 
When the pressure drops the prescribed extent, the valve 

is closed and the pressure permitted to again build up to 
the desired maximum. Thereupon, the valve of the next 
extraction well 13 is opened, and so on around and around 



3,241,611 
5 

the circumferential series of extraction wells until the 
treatment zone associated with the particular hexagonal 
group of wells is exhausted of its kerogen content. 
When the wells of a succeeding hexagonal group are 

drilled, it is only necessary to plug the slanted lower ‘ 
portions 13a of .the two existing extraction wells which 
are to be used with the new group and to drill new lower 
portions slanted in the proper direction to intersect the 
injection Well of such new group. 
The graph of FIG. 5 is used to determine the quantity 

of thermal energy in terms of B.t.u.’s per day that is trans 
ferred to the shale in the treatment zone when the dis 
charge temperature of the carrier gas leaving such zone 
and its injection rate in terms of cubic feet per day are 
known. These can, of course, be easily ascertained by 
the use of appropriate instruments at the surface. Thus, 
if the carrier gas were leaving the formation at a measured 
temperature of 600° F. and the flow rate were maintained 
at 3.0)(106 cubic Ift./ day at the injection Well, the energy 
transferred to the shale deposit would be 52.5 >< 106 B.t.u. 

The graph of FIG. 6 is used to determine the quantity 
of shale that can be heated up to a maximum of 932° F. 
on the assumption that all the energy transferred to the 
shale is confined in the particular zone being treated. 
Again, if the discharge temperature of the carrier gas and 
its injection rate are measured, the quantity of shale can 
be read from the graph. Thus, if the carrier gas were 
leaving the shale formation at a temperature of 600° F. 
and the flow rate were maintained at 4.0><106 cubic 
ft./day at the injection well, 2,200 cubic ft. of shale 
would be heated from 60° F. to 932° F. 
The graph of FIG. 7 indicates how much methane iS 

released from the decomposed kerogen in terms of cubic 
»feet per day when the same temperature and injection rate 
previously indicated are measured. 

Although the composition of natural gas varies some 
what from source to source, a typical composition is as 
follows: 

Percent 
Methane __________________________________ __ 91.6 

Ethane ___________________________________ __ 4.9 

Propane __________________________________ __ 1.1 

Butane ___________________________________ __ 0.5 

Nitrogen _________________________________ __ 1.7 

Carbon dioxide ____________________________ __ 0.1 

The oxidizing capacity present by reason of the very small 
quantity of carbon dioxide is inconsequential. 
The petroleum condensate obtained as a decomposition 

product of the process is unique among shale oils. Thus, 
the API gravity at 60° F. of shale oil produced by a 
typical experimental run of the present process, using 
natural gas at a pressure of 300 p.s.i.g., was 29.5, whereas 
the normal API gravity at 60° F. for shale oil is below 20. 

In instances where mined shale is treated in a pressur 
ized retort, rather than shale in situ, the procedure is 
essentially similar so far as use of natural gas as a carrier 
iluid for both heat and the products of kerogen decompo 
sition is concerned. A mass of oil shale is ñrst introduced 
into the retort, the retort is sealed, and natural gas is then 
injected under pressure into intimate contact with the 
shale, there being a Withdrawal of gas and accompanying 
products of decomposition either continuously or peri 
odically within the limits of a minimum pressure to be 
maintained, and there being a recycling of the natural gas 
.following extraction of the products. The feature of 
pulsating the carrier fluid is applicable here also. 
Whereas there is here illustrated and speciñcally de 

scribed a certain preferred procedure which is presently 
regarded as the best mode of carrying out the invention, 
it should be understood that various changes may be made 
and other constructions adapted without departing from 
the inventive subject matter particularly pointed out and 
claimed herebelow. 
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I claim: 
1. A process of recovering petroleum products from 

oil shale in situ, comprising introducing into a substan 
tially impermeable and undisturbed natural `deposit of 
oil shale underground a suñ‘icient quantity of natural gas, 
whose major constituent is methane, at suñ'icient tempera 
ture and suiiicient pressure to exert -a combined thermal 
and solvent action thereon for releasing the kerogen from 
areas of the oil shale with which it comes in contact and 
for permeabilizing such oil shale to open up normally 
inaccessible areas thereof to thermal decomposition of 
kerogen; and withdrawing from said underground deposit 
said natural gas along with distillation vapors and gases 
intermingled therewith. 

2. The procescs of claim 1, including pulsating the gas 
into intimate contact with the shale. 

3. The process of claim 1, including separating de~ 
composition vapors from the gases and recycling lsaid 
gases. 

4. The process of claim 2, including bleeding olf some 
of the gases before recycling them. 

5. A process of recovering petroleum products from 
oil shale in situ, comprising drilling at least two wells ad 
jacent each other into a substantially impermeable and 
undisturbed natural deposit of oil shale underground so 
that at least their lower portions have oil shale facings; 
circulating through said wells a suflìcient quantity of 
natural gas, whose major constituent is methane, at suf 
ficient temperature and suñicient pressure to exert a corn 
bined thermal and solvent action on the exposed oil shale 
for releasing the kerogen and for permeabilizing the oil 
shale to open up normally inaccessible areas thereof to 
thermal decomposition of kerogen; and separating de 
composition vapors from said gas at the surface. 

6. The process of claim 5, including insulating the wells 
against the loss of heat down to the upper level of the oil 
shale zone to be treated. 

7. The process of claim 5, including pulsating the gas 
into intimate contact with the shale. 

8. The process of claim S, wherein there are six extrac 
tion Wells concentrically and symmetrically surrounding 
an injection Well in hexagonal formation; and wherein sim 
ilar groups of wells are drilled successively, following 
working out of an immediately preceding group, so as to 
respectively utilize two of the extraction wells of said 
preceding group. 

9. A process of recovering petroleum products from 
the organic content of normally impermeable, petroleum 
producing, mixed organic and inorganic earth materials 
in situ underground, comprising introducing into such irn 
permeable earth materials substantially undisturbed in 
situ a suiìîcient quantity of natural gas, whose major con 
stituent is methane, at suíîicient temperature and suñì 
cient pressure to exert a combined thermal and solvent ac 
tion thereon for releasing the organic component of said 
earth materials with which it comes in contact and for 
perrneabilizing such earth materials to open up normally 
inaccessible areas thereof to thermal decomposition of 
organic constituents thereof. 

10. The process of claim 9, including pulsating the gas 
into intimate contact with the earth materials. 
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