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This invention relates to a process for recover-
ing valuable hydrocarbons from hydrocarbona-
ceous and/or carbonaceous materials such as
shales, coals, and the like by treating deposits
thereof underground. More particularly, the
‘present invention is concerned with an improved
‘method for subterranean retorting of oil shale to
yield shale oil.

It is common practice in the art to recover oils
from solid oil-bearing or oil-prodiucing materials
and particularly to recover shale oil from oil
shales. As is well recognized, ordinary 0il shale
‘does not eontain -0il as such but a solid, bitumen
type material known as “kerogen” which, when
heated, breaks down into gases, petroleum-like
liquids, and carbon.

The recovery of oil from oil shale has hereto-
fore been accomplished by heating the shale at
elevated temperatures sufficient to educt the oil
and separate it from residual mineral matter.
However, commercial shale retorting operations
previously employed have generally been cumber-
some and expensive, involving large equipment
and operating costs per unit of shale through-
put. TImportant factors contributing to these
economic burdens have been poor heat recovery
in the retorting system and the expense, equip-
ment, and time consumed in mining and crush-~
ing the shale, and in .subseguently recovering
the products of retortation. A major object of
this invention, accordingly, is the provision of a
process in which oil shale and the like may be
efficiently retorted without incurring the large
expenditure for equipment and maintenance re-
quired by the prior art methods. A further ob-
jeet is to provide a method for retorting oil shale
wherein the operation is conducted in an efficient
manner underground and the shale is retorted
in place. A still further object is the provision
of an inexpensive process for retorting oil shale
affording convenient ‘means for subseguent re-
covery of the liguid shale oil. )

The above and other objects which will be ap-
parent to those skilled in the art are accomplished
in accordance with the present invention.

The large ‘deposits of oil shales in the western
part of the United States, particularly in Colo-
rado, Utah, and Wyoming, contain contiguous
strata of oil shales ranging from a few feet up
to 100 feet in thickness. The instant process
takes advantage of thes natural features of the
shale deposits, namely, the strata formation,
structure, and thickness of the shale deposit, to
afford a resultant economy in commercial re-
torting of the shales and handling of the prod-
uets of retortation.
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‘Operation of the process described herein com-
prises driving horizental tunnels immediately
above and below the oil-bearing shale strata and
drilling a plurality of holes vertically through
the separating layer of shale to connect ‘the
horizontal tunnels. A plurality of blocks or baf-
fles are positioned at predetermined intervals.in
each of the horizontal tunnels to provide alter-
nate zones of up and ‘down flow through a series
:of the vertically drilled holes intercennecting the
horizontal tunnels. Retorting takes place in the
shale bed by ignition of the shale in the first
series of vertical holes piercing the :shale bed.
Upon initiation of combustion in this first series,
a combustion supporting gas such as air, or a
mixture of air and recycle gas, is blown into and
through the first series of vertical holes. The
heat thereby generated is sufficient to initiate re-
torting in the subsequent zones and the retorting
proceeds successively through each zone with the
released oil vapors diffusing out into the gas
stream. The resulting gaseous stream of re-
tortation products flows alternately up and down
through each series of vertical holes piercing the
‘shale bed. Shale oil is ‘condensed in the colder
zones downstream and drains into the lower of
the horizontal tunnels from which it may be re-
moved by suitable .conduits. While the .down-
stream shale is preheated with the hot vapor-

‘ous products of retortation being emitted from

previously ignited zones, the upstream or spent
shale is cooled asa result of heat exchange with
incoming air or other combustion supporting gas,
thereby imparting a high thermal efficiency to
the over-all process.

The invention may be more readily understood
by reference to the attached drawing wherein:

Figure 1 represents a vertical section through
a high mesa containing strata of oil shale,

Pigure 2 is a plan view in part of the system
shown in Figure 1, taken along the elevation of
the ceiling of tunnel 4 hereinafter described,

Figure 3 is similar to Figure 1 but depicts an
alternate arrangement for withdrawal of the re-
leased shale oil.

Referring more particularly to the drawing and
specifically to Figure 1 thereof, { is the rock over-
burden lying on top.of the strata of .0il shale to
be worked, 2 isa series of strata of oil shale rep~
resenting the shale bed fo be worked, and 8 is the
country rock lying below the main body of shale
oil strata. In accordance with the invention, a
horizontal tunnel 4 is driven immediately above
the.shale strata to be worked. Likewise, a hori~
zontal tunnel § is driven immediately below the
shale strata. -A plurality -of vertical holes 6 are
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drilled or otherwise formed between the two hori-
zontal tunnels. A plurality of baffles T are in-
serted at predetermined positions in each of the
horizontal tunnels 4 and 5 in such a manner as
to provide alternate zones of upward and down-
ward flow through the vertical holes in the shale
bed.

The shale in the first of such created zones is
ignited by the introduction of hot combustion
gases into the formation through conduit 8.
After ignition of the shale is started, air or other
combustion supporting gas is forced through con-
duit 9. The gases and vaporous products of re-
tortation thereafter alternately flow upward and
downward through the vertical holes in each zone
of the shale bed, successively retorting the shale
in each of the zones. The shale oil so released
undergoes condensation in the cooler downstream
zones and ultimately is collected as a pool 18 in
the last of the retorting zones. The condensed
oil is suitably collected in a depression or hole i1
formed in the underlying country rock from
which it may be withdrawn through conduit 12.
The remaining retort gas containing combustion
gas and the non-condensable portion of the re-
tortation products is withdrawn from the lower
horizontal tunnel 5 through conduit #3. If de-
sired, a stream of this cool retort gas may be
recycled through conduit 14, passing through the
upper horizontal tunnel 4 and entering the last
of the retortation zones wherein it serves to cool
the products of retortation formed in such zone
and in previous zones, thereby aiding in con-
densation of the vaporous shale oil. Likewise,
a cool stream of inert gas may be introduced into
the last of the retortation zones to facilitate con-
densation. The retort gas not recycled is with-
drawn by pump (5 and led through conduit i6.
If desired, the retort gas passing through conduit
{6 may be recycled through conduit 8, the com-
bustible portion thereof serving as a source of
heat for further retortation of the shale.

While a series of three vertical holes in each
zone have been shown, it will be realized that any
convenient number of such holes may be drilled
vertically through the shale bed. As a practical
matter, the number of such drilled holes will de-
pend upon the extent and richness of the shale
deposit being worked. In the case of the richer
deposits, generally it is preferable to drill a great-
er number of holes, whereas in the case of the
relatively poorer deposits, a lesser number of holes
will usually be sufficient to exhaust the volatile
content of the shale bed being worked. The
holes are usually so spaced that substantially all
of the combustible components present in the
shale bed will be removed during the retorting
process. As a general matter, it will usually be
expedient to drill the holes in staggered relation-
ship such as shown in Figure 2 of the drawing.
It will be noted from such figure illustrating zones
having three holes drilled therethrough that the
holes are suitably so staggered that the centers
thereof if joined would form an equilateral tri-
angle. As will further be noted from Figure 2,
the holes in alternate zones are alternately spaced
so that if the centers of the holes in each zone
were joined, the resulting triangles would alter-
nately point downward and upward throughout
the series of retorting zones.

An alternate arrangement for collecting the re-
leased shale oil is shown in Figure 3. In thisem-
bodiment of the process, condensed shale oil is
collected in the bottom of each of the retorting
zones in g series of holes 17 drilled in the coun-
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try rock underlying the shale strata. These holes
are connected by a common conduit (8 bored
through the country rock. Condensed shale oil
formed in each of the retorting zones collects in
each of the holes 1T and passes through conduit
18 and then outwardly through conduit {8 to suit-
able storage facilities.

The horizontal tunnels immediately overlying
and underlying the shale strata to be worked may
be of any desired width, ordinarily depending
upon the size and richness of the shale deposit.
As a general matter, the tunnels will usually be
100 or more feet long. The time required to com-
plete retorting from the first to the last of the
retortation zones will depend on the length of
the particular shale strata being worked. As a
general rule, for a stratum of approximately 100
feet in length, approximately one week would be
required.

The temperature of retorting generated within
the shale bed is generally between about 800 and
about 1500° F. For this reason, the baffle T used
in the formation of the alternate zones of re-
tortation must be composed of a material which
is able to withstand such high temperatures. As
a practical matter, the baffles are ordinarily com-
posed of rock obtained during the initial drilling
and excavation. It will thus be evident that
there is very little needed in the way of expen-
sive equipment for carrying out the present proc-
ess for retortation of shale. The underground or
in-place retorting of shale carried out in accord-
ance with the instant process reduces the large
mining, crushing, and retorting costs involved in
present above ground methods. The instant
process also affords a high thermal efficiency since
the initial hot vaporous products of retortation
passing through subsequent zones serve to pre-
heat such zones and also the spent upstream
shale serves to preheat the incoming combustion
supporting gas being fed to the down-stream
zones. The present process is further advan-
tageous in affording separation of liquid shale oil
from the gaseous products of retortation by col-
lecting the shale oil underground in a pool or
series of pools from which it may subsequently
be withdrawn.

While the process described herein has been
directed particularly to the recovery of shale oil
from oil shale, the present invention may be
adapted for the recovery of oil from any sub-
terranean oil-containing or oil-producing solid
substance. Accordingly, it is to be understood
that the above description is merely illustrative
of preferred embodiments of the invention, of
which many variations may be made within the
scope of the following claims without departing
from the spirit thereof.

I claim:

1. A process for obtaining shale oil from oil
shale stratum in its natural position, comprising
driving horizontal tunnels immediately above
and immediately below said stratum, drilling a
plurality of holes vertically through the sepa-
rating layer of shale to connect said horizontal
tunnels, positioning a plurality of baffles at pre-
determined intervals in each of the horizontal
tunnels to provide interconnecting alternate
zones of up and down flow through a series of
the vertically drilled holes between said hori-
zontal tunnels, initiating combustion of shale
in the first of said zones adjacent the exterior of
said shale stratum, blowing a combustion sup-
porting gas through said first zone to bring the
same to shale retorting temperature, flowing the
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resulting hot gaseous products of retortation
alternately up and down through each series of
vertical holes in subsequent zones whereby the
shale in each of said zones is initially preheated
and ultimately the temperature thereof is raised
to such point that retorting of shale proceeds
successively through each zone with release of
shale oil vapors, condensing the shale oil vapors
so released and effecting collection of the result-
ing liquid shale oil.

2. A process for obtaining shale oil from woil
shale stratum in its natural position, comprising
driving horizontal ftunnels immediately above
and immediately below said stratum, drilling a
plurality of holes vertically through said sepa-
rating layer of shale to connect said horizontal
tunnels, the number of said vertical holes being
such that substantially all of the combustible
components present in the shale bed will be re-
moved during retorting thereof, inserting a plu-
rality of baflles at predetermined substantially
uniformly spaced intervals in each of the hori-
zontal tunnels in such fashion as to provide
interconnecting alternate zones of up and down
flow through each series of the vertically drilled
holes between said horizontal tunnels, initiating
combustion of shale in the first of said zones
adjacent the exterior of said shale stratum, fore-
ing a combustion supporting gas under pressure
through said first zone to bring the same 1o shale
retorting temperature, flowing the resulting hot
gaseous products of retortation alternately up
and down through each series of vertical holes
in subsequent zones whereby the shale in each
of said zones is initially preheated and ultimately
the temperature thereof is raised to such point
that retorting of shale proceeds successively
through each zone with release of shale oil vapors,
condensing the shale oil vapors so released in the
cooler downstream zones and collecting the re-
sulting liquid shale oil in the form of a pool in
the last of the retorting zones.

3. A process for subterranean retorting of oil
shale in its natural position, which comprises
driving horizontal tunnels immediately above
and immediately below strata of oil shale, drilling
a plurality of holes vertically through the sepa-
rating layer of shale to connect said horizontal
tunnels, positioning a plurality of haffles at pre-

determined intervals in each of the horizontal ;

tunnels to provide interconnecting =alternate
zones of up and down flow through a series of
the vertically drilled holes bstween said hori-
zontal tunnels, initiating combustion of shale in
the first of said zones adjacent the exterior of
said shale strata, blowing a combustion support-
ing gaseous mixture of air and recycle gas pre-
pared as hereinafter defined through said first
zone to bring the same to shale retorting tem-
perature, flowing the resulting hot gassous prod-
ucts of retortation alternately up and down
through each series of vertical holes in subse-
quent zones, whereby the shale in each of said
zones is initially preheated and ultimately the
temperature thereof is raised to such point that
retorting of shale proceeds sucecessively through
each zone with release of shale oil vapor and
retort gas, condensing the shale oil vapor S0
released, effecting collection of the resulling lig-
uid shale oil, withdrawing a stream of the refort
gas and recycling the same for admixture with
air to form the aforesaid combustion supporting
gas mixture.

4. A process for obtaining shale oil from oil
shale stratum in its natural position, comprising
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6

driving - horizontal tunnels immediately above
and immediately below said stratum, drilling a
plurality of holes vertically through the separat-.
ing layer of shale to conneet said horizontal tun-
nels, positioning a plurality of baffles at pre-
determined intervals in each of the horizontal
tunnels in such fashion as to provide intercon-
necting alternate zones of up and down flow
through g series of the vertically drilled holes he-
tween said horizontal tunnels, initiating combus-
tion of shale in the first of said zones adjacent
the exterior of said shale stratum, blowing a com~
bustion supporting gas through said first zone
to bring the same to shale retorting temperature,
flowing the resulting hot gaseous products of re-
tortation alternately up and down through each
series of vertical holes in subsequent zones,
whereby the shale in each of said zones is initial-
ly preheated and ultimately the temperature
thereof is raised to such point that retorting of
shale proceeds successively through each zone
with release of shale oil vapors, condensing the
shale oil vapors so released, effecting collection
of the resulting liquid shale oil in the bottom of
the lower horizontal tunnel, withdrawing a
stream of non-condensable retort gas from the
lower horizontal tunnel and recycling said
stream to the upper horizontal tunnel, whereby
gaseous retortation products entering the last
of said zones are cooled, thereby facilitating con-
densation of the condensable portion of said re-~
tortation products.

5. A process for subterranean retorting of oil
shale, which comprises driving horizontal fun-
nels immediately above and immediately below
a natural deposit of oil shale stratum, drilling a
plurality of holes in staggered relationship ver-
tically through the separating layer of shale to
connect said horizontal tunnels, the number of
said vertical holes being such that substantially
all of the combustible components present in the
shale bed being worked will be removed upon
retortation, inserting a plurality of bafiles in sub-
stantially uniformly spaced predetermined inter-
vals in each of the horizontal tunnels to provide
interconnecting alternate zones of up and down
flow through a series of the vertically drilled holes
between said horizontal walls, initiating combus-
tion of shale in the first of said zones adjacent
the exterior of said shale stratum, blowing a
combustion supporting gas into said first zone to
bring the same to shale retorting temperature,
flowing the resulting hot gaseous products of re-
tortation alternately up and down through each
series of vertical holes in subsequent Zones,
whereby the shale in each of said zones is initial-
ly preheated and ultimately the temperature
thereof is raised to such point that retorting of
shale proceeds successively through each zone
with release of shale 0il vapors, condensing the
shale oil vapors so released, effecting collection
of the resulting liquid shale oil in a series of pools
in the bottom of each of said retorting zones and
withdrawing a stream of liquid shale oil from
each of said pools.

6. A process for obtaining shale oil from oil
shale stratum in its natural position, comprising
driving horizontal tunnels immediately above
and immediately below said stratum, drilling a
plurality of holes vertically through the separat-
ing layer of shale to connect said horizontal tun-
nels, positioning a plurality of bafiles at predeter-
mined intervals in each of the horizontal tunnels
to provide interconnecting alternate zones of up
and down flow through a series of the vertically
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drilled holes between sald horizontal tunnels,
initiating combustion of shale in the first of said:
zones adjacent the exterior of said shale stratum,
blowing a combustion supporting gas through
said first zone to bring the same to shale retort-
ing temperature, blowing the resulting hot gas-
eous products of retortation alternately up and
down through each series of vertical holes in sub-
sequent zones, whereby the shale in each of said
zones is initially preheated and ultimately the
temperature thereof is raised to such point that
retorting of shale proceeds successively through
each zone with release of shale oil vapors, intro-
ducing a cold inert gaseous stream into the last

of said zones to facilitate condensation of shale 15 2,481,051

oil vapors within said zone and effecting collec-
tion of liquid shale oil as & pool in the bottom of
said zone.

LOUIS P. EVANS.
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