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ABSTRACT

A modified method of insitu recovery of hydrocarbon from an underground
hydrocarbon-containing for;nation. An "L" shaped production well, having a vertical upper
section, and a lower horizéntally-extending leg which is positioned low in the hydrocarbon
formation, is provided. The horizontal leg connects to the vertical section of the production well
at a heel portion and has a toe portion at an opposite end thereof. An oxidizing gas is injected
into the formation proximate the vertical section of the production well. A vertical combustion
front is created which is caused to sweep outwardly therefrom and laterally within the formation
above the horizontal leg, from the heel to the toe of the horizontal leg, causing hydrocarbons in
the formation above the horizontal leg to be upgraded and liquefy, and thereafter to drain
downwardly into the horizontal leg which is permeable, where such liquefied hydrocarbons are
then delivered to surface via production tubing. A non-oxidizing gas is injected into the heel
portion of the horizontal leg via injection tubing contained within the vertical section of the
production well. Benefits of the modified method of in situ recovery include decreased costs and

lessened environmental impact.
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A MODIFIED PROCESS FOR HYDROCARBON RECOVERY USING IN SITU
COMBUSTION !

FIELD OF THE INVENTION

This invention relates to an modified process for hydrocarbon recovery from an

underground reservoir by in situ combustion and employing a horizontal production well.

BACKGROUND OF THE INVENTION

Commonly assigneci U.S. Patent 5,626,191 issued May 6, 1997 (hereinafter the '191
patent) discloses an in si'tu combustion processes for producing hydrocarbon from an
underground hydrocarbon r;servoir utilizing (i) at least one injection well placed relatively high
in an oil reservoir for injécting an oxidizing gas into the hydrocarbon formation, and (ii) a
production well for producing liquefied or gasified hydrocarbon from the hydrocarbon reservoir.
The production well has a vertical section which is in communication with a horizontal leg
extending substantially perpendicularly outwardly from the vertical section and having a "toe"
portion and a "heel" portionT .The horizontal leg is completed relatively low in the reservoir, and
at a "heel"” portion thereof is in communication with the vertical section. Air, or other oxidizing
gas, such as oxygen-enriched air, is injected through the injection well into the hydrocarbon
reservoir, typically via perforations in the upper part of a vertical injection well, located in the
vicinity of the "toe" of the horizontal leg of the production well. The horizontal leg of the
production well is oriented generally perpendicularly to a generally quasi-vertical combustion
front of combusting hydrbcarbon which is produced upon ignition of a portion of the
hydrocarbon in the reservoir proximate the injection well. Such combustion front is supplied
with oxidizing gas via the injection well. The "toe" of the horizontal leg portion is positioned in
the path of the advancing combustion front. The resulting combustion front propagates from the
"toe" of the horizontal leg élong the horizontal leg in the direction of and towards the "heel"
portion. During this process heated hydrocarbon in the reservoir in advance of the moving
combustion front becomes liquefied or gasified and flows into the horizontal leg, and from such
leg thereafter removed to the surface via the vertical section of the production well. This process
of U.S. Patent 5,626,191 is called "THAI™", an acronym for "toe-to-heel air injection", and a
registered trademark of Archon Technologies Ltd., a subsidiary of Petrobank Energy and
Resources Ltd., Calgary, Albzerta, Canada.

U.S. Patent 6,412,557, also commonly assigned, discloses a similar but modified process
having the added step of placing a hydrocarbon upgrading catalyst along, within, or around the
horizontal leg to substantially decrease the viscosity of the hydrocarbon and upgrade the quality
of the hydrocarbon and increasing the flow of hydrocarbon from the reservoir into the horizontal
leg of the production well fozr subsequent removal to surface. Such modified process is known in
the industry by the trademark CAPRI™, likewise a registered trademark of Archon Technologies
Ltd.
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W02005121504 (PCT/CA2005/000833) published December 12, 2005, also commonly
assigned, teaches a similar brocess to that of THAI™, further comprising the additional step of
providing injection tubing inside the production well within the vertical section and substantially
along the length of the horizontal leg to a position proximate the "toe" thereof, for the purpose of
injecting a non-oxidizing medium comprising steam, water, or a non-oxidizing gas via said
tubing to the "toe" region of said horizontal leg. The injection of such non-oxidizing medium
into the "toe" region of the horizontal leg has the effect of displacing any oxidizing gas in such
area and thus preventing gombustion of upgraded hydrocarbon which has flowed into the
horizontal leg, and further iﬂcreases the ambient pressure in the horizontal leg so as to prevent or
reduce further inflow of ox{dizing gas from the injection well which is injecting oxidizing gas

into the hydrocarbon reservoir.

Disadvantageously, in each of the above prior art methods for recovering liquefied and/or
gasified hydrocarbons from a hydrocarbon formation oxidizing gas is needed to be injected
proximate the toe of the horizontal leg, and remote from the vertical section of the production
well. Such site of injection of oxidizing gas is remote from the vertical section of the production
well, the surface of the production well being the location where oxidizing gas is typically
generated. The injection and vertical section of the production wells can be separated by one (1)
kilometre or more. Thus such prior art methods thus typically require transport of the oxidizing
gas to the site of the injection well via piping from the production well, or alternatively require
installation of equipment at the injection well site to permit generation of oxidizing gases for
subsequent injection. Such requires clear access, via clearcutting, and/or increased space at the
injection well site to accommodate additional oxidizing gas delivery and/or generation and
compression facilities, thereby increasing the environmental "footprint” and impact of drilling

operations on the environment, and also typically results in increased cost.

Thus a need thus exists for a modified process of THAI™ and CAPRI™ wherein such

drawbacks are eliminated.
SUMMARY OF THE INVENTION

The method of the ;present invention is to a modified in situ hydrocarbon recovery
process that instead of injecfing oxidizing gas near the "toe" portion of the horizontal leg injects
oxidizing gas in or near the producing vertical section of the producing well (i.e., at the "heel"
portion). The modified process obviates the need for a separate drilling/production pad for
oxidizing gas injection, thereby reducing cost and decreasing detrimental environmental impact

of in situ recovery methods.

Advantageously, the process of the present invention in a particular third embodiment
described below further eliminates the need for a separate oxidizing gas injection well, in that in
such refinement the Verticai section of the production well also serves as the injection well,

thereby reducing well drilling costs and reducing the capital costs.

[
[

1
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Specifically, rather than being a "toe-to heel" process, the process of the present invention
is a "heel-to-toe" process. The oxidizing gas injection point is modified to be at the "heel" as
opposed to the "toe" so that the combustion front moves in the opposite direction from that of the
THAI™ process, namely from the direction of the "heel" of the horizontal well towards the

"tOC".

In the present invention three regions of the reservoir are developed relative to the
position of the combustion zone. Near the "heel" and after the passage of the combustion front
away from the "heel" lies the burned oil-depleted zone which results after injection of the
oxidizing gas and after the combustion front has advanced for a period outwardly and away from
the injection well and the "heel” portion of the horizontal leg. Such burned zone is filled
substantially with oxidizing gas. Next lies the coke zone, which is essentially the area within the
reservoir which the oxidizing gas has been able to then penetrate in the reservoir, and is
essentially the area at which the combustion front exists (the combustion which occurs being that
of the remaining coke which is the hydrocarbon then remaining after the lighter hydrocarbons
within such reservoir and ahead of such combustion front have been liquefied or gasified and
have flowed into the horizontal leg and thereafter removed to surface. Lastly, towards the "toe" |
of the horizontal well lies the region of the reservoir containing hydrocarbons which the

combustion front is advancing toward.

At higher oxidant injection rates, reservoir pressure increases and oxidizing gas in the
burned zone, containing residual oxygen, can be forced into the horizontal leg of the production
well. This is prevented in the process of the present invention by injecting, either for a limited
time, or continuously, a medium such as a non-oxidizing gas such as carbon dioxide, and/or

steam or water, to increase the pressure within the horizontal leg of the production well.

Accordingly, in one broad aspect of the process of the present invention, to realize the
advantage of being able to inject the oxidizing gas proximate or in the vertical section of the
production well, a modifiedi process for recovering liquefied or gasified hydrocarbon from an

underground hydrocarbon reservoir is disclosed, comprising the steps of:

(@) providing at least one production well having a substantially horizontal leg
positioned relatively low in said reservoir, said horizontal leg having at one end thereof a heel
portion and at an opposite er:ld thereof a toe portion, said horizontal leg adapted to permit inflow
of hydrocarbon into an interior of said horizontal leg, said production well having a substantially

vertical section connected to:said horizontal leg proximate said heel portion thereof;

(b)  providing production tubing inside said production well extending within said

vertical section and within at least a portion of said horizontal leg to collect said hydrocarbon

~ which flows into said horizontal leg;

© injecting periodically or continuously a medium into the horizontal leg proximate
the heel portion thereof, wherein said medium is selected from the group of mediums comprising

alone or in combination, a non-oxidizing gas such as carbon dioxide, steam, or water;
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(d)  supplying an oxidizing gas to said underground reservoir, at least initially, at a

location of or proximate said vertical section of said production well; _

(e) igniting hydrocarbon within said hydrocarbon reservoir proximate said vertical
section of said production well, so as to cause combustion of a portion of said hydrocarbon in
said hydrocarbon reservoir proximate said vertical section and thereby create a combustion front
which advances outwardly and away from said injection well in at least a direction along said

horizontal leg and towards said toe portion thereof;

) causing heatéd hydrocarbon from said reservoir to flow from upper regions

thereof and collect in said horizontal leg; and

(g)  removing from the production well, via said production tubing, said hydrocarbon

which has flowed into said horizontal leg.

Regarding step (g) above, the removal of the hydrocarbon from the production well via
the production tubing is typically without pumping, but may require pumping in order to be
removed from the horizontal leg if sufficient quantities of imert gases such as gasified
hydrocarbon, carbon dioxide or nitrogen do not flow into the horizontal leg and thus the
production tubing under significant ambient pressure of the hydrocarbon formation, as may
occur during a start-up peridd. The normal mechanism of producing oil by reducing the mixed-

fluid density with gases is called 'gas lift".

In a first refinement/embodiment of the above process of the present invention, the
injection of the oxidizing gas proximate the vertical section of the production well is
accomplished via the drilling of a separate injection well proximate the vertical section of the
production well so as to pe:rmit the oxidizing gas to be injected into the formation via such
injection well proximate thé production well. In this manner, and advantageously, the same
drilling pad can then be use;d for drilling both the production well and the injection well, thus

saving on expense and cost 6f well drilling.

Additionally, and adlvantageously, because the injection well is situated proximate the
production well which typically has power generation equipment used for production, oxidizing
gas can usually and more eésily be obtained and immediately injected into the injection well,
which would not otherwise be capable of being done were the injection well positioned remote

from the vertical section of the production well as in the prior art.

In a second embodiment of the invention, the injection well is a side entry well within the
vertical section of the production well, thus again allowing the injection well to be situated
proximate the injection welliso as to achieve the above benefits, as well as the additional benefit
in that the upper portion of éhe vertical section of the productioh well can be used when drilling

the side entry well, thus further reducing drilling costs.

|
1
[
1
|
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Specifically, in such second preferred embodiment, the present invention comprises a
process for recovering liqufeﬁed or gasified hydrocarbon from an underground hydrocarbon

formation comprising the steps of:

() providing at least one production well having a substantially horizontal leg
positioned relatively low in said formation, said horizontal leg having at one end thereof a heel
portion and at an opposite end thereof a toe portion situated in the formation slightly lower in
elevation than said heel portion, said horizontal leg adapted to permit inflow of liquefied
hydrocarbon into an interio# of said horizontal leg, said production well having a substantially

vertical section connected to said horizontal leg proximate said heel portion thereof;

(b)  providing production tubing inside said production well extending downwardly
within said vertical section? and along said horizontal leg to said toe portion, to collect said
hydrocarbon which flows into said horizontal leg;

(c) providing injéction tubing in said production well, said injection tubing extending

downwardly in said vertical section to said heel portion;

(d) injecting a medium into said production well via said injection tubing wherein
said medium is selected from the group of mediums comprising alone or in combination, a non-

oxidizing gas, steam, water, or carbon dioxide;

(¢)  providing an injection well as a side track re-entry from said vertical section of

said production well, which injection well extends into the hydrocarbon formation;

® supplying an- oxidizing gas to a portion of said hydrocarbon formation via said

injection well;

(2) igniting said Ehydrocarbon in said hydrocarbon- formation proximate said vertical
section so as to cause combustion of a portion of said hydrocarbon in said hydrocarbon
formation and thereby create a combustion front which advances outwardly and away from said
vertical section in at least :a direction along said horizontal leg and towards said toe portion

thereof; and !

(h)  removing from the production well, via said production tubing, hydrocarbon

which has flowed into said horizontal leg.

In a third preferred embodiment the present invention comprises a method of producing
hydrocarbon from a hydrocarbon reservoir whereby the necessity of an injection well for
injecting the oxidizing gas 1s completely eliminated, thus reducing the cost of implementing the

in situ process of the present invention.

Specifically, in such-third and preferred embodiment of the present invention, the vertical
section of the production well is perforated to permit an oxidizing gas (which is provided to such
vertical section) to escape into the hydrocarbon formation proximate the vertical section. In such

manner, the need to drill a separate injection well is eliminated.

4
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Again, as part of theé method of the present invention, a medium in the form of a non-
oxidizing gas such as carbon dioxide, steam or water is injected either continuously or
intermittently into the prodﬁction well via injection tubing, which extends to the heel portion of
the production well. A seri:es of "packers" located in the production well may be provided to
isolate the oxidizing gas sui)plied to the vertical section of the production well from the heel
portion of the horizontal lég of the production well to which the non-okidizing medium is

supplied.

Thus in such third prfeferred embodiment, the method of the present invention comprises
a process for recovering liquefied or gasified hydrocarbon from an underground hydrocarbon

reservoir, comprising the steps of:

(a) providing atileast one production well having a substantially horizontal leg
positioned relatively low ing.said reservoir, said horizontal leg having at one end thereof a heel
portion and at an opposite CIild thereof a toe portion, said horizontal leg adapted to permit inflow
of liquefied hydrocarbon inéto an interior of said horizontal leg, said production well having a

substantially vertical section connected to said horizontal leg proximate said heel portion thereof;

(b)  providing production tubing in said production well, extending from a surface of
said production well to at least said heel portion of said production well to collect said

hydrocarbon which flows inéo said horizontal leg;

¢
I

(c) providing injc::ction tubing in said production well, said injection tubing extending
downwardly in said vertical;section to a position extending into at least said heel portion of said
horizontal leg; |

(d)  injecting a n:ledium into the production well, wherein said medium is selected
from the group of mcdiumsf comprising alone or in combination, a non-oxidizing gas such as

i
carbon dioxide, steam, or water;

(e) providing per:forations in said vertical section of said production well at a position

above said heel portion; |
) supplying an' oxidizing gas to said vertical section and thus to a portion of said

hydrocarbon reservoir via sdid perforations in said vertical section;

(g)  igniting said hydrocarbon in said hydrocarbon reservoir proximate said vertical
section so as to cause combustion of a portion of said hydrocarbon in said hydrocarbon reservoir
and thereby create a combustion front which advances outwardly and away from said vertical

1

section in at least a direction along said horizontal leg and towards said toe portion thereof; and
(h) causing heatéd hydrocarbon from said reservoir to flow from upper regions

thereof and collect in said horizontal leg; and

(1) removing from the production well, via said production tubing, said hydrocarbon

which has flowed into said horizontal leg.

-6 - (&_
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Advantageously, Vthefhird embodiment of the present invention also eliminates the need
as in the prior art to "close off" (using a cement plug or the like) the horizontal leg of each

production well when a series of production wells are situated end to end and when the vertical

- section of a first production well is subsequently converted to an injection well (see. US '191,

col 6, lines47-col 7, line 9 and Figs. 14D-F thereof). The in situ method of the present
invention, in particular the third embodiment, is a method of further reducing the cost of in situ
recovery by reducing the number of steps, including not only eliminating the need to drill
injection wells but also elirﬁinating the necessity of "closing off" other wells as is necessary in

the in situ methods of the prior art, as exemplified in US 191 above.
BRIEF DESCRIPTION O:F THE DRAWINGS

In the accompanying drawings, which illustrate a number of exemplary embodiments of

the invention:

Figure 1A is a perspective schematic view of a prior-art in situ recovery arrangement in a
hydrocarbon reservoir, showing air injection wells situated at the toe of each of corresponding

horizontal legs of associated production wells;

|
1

Figure 1B is a cross section through one injection well and associated production well shown in

Figure 1A;

Figure 2A is a schematic cfoss—section (not to scale) through one injection well and associated
production well of a first elﬁbodiment of the present invention, using the method of the present
invention of causing a combustion front to propagate in the direction of the "toe" of the
horizontal leg of the produﬁction well, at a point in time close to the time of ignition of the

hydrocarbon and the initial propagation of the combustion front;

Figure 2B is a similar cross-section to.that of Figure 2A, likewise not to scale, at a subsequent
point in time when the combustion front has propagated for a time and moved closer to the "toe"

portion of the horizontal leg of the production well;

Figure 2C is a similar cross-section to that of Figure 2B, likewise not to scale, at a still further
point in time when the combustion front has further propagated and moved even closer to the

"toe" portion of the horizontal leg of the production well;

Figure 3 is a schematic partial cross-section through a hydrocarbon reservoir containing a
hydrocarbon-containing formation, which shows a second embodiment of the method of the
present invention, namely a production well and associated side entry injection well (not to
scale) and further depicting ithe methbd of the present invention of causing a combustion front to
propagate in the direction of the "toe" of the horizontal leg of the production well, at a point in
time close to the time off ignition of the hydrocarbon and the initial propagation of the

combustion front;
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Figure 4 is a schematic pafrtial cross-section through a hydrocarbon reservoir containing a
hydrocarbon-containing forr:nation, which shows a third preferred embodiment of the present
invention, namely a cross—se@:tion through a production well (not to scale) employing the method
of the present invention of c?ausing a combustion front to propagate in the direction of the "toe"
of the horizontal leg of thef production well, at a point in time close to the ignition of the
hydrocarbon and the initial p:ropagation of the combustion front; and

Figure 5 is a perspective schematic view of an in situ recovery method of Figure 4, showing the
third and preferred embodiment of the method of the present invention for recovering

hydrocarbons from a hydroc%«,lrbon reservoir.
DESCRIPTION OF THE PREF ERRED EMBODIMENT

Figure 1A shows a schematic, semi-transparent view of an arrangement of wells utilized
in the prior art for in situ recovery of hydrocarbon from a subsurface hydrocarbon reservoir or

formation 10.

Specifically, Figure 1A schematically depicts the prior art method of in situ recovery of
hydrocarbon disclosed in US 5,626,191, comprising locating a series of production wells 12,
each comprising a substantiz?llly vertical section 16 and a substantially horizontal leg 16, having a
"toe" portion 18 and a "heel;" portion 20. The horizontal leg 16 of production well 12 is located
at a lower region of hydrocgarbon formation 10, and is substantially porous to allow ingress of
fluids. A series of injectioﬂ wells 22 are provided, situated at a region proximate the "toe" and
extending downwardly into;the formation 10, with perforations in the upper reaches of the oil-

bearing reservoir.

Figure 1B shows a schematic cross-section through an injection well 22 and associated

production well 12 of Figure 1A.

In the prior art in Sil‘b:l recovery process depicted in Figures 1A & B, an oxidizing gas 24,
such as air (which contairis oxygen), oxygen, or oxygen-enhanced air, is injected into the
formation 10 via each of iIEleCtiOIl wells 22, so as to permit a portion of the hydrocarbon in
formation 10 to be combuéted. Specifically, a portion of the hydrocarbon in hydrocarbon
formation 10 in the region %)f the injection well 22 when supplied with the oxidizing gas 26 is
caused to be ignited and cal;lsed to combust, thereby forming and creating within formation 19 a
substantially vertical and laterally-extending combustion front 26. Such combustion front 26, by
way of heat conduction aﬂd creation of heated combusted gases within formation 10, heats
hydrocarbons in the formati:on 10 directly ahead and in advance of combustion front 26, causing
the more volatile hydrocarbé)n. compounds in formation 10 to gasify and further cause upgrading
of a portion of the hydroca?rbon solids or bitumens in the formation simultaneously increasing
their viscosity so as to create mobile liquefied hydrocarbons 30. The remaining heavier
hydrocarbons, particularly icoke, remain, which provide fuel for the advancing combustion
front 26 and sustain the a(:ivance of the combustion frent 26 and the in situ combustion and

hydrocarbon upgrading process.  Then-mobile liquefied hydrocarbons 30 and gasified
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components (some of which}may subsequently condenée as liquids 30), then flow downwardly
by action of gravity througéh the formation and are collected in a lowermost region of the
formation 10 by flowing into horizontally-extending horizontal leg 16 of the production well 12.
Horizontal leg 16 of production well 12 generally has, at least for a limited time, a gas pressure
therein less than that of the formation 10 (due to removal of collected liquid hydrocarbons 30 as
well as gaseous hydrocarbons therefrom). Such reduced gaseous pressure in horizontal leg 16 as
opposed to within forrnation; 10 in advance of combustion front 26 assists in liquid and gaseous
hydrocarbon inflow from hydrocarbon formation 10 into the horizontal leg 16. At other times,
due to injection of medium 52 via injection tubing 50 (discussed below) into horizontal leg 16,
horizontal leg 16 may at times may have a gaseous pressure closé to, or even in excess of the gas

pressure within formation 10.

Importantly, in the pﬁor art method of in situ recovery as shown in Figures 1A & B and
described above, injection wjells 22 are situated proximate the "toe" of the horizontal leg 16, and
oxidizing gas injected into ‘the formation at these locations via the injection wells 22. The
combustion front 26 which receives oxidizing gas 24 is thus caused to progress outwardly from
the injection well 22, and perpendicular to and along the horizontal wells 16 in a direction from

the "toe" portion to the "heel" portion.

Disadvantageously with this prior art method, not only need a drilling pad 32 be created
for the production well 12, but an additional and separate drilling pad need be created for the
injection well 22, and such separate injection well 22 need be drilled into such formation. In
addition, oxygen creation and injection equipment (not shown) must be hauled to and installed at
the surface of such injection well 22, as such injection well is remote from the surface of
production well 12. Both of such requirements add significantly to the cost of carrying out the

prior art methods of in situ récovery of hydrocarbons.

(
t
t

Figures 2A-2C herein show a modified (first) in situ recovery process, which is expressly
adapted to eliminate at least one of the above expenses in the prior art methods of in situ

hydrocarbon recovery, namély the expense of creating a separate drilling pad for the injection
well 22.

Specifically, as seen in Figures 2A-2C, a single drilling pad 32 is created by way of
clearing of trees and other obstacles, and a single drill platform erected thereon. A production
well 12 is drilled using conventional drilling techniques, comprising a vertical section 14, and a
further horizontal leg 22 in communication with vertical section 14. The horizontal leg 16 has a
"toe" portion 18 and a "heé,l" portion 20 where it meets vertical section 14. The production
well 12 is completed by the;usual process of casing well 12, and further by the insertion within
such production well 12 o:f production tubing 40, which extends downwardly in vertical
section 14 to such heel portion 20 and preferably along the horizontal leg 16, preferably to toe
portion 18 thereof, such prioduction tubing 40 having an open end 42 within said horizontal
leg 16. Production tubing 40 is typically coiled tubing as is conventionally used in drilling

operations.
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Additional injection tiubing 50, likewise typically coiled tubing as is conventionally used
in drilling operations, 1s furt:her provided for injection of a medium 52 into production well 12,
such medium 52 comprising a non-oxidizing gas, preferably carbon dioxide due to its diluent
effect on hydrocarbons, or; alternatively or in combination steam or water or other non-
combustible flowable medilim. As seen from Figures 2A-2C, injection tubing 50 extends into
the "heel" portion 20 of horizontal leg 16. At least one isolation packer 54 is provided to allow
medium 52 to be injected, 1f desired, in a pressurized state from time to time or continuously
injected, so as to pressurize from time to time or continuously if desired, horizontal leg 16 to
assist in forcing liquefied hydrocarbon 30 into production tubing 40 and inhibiting entry of

oxidizing gas into the horizontal leg 16.

Using the single drilling pad 32, a further injection well 22 is drilled, extending into at
least the upper region of the hydrocarbon formation 10. Injection well 22 typically has
perforations 75 in a lower ejnd thereof to permit infusion and injection of an oxidizing gas 24

such as air or oxygen into thé¢ hydrocarbon-containing region of hydrocarbon formation 10.

The method of the present invention, in the first embodiment shown in Figures 2A-2C,

thereafter operates as follows:

Oxidizing gas 24 is injected into formation 10 via injection well 22. Advantageously,
equipment (not shown) used to create oxidizing gas 24 and inject such oxidizing gas 24 need not
be located remote from the production well 12, but instead can, by virtue of the method of the
present invention, be located proximate to production well 12, and in particular if desired may be
located on drilling pad 32 or closely proximate thereto, thereby eliminating the need for clearing
and creating a separate drilling pad at a remote site such as would occur if the injection well 22
were located towards the "toe" of horizontal well 16. Also, operation and maintenance of the
oxidizing gas supply equipx%nent can conveniently be conducted at the oil-treating site located
near well 12. Hydrocarbons% proximate the injection well 22 are ignited, and due to the supply of
oxidizing gas 24 ,a combusfion front 26 is created, which in the method shown in Figures 2A-
2C, advances as a substantiajlly vertical laterally extending front (see also Fig. 5 herein) from the
"heel" 20 of horizontal leg 1|6 towardé the "toe" 18. Viscous and high viscosity hydrocarbons,
including bitumen, in the hydrocarbon formation 10 in advance of the advancing combustion
front 26, due to heat whichiis generated, are caused to upgrade and become liquid, and in the
process become less viscous. Some hydrocarbons in the formation 10 in advance of the front 26
will gasify. Liquefied hydrocarbons 30 and gasified hydrocarbons, now being mobile, flow
downwardly and into horizontal leg 16 which is made porous (i.e., has apertures 60 in an upper
portion thereof) to permitj infusion of such hydrocarbons 30 and thus collection of such

[

hydrocavrbons 30.

l
Such process continies as combustion front 26 progresses and thus "sweeps" from the

"heel" portion 20 to the "toef’ 18 of horizontal leg 16.

Notably, prior to generation of combustion front 26, hydrocarbon formation 10 is

preferably initially preheated by injection of a heated non-oxidizing medium 52 such as steam,
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which is injected into the h(?)rizontal leg 16 of production well 12 via injection tubing 40, and
removed via production tubing 50 or alternatively via annulus 80 in vertical section 16 if
isolation packers 54 are not [;resent. Pre-injection of a heated medium has the benefit of heating
the production well 12 and :its production components thereby increasing the flowability of
liquefied hydrocarbons 30 v;vhich flow into horizontal leg 16 of production well 12. This
procedure is useful in bitumén reservoirs because cold oil that may enter the horizontal leg 16
will be very viscous and \ivill flow poorly, possible plugging the horizontal leg 16. For
formations 10 with mobile oiil, extensive pre-ignition steaming is not required for the purpose of
heating the oil so that it wil:l flow, however, it can be useful to reduce oil saturations near the
oxidizing gas injection well 22 and to raise the hydrocarbon temperature to achieve ignition
thereof. Other ignition methods may be employed such as the injection of easily ignitable fuels
such as linseed oil, or by injéction of hot combustion gas. For bitumen reservoirs, steam is also
injected via injector well 22 and may also be injected into the reservoir 10 in the region between
the injector well 22 and the. toe 18 of the horizontal well 16 to warm the oil and increase its

mobility prior to initiating injection of oxidizing gas 24 into the reservoir formation 10.

After initiation of combustion and combustion front 26, a non-oxidizing medium 52 in
the form of steam, a non-o;xidizing gas such as carbon dioxide, or water, is injected, either
continuously or sporadicallijia injection tubing 50 into horizontal leg 16, which due to isolation
packers 54, can be pressu_rizied. The purpose of such non-oxidizing medium 52 is for a number
of reasons. Firstly, increasied pressure within horizontal leg 16 reduces or prevents oxidizing
gas 24 infusing into horizonéal leg 16 from formation 10 which could otherwise detrimentally, in
combination with liquefied %md gaseous hydrocarbons therein, form an explosive mixture with
potentially explosive conseqﬁences, or alternatively react with oxygen directly so as to form coke
which could otherwise seal the horizontal leg 16 of production well 12. The consequence of
having hydrocarbon (oil) an:d oxygen together in a wellbore is combustion and potentially an
explosion with the attainment of high temperatures, perhaps in excess of 1000°C. This can cause
irreparable damage to the wellbore, including the failure of the sand retention screens (not
shown). The presence of oxygen and wellbore temperatures over 425°C must be avoided for safe
and continuous oil producﬁion operations. Secondly, injection of medium 52 can serve to
pressurize horizontal leg 16 and assist in driving liquefied and gaseous hydrocarbons 30
collected in horizontal leg 1i6 into the open end 42 of production tubing 40, thereby assisting in
drawdown of such liquids 1’)0 and producing such hydrocarbons 30 from producing well 12.
Thirdly, medium 52 when iinjected via injection tubing 50 can be heated. Advantageously,
means for heating such medium 52 are, in this method, conveniently capable of being located at
the surface of production well 12 and on or near drilling pad 32. Lastly, where the injected
medium 52 is carbon dioxiﬁe, injection thereof into horizontal well 16 serves as not only a
convenient carbon "sink" to ?allow disposal of such greenhouse gas, but further due to the diluent
properties on carbon dioxidfe on liquid hydrocarbons 30, reduces the viscosity thereof and thus

aids in the drawdown of collected liquid hydrocarbons 30 via production tubing 40.
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As seen from Figur%:s 2A-2C, during the advance of combustion front26, coke is
deposited in the reservoir 10 and serves as fuel for the in situ combustion process. Hot
combustion gases 70 advancei into formation 10 heating the hydrocarbon therein and any connate
water that is present. A portion of these hydrocarbons liquefies and such liquefied
hydrocarbons 30 flow, along with combustion gases, into the horizontal leg 16 through the
perforations 60, as shown in Figures 2A-2C. The liquefied hydrocarbons 30 flow along and to
the "toe" 18 of horizontal leg 16 and enter the open end 42 of production tubing 40 therein, and
flow back and then upward to the surface. The process is stable and continuous, with the

combustion front 26 continu(;usly advancing towards the "toe" 18 of the horizontal leg 16.

The oxidizing gas 243, typically air, oxygen or oxygen-enriched air, is injected into the
upper part of the reservoir 10 Coke that was previously laid down consumes the oxygen so that
only oxygen-free gases con;tact the oil ahead of the coke zome at the combustion front 26.
Combustion gas temperatures of typically 600°C and as high as 1000°C are achieved from the
high-temperature oxidation of the coke fuel. In the mobile oil zone 80 in advance of the
combustion front 26, these hot gases 70 and steam heat the oil to over 400°C, partially cracking
the oil, vaporizing some components and greatly reducing the oil viscosity. The heaviest
components of the oil, such fas asphaltenes, remain on the rock and will constitute the coke fuel
later when the combustion friont 26 arrives at that location. In the mobile oil zone 80, gases and
oil drain downward into the Ehorizontal leg 16, drawn by gravity and at times by the low-pressure
sink of the horizontal leg 16§when unpressurized. The coke zone at the combustion front 26 and
the mobile oil zone 80 mové laterally from the direction from the heel 20 towards the toe 18 of
the horizontal well 16. The burned zone section 100 behind the combustion front is depleted of
liquids (oil and water) and is filled with oxidizing gas 24. The section of the horizontal well 16
opposite this burned zone 160 is in jeopardy of receiving oxygen or oxidizing gas 24 which will
combust the oil present insi<;ie horizontal well 16 creating extremely high wellbore temperatures
that would damage the steeli casing and especially the sand screens that are used to permit the
entry of fluids 30 but exclu(iie sand. If the sand screens fail, unconsolidated reservoir sand will
enter the horizontal wellbore 16 and necessitate shutting for cleaning-out and remediation with
cement plugs. This operation is very difficult and dangerous since the horizontal welibore 16

can contain explosive levels of oil and oxygen.

The method of the pfesent invention contemplates a number of ways to prevent influx of
oxidizing gas 24 from the fojrmation 10 into the horizontal leg 16. A first method is to reduce the
injection rate of the oxidizin“lg gas 24 in order to reduce the reservoir pressure in formation 10. A
second method is to reducie the liquefied hydrocarbon 30 drawdown rate via the production
tubing 40 (i.e., reduce the pr;oduction rate via production tubing 40) to thereby increase wellbore
pressure in horizontal leg 16. Both of these methods result in the reduction of hydrocarbon
production rates, which is eéonomically detrimental. An alternative and preferred method is that
as described previously heréin, namely the injection of non-oxidizing medium 52 into horizontal
leg 16 via injection tubing'50, which is believed to have little effect. on gravity draining of

|
hydrocarbon liquids into horizontal well 16. In any event, such injection of medium 52 may be
|

!
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done periodically and only%for a time sufficient to reduce concentrations of oxygen within
horizontal leg 16 to less—thar;l-explosive concentrations. In a typical operation, a thermocouple
string can be placed along ;the horizontal section, or within, and the occurrence of elevated
temperatures will signal the iintrusion of oxidizing gas so that water of steam may be added via
tubing 52 to reduce well-bofre temperatures, dilute the oxygen present and increase wellbore

pressure to inhibit further oxidizing gas entry.

Figure 3 schematicall'y illustrates a further more preferable embodiment of the method of
the present invention, havirglg similar components to those identified in Figures 2A-2C, and
having similar methodology: Again, an oxidizing gas in injected into formation 10 via injection
well 22, and a combustion front 26 created which "sweeps" from heel 20 to toe 18 of horizontal
leg 16, causing liquefied l}ydrocarbons 30 as well as gasified hydrocarbons to flow into

horizontal leg 16 and be delivered to surface via production tubing 40.

Notably, however, the important and sole distinction in the method of in situ recovery
shown in Figure 3 over the method previously discussed and as shown in Figures 2A-2C is that
injection well 22 in the method depicted in Figure 3 is formed as a side entry well from within

vertical section 16 of production well 12.

Advantageously, using the method depicted in Figure 3, injection well 22 is less
|
expensive to drill as an upper portion of such injection well has already been drilled as it is

common with vertical section 16 of production well 12.

Accordingly, not only are cost savings realized in locating the injection well 22 at the
location of and in close proﬁ‘_imity to the production well 12 and its associated equipment and no
separate drill pad 32 needed to be created, but in addition, well drilling costs are reduced when

drilling injection well 22.

Figure 4 depicts a t}ilird and most preferred embodiment of the method of the present

invention for carrying out in situ recovery of hydrocarbon. Such method, like the first

embodiment of the method of the present invention depicted in Figures 2A-2C, and like the

second embodiment of the invention depicted in Figure 3, includes as an integral component of
the method the creation of a combustion front 26 which "sweeps" from "heel” 20 to "toe" 18 of
horizontal leg 16, thereby causing liquid hydrocarbons 30 to be collected in horizontal leg 16,

and thereafter drawndown by production tubing 40 and produced to surface.

Importantly, howeveir, in this third embodiment of the method of the presént invention
shown in Figure 4, there is 1510 step of drilling an injection well 22. Instead, perforations 110 are
made in the vertical sectioni16 of production well 12, and an oxidizing gas 24 injected into such
vertical section 16 and thus iinto formation 10. Oxidizing gas 24 is prevented from injection into
horizontal leg 16 by the priesence of isolation packers 54 which effectively separate produced
liquefied hydrocarbons in ihorizontal leg 16 from oxidizing gas 24 such as oxygen, thereby
preventing formation of eﬁgplosive mixtures. Injection tubing 50 still serves, like in earlier

embodiments, to permit sporadic or continuous injection of non-oxidizing gas 52 into horizontal
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leg 16 to prevent oxidizing éas 24 within the burned zone 86 of the formation from permeating

into horizontal leg 16.

Advantageously, usir%g the method depicted in Figure 4, the cost of drilling an injection
well 22 is completely eliminiated. Accordingly, with the method depicted in Figure 4, not only
are cost savings realized axid environmental impact reduced in being able to have oxidizing
injection apparatus at the pro?duction well and only on a single drill pad 32 at the production well
which is otherwise the case in prior art methods which require creation of a separate drill pad and
additional clearing for oxi(iiizing gas creation and injection equipment (not shown), but in
addition substantial cost saviings are achieved by elimination the necessity to drill any injection
l

well. |

Figure 5 depicts how the method of Figure 4 (i.e., the third embodiment of the method of
the present invention) may be deployed with a series of production wells 12 in a hydrocarbon

formation 10, using a combustion front 26 which advances from "heel" 20 to "toe" 18.
Although the disclos{‘klré describes and illustrates preferred embodiments of the method of
the present invention, it is' understood that the invention is not limited to these particular

embodiments. Many variations and modifications will now occur to those skilled in the art. For

a full definition of the invention, reference is to be made to the appended claims.

i
!
1
i



CLAIM: |

A process for recoxjfering liquefied or gasified hydrocarbon from an underground

hydrocarbon reservoir comprising the steps of:

(a) = providing at illeast one production well having a substantially horizontal leg
positioned relfatively Jow in said reservoir, said horizontal leg having at one end
thereof a heel;portion and at an opposite end thereof a toe portion, said horizontal
leg adapted to permit inflow of liquefied hydrocarbon into an interior of said
horizontal le%;, said production well having a substantially vertical section

connected to said horizontal leg proximate said heel portion thereof;

(b)  providing production tubing inside said production well extending within said
vertical section and within at least a portion of said horizontal portion to collect

said liquefiedihydrocarbon which flows into said horizontal leg;

(©) injecting a medium into the production well, wherein said medium is selected
from the group of mediums comprising alone or in combination, a non-oxidizing

t
gas, steam, water, or carbon dioxide;

(d)  supplying an oxidizing gas to said underground reservoir, at least initially at a

location of, or proximate, said vertical section of said production well;

|
i

(e) igniting hydré)carbon within said hydrocarbon reservoir proximate said vertical
section of said production well, so as to cause combustion of a portion of said
hydrocarbon in said hydrocarbon reservoir proximate said vertical section and
thereby createi a combustion front which advances outwardly and away from said
injection well} in at least a direction along said horizontal leg and towards said toe

portion thereof;

) causing heated liquefied hydrocarbon from said reservoir to drain from upper

regions thereof and collect in said horizontal leg; and

() removing from the production well, via said production tubing, said hydrocarbon
which has flowed into said horizontal leg.

The process of claim| 1 wherein said step of supplying said oxidizing gas is accomplished
by supplying said okidizing gas to said hydrocarbon formation via perforations in an

injection well.

The process of claim 2, wherein said vertical section of said production well and said

injection well are one and the same.

The process of claim 1 wherein the injection well is a side track re-entry of the vertical

section of the producer well, and extends into an upper region of the reservoir.
{

1
'
|
|

c(

A
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The process of claim 1 wherein the supply of oxidizing gas is accomplished by driiling an

injection well proximate said vertical section of said production well, and said injection

|
well is vertical, slanted, or horizontal.

The process of claim 1 wherein said vertical section of said production well is perforated
in an upper part thereof, and said step of supplying an oxidizing gas is achieved at least in

part by supplying said oxidizing gas via said vertical section of said production well.

The process of claim 1 further comprising the steps of:

(@) providing injection tubing in said production well, said injection tubing extending
downwardly lin said vertical section to proximate said heel portion of said
i

horizontal leg, and

(b)  said step of injecting said medium into said production well being conducted by
injecting said medium via said injection tubing.

The process of claim 7 wherein an open end of the production tubing is situated in the
vicinity of the toe portion of the horizontal leg.

The process of claim' 1 where such medium further comprises a hydrocarbon condensate
|

diluent. :

The process of claim 1, 7, or 8 wherein said medium is injected continuously or
periodically into said production well so as to maintain a positive pressure within the
horizontal leg and tlélereby assist in preventing ingress of said oxidizing gas from the

reservoir into the horizontal leg of the production well.

The process of claim$ 1-8 wherein catalyst is placed in, on or around the horizontal leg of

the production well. :

t
}
The process of claims 1-8 wherein the oxidizing gas is a mixture of oxygen and carbon
dioxide.
A process for reco?yering liquefied or gasified hydrocarbon from an underground
1

hydrocarbon reservoir comprising the steps of:

'
t

(a) providing at least one production well having a substantially horizontal leg
positioned rel;atively low in said reservoir, said horizontal leg having at one end
thereof a heelE portion and at an opposite end thereof a toe portion, said horizontal
leg adapted t;o permit inflow of liquefied hydrocarbon into an interior of said
horizontal lefg, said production well having a substantially vertical section
connected to $aid horizontal leg proximate said heel portion thereof;

|

(b) providing pro?duction tubing in said production well, extending from a surface of

said production well to at least said heel portion of said production well to collect

said hydrocaibon which flows into said horizontal leg;
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(c) providing injection tubing in said production well, said injection tubing extending
downwardly in said vertical section to a position extending into at least said heel

portion of said horizontal leg;

(d) injecting a medium into the horizontal leg, wherein said medium is selected from
the group of mediums comprising alone or in combination, a non-oxidizing gas,

steam, water, or carbon dioxide;

(¢)  providing perforations in said vertical section of said production well at a position

above said heel portion;

® supplying an onidizing gas to said vertical section and thus to a portion of said
hydrocarbon {esewoir via said perforations in said vertical section;
|
(g) igniting said hydrocarbon in said hydrocarbon reservoir proximate said vertical
section so as to cause combustion of a portion of said hydrocarbon in said
hydrocarbon reservoir and thereby create a combustion front which advances
outwardly an<ii away from said vertical section in at least a direction along said

horizontal leg and towards said toe portion thereof; and

(h)  causing heated liquefied hydrocarbon from said reservoir to drain from upper
regions there(:)f and collect in said horizontal leg; and

'

l
(1) removing from said production well, via said production tubing, said hydrocarbon

which has ﬂo;wed into said horizontal leg.

The process of claim 12 wherein an open end of the production tubing is situated in the

|
vicinity of the toe portion of the horizontal leg.
|

The process of claim 13 or 14 wherein steam or water are injected continuously or
periodically into said injection tubing so as to maintain a positive pressure within the
horizontal leg and thereby assist in preventing ingress of said oxidizing gas from the

- [- .
reservoir into the horizontal leg of the production well.

A process for recdvering liquefied or gasified hydrocarbon from an underground

hydrocarbon formation comprising the steps of:
1

(a) providing at: least one production well having a substantially horizontal leg
positioned reiatively low in said formation, said horizontal leg having at one end
thereof a heel portion and at an opposite end thereof a toe portion situated in the
formation sliightly lower in elevation than said heel portion, said horizontal leg
adapted to éermit inflow of liquefied hydrocarbon into an interior of said
horizontal Iég, said production well having a substantially vertical section
connected to 'said horizontal leg proximate said heel portion thereof;
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(b)

(d)

()

)

)

(h)

i
(
!
'
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providing proiduction tubing inside said production well extending downwardly
within said vértical section and along said horizontal leg to said toe portion, to

collect said hydrocarbon which flows into said horizontal leg;

providing injection tubing in said production well, said injection tubing extending

downwardly in said vertical section to said heel portion;

~ injecting a m;edium into said production well via said injection tubing wherein

said medium; is selected from the group of mediums comprising alone or in

combination, :a non-oxidizing gas, steam, water, or carbon dioxide;

providing an injection well as a side track re-entry from said vertical section of

said production well, which injection well extends into the hydrocarbon

formation;

supplying an ‘oxidizing gas to a portion of said hydrocarbon formation via said

injection well;
|
{

igniting said hydrocarbon in said hydrocarbon formation proximate said vertical
section so as to cause combustion of a portion of said hydrocarbon in said
hydrocarbon formation and thereby create a combustion front which advances
outwardly an(ii away from said vertical section in at least a direction along said

t
horizontal leg and towards said toe portion thereof; and

removing from said production well, via said production tubing, hydrocarbon

which has flowed into said horizontal leg.

The process of claim 16 wherein steam or water 1s injected continuously or periodically

into the production well so as to maintain a substantially positive pressure within the

horizontal leg thereof and thereby assist in preventing ingress of said oxidizing gas from

the formation into the horizontal leg of the production well.

i
1
1
1
|
1
1
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UN PI;{OCESO MODIFICADO PARA LA RECUPERACION DE
HIﬁROCARBURO UTILIZANDO COMBUSTION IN SITU

|
|

CAMPO DEL INVENTO
|

Este invento se relaciona con un proceso modificado para la recuperacion de
1

h1drocarburci)s de una reserva subterranea por combustion in situ y utilizando un

pozo de produccién horizontal.

ANTECEDENTES DEL INVENTO

La cominmente cedida U.S. patente 5,626,191 emitida en Mayo 6,
1997 (en adelante la patente ‘191) revela un proceso de combustién in situ

para producir hidrocarburos de una reserva subterrdnea de hidrocarburos

utilizando (i) por lo menos un pozo de inyeccion colocado relativamente alto
enuna reser\ila de petroleo para inyectar un gas oxidante en una formacion de
hidrocarburds, y (ii)un pozo de produccion para producir hidrocarburo licuado
o gasificadolde la reserva de hidrocarburo. El pozo de produccidn tiene una
secciOn vertical que esta en comunicaciéon con una pata horizontal que se

extiende sustancialmente perpendicular hacia el exterior de la seccion vertical

y que tiene una parte “dedo” y una parte “taldon”. La pata horizontal esta

completa relativamente bajo en la reserva, y la parte “talon” del mismo esta
en comunicaicién con la seccion vertical. Aire, u otro gas oxidante, tal como
aire enriquecéido con oxigeno, es inyectado a través del pozo de inyeccién a
la reserva de; hidrocarburo, tipicamente a través de perforaciones en la parte
superior del i)ozo vertical de inyeccion, localizado en la vecindad del “dedo”
de la pata hogrizontal del pozo de produccion. La pata horizontal del pozo de
produccidn |esta generalmente orientada en forma perpendicular a un
generalmentfe frente de combustién cuasi-vertical de hidrocarburos en
combustion %ue es producido al encendido de una parte del hidrocarburo en

la reserva proxima al pozo de inyeccion. Tal frente de combustién es

(
aprovisionado con gas oxidante via el pozo de inyeccion. El “dedo” de la

1

|
|
!
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parte horizointal de la pata esta posicionado en el camino de avance del frente
de combustiién. El frente de combustién resultante se propaga del “dedo” de
la pata horiz:;ontal a través de la pata horizontal en direccidn o hacia la parte
“talon”. Du‘rante este proceso hidrocarburo calentado en la reserva, con
antenondadi al frente de combustion que se esta moviendo, se torna licuado
0 ga51f1cado y fluye a la pata horizontal, y de alli pata, posteriormente, es
extraido a 1a< superficie por via de la seccidn vertical del pozo de produccioén.
Este proceso| de la patente U.S. 5,626,191 es llamado “THAI®”, un acrénimo
de “inyeccio’in de aire de dedo-a-talén”, y una marca registrada de Argon
Technologieis Ltd., subsidiaria de Petrobank Energy and Resources Ltd.,

Calgary, Alberta, Canada.

La Patente U.S. 6,412,557, también cominmente cedida, revela un

|
proceso similar pero modificado, habiendo agregado el paso de poner un poco
mas adelante, dentro de, o alrededor de la pata horizontal, un catalizador para

mejorar hidrocarburos de categoria, para sustancialmente disminuir la

viscosidad d:el hidrocarburo y mejorar la calidad del hidrocarburo y aumentar
el flujo delihidrocarburo de la reserva a la pata horizontal del pozo de
produccién, | para su posterior extraccién a la superficie. Tal proceso
modificado es conocido en la industria por la marca CAPRI®, similarmente
una marca régistrada de Archon Technologies Ltd.

4
La WI02005121504 (PCT/CA2005/000833) publicada en Diciembre
12, 2005, tafnblen cominmente cedida, ensefia un proceso similar al de la
THAI®, abiarcando ademas el paso adicional de proporcionar tuberia de

inyeccion dentro del pozo de produccién en la seccién vertical y

|
|

sustancialmente a lo largo de la pata horizontal a una posicién préxima al
“dedo” del n%lismo, con el propdsito de inyectar un medio no oxidante que
contenga Valg)or, agua, 0 un gas no oxidante por via de tal tuberia a la region
del “dedo” die tal pata horizontal. La inyeccion de dicho medié no oxidante a
la region dell “dedo” de la pata horizontal tiene el efecto de desplazar
cualquier gals oxidante en tal 4drea, evitando entonces la combustion del
hidrocarburo mejorado en categoria que ha fluido dentro de la pata horizontal,

i 2
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y ademas aumenta la presion ambiental de la pata horizontal para evitar o

disminuir aun mas la entrada de gas oxidante del pozo de inyeccién que esta
I

inyectando gas oxidante a la reserva de hidrocarburo.
|

I

i
Desv'lentajosamente, en cada una de los anteriores artes previos, para
recuperar h%idrocarburos licuados y/o gasificados de una formacion de
hidrocarbur(i)s es necesario un gas oxidante para ser inyectado en forma

!
proxima al dlledo de la pata horizontal, y alejado de la seccion vertical del pozo
de producciBn. Tal lugar de inyeccion del gas oxidante es alejado de la
seccion vertical del pozo de produccion, siendo la superficie del pozo de
produccion el lugar donde el gas oxidante es tipicamente generado. La

inyeccion y seccidn vertical de pozos de produccidn pueden estar separados

porun (1) ki;lometro o mas. Entonces, tales métodos de arte anterior, de este
modo, tipicilmente requieren el transporte del gas oxidante al lugar de
inyeccion pi)r via de tuberia desde el pozo de produccion, o en forma
alternativa, Irequiere la instalacidon de equipos en el lugar del pozo de
|
produccién ;:)ara permitir la generacion de gases oxidantes para su posterior
inyeccion. '1!\"a1 caso requiere acceso despejado, apertura de via, y/o un
aumento de lespacio en el lugar del pozo de inyeccién para acomodar la
entrega del) gas oxidante adicional y/o instalaciones de generacion y

compresion,| entonces aumentando la “marca” ambiental e impacto de las

operaciones | de perforaciéon en el medio ambiente, y también resulta

| .
tipicamente €n un aumento de costo.

|
Entonces existe la necesidad de un proceso modificado de THAI® y
CAPRI® donde tales desventajas sean eliminadas.
|
RESUMEN DEL INVENTO
|

El méitodo del presente invento es de un proceso modificado de

recuperacién! de hidrocarburo in situ que en lugar de inyectar gas oxidante
|
1

cerca de la parte del “dedo” de la pata horizontal inyecta gas oxidante en o
|

cerca de la seccién vertical de produccién del pozo de produccién (i.e., en la

3
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parte del “talon”). El proceso modificado obvia la necesidad de un camino

separado al de perforacién/produccién para la inyeccién de gas oxidante,

entonces recliuciendo costos y disminuyendo el impacto ambiental perjudicial

o] e
de los métodos de recuperacién in situ.
|

Ventl}josamente, ‘el proceso del presente invento, en una tercera
|
inclusion ab:aj o descrita, elimina ademas la necesidad de un pozo separado de
i
inyeccion de gas oxidante, en el sentido de que, en tal refinamiento, la seccidn
vertical dellpozo de produccién también sirve como pozo de inyeccion,
reduciendo de ese modo los costos de perforacién de pozos y reduciendo los
costos de capital.
I
Espec':ificamente, en lugar de ser un proceso “dedo a talon™, el proceso

del presente|invento es un proceso “talon a dedo”. El punto de inyeccién de

gas oxidante es modificado para estar en el “talon” en oposicidn al “dedo” de

tal manera que el frente de combustién se mueve en direccién opuesta al de
1 . :

proceso THAI®, a saber de la direccion del talon del pozo horizontal hacia el

“dedo”. !

Enel Ipresente invento, tres regiones de la reserva son desarrolladas en
relacion con la posicién de la zona de combustion. Cerca del “talén” y
después del pasaje del frente de combustion lejos del talon se encuentra la
zona de aceite agotado quemado que resulta después de la inyeccion del gas

oxidante y después de que el frente de combustion haya avanzado por un

tiempo haciai el exterior y fuera del pozo de inyeccion y la parte “talon” de la
pata horizorllltal. Tal zona quemada es sustancialmente llenada con gas
oxidante. Al ilado se encuentra la zona de coque, que es esencialmente el area
dentro de la !reserva a la que el gas oxidante ha podido penetrar entonces en
el reservorio%, y es esencialmente el area donde existe el frente de combustidn
(la combust%i(’)n que ocurre siendo ella del coque restante que es el
hidrocarburoi restante entonces después de que los hidrocarburos mas livianos
dentro de tal ireservorio y antes de tal frente de combustién han sido licuados

0 gasiﬁcadoiI y han fluido a la pata horizontal y posteriormente extraidos a la

|
4
|
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superficie. F,Iinalmente, haciael “pie’ del pozo horizontal se encuentra laregion
dela reservz:i que contiene hidrocarburos hacia la que el frente de combustién
avanza.
i
|
.
i .
A ma;s altas tasas de inyeccion de oxidacidn, aumenta la presion de la
reservayel gas oxidante en la zona quemada, que contiene oxigeno residual,
puede ser fc'%rzada hacia la pata horizontal del pozo de produccién. Esto es
evitado en el proceso del presente invento inyectando, bien por tiempo
limitado, o éontinuamente, un medio tal como un gas no oxidante tal como

diéxido de carbono, y/o vapor o agua, para aumentar la presion en la pata

horizontal del pozo de produccidn.
|

Por consiguiente, en un amplio aspecto del proceso del presente
invento, logra la ventaja de poder inyectar el gas oxidante cerca o en la
seccion vertical del pozo de produccién, un proceso modificado para
recuperar hidrocarburo licuado o gasificado de una reserva subterranea de
hidrocarbur(i)s es revelado, que abarca los pasos de:
(a) | Proporcionar por lo menos un pozo de produccién que
sustancialmente tenga una pata horizontal posicionada
relativamente bajo en tal reserva, tal pata horizontal teniendo a
un lado de la misma una parte talén y en el lado opuesto de la

misma una parte dedo, tal pata horizontal adaptada para permitir

la entrada de hidrocarburo al interior de tal pata horizontal, tal
pozo de produccidn teniendo una parte sustancialmente vertical

' conectada a tal pata horizontal cercana a tal parte de talon del

'
]

mismo;

(b) | Proporcionar tuberia de produccién dentro de dicho pozo de

i produccion que se extienda dentro de tal seccion vertical y por

| .
110 menos dentro de una parte de tal pata horizontal para recoger
| dicho hidrocarburo que fluye a dicha pata horizontal;

|
|
|
|
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(c) | Periédicamente o continuamente inyectar un medio en la pata
| horizontal cercana a la parte talén del mismo, donde tal medio
es escogido de un grupo de medios que incluyen
individualmente o en combinacidn, un gas no oxidante tal como

diéxido de carbono, vapor, o agua.

(d) . Proporcionar un gas oxidante a dicha reserva subterranea, por lo
, menos inicialmente, en un lugar en o cerca a dicha seccion
4

| vertical de dicho pozo de produccion;

(e) | Encender hidrocarburo dentro de dichareserva de hidrocarburo,
cerca de dicha seccidn vertical de dicho pozo de produccidn, de
' manera que cause la combustion de una parte de dicho
hidrocarburo en dicha reserva cercana a dicha seccion vertical
y de ese modo crear un frente de combustién que avance hacia
el exterior y lejos de dicho pozo de inyeccién por 1o menos en
direccidn a lo largo de dicha pata horizontal y hacia dicha parte

dedo del mismo;

‘ (f) | Causando que el hidrocarburo calentado de dicha reserva fluya
de las regiones superiores del mismo y se acumule en dicha

pata horizontal; y

(g) !Extraer del pozo de produccion, por via de dicha tuberia de
:tproduccién, dicho hidrocarburo que ha fluido a dicha pata
!i horizontal.
|
En rela;lcic’)n con la etapa (g) anterior, la extraccidn del hidrocarburo del
pozo de prod{uccic’)n por via de la tuberia de produccién es tipicamente sin
bombeo, perot puede requerir bombeo para ser extraido de la pata horizontal,
si suficientes icantidades de gases inertes, tales como hidrocarburo gasificado,

diéxido de carbono o nitrégeno, no fluyen a la pata horizontal y entonces el

tubo de produccion recibe importante presion ambiental de la formacidén de
|

i
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|

. | . .

hidrocarburo, como puede ocurrir durante el periodo de arranque. El
l

mecanismo normal de producir petroleo mediante la reduccién de la densidad

de los fluidos mixtos con gases es denominada “elevacion de gas™.

En u1|1 primer refinamiento/inclusion del anterior proceso del presente
invento, la i?nyeccién del gas oxidante cerca a la parte vertical del pozo de
produccion s lograda por via de la perforacién de un pozo de inyeccién
separado cercano a la parte vertical del pozo de produccion de tal manera que
permita que|el gas oxidante sea inyectado en la formacién por via de dicho
pozo de inyeccién cercano al pozo de produccién. De esta manera, y
ventajosamente, el mismo camino de perforacién puede entonces ser usado
para perforar tanto el pozo de produccion y el pozo de inyeccion, entonces

ahorrando en gastos y costos en la perforacion de pozos.

Adici‘onalmente, y ventajosamente, debido a que el pozo de inyeccién

esta situado |cerca al pozo de produccién que tipicamente tiene equipo para

|
generacion de electricidad usado para produccion, el gas oxidante usualmente
1
L oer ] . : : :
y mas facilmente puede ser obtenido e inmediatamente inyectado en el pozo
de inyecci(’)nl, que de otra manera no podria ser hecho donde la inyeccion bien

|
posicionadalejos de la seccién vertical del pozo de produccién como en el

arte previo.

En unfa segunda inclusion del invento, el pozo de inyeccidn es pozo de

entrada laterial en la seccion vertical del pozo de produccidn, entonces,
[

nuevamente !permitiendo que el pozo de inyeccion este localizado cerca al

pozo de inye?:ccién para lograr los beneficios anteriores, como el beneficio
|

adicional de que esa parte superior de la seccién vertical del pozo de
|

produccion pueda ser usada al perforar el pozo de entrada lateral, entonces

reduciendo aun mas los costos de perforacion.

|
|
Especiificamente, en tal segunda inclusion preferida, el presente invento

| . . -
incluye un proceso para recuperar hidrocarburo licuado o gasificado de una
|

o . . v
formacidn subterrdnea de hidrocarburos abarcando los pasos de:

| 7
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(b) |

|
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|
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|

|
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!

(e)

|

|
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Proporcionar por lo menos un pozo de produccién que

sustancialmente tenga una pata horizontal posicionada

relativamente bajo en tal reserva, tal pata horizontal teniendo en
un lado de la misma una parte talén y en el lado opuesto de la
misma una parte dedo situada en la formacién un poco mas
abajo en elevacion que dicha parte taldn, tal pata horizontal
adaptada para permitir la entrada de hidrocarburo licuado al
interior de tal pata horizontal, dicho pozo de produccién
teniendo una parte vertical sustancialmente conectada a tal pata

horizontal cercana a tal parte de talon del mismo;

Proporcionar tuberia de produccién dentro de dicho pozo de
produccién que se extienda hacia abajo dentro de tal seccidn
vertical y a lo largo de dicha pata a dicha parte dedo, para

recoger dicho hidrocarburo que fluye a dicha pata horizontal;

Proporcionar tuberia de inyeccion en dicho pozo de produccion,

dicha tuberia de inyeccidn extendiendose hacia abajo en dicha

secciOn vertical a dicha parte taldn;

Inyectar un medio en dicho pozo de produccién por via de dicha
tuberia de inyeccion donde dicho medio sea escogido de un
grupo de medios incluyendo individualmente o en combinacion,

un gas no oxidante, vapor, agua, o diéxido de carbono;

Proporcionar un pozo de inyeccién como camino lateral de re-
entrada a dicha seccion vertical de dicho pozo de produccién,

cuya inyeccion bien se extiende a la formaciéon de

hidrocarburos.

Proporcionar un gas oxidante a una parte de dicha formacién de

hidrocarburos por via de dicho pozo de inyeccién;
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Encender dicho hidrocarburo in dicha formacién de hidrocarburo

(8)

cercana a dicha seccién vertical de manera que cause la

combustién de una parte de dicho hidrocarburo en dicha
. formacién de hidrocarburos y de ese modo crear un frente de
combustidn que avance hacia el exterior y lejos de dicha
seccion vertical por lo menos en direccion a lo largo de dicha

pata horizontal y hacia dicha parte dedo del mismo; y

Extraer del pozo de produccidn, por via de dicha tuberia de

| produccién, el hidrocarburo que haya fluido a dicha pata
| horizontal;
|

En una tercera inclusion preferida el presente invento incluye un
método para producir hidrocarburos de una reserva de hidrocarburos a través
del cual la riiecesidad de un pozo de inyeccidn para inyectar el gas oxidante es

| .
totalmente ¢liminada, reduciendo entonces el costo de implementar el proceso

in situ del ;{)resente invento.

|

|
1

Espiccificamente, en tal tercera y preferida inclusion del presente
invento, la,I seccion vertical del pozo de produccion esta perforada para
permitir qt,le un gas oxidante (que es proporcionado a tal seccion vertical)
escape a laj formacion de hidrocarburos cercana a la seccidn vertical. De esa
manera, es ;eliminada la necesidad de perforar un pozo de inyeccion separado.

|

Otréjl vez, como parte del método del presente invento, un medio en
forma de u;n gas no oxidante tal como diéxido de carbono, vapor o agua, es
inyectado l:)ien continuamente o intermitentemente en el pozo de produccién

]
por via de _\'la tuberia de inyeccion, que se extiende a la parte talon del pozo de
producci(’){il. Una serie de “bloques™ localizados en el pozo de produccién
pueden se:r proporcionados para aislar el gas oxidante proporcionado a la

seccion vertical del pozo de produccion de la parte talon de la pata horizontal

! : . .
a la que el medio de gas no oxidante es proporcionado.



|
|

|

P

De este modo en tal tercer inclusion preferida, el método del presente

invento incluye un proceso para recuperar hidrocarburos licuados o

|
gasificados de una reserva subterranea de hidrocarburos, abarcando los pasos

de:

(2)

®) ]

|
|
|
|

|
(
[
1
|
|
l
{
1
‘

|

|
i
|

Proporcionar por 1o menos un pozo de produccion que tenga una
pata horizontal sustancialmente posicionada relativamente bajo
en tal reserva, tal pata horizontal teniendo en un lado de la
misma una parte talon y en el lado opuesto de la misma una
parte dedo, tal pata horizontal adaptada para permitir la entrada
de hidrocarburo licuado al interior de dicha pata horizontal,
dicho pozo de produccién teniendo una parte vertical
sustancialmente conectada a dicha pata horizontal cercana a tal

parte de talon del mismo;

Proporcionar tuberia de produccidon en dicho pozo de
produccion, que se extiende desde de la superficie de dicho
pozo de produccion por 1o menos hasta dicha parte talon de
dicho pozo de produccion para recoger dicho hidrocarburo que

fluye a dicha pata horizontal;

Proporcionar tuberia de inyeccion en dicho pozo de produccidn,
dicha tuberia de inyeccidén extendiendose hacia abajo en dicha
seccion vertical, a una posicion que se extendiende por lo

menos a dicha parte talén de dicha pata horizontal;

Inyectar un medio al pozo de produccién, donde dicho medio es
escogido de un grupo de medios que incluyan individualmente

0 en combinacifén, un gas no oxidante, diéxido de carbono

vapor 0 agua;

Proporcionar perforaciones en dicha seccion vertical de dicho

pozo de produccién en posicion sobre dicha parte taldn;

10
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(f) | Proporcionar un gas oxidante a tal seccién vertical y por lo tanto
a una parte de dicha reserva de hidrocarburo por via de dichas
(g) | Encender dicho hidrocarburo in dicha formacion de hidrocarburo

|

|

:

i

{

|

l

|

|

|

|

i : . o :

| perforaciones en dicha seccion vertical:

(

|

l . . .

i cercana a dicha seccién vertical de manera que cause la

i combustién de una parte de dicho hidrocarburo en dicha

|

! .. .

i formacién de hidrocarburos y de ese modo crear un frente de

| combustién que avance hacia el exterior y lejos de dicha
seccion vertical por lo menos en direccidn a lo largo de dicha
pata horizontal y hacia dicha parte dedo del mismo; y

|
(h) { Causando que el hidrocarburo calentado de dicha reserva fluya
! de las regiones superiores del mismo y se acumule en dicha

pata horizontal; y

(i) ; Extraer del pozo de produccién, por via de dicha tuberia de
produccidn, dicho hidrocarburo que ha fluido a dicha pata

horizontal.

Vel}'taj osamente la tercer inclusion del presente invento también elimina
la necesida:ld que aparece en el arte previo de “cerrar” (usando un tapon de
cemento 0:algo similar) la pata horizontal de cada pozo de produccién cuando
una serie cjle pozos de produccidn estdn situados de lado a lado y cuando la
seccion Vefrtical del primer pozo de produccion es convertida posteriormente
en un pozfo de inyeccion. (ver US 191 col 6, lineas 47 -col7, linea 9 y Figs.
14D-F del: mismo). El método in situ del presente invento en particular la

.
tercera inc,flusién, es un método de reducir aun mas el costo de la recuperacién
in situ mqidiante la disminucidn del nimero de pasos, incluyendo no solo
eliminar l'lix necesidad de perforar pozos de inyeccion pero también eliminar la

necesidad de “cerrar” otros pozos, como es necesario en los métodos in situ

del arte p;fevio, como ejemplizado en US ‘191 anterior.

11
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BREVE DESCRIPCION DE LOS DIBUJOS

! . . . . pa . -
En los dibujos adjuntos, que ilustran un nimero de inclusiones

ejemplizada:s del invento:

| . y .
La Figura 1 A es una vista esquemética en perspectiva de una
distribucién; para recuperacion in situ en una reserva de hidrocarburo,
i

! . .« . .
mostrando pozos por inyeccién de aire situados al dedo de cada uno de las
|

correspondientes patas horizontales de pozos de produccién asociados;
|

|
i

|
La Figura 1B es un corte transversal a través de un pozo de inyeccion
i

y el pozo d;e produccidén asociado mostrado en la Figura 1A;

|
0
i

La I*:’igura 2A es un corte esquematico (no a escala) a través de un
pozo de inyi:eccién y el pozo de produccién asociado de una primera inclusién
del present({a invento, usando el método del presente invento de causar que un
frente de combustion se propague en la direccién del “dedo” de la pata
horizontal del pozo de produccién, en un punto en el tiempo cercano al
momento dfe encendido del hidrocarburo y la propagacion inicial del frente de

combustiérli;
|
l

La "Figura 2B es un corte transversal similar al de la Figura 2A,

1

similarmente no a escala, en un punto posterior en el tiempo cuando el frente
|
e, . .

de combustion se ha propagado por un tiempo y movido mas cerca a la parte
(

“dedo” de la pata horizontal del pozo de produccion;

|

|
La Figura 2C es un corte transversal similar al de la Figura 2B,

[
similarmente no a escala, en un punto aun mas lejano en el tiempo cuando el
frente de combustion se ha propagado mas lejos y movido aun mas cerca a la

l .
parte “dedo” de la pata horizontal del pozo de produccion;
l

La Figura 3 es un corte esquemdtico transversal parcial a través de una
|

Lo . . .
-reserva de hidrocarburos que contiene una formacién que contiene

|
|’ 12
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hidrocarburos, que muestra una segunda inclusién del método del presente
invento, especificamente un pozo de produccion y el pozo de inyeccién de
entrada late:ral (no a escala) y ademas representando el método del presente

invento de causar que un frente de combustion se propague en direccion del
I

“dedo” de 12:1 pata horizontal del pozo de produccidn, en un punto en el tiempo
cercando alimomento de encendido del hidrocarburo y la propagacion inicial

del frente d;e combustion;

|
!
La Figura 4 es un corte esquematico transversal parcial a través de una

reserva de hidrocarburo que contiene una formacion que contiene

{

hidrocarburos, que muestra una tercera inclusion preferida del presente
invento, especificamente un corte transversal a través de un pozo de
produccic’)n: (no a escala) empleando el método del presente invento de causar
que un frel':ite de combustion se propague en direccion al “dedo” de la pata

{
horizontal del pozo de produccidn, en un punto en el tiempo cercando al
|

encendido hel hidrocarburo y la propagacion inicial del frente de combustion:

i

y

La

|
|
|
- . - :
iFlgura S es una vista esquematica en perspectiva de una

recuperacion in situ de 1a Figura 4, mostrando la tercera e inclusidn preferida
del método del presente invento para la recuperacion de hidrocarburos de una

reserva de hidrocarburos.

!
[
PESCRIPCION DE LA INCLUSION PREFERIDA

|
La Figura 1A muestran una vista esquemadtica, semitransparente, de la

|
distribuci(;)n de pozos utilizados en el arte previo para recuperacion in situ de

|
hidrocarburos de una reserva subterranea de hidrocarburos o formacién 19.

|

Especificamente, la Figura 1A esqueméaticamente representa el método

i
del arte previo de recuperacion in situ de hidrocarburos revelado en US

5,626,191‘, que incluye situar una serie de pozos de produccién 12, cada uno

. | ., . . .
1ncluyend|fo una seccién vertical 16 sustancialmente y una pata horizontal
|

i 13
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sustancialmente 16, que tiene una parte “dedo” 18 y una parte talon 20. La
pata horizorliltal 16 del pozo de produccién 12 esta localizada en una parte
inferior de 1251 formacion de hidrocarburo 10, y sustancialmente es porosa para
permitir el ingreso de fluidos. Una serie de pozos de inyeccion 22 son
proporciona:dos, situados en una region proxima al “dedo” y extendiendose
hacia abajo de la formacién 10, con perforaciones en los niveles superiores de

i . p
la reserva que contiene petrdleo.

La F!igura 1B muestra un corte transversal esquemético a través de un

pozo de inyecci6n 22 y el pozo de produccion asociado 12 de la Figura 1A.
l :

En e:I arte previo el proceso de recuperacion in situ representado en las
Figuras 1Aly B, un gas oxidante 24, tal como aire (que contiene oxigeno),
oxigeno, 0 ?ire enriquecido con oxigeno, es inyectado en la formacién 10 por
via de cada?uno de los pozos de inyeccion 22, de tal manera que permita a una
parte del hiidrocarburo en la formacién 10 ser combustido. Especificamente,
una parte del hidrocarburo en la formacién de hidrocarburo 10 en la region del
pozode inyjeccién 22 cuando proporcionado con el gas oxidante 26 es causada
a encenderj y causada a combustir, de ese modo formando y creando en la
formacion | 10 un frente de combustiéon 26 sustancialmente vertical y
extendiend'ose lateralmente. Tal frente de combustién 26, a través de

conduccién térmica y creacién de gases combustidos calentados en la

formacidn 10, calientan los hidrocarburos en la formacién 10 directamente

adelante y' con anterioridad al frente de combustién 26, ocasionando la
gasificaci(’)jn de los compuestos hidrocarburos mas volatiles en la formacién
10yaun mas ocasionan una mejor categoria de una parte de los hidrocarburos
sélidos o b!etun’es en la formacion simultidneamente aumentando su viscosidad
'
para crear;hidrocarburos licuados méviles 30. Los restantes hidrocarburos
mas pesa(;[ios, particularmente coque, permanecen, lo que proporciona
combustibgle para adelantar el frente de combustion 26 y mantener el avance
del frente :decombustién 26 y la combustion in situ y el proceso de elevacion

de categoria del hidrocarburo. Entonces los hidrocarburos méviles licuados
{

30 y componentes gasificados (algunos de los cuales pueden posteriormente
|

! 14
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|
|

condensarse; como liquidos 30), y después fluir hacia abajo por accion de la

gravedad a tiravés de la formacién y son recogidos en la regidn mas baja de la
formacién 10 mediante su flujo a la pata horizontal que se extiende
horizontalmente 16 del pozo de produccion 12. La pata horizontal 16 del pozo
de producci:()n 12 generalmente tiene, por lo menos por tiempo limitado, una
presién de gasen el menor que la de la formacion 10 (debido a la extraccion
delos hidrofcarburos liquidos acumulados 30 asi como hidrocarburos gaseosos
del mismo):. Tal presion gaseosa reducida en la pata horizontal 16 en
oposicién a;len la formacidn 10 adelante del frente de combustion 26 ayuda al
ingresoen hgidrocarburos liquidos y gaseosos de la formacion de hidrocarburos
10ala pataihorizontal 16. En otros periodos, debido a la inyeccidon del medio

52 por via c;lie la tuberia de inyeccién 50 (discutido posteriormente) a la pata

horizontal ;16, la pata horizontal 16 puede en ciertos momentos, puede tener

una presiéﬂ gaseosa cercana a, o hasta en exceso de la presion de gas en la

formacion ‘10.

|
Imp(!)rtantemente, en el método del arte previo de recuperacion in situ -
como se muestra en las Figuras 1A y B y arriba descritas, los pozos de
inyeccion 2!2 estan situados cerca al “dedo” de la pata horizontal 16, y el gas
oxidante inyectado en la formacién en estos lugares por via de los pozos de
inyeccion 22. El frente de combustién 26 que recibe gas oxidante 24 es
entonces cziiusado a progresar hacia el exterior del pozo de inyeccién 22, y
perpendicuflarmente y a lo largo de los pozos horizontales 16 en direccion de
la parte “dedo” a la parte “talon”.
|
Desfventaj osamente con €l arte del arte previo, no solamente se necesita
que un can}ino de perforacién 32 sea creado para el pozo de produccion 12,

|
[ .z . .

pero un camino de perforacién adicional y separado debe ser creado para el
i

l
pozo de inyeccién 22, y tal pozo de inyeccién 22 separado debe ser perforado
en tal for{'nacién. Adicionalmente, la creacién de oxigeno y equipo de
. cp . .
inyeccion (no mostrado) debe ser transportado e instalado en la superficie de

tal pozo de inyeccién 22 debido a que tal pozo de inyeccidn esta distante de

la superficie del pozo de produccion 12. Ambos de tales exigencias suman

t
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significativamente al costo de adelantar los métodos del arte previo de

recuperacion de hidrocarburos in situ.

b
1
|

Las Figuras 2A-2C aqui muestran un proceso de recuperacion in situ
modificado (primero), que esta expresamente adaptado para eliminar por lo
3
|
menos uno! de los anteriores gastos de crear un camino separado de

perforaciénipara el pozo de inyeccion 22.
|

Espejcificamente, como se ve en las figuras 2A-2C, un inico camino de
perforacién?32 es creado mediante la remocioén de arboles y otros obstéculos,
y una L’mic;ia plataforma de perforacién erigida sobre ese. Un pozo de
producciéng 12 es perforado usando técnicas de perforacion convencionales,
incluyendoi una seccién vertical 14 y ademas una pata horizontal 22 en
comunicaci:(’)n con la seccion vertical 14. La pata horizontal 16 tiene una parte
“dedo” 18 'y una parte “talon” 20 donde se encuentra la seccion vertical 14.
El pozo de? produccién 12 es completado por el proceso regular de pozo
revestido 1;2, y ademas mediante la insercién dentro de tal pozo de produccion
12 de tubetia de produccion 40, que se extiende hacia abajo en la seccion
vertical 14 a tal parte “talén” 20 y preferiblemente a lo largo de la pata
horizontal :16, preferiblemente a la parte dedo 18 del mismo, tal tuberia de
producciél} teniendo un lado abierto 42 entre dicha pata horizontal 16. Tuberia

de produccién 40 es tipicamente tuberia enrollada y es convencionalmente

usada en operaciones de perforacion.

1
|
Tuberia de inyeccion 50 adicional, similarmente tipicamente enrollada
) | . . . .,
como es convencionalmente usada en operaciones de perforacion, es ademas
I
. . ., . ., .
previsto la'inyeccién de un medio 52 en el pozo de produccion 12, tal medio

incluyendc;) 52 un gas no oxidante, preferiblemente didxido de carbono debido
asu efectq! dilﬁyente en hidrocarburos, o alternativamente o en combinacion
con vapor ;o agua un otro medio no combustible que fluya. Segin aparece en
las Figurafs 2A-2C, la tuberia de inyecéién 50 se extiende a la parte “tacon”
20 de la pata horizontal 16. Por lo menos un bloque de aislamiento 54 es

proporcionado para permitir que el medio 52 a ser inyectado, si deseado, en
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estado presurizado, de tiempo en tiempo o continuamente inyectado, para

presurizar de tiempo en tiempo o continuamente si deseado, la pata horizontal

16 para ayudar a forzar el hidrocarburo licuado 30 al tubo de produccion 40
|

e impedir la entrada de gas oxidante a la pata horizontal 16.

Usando el camino de perforacion tnico 32, otro pozo de inyeccion 22
es perforado, extendiendose por lo menos a la region superior de la formacién
de hidrocarburos 10. El pozo de inyeccién 22 tipicamente tiene perforaciones
75 en una parte inferior del mismo para permitir la infusion e inyeccién de un

. i . . ‘2 . .
gas oxidante 24 tal como aire u oxigeno en la region que contiene hidrocarburo

de la formacién de hidrocarburos 10.

El método del presente invento, en las primeras inclusiones mostradas
en las Figurés 2A-2C, a partir de entonces opera de la siguiente manera:

El gafs oxidante 24 es inyectado en la formacion 10 por via del pozo de
inyeccion 22 Ventajosamente, el equipo (no mostrado) usado para crear el gas
oxidante 24 e inyectar tal gas oxidante 24 no necesita estar localizado lejos
del pozo de produccion 12, pero en lugar, en virtud del método del presente
invento, pu:ede estar localizado cerca al pozo de producciéon 12, y
especificaménte sideseado puede estar localizado en el camino de perforacién
32 o0 muy cerca al mismo, entonces eliminando la necesidad de limpiar y crear
un camino dje perforacion separado en un lugar remoto como pudiera ocurrir
si el pozo fde inyecciOn 22 estuviera situado hacia el “dedo” del pozo
horizontal 16. Ademds, 1a operacién y mantenimiento del equipo de suministro
de gas oxidante puede convenientemente ser transportado al lugar de
tratamiento Tde petrdleo localizado cerca al pozo 12. Los hidrocarburos
cercanos al pozo de inyeccion 22 son encendidos, y debido al suministro de
gas oxidantfe 24, un frente de combustion 26 es creado, que en el método
mostrado en?las Figuras 2A-2C, avanza como un frente sustancialmente lateral
que se extiende (ver también la Fig. 5 en este) del “tacon” de la pata
horizontal 16 hacia el “dedo” 18. Hidrocarburos viscosos y de alta viscosidad,

incluyendo betilin, en la formacién de hidrocarburos 10 antes del frente de

17
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combustion c%lue avanza 26, debido al calor que es generado, se causa que
aumente de (E:ategoria v se vuelva liquido y en el proceso se vuelve menos
ViSCOSO. Alglfmos hidrocarburos en la formacién 10 con anterioridad al frente
26,se gasific%ran. Los hidrocarburos licuados 30 e hidrocarburos gasificados,
ahora siendo méviles, fluyen hacia abajo y a la pata horizontal 16 que se
vuelve porosga (i.e., tiene aperturas 60 en una parte superior de la misma) para

permitir la infusion de tal hidrocarburo 30 y entonces la acumulacién de tales

hidrocarburds 30.

Tal proceso continua a medida que el frente de combustién 26 progresa
y de este modo “barre” de la parte “tacon” 20 al “dedo” 18 de la pata

horizontal 16

Notablemente, antes de la generacion del frente de combustion 26, la
formacion dé hidrocarburo 10 es inicialmente precalentada preferiblemente
mediante la inyeccién de un medio no oxidante calentado 52 tal como vapor,
que es inyec{tado en la pata horizontal 16 del pozo de produccion 12 a través
de la tuberia? de inyeccion 40, y retiradas por via de la tuberia de produccion
500 alternatiivamente por via anular 80 en la seccion vertical 16 si los bloques
de aislamienito 54 no estan presentes. La pre-inyeccién de un medio caliente
tiene el beneificio de calentar el pozo de produccién 12 y sus componentes de
produccion c%le ese modo aumentando la volatilidad de hidrocarburos licuados
30 que fluyfen a la pata horizontal 16 del pozo de produccion 12. Este
procedimienito es 1til en reservas de betin debido a que el petréleo frio que
pueda entrari a la pata horizontal 16 sera muy viscoso y fluird pobremente,
posiblemente tapando la pata horizontal 16. Para formaciones 10 con petroleo
movil, consi:;derable vapor de pre-encendido no es necesario para propositos
de calentar ciel petroleo de tal manera que fluya, sin embargo, puede ser util
para dismimfxir las saturaciones de petroleo cerca del pozo de inyeccion de gas
oxidante 22% y para elevar la temperatura del hidrocarburo para lograr el
encendido dEel mismo. Otros métodos de encendido pueden ser usados tales

3
como la inyechién de combustibles facilmente encendibles tales como aceite

t
de linaza, oipor inyeccién de gas de combustion caliente. Para reservas de
!
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betin, Vapof es también inyectado por via del pozo de inyeccién 22 y puede
también ser inyectado en la reserva 10 en la regién entre el pozo de inyeccién

22 y el dedo 18 del pozo horizontal 16 para calentar el petroleo y aumentar su

- movilidad antes de iniciar la inyeccidn del gas oxidante 24 en el reservorio de

la formacid

__<_--A'_.:$_

Despljlés de la iniciacién de la combustion y del frente de combustion
26, un medio no oxidante 52 en forma de vapor, un gas no oxidante tal como
diéxido de carbono, o agua, es inyectado, bien continuamente o
esporadicamente por via de la tuberia de inyeccién 50 a la pata horizontal 16,
que debido a los bloques de aislamiento 54, puede ser presurizada. El
proposito de tal medio no oxidante 52 es por un niimero de razones. Primero,
el aumento de presion en la pata horizontal 16 reduce o evita la infusion de
gas oxidantqi 24 a la pata horizontal 16 de la formacién 10 que puede de otra
forma perjudicial, en combinacién con los hidrocarburos licuados y gaseosos
en ello, formar una mezcla explosiva con consecuencias explosivas
potenciales, o alternativamente reaccionar directamente con oxigeno para
formar coque que podria sellar la pata horizontal 16 del pozo de produccion
12. La consecuencia de tener hidrocarburo (petroleo) y oxigeno conjuntamente
en un hoyo de perforacion es combustion y potencialmente una explosion con
la obtencic’)nf de altas temperaturas, quizas en exceso de 1000°C. Esto puede
causar dafio ;irreparable al hoyo de perforacidn, incluyendo la falla de cortinas
de retenciéni de arena (no mostradas). La presencia de oxigeno y temperaturas
de hoyo de berforacién de sobre 425°C debe ser evitada en operaciones de
produccion de petroleo seguras y continuas. Segundo, la inyeccién de un
medio 52 puede servir para presurizar la pata horizontal 16 y ayudar en
manejar hidrocarburos licuados y gaseosos 30 acumulados en la pata

horizontal 16 al lado abierto 42 del !a tuberia de produccién 40, de ese modo

ayudando a la bajada de nivel de tales liquidos 30 y produciendo tales

hidrocarburos 30 del pozo de produccion 12. Tercero, el medio 52 al ser

inyectado por via de la tuberia de inyeccién 50 puede ser calentado.

Ventajosam:ente, significa que los medios para calentar 52 estin, en este
l

método, convenientemente capaces de estar localizados en la superficie del

19



S

1
|
b
i
|
t
1
|
{
i
i
0
i
i
i
i
.

pozo de produccion 12 y en o cerca del camino de perforacion 32. Finalmente,
donde el medio inyectado 52 es diéxido de carbono, la inyeccion del mismo
en el pozo horizontal 16 no solo sirve como un conveniente “lavamanos” de
carbdn para permitir la eliminacion de gases de invernadero, pero ademas
debido a las propiedades diluyentes del diéxido de carbono en los
hidrocarbur(é)s liquidos 30, reduce la viscosidad en ese y entonces ayuda en
la bajada de nivel de hidrocarburos liquidos acumulados 30 por via de la
tuberia de ptoduccién 40.

Com(é) aparece en las Figuras 2A - 2C, durante el avance del frente de

combustién' 26, coque es depositado en el reservorio 10 y sirve como

‘combustible para el proceso de combustién in situ. Gases calientes de

combustion ?70 avanzan a la formacion 10 calentando el hidrocarburo en ella
y cualquier agua conjunta que este presente. Una parte de estos hidrocarburos
se licua y tales hidrocarburos licuados 30 fluyen, conjuntamente con los gases
de combustién, a la pata horizontal 16 a través de las perforaciones 60, como
se muestra en las Figuras 2A - 2C. Los hidrocarburos licuados 30 fluyen a lo
largo y al “dedo” de la pata horizontal 16 e ingresan al lado abierto 42 del
tubo de produccion 40 en ella, y fluye de vuelta y después hacia arriba, a la
superficie. El proceso es estable y continuo, con el frente de combustion 26

continuamente avanzando hacia el “dedo” 18 de la pata horizontal 16.

El gafs oxidante 24, tipicamente aire, oxigeno o aire enriquecido con
0Xigeno, es inyectado en la parte superior del reservorio 10. El coque que fue
previamente colocado consume el oxigeno de tal manera que solamente gases
libres de oxigeno entren en contacto con el petroleo antes de la zona de coque
en el frente de combustion 26. Las temperaturas de combustion del gas de
tipicamente' 600°C y tan altas como 1000°C son logradas de la alta
temperatura de oxidacion del combustible de coque. En la zona de petroleo
movil 80 antes al frente de combustidn 26, estos gases calientes 70 y vapor
calientan el? petroleo a mas de 400°C, parcialmente rompiendo el petroleo,
Vaporizandq algunos componentes y marcadamente reduciendo la viscosidad

del petroleo. Los componentes mas pesados del petroleo, tales como
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asfaltenos, petrmanecen en la roca y constituiran el combustible coque mas
tarde cuandoi el frente de combustién 26 llegue a tal lugar. En la zona de
aceite movil 80, gases y petroleo drenan hacia abajo a la pata horizontal 16,
atraidos por la gravedad y algunas veces por la baja presion se hunden de la
pata horizontal 16 cuando despresurizada. La zona de coque en el frente de
combustién 26 y la zona de aceite mévil 80 se mueven lateralmente de la
direccién dei tacén 20 hacia el dedo 18 del pozo horizontal 16. La seccion
zona quemada 100 detrds del frente de combustion es agotada de liquidos
(petroleo y agua) y es llenada con gas oxidante 24. La seccion del pozo
horizontal 16 opuesta a esta zona quemada 100 esta en peligro de recibir
oxigeno o gas oxidante 24 que combustionara el petroleo presente dentro del
pozo horizoﬂtal 16 creando temperaturas extremadamente altas en el hoyo de
perforacion ﬁue pueden dafiar el revestimiento de acero y especialmente las
cortinas de airena que son usadas para permitir la entrada de fluidos 30 pero
que excluyerfl la arena. Si la cortina de arena falla, arena sin consolidar del
reservorio entrara al hoyo de perforacién horizontal 16 y se necesitara cerrarlo
para limpiario y arreglarlo con tapones de cemento. Esta operacion es muy
dificil y peligrosa debido a que el hoyo de perforacién horizontal 16 puede

tener niveles explosivos de petroleo y oxigeno.

El método del presente invento contempla un numero de maneras para
evitar la entrada de has oxidante 24 de la formacién a la pata horizontal. Un
primer método es reducir la tasa de inyeccion del gas oxidante 24 para
disminuir la presién en formacién del reservorio 10. Un segundo método es
reducir la tasa de bajada de nivel del hidrocarburo licuado 30 por via del tubo
de produccién 40 (i.e., disminuir la tasa de produccion por via del tubo de
produccién) para asi aumentar la presién del hoyo de perforacion an la pata
horizontal 1‘6 Ambos métodos resultan en una disminucion de la tasa de
produccién ?de hidrocarburos, que es econdémicamente perjudicial. Una
alternativa y método preferido es como previamente descrito en este,
especificamfente, la inyeccién de un medio no oxidante 52 en la pata horizontal
16 a través;del tubo de inyeccion 50, que se cree tener poco efecto en el

drenaje por ;gravedad de los hidrocarburos licuados al pozo horizontal 16. En
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cualquier caso, tal inyeccién de medio 52 puede ser hecha periddicamente y

solamente por un tiempo suficiente para reducir las concentraciones de

oxigeno en la pata horizontal 16 a menos de concentraciones explosivas. En

'una operacin tipica una cuerda termopar puede ser colocada a lo largo de la

seccion horizfontal, o dentro, y la ocurrencia de temperaturas elevadas seran
sefal de intrufsic’)n de gas oxidante de manera que el agua del vapor puede ser
adicionada p?or via de la tuberia 52 para reducir temperaturas del hoyo de
perforacion, diluir el oxigeno presente y aumentar la presion del hoyo de
perforacion ﬂ)ara impedir la entrada adicional de gas oxidante.
i

LaFigura 3 ilustra esquematicamente una inclusién aun mas preferida
del método ciel presente invento, teniendo componentes similares a aquellos
identificado$ en las Figura 2A - 2C, y teniendo una metodologia similar. Una
vez mas, un éas oxidante en inyectado en la formaci6n 10 por via del pozo de
inyeccion 223, y un frente de combustién 26 creado que “barre” del talén 20
al dedo 18 dé la pata horizontal 16, causando que los hidrocarburos licuados
30 asi comb los hidrocarburos gasificados fluyan a la pata horizontal,
causando qlile los hidrocarburos licuados 30 ¢ hidrocarburos gasificados
fluyan a la éata horizontal 16 y sean entregados a la superficie por via del

tubo de produccién 40.

Notaﬁlemente, sin embargo, la importante y sola diferencia en el
método de rfecuperacién in situ mostrada en la Figura 3 sobre el método
previamente discutido y mostrado en las Figuras 2 A - 2C es que el pozo de
inyeccién 22 en el método representado en la Figura 3 es formado como un

pozo de enfrada lateral de adentro de la seccidn vertical 16 del pozo de

- produccién 12.

Ventajosamente, usando el método representado en la figura 3, el pozo

de inyeccién es menos costoso de perforar debido a que una parte superior de
!

tal pozo de!inyeccién ha sido ya perforada debido a que es comin con la

seccion vertical 16 del pozo de produccion 12.

22



3 | =)

(
l
i
1
t
f
¢
1
I

Por cohsiguiente, no solamente se logra ahorro de costos al localizar el
pozo de inyeécién 22 en el lugar y muy cerca al pozo de produccion 12 y a su
equipo asociado y no se necesita crear un camino separado de perforacion 32,
pero ademas, los costos de perforacién del pozo son disminuidos al perforar
el pozo de inyecci(’)n 22.

La Figiura 4 representa una tercera y mas preferida inclusién del método
del presente iEnvento para adelantar recuperacion de hidrocarburos in situ. Tal
método, coméo la primera inclusion del método de este invento representado
en las Figurag 2A - 2C, y como la segunda inclusi6n del invento representado
en la Figura 3, incluye como componente integral del método la creacion de
un frente de combustion 26 que “barre” del talon 20 al “dedo” 18 de la pata
horizontal 16 de ese modo causando que los hidrocarburos liquidos 30 sean
acumulados %:n la pata horizontal 16, y posteriormente jalados hacia abajo por

el tubo de pﬁoduccién 40 y extraido a la superficie.

|

1

Impoftantemente, sin embargo, en esta tercera inclusion del método del
presente invento mostrado en la Figura 4, no hay el paso de perforar un pozo
de inyecciénf 22. En su lugar las perforaciones 110 son hechas en la seccion
vertical 16 ciel pozo de produccién 12, y el gas oxidante 24 es inyectado en
tal seccidn vertical 16 y entonces en la formacién 10. Se evita que el gas
oxidante 24 sea inyectado en la pata horizontal 16 por la presencia de bloques
aislantes 54 que,efectivamente separan los hidrocarburos licuados producidos
en la pata h(?rizontal 16-del gas oxidante 24 tal como oxigeno, de ese modo
evitando la 1f0rmacién de mezclas explosivas. La tuberia de inyeccion 50
todavia sirvcie, como en las inclusiones anteriores, para permitir la inyeccion
esporadica of continua de gas no oxidante 52 a la pata horizontal 16 para evitar
el gas oxidailte 24 en la zona quemada 80 de la formacion de impregnarse a
la pata horiiontal 16.

Vente:lj osamente, al usar el método representado en la Figura 4, el costo
de perforaciién un pozo de inyeccién 22 es totalmente eliminado. Por

consiguiente, con el método representado en la Figura 4, no solamente se

i 23
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realizan ahorfos y se reduce el impacto ambiental al poder tener un aparato de
inyeccion oxidante en el pozo de produccion y u inico camino de perforacion
32enel pbzo de produccién que en forma contraria al caso de los métodos del
arte previo qhe requiere la creacion de un camino separado de perforacion y
limpieza adicional para la creacién de gas oxidante y equipo de inyeccion (no
mostrado), p%ero ademas un ahorro sustancia de costos son logrados por la
eliminacion cjle la necesidad de perforar cualquier pozo de inyeccion.

|

[

La Fiéura 5 representa la forma en que el método de la Figura 4 (i.e.,
la tercer inclusién del método del presente invento) puede ser desplegado con
una serie de pozos de produccién 12 en una formacién de hidrocarburos 10,

usando un frente de combustién 26 que avanza del “talon” al “dedo” 18.

A pesar que la revelacién describe e ilustra la inclusion preferida del

“método del presente invento, es entendido que el invento no esta limitado a

estas especificas inclusiones. Muchas variaciones y modificaciones ahora
ocurrirdn a aquellos diestros en el arte. para una completa definicién del

invento, se hace referencia a las reivindicaciones anexas.
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REIVINDICACIONES

1. Un proceso para la recuperacién de hidrocarburos licuados o

gasificados de un reservorio subterraneo de hidrocarburos que incluye los

pasos de:
(@)
(b)
!\
o
(©)
(d)
©

1
!
{
i
|
{
!
{
{
t
t
|
'
|
1
|
1
1

Proporcionar por 1o menos un pozo de produccion teniendo una
pata horizontal sustancialmente posicionada relativamente bajo

en dicho reservorio, dicha pata horizontal teniendo de un lado de

la misma una parte talon y en el lado opuesto de la misma una

parte dedo, dicha pata horizontal adaptado para permitir la
entrada de hidrocarburo licuado al interior de dicha pata
horizontal, dicho pozo de produccién teniendo una seccion

vertical sustancialmente conectada a dicha pata horizontal

' cercana a dicha parte talén del mismo;

Proporcionar tuberia de inyeccion en el interior de dicho pozo

de produccién extendiendose dentro de dicha seccion vertical y

- dentro, por lo menos de una parte, de dicha parte horizontal para

recoger dichos hidrocarburos licuados que fluyen a dicha pata

horizontal;

Inyectar un medio dentro del pozo de produccion, en donde tal

medio es escogido de un grupo de medios incluyendo

+ individualmente o en combinacién, un gas no oxidante, vapor,

agua, o didxido de carbono;
Proporcionar un gas oxidante a dicho reservorio subterraneo, por
lo menos inicialmente en un lugar en, o cercano, a dicha seccion

vertical de dicho pozo de produccion;

Encender el hidrocarburo en dicho reservorio de hidrocarburo

- cerca a dicha seccion vertical de dicho pozo de produccion, de
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ital manera que cause la combustiéon de una parte de dicho
i hidrocarburo en dicho reservorio de hidrocarburo cerca a dicha
|
' seccion vertical y de ese modo crear un frente de combustion
~que avance exteriormente y lejos de dicho pozo de inyeccion
. por lo menos en direccién a lo largo de dicha pata horizontal y

hacia dicha parte dedo del mismo;

(f) | Causar que el hidrocarburo licuado caliente de dicho reservorio
! . . .
'\ drene de las partes superiores del mismo y se acumule en dicha

| pata horizontal; y

g) Extraer del pozo de produccién, por via de dicha tuberia de
' produccién, dichos hidrocarburo que ha fluido a dicha pata
1 horizontal.
|
2. El prc%ceso de lareivindicacién 1 en donde dicho paso de proporcionar
dicho gas oxidante es logrado proporcionando dicho gas oxidante a dicha

formacion de hidrocarburo por via de perforaciones en un pozo de inyeccion.

3. El proceso de la reivindicacién 2, donde dicha seccion vertical de dicho

i .. . . .y .
pozo de produccién y dicho pozo de inyeccion son una y la misma.

4. El proceso de la reivindicacién 1 en donde el pozo de inyeccion es un
camino lateral de re-entrada de la seccién vertical del pozo de produccion, y
se extiende a la region superior del reservorio. -
|
5. El pr(f)ceso de la reivindicacion 1 donde el suministro de gas oxidante
es logrado p:érforando un pozo de inyeccion cerca a dicha seccion vertical de
dicho pozo d:e produccion, y dicho pozo de inyeccidn es vertical, inclinado, u
horizontal. .
|
6. El proceso de la reivindicacion 1 donde dicha seccién vertical de dicho
|

pozo de produccion es perforada en una parte superior del mismo, y tal paso
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%
de proporci:onar un gas oxidante es logrado, por lo menos en parte,
proporcionahdo dicho gas oxidante por via de dicha seccidn vertical de dicho
pozo de produccion.

7. El proceso de la reivindicacion 1 ademas incluyendo los pasos de:

(2)

Proporcionar tuberia de inyeccion en dicho pozo de produccion,

dicha tuberia de inyecci6én extendiendose hacia abajo en dicha |

- seccion vertical para aproximarse dicha parte talén de dicha

. pata horizontal, y

[
i
!
i
{
i
|

(b) | Dicho paso de inyectar dicho medio en dicho pozo de
| produccién siendo adelantado mediante la inyeccién de dicho

' medio por via de dicha tuberia de inyeccidn.

8. El pr(:f)ceso de la reivindicacion 7 donde un lado abierto del tubo de

!

produccién c;as situado en cercanias de la parte dedo de la pata horizontal.

9. El proceso de la reivindicacion 1 donde tal medio ademas incluye un

diluyente de?hidrocarburo condensado.

10. El prbceso de las reivindicaciones 1, 7, u 8 donde dicho medio es

inyectado Co;ntinuamente o periddicamente en dicho pozo de produccion para

mantener una presion positiva dentro de la pata horizontal y de ese modo

i

! . . . .
ayudar a evitar el ingreso de dicho gas oxidante del reservorio a la pata

horizontal del pozo de produccidn.

11.  El proceso de las reivindicaciones 1-8 donde un catalizador es

colocado en,i o alrededor, de la pata horizontal del pozo de produccidn.
I

t

1

12.  El pr(i)ceso de las reivindicaciones 1-8 donde el gas oxidante es una

: .
mezcla de |

. .
oxigeno y didxido de carbono.
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13.  Un prjoceso para la recuperacion de hidrocarburo licuado o gasificado

|- . : .
de un reservorio subterraneo de hidrocarburos incluyendo los pasos de:

(2)

(b)

(©)

(d)

()

®

Proporcionar por 1o menos un pozo de produccién teniendo una

" - pata horizontal sustancialmente posicionada relativamente bajo

en dicho reservorio, dicha pata horizontal teniendo de un lado de
la misma una parte talon y en el lado opuesto de la misma una
parte dedo, dicha pata horizontal adaptado para permitir la

entrada de hidrocarburo licuado al interior de dicha pata

" horizontal, dicho pozo de produccion teniendo una seccién
vertical sustancialmente conectada a dicha pata horizontal

cercana a dicha parte talon del mismo;

Proporcionar tuberia de inyeccion en dicho pozo de produccidn,

. extendiendose de la superficie de dicho pozo de produccién por

lo menos hasta dicha parte talon de dicho pozo de produccién
para recoger dicho hidrocarburo que fluye a dicha pata
' horizontal;

|
. Proporcionar tuberia de inyeccién dentro de dicho pozo de

. produccion, dicha tuberia de inyeccidn extendiendose hacia

abajo en dicha seccidn vertical a una posicidn extendiendose

|
|
' por lo menos a dicha parte talén de dicha pata horizontal;
!
|
| . . .

. Inyectar un medio en la pata horizontal, donde tal medio es
- escogido del grupo de medios incluyendo individualmente o en
. combinacién, un gas no oxidante, vapor, agua, o diéxido de
. carbono;

|

|

|

| . . . ., . .

| Proporcionar perforaciones en dicha seccion vertical de dicho

' pozo de produccion en una posicion sobre dicha parte taldn;
|

- Proporcionar un gas oxidante a dicha seccién vertical y entonces
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(h)

(1)

<

|
|
|

t

Ea una parte de dicho reservorio de hidrocarburos por via de
i dichas perforaciones en dicha seccion vertical;

|
|Encender dicho hidrocarburo en dicho reservorio de
hidrocarburo cerca a dicha seccién vertical, de tal manera que
cause la combustién de una parte de dicho hidrocarburo in dicho
i reservorio de hidrocarburo y de ese modo crear un frente de
| combustién que avance exteriormente y lejos de dicha seccion
|

| vertical por lo menos en direccién a lo largo de dicha pata

| horizontal y hacia dicha parte dedo del mismo;

" Causar que el hidrocarburo licuado calentado de dicho
' reservorio drene de las regiones superiores del mismo y se

| acumule en dicha pata horizontal; y

Extraer de dicho pozo de produccién, a través de dicha tuberia

'

de produccién, dichos hidrocarburos que han fluido a dicha pata

. horizontal.
|

14. El pcheso de la reivindicacion 12 donde un lado abierto de la tuberia

de produccion esta situado cerca a la parte dedo de la pata horizontal.

1

[
15.  El proceso de las reivindicaciones 13 o 14 donde vapor o agua es

inyectado continuamente o periédicamente en dicha tuberia de

i

inyeccién para mantener una presion positiva en la pata horizontal y

entonces ayudar en evitar el ingreso de dicho gas oxidante del

reservorio a la pata horizontal del pozo de produccion.

16.  Un proceso para la recuperacién de hidrocarburo licuado o gasificado

.y ) . .
de una formacién subterranea de hidrocarburos incluyendo los pasos de:

(a)

|
. Proporcionar por lo menos un pozo de produccion teniendo una
i

pata horizontal sustancialmente posicionada relativamente bajo
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(b)

©

(d)

®

52

l
{

é en dicha formacin, dicha pata horizontal teniendo de unlado de
|la misma una parte talon y en el lado opuesto de la misma una
parte dedo, situada en la formacién un poco mas baja en
“elevacion que dicha parte talon, dicha pata horizontal adaptada
para permitir el flujo de hidrocarburo liquido al interior de dicha
: pata horizontal, dicho pozo de produccion teniendo una seccién
vertical sustancialmente conectada a dicha pata horizontal

‘cercana a dicha parte talon del mismo;

|
!

- Proporcionar tuberia de provduccién dentro de dicho pozo de
' produccién extendiendose hacia abajo dentro de dicha seccion
' vertical y a lo largo de dicha pata horizontal a dicha parte dedo,
| para recoger dicho hidrocarburo que fluye a dicha pata
. horizontal;

|

' Proporcionar tuberia de inyeccién en dicho pozo de produccion,
dicha tuberia de inyeccion extendiendose hacia abajo en dicha

seccién vertical a dicha parte talon;

Inyectar un medio en dicho pozo de produccion por via de dicha

tuberia de inyeccién donde dicho medio es escogido de un
grupo de medios incluyendo individualmente o en combinacion,

un gas no oxidante, vapor, agua, o diéxido de carbono;

" Proporcionar un pozo de inyeccion como camino lateral de re-
" entrada de dicha seccién vertical de dicho pozo de produccion,
cuya inyeccién bien se extiende a la formacién de

hidrocarburos.

| Proporcionar un gas oxidante a una parte de dicha formacién de

|

|

{

!

[

. hidrocarburo por via de dicho pozo de inyeccion;
|

|

| Encender dicho hidrocarburo en dicha formacién de
1
|
|
|

30



3

:

|

!hidrocarburo cerca a dicha seccidn vertical, de tal manera que
fcause la combustién de una parte de dicho hidrocarburo en
' dicha formacién de hidrocarburo y de ese modo crear un frente
de combustién que avance exteriormente y lejos de dicha
: seccion vertical por lo menos en direccién a lo largo de dicha

pata horizontal y hacia dicha parte dedo del mismo;

(h)  Extraer de dicho pozo de produccién, por via de dicha tuberia
:‘de produccién, el hidrocarburo que ha fluido a dicha pata
' horizontal.
|
17. El pr(?)ceso de la reivindicacién 16 donde se inyecta vapor o agua
continuamente o periédicamente al pozo de produccion para mantener una
presion posiﬁva sustancialmente en la pata horizontal del mismo y de ese
modo ayudar a evitar el ingreso de dicho gas oxidante de la formacion a la

|
pata horizontal del pozo de producci6n.
I

|
i
|
1



<t

ABSTRACTO

Un método modificado de recuperacién in situ de hidrocarburos deuna
formacion su!bterrénea que contiene hidrocarburo. Un pozo de produccién en
forma de “LT”, que tiene una seccién vertical superior, y una pata inferior
horizontaiménte extendida que esta posicionada baja en la formacion de
hidrocarburdj, es proporcionada. La pata horizontal se conecta a la seccion

'
vertical del 1%)020 de produccién en una parte talén y tiene una parte dedo al

|
final opuest(;) de la misma. Un gas oxidante es inyectado en la formacion
préxima a lzf secci6én vertical del pozo de produccién. Un frente vertical de
combustion ;es creado que se causa que barra hacia el exterior de este y
lateralmenteidentro de la formacidn sobre la pata horizontal, del talén al dedo
de la pata hofrizontal, causando que los hidrocarburos en la formacion sobre
la pata horiz!ontal sean mejorados de categoria y licuados, y posteriormente
drenados hajcia abajo hacia la pata horizontal que es permeable, donde tales
hidrocarburos licuados son extraidos a la superficie por via de un tubo de
produccion. Un gas no-oxidante es inyectado en la parte del talon de la pata
horizontal p(f)r via de un tubo de inyeccién contenido entre la seccin vertical
del pozo die produccién. Los beneficios del método modificado del
recuperacion in situ incluyen una disminucién de costos y un menor impacto

del medio ambiente.



£s

Fig.1A (Arte Previo)

//
N
~
/
\ \ 2
o T p
R ﬂ
.; )]
. /), 2
g S /T — -

Falla

16



F;g‘] B (Arte PrevioE)

4
® 22 ]

Falla




Fig.2A

[ emmsesasvmaemeny




&




<7

e O SR

Fig.2

16






2 (




9

26




From the RECEIVING OFFICE

PATENT COOPERATION TREATY

To:

The International Bureau of WIPO
34, chemin des Colombettes
1211, Geneva 20
Switzerland

PCT

NOTIFICATION OF DATE OF RECEIPT
OF PRIORITY DOCUMENT OR OF
PRIORITY APPLICATION NUMBER

(PCT Administrative Instructions,
Section 323(a), (b} and (c))

Applicant’s or agent’s file reference

Date of mailing 20 April 2009 (20-04-2009)

'
I
'

ARCHON TECHNOLOGIES LTD. ET AL

{
E
A8115286WO } (day/monihlyear)
International application No. i International filing date 23 January 2009 (23-01-2009)
PCT/CA2009/000066 (day/monthiyear)
Applicant i

Identification of the priority decument(s):

1
l
|
i
I
|

1. [X] This receiving Office hereby'i gives notice of the receipt of the priority document(s) identified below on:
|

06 April 2009 (06-04-2009) .

2. [ ] This receiving Office hereby| gives notice of the receipt of a request {(made under Rule 17.1(b)) to prepare and transmit to the
International Bureau the priority document(s) identified below on:

1
|
Priority date ! Priority application No. Country or regional Office
| or PCT receiving Office
|
13 January 2008 (13-01-2008) | 2,621,013 cA
13 January 2008 (13-01-2008) 12/068,881 us

I
Name and mailing address of the Recéiving Office/CA
Canadian Intellectual Property Office;
Place du Portage I, C114 - Ist Floor, Box PCT
50 Victoria Street [
Gatineau, Quebec K1A 0C9 0
Facsimile No.: 001-819-953-2476 !

Authorized Officer
Jean-Luc Robert 819- 953-0756

Form PCT/RO/135 (July 1998; reprint January 2004)
[l

DOCKETED




G

" PATENT COOPERATION TREA™™

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference ’ FOR FURTHER see Form PCT/ISA/220
A8115286WO | ACTION  as well as, where applicable, itom 5 below
International application No. ; International filing date (day/month/year) (Earliest)Priority date (day/month/year)
PCT/CA2009 /000066 | 23 January 2009 (23-01-2009) 13 January 2008 (13-01-2008)
App}iéant

ARCHON TECHNOLOGIES LTD. ET AL

This international search report has beex% prepared by this International Searching Authority and is transmitted to the applicant according to
Article 18. A copy is being transmitted |t() the International Bureau.
{

1
This international search report consistsiof atotal of 3 _ sheets.

{X] Itis also accompanied by a! copy of each prior art document cited in this report.

1. Basis of the report

]
i
a. With regard to the language, the "international search was carried out on the basis of:

{X] the international a'pplication in the language in which it was filed

[ ] atranslation of the international application into , which is the language
of a translation furl’nished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. [ 1This international search re};ort has been established taking into account the rectification of an obvious mistake
authorized by or notified to|this Authority under Rule 91 (Rule 43.6bis(2)).
c. [ ]Withregard to any nucleofide and/or amino acid sequence disclosed in the international application, see Box No. 1
2, [ ]Certain claims were foumi unsearchable (see Box No. II)
3. [ 1Unity of invention is lackilixg (see Box No. IIT)
4. With regard to the title, |

[ X ]the text is approved as submitted by the applicant
[ Jthe text has been established by this Authority to read as follows :

5. With regard to the abstract,
[ X ] the text is approved as submitted by the applicant
[ }the text has been estabﬁshefd, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant

may, within one month fror‘n the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,

>

a. the figure of the drawings to be published with the abstract is Figure No.
[X] assuggested by the applicant '
B
[ ] asselected by this; Authority, because the applicant failed to suggest a figure

[ 7 asselected by this: Authority, because this figure better characterizes the invention

b. [ ] noneofthe figures is to be published with the abstract

Form PCT/1SA/210 (first sheet) (July 2008) Page1of 3
|



2

INTERNA™ [ONAL SEARCH REPORT ~ | International application No.
' : PCT/CA2009/000066
A CLASSIFICATION OF SUBJECT MATTER
IPC: E21B 43/243 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED :

" Minimuim documentation searched (classification system followed by classification syinbols)

IPC (2006.01): E21B 43/16, 43/24,|43/243
USPC: 166/256, 166/257, 166/261 !

Documentation searched other than miriimum documentation to the extent that such documents are included in the fields searched

1
|

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)
Questel Orbit QWeb Pluspat, Delphion‘, CPD; keywords: in sita combustion, injection, oxide, toe, heel, thai, capri.

C. DOCUMENTS CONSIDERED TOBE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
|
A US 5626191 Al (GREAVES, M. et al.) 6 May 1997 (06-05-1997) 1-17
*cited by the applicant® |
*whole document™® '
|
A WO 2005121504 Al (AYASSE, C.) 22 December 2005 (22-12-2005) 1-17
*cited by the applicant®
*whole document*
A WO 2007033462 Al1(TURTA, A. et 2l.) 29 March 2007 (29-03-2007) 1-17

*whole document*

A US 5626193 A (NZEKWU, B. 1. et al) 6 May 1997 (06-05-1997) 1-17
*whole document*

{ ] Further documents are listed in the continuation of Box C. [X] Seepatent family annex.
® Special categories of cited documents : | “T*  iater document published afler the international filing date or priority
. | date and pot in conflict with the ap&ehquﬁon but cited to understand
A" document defining the generat state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance .
X o R “X"  document of particular rel ; the claimed ion cannot be
“E” earlier application or patent but published on or after fhe international considered povel or cannot be considered to involve an inventive
filing date | step when the documpent is taken alone
“ document which may throw doubts on priority claim(s) or which is “y*  document of particnlar relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the documentis .
special reason (as specified) ' combined with one or more other documents, such combination
3 i . being obvious to a person skitled in the art
“or document referring to an oral disclosure, use, exhibition or other means
. R K i “&"  document member of the same patent family
“p document published prior to the international filing date but later than
the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
22 April 2009 (22-04-2009) 12 May 2009 (12-05-2009)
Name and mailing address of the ISA/CA Authorized officer
Canadian Intellectual Property Office !
Place du Portage I, C114 - 1st Floor, Box PCT Christian Opris 819- 934-4264
50 Victoria Street !
Gatineau, Quebec K1A 0C9 !
Facsimile No.: 001-819-953-2476

Form PCT/ISA/210 (second sheet ) (J;uly 2008) Page2 of 3




=S

INTERNA™ INAL SEARCH REPORT International application No.
Informati. | on patent family members PCT/CA2009/000066
Patent Document Publication Patent Family Publication
Cited in Search Report Date | Member(s) Date
(
US 5826191A 06-05-1997 CA 2176630A1  24-12-1996
CA 2176638C 08-08-2000
WO 2005121504A1 22-12-2005 AR  050826At1 29-11-2006
AU 2005252272A1 22-12-2005
BR PI0511304A 04-12-2007
CA 2568676A1  22-12-2005
CA 2579854A1  27-08-2007
CN 1993534A 04-07-2007
EC SPO67085A  28-02-2007
EC SP088779A 27-11-2008
GB 062447700  17-01-2007
GB 0817717D0  05-11-2008
i GB  2430954A 11-04-2007
: GB 2430954B 30-04-2008
X GB  2450442A 24-12-2008
KR 20070043939A  26-04-2007
MX PAQ6014207A  04-05-2007
NO 20084085A  27-11:2008
US 7493052B2  24-02-2000
US 749395382  24-02-2009
US 2006207762A1 21-09-2006
US 2008066907A1 20-03-2008
US 2008169096A1 17-07-2008
WO 2007095763A1 30-08-2007
WO 2007033462A1 29-03-2007 CA 2620344A1  29-03-2007
US 7328743B2  12-02-2008
US 2007068674A1 29-03-2007
US 5626193A 06-05-1997 AU 5265196A 30-10-1996
' CA 2162741A1 12-10-1996
‘ CA 2162741C 20-12-2005
WO 9632566A1  17-10-1896

1
|
i
1
|
l
t
.
(
|

Form PCT/ASA/210 (patent family anméx ) (July 2008)

|
i
|
|

Page 3 of 3




PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY
To:
GOWLING LAFLEUR HENDERSON LLP P CT
Suite 1400 WRITTEN OPINION OF THE
700 - 2nd Street, S.W. | INTERNATIONAL SEARCHING AUTHORITY
CALGARY, Alberta ;
Canada, T2P 4V5 | (PCT Rule 43bis.1)
Date of mailing 12 May 2009 (12-05-2009)
(day/month/year)
Applicant's or agent's file reference FOR FURTHER ACTION
A8115286WQO See paragraph 2 below .
International application No. International filing date day/month/year) Priority date (day/month/year)
PCT/CA2009/000066 23 January 2009 (23-01-2009) 13 January 2008 (13-01-2008)

|
International Patent Classification (IPC) or both national classification and IPC
IPC: E21B 43/243 (2006.01)

Applicant
ARCHON TECHNOLOGIES LTD. ET AL

1. This opinion contains indications relating to the following items :

[X] BoxNo.I Basis of the opinion

[ 1 BoxNo. I Pno:my

[ ] BoxNo I Nox{-establishment of opinion with regard to novelty, inventive step and industrial applicability
[ J BoxNo.IV Lack of unity of invention

[X] BoxNo.V Reasoned statement under Rule 435is. 1(a)(i) with regard to novelty, inventive step or industrial

app;licability, citations and explanations supporting such statement
{ 1 BoxNo. VI Cer;tain documents cited
|
[ ] BoxNo. VI Cerfain defects in the international application
L

[X] BoxNo. VI Cerftain observations on the international application
2. FURTHER ACTION !
If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the International Preliminary
Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority other than this one to be the [PEA and the chosen IPEA
has notified the International Bureau under Rule 66, 1bis(b) that written opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA 2 written reply together,
where appropriate, with amendments, bg:afote the expiration of 3 months from the date of mailing of Form PCT/ISA/220 or before the expiration of 22 months
from the priority date, whichever expires later.

|

|
For further options, see Form PCTIISA/|220.

3. For further details, see notes o Form P¢T/ISA/220.
]

|

Name and mailing address of the ISA/CA Date of completion of this opinion Authorized officer

Canadian Intellectual Property Office :

?éa:; du I”ortage 1, C114 - 1st Floor, ‘iBOX PCT 23 April 2009 (23-04-2009) Christian Opris  819- 934-4264
ictoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 001-819-953-2476

Form PCT/ISA/237 (cover sheet) (April 2007) Page 1 of 4
|

(
|
i
|
|
|
|
1
1




2%

W TTEN OPINION OF THE International application No.
lNTERNATI|0NAL SEARCHING AUTHORITY PCT/CA2009/000066
|
Box No. I Basis of this opinion

1. With regard to the language, this (!:pinion has been established on the basis oft
3
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the prior art, and therefore claims 1-

Industrial Applicability (IA)
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|

An antecedent basis is missing for the term “said injection well” of claim 1, which is contrary to the clarity requirement expressed in PCT
Article 6. | —

!

Claim § is missing the number of the claim upon which it depends, contrary to the specifications of PCT Rule 6.4 (a).

|
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International publication date (day/month/year) Priority date (day/month/year)
Not yet published 13 February 2008 (13.02.2008)
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1. By means of this Form, which replaces any previously issued notification concerning submission or transmittal of priority documents, the
applicant is hereby notified of the date of receipt by the International Bureau of the priority document(s) relating to all earlier
application(s) whose priority is claimed. Unless otherwise indicated by the letters “NR", in the right-hand column or by an asterisk
appearing next to a date of receipt, the priority document concemed was submitted or transmitted to the International Bureau in
compliance with Rule 17.1(a} or (b)

2. (if applicable) The letters “NR" appearing in the right-hand column denote a priority document which, on the date of mailing of this

® ! Form, had not yet been received by the International Bureau under Rule 17.1(a) or (b). Where, under Rule 17.1(a), the priority

N document must be submitted by the applicant to the receiving Office or the International Bureau, but the applicant fails to submit the

priority document within the applicable time limit under that Rule, the attention of the applicant is directed to Rule 17.1(c) which

. provides that no designated Office may disregard the priority claim concered before giving the applicant an opportunity, upon entry into
the national phase, to furnish the priority document within a time limit which is reasonable under the circumstances.

3. (If applicable)An asterisk (*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted or
transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b) (the priority document was received after the
time limit prescribed in Rule 17.1(a) or the request to prepare and transmit the priority document was submitted to the receiving Office
after the applicable time limit under, Rule 17.1(b)). Even though the priority document was not furnished in compliance with Rule 17.1(2)
or (b), the International Bureau will nevertheless transmit a copy of the document to the designated Offices, for their consideration. In
case such a copy is not accepted byi the designated Office as the priority document, Rule 17.1(c) provides that no designated Office may
disregard the priority claim concemed before giving the applicant an opportunity, upon entry into the national phase, to furnish the
priority document within a time limit which is reasonable under the circumstances.

. ¢ ‘ . icati . _ int
Friority date Briority application No. mmwf:l ing Off [m"ﬁm ity doc
13 February 2008 (13.02.2008) 2,621,013 CA 22 April 2009 (22.04.2008)
13 February 2008 {13.02.2008) ! 12/068,881 us 22 April 2008 (22.04.2009)
|
i
I
|
\
i
The International Bureau of WIPO Authorized officer
34, chemin des Colombettes . v e .
1211 Geneva 20, Switzerland Athina Nickitas-Etienne
e-mail PT04.PCT@WIPO.INT
Facsimile No. +41 22 33882 70 Telephone No. +41 22 338 74 04

Form PCT/IB/304 (October 2005) I/DIFtWAJUO

I
|
|
{
|
|
|
|
1
1
|
|
|
|
!
i



Al

File Copy . PCT/CA2009/000066
PATENT COOPERATION TREATY

ADVANCE E-MAIL

From the INTERNATIONAL BUREAU

PCT To:

1
l

GOWLING LAFLEUR HENDERSON LLP
NOTIFICATION OFIR]:CEIPT OF 700-2nd Street, S.W.
RECORD COPY .
Suite 1400
Scotia Centre
(PCT Rule 24.2(a)) Calgary, Alberta T2P 4V5
CANADA

Date of mailing (day/month/year)

27 February 2009 (27.02.2009) IMPORTANT NOTIFICATION
Applicant's or agent's file reference International application No.
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]
The applicant is hereby notified that the International Bureau has received the record copy of the international application as detailed below.

Name(s) of the applicant(s) and State(s) for which they are applicants:

ARCHON TECHNOLOGIES LTD. (ali designated States)

International filing date: 23 January 2009 (23.01.2009)
Priority date(s) claimed: 13 February 2008 (13.02.2008)

' 13 February 2008 (13.02,2008)
Date of receipt of the record copy by the International Bureau: 08 February 2009 (08.02.2009)
List of designated Offices:

AP: BW, GH, GM, KE, LS, MW, MZ, NA, SD, SL, §Z, TZ, UG, ZM, ZW

EA: AMAZBYKGKZMDRUTJTM

EP: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO,
PL,PT,RO, SE, S, SK, TR |

OA: BF, B, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, Tb, TG
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DM, DO, DZ EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, JP, KE
KR,KZ,LA,LC, LK, LR, LS,L!T,LU,LY MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ, N,
OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG, 8K, SL, 8M, ST, SV, 8Y, TJ, TM, TN, TR, TT,
VC, VN, ZA, ZM, ZW

|
ATTENTION: The applicant should carcfuily check the data appearing in this notification. In case of any discrepancy between these data and
the indications in the international application, the applicant should immediately inform the Intemational Bureau. In addition, the
applicant's attention is drawn to the information contained in the Annex, relating to:
- time limits for entry into the natlonal phase - see updated important information (as of April 2002)

- requirements regarding priority dof:uments (if applicable)
1

A copy of this notification is being sent to the receiving Office and to the International Searching Authority.
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The International Buree' u of WIPO Authorized officer
34, chemin des Colombettes . .
1211 Geneva 20, Switzerland Vigne Frederic
| e-maii pt04.pct@wipo.int
Facsimile No, +41 22 338 89 95 | Telephone No, +41 22 338 74 04
|
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ASSIGNMENT

WHEREA'? the following persons, namely. AYASSE, Conrad; WU, Xinjie
(Jessica); and BLOOMER, Chris, whose full mafiing addresses are: ¢/o Archon Technologies
Lid, Suite 2600, 240 — 4|th Avenue S.W., Calgary, Alberta, T2P 4H4, Canada; 5735 Dalhousie
Drive NW, Calgary, Alberta, T3A 172, Canada; and c/o Archon Technologles Ltd, Suite 2600,

240 — 4th Avenue SW., Calgary, Alberta, T2P 4H4, Canada, respectively,

(hereinafter “AYASSE, Conrad; WU, Xinjie (Jessica); and BLOOMER, Chris” or “the said
inventors *)

has invented and are|inventors of a “A MODIFIED PROCESS FOR HYDROCARBON
RECOVERY USING IN SITU COMBUSTION”, which Is more fully desctibed and which is the
subject of Canadian Patent Application 2,621,013 filed February 13, 2008 and United States
Patent Application 12/06:8,881 filed February 13, 2008. (hereinafter “the invention”); and

WHEREAS the said inventors are agreeable to assign all legal right, title and interest in
and fo the said invention which they may be possessed of to:

ARCHON TECHNOLOGIES LTD., whose full matiing address is Suite 2600, 240
— 4th Avenue S.W., Calgary, Alberta, T2P 4H4, Canada

NOW THEREFORE, in consideration of $1.00 paid by ARCHON TECHNOLOGIES
LTD. to AYASSE, Conrad; WU, Xinjie (Jessica); and BLOOMER, Chris, the receipt of which
is hereby expressly acknowledged by them, and in consideration of further other good and
valuable consideration, the recelpt of which is likewise hereby acknowledged by them, hereby
assigns all of their rlghts‘, fitle and interest that they may have in Canada, the United States, and
throughout the world klx the Invention, to ARCHON TECHNOLOGIES LTD., including and
without limiting the fc%regoing gl rights, title and Inferest in and to all improvements,
modifications, revisions|and additions that either of them may make to the Invention, and any
addifional patent applications that may be filed and may issue therefor throughout the world, as
well as in any and all re-lssue, continuation, continuation-in-part or divisional patent applications
that may be filed or ma;i; issue therefor.

The said inventors AYASSE, Conrad; WU, Xinjie (Jessica); and BLOOMER, Chris do
further agree to sign and do all things that may be reasonably hecessary or required of them to
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allow ARCHON TECHNOLOGIES LTD. to obtain registration as owner of such patent rights in
the Invention throughout the world, including sighing from time to time additional declaratory
documents confirming thé intention and purport of this Assignment document.

SIGNED at @*b R s €72 day of Marcey 2000,

/

*

Signaturd of

. Name ﬁ?Ldf (25,

AYASSE, Con

(Plaase Print)

264

SIGNED at O&(ﬁaf 2, Al éef'ﬁ‘- , this /)@’ day of Morch. . 2000,

-

Signaturk of Witness
Name X7 Ap UoN &

| WU, Xinjie (Jessica)

ZHANG

(Piease Print)

SIGNED at C&(ea&»m /9/4\%7(7» , this / ﬁ day of MM?L 2000,

i

Sigriature of Witnkgs |

Name
(Please Print)

CAL_LAWA 140483111
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| Assignment Accepted By
ARCHON NOLOGIES LTD.

by;
422 8 Kt.eormér

(Please Print)
Tile: p ICESIDERT
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Aralres- AFFIDAVIT OF EXECUTION /([
el zins, ¥ A e

Hazinstols. of th;e Ol MAKE OATH AND STATE:

1. twas personally present, and did see AYASSE, Conrad who is personally known to me
‘ and who confirmed fo me he was the said AYASSE, Conrad referred to in the
‘ Assignment to which this Affidavit is attached, sign the aforementioned Assignment
~ document on the respective date above-mentionsd.
i

2 AYASSE, Conrad confirmed to me at the time of his signing the aforesaid Assignment

. ’ that he was signln:g such Assignment document of his own free will in absence of any

duress or comp’u!siion.

SWORN before n"se inthe Ci )

of ‘i , Province of éé’f‘h’,)

this ay of _j arth. ,2009)
) ,
) " -
gL S &
) - Signature of Witness

reaR Hatzinikoles
A“garﬂsler and Solichor
Page 30f5
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AFFIDAVIT OF EXECUTION
- ?

‘ me and who confirmed to me she was the said WU, Xinjie (Je
o Assignment to which this Affidavit is attached, sign the aforemen

document on the respective date above-mentioned.

2 WU, Xinjie (Jessica) confirmed to me at the time of her signing the aforesald

N : ) MAKE OATH AND STATE:

1. | was personally p!resent, and did see WU, Xinjie (Jessica) who ig personally known to

ssica) referred to in the
tioned Assignment

. ' Assignment that she was signing such Assignment document of her own free will in

absence of any dtrress or compulsion.

SWORN before n‘pe in the City )!

Province of,

of
this 2gday of W"“ 2007, }
)

r & N Public n an® )
‘% o5 e iiir:czv;nco, of Mberid ) '
MICHAEL B, WHITT ) 2 v s
ammissioner of Oaths in and for ) ignature of \Jitness
)

t

| .
MY COMIMISSION EXPIRES
AT THE PLEGSURE OF THE

1T GOVERNGOR OF ALBERTA

CAL LAV 1404831\
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AFFIDAVIT OF EXECUTION ﬁ/épﬁf'm .

}Meﬁw
Lﬂ;ﬁcﬁ(ﬁé’d the (s - . ,IQ/M)‘CC.MAKE OATH AND STATE:

1.

CAL_LAW 1404931\1 i

t was personally present, and did see BLOOMER, Chris who Is personally known to me
and who oonﬁrme}d 1o me he was the said BLOOMER, Chris referved to in the'
Assignment to which this Affidavit is atached, sign the aforementioned Assignment
document on the respecfive date above-mentioned.

BLOOMER, Chris confirmed to me at the time of his signing the aforesaid Assignment
that he was signing such Assignment document of his own free will in absence of any

duress or compul[sion.

SWORN before me inthe C )
Of (o legry Province ofﬁ% et
this Upzd-__ 200_ )

/@Q«M

Signature of Witness

Page 50of 5
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E SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO

' Ind ustriay Comercio | . - DIVISION DE NUEVAS CREACIONES

SUPERINTENDENCIA

EXTRACTO PARA PUBLICACION
SOLICITUD DE-PATENTE DE INVENCION PCT

(21) N° de solicitud:

22) Feché de solicitud:

(BOIntCt  E21B 43/243
(71)Solicitante(s)

_ : : - Archon Technologies Ltd.
(30) Prioridad  (31) No. Priodidad 32) Fecha . (33) Pais "
2,621,013 13/02/08 CA A
, - '} (72) Inventor(es) AYASSEConrad; WU Xinjie;
BLOOMER Chris
(74) Apoderado: Camilo Alvarez
-1(85) Fecha limite inicio fase nacional: ‘ - 87 Ty -

. Publicacion intern

(86) _Datos relativos ala presentacnon dela sollmtud ?’%‘?‘3/10 ) Fecha: amg::ha (dd/mm/aa)

Fecha de presentacion de la solicitud:  Fecha N° publicacion: wo

No. de solicitud PCT/ 01/23/09 -

VaWlaVaVa¥aVuld

(54) Titulo:

Fe i A\,AAUUJ/UUUUUU

Un-Pracesd Mndificadd para la Recup'eracion de Hidrocarburo Utilizando Combustion In Situ

Resumen - E?ivi

“dedo”.

(%fs;))resente 1nvent0 es de un proceso modificado de recuperacion de hidrocarburo in sifu
que en lugar de myectar gas oxidante cerca de la parte del “dedo” de la pata horizontal inyecta gas
oxidante en o cerca de la seccién vertical de produccién del pozo de produccién (i.e., en la parte del
“talon”). El proceso] modificado obvia la necesidad de un camino separado al de
perforacmn/produccmn para la inyeccion de gas oxidante, entonces reduciendo costos y disminuyendo

- el impacto ambiental perjudicial de los métodos de recuperacion in situ.

Ventajosamente, el proceso del presente invento, en una tercera inclusién abajo descrlta elimina
ademas la necesidad de un pozo separado de inyeccién de gas oxidante, en el sentido de que, en tal
refinamiento, la seccién vertical del pozo de produccién también sirve como pozo de inyeccion,

: |
reduciendo de ese modo los costos de perforacion de pozos y reduciendo los costos de capital.

Especificamente, en lugar de ser un proceso “dedo a talén”, el proceso del presente invento es un

proceso “talon a dedo?. El punto de inyeccion de gas oxidante es modificado para estar en el

“talon” en oposicién al “dedo” de tal manera que el frente de combustién se mueve en direccion
opuesta al de proceso THAI®, a saber-de la direccion del talén del pozo horizontal hacia el

- _

' I

Enel presente invento, tres regiones de la reserva son desarrolladas en relacion con la posicion de

la zona de combustion. (Cerca del “talon” y después del pasaje del frente de combustion lejos del
talon se encuentra la zona de aceite agotado quemado que resulta despues de la inyeccion del gas
oxidante y después de que el frente de combustién haya avanzado por un tiempo hacia el exterior y -
fuera del pozo de inyeccion y la parte “talén” de la pata horizontal. Tal zona quemada es
sustancialmente llenada! con gas oxidante. Al lado se encuentra la zona de coque, que es -

esencialmente el drea déntro de la reserva a la que el gas oxidante ha podido penetrar entonces en
el reservorio, y es esencialmente el drea donde existe el frente de combustién (la combustién que

. | . c
ocurre siendo ella del coque restante que es el hidrocarburo restante entonces después de que los

hidrocarburos-mas livianos dentro de tal reservorio y antes de tal frente de combustion han sido
licuados o gasificados yI han fluido a la pata horizontal y posterlormente extraidos a la superficie.
Finalmente, hacia el “pie’ del pozo horizontal se encuentra la region de la reserva que contiene
hidrocarburos hacia la q||ue el frente de combustion avanza.

l
A mas altas tasas de iny‘eccion de oxidacién, aumenta la presion de la reserva y el gas oxidante en
la zona quemada, que contlene oxigeno residual, puede ser forzada hacia la pata horizontal del
pozo de produccién. Esto es evitado en el proceso del presente invento inyectando, bien por
tiempo limitado, o contmuamente un medio tal como un gas no oxidante tal como dioxido de
carbono, y/o vapor o agua, para aumentar la presion en la pata horizontal del pozo de producmon

1
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REQUISITOS MINIMOS PARA ADMISION A TRAMITE
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. ]
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|
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