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Methods for producing hydrocarbons from subterranean reservoirs are disclosed herein. The methods utilize a production well that
comprises a plurality of fluid-inlet components are spaced apart to define a plurality of production-well fluid-inlet zones. The
methods comprise injecting an injection fluid comprising a solvent into the reservoir, such that a drainage fluid comprising a liquid
phase and a gas phase occupies one or more of the production-well fluid-inflow zones. The method further comprises producing a
production fluid at a production-flow rate via a pump, and modulating the gas phase:liquid phase ratio of the production fluid by
orchestrating variations in the pump speed and one or more of the plurality of fluid-inlet components to prioritize hydraulic
communication with a subset of the plurality of production-well fluid-inlet zones.
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ABSTRACT

Methods for producing hydrocarbons from subterranean reservoirs are disclosed herein. The methods
utilize a production well that comprises a plurality of fluid-inlet components are spaced apart to define a
plurality of production-well fluid-inlet zones. The methods comprise injecting an injection fluid comprising
a solvent into the reservoir, such that a drainage fluid comprising a liquid phase and a gas phase
occupies one or more of the production-well fluid-inflow zones. The method further comprises producing
a production fluid at a production-flow rate via a pump, and modulating the gas phase:liquid phase ratio
of the production fluid by orchestrating variations in the pump speed and one or more of the plurality of
fluid-inlet components to prioritize hydraulic communication with a subset of the plurality of production-

well fluid-inlet zones.
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GAS-PHASE SOLVENT MANAGEMENT DURING PRODUCTION OF IN-SITU
HYDROCARBONS

TECHNICAL FIELD

[0001] The present disclosure generally relates to methods for in-situ hydrocarbon
production. In particular, the present disclosure relates to hydrocarbon-production processes

that involve injecting solvent to mobilize viscous hydrocarbons.
BACKGROUND

[0002] Viscous hydrocarbons can be extracted from some subterranean reservoirs
using in-situ production processes. Some in-situ production processes are thermal processes
wherein heat energy is introduced to a reservoir to lower the viscosity of hydrocarbons in situ
such that they can be recovered from a production well. In some thermal processes, heat
energy is introduced by injecting a heated injection fluid into the reservoir by way of an
injection well. Steam-assisted gravity drainage (SAGD) is a representative thermal-recovery

process that uses steam to mobilize hydrocarbons in situ.

[0003] Some thermal recovery processes employ injection fluids that include solvent,
optionally in combination with steam. Solvent-aided processes (SAP) are one such category.
In the context of the present disclosure, SAP injection fluids comprise less than about 50%
solvent and greater than about 50% steam on a mass basis. Solvent-driven processes (SDP)
are another such category. In the context of the present disclosure, SDP injection fluids
comprise greater than about 50% solvent and less than about 50% steam on a mass basis.
SAP and/or SDP processes are typically employed as one phase in a broader production
profile. For example, a well may be transitioned through: (i) a start-up phase during which
hydraulic communication is established between an injection well and a production well; (ii)
a SAGD phase during which a production chamber expands primarily in a vertical direction
from the injection well and mobilized hydrocarbons are recovered from the production well
along with condensed steam; (iii) an SAP and/or SDP phase during which injected solvent
facilitates further chamber growth and hydrocarbon mobilization such that solvent and

mobilized hydrocarbons are produced via the production well; and (iv) a blow-down phase
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during which non-condensable gas is injected to recover residual hydrocarbons and solvent
that would otherwise remain stranded. In some cases, a well may be transitioned from a start-

up phase to a SAP and/or SDP phase without an intervening SAGD phase.

[0004] Successfully executing the SAP and/or SDP phase(s) of a production process
is difficult due at least in part to the inherent complexities associated with recovering
production fluids that comprise both gas-phase and liquid-phase components. Under
reservoir conditions, gas-phase solvents are often highly mobile, and can dominate flow
paths into the production well. Conventional production-well completions are not well suited
to managing both high gas-phase solvent ingress, and processes that use conventional
production-well completions are often plagued by a lack of control over the gas phase:liquid

phase ratio of the production fluid.
SUMMARY

[0005] During most SAP and/or SDP recovery phases, retaining gas-phase solvent
within the reservoir during production is desirable. The reasons for this are at least twofold:
firstly, produced gases require processing, and gas processing may create a bottleneck on
oil production; secondly, in-situ gas-phase solvent in the reservoir can be used to drive further
mobilization thereby improving recovery metrics. Accordingly, there is a need for alternative
SAP and/or SDP strategies that allow for a greater degree of control over the extent to which

gas-phase solvent is produced during SAP and/or SDP operation.

[0006] As set out in detail in the present disclosure, extensive field trials and state-
of-the-art simulations indicate that, during a SAP and/or SDP, gas-phase solvent production
can be modulated to provide improved recovery metrics by taking a coordinated approach to
configuring and/or operating two production-well completions, the fluid-inlet components and

the pump.

[0007] The present disclosure asserts that the pool of drainage fluids surrounding the
production well can be segmented into semi-localized in-flow zones by spacing the fluid-inlet
components at sufficient distances along the horizontal section of the production well. By
employing fluid-inlet components that limit flow of high gas-content drainage fluids, the semi-
localized zones that are occupied by high gas-content drainage fluids can be deprioritized in

favour of those semi-localized zones occupied by low gas-content drainage fluids. As such,
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the produced fluids — those permitted within the production well — are better suited to the
pump and facility thresholds, and the non-produced drainage fluids having high gas content

are substantially retained within the reservoir.

[0008] It is reasonable to assume that using fluid-inlet components to limit the flow of
high gas-content drainage fluids will result in a commensurate decrease in oil production.
However, the results of the present disclosure indicate that this need not be the case. The
methods of the present disclosure couple variations in the fluid-inlet configuration with pump-
speed modulations, and the examples set out herein indicate that oil production rates can be
maintained or even improved while simultaneously providing favourable liquid phase:gas
phase ratios. Accordingly, the present disclosure provides a coordinated approach to
configuring and/or operating the production well to provide alternative SAP and/or SDP
strategies that allow for a greater degree of control over the extent to which gas-phase solvent
is produced during SAP and/or SDP operation. For example, a threshold gas-production rate
may be selected, and a method in accordance with the present disclosure may be
implemented to achieve a target oil-production rate without violating the threshold. Likewise,
a threshold oil-production rate may be selected, and a method in accordance with the present
disclosure may be implemented to maintain gas production below a threshold gas-production

rate.

[0009] Select embodiments of the present disclosure relate to a method for producing
hydrocarbons from a subterranean reservoir that is penetrated by an injection well and a
production well. The production well comprises a substantially-horizontal section along which
a plurality of fluid-inlet components are spaced apart to define a plurality of production-well
fluid-inlet zones. At least one of the production-well fluid-inlet zones is in hydraulic
communication with the horizontal section of the production well. The method comprises
injecting an injection fluid comprising a solvent into the reservoir, by way of the injection well,
to mobilize hydrocarbons in the reservoir, such that a drainage fluid comprising a liquid phase
and a gas phase occupies one or more of the production-well fluid-inlet zones. The gas phase
comprises at least a portion of the solvent and the liquid phase comprises at least mobilized
hydrocarbons. The method further comprises producing a production fluid at a production-
flow rate via a pump running at a pump speed and in hydraulic communication with the
production fluid. The production fluid comprises at least a portion of the liquid phase of the

drainage fluid and at least a portion of the gas phase of the drainage fluid such that the
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production fluid is defined by a liquid phase:gas phase ratio. The method further comprises:
(i) orchestrating variations in one or more of the plurality of fluid-inlet components to modulate
the liquid phase:gas phase ratio of the production fluid by prioritizing hydraulic communication
with a subset of the plurality of production-well fluid-inflow zones, and (ii) orchestrating
variations in the pump speed to modulate the production-flow rate and account for the

variations in one or more of the plurality of fluid-inlet components.

[0010] Other aspects and features of the methods of the present disclosure will
become apparent to those ordinarily skilled in the art upon review of the following description

of specific embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other features of the present disclosure will become more apparent
in the following detailed description in which reference is made to the appended drawings.
The appended drawings illustrate one or more embodiments of the present disclosure by way

of example only and are not to be construed as limiting the scope of the present disclosure.

[0012] FIG. 1 shows a schematic illustration of a typical well pair configuration in a
hydrocarbon reservoir, which are operable to implement an embodiment of the present

disclosure.

[0013] FIG. 2 shows an expansion of the schematic of FIG. 1, with additional details

provided with respect to the production well.

[0014] FIG. 3 shows simulation results for oil rate as a function of time for methods

of the present disclosure as compared to a conventional SDP method.

[0015] FIG. 4 shows simulation results for gas rate as a function of time for methods

of the present disclosure as compared to a conventional SDP method.

[0016] FIG. 5 shows simulation results for cumulate gas production as a function of

time for methods of the present disclosure as compared to a conventional SDP method.
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[0017] FIG. 6 shows simulation results for instantaneous steam-oil ratio (iISOR) as a
function of time for methods of the present disclosure as compared to a conventional SDP

method.

[0018] FIG. 7 shows simulation results for cumulative steam-oil ratio (cSOR) as a
function of time for methods of the present disclosure as compared to a conventional SDP

method.

[0019] FIG. 8 shows simulation results for oil recovery factor as a function of time for

methods of the present disclosure as compared to a conventional SDP method.

[0020] FIG. 9 shows simulation results for cSOR as a function of oil-recovery factor

for methods of the present disclosure as compared to a conventional SDP method.

[0021] FIG. 10 shows simulation results for solvent-to-oil ratio as a function of time

for methods of the present disclosure as compared to a conventional SDP method.

[0022] FIG. 11 show simulation results for the oil saturations of wells in the JK plane

for methods of the present disclosure as compared to a conventional SDP method.

[0023] FIG. 12 show simulation results for the oil saturations of the wells in the IK

plane for methods of the present disclosure as compared to a conventional SDP method.

[0024] FIG. 13 show simulation results for the gas saturations of the wells in the JK

plane for methods of the present disclosure as compared to a conventional SDP method.

[0025] FIG. 14 show simulation results for the gas saturations of the wells in the IK

plane for methods of the present disclosure as compared to a conventional SDP method.
DETAILED DESCRIPTION

[0026] During operation of solvent-aided processes (SAP) and or solvent-driven
processes (SDP), inefficiencies can arise by solvent short-circuiting from the injection well or
production chamber to the horizontal production well. This can cause preferential flow of
solvent vapor rather than oil/water/emulsion and lead to inefficient operations where more
solvent vapor is removed than desired. The present disclosure reports a coordinated

approach to configuring and/or operating the production well so as to provide a greater
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degree of control over the extent to which gas-phase solvent is produced during SAP and/or
SDP operation. By employing fluid-inlet components that limit flow of high gas-content
drainage fluids, the pool of drainage fluids surrounding the production well can be segmented
into semi-localized in-flow zones, such that solvent short-circuiting can be mitigated. The
semi-localized zones that are occupied by high-gas content drainage fluids can be
deprioritized in favour of those semi-localized zones occupied by low gas-content drainage
fluids. The present disclosure reports that modulating pump speed has a considerable impact
on the cumulative flow through the flow-inlet components, such that oil production can
actually be increased while maintaining solvent ingress below threshold levels. For example,
the simulations set out herein indicate anticipated improvements in oil rates, gas rates,

steam-oil ratios, solvent-oil ratios, and oil-recovery factors.

[0027] In the context of the present disclosure, fluid-inlet components at the
production well may include any type of component that prioritizes liquid flow over gas flow,
such as inflow control devices (ICDs) and/or upper production ports (UPP). At a high level,
ICDs/UPPs may use one or more restrictions to reduce flow and create pressure drop across
the components. Higher pressure drops will be created as a result of higher flow rates
(typically gas) which in turn, chokes off the production through that component. There are
two main types of components: ones that are sensitive to fluid viscosity and ones that are
sensitive to fluid density. Components that are sensitive to viscosity are typically long, narrow
channels (helical shaped or long tubes) which are dominated by shear at the wall/fluid
interface. components that use fluid density and flow rate to achieve a pressure drop, require
restrictive ports (e.g. orifices or nozzles). ICDs are more sophisticated components with
multiple configurations/designs and range from elongated nozzles, to complex tortuous path
designs. UPPs, on the other hand, are very simple designs which incorporate holes drilled
into tubing that are appropriately sized. Both ICDs and UPPs may be implemented in the

methods of the present disclosure, as set out below.

[0028] In the context of the present disclosure, ICDs may comprise shiftable ports
that can be closed remotely using coiled tubing or other means of actuation. The ports in any
particular compartment can then be closed when high gas flows are detected based on
distributed acoustic sensing (DAS) and/or distributed temperature sensing (DTS) for instance
or can be closed at predetermined times based on well trajectories and times when gas flow

at particular locations are expected to become problematic such as high spots in the
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production well or sections where there are nearby production wells at lower elevations.
Alternatively, ICDs may be autonomous inflow control devices/valves (AICD/AICV) which can
close or restrict flow based on the nature of the fluid flowing. Autonomous valves may be
designed to restrict or shut off flow whenever gas production reached a threshold level and
so could automatically limit gas flow from any compartment of the well pair where gas
volumes became problematic. Under reservoir conditions, gas tends to flow with significantly
less resistance than oil, water, or emulsion, for example because of the high relative
permeability and the low dynamic viscosities characteristic of reservoir gases. When gas
flows into a production well at a particular location then it can limit the ability to produce oil
and water from other locations along the same production well (as by applying more
drawdown/pressure drop more gas is pulled into the production well at that location
preferentially to liquids from other locations). By compartmentalizing the well
(preventing/restricting flow along the annulus between the tubing and the liner) and shutting
off or restricting flow from the liner to the tubing in the compartments where high gas-
concentration fluids are entering the liner, then more drawdown/pressure drop can be applied

and will pull in more fluid from the segments occupied by low gas-concentration fluids.

[0029] In select embodiments of the present disclosure, the ICDs may be coupled to
the liner so that gas-phase flow into the liner is controlled. In such embodiments, a

production-tubing string may not be required in the horizontal section of the production well.

[0030] In select embodiments of the present disclosure, the ICDs may be coupled to
a production-tubing string within the production well. With this configuration, fluids inside the
production-tubing string may be in hydraulic communication with the pump inlet. In such
embodiments, communication between ICDs on the outside of the tubing may be restricted

by annulus-flow restrictors.

[0031] In the context of the present disclosure, annulus-flow restrictors are used to
restrict the movement of gases along the annular space into the next port or device. Without
such restriction, gases that fail to pass into the production-tubing string at one location may
flow along the annulus to another inlet point, and this may compromise the isolation of the
plurality of production-well fluid-inlet zones. In select embodiments of the present disclosure,
one or more of the annulus-flow restrictors may be reduced flow areas created by physical

restriction or by pressure gradients resulting from flow or gravity based on the configuration
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of the tubing and the location of the devices. Depending on the configuration of the production
well, pressure gradients from excess gas flowing along the annular space to the next point of
entry may be enough to limit how much of the gas is able to flow along the annulus and in
through the adjacent ICD — especially If the ICDs are spaced well apart and/or the annular
space is small due to large production tubing (or coupling) outer diameter relative to the liner

inner diameter.

[0032] In select embodiments, one or more of the annulus-flow restrictors may
comprise one or more packers. As will be appreciated by those skilled in the art who have
benefitted from the teachings of the present disclosure, while packers may take a variety of

forms, they are typically designed to segregate flow within the annulus.

[0033] Select embodiments of the present disclosure relate to a method for producing
hydrocarbons from a subterranean reservoir that is penetrated by an injection well and a
production well. The production well comprises a substantially-horizontal section along which
a plurality of fluid-inlet components that are spaced apart to define a plurality of production-
well fluid-inlet zones. At least one of the production-well fluid-inlet zones is in hydraulic
communication with the horizontal section of the production well. The method comprises
injecting an injection fluid comprising a solvent into the reservoir, by way of the injection well,
to mobilize hydrocarbons in the reservoir, such that a drainage fluid comprising a liquid phase
and a gas phase occupies one or more of the production-well fluid-inlet zones. The gas phase
comprises at least a portion of the solvent and the liquid phase comprises mobilized
hydrocarbons. The method further comprises producing a production fluid at a production-
flow rate via a pump running at a pump speed and in hydraulic communication with the
production fluid. The production fluid comprises at least a portion of the liquid phase of the
drainage fluid and at least a portion of the gas phase of the drainage fluid such that the
production fluid is defined by a liquid phase:gas phase ratio. The method further comprises:
(i) orchestrating variations in one or more of the plurality of fluid-inlet components to modulate
the liquid phase:gas phase ratio of the production fluid by prioritizing hydraulic communication
with a subset of the plurality of production-well fluid-inflow zones, and (ii) orchestrating
variations in the pump speed to modulate the production-flow rate and account for the

variations in one or more of the plurality of fluid-inlet components
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[0034] In select embodiments of the present disclosure, the plurality of fluid-inlet
components comprises one or more inflow-control devices. In select embodiments of the
present disclosure, the one or more inflow-control devices comprise shiftable ports that are
configured for remote operation. In select embodiments of the present disclosure, the
shiftable ports are actuated in response to changes in distributed acoustic sensing (DAS)
and/or distributed temperature sensing (DTS). In select embodiments of the present
disclosure, the shiftable ports are actuated in response to changes in the liquid phase:gas

phase ratio of the production fluid.

[0035] In select embodiments of the present disclosure, the one or more inflow-

control devices are autonomous inflow-control devices.

[0036] In select embodiments of the present disclosure, the plurality of fluid-inlet

components comprises one or more upper production ports.

[0037] In select embodiments of the present disclosure, the plurality of fluid-inlet
components are spaced along the substantially-horizontal section of the production well to
define between about two and about eight production-well fluid-inlet zones. For example, the
substantially-horizontal section of the production well may be about 1,000 m, and the fluid-
inlet components may be spaced apart by about 50 m to about 500 m. In select embodiments,
the fluid-inlet components may be spaced apart at substantially equal distances, or the fluid-
inlet components may be spaced apart at non-equal distances (such as to account for

changes in reservoir geology and/or well trajectory).

[0038] In select embodiments of the present disclosure, one or more of the fluid-inlet
components are interposed between annulus-flow restrictors. In select embodiments of the

present disclosure, the annulus-flow restrictors comprise packers.

[0039] In select embodiments of the present disclosure, orchestrating variations in
the pump speed comprises adjusting parameters such that the average gas-production rate
is between: (i) about 1,000 m®/day and about 30,000 m*/day under STP conditions, (ii) about
10,000 m3/day and about 30,000 m®day under STP conditions, or (iii) about 20,000 m®/day
and about 30,000 m®/day under STP conditions. Those skilled in the art who have benefitted
from the teachings of the present disclosure will appreciate that target gas-production rates

may be adjusted in response to a variety of factors such as gas-treatment capacity and/or
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gas-production rates from adjacent well pairs. In the context of the present disclosure, there
is also scope to change the pumping system design to allow better gas separation which may
accommodate higher gas-production rates (with commensurate increases in oil/emulsion
production) by avoiding a surface limitation. For example, improved phase separation at the
pump may increase the fraction of gas flow up the casing, where there may be fewer

limitations relative to gas that is produced via the production string.

[0040] In select embodiments of the present disclosure, the liquid phase:gas phase
ratio of the production fluid is between: (i) about 1:100 and about 1:1, (ii) about 1:80 and
about 1:20, or (iii) about 1:60 and about 1:40.

[0041] In select embodiments of the present disclosure, at least one of the plurality
of production-well fluid-inlet zones has a temperature of between: (i) about 50 °C and about
300 °C, (ii) about 70 °C and about 250 °C, or (iii) about 120 °C and about 200 °C.

[0042] In select embodiments of the present disclosure, at least one of the plurality
of production-well fluid-inlet zones has a pressure of between: (i) about 500 kPaA and about
10,000 kPaA, (ii) about 1,000 kPaA and about 8,000 kPaA, or (iii) about 3,000 kPaA and
about 6,000 kPaA.

[0043] In select embodiments of the present disclosure, the injection fluid further
comprises steam. In select embodiments of the present disclosure, the injection fluid
comprises less than about 50% solvent and greater than about 50% steam on a mass basis.
In select embodiments of the present disclosure, the injection fluid comprises greater than

about 50% solvent and less than about 50% steam on a mass basis.

[0044] In select embodiments of the present disclosure, the solvent comprises

propane, butane, diluent, natural gas condensate, or a combination thereof.

[0045] In select embodiments of the present disclosure, the subterranean reservoir

is a thin pay reservoir having an average height of between about 5 m and about 15 m.

[0046] Embodiments of the present disclosure will now be described by reference to
FIG. 1 to FIG. 14.

10
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[0047] FIG. 1 schematically illustrates a typical well pair configuration in a
hydrocarbon reservoir 100, which can be operated to implement an embodiment of the
present disclosure. The well pair may be configured and arranged similar to a typical well pair

configuration for SAGD operations.

[0048] As illustrated, the reservoir 100 contains heavy hydrocarbons below an
overburden 110. Under natural conditions before any treatment, reservoir 100 is at a relatively
low temperature, such as about 12 °C, and the reservoir pressure may be from about 0.1

MPa to about 4 MPa, depending on the location and other characteristics of the reservoir.

[0049] The well pair includes an injection well 120 and a production well 130, which
have horizontal sections extending substantially horizontally in reservoir 100, and which are
drilled and completed for injecting injection fluids and producing hydrocarbons from reservoir
100. As depicted in FIG. 1, the well pair is typically positioned away from the overburden 110
and near the bottom of the pay zone or geological stratum in reservoir 100, as can be

appreciated by those skilled in the art.

[0050] As is typical, injection well 120 may be vertically spaced from production well
130, such as at a distance of about 3 m to about 8 m, e.g., 5 m. The distance between the
injection well and the production well may vary and may be selected to optimize the operation
performance within technical and economical constraints, as can be understood by those
skilled in the art. In select embodiments of the present disclosure, the horizontal sections of
wells 120 and 130 may have a length of about 800 m. In other embodiments, the length may
be varied as can be understood and selected by those skilled in the art. Wells 120 and 130
may be configured and completed according to any suitable techniques for configuring and
completing horizontal in situ wells known to those skilled in the art. Injection well 120 and
production well 130 may also be referred to as the "injection well" and "production well",

respectively.

[0051] The overburden 110 may be a cap layer or cap rock. Overburden 110 may be
formed of a layer of impermeable material such as clay or shale. A region in the reservoir 100

just below and near overburden 110 may be considered as an interface region 115.

[0052] As illustrated, wells 120 and 130 are connected to respective corresponding

surface facilities, which typically include an injection surface facility 140 and a production

11
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surface facility 150. Surface facility 140 is configured and operated to supply injection fluids,
such as steam and solvent, into injection well 120. Surface facility 150 is configured and
operated to produce fluids collected in production well 130 to the surface. Each of surface
facilities 140, 150 includes one or more fluid pipes or tubing for fluid communication with the
respective well 120 or 130. As depicted for illustration, surface facility 140 may have a supply
line connected to a steam generation plant for supplying steam for injection, and a supply
connected to a solvent source for supplying the solvent for injection. Optionally, one or more
additional supply lines may be provided for supplying other fluids, additives or the like for co-
injection with steam or the solvent. Each supply line may be connected to an appropriate
source of supply (not shown), which may include, for example, a steam generation plant, a
boiler, a fluid mixing plant, a fluid treatment plant, a truck, a fluid tank, or the like. In select
embodiments of the present disclosure, co-injected fluids or materials may be pre-mixed
before injection. In other embodiments, co-injected fluids may be separately supplied into
injection well 120. In particular, surface facility 140 is used to supply steam and a selected
solvent into injection well 120. The solvent may be pre-mixed with steam at surface before
co-injection. Alternatively, the solvent and steam may be separately fed into injection well
120 for injection into formation 100. Optionally, surface facility 140 may include a heating

facility (not separately shown) for pre-heating the solvent before injection.

[0053] As illustrated, surface facility 150 includes a fluid transport pipeline for
conveying produced fluids to a downstream facility (not shown) for processing or treatment.
Surface facility 150 includes necessary and optional equipment for producing fluids from
production well 130, as can be understood by those skilled in the art. An embodiment of
surface facility 150 includes one or more valves for regulating the fluid flow in the liquid line
of the produced fluid. The valve(s) may be a choke valve, such as an inline globe valve. The
valve may be selected and configured to control the "backpressure" and the flow rate in the

liquid line (also referred to as the emulsion line in the art).

[0054] Other necessary or optional surface facilities 160 may also be provided, as
can be understood by those skilled in the art. For example, surface facilities 160 may include
one or more of a pre-injection treatment facility for treating a material to be injected into the
formation, a post-production treatment facility for treating a produced material, a control or
data processing system for controlling the production operation or for processing collected

operational data. Surface facilities 140, 150 and 160 may also include recycling facilities for

12
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separating, treating, and heating various fluid components from a recovered or produced
reservoir fluid. For example, the recycling facilities may include facilities for recycling water

and solvents from produced reservoir fluids.

[0055] Injection well 120 and production well 130 may be configured and completed
in any suitable manner as can be understood or is known to those skilled in the art, so long
as the wells are compatible with injection and recovery of heavy hydrocarbons. For example,
in different embodiments, the well completions may include perforations, slotted liner,
screens, and/or outflow control devices such as in injection well 120. For simplicity, other
necessary or optional components, tools or equipment that are installed in the wells are not

shown in the drawings as they are not particularly relevant to the present disclosure.

[0056] FIG. 2 shows an expansion of the schematic of FIG. 1, with additional details
provided with respect to production well 130. In, FIG. 2, production well 130 comprises a
pump 107 for producing fluids to facility 150. Production well 130 further comprises a plurality
of flow-inlet components 170. Individual flow-inlet components 170a, 170b, 170c, and 170d
are referenced in FIG. 2 as units in the plurality of flow-inlet components 170, and they are
spaced apart along the horizontal section of production well 130. In select embodiments of
the present disclosure, individual flow-inlet components may be interposed between annulus-
flow restrictors (e.g. packers). The plurality of inflow control devices are configured to uptake
produced fluid into production well 130, and at least one of the plurality of inflow control
devices is in hydraulic communication with the reservoir 100. In particular, injection fluid and
mobilized hydrocarbons may collect as drainage fluids in proximity to the production well 130.
Hydraulic communication between collections of drainage fluids and the plurality of flow-inlet
components 170 results in a plurality of production-well fluid-inlet zones 180. Individual
production-well fluid-inlet zones 180a, 180b, 180c, and 180d are referenced in FIG. 2 as
discrete components of the plurality of production-well fluid-inlet zones 180, however, two or
more production-well fluid-inflow zones may be in hydraulic communication with each other.
Nonetheless, as set out in detail below, the drainage fluids occupying adjacent production-
well fluid-inflow zones may have different gas phase:liquid phase ratios, such that reducing
flow through one or more of the plurality of fluid-inlet components 170 while simultaneous
operating pump 107 to move produced fluids towards surface facility 150 may result in
improved production metrics. Accordingly, in the context of the present disclosure, the

plurality of production-well fluid-inlet zones 180 may be considered to be semi-localized.
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[0057] The methods of the present disclosure may be executed as part of a broader
production lifecycle comprising a start-up phase, a ramp-up phase, a production phase, and
a wind-down/blowdown phase. In an exemplary start-up phase, fluid communication between
wells 120 and 130 is established in a manner that may be similar to the initial start-up phase
in a conventional SAGD process. To permit drainage of mobilized hydrocarbons and
condensate to production well 130, fluid communication between wells 120, 130 must be
established. Fluid communication refers to fluid flow between the injection and production
wells. Establishment of such fluid communication typically involves mobilizing viscous
hydrocarbons in the reservoir to form a drainage fluid and removing the drainage fluid to
create a porous pathway between the wells. In the context of the present disclosure, a
drainage fluid may comprise a liquid phase and a gas phase, and the liquid phase may
comprise mobilized hydrocarbons. To form a drainage fluid, viscous hydrocarbons may be
mobilized by heating such as by injecting or circulating pressurized steam or hot water
through injection well 120 or production well 130. In some cases, steam may be injected into,
or circulated in, both injection well 120 and production well 130 for faster start-up. A pressure
differential may be applied between injection well 120 and production well 130 to promote
steam/hot water penetration into the porous reservoir area that lies between the wells of the
well pair. The pressure differential may promote fluid flow and convective heat transfer to

facilitate communication between the wells.

[0058] As is typical, the injection and production wells 120, 130 have terminal
sections that are substantially horizontal and substantially parallel to one another. A person
of skill in the art will appreciate that while there may be some variation in the vertical or lateral
trajectory of the injection or production wells, causing increased or decreased separation
between the wells, such wells for the purpose of this application will still be considered
substantially horizontal and substantially parallel to one another. Spacing, both vertical and
lateral, between injection wells and production wells may be optimized for establishing start-

up or based on reservoir conditions.

[0059] Additionally or alternatively, other techniques may be employed during the
start-up phase. For example, to facilitate fluid communication, a solvent may be injected into
the reservoir region around and between the injection and production wells 120, 130. The
region may be soaked with a solvent before or after steam injection. An example of start-up

using solvent injection is disclosed in CA 2,698,898. In further examples, the start-up phase
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may include one or more start-up processes or techniques disclosed in CA 2,886,934, CA
2,757,125, or CA 2,831,928.

[0060] Once fluid communication between injection well 120 and production well 130
has been achieved, oil production or recovery may commence. As the oil production rate is
typically low initially and will increase as the production chamber develops, the early
production phase is known as the "ramp-up" phase. During the ramp-up phase, steam, with
or without a solvent, is typically injected continuously into injection well 120, at constant or
varying injection pressure and temperature. At the same time, drainage fluids comprising
mobilized heavy hydrocarbons and aqueous condensate are continuously removed from
production well 130. During ramp-up, the zone of communication between injection well 120
and production well 130 may continue to expand axially along the full length of the horizontal

portions of wells 120, 130.

[0061] As the injected fluid heats up reservoir 100, heavy hydrocarbons in the heated
region are softened, resulting in reduced viscosity. Further, as heat is transferred from steam
to reservoir 100, steam and solvent vapour condense. The aqueous and solvent condensate
and mobilized hydrocarbons will drain downward due to gravity. As a result of depletion of
the heavy hydrocarbons, a porous region is formed in reservoir 100, which is referred to
herein as a "production chamber". When a production chamber is filled with mainly steam, it
is commonly referred to in the art as a "steam chamber." As the drainage fluids drain towards
production well 130, they are taken up into production well 130 via one or more of the plurality
of flow-inlet components 170. As discussed in detail below, individual flow-inlet components
may be configured to choke-off gas ingress, such that the plurality flow-inlet components —
taken together — serve to prioritize emulsion flow into the production well 130. As such, the
drainage fluids collecting in proximity to the production well 130 are likely to be characterized
by higher gas:liquid ratios than the production fluids inside the production well 130.
Accordingly, in the context of the present disclosure, production fluids and drainage fluids are
not used interchangeably. In the context of the present disclosure, production fluids are those
which are transferred to the surface, such as by gas lifting or through pumping with a pump

107 as is known to those skilled in the art.

[0062] At the point of injection into the reservoir 100, or in the injection well 120, the

injected fluid/mixture may be at a temperature that is selected to optimize the production
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performance and efficiency. For example, for a given solvent to be injected the injection
temperature may be selected based on the boiling point (or saturation) temperature of the
solvent at the expected operating pressure in the reservoir. For propane, the boiling
temperature is about 2 °C at about 0.5 MPa, and about 77 °C at about 3 MPa. For a different
solvent, the injection temperature may be higher if the boiling point temperature of that
solvent at the reservoir pressure is higher. In different embodiments and applications, the
injection temperature may be substantially higher than the boiling point temperature of the
solvent by, e.g., about 5 °C to about 200 °C, depending on various operation and performance
considerations. In some embodiments, the injection temperature may be from about 50 °C to
about 320 °C, and at a pressure from about 0.5 MPa to about 12.5 MPa, such as from about
0.6 MPa to about 5.1 MPa or up to about 10 MPa. At an injection pressure of about 3 MPa,
the injection temperature for propane may be from about 80 °C to about 250 °C, and the
injection temperature for butane may be from about 100 °C to about 300 °C. The injection
temperature and pressure are referred to as injection conditions. A person skilled in the art
will appreciate that the injection conditions may vary in different embodiments depending on,
for example, the type of hydrocarbon recovery process implemented or the mobilizing agents
selected, as well as various factors and considerations for balancing and optimizing
production performance and efficiency. The injection temperature should not be too high as
a higher injection temperature will typically require more heating energy to heat the injected
fluid. Further, the injection temperature should be limited to avoid coking hydrocarbons in the
reservoir formation. In some oil sands reservoirs, the coking temperature of the bitumen in

the reservoir is about 350 °C.

[0063] Once injected steam and vapour of the injected solvent enter the reservoir,
their temperature may drop under the reservoir conditions. The temperatures at different
locations in the reservoir will vary as typically regions further away from injection well 120, or
at the edges of the production chamber, are colder. During operations, the reservoir
conditions may also vary. For example, the reservoir temperatures can vary from about 10
°C to about 275 °C, and the reservoir pressures can vary from about 0.6 MPa to about 7 MPa
depending on the stage of operation. The reservoir conditions may also vary in different
embodiments. As noted above, injected steam and solvent condense in the reservoir mostly
at regions where the reservoir temperature is lower than the dew point temperature of the

solvent at the reservoir pressure. Condensed steam (water) and solvent can mix with the
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mobilized bitumen to form drainage fluids. It is expected that in a typical reservoir subjected
to steam/solvent injection, the drainage fluids include a stream of condensed steam (or water,
referred to as the water stream herein). The water stream may flow at a faster rate (referred
to as the water flow rate herein) than a stream of mobilized bitumen containing oil (referred
to as the oil stream herein), which may flow at a slower rate (referred to as the oil flow rate
herein). The drainage fluids can be drained to the production well by gravity. The mobilized
bitumen may still be substantially more viscous than water, and may drain at a relatively low
rate if only steam is injected into the reservoir. However, condensed solvent may dilute the

mobilized bitumen and increase the flow rate of the oil stream.

[0064] Thus, injected steam and vapour of the solvent both assist to mobilize the
viscous hydrocarbons in the reservoir 100. A drainage fluid formed in the production chamber
may include oil, condensed steam (water), and a condensed phase of the solvent. The
reservoir fluid is drained by gravity along the edge of production chamber into production well

130 for recovery of oil.

[0065] In various embodiments, the solvent may be selected so that dispersion of the
solvent in the production chamber, as well as in the drainage fluid increases the amount of
oil contained in the fluid and increases the flow rate of oil stream from production chamber to
the production well 130. When solvent condenses (forming a liquid phase) in the production
chamber, it can be dispersed in the drainage fluid to increase the rate of drainage of the oil

stream from the reservoir 100 into the production well 130.

[0066] After the produced fluids are surfaced, the solvent and water may be
separated from oil in the produced fluids by a method known in the art depending on the
particular solvent(s) involved. The separated water and solvent can be further processed by
known methods, and recycled to the injection well 120. In some embodiments, the solvent is
also separated from the produced water before further treatment, re-injection into the

reservoir, or disposal.

[0067] As mentioned above, the production chamber forms and expands due to
depletion of hydrocarbons and other in situ materials from regions of reservoir 100 above the
injection well 120. Injected steam/solvent vapour tend to rise up to reach the top of production

chamber before they condense, and steam/solvent vapour can also spread laterally as they
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travel upward. During early stages of chamber development, the production chamber
expands upwardly and laterally from injection well 120. During the ramp-up phase and the
early production phase, the production chamber can grow vertically towards overburden 110.
At later phases, after the production chamber has reached the overburden 110, the
production chamber may expand mainly laterally. Depending on the size of reservoir 100 and
the pay therein and the distance between injection well 120 and overburden 110, it can take
a long time, such as many months and up to two years, for the production chamber to reach
overburden 110, when the pay zone is relative thick as is typically found in some operating
oil sands reservoirs. However, it will be appreciated that in a thinner pay zone, the production
chamber can reach the overburden sooner. The time to reach the vertical expansion limit can
also be longer in cases where the pay zone is higher or highly heterogeneous, or the
formation has complex overburden geologies such as with inclined heterolithic stratification

(HIS), top water, top gas, or the like.

[0068] In some embodiments of the present disclosure, at early stages of oil
production, steam may be injected without a solvent. The solvent may be added as a
mobilizing agent after the production chamber has reached or is near the top of the pay zone,
e.g., near or at the lower edge of the overburden 110 or after the oil production rate has
peaked. The solvent can dissolve in oil and dilute the oil stream so as to increase the mobility
and flow rate of hydrocarbons or the diluted oil stream towards production well 130 for
improved oil recovery. Other materials in liquid or gas form may also be added to the injection

fluid to enhance recovery performance.

[0069] The start-up, ramp-up, and production phases may be conducted according
to any suitable conventional techniques known to those skilled in the art except the aspects
described herein, and the other aspects will therefore not be detailed herein for brevity. As
an example, during production, such as at the end of an initial production period with steam
injection, the formation temperature in the production chamber can reach about 235 °C and
the pressure in the production chamber may be about 3 MPa. The temperature or pressure

may vary by about 10 % to about 20 %.

[0070] As mentioned earlier, in a particular embodiment where propane is used as
the solvent, the injection temperature of the steam-propane mixture may be about 80 °C to

about 250 °C. In other embodiments, the injection temperature may be selected based on
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the boiling point temperature of the solvent at the selected injection pressure. Of course,
depending on the reservoir and the application, the chamber temperature and pressure may
also vary in different embodiments. For example, in various embodiments, steam may be
injected at a temperature from about 150 °C to about 330 °C and a pressure from about 0.1
MPa to about 12.5 MPa. In some embodiments, the highest temperature in the production
chamber may be from about 50 °C to about 350 °C and the pressure in the production

chamber may be from about 0.1 MPa to about 7 MPa.

[0071] In further embodiments, it may also be possible that steam is injected at a
temperature sufficient to heat the solvent such that the injected solvent has a maximum

temperature of between about 50 °C and about 350 °C within the production chamber.

[0072] A suitable solvent may be selected based on a number of considerations and
factors as discussed herein. The solvent should be injectable as a vapour, and can dissolve
at least one of the heavy hydrocarbons to be recovered from reservoir 100 in the solvent-
steam process for increasing mobility of the heavy hydrocarbons. The solvent may be a
viscosity-reducing solvent, which reduces the viscosity of the heavy hydrocarbons in

reservoir 100.

[0073] It is noted that steam injection with solvent injection can conveniently facilitate
transportation of the solvent as a vapour with steam to the steam front. Steam is typically a
more efficient heat-transfer medium than a solvent, and can increase the reservoir
temperature more efficiently and more economically, or maintain the production chamber at
a higher temperature. The heat, or higher formation temperature in a large region in the
formation, can help to maintain the solvent in the vapour phase and assist dispersion of the
solvent to the chamber edges ("steam front"). The heat from steam can also by itself assist
reduction of viscosity of the hydrocarbons. However, injecting steam requires more heating

energy and inject steam at a too high ratio can reduce the energy efficiency of the process.

[0074] The solvent is injected into reservoir 100 in a vapour phase. Injection of the
solvent in a vapour phase allows the solvent vapour to travel in the production chamber and
condense at a region away from injection well 120. Allowing solvent to travel in production
chamber before condensing may achieve beneficial effects. For example, oil production

performance, such as indicated by one or more of oil production rate, cumulative steam to oil
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ratio (cSOR), and overall efficiency, may be improved. Injection of solvent in the gaseous
phase, rather than a liquid phase, may allow vapour to rise in production chamber before
condensing so that condensation occurs away from injection well 120. It is noted that injecting
solvent vapour into the production chamber does not necessarily require solvent be fed into
the injection well in vapour form. The solvent may be heated downhole and vaporized in the
injection well 120 in some embodiments. Alternatively, the solvent may be injected into
another well or other wells for more efficient delivery of the solvent to desired locations in the
reservoir. The additional well(s) may include a vertical well, a horizontal well, or a well drilled

according to the well drilled using Wedge Well™ technology.

[0075] The total injection pressure for solvent and steam co-injection may be the
same or different than the injection pressure during a conventional SDP production process.
For example, the injection pressure may be maintained at between about 2 MPa and about
3.5 MPa, or up to about 4 MPa. In another example, steam may be injected at a pressure of
about 3 MPa initially, while steam and solvent are co-injected at a pressure of about 2 MPa

to about 3.5 MPa during co-injection.

[0076] The solvent may be heated before or during injection to vaporize the solvent.
Additionally or alternatively, solvent may be mixed or co-injected with steam to heat the
solvent to vaporize it and to maintain the solvent in vapour phase. Depending on whether the
solvent is pre-heated at surface, the weight ratio of steam in the injection stream should be
high enough to provide sufficient heat to the co-injected solvent to maintain the injected
solvent in the vapour phase. If the feed solvent from surface is in the liquid phase, more
steam may be required to both vaporize the solvent and maintain the solvent in the vapour

phase as the solvent travels through the production chamber.

[0077] In different embodiments, co-injection of steam and the solvent may be carried
out in a number of different ways or manners as can be understood by those skilled in the
art. For example, co-injection of the solvent and steam into the production chamber may
include gradually increasing the weight ratio of the solvent in the co-injected solvent and
steam, and gradually decreasing the weight ratio of steam in the co-injected solvent and
steam. At a later stage, the solvent content in the co-injected solvent and steam may be
gradually decreased, and the steam content in the co-injected solvent and steam may be

gradually increased. For example, depending on market factors, the cost of solvent may
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change over the life of a steam-solvent process. During or after the solvent-steam process,
it may be of economic benefit to gradually decrease the solvent content and gradually
increase the steam content. Solvent injection is expected to result in increased mobility of at
least some of the heavy hydrocarbons of reservoir formation 100. For example, some
solvents such as propane and butane are expected to dissolve in and dilute heavy oil thus
increasing the mobility of the oil. The effectiveness and efficiency of the solvent depends on
the solubility and diffusion of the solvent in hydrocarbons. Slow diffusion or low solubility of
the solvent in the hydrocarbons can limit the effect of the solvent on oil drainage rate.
Therefore, the operation conditions may be modified to increase solvent diffusion and
solubility to optimize process performance and efficiency. The term "mobility" is used herein
in a broad sense to refer to the ability of a substance to move about, and is not limited to the
flow rate or permeability of the substance in the reservoir. For example, the mobility of heavy
hydrocarbons may be increased when they become more mobile, or when heavy
hydrocarbons attached to sands become easier to detach from the sands, or when immobile
heavy hydrocarbons become mobile, even if the viscosity or flow rate of the hydrocarbons
has not changed. The mobility of heavy hydrocarbons may also be increased by decreasing
the viscosity of the heavy hydrocarbons, or when the effective permeability, such as through
bituminous sands, is increased. Additionally or alternatively, increasing heavy hydrocarbon

mobility may be achieved by heat transfer from solvent to heavy hydrocarbons.

[0078] Additionally or alternatively, solvent may otherwise accelerate production. For
example, a non-condensable gas, such as methane, may propel a solvent, such as propane,
downwards thereby enhancing lateral growth of the production chamber. For example, such

propulsion may be part of a blowdown phase.

[0079] Conveniently, a solvent-steam process where solvent is co-injected with
steam requires less steam as compared to the SAGD production phase. Injection of less
steam may reduce water and water treatment costs required for production. Injection of less
steam may also reduce the need or costs for steam generation for an oil production project.
Steam may be produced at a steam generation plant using boilers. Boilers may heat water
into steam via combustion of hydrocarbons such as natural gas. A reduction in steam
generation requirement may also reduce combustion of hydrocarbons, with reduced emission

of greenhouse gases such as, for example, carbon dioxide.
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[0080] Once the oil production process is completed, the operation may enter an
ending or winding down phase, with a process known as the "blowdown" process. The
"blowdown" phase or stage may be performed in a similar manner as in a conventional SAGD
process. During the blowdown stage, a non-condensable gas may be injected into the
reservoir to replace steam or the solvent. For example, the non- condensable gas may be
methane. In addition, methane may enhance hydrocarbon production, for example by about

10 % within 1 year, by pushing the already injected solvent through the chamber.

[0081] Alternatively, in an embodiment a solvent may be continuously utilized through
a blowdown phase, in which case it is possible to eliminate or reduce injection of methane
during blowdown. In particular, it is not necessary to implement a conventional blowdown
phase with injected methane gas, when a significant portion of the injected solvent can be
readily recycled and reused. In some embodiments, during or at the end of the blowdown
phase, methane or another non-condensable gas (NCG) may be used to enhance solvent
recovery, where the injected methane or other non- condensable gas may increase solvent
condensation and thus improve solvent recovery. For example, injected methane or other

NCG may mobilize gaseous solvent in the chamber to facilitate removal of the solvent.

[0082] During the blowdown phase, oil recovery or production may continue with
production operations being maintained. When methane is used for blowdown, oil production
performance will decline over time as the growth of the vapour front in production chamber

slows under methane gas injection.

[0083] At the end of the production operation, the injection wells may be shut in but
solvent (and some oil) recovery may be continued, followed by methane injection to enhance
solvent recovery. The formation fluid may be produced until further recovery of fluids from
the reservoir is no longer economical, e.g. when the recovered oil no longer justifies the cost
for continued production, including the cost for solvent recycling and re- injection. In some
embodiments, before, during or after the blowdown phase, production of fluids from the
reservoir through production well 130 may continue. An embodiment of the production control
process disclosed herein may be used, or adapted to use, during the blowdown phase to
control the produced gas phase such as methane when steam and methane are produced
during the blowdown phase. The solvent for injection may be selected based on a number of

criteria. As discussed above, the solvent should be injectable as a vapour, and can dissolve
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at least one of the heavy hydrocarbons to be recovered from reservoir 100 in the solvent-
steam process for increasing mobility of the heavy hydrocarbons. Conveniently, increased
hydrocarbon mobility can enhance drainage of the reservoir fluid toward and into production
well 130. In a given application, the solvent may be selected based on its volatility and
solubility in the reservoir fluid. For example, in the case of a reservoir with a thinner pay zone
(e.g., the pay zone thickness is less than about 8 m), or a reservoir having a top gas zone or

water zone, the solvent may be injected in a liquid phase in the solvent-steam process.

[0084] Suitable solvents may include C3 to C5 hydrocarbons such as, propane,
butane, ,pentane, or a combination thereof such as in a diluent composition. Additionally or
alternatively, a C6 hydrocarbon such as hexane could be employed. A combination of
solvents including C3-C6 hydrocarbons and one or more heavier hydrocarbons may also be
suitable in some embodiments. Suitable solvents may include a condensate. Condensates
often comprise hydrocarbons in the range of C3 to C12 or higher. The condensates may
primarily comprise light end compounds — those hydrocarbons of such a mixture having the
lowest number of carbon atoms, typically C1 to C7, but possibly higher in some cases. Such
light end compounds have the lowest molecular weights, and are generally the more volatile
of the hydrocarbon compounds of the mixture. Solvents that are more volatile, such as those
that are gaseous at standard temperature and pressure (STP), or significantly more volatile
than steam at reservoir conditions, such as propane or butane, or even methane, may be

beneficial in some embodiments.

[0085] For selecting a suitable solvent, the properties and characteristics of various
candidate solvents may be considered and compared. For a given selected solvent, the
corresponding operating parameters during co-injection of the solvent with steam should also

be selected or determined in view the properties and characteristics of the selected solvent.

[0086] In particular, the injection temperature should be sufficiently high and the
injection pressure should be sufficiently low to ensure most of the solvent will be injected in
the vapour phase into the production chamber. In this context, injection temperature and
injection pressure refer to the temperature and pressure of the injected fluid in the injection
well, respectively. The temperature and pressure of the injected fluid in the injection well may
be controlled by adjusting the temperature and pressure of the fluid to be injected before it

enters the injection well. The injection temperature, injection pressure, or both, may be
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selected to ensure that the solvent is in the gas phase upon injection from the injection well
into the production chamber. Solvents may be selected having regard to reservoir
characteristics such as, the size and nature of the pay zone in the reservoir, properties of
fluids involved in the process, and characteristics of the formation within and around the
reservoir. For example, a relatively light hydrocarbon solvent such as propane may be
suitable for a reservoir with a relatively thick pay zone, as a lighter hydrocarbon solvent in the

vapour phase is typically more mobile within the heated production chamber.

[0087] Additionally or alternatively, solvent selection may include consideration of the
economics of heating a selected particular solvent to a desired injection temperature. For
example, as can be appreciated by those skilled in the art, lighter solvents, such as propane
and butane, can be efficiently injected in the vapour phase at relatively low temperatures at
a given injection pressure. In comparison, efficient pure steam injection in a SAGD process

typically requires a much higher injection temperature, such as about 200 °C or higher.

[0088] Heavier solvents typically also require a higher injection temperature. For
example, pentane may need to be heated to about 190 °C for injection in the vapour phase
at injection pressures up to about 3 MPa. In comparison, a light solvent such as propane may
be injected at temperatures as low as about 50 °C to about 70 °C depending on the reservoir

pressure.

[0089] Different solvents or solvent mixtures may be suitable candidates. For
example, the solvent may be propane, butane, or pentane. A mixture of propane and butane
may also be used in an appropriate application. It is also possible that a selected solvent
mixture may include heavier hydrocarbons in proportions that are, for example, low enough

that the mixture still satisfies the above described criteria for selecting solvents.

[0090] In some embodiments, the vapour pressure profile of the solvent may be
selected such that the partial pressure of the solvent in a central (core) region of the
production chamber is within about 0.25 % to about 20 % of the total gas pressure, or the

vapour pressure of water/steam.

[0091] It may be desirable if the solvent and steam can vaporize and condense under
similar temperature and pressure conditions, which will conveniently allow vapour of the

solvent to initially rise up with the injected steam to penetrate the rock formation in the
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production chamber, and then condense with the steam to form a part of the mobilized
reservoir fluid. For example, in some embodiments, the solvent may have a boiling point that
resembles the boiling point of water under the steam injection conditions such that it is
sufficiently volatile to rise up with the injected steam in vapour form when penetrating the
steam chamber and then condense at the edge of the steam chamber. The boiling
temperature of the solvent may be near the boiling temperature of water at the same

pressure.

[0092] Conveniently, when the solvent has vaporization characteristics that
resemble, closely match, those of water under the reservoir conditions, the solvent can
condense when it reaches the steam front or the edge of the steam chamber, which is
typically at a lower temperature such as at about 12 °C to about 150 °C. The condensed
solvent may be soluble in or miscible with either the hydrocarbons in the reservoir fluid or the
condensed water, so as to increase the drainage rate of the hydrocarbons in the fluid through

the reservoir formation.

[0093] The condensed solvent is soluble in oil, and thus can dilute the oil stream,
thereby increasing the mobility of oil in the fluid mixture during drainage. In some
embodiments, the condensed solvent is also soluble in or miscible with the condensed water,
which may lead to increased water flow rate by promoting formation of oil-in-water emulsions.
Without being limited to any particular theory, the dispersion of the solvent and the steam
may facilitate the formation of an oil-in-water emulsion under suitable reservoir conditions
and also increase the fraction of oil carried by the fluid mixture. As a result, more oil may be

produced for the same amount of, or less, steam, which is desirable.

[0094] A possible mechanism for improving mobility of oil is that the solvent can act
as a diluent due to its solubility in oil and optionally water, thus reducing the viscosity of the
resulting fluid mixture. The solvent may interact at the oil surface to reduce capillary and

viscosity forces.

[0095] A vapour mixture of steam and the solvent may be delivered into production
chamber using any suitable delivery mechanism or route. For example, injection well 120

may be conveniently used to deliver the vapour mixture. A mobilizing fluid or agent may be
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injected in the form of a mixture of steam and solvent (e.g., mixed ex-situ), or separate

streams may be injected into the injection well 120 for mixing in the injection well 120.
Examples

[0096] State-of-the-art simulation protocols were used to compare an archetypal
method of the present disclosure to a conventional SDP process using a well characterized

field well to set reservoir parameters. Average properties for the well are set out in Table 1.

[0097] Table 1: Simulation properties for comparison of a conventional SDP

method with a method in accordance with the present disclosure.

Solid N/A M%'\g‘:]gay
KH D 0-6
KV D 0-5
Porosity N/A 0-0.33
Solvent injection wit% 60
Pay Thickness m 15
Well Length m 900
[0098] Simulations were conducted for conventional SAGD completions, ICD-based

completions in accordance with methods of the present disclosure, and UPP-based

completions in accordance with the present disclosure.

[0099] FIG. 3 shows simulation results for oil rate as a function of time for the various
processes. In FIG. 3, the plot for the completion is identified by reference number 302, the
plot for the ICD-based completion is identified by reference number 304, and the plot for the
UPP-based completion is identified by reference number 306. Comparing plots 304 and 306
against plot 302 indicates that the oil rate for the re-completed wells (ICDs and UPPs) are
higher than that of the SDP case for the majority of the simulation. As set out above, this
uplift in oil rate runs counter to conventional wisdom - the simulation indicates that the
methods of the present disclosure may provide high oil rates despite restricting flow at the

fluid-inlet components.
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[00100] FIG. 4 shows simulation results for gas rate as a function of time for the various
processes. In FIG. 4, the plot for the conventional completion is identified by reference
number 402, the plot for the ICD-based completion is identified by reference number 404,
and the plot for the UPP-based completion is identified by reference number 406. Comparing
plots 404 and 406 against plot 402 indicates that both ICDs and UPPs restrict the amount of
gas produced as desired relative to the conventional case. These simulations indicate an
important result in that retaining gas within the reservoir during production is desirable. As
set out above, this may reduce gas-bottlenecking at the plant and may improve project

economics by reducing solvent costs.

[00101] FIG. 5 shows simulation results for cumulative gas production as a function of
time for the various processes. In FIG. 5, the plot for the conventional completion is identified
by reference number 502, the plot for the ICD-based completion is identified by reference
number 504, and the plot for the UPP-based completion is identified by reference number
506. Comparing plots 504 and 506 against plot 502 indicates that the cumulative amount of
gas produced when using ICDs or UPPs is lower than that of the base completion. These
simulations indicate a 16 % reduction in the amount of gas produced when using UPPs and

40% reduction when using ICDs.

[00102] FIG. 6 shows simulation results for instantaneous steam-oil ratio (iISOR) as a
function of time for the various processes. In FIG. 6, the plot for the conventional completion
is identified by reference number 602, the plot for the ICD-based completion is identified by
reference number 604, and the plot for the UPP-based completion is identified by reference
number 606. These simulations suggest that both ICD- and UPP-base methods have a the

potential for significant iISOR improvements, for example by reducing by at least about 17 %.

[00103] FIG. 7 shows simulation results for cumulative steam-oil ratio (cSOR) as a
function of time for the various processes. In FIG. 7, the plot for the conventional completion
is identified by reference number 702, the plot for the ICD-based completion is identified by
reference number 704, and the plot for the UPP-based completion is identified by reference
number 706. Similar to iSOR reduction, the simulations for cSOR reduction also indicate
potential advantages, as they suggest a cSOR improvement of approximately 14% for the
duration of the simulation. Importantly, this could result in significant steam generation cost

and GHG emissions reduction per well.
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[00104] FIG. 8 shows simulation results for oil recovery factor as a function of time for
the various processes. In FIG. 8, the plot for the conventional completion is identified by
reference number 802, the plot for the ICD-based completion is identified by reference
number 804, and the plot for the UPP-based completion is identified by reference number
806. When looking at the oil recovery factor for the three cases, the ICD-based simulation
indicates an increase of approximately 14 % and UPP-based simulation indicates an increase
of 10.5%. Importantly, the ICD- and UP-based simulations produce (and exceed) the same
oil recovery as the conventional completion case but achieve it two years earlier. This
indicates the potential for project-economics improvements as characterized by net-present

value (NPV) determinations.

[00105] FIG. 9 shows simulation results for cSOR as a function of oil-recovery factor
for the various processes. In FIG. 9, the plot for the conventional completion is identified by
reference number 902, the plot for the ICD-based completion is identified by reference
number 904, and the plot for the UPP-based completion is identified by reference number
906. Evaluating cSOR at various recovery factors may be a reliable metric when comparing
various scenarios. In this case, at 35 % recover factor the conventional completion case, the
ICD case, and the UPP-case have cSOR values of 1.87, 1.80 and 1.80 respectively, which

indicates a further potential advantage of the methods of the present disclosure.

[00106] FIG. 10 shows simulation results for solvent-to-oil ratio as a function of time
for the various processes. In FIG. 10, the plot for the conventional completion is identified by
reference number 1002, the plot for the ICD-based completion is identified by reference
number 1004, and the plot for the UPP-based completion is identified by reference number
1006. In the present context, The lower the solvent-to-oil ratio is for a process, the more
economic it will be. For these simulation, the rate of solvent injected was held constant. As
can be seen in FIG. 10 both the ICD-based and UPP-based cases reduce the solvent to oil
ratio improving project economics compared to that of the conventional completion case. This
reduction in solvent to oil ratio may improve the NPV of the project as there is more positive

cash flow per unit of solvent injected.

[00107] FIG. 11 show the oil saturations of the wells in the JK plane (37 of 50). In FIG.
11, the panel for the conventional completion is identified by reference number 1102, the

panel for the ICD-based completion is identified by reference number 1104, and the panel for
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the UPP-based completion is identified by reference number 1106. FIG. 12 show the oll
saturations of the wells in the IK plane (10 of 18). In FIG. 12, the panel for the conventional
completion is identified by reference number 1202, the panel for the ICD-based completion
is identified by reference number 1204, and the panel for the UPP-based completion is
identified by reference number 1206. Both views clearly show that oil has been produced
more effectively in the reservoir that uses ICDs. Likewise, both views clearly show that oil
has been produced more effectively in the reservoir that uses UPPs. This simulation
highlights the potential for the methods of the present disclosure to have positive effects on

oil production.

[00108] FIG. 13 show the gas saturations of the wells in the JK plane (37 of 50). In
FIG. 13, the panel for the conventional completion is identified by reference number 1302,
the panel for the ICD-based completion is identified by reference number 1304, and the panel
for the UPP-based completion is identified by reference number 1306. FIG. 14 show the gas
saturations of the wells in the IK plane (10 of 18). In FIG. 14, the panel for the conventional
completion is identified by reference number 1402, the panel for the ICD-based completion
is identified by reference number 1404, and the panel for the UPP-based completion is
identified by reference number 1406. Both views clearly show that gas production has been
reduced in the reservoir that uses ICDs. Likewise, both views clearly show that gas
production has been reduced. This simulation highlights the potential for the methods of the

present disclosure to have positive effects on gas production.

[00109] In the present disclosure, all terms referred to in singular form are meant to
encompass plural forms of the same. Likewise, all terms referred to in plural form are meant
to encompass singular forms of the same. Unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commonly understood by one of

ordinary skill in the art to which this disclosure pertains.

[00110] As used herein, the term “about” refers to an approximately +/-10 % variation
from a given value. It is to be understood that such a variation is always included in any given

value provided herein, whether or not it is specifically referred to.

[00111] It should be understood that the compositions and methods are described in

terms of "comprising,” "containing," or "including" various components or steps, the
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compositions and methods can also "consist essentially of or "consist of the various
components and steps. Moreover, the indefinite articles "a" or "an," as used in the claims,

are defined herein to mean one or more than one of the element that it introduces.

[00112] For the sake of brevity, only certain ranges are explicitly disclosed herein.
However, ranges from any lower limit may be combined with any upper limit to recite a range
not explicitly recited, as well as, ranges from any lower limit may be combined with any other
lower limit to recite a range not explicitly recited, in the same way, ranges from any upper
limit may be combined with any other upper limit to recite a range not explicitly recited.
Additionally, whenever a numerical range with a lower limit and an upper limit is disclosed,
any number and any included range falling within the range are specifically disclosed. In
particular, every range of values (of the form, "from about a to about b," or, equivalently, "from
approximately a to b," or, equivalently, "from approximately a-b") disclosed herein is to be
understood to set forth every number and range encompassed within the broader range of
values even if not explicitly recited. Thus, every point or individual value may serve as its own
lower or upper limit combined with any other point or individual value or any other lower or

upper limit, to recite a range not explicitly recited.

[00113] Therefore, the present disclosure is well adapted to attain the ends and
advantages mentioned as well as those that are inherent therein. The particular embodiments
disclosed above are illustrative only, as the present disclosure may be modified and practiced
in different but equivalent manners apparent to those skilled in the art having the benefit of
the teachings herein. Although individual embodiments are dis-cussed, the disclosure covers
all combinations of all those embodiments. Furthermore, no limitations are intended to the
details of construction or design herein shown, other than as described in the claims below.
Also, the terms in the claims have their plain, ordinary meaning unless otherwise explicitly
and clearly defined by the patentee. It is therefore evident that the particular illustrative
embodiments disclosed above may be altered or modified and all such variations are
considered within the scope and spirit of the present disclosure. If there is any conflict in the
usages of a word or term in this specification and one or more patent(s) or other documents
that may be incorporated herein by reference, the definitions that are consistent with this

specification should be adopted.
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[00114] Many obvious variations of the embodiments set out herein will suggest
themselves to those skilled in the art in light of the present disclosure. Such obvious variations

are within the full intended scope of the appended claims.
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Claims:

1. A method for producing hydrocarbons from a subterranean reservoir that is
penetrated by an injection well and a production well, wherein the production well comprises
a substantially-horizontal section along which a plurality of fluid-inlet components are spaced
apart to define a plurality of production-well fluid-inlet zones at least one of which is in
hydraulic communication with the horizontal section of the production well, the method

comprising:

injecting an injection fluid comprising a solvent into the reservoir, by way of the injection well,
to mobilize hydrocarbons in the reservoir, such that a drainage fluid comprising a liquid phase
and a gas phase occupies one or more of the production-well fluid-inlet zones, wherein the
gas phase comprises at least a portion of the solvent and the liquid phase comprises

mobilized hydrocarbons;

producing a production fluid at a production-flow rate via a pump running at a pump speed
and in hydraulic communication with the production fluid, wherein the production fluid
comprises at least a portion of the liquid phase of the drainage fluid and at least a portion of
the gas phase of the drainage fluid such that the production fluid is defined by a liquid

phase:gas phase ratio; and

orchestrating variations in one or more of the plurality of fluid-inlet components to modulate
the liquid phase:gas phase ratio of the production fluid by prioritizing hydraulic communication
with a subset of the plurality of production-well fluid-inflow zones, and orchestrating variations
in the pump speed to modulate the production-flow rate and account for the variations in one

or more of the plurality of fluid-inlet components.

2. The method of claim 1, wherein the plurality of fluid-inlet components comprises one

or more inflow-control devices.

3. The method of claim 2, wherein the one or more inflow-control devices comprise

shiftable ports that are configured for remote operation.

4. The method of claim 3, wherein the shiftable ports are actuated in response to
changes in distributed acoustic sensing (DAS), distributed temperature sensing (DTS), or a

combination thereof.
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5. The method of claim 3, wherein the shiftable ports are actuated in response to

changes in the liquid phase:gas phase ratio of the production fluid.

6. The method of claim 2, wherein the one or more inflow-control devices are

autonomous inflow-control devices.

7. The method of claim 1, wherein the plurality of fluid-inlet components comprises one

or more upper production ports.

8. The method of claim 7, wherein one or more of the plurality of fluid-inlet components

are coupled to a production-string tubing that is in hydraulic communication with the pump.

9. The method of any one of claims 1 to 8, wherein the plurality of fluid-inlet components
are spaced apart by between: (i) about 50 m and about 500 m, (ii) about 100 m and about
400 m, or (iii) about 200 m and about 350 m along the substantially-horizontal section of the

production well.

10. The method of any one of claims 1 to 9, wherein one or more of the fluid-inlet

components are interposed between annulus-flow restrictors.

11. The method of claim 10, wherein the annulus-flow restrictors comprise packers.

12. The method of any one of claims 1 to 11, wherein orchestrating variations in the pump
speed comprises adjusting parameters such that the average gas-production rate is between:
(i) about 1,000 m®day and about 30,000 m®/day under STP conditions, (ii) about 10,000
m3/day and about 30,000 m*/day under STP conditions, or (iii) about 20,000 m®day and
about 30,000 m3/day under STP conditions.

13. The method of any one of claims 1 to 12, wherein the liquid phase:gas phase ratio of

the production fluid is between: (i) about 1:100 and about 1:1, (ii) about 1:80 and about 1:20,
or (iii) about 1:60 and about 1:40.
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14. The method of any one of claims 1 to 13, wherein at least one of the plurality of
production-well fluid-inlet zones has a temperature of between: (i) about 50 °C and about 300
°C, (ii) about 70 °C and about 250 °C, or (iii) about 120 °C and about 200 °C.

15. The method of any one of claims 1 to 13, at least one of the plurality of production-
well fluid-inlet zones has a pressure of between: (i) about 500 kPaA and about 10,000 kPaA,

(i) about 1,000 kPaA and about 8,000 kPaA, or (iii) about 3,000 kPaA and about 6,000 kPaA.

16. The method of any one of claims 1 to 15, wherein the injection fluid further comprises

steam.

17. The method of claim 16, wherein the injection fluid comprises less than about 50 %

solvent and greater than about 50 % steam on a mass basis.

18. The method of claim 17, wherein the injection fluid comprises greater than about 50

% solvent and less than about 50 % steam on a mass basis.

19. The method of any one of claims 1 to 18, wherein the solvent comprises propane,

butane, diluent, natural gas condensate, or a combination thereof.

20. The method of any one of claims 1 to 19, wherein the subterranean reservoir is a thin

pay reservoir having an average height of between about 5 m and about 15 m.

34

Date Recgue/Date Received 2021-06-18



o ey

o

..
s
\

6
vty

i
il

i e
i
8]

A 1
Wi i
Wy

.

4 [

T

o )
Ml ol

nh oy
L T i

W Wi

ulh
gyl

Date Recgue/Date Received 2021-06-18

i
1y

L
¥ 5

i

%\wuw“
B, 7“:“"11”\ i

W

il

g
sty i)
m,

I
e

!I»MP
el

oy
b;}v"‘b‘nﬁmw

[
L
Zahelh

114

FIG. 1



180¢c

180b

180 <[1soa

a
i g
“

mm‘\‘\‘\‘\-w

llmN b
iyl

(i T

)
e
"«"1”“‘1&“‘““,,‘

H,,.‘“““ﬂ...m )
e gt 1

”"m‘m Jee T ]

““W

i H‘Wm,\m
s

. mumr-

%
iz

i
i N
wuu "

“\m i

i ni‘i‘; 23

B
o
el

M i muuw

mmnw

il
w“““‘wm

Wmm\w\ l

o

‘mwﬂ“’ﬁg i o \%

mh““‘(l\m_

JJ‘l?;JM L el

! ,,,,ww "

L ...mwgg i,
W2 gl
= M

Tl % it

M“ﬂ\ ) \[

pual |
‘mﬁf

M oy =
I’ i

‘>“Mw,..‘-m‘v

1
'V‘“\‘W )
2 o

W“‘“{"““‘Nm

i e
[yl iy ,,ﬂ““wmw,(
g e mm li= w“w

i
ok e

sl =l
o
il 1

WJ(”’
"ﬂ«w-\%"
SR

L

i,

“ﬁ

|
“\MI‘L‘J‘LW I’
)

il
‘l””“(mu

;
il
e \‘,‘mu

Sy

i
‘

i

I
)
e
MM\“ “MW
T

e
"‘ﬁ,Wm\w-“\‘\wy: ;‘”WMF m’

i
M&E\@Ml},“muww pl

K il WW‘“‘
., i m'
| 1 A

gl
\\Www s i

o ”"“‘“‘fw""”w""
i ‘vf:“““w“l/’w"““&\\\;]L i m.mlv;;«“ -

mu‘u.ﬁ U 1 ; il

‘l‘)““’f*ﬂ&?‘h ; ”ﬂl m““m‘
= el

il i o ol
‘%“”"uu -uu;‘w '"‘;‘,! .

e,

e mm““‘W o
i

wmw:ww
L S 2

T m‘” e e
ol B ‘“‘:W } Iﬁlm Ll ‘W““ il

il

e
W(A&%\J}

Date Recgue/Date Received 2021-06-18

o ““m,, R ....uhmw

v,

il i,
"o

g, ““\
;\Wn\\ M;}}N\Vﬁ o
Pl ”’_\

oy

e
-

Il

“”""ﬁ‘""“‘%‘”"“““ [¢ m
PO

,,,,,w.w“"'wi

V( " g
e s s o
" W i
I m“ s s, g Mg
i uw " il

it 'w.w

”‘ u L Dy iy,

m i 5 i
i . r il

m el y oy umu\Hw
¥ i L) " o

g, T
H | i i
[ M £ il
I I i u
‘w L =y _'f’ gl
- \\\1‘ L s 2 %H‘
. o
V)

: T
f “W.. o MM:}D\%

W

il
m o l e
iy ;
4 8 T 1w, s

I
?mﬂ'ﬂ\wﬁ;;};;:Wuwwﬂ.\.w

i ‘mmmm (o L
"

/
I M;”m

e
\ i
T e

ol “isin)

“m?mu g

“mu

o
il

¢
-
mumum

I

o
e
e

mik m

L ‘m

by
S

it i
i ,},{‘}“\M\HWW%HT“ “‘W-\“‘ M ‘ ‘ “Wu
i

1%
%uﬂ- )

e
W}WW}MM“““‘ |

Ewdm mmwum

Mmuum

oy,

w@qw

ol

Huu

il

o)

i,

i, ol

"
i "% m g
g = "\u\wﬂm‘w‘wﬂﬂuwm_‘ﬂm

2114

170d]—17o

g o
L

170c

170b

130

FIG. 2



€ Old

s}
b20Z £202 b4 1207 0202 8102 810z

[Fimy
&

- N\mwmmwmmmwwmwwwww . . }W! _
, TRt mmmMmm*wm s ) /
w.f - o ™ #lmm“nmwmwwmumlwwm rsiRTs -
I._‘%% g bt S ‘IMMHMM.WﬁmW%%Mme 1 NII <
‘ Fess . %
Fre. s o
i -

A\Cﬂn//ll\&

3/14

Date Recgue/Date Received 2021-06-18



§ 8 B

Date Recgue/Date Received 2021-06-18

g

§ B

(Aepfw) AIGIUOW - DS SleY SBD

4/14

g

2024

xnB

<
Q
/ <
g
”"':&
e
L
“~
\
m .
. 5]
\
1
[y
\
L3
!
" o
'y
; &
L)
\
\
»
Y
\
.
,mmwmmmww w,M” ‘ %
m oy ‘
LT Wy g '
N
< -
]
..
fc~3
=~
b

Time

FIG. 4



E z ¥ % ¥ g

L ES RSy BRI

5/14

Date Recgue/Date Received 2021-06-18

i)
&

&

e
ke

%
H



e o K

a

s 0
.

N S

g 0

ey
o st il e s g b
I

(-

g

L o gy

P———

T
g

¥
o e,
Hwﬁm:‘q;z : M‘W‘M
i ! -
I WL : N

:
)

b

:

LY

o 0 0

1 »,
b g 5 e e . 1 1 16
A
I

i
Wi
W
"

I

£

%
H
¥
N
®
H
i}
w
i
3
H
H

k P ———

L9

™,
o
r

v

‘
"
i
1]
.

e
«
1]
"
¥
«
1]

b

1.25

(

{00 S—

o~

Lo
wyew) Y198 Isu| ol

0.00

[osn ]
ey 1o w

6/14

Date Recgue/Date Received 2021-06-18

eo)s

2024

2022 2023

2021
Time (Date)

FIG. 6

L9 3]
o
L]
o



L '9Old

(a1eq) awinL
202 €202 2202 1202 0202 6102 8102 1102

fom:

o m

<
IO weals

T

- - N

2
-
je

i

— i

el

P e P

s e
e

Y

o)
o
(ewy/gw) Y1OS WNY o

<
™

714

Date Recgue/Date Received 2021-06-18



ve

L]
o™~

8 'Ol

(a3eq) 2wl

020¢ 6l
]

€coe ¢clc 120¢
! ! !

419§ J0joe4 A19A090Y |10

8/14

Date Recgue/Date Received 2021-06-18



ov

-
o

6 Old

ULOS Jojoed A1anod3y 10

0¢ 0] 0

e o e e o

e m e m e m e m e mmmm—mmmmemmmm e m—mmmm e

T

T

CR LT T L T T Fvpups [RpRpps TR PR R SRR A —— —-

]

o o 2

PR e —

R R A

O O N O e

H
H
M
*
H
=
N
*
H
*
H
T
H
H
H
z
h
H
*
H
*
H
*
H
H
H

EETTTR TRTTYE
i

e m e e mmmm e e m e e m m A m = m M mmmmmmmmm m =k

M
i
Il
]
Il
]
i
11
1
1
]
¥
1l
'
i
[l
1
il
Il
[l
[l
]
]
i
11
[l
Il
Il
[l
]
]
i
1
'
1
]
]

LRI 3

1]
]
i
’
1]
i
i
1
i
i
[l
i
1
[
i
1
'
1]
[l
1
1
1
1l
1]
[l
I
1
[l
i
Il
[
1l
1
’
1
[

d
"
]
"
i
i
"
W
i
i
"
"
)
"
W
[
i
[
i
W
0
[
"
"
"
"
i
u
)
[
i

o
v
i
[
M s
W

¥
i
i
1]
]
i
i
i
¥
i
¥
¥
]
A
¥
¥
¥
+
'
v
i
]
i
¥
T
i
]
3
i
i
i
¥
1]
i
]
PETTTTE

T~ A SOOI WO

i

o s e

——

000

O wea)g

Y108 wn) oljey

9/14

Date Recgue/Date Received 2021-06-18



Solvent Oil Ratio - Mass

i i

[ o .

2024

1=
14

18

Date Recgue/Date Received 2021-06-18

10/14

e

FIG. 10



E \N‘NH\HHH\HHHWHHHHHHHH\HUHHH\HHHHH\HH\HH [I | HHHHHHHHHHHHHHHHNIHW”W\INN
AR 1 IO
£ T JMJ‘IEM I
ER ANAIRNCRN. )1
- IIIUHIIIMIMMIll]ﬁllsl%ill.,,,I
E -
E T
UL
: T
E § 5
y 3 I
T 0 ANTTTA
+ i
<. 3 i
. B 5 L
g1 F
R E
R E
A %3
E Hl
T
E I
[ 8 g ,
LY |
o o I
I I
E IR Il
o 1§
i i
£ il il
E et
: NI
] NI
B § :

1114

Date Recgue/Date Received 2021-06-18

S0 ST SIED G GIRRT  SRME  SERI  SHINE ST

AN SENE SN SN0 SIS0 SIS

SHRID  sEREY  SEERT

ST SIS GIZND  SOD SR SOID  SUSR

SIDED  SiRXD

FIG. 11



e ———
wmnmruwwwwwwmmm I

1 S Wi i it it i1
s e Byt K St re—

s o s S s LSO ek

I R

i

. o
[ g I s i s
G138 T A AL I vty VA U I A i )
s S s s S s s s i o
s S R it s ok
i Iy S A i s St et
A A, AL VA, A 0
) '///////////////ﬂ S e i dosts I

o
osaiis i
i s et weoveens, st st m mmmwmumm i s it
s e s e et it i it i i
A A A St K i A A VO R,
A A S MDA A i A s
e e O At O R NI I A A Vs Pt
s st e s W W, S W
A S I SR, A ) A, L S
At A3 0t AN SR, SN O GG W) WO O
e s i i
ety St e iy ML A0, AN Y R s
it S s s NI S SIS A S SO s i
s S e s Ao A, S s A AR, A ot WA
e s S D S S i vt s s e s
L 95 s A S e I
s v s s v e

o
it Kt e A AR 14

arases et s s s
s 7
WWW\M\WMWM i
o) S i
SR e i

s e i
e s
e et
AL W et vt 8
A~ m

A )
T e b e 1

Off Seturation 2024-lenlt  JPlanei 100118

i
i 10 00011
A OO, 1, G i i
i s A D —
s
b

e

100 O L W0} e ot Fus s Steie mamEE 1)) 1))

s e
e s I
ekttt O Mo
i it e
ssats it s it ot s G s WD W e b
[ it SO O
7 O W
st VUYL DDA R Vb, DDA SR

e
1 e N I R A B

T IO 01100 U, DUy S NI e |
OO VAR 101000000 AR OO WS 0 A 00005 s

A ST 3 L D b BN
A i A A DARACALA A AAAG AEARAA (o B et
i e i b
L

LY i LA AR MR OIS O S
st preed
s i it s

AL A R S S
b - ]
B W0 i A St WMWW/‘WM
S A AL L S it et
- =

7
S S A LA O IO G 0
i il S W it i

1 MHHHHH
i
;

g Y e
D B A O L: JAs ) A
s N it S i I AN A i i ! i
MG I A A i i AR s DL TS A
1 LAY A T e e et
! . AU N oottt ) ety
i i L AR BAARIAVAN At AN MO ARSI RIS St WA peoe
U OO SO SRS a1 e e
i MRS AL SO O A1 RS S
i Y M ORI G 0s A3 S S
e el ]
i I, S IO 1020 AU S S5
AR IO NI VAR IO L S i s st S e
e e R e
A T o AR S ST SO GAGOanss WMM/MM“_
el A SO NI S N S S s St
i i i s | St
i i st s s
A s M LAY IR SRR WAAAW BSReeA resasn
i L 1 BN ST IR e s s
L A L i o s M ht W et
L A S i i ST it Eibonss s s s
it O A A W A D U St e
/1, MM it AOULIORLY URDULI MDA Ak Lo SYAROROI OO, OSSN s
il L T e i A LIS SO R Do
L T e T AU AL AT A M SN g e
71257 A OO0 ) oo, 0 V0D S 41445 g

b, O AN ORI
i AR s
it N A

S A st fey
L 4 BRI A IR B ek L]
i o
i AN Wttt et s
i e s ot
e

o
L w—
o st Vo

ew

s

[}
[ i ey S
(ais m

b
s s s e i St St e

S St Y | M vt
e e ot Tt T i s e Vs st
(i s o %mm iy

\'
: 100118

e vsdaaani i

it i i i s s S i
o M IR RN A, ol i A G W, T

i it i S i by W///////////

st wwm)mwwmwz Aty AR A LA, OO T i T,

A e A, A, AT i

S e ot Vet
s A s

IK 2D

il Seturation: 2024-Jan-0t J Plane:

i
\Chianss s I A
o s s s it s o

I A W A S A

ma s s i

o T Wi

A e e

s A U CINSS EI s S e s W

s AR s i i ot S
T e e S I3t SN AL AANIITS EAmeeith
s A U s s i e st St A

(s G A M U A ) 1 O s

e s s etae sk s e AN A St e
[t gz e it 1

L et T TS SR st s

it s s ae s s i St e

e

[ i
0503t I Wi A WA
s D i e S— Sssassess et et
A A, ORI MV e st AN AN TGRSO MG WA e
s W i i S S |l A NI
m |, S S|

oy
Sacoas St Mt e

Dashboard

A i
G I T 1 e e s Asiseth S

St o s L S (1000
o ot T s A

et non i et ot it Co
i ot s L 10 L WG |
e i e e 4 W I Ak YAl s Mt A Sy
e \Baps 1, A 0, G G i e
e e e e s e s s B e e - i

s A A

Lo
i I A0 SN SR Assalt et S MIND

S, VA A G s A o
T SRS B, DRI Ui I I i s s Au/m:m»» Ul i 1
s St st

A T A28
i AT e
A T s S A3 A Sy
i S
e o s AN St i
s A 0 VU W M) A AT
AT TN s e A S S mnw T
S s MM A S
s s SsSs W S
b A A A OO ) O K O St O 0 i VM, I i
s A A s L Y Y s
il ossinls s M s AR

e o
G s W D
s Deseecon I T
it A U AT WS T
R R TG VAT
e T i, s
e s 5 s s s

s s b Sy DA A 1
s S A s i WO
]

A TG ORI WIS QA
T A R D A Ah
I Do 5

s
A A W g
it Bl e Vb i
s e
i A it
s 1
i W
S
e o I WY
ﬂm1///////////////1muuwuuwuuum{“ulj‘l‘u\‘?‘\;"\u‘l;“l‘

A, e
D s
i s
A D

o
e

i uuuuuuummum \IW‘J‘,‘J‘,‘J‘,‘J‘,‘J‘,‘J‘,‘} ‘;“‘Il\\!‘,‘!‘,‘!‘,‘!‘,‘mW‘Iﬂrﬂlﬂ’ﬂl”W//////////////‘ l\wu‘y‘dwdi/ﬂwﬂﬂl
WHHHH\HHHN\HNIHHHHNNNHWNwwwnh A I e W IM/{MWAH«‘ \W//

- W‘mzu:uwuuw“WWu:::u:::;:::u:::;u:v;:v;v:uv;v:w;v:u::‘;,, i =
i
e

i 8 it S s
St WML WU 1 T e
S U N I i I G S 0 1 neeame e
M o o : WANOUAAOY ARV DAV A, A s
i et L . SRR s it e S

sy ]

.M{c;mwww Vo

i
I S s i
i e Y

e DALY

) s s
AN T e S
i R Wetean

i it
T T mt s
\

7
D A i it Y

Ay el N o s S

A ) O i Wk D ALY BSOS i S s
AL U bt D, DU AL A5

i i e Y 0 ) A e A 00 S s

7 A UMMM o S st

il s 1 i S

i e et

41 e

bt cosoisen

i

N AU, AN DAY DO A S i

Ly SO ARG W oo

! iy i sl i
A L

Y A
D Vs
A S St

e i iy L
T e B

25
Xk
-2
1381
19

e —
‘UW\\WK\‘J 1!4“ WMIUMIUM M.I gl — i
ummmni NN i o oo St st kessag) 1111 L
i i e, e e

i
Vo s e
S SIS OB WAAORII it
\W A A S ST mmwm wmm:m S e
T i S el s s
s s s s s wmmlm
i i ittt Ww i ///////////M i mwmm mmm
s G MBI A G I
s it s St s S, I umrmrmrw i
s S i s s s, S s s s
A M S, i
s st st St it A G A
iz A A s O s
i i A iy e A s S S |
I S i S ) W |

A T i
TSI G VS W i
S G
s st

o
s ) i
AR WO 15 W M A N B
At k. oo o sl s
it I S il i

Off Sahustion 2024-Jan-01 JBiane 100118

A OO (A WA
I W A D

A A 1 BB W S
AN DA A

) L MG AN RN DA A Sosmetel
S il maons I i e
A O Sl VG i 000 e
R e
i s Y i e, sy
I ;D W Wmm—_:
¥ W S B, I i
b s . S S
A ) v T D, S T wwwwmmm«mnwomm/n/nmmW
AL A T AT A
i i " s

o
e A A
L2 i s D
i Do i s
S A A U AR AT S
At A, WAL AN, AN (it T
7 B i A s s i
S it A i e G
i G G SO OISO, I AL
5 OO OO IS AR DR S TN G
St WA MAODLAIOAY i b M AN
N D DO o W D, i
AN A A D A A N S
IS Wb ) A s I e
. W B s s b
D AL A S S
o A L O BT RSN DI o
i I i i e
7 it Y ot ot S S
e e ]
ik A, A 0 st S
e e ]
I R 1 s s
sttt B, ot
) A it i B i ]
ot S o P A T Lo e e
i, G i o e i s o S
s s i i G Y N st e e et
S i 1 oy okt AAAD A
i i1 St S A A MO BT A Wt
1 O O Y A R DA W i
A O 3 A ) N A i i
T B IR Ml ]
L Y, MY i ]
Y A A V4 V0 s et

g Y
T
mmmm vwmmumumm

w il B

Date Recgue/Date Received 2021-06-18

1214

SSn  SEm 0 il N SN S aEEn fNa S LWE S SNa S5 SEE SN0 e SEs odm

S BN DRE SNG 2N SNl 50 e s

FIG. 12



1306

Gae Sefuradion X2¢-Jan0t [Pane T ol 5D

Dashboard: JK 2D View
Gas Seherstion N4 JanB! IRere 3T of50

1302

Gas Sehwrslion 2024-Jan 0t IPanx 37 of S0

supinnnnpanlunend li ! i § . a3 Salurslion 2 <AL = 37 o1 50
1304

Date Recgue/Date Received 2021-06-18

TR
NHARAN
MMMWMWWW
LT

1
LU
WWEM L

T
T AT

“WWWWWWW

NN
T

T
MWWWWWWW

VIR
T

A
NN
LELH

SEEND  AEUED  SOND  EENE SN 2D

INNNARERR
UL
LT

13/14

é
:

a1 B e

SINED RERIN fEND AT S0DT  BRNE RN

o
F
O
LL



(o]
(= R —
<
F

s e e, e, o B, s B e e L e i
e e e e e
WWWIWW)WW\WWWW‘WWWWW MW//” WNIWWW/IW//IMMW ‘ll rW//WWw WMWﬂ/ﬂ#ﬁm\%ﬂ/ﬂ#ﬁ%\wﬁwﬂ//ﬂwﬂﬁlm’//WWMWWW}WIWWMIMAWMIM/M
M””mmm”””w“m e
- MW///MWWWMWIWW% W%/WWIWWW\WWMW Ve mmmnwmmm AR VAT mmwm WWMM M WG,
s L B e B R e
e Sl e ot s S S e e e e o G e e
e A L L S S e e
s+ @ i
Sl \,\:vwwa'et:z:,c,:,c;:.cevm——mm.ﬂ%mazammmmmmmrmw“"w‘mmz@'WWWW%WWWWWWW
B S e S o e s a0 O O i i i i i i
- -y - <. @ @ @ i
i s e AT 0 e o Bt s ettt e i s S

s e s e

=

s e

I

55T

ot 11101 o s A G G0 A AT A AT O o
s s S A A A A A A
s S WA W e e A A Eo At A RS A A VA A Y ot AN
A s S e s s e e B i s 1 (10 e 0 A0 A 0t S e o it e it
S s S s ey St A A ) AN A A i Vs Vs st e st s i ity Yt
Rty s 1415 A W o VA A B A VA A S A, WASSA LTS
IS S I SIS e A A I I e I S S A A AL, I D AT S35
U W s S 0 A\ A A A VA1 V1 O 1 A O e WA 0
wmmmw I A A T S e eesgaes wsesmetess st wmesaets 11111111 SIS AT S I T i G S A I w««««««m S s
I B A T et S e s s e 111 I I I e I R I . s A I s I A St AT

Sl 1 AL A A i o SRS S Gt Beasmsd 11 L s e L o, A S0 T A e A AN i s

Gas Saheation 2024-Jan-01 JPlane 100718

. -

S I

e —— vt I A A S NI T A TR, A, VYA
i 1 e s R Rt e A AR AR A A A A A0 AR s S

Vs o p— S . o e
S 1 e st A il s
] R o i i, i i i
£ e o o A A M I I s M
B e et i et A B A St WA St Wt
i W e i b i o i S S i

5

lew
1Wof1a

2024001 JPane

I

i s mmm it it

e
it s s e et S e o
s A WA, s et e i o 8 Y
et Rt 1t 1 AL ) At Al et i Ut B mm/mm MIMMMMMMM{IIMWMMM Al i Vit mmm Uil
it s i, RO o i s s WA ) A s VA s A s IS A3 A S N
I DA WD Y Wit i AT AL, 00 N 1, M, G A0 AR AN M AN, FOt e
e p e e s Matan s A A ST SO YA OSIN WSS MR s SISIAAS U DS DA
e i WG WY 0 O S0 001 e e e s L0 oo s s A A A0 e i)
S W i DB o KA S 1 L LA A e Sl s S Wt s
s Wi iy i i i et s s 4 5 i T pra

) it ] D s R L SR W0 AT St R ot itmes WD A A M ML e Wkt i i
b A LAt it B Ao s LS et st IS S S S A S AT s SIS KA
g s AR S TN A WO W A I Voo e 11 A A V0 Y 0 A1 AR Wi
b A A ), DA, DA SO | DN R s MG OIS M) A N1 SN S Nt
S MM AL ISR A, A A B S AL L I AR s s A s e s i WA e

S st ML I T I, W A A | A O T o & s S AT VS AT s At
e 1474240 s DI L O S D W OO i i WA i i A i A Vs W ot
o PR BARAMNM o, A SOOI B L ) Mt A1 A S, A A I I A48 A I
A s o L Wi A S e S s S0 1 A S A NG LA i it s

i A e S e i i i Qi

i e U A S rwwwwww A, A e e A A W////////m WWWm!mWMW/{/I/{/{/mV/////////////m WM/A W//////m erm %7’%”

IK2DV
§§§

illlllllli!!llll i

MR E

d

e, A U OO O O, W e s 1 A O T,
i A AN A s i s . m— O i s e K

s i s e ety i i s e A e T

I T e e R I IS S A I 3 A8 A U SIS

e S e s A S VS S U W N e

ot kO s HASErisss AR M BAMME LALTCatts o o g iisin i
] A7 e G I D W///////l//////)V/////////////A‘W//////l///A\W///////////A i \v//////// o W///////////A
] [ g

1 I S
] i 0 aritts o it

e mmmmmmmwmmm i i A Wmm/mmmm i wrm/mm s A,

o b e e 1 e e S A St At ML st

A WL Lt A AN N WA DB VA B B RIS YAAIAAS NAABII i AN

2 TG T s o A U 0 A O VA A A WA s

P ) st it b s AR KN G T G SN A it

i i, s S 3 e e S Gt it S s e 1) S A B I S A A A, I NNt S

e b e e L A e i e e b e e e g
il A A G Va0 e e e Fseies et MEGAteEs Measaeat R s 10111 U 110 LA OIS T A A AR YA A A, LA

FIG. 14

it it

e

Dashboan
coss

A4
<X

I

A o Ve SRS Yr DS RGO BSESSTN 1 L SR ) S N 0, s ISR WAV WA S G S VAo ARt VDI NI i
A U SSRGS NI e e \ESEERE 1A AN A G AR A A AR At A YORIAAAA S IBAAR A A ekl s i et
o i o e S S e N 144 1 1 A A 1 ) O A, AN U AL o S At s Ui s
i S, o s 45 e e et U111 1, D 1, e 1 A e e A SAAs Kt WA Sy
A Y314 S 4 1 S Ve I i1 01 A A Vi st st A MO0 W A0 0 o W o Wi
S NI 1) S o et 01N SIS HONGAS T O VAN SN A e A s it Vit iy iy
it S ey Mt s e et A A T I, U AN S AT Vs 1R S I A S T, S YAt
e i) i S S s BeasaSAa 11111114 1111111 1 S S A0 T At 11113 5111 A i o1 A s i S s
mm el EARERAT) A RABSD RS R WSS 11111 A T (A TS i il s AN RO Vi o et i s il ity Sssin
e e e e o e Rt 141 A 0 W I ) it o o i s s s A s S s ats
e S s s i A A S o D T Vot S

st tesaas s e e o — A AR NN A V] SN A0 G0 G s Gt A G A i s
S //////«%/m ‘l%//////////////l Wm ) W//////////MW wmnww s A o A s i s s i

—

Smisian crcins o e I T A e T I I, W Win W i s
T i e o st s A S
it it et e i s it S Y i ki v i il i i kit o
mlmm w\u\m\wx“ S, VA e et G Y 0 A O G s W/////////mw////// mw)}»)}»)})mm///////////m W////////////A I O G
s 7 ] st st ) S e e e O s
presiriier e o g bt s e A e
A e o ¢ 0 et i S 0 G, A G S AR S M SO SO 1 A S it
B A A W5 Ay A Sy A A S s ARSI AN s e o S AR A, AT i o utestn
S A DA DI A A A5 A S S A 0 s S s m/mmum i i - it A M|
 keima St cuveutiaoty WML WO X i, I SN et e o bt W e et o o e s s s
s R s s s A AR s A s A A I SIS U AT WA SIS A
o A S IS ARl I AR A LIRS W11 A VA K A AT M SATATITe AN TGS e
e s S50 AaGadgs) MOV TN, DIV NI W) mnummmnWmmm S A A 4 0 0 Vet Y Oy A el it
e i S e eV L s il o Sl il Vet s ton o e Vi S T
f—rd

v
it o 0 0 Al S\ i A, N1 A A S A A A A A A
R . e 1 s 71001 e 1 A S SO e e A s Vs A A A
R e e
S s M, s S (A4 A, S st N N A ) s o i
s s et s G s S

s i e i A M s e i

S o s b i v Lo s i e i
\IIWIWIMM TR //WMM/MW//IMMII WVIWMI/’ . MMMWMAWMHIIWMMMI A W A O A i A e WMM A
e i i el e s i e e b L e
- - - @ - . @ @ @ [ |
i i ey s S e o ettt A A AT SR AU AN W T e VAN A e st Wit Vs st s
s s e s . N
- > - — . . - . i @ @ | @

e i D e g B s P g i B L s s i

e s s pe e i s e e R e s e R e e

s Sabrsdion 2024-Jan-01 JPlane 100M18

>,

14/14

Date Recgue/Date Received 2021-06-18



£ & "

P
W

Sobwtest O Biatio Do/
o

Solvent Oil Ratio - Mass

// E]

—F

Pt D '

R R e L1t
* - H

-
W\/ ; o
i, 3 i

T

[ I 4 i
o8 I3 3
62 s A Rt TSN
o % o Fape \
[ }
1004
(23
&z
[+
=ia ] =n nn i foec ]



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - CLAIMS
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - DRAWINGS
	Page 51 - REPRESENTATIVE_DRAWING

