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(57) Abrege(suite)/Abstract(continued):

slurry comprising solids and bitumen extract; separating bitumen extract from the first slurry forming solvent wet taillings comprised
of the solids and the first solvent; removing the first solvent from the solvent wet tailings to form dry tailings; and combining dry
tallings with water wet tailings produced from a water-based extraction process to form strengthened tailings. The dry tailings
comprise less than 15 wt% water. Water wet tallings comprise more than 25 wt% water. The process permits recovery of

hydrocarbon that may otherwise be too difficult to recover and thus has previously been lost. A fungible product can be formed
more efficiently according to certain integrated processes described herein.
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ABSTRACT

Processes are described for extracting hydrocarbon from a mineable deposit, integrating
solvent-based and aqueous extraction. An exemplary process for extracting hydrocarbon
from oil sands ore comprises contacting ore with a first solvent to form a first slurry
comprising solids and bitumen extract; separating bitumen extract from the first slurry
forming solvent wet tailings comprised of the solids and the first solvent; removing the first
solvent from the solvent wet tailings to form dry tailings; and combining dry tailings with water
wet tailings produced from a water-based extraction process to form strengthened tailings.
The dry tailings comprise less than 15 wt% water. Water wet tailings comprise more than 25
wt% water. The process permits recovery of hydrocarbon that may otherwise be too difficult
to recover and thus has previously been lost. A fungible product can be formed more

efficiently according to certain integrated processes described herein.
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CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is a division of application number 2,797,513, filed in Canada
on November 21. 2012 which is a divisional of application number 2,740,481, filed in Canada
on May 17, 2011.

FIELD

[0002] The technology described herein relates generally to recovering hydrocarbon
from mineable deposits, such as bitumen from oil sands. Processes are described for
recovery of hydrocarbon from oil sands which integrate solvent-based extraction technology

and water-based bitumen extraction technology.

BACKGROUND

[0003] Processes for extracting hydrocarbon from oil sands require energy intensive
steps to separate solids and water from hydrocarbon, to yield commercially valuable products.
Increasing the efficiency of oil sands extraction in ways that reduce water utilization, reduce
energy consumption, and utilize production streams or heat that may have otherwise gone to
waste. will reduce the cost of production and provide environmental benefits. Such efficiencies
are needed to improve upon existing processes.

[0004] In general, water-based extraction and solvent-based extraction are the two
processes that have been used to extract bitumen from oil sands. In the case of water-based
extraction, water is the dominant liquid in the process and the extraction occurs by having
water displace the bitumen on the surface of the solids. In the case of solvent-based
extraction the solvent is the dominant liquid and the extraction of the bitumen occurs by
dissolving bitumen into the solvent.

[0005] Water-based extraction processes have several advantages. Chief among
them is that the process water is relatively inexpensive and environmentally benign. Another
important advantage is that water-based extraction has been shown to produce a fungible

bitumen product when paraffinic froth treatment is used to treat the bitumen froth. Solvent-
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based extraction processes also offer advantages. Solvent-based processes result in
effective recovery of bitumen from streams containing large amounts of fine solids (or “fines”).
Further, the volume of the tailings (or “tails”) produced in solvent-based processes is less than
the volume produced in water-based extraction. Additionally, the bitumen product produced
by solvent-based extraction has a reduced content of fines and water when compared with
bitumen froth produced in the primary separation of a water-based extraction process.

[0006] Canadian Patent Application No. 2,068,895 to NRC, describes integration of
solvent extraction spherical agglomeration (SESA) technology, as described in more detail
below, with the Clark Hot Water Extraction (CHWE) process for improved bitumen recovery
and reduced sludge volume. A high fines conditioning drum oversize stream is processed in
the SESA process while a low fines stream is processed in the Clark hot water process.
[0007] There is a need to further develop processes and systems for integrating water-
based extraction processes and streams with solvent-based extraction processes and streams
to capture previously unrecognized synergies between the two processes.

[0008] Processing problems associated with recovery of water and bitumen from
aqueous sources, such as from conventional water-based hydrocarbon or bitumen extraction
processes, are largely due to the presence of fines in the streams. Recovery of bitumen from
bitumen-lean streams, or intermediate streams formed in a water-based extraction process, is
environmentally prudent and would increase the efficiency of the overall extraction process.
Conventional attempts at de-watering streams from a water-based extraction process have
typically been undertaken only after the majority of hydrocarbon, or bitumen, has been
removed. '

[0009] Aqueous hydrocarbon-containing streams from a water-based extraction
process which may undergo additional water-based bitumen recovery or which may be stored
as waste products include middling streams from a primary separation vessel, and bitumen-
lean streams from secondary flotation tails or froth treatment, among others. Such streams
have a high water content, but may also have a bitumen content exceeding 15 wt% on a dry
solids basis, which would be desirable to recover.

[0010] Canadian Patent No. 1,024,330 to NRC describes a process in which high fines

streams, such as the middlings from a primary separation vessel of a water-based extraction
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process or mature fine tailings from the water-based extraction tailings ponds, may be directed
to a solvent extraction solids agglomeration (SESA) process as a source of the bridging liquid.
[0011] Aqueous hydrocarbon-containing streams and, in particular, aqueous bitumen-
lean streams from water-based extraction, contain a large proportion of water. For example,
50% or more water by weight may be found in such streams, which is higher than desired for
many solvent-based extraction processes. Thus, there is a need for a process that can permit
iIncorporation of such aqueous hydrocarbon-containing streams into a solvent-based
extraction process in order recover residual bitumen within these streams.

[0012] Approximately 10% of the bitumen extracted in conventional water-based
extraction processes is lost in the tailings of paraffinic froth treatment (PFT). Although a
majority ot these hydrocarbons are asphaltenes, there is still sufficient value to be derived
from this fraction to support recovery from paraffinic froth tailings to increase the overall
volume of bitumen produced. Conventional water-based extraction processes offer limited
solutions for recovery of hydrocarbon from this fraction, generally requiring one or more
addition extraction stages to recover residual maltenes from froth treatment tailings.

[0013] Canadian Patent Application No. 2,662,346 describes the conditioning of froth
treatment tailings (both paraffinic froth treatment and naphthenic froth treatment) in order to
separate the hydrocarbons from the solid mineral material. After solids removal, the
hydrocarbon rich stream from the conditioning process is then directed to a solvent-based
extraction process. Separating the fines from the hydrocarbons is a challenge regardless of
whether it 1Is undertaken within a conditioning stage prior to solvent extraction or within the
solvent-based extraction process itself.

[0014] There Is a need to develop a solvent-based extraction process for recovering
hydrocarbons from paraffinic froth treatment tails without dispersing the fines into the
hydrocarbon extract.

[0015] In solvent-based extraction processes, the solvent may contain dissolved (or
‘entrained”) bitumen prior to contacting the oil sands with the solvent. Such a mixture of
solvent and bitumen may be referred to interchangeably herein as a “liquor” or “extraction

liquor”. An exemplary level of pre-dissolved bitumen can makeup as much as 50 wt% of the
liguor. Having a large amount of pre-dissolved bitumen may offer advantages. For example,

using solvent with dissolved bitumen may reduce the required inventory of solvent needed for
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the bitumen extraction from oil sands. Further, for certain solvents, pre-dissolved bitumen may
increase the ability of the liquor to dissolve additional bitumen from oil sands. Furthermore,
the pre-dissolved bitumen reduces the vapor pressure of the liquor, when compared with that
of the solvent, which can allow for higher operating temperatures for the solvent-based
extraction process.

[0016] In previously described solvent-based extraction processes, such as those
disclosed in Canadian Patent No. 2,147,943; U.S. Patent No. 4,422 209; and U.S. Patent No.
4,719,008, the pre-dissolved bitumen results from recycling bitumen from the solid-liquid
separation stage to the oil sands extraction stage. The recycling of the bitumen reduces the
yield of the solvent-based extraction process.

[0017] The froth treatment processes for water-based extraction, such as naphthenic
froth treatment and paraffinic froth treatment, involve mixing a water extracted bitumen-rich
stream with a solvent. However, the purpose of these steps within a water-based extraction
process Is primarily to remove residual water and solids from a bitumen-rich stream. Such
froth treatment processes are conventionally conducted only within an overall water-based
extraction process.

[0018] There 1s a need to develop alternative methods for providing pre-dissolved
bitumen within the solvent of a solvent-based extraction process while reducing the amount of
recycled bitumen within the solvent-based extraction process.

[0019] Solvent extracted bitumen has a much lower solids and water content than that
of bitumen froth produced in the water-based extraction process. However, the residual
amounts of water and solids contained in solvent extracted bitumen may nevertheless render
the bitumen unsuitable for marketing. A fungible bitumen product is bitumen with a solids
content of less than 300 ppm on a bitumen basis, measured as filterable solids. Further, a
total bitumen solids and water (or “BS & W) content of less than 0.5% s acceptable for
meeting pipeline specifications. Bitumen of such quality is termed “fungible” because it can be
processed In conventional refinery processes, such as hydroprocessing, without dramatically
fouling the refinery equipment. Removing contaminants from solvent extracted bitumen is

difficult using conventional separation methods such as gravity settling, centrifugation or

filtering.
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[0020] Solvent deasphalting has previously been proposed for product cleaning of
solvent extracted bitumen. Deasphalting technologies are described in U.S. Patent No.

4 572 777 issued February 25, 1986 entitled: Recovery of a carbonaceous liquid with a low
fines content: and U.S. Patent No. 4,888,108 issued December 19, 1989 entitled: Separation
of Fines Solids from Petroleum Oils and the Like. The solvent deasphalting processes
described in these patents do not resulit in the formation of a fungible product in a
deasphalting step. The processes described in these patents are limited by the type of
deasphalting solvent used and the proper deasphalting solvent to bitumen ratio required for
optimal solids removal. The deasphalting process described were not specific and relied more
on conventional deasphaiting technologies, such as those commonly used in refineries to
produce heavy crude oils to upgrade heavy bottoms streams to deasphalt oil. However, these
conventional deasphalting technologies operate at high temperatures and pressures, and at a
low feed rate, compared to what would be required for a large scale production facility.

[0021] Paraffinic froth treatment (PFT) units operate under much milder conditions
than deasphalting units found currently in refineries. PFT processes have generally been
used only within water-based extraction processes. U.S. Patent Application No. 12/340,515 of
Sury et al. (Publication No. US 2009/0200209) describes a process in which water is added to
a solvent and bitumen froth mixture within a PFT process in order to enhance the deasphaliting
Process.

[0022] U.S. Patent No. 4,634 520 and U.S. Patent No. 7,625,466 disclose methods for
deasphalting a heavy oil and water emulsion. In U.S. Patent No. 4,634,520, the asphaltene
and water flocs, after settling, are mixed with hot water in order to agglomerate and recover
asphaltenes. In U.S. Patent No. 7,625,466, a heavy oil and water emulsion is described to mix
with a deasphalting solvent and optionally with water before directing the mixture to a settling
vessel.

[0023] The following references describe processes in which asphaltene-water
interaction enhances deasphalting of bitumen: Fuel Processing Technology, Vol. 89 (2008) pp
033-940: and Fuel Processing Technology, Vol. 89 (2009) pp 941-948.

[0024] There is a need to develop a solvent deasphalting method for producing a

fungible bitumen product from solvent extracted bitumen.
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[0025] The use of hydrocarbons, such as kerosene, as process aids in water-based
extraction processes has been disclosed. However, light hydrocarbons are relatively
expensive as process aids, and may need to be recovered from the water extracted tailings for
economic and/or environmental reasons.

[0026] Bitumen can itself act as process aid for additional bitumen recovery in a water-
based extraction process. For example, U.S. Patent Application 12/163,590 filed June 27,
2008, published as Publication No US 2009/0321326 and entitled Primary Froth Recycle,
reveals the possibility of using a bitumen-rich stream to enhance recovery. This document
describes the recycling of primary bitumen froth in a step of the water-based extraction
process upstream of the primary separation vessel, in an effort to increase overall bitumen
recovery in a water-based process. This publication presents pilot plant data showing
Improvements in overall bitumen recovery and higher quality primary froth. For example, for oil
sands ore with 10 wt% bitumen and 27 wt% fines, recycling 33% of the froth to the slurry
preparation unit improved bitumen recovery from approximately 73% to approximately 91%.
10027] The process described in US 2009/0321326 does not suggest uses for froth
outside of conventional water-based extraction processes. However, an improvement in
bitumen recovery is realized due to recycling of froth, illustrates that increasing the bitumen
content of a water-based slurry can yield improved bitumen recovery in a water-based
Process.

[0028] There is a need for similar benefits to be sought within a water-based extraction
process that is integrated with a solvent-based extraction process. Thus, there is a need to
develop a process where solvent extracted bitumen may be used to improve the bitumen
recovery within a water-based extraction process.

[0029)] Wet tailings produced in water-based extraction processes are often held in a
geographically contained location. Government regulations may require tailings produced
from water-based extraction to achieve a set strength rating over a period of time, such as a
strength rating of 5 kPa one year after production of the tailings. While such strength
objectives can be met by extra dewatering, the energy intensity required to achieve an even
lower water content may make the incremental dewatering inefficient. The dewatering of fine
wet tailings derived from water-based extraction may involve the use of expensive flocculants.

Holding areas, known as dedicated disposal areas (DDA), are required for containing the
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dewatered tailings. The DDAs are expected to be expensive to maintain. Furthermore, it is
unclear that the thickened tailings produced from dewatering wili consistently be able to meet
the strength rating goal within one year of tailings production.

[0030] Treatments for solids or tailings produced by a solvent-based extraction
process have been previously proposed. For example, Canadian Patent No. 1,031,712
entitled Tar Sands Separation, describes using an aqueous bridging liquid to agglomerate
solids during solvent extraction. The document describes that these agglomerates can be
sintered at high temperatures to produce agglomerates having concrete-like strength. The
document also discloses using water with water-soluble adhesives and/or emulsion type
adhesives as the bridging liquid to form the agglomerates. The adhesives would act to
strengthen the agglomerates and impart water resistance when the agglomerates are dried in
the tailings solvent recovery stage of the solvent-based extraction process.

[0031] The dry agglomerates produced in solvent-based extraction processes have
been previously described for use in landscape construction. However, there is little
suggestion of other uses for dry agglomerates. There is a need to develop processes by
which these dry agglomerates from solvent-based extraction processes can be integrated
within water-based extraction processes for improved overall tailings behavior.

[0032] An overview of a previously described process for recovery of hydrocarbon
using solvent is provided below. This process is referred to as solvent extraction spherical
agglomeration (SESA). SESA has not been commercially adopted. For a full description of
the SESA process, see Sparks et al., Fuel 1992(71);1349-1353. The SESA process involved
mixing a slurry of oil sands material with a hydrocarbon solvent (such as a high boiling point
solvent), adding a bridging liquid (for example, water), agitating this mixture in a slow and
controlled manner to nucleate particles, and continuing such agitation so as to permit these
nucleated particles to form larger multi-particle spherical agglomerates for removal. A bridging
liguid (also referred to as a binding liquid) is a liquid with affinity for the solid particles (i.e.
preferentially wets the solid particles) but is immiscible in the solvent. The process was
conducted at about 50 — 80 °C (see also Canadian Patent Application 2,068,895 of Sparks et
al.). The enlarged size of the agglomerates formed permitted easy removal of the solids by

sedimentation, screening or filtration.
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[0033] The proposed solvents in previously described SESA processes have a low
molecular weight, high aromatic content, and low short chain paraffin content. Naphtha was
the solvent proposed for the SESA process, with a final boiling point ranging between 180-220
°C, and a molecular weight of 100 - 215 g/mol.

[0034] A methodology described by Meadus et al. in U.S. Patent No. 4,057,486,
involved combining solvent extraction with particle enlargement to achieve spherical
agglomeration of tailings suitable for direct mine refill. Organic material was separated from oil
sands by mixing the oil sands material with an organic solvent to form a slurry, after which an
aqueous bridging liquid was added in small amounts. By using controlled agitation, solid
particles from oil sands adhere to each other and were enlarged to form macro-agglomerates
of mean diameter greater than 2 mm from which the bulk of the bitumen and solvent was
excluded. This process permitted a significant decrease in water use, as compared with
conventional water-based extraction processes. Solvents used in the process were of low
molecular weight, having aromatic content, but only small amounts of short chain paraffins.
[0035] U.S. Patent No. 3,984,287 describes an apparatus for separating organic
material from particulate tar sands, resulting in agglomeration of a particulate residue. The
apparatus included a tapered rotating drum in which tar sands, water, and an organic solvent
were mixed together. In this apparatus, water was intended to act as a bridging liquid to
agglomerate the particulate, while the organic solvent dissolves organic materials. As the
materials combined in the drum, bitumen was separated from the ore.

[0036] A device to convey agglomerated particulate solids for removal to achieve the
process of Meadus et al. (U.S. Patent No. 4,057,486) within a single vessel is described in
U.S. Patent No. 4,406,788.

[0037] A method for separating fine solids from a bitumen solution is described in U.S.
Patent No. 4,888,108. To remove fine solids, an aqueous solution of polar organic additive as
well as solveht capable of precipitating asphaltenes was added to the solution, so as to form
aggregates for removal from the residual liquid.

[0038] Others have proposed sequential use of two solvents in different soivent-based
extraction schemes. For example U.S. Patent No. 3,131,141 proposed the use of high boiling
point solvent for oll sands extraction foillowed by low boiling point/volatile solvent for enhanced

solvent recovery from tailings in a unique process arrangement. U.S. Patent No. 4,046,668
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describes a process of bitumen recovery from oil sands using a mixture of light naphtha and
methanol.

[0039] U.S. Patent No. 4,719,008 describes a method for separating micro-
agglomerated solids from a high-quality hydrocarbon fraction derived from oil sands. A light
milling action was imposed on a solvated oil sands mixture. After large agglomerates were
formed, the milling action was used to break down the agglomerate size, but still permitted
agglomerate settling and removal.

[0040] U.S. Patent No. 5.453,133 and U.S. Patent No. 5,882,429 describe soll
remediation processes to remove hydrocarbon contaminants from soil. The processes
employed a solvent and a bridging liquid immiscible with the solvent, and this mixture formed
agglomerates when agitated with the contaminated soil. The contaminant hydrocarbon was
solvated by the solvent, while soil particles agglomerated with the bridging liquid. In this way,
the soil was considered to have been cleaned. Multiple extraction stages were proposed.
[0041] Govier and Sparks describe an agglomefation process in "The SESA Process
for the Recovery of Bitumen from Mined Oil Sands” (Proceedings of AOSTRA Oils Sands
2000 Symposium, Edmonton 1990, Paper 5). This process is referenced herein as the Govier
and Sparks process. The solvent described possessed a low molecular weight and significant
aromatic content, while containing only a small amount of short chain paraffins. Exemplary
solvents were described as varsol or naphtha.

[0042] Typically, a bottom sediment and water (BS&W) content, primarily comprised of
fines, of between 0.2 - 0.5 wt% of solids in dry bitumen could be achieved according to the
Govier and Sparks process. However, occasionally solids agglomeration would cycle
unpredictably and the fines content of the agglomerator discharge stream would rise
dramatically. Subsequent settling in a clarifier or bed filtration would then be required to
achieve the desired product quality of 0.2 - 0.5 wt% BS&W. The BS&W component prepared
by the process was comprised mostly of solids. Bitumen products with this composition are
not fungible and can only be processed at a site coking facility or at an onsite upgrader.
[0043] The above-described agglomeration processes integrated solvent extraction
and agglomeration within the same mixing vessel. Conventional agglomeration units are large

drums designed to integrate both the extraction and agglomeration aspects of the process.
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[0044] A variety of system components are known for use in bitumen extraction. The
solvent-based extraction system described by Sparks et al. (Fuel 1992; 71:1349-1353)
employs a direct feed of oil sand into an extraction agglomerator configured as a rotating
tumbler, following which agglomerated sand is washed in a counter-current washing system
using progressively cleaner solvent. Solvent is recovered from washed agglomerates using a
rotating dryer.

[0045] The system described in U.S. Patent No. 4,057,486 to Meadus et al. employs
an agglomerator configured as a rotating conical vessel, into which oil sands and solvent are
added. This is followed by settling of agglomerates and decantation, or by screening
agglomerates to separate of the organic phase from the agglomerates. Optional system
components such as a fluidized bed conversion unit may be used for further processing of
agglomerates, while a distillation unit or conversion unit may be used to further process the
organic phase.

[0046] In Canadian Patent Application 2,068,895, a system is described which
employs a rotating drum agglomerator to combine a high fines fraction from oil sands with
solvent. Discharge of agglomerates through a trommel screen for removing large stones Is
followed by feeding effluent to a filter via a surge hopper. Countercurrent washing through a
filter with progressively cleaner solvent is followed by drainage of agglomerates. A rotary
dryer is employed for drying agglomerates and for solvent recovery.

[0047] It is desirable to provide processes and systems that increase the efficiency of
oil sands extraction, reduce water use, utilize waste products of extraction processes, and/or
reduce energy intensity required to produce a commercially desirable bitumen product from oll

sands. Producing a product that is capable of meeting or exceeding requirements for

downstream processing or pipeline transport is desirable.

SUMMARY
[0048] It is an object of the present disclosure to obviate or mitigate at least one
disadvantage of previous processes or systems for hydrocarbon extraction from mineable

deposits such as oil sands.

10
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[0049] There are described herein processes and/or systems for integrating a water-
based extraction processes and streams with solvent-based extraction processes and streams
in order to capture previously unrecognized synergies between the two processes.

[0050] (A) Integration of Water-Based Extraction and Solvent-Based Extraction
Processes and Systems

[0051]) It is desirable to optimize efficiencies of geographically proximal water-based
extraction and solvent-based extraction systems by integrating streams from one system into
the other, in situations where such streams may be used effectively, for example to increase
bitumen recovery, produce a cleaner product, and/or increase thermal efficiencies.

[0062] There is described herein a process for extracting bitumen from oil sands into a
bitumen-rich stream, the process comprising: (a) separating bitumen from oil sands by
addition of water to form a bitumen-enhanced stream and a bitumen-lean stream; (b) mixing
the bitumen-lean stream with additional oil sands to form a mixed stream; (¢) adding solvent
to the mixed stream to extract bitumen from the mixed stream into the solvent, thereby forming
a bitumen-depleted stream and an extracted bitumen stream; and (d) mixing the extracted
bitumen stream with the bitumen-enhanced stream to form a bitumen-rich stream.

[0063] Processes are described herein which integrate solvent-based extraction
procedures with certain aspects of water-based extraction procedures for extraction of
hydrocarbon from mineable deposits. Hydrocarbon-containing streams from water-based
extraction processes can be directed to solvent-based extraction processes, and/or streams
from solvent-based extraction processes can be directed to water-based processes. This may
have the possible advantages of reducing and/or eliminating process equipment currently

used in either the water-based extraction process or solvent-based extraction process.

[0054] Furthermore, the integration of these extraction processes may also lead to an
overall reduction in water use in the water-based extraction process per unit of bitumen
produced. Other benefits may include reduced tailings volumes, improved operation of both
the water-based and solvent-based extraction processes, and increased overall bitumen
recovery from oil sands. Other possible integration opportunities include directing the bitumen
product derived from solvent-based extraction to the water-based extraction process. For
example, solvent extracted bitumen product may be directed to the froth treatment stage of

water-based extraction process for further processing. This integration may result in the

11
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advantage of producing a cleaner pipelineable product from the solvent extracted bitumen,
which is optimally fungible, with 300 ppm or less of total solids content.
[00565] A reduction in fresh water withdrawal from nearby rivers may be realized.

Improved tailings management versus currently practiced water-based extraction process
could also be an advantage of the processes and systems described herein. Further, the
integration of water-based extraction and solvent-based extraction processes may have the
advantage of reduced energy intensity, and commensurate cost reductions. Heat generated
during solvent-based extraction may be captured to heat water used in the water-based
extraction process and vise versa. Further, heated streams may be combined with cold
streams to achieve process efficiencies.

[0056] (B) Recovery of Bitumen from Aqueous Sources

[0057] Further, it is desirable to provide techniques to recover bitumen from aqueous
hydrocarbon-containing streams arising from water-based extraction, that can operate
efficiently in the presence of fines, or which are largely unaffected by the presence of fines.
[0058] There is described herein a process for pre-treating an aqueous hydrocarbon-
containing feed for a downstream solvent-based extraction process for bitumen recovery, said
aqueous hydrocarbon-containing feed comprising from 50 wt% to 95 wt% water, from 0.1 wt%
to 10 wt% bitumen, and from 5 wt% to 50 wt% solids, wherein said solids comprise fines, the
process comprising. removing water from the agueous hydrocarbon-containing feed to
produce an effluent comprising 40 wt% water or less; and providing the effluent to the
downstream solvent-based extraction process for bitumen recovery, wherein said downstream
solvent-based extraction process comprises fines agglomeration.

[0059] Certain embodiments described herein advantageously permit recovery of
hydrocarbon from agueous hydrocarbon-containing streams that were previously considered
too dilute for recovery, In part due to a high fines content combined together with a high water
content of over 50% by weight. By de-watering such aqueous streams containing bitumen to
the point that the effluent contains less than 40% water, the streams can then be used in a
process that employs agglomeration of fines.

[0060] Recycling conventionally discarded aqueous hydrocarbon-containing streams
IS Important from an environmental perspective as well as from an efficiency perspective. By

decreasing water content of an aqueous hydrocarbon-containing stream to a desirable level,

12
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the stream would become more desirable for use in solvent-based extraction processes.
Recovered water may advantageously be put to use in any aspect of bitumen production that
may incorporate recycled water. By de-watering an aqueous hydrocarbon-containing stream
prior to attempts to remove all hydrocarbon or bitumen, steps in a conventional water-based
extraction process can be omitted, thereby introducing efficiencies at certain steps in the
process.

[0061] (C) Extracting Hydrocarbons from PFT Tailings by Directing Tailings into
a Solvent-Based Extraction Process

[0062] Further, it is desirable to increase recovery of hydrocarbon from paraffinic froth
treatment tailings by directing such tailings into a solvent-based extraction process for further
bitumen recovery.

[0063] There is described herein a process for recovering hydrocarbon from a tailings
stream from a paraffinic froth treatment process, the process comprising: (a) accessing a
hydrocarbon-containing froth treatment tailings stream from a paraffinic froth treatment
Process; (b) combining the froth treatment tailings stream with a solvent and additional
oil sands to form a slurry; (c) agitating the slurry to dissolve hydrocarbon into the solvent and
to agglomerate fines within the slurry; (d) separating the extracted hydrocarbon from the
agglomerated fines to form a low solids extracted hydrocarbon stream and an extracted
tailings stream; and (e) recovering the solvent from the extracted tailings stream.

[0064] Advantageously, according to an embodiment in which froth treatment tailings
are directed into a solvent-based extraction process involving fines agglomeration, the
extraction of residual bitumen from the tailings and the formation of agglomerates occur
simultaneously during the agglomeration step. In this way, most of the hydrocarbons are
recovered and most of the fines solids are captured within the formed agglomerates for easy

separation from the hydrocarbon extract.

[0065] (D) Directing a Bitumen-Rich Stream into a Solvent-Based Extraction
Process
[0066] It Is desirable to direct bitumen-rich aqueous streams, derived from water-

based extraction, into a solvent-based extraction process, as a source of dissolved bitumen
for the solvent used in an extraction liquor. In this way, the amount of bitumen recycled within

the solvent-based extraction process can be reduced or eliminated while maintaining the
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advantages provided by having pre-dissolved bitumen within the solvent used in the solvent-
based extraction process. Further, the increased bitumen yield (lower recycle bitumen) of the
solvent-based extraction process translates to a significant reduction in the energy
requirement, on a production basis, of the tailing solvent recovery unit.

[0067] There is described herein a process for recovering bitumen from oil sands, the
process comprising. (a) extracting bitumen from oil sands in a water-based extraction
process to form a bitumen-enhanced stream and a bitumen-lean stream; (b) mixing the
bitumen-enhanced stream with a solvent to form an extraction liquor; (c) mixing the extraction
liquor with additional oil sands to form a slurry comprising solids and bitumen extract; (d)
separating the solids from the slurry to form a low solids bitumen extract; and (e) recovering
solvent from the low solids bitumen extract to form a solvent extracted bitumen product.
[0068] Bitumen-rich streams derived from the water-based extraction process can be
used to replace recycled bitumen. In this way, most or all of the bitumen processed in the
solvent-based extraction process will add to the bitumen yield of the process. Additionally,
fewer solids will be processed in the solvent-based extraction process per unit of bitumen
produced.

[0069] The bitumen-rich agueous streams can also provide the water needed for
solvent-based extraction, for example when a solids agglomeration step employs a bridging
liquid. Additionally, the solvent-based extraction process may also act to separate most of the
solids and water associated with the bitumen-rich aqueous streams from the resulting bitumen
extract. In this way, the solvent-based extraction process can act in place of the froth
treatment unit of a conventional water-based extraction process.

[0070] (E) Water-Assisted Deasphalting Technologies for Streams Derived from
Solvent-Based Extraction

[0071] It is desirable to provide processes through which residual fine solids and water
can be removed from a stream derived from a solvent-based extraction process, by a
deasphalting process such as paraffinic froth treatment associated with a water-based
extraction process or a process similar to paraffinic froth treatment. In this way, advantages
associated with paraffinic froth treatment, such as enhanced settling rates, higher product

yields, and reduced operating temperatures, can be realized.
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[0072] There is described herein a process for removing solids from oil sands, the
process comprising: (a) forming an oil sands slurry by mixing the oil sands with a first solvent,
wherein the amount of first solvent added is greater than 10 wt% of the oil sands; (b)
separating a majority of the solids from the oil sands slurry, forming a solids-rich stream and a
bitumen-rich stream, wherein the bitumen-rich stream comprises residual solids; (c)
emulsifying the bitumen-rich stream with a water-containing stream to form a hydrocarbon-
external emulsion, wherein hydrocarbons form an external phase of the emulsion; (d) mixing
the hydrocarbon-external emulsion with a deasphalting solvent in sufficient quantity to cause
some asphaltene precipitation, wherein precipitated asphaltenes adhere to at least a portion of
the residual solids and to water droplets; and (e) separating the precipitated asphaltenes from
the hydrocarbon-external emulsion, thereby removing residual solids and water droplets
adhering to the precipitated asphaltenes and forming a cleaned hydrocarbon product.

[0073] Further, there is described herein a process for removing solids from oil sands
comprising bitumen and solids, the process comprising: (a) mixing oil sands with a first solvent
to form an oil sands slurry, wherein the amount of the first solvent added is greater than 10
wt% of the oil sands; (b) separating a majority of the solids from the oil sands slurry to form a
solids-rich stream and an initial bitumen-rich stream, wherein the initial bitumen-rich stream
comprises residual solids; (c) removing the first solvent from the initial bitumen-rich stream to
form a solvent depleted bitumen-rich stream; (d) directing at least a portion of the solvent-
depleted bitumen-rich stream to a paraffinic froth treatment process of a water-based
extraction process; and (e) deriving a fungible bitumen product from the paraffinic froth
treatment process.

[0074] Solvent deasphalting assisted by the addition of water to the solvent extracted
bitumen will allow for a deasphalting process similar to PFT, bringing about some of the
advantages of the PFT process within solvent-based bitumen extraction process.

[0075] (F) Directing Solvent Extracted Bitumen Product to Water-based
Extraction Processes

[0076] It is desirable to utilize integration of bitumen-containing streams from solvent-
based extraction processes for preparing an input feed for water-based extraction process so

as to achieve a bitumen enriched stream within the water-based extraction process.
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[0077] There Is described herein a process for recovering hydrocarbon from oil sands,
the process comprising: (a) contacting a first oil sands ore with a solvent to form a solvent-
based slurry comprising solids and a bitumen extract; (b) separating the solids from the
solvent-based slurry to produce a low solids bitumen extract; (¢) removing solvent from the
low solids bitumen extract to form a solvent extracted bitumen product; (d) contacting a
second oil sands ore with water to form an aqueous slurry; (e) mixing the solvent extracted
bitumen product with the aqueous slurry to form a bitumen enriched slurry; and (f) recovering
bitumen from the bitumen enriched second slurry.

[0078] The enriched bitumen stream may lead to an increase in overall bitumen
recovery and bitumen froth quality. Furthermore, since recovered bitumen from the water-
pbased extraction process may undergo paraffinic froth treatment to produce a fungible
bitumen product, this integration of extraction processes permits further cleaning of the
streams derived from solvent-based extraction which may not yet be of a fungible quality, or

adequately pure to meet pipeline specifications.

[0079] (G) Directing Solvent Extracted Tailings to Water-Based Extraction
Process
[0080] It is desirable to combine nominally dry tailings from a solvent-based extraction

process with tailings or partially dewatered tailings from a water-based extraction process in
order to yleld a combined higher volume of reclaimable material.

[0081] There is described herein a process for extracting hydrocarbon from oil sands
ore, the process comprising: (a) contacting the ore with a first solvent to form a first slurry
comprising solids and a bitumen extract; (b) separating the bitumen extract from the first
slurry to form solvent wet tailings comprised of the solids and the first solvent; (¢) removing the
first solvent from the solvent wet tailings to form dry tailings; (d) combining said dry tailings
with water wet tailings produced from a water-based extraction process to form strengthened
tailings, wherein the dry tailings comprise a water content of less than 15 wt% and the water
wet tailings comprise a water content of more than 25 wt%.

[0082] For example, the agglomerated fines produced in a solvent-based extraction
process that employs solids agglomeration may be treated using heat or chemicals to reduce
the likelihood of the agglomerates disintegrating in the presence of water. Such agglomerated

fines can be directed to the water-based extraction process where they may serve as coarse
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taillings substitutes in a process such as non-segregating tailings formation. The integration of
water extracted wet tailings with solvent extracted dry tailings in order to produce a mixture of
tailings with higher yield strength than the water extracted wet tailings alone offers advantages
iIn meeting stringent requirements for tailings characteristics.

[0083] Other aspects and features described herein will become apparent to those
ordinarily skilled in the art upon review of the following description of specific embodiments in

conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0084] Embodiments of the present disclosure will now be described, by way of
example only, with reference to the attached Figures.

[0085] Figure 1 is a schematic representation of process within the scope of the
present disclosure.

[0086] Figure 2 illustrates an exemplary embodiment of processes consistent with the
representation shown in Figure 1.

[0087] Figure 3 is a schematic representation of processes within the scope of the
present disclosure.

[0088] Figure 4 illustrates an exemplary embodiment of processes consistent with the
representation shown in Figure 3.

[0089] Figure 5 Is a schematic representation of process within the scope of the
present disclosure.

[0090] Figure 6 illustrates an exemplary embodiment of processes consistent with the
representation shown in Figure 5.

[0091] Figure 7 provides a schematic representation of systems within the scope of
the present disciosure.

[0092] Figure 8 Is a schematic representation of an embodiment of the process

described herein.
[0093] Figure 9 lllustrates an integrated process in which streams from a water-based

process are directed to a solvent-based extraction process.
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[0094] Figure 10 is a schematic representation of processes for preparation of an
aqueous stream for downstream bitumen extraction, within the scope of the present
disclosure.

[0095] Figure 11 depicts an embodiment of processes according to Figure 10, which
employ primary and secondary water separation.

[0096] Figure 12 is a schematic illustration of processes incorporating the preparation
of an aqueous stream according to Figure 10 together with downstream steps for recovery of
bitumen using a solvent-based extraction process.

[0097] Figure 13 is a schematic representation of an exemplary process in which froth
tailings are directed to a solvent-based extraction process to recover bitumen.

[0098] Figure 14 |s a schematic representation of an embodiment of the process
depicted in Figure 13, in which hydrocarbon from paraffinic froth treatment tailings is extracted
In @ water-based process involving agglomeration.

[0099] Figure 15 Is a schematic representation of a process for utilizing bitumen
entrained In froth from a water-based process in a solvent-based process.

[00100] Figure 16 illustrates an exemplary process for utilizing an extraction liquor
spiked with bitumen froth from water-based extraction.

[00101] Figure 17 Iis a schematic representation of a process in which fine solids are
removed from a solvent extracted bitumen product by water-assisted partial deasphalting.
[00102] Figure 18 illustrates a process according to Figure 17 in which water-assisted
deasphalting is used to create a fungible product from solvent extracted oil sands.

[00103] Figure 19 I1s a schematic representation of a process in which paraffinic froth

treatment Iis used to remove residual solids within a product stream derived from solvent

extraction.

[00104] Figure 20 illustrates a process according to Figure 19 in which the bitumen
product produced by PFT is below the threshold of fungible standards to permit the product of
a solvent-based extraction process, that does not meet the fungible standards, to be
combined directly, resulting in a net fungible product.

[00105] Figure 21 is a schematic diagram of a process in which a solvent-based

extraction product i1s further processed as an input feed into a water-based extraction process.
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[00106] Figure 22 illustrates a process in which a stream derived from solvent-based
extraction is processed in a water-based extraction process.

[00107] Figure 23 is a schematic diagram of a process in which dry tailings from a
solvent-based extraction process are integrated in a water-based extraction process.

[00108] Figure 24 illustrates a process in which integration of dry agglomerated tailings
with tailings derived from a water-based extraction process, results in strengthened tailings for

use in reclaimed land.

DETAILED DESCRIPTION

[00109] Generally, there are described herein processes and systems for extraction of
bitumen from oil sands. Processing oil sands according to the processes described herein
can permit high throughput, efficiencies, increased bitumen recovery, and/or improved product
quality and value.

[00110] The term "bituminous feed” from oil sands refers to a stream derived from oil
sands that requires downstream processing in order to realize valuable bitumen products or
fractions. The bituminous feed from oil sands is one that contains bitumen along with other
undesirable components, which are removed in the process described herein. Such a
bituminous feed may be derived directly from oil sands, and may be, for example, raw oil
sands ore. Further, the bituminous feed may be a feed that has already realized some initial
processing but nevertheless requires further processing according to the process described
herein. Also, recycled streams that contain bitumen in combination with other components for
removal in the described process can be included in the bituminous feed. A bituminous feed
need not be derived directly from oil sands, but may arise from other processes. For example,
a waste product from other extraction processes which contains bitumen that would otherwise
not have been recovered, may be used as a bituminous feed. Such a bituminous feed may be
also derived directly from oil shale, oil bearing diatomite or oil saturated sandstones.

[00111] As used herein, "agglomerate” refers to conditions that produce a cluster,
aggregate, collection or mass, such as nucleation, coalescence, layering, sticking, clumping,
fusing and sintering, as examples.

[00112] Certain extraction processes for separation of bitumen from oil sands involving

aqueous extraction are referred to herein as “water-based” extraction processes. Bitumen
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extraction processes that primarily involve water may aiso include solvent additions at
different stages in various steps in combination with water. However, In such cases, water
remains the dominant liquid by volume in the extraction process. Certain extraction
processes for separation of bitumen from oil sands involving solvent extraction are referred
to herein as “solvent-based” extraction processes. Bitumen extraction processes that
primarily involve solvent may also include water additions at different stages in various steps
In combination with solvent. However, in such cases, solvent remains the dominant liquid by
volume In the extraction process.

[00113] (A) Integration of Water-Based Extraction and Solvent-Based Extraction
Processes and Systems

[00114] A process is described herein for extracting bitumen from oil sands into a
bitumen-rich stream. The process involves separating bitumen from oil sands by addition of
water to form a bitumen-enhanced stream and a bitumen-lean stream. This may be done,
for example, using a water-based extraction process, and the bitumen-enhanced stream may
be, for example froth, sales bitumen product, FSU overflow, or SRU underflow.

[00115] The bitumen-lean stream is mixed with additional oil sands to form a mixed
stream. The bitumen-lean stream may be partially dewatered before mixing with additional
oil sands, for example, to a level of 40% water by weight or less.

[00116) Solvent is added to the mixed stream to extract bitumen from the mixed
stream into the solvent, thereby forming a bitumen-depleted stream and an extracted
bitumen stream. This may be done, for example, in a solvent-based extraction process, and
the bitumen-lean stream may be derived from, middlings, primary separation tailings,

flotation tailings, mature fine tailings, froth treatment tailings (such as from FSU underflow or
TSRU), or other streams derived from water-based extraction, such as a reject stream from a
slurry preparation system of a water-based extraction process.

[00117] The extracted bitumen stream is then mixed with the bitumen-enhanced
stream to form a bitumen-rich stream. Optionally, solvent can be removed from the extracted
bitumen stream before mixing with the bitumen-enhanced stream. Once formed, the
bitumen-rich stream may be subsequently processed to remove residual solids and water
therefrom to produce a product cleaned bitumen, which may optionally be upgraded on sit.

Such processing may occur for example in a froth treatment unit of a water-based extraction
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process to produce a product cleaned bitumen. The bitumen-rich stream may be processed
to meet fungible specifications so as to produce a fungible bitumen product. An exemplary
mode of treatment for the bitumen-rich stream is within paraffinic froth treatment, which can
achieve a fungible bitumen product. Advantageously, the bitumen-rich stream can be mixed
with the bitumen-lean stream before being directed to paraffinic froth treatment, and
optionally, the bitumen-lean stream can be partially dewatered before being mixed in this
way.

[00118] The bitumen-enhanced stream may be referred to as “sales bitumen product’,
in instances wherein mixing the extracted bitumen stream yields a bitumen-rich stream that Is
fungible.

[00119] The bitumen-depleted stream may be one comprising agglomerated fines,
optionally derived from the mixed stream after adding solvent to the mixed stream, forming
agglomerates in a solvent-based extraction process. Such agglomerates may be washed on
a belt filter using countercurrent washing.

[00120] In this process, heat may be recovered from a solvent recovery unit of the
solvent-based extraction process.

[00121] According to certain embodiments wherein a water-based extraction process
is used to form the bitumen-enhanced stream, and a solvent-based extraction process Is
used to form the bitumen-depleted and extracted bitumen streams, it Is possible to
consolidate a solvent recovery step of the water-based extraction process with a solvent
recovery step of the solvent-based extraction process to realize efficiency in the process.
Optionally, the water-based extraction process may employ a primary separation vessel for
recovering bitumen froth and a froth separation unit for producing the bitumen-enhanced
stream. When solvent-based extraction is employed, it may be a solvent-based extraction

and solids agglomeration process (SESA).

[00122] (B) Recovery of Bitumen from Aqueous Sources

[00123] A process is described herein for pre-treating an aqueous hydrocarbon-
containing feed for a downstream solvent-based extraction process for bitumen recovery.
The feed may include from 50 wt% to 95 wt% water, from 0.1 wt% to 10 wt% bitumen, ana

from 5 wt% to 50 wt% solids, wherein said solids comprise fines. The process involves

removing water from the feed to produce an effluent comprising 40 wt% water or less; and
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subsequently providing the effluent to the downstream solvent-based extraction process for
bitumen recovery. The downstream solvent-based extraction process may comprise fines
agglomeration. Removing water from the aqueous hydrocarbon-containing feed may entail
flowing the feed into a primary water separation system to remove water therefrom, such as
a clarifier, a settler, a thickener or a cyclone. A solvent and/or flocculant may be added, for
example mixed in with the feed prior to separation within a clarifier . This step of water
removal produces a reduced-water stream of from 30 wt% to 60 wt% solids, and recycled
water. Further, water may removed from the reduced-water stream using a secondary water
separation system to produce an effluent comprising 40 wt% water or less.

[00124] The feed may be one that is produced from a water-based extraction process
wherein a flocculants or coagulant is used to induce aggregation of fines and hydrocarbons
within the water-based extraction process.

[00125] If solvent is mixed with the feed, the solvent may havie bitumen entrained
therein for a solvent:bitumen ratio of less than about 2:1. Such a solvent may be a low boiling
point cycloalkane.

[00126] For embodiments in which a secondary water separation system is employed,

this may comprise a centrifuge with filtering capacity, a shale shaker, a vacuum belt filter, or
one or more clarifiers.

[00127] The aqueous hydrocarbon-containing feed may be the effluent of a froth
separation unit, for example, or may be derived from tailings from a tailings solvent recovery
unit.

[00128] Embodiments of the process may additionally comprise recovery of bitumen,

wherein the downstream solvent-based extraction process comprises: combining a first
solvent with the effluent and a bituminous feed from oil sands to form an initial slurry:;
separating the initial slurry into a fine solids stream and a coarse solids stream:
agglomerating solids from the fine solids stream to form an agglomerated slurry comprising
agglomerates and a low solids bitumen extract; separating the low solids bitumen extract
from the agglomerated slurry; mixing a second solvent with the low solids bitumen extract to
form a solvent-bitumen low solids mixture, the second solvent having a similar or lower

boiling point than the first solvent; subjecting the mixture to gravity separation to produce a
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high grade bitumen extract and a low grade bitumen extract; and recovering the first and
second solvent from the high grade bitumen extract, leaving a high grade bitumen product.
[00129] The downstream solvent-based extraction process may alternatively include:
combining a first solvent with the effluent and a bituminous feed from oil sands to form an
initial slurry; agglomerating solids from the initial slurry to form an agglomerated slurry
comprising agglomerates and a low solids bitumen extract; separating the low solids bitumen
extract from the agglomerated slurry; mixing a second solvent with the low solids bitumen
extract to form a solvent-bitumen low solids mixture, the second solvent having a similar or
lower boiling point than the first solvent, subjecting the mixture to gravity separation to
produce a high grade bitumen extract and a low grade bitumen extract; and recovering the
first and second solvent from the high grade bitumen extract, leaving a high grade bitumen
product; wherein the ratio of first solvent to bitumen in the initial slurry is selected to avoid
precipitation of asphaltenes during agglomeration.

[00130] A system Is described herein for pre-treating an aqueous hydrocarbon-
containing feed for a downstream solvent-based extraction process for bitumen recovery,
wherein the feed contains from 50 wt% to 95 wt% water, from 0.1 wt% to 10 wt% bitumen,
and from & wt% to 50 wt% solids, wherein said solids are fines. The system comprises a
dewatering unit for removing water from the aqueous hydrocarbon-containing feed to
produce an effluent comprising 40 wt% water or less; and a conduit for providing the effluent
to a downstream solvent-based extraction process comprising fines agglomeration to recover
bitumen.

[00131] In such a system, the dewatering unit may include a primary water separation
system to remove water from the aqueous hydrocarbon-containing feed, producing a
reduced-water stream and recycled; and a secondary water separation system for receiving
the reduced-water stream and removing water therefrom to produce an effluent comprising
40 wt% water or less. The system may additionally comprise components for recovery of
bitumen in the downstream solvent-based extraction process. For example, such
components may be: a slurry system wherein a bituminous feed is mixed with effluent from
the de-watering system and a first solvent to form an initial slurry; a fine/coarse solids
separator in fluid communication with the slurry system for receiving the initial slurry and

separating a fine solids stream therefrom; an agglomerator for receiving a fine solids stream
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from the fine/coarse solids separator, for agglomerating solids and producing an
agglomerated slurry; a primary solid-liquid separator for separating the agglomerated slurry
into agglomerates and a low solids bitumen extract; a gravity separator for receiving the low
solids bitumen extract and a second solvent; and a primary solvent recovery unit for
recovering the first solvent or the second solvent in a high grade bitumen extract arising from
the gravity separator and for separating bitumen therefrom.

[00132] Further, the components for recovery of bitumen in the downstream solvent-
based extraction process could alternatively include: a slurry system wherein a bituminous
feed is mixed with a first solvent to form an initial slurry; an agglomerator for receiving the
initial slurry, for agglomerating solids and producing an agglomerated slurry; a primary solid-
liquid separator for separating the agglomerated slurry into agglomerates and a low solids
bitumen extract; a gravity separator for receiving the low solids bitumen extract and a second
solvent; and a primary solvent recovery unit for recovering the first solvent or the second
solvent in a high grade bitumen extract arising from the gravity separator and for separating
bitumen therefrom. |

[00133] (C) Extracting Hydrocarbons from PFT Tailings by Directing Tailings into
a Solvent-Based Extraction Process

[00134] Described herein is a process for recovering hydrocarbon from a tailings
stream from a paraffinic froth treatment process. An exemplary embodiment of the process
Includes accessing a hydrocarbon-containing froth treatment tailings stream from a paraffinic
froth treatment process; combining the froth treatment tailings stream with a solvent and
additional oil sands to form a slurry; agitating the slurry to dissolve hydrocarbon into the
solvent and to agglomerate fines within the slurry; separating the extracted hydrocarbon from
the agglomerated fines to form a low solids extracted hydrocarbon stream and an extracted
tallings stream; and recovering the soivent from the extracted tailings stream. The froth
treatment tailings stream may be derived from a froth separation unit underflow of the
paraffinic froth treatment (PFT) process, or from a tailings solvent recovery unit of PFT.
Further, the froth treatment tailings stream may be partially dewatered to form a dewatered
tailings stream before combining with the solvent, for example, the stream can be dewatered
to less than 40 wt% water.

[00135] The slurry formed may have a water content of from 5 wt% to 25 wt%.
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[00136] The solvent may be an aromatic solvent, such as toluene or benzene, and
may have bitumen entrained therein, for example at an initial level in the solvent of 10 wt% or
greater. For example, the solvent may be a cycloalkane with entrained bitumen.

[00137] In certain embodiments, the extracted tailings stream may comprise
agglomerated fines. The process may further entail removal of the solvent from the low solids
extracted hydrocarbon stream to form a bitumen product.

[00138] Optionally, separating the extracted hydrocarbon from the agglomerated fines
may comprise washing agglomerated fines on a belt filter, for example with countercurrent

washing with progressively cleaner solvent.

[00139] (D) Directing a Bitumen-Rich Stream into a Solvent-Based Extraction
Process
[00140] A process for recovering bitumen from oil sands is described herein, which

Includes extracting bitumen from oil sands in a water-based extraction process to form a
bitumen-enhanced stream and a bitumen-lean stream; mixing the bitumen-enhanced stream
with a solvent to form an extraction liquor; mixing the extraction liquor with additional oil
sands to form a slurry comprising solids and bitumen extract; separating the solids from the
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