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(57) Abréegée/Abstract:

Described Is a solvent bitumen extraction with solids agglomeration method, the method comprising:

(a) Inerting a bituminous feed to produce an inerted bituminous feed;

b) adding a first solvent to the inerted bituminous feed and sizing the inerted bituminous feed to produce a sized bituminous feed:;
) contacting the sized bituminous feed with a first high velocity fluid;
)
)

dissolving the sized bituminous feed in the first high velocity fluid to produce a dissolved bituminous slurry:;
contacting the dissolved bituminous slurry with a second high velocity fluid to produce an agglomerated slurry; and
f) filtering, washing with a second solvent and desolventizing the agglomerated slurry.
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ABSTRACT

Described 1s a solvent bitumen extraction with solids agglomeration method, the method

comprising:
(a) inerting a bituminous feed to produce an inerted bituminous feed;
(b) adding a first solvent to the inerted bituminous feed and sizing the inerted

bituminous feed to produce a sized bituminous feed;

(¢) contacting the sized bituminous feed with a first high velocity fluid;

(d) dissolving the sized bituminous feed in the first high velocity fluid to produce a
dissolved bituminous slurry;

(e) contacting the dissolved bituminous slurry with a second high velocity fluid to
produce an agglomerated slurry; and

() filtering, washing with a second solvent and desolventizing the agglomerated slurry.
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BITUMINOUS FEED PROCESSING
BACKGROUND

Field of Disclosure

e A

[0001] The disclosure relates generally to the field of bituminous feed processing.

Description of Related Art

[0002] This section 1s intended to introduce various aspects of the art, which may be
associated with the present disclosure. This discussion is believed to assist in providing a
framework to facilitate a better understanding of particular aspects of the present disclosure.
Accordingly, it should be understood that this section should be read in this light, and not

necessarily as admissions of prior art.

[0003] Modern society 1s greatly dependent on the use of hydrocarbon resources for fuels
and chemical feedstocks. Hydrocarbons are generally found in subsurface formations that can
be termed “reservoirs”. Removing hydrocarbons from the reservoirs depends on numerous
physical properties of the subsurface formations, such as the permeability of the rock containing
the hydrocarbons, the ability of the hydrocarbons to flow through the subsurface formations,
and the proportion of hydrocarbons present, among other things. Easily harvested sources of
hydrocarbons are dwindling, leaving less accessible sources to satisfy future energy needs. As

the costs of hydrocarbons increase, the less accessible sources become more economically

attractive.

[0004] Recently, the harvesting of o1l sand to remove heavy oil has become more
economical. Hydrocarbon removal from o1l sand may be performed by several techniques. For
example, a well can be drilled to an oil sand reservoir and steam, hot air, solvents, or a
combination thereof, can be injected to release the hydrocarbons. The released hydrocarbons
may be collected by wells and brought to the surface. In another technique, strip or surface

mining may be performed to access the oil sand, which can be treated with water, steam or

solvents to extract the heavy oil.

[0005] O1l sand extraction processes are used to liberate and separate bitumen from oil sand

so that the bitumen can be further processed to produce synthetic crude oil or mixed with

diluent to form “dilbit” and be transported to a refinery plant. Numerous o1l sand extraction
-1-
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processes have been developed and commercialized, many of which involve the use of water as
a processing medium. Where the o1l sand 1s treated with water, the technique may be referred

to as water-based extraction (WBE). WBE 1s a commonly used process to extract bitumen from

mined o1l sand.

[0006] One WBE process 1s the Clark hot water extraction process (the “Clark Process™).
This process typically requires that mined oil sand be conditioned for extraction by being
crushed to a desired lump size and then combined with hot water and perhaps other agents to
form a conditioned slurry of water and crushed oil sand. In the Clark Process, an amount of
sodium hydroxide (caustic) may be added to the slurry to increase the slurry pH, which
enhances the liberation and separation of bitumen from the o1l sand. Other WBE processes may
use other'temperatures and may include other conditioning agents, which are added to the oil
sand slurry, or may operate without conditioning agents. This slurry is first processed in a
Primary Separation Cell (PSC), also known as a Primary Separation Vessel (PSV), to extract

the bitumen from the slurry.

[0007] In one bitumen extraction process, a water and o1l sand slurry is separated into three

major streams in the PSC: bitumen froth, middlings, and a PSC underflow.

[0008] Regardless of the type of WBE process employed, the process will typically result in
the production of a bitumen froth that requires treatment with a solvent. For example, in the
Clark Process, a bitumen froth stream comprises bitumen, solids, and water. Certain processes
use naphtha to dilute bitumen froth before separating the product bitumen by centrifugation.

These processes are called naphtha froth treatment (NFT) processes. Other processes use a
paraffinic solvent, and are called paraffinic froth treatment (PFT) processes, to produce
pipelineable bitumen with low levels of solids and water. In the PFT process, a paraffinic
solvent (for example, a mixture of 1so-pentane and n-pentane) is used to dilute the froth before
separating the product, diluted bitumen, by gravity. A portion of the asphaltenes in the bitumen
1s also rejected by design in the PFT process and this rejection is used to achieve reduced solids
and water levels. In both the NFT and the PFT processes, the diluted tailings (comprising

water, solids and some hydrocarbon) are separated from the diluted product bitumen.
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[0009] Solvent 1s typically recovered from the diluted product bitumen component before

the bitumen is delivered to a refining facility for further processing.

[0010] The PFT process may comprise at least three units: Froth Separation Unit (FSU),
Solvent Recovery Unity (SRU) and Tailings SRU (TSRU). Mixing of the solvent with the feed

bitumen froth may be carried out counter-currently in two stages in separate froth separation

units. The bitumen froth comprises bitumen, water, and solids. A typical composition of
bitumen froth 1s about 60 wt. % bitumen, 30 wt. % water, and 10 wt. % solids. The paraffinic
solvent 1s used to dilute the froth before separating the product bitumen by gravity. The
foregoing 1s only an example of a PFT process and the values are provided by way of example

only. An example of a PFT process is described in Canadian Patent No. 2,587,166 to Sury.

[0011] From the PSC, the middlings, comprising bitumen and about 10-30 wt. %'solids, or
about 20-25 wt. % solids, based on the total wt. % of the middlings, is withdrawn and sent to
the flotation cells to further recover bitumen. The middlings are processed by bubbling air
through the slurry and creating a bitumen froth, which is recycled back to the PSC. Flotation
tailings (FT) from the flotation cells, comprising mostly solids and water, are sent for further

treatment or disposed in an external tailings area (ETA).

[0012] In ETA tailings ponds, a liquid suspension of o1l sand fines in water with a solids
content greater than 2 wt. %, but less than the solids content corresponding to the Liquid Limit
are called Fluid Fine Tailings (FFT). FFT settle over time to produce Mature Fine Tailings
(MFT), having above about 30 wt. % solids.

[0013] A proposed alternative to WBE, 1s solvent-based extraction (SBE or solvent-based
process). WBE is characterised by the use of water to extract bitumen. On the other hand, SBE
1s characterized by the use of solvent to extract bitumen. Nevertheless, WBE may also use
solvent in the process (for instance as described above in PFT) and SBE may use water in the
process (for instance as described below as a bridging liquid). “Bridging liquid” and “bridging

fluid” are used interchangeably herein.
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[0014] The commercial application of SBE has, for various reasons, eluded the oil sand
industry. A challenge associated with SBE 1s the tendency of fine particles within the oil sand

to hamper the separation of solids from the extracted bitumen.

[0015] A solids agglomeration process has been proposed for use in SBE. The solids
agglomeration process was coined Solvent Extraction Spherical Agglomeration (SESA). A
description of the SESA process can be found in Sparks ef al., “The Effect of Asphaltene
Content on Solvent Selection for Bitumen Extraction by the SESA Process”, Fuel, 1992,
(71):1349-1353. Previously described methodologies for SESA have not been commercially
adopted. In general, the SESA process involves mixing oil sand with a hydrocarbon solvent,
adding a bridging liquid to the o1l sand slurry, agitating the 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. The bridging liquid
may be water or an aqueous solution since the solids of o1l sand are mostly hydrophilic and
water 1s immiscible to hydrocarbon solvents. The bridging liquid preferentially wets the solids.
With the right amount of the bridging liquid and suitable agitation of the slurry; the bridging
liquid displaces the suspension liquid on the surface of the solids. As a result of interfacial
forces among the three phases (i.e. the bridging liquid, the suspension liquid, and the solids), the

fines solids consolidate into larger, compact agglomerates that are more readily separated from

the suspension liquid.

[0016] The SESA process described by Meadus ef al. in U.S. Patent No. 4,057,486 involves
combining solvent extraction with solids agglomeration to achieve dry tailings suitable for
direct mine refill. In the SESA process, organic material 1s separated from oil sand by mixing
the oil sand material with an organic solvent to form a slurry, after which an aqueous bridging
liquid is added in an amount of 8 to 50 weight percent (wt. %) of the feed mixture. By using
controlled agitation, solid particles from the o1l sand come into contact with the aqueous
bridging liquid and adhere to each other to form macro-agglomerates with a mean diameter of
2 millimeters (mm) or greater. The formed agglomerates are more easily separated from the
organic solvent compared to un-agglomerated solids. The formed agglomerates are referred to

as macro-agglomerates because they result from the consolidation of both fine particles and

coarse particles that make up the o1l sand.
-4 -
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[0017] An example of an SBE is described in Canadian Patent Application No. 2,724,806
(Adeyinka et al, published June 30, 2011 and entitled “Process and Systems for Solvent

Extraction of Bitumen from O1] sand”).

[0018] Adeyinka et al. discloses extracting bitumen from oil sand in a manner that employs
solvent. A first solvent i1s combined with a bituminous feed derived from oil sand to form an
initial slurry. The initial slurry is separated into a fines solids stream and a coarse solids stream,
where the majority of the fine solids within the oil sand are in the fine solids stream and the
majority of the coarse solids with the oils sands are in the coarse solids stream. The coarse
solids steam can be separated into coarse solids and a first low solids bitumen extract stream.
Aqueous bridging liquid 1s added to the fine solids stream to agglomerate the fine solids in the
stream and form an agglomerated slurry. The agglomerated slurry can be separated into
agglomerates and a second low solids bitumen extract stream. A second solvent can be mixed
with the low solids bitumen extract streams to form a solvent-bitumen low solids mixture,
which can then be separated further into low grade and high grade bitumen extracts. Recovery
of solvent from the low grade and high grade extracts is conducted to produce bitumen products

of commercial value.

[0019] Adeyinka ef al. also describes agglomeration of an initial slurry without separation
Into a fines solids stream and a coarse solids stream. A first solvent is combined with a
bituminous feed to form an 1nitial slurry. The solids from the initial slurry are agglomerated to
form an agglomerated slurry comprising agglomerates and a low solids bitumen extract. The

low solids bitumen extract is separated from the agglomerated slurry. A second solvent is

mixed with the low solids bitumen extract to form a solvent-bitumen low solids mixture, which
can then be separated further into low grade and high grade bitumen extracts. Recovery of
solvent from the low grade and high grade extracts is conducted to produce bitumen products

of commercial value.

[0020] It 1s desirable to have an alternative or improved method of processing a bituminous

feed.
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SUMMARY

[0021] It 1s an object of the present disclosure to provide an alternative or improved method

of processing a bituminous feed. Nothing in the present disclosure 1s intended as a promise of

enhanced utility.

[0022] Disclosed 1s a solvent bitumen extraction with solids agglomeration method, the

method comprising:

(a) inerting a bituminous feed to produce an inerted bituminous feed;

(b) adding a first solvent to the inerted bituminous feed and sizing the inerted
bituminous feed to produce a sized bituminous feed;

(c) contacting the sized bituminous feed with a first high velocity fluid;

(d) dissolving the sized bituminous teed 1n the first high velocity fluid to produce a

dissolved bituminous slurry;

(e) contacting the dissolved bituminous slurry with a second high velocity fluid to

produce an agglomerated slurry; and

() filtering, washing with a second solvent and desolventizing the agglomerated

slurry.

[0023] Also disclosed 1s a solvent bitumen extraction with solids agglomeration method, the

method comprising:

(a) inerting a bituminous feed within an inerting system comprising a hopper to
produce an inerted bituminous feed;

(b) adding a first solvent to the inerted bituminous feed and sizing the inerted
bituminous feed to produce a sized bituminous feed;

(¢) contacting the sized bituminous feed with a first fluid;

(d) dissolving the sized bituminous feed in the first fluid to produce a dissolved

bituminous slurry;

(e) contacting the dissolved bituminous slurry with a second fluid to produce an

agglomerated slurry; and

(f) filtering, washing with a second solvent and desolventizing the agglomerated

slurry.
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[0024] Also disclosed 1s a solvent bitumen extraction with solids agglomeration method, the

method comprising:

(a) inerting a bituminous feed to produce an inerted bituminous feed;

(b) adding a first solvent to the inerted bituminous feed and sizing the inerted
bituminous feed to produce a sized bituminous feed;

(¢) contacting the sized bituminous feed with a first high velocity fluid within a jet
pump, wherein the first high velocity fluid is a motive fluid of the jet pump and wherein the jet
pump is made to operate at a condition of cavitation;

(d) dissolving the sized bituminous feed 1n the first high velocity fluid to produce a
dissolved bituminous slurry;

(€) contacting the dissolved bituminous slurry with a second fluid to produce an

agglomerated slurry; and

(f) filtering, washing with a second solvent and desolventizing the agglomerated

slurry.

[0025] Also disclosed 1s a solvent bitumen extraction with solids agglomeration method, the

method comprising:

(a) inerting a bituminous feed to produce an inerted bituminous feed;

(b) adding a first solvent to the inerted bituminous feed and sizing the nerted
bituminous feed to produce a sized bituminous teed;

(¢) contacting the sized bituminous feed with a first fluid;

(d) dissolving the sized bituminous feed in the first fluid to produce a dissolved
bituminous slurry;

(€) contacting the dissolved bituminous slurry with a second fluid to produce an

agglomerated slurry;

() filtering, washing with a second solvent and desolventizing the agglomerated
slurry to produce a rich extract stream and a lean extract stream; and
(g) separating an aqueous liquid from the rich extract stream or the lean extract

stream.

[0026] Also disclosed 1s a solvent bitumen extraction with solids agglomeration method, the

method comprising:
_7 -
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(a) inerting a bituminous feed to produce an inerted bituminous feed;

(b) adding a first solvent to the inerted bituminous feed and sizing the inerted
bituminous feed to produce a sized bituminous feed;

(¢) contacting the sized bituminous feed with a first fluid;

(d) dissolving the sized bituminous feed in the first fluid to produce a dissolved
bituminous slurry;

(e) contacting the dissolved bituminous slurry with a high velocity fluid to produce
an agglomerated slurry within a jet pump, wherein the high velocity fluid is a motive fluid of
the jet pump and wherein the jet pump 1s made to operate at a condition of cavitation; and

() filtering, washing with a second solvent and desolventizing the agglomerated

slurry.

[0027] Also disclosed 1s a solvent bitumen extraction with solids agglomeration method, the

method comprising:

(a) inerting a bituminous feed to produce an inerted bituminous feed;
(b) adding a first solvent to the inerted bituminous feed and sizing the inerted

bituminous feed to produce a sized bituminous feed;
(c) contacting the sized bituminous feed with a first fluid;

(d) dissolving the sized bituminous feed in the first fluid to produce a dissolved

bituminous slurry;

(¢) contacting the dissolved bituminous slurry with a second fluid to produce an
agglomerated slurry;
(f) filtering, washing with a second solvent and desolventizing the agglomerated

slurry to produce a rich extract stream and a lean extract stream:;

(g) recovering solvent from at least a portion of the rich extract stream to produce at

least one bitumen stream;

(h) removing residual solids from the rich extract stream, the lean extract stream, or
the bitumen stream by precipitating asphaltenes using an aliphatic solvent to produce a residual

solids stream; and

(1) adding water to the residual solids steam to produce a water containing slurry

and recovering solvent from the water containing slurry in a tailings solvent recovery unit.

_8 -



10

15

20

235

CA 02937235 2016-07-27

[0028] Also disclosed 1s a solvent bitumen extraction with solids agglomeration method, the

method comprising:

(a) inerting a bituminous feed to produce an inerted bituminous feed;

(b) adding a first solvent to the inerted bituminous feed and sizing the inerted
bituminous feed to produce a sized bituminous teed;

(¢) settling the sized bituminous feed;

(d) contacting the sized bituminous feed with a first fluid;

(e) dissolving the sized bituminous feed in the first fluid in a dissolution pipeline to
produce a dissolved bituminous slurry;

(1) separating an oversized reject stream from the dissolved bituminous slurry;

(g) washing the oversized reject stream with a second solvent to produce a washed
reject stream and an undersized reject stream comprising solids and solvent-rich liquid;

(h) drying the washed reject stream to produce a dry reject stream;

(1) separating an overhead stream from the dissolved bituminous slurry;

(1) contacting the dissolved bituminous slurry with a second fluid to produce an
agglomerated slurry;

(k) further agglomerating the agglomerated slurry in an agglomeration pipeline to
produce a further agglomerated slurry;

(1) filtering, washing with a third solvent and desolventizing with a condensable gas
stream the further agglomerated slurry to produce a rich extract stream, a lean extract stream,

and a desolventized dry solids stream;

(m)  recovering solvent from at least a portion of the rich extract stream to produce at
least one bitumen stream: and

(n) conditioning the desolventized dry solids stream to produce stackable solids.
[0029] The foregoing has broadly outlined the features of the present disclosure so that the

detailed description that follows may be better understood. Additional features will also be

described herein.
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BRIEFK DESCRIPTION OF THE DRAWINGS

[0030] These and other features, aspects and advantages of the disclosure will become
apparent from the following description, appending claims and the accompanying drawings,

which are briefly described below.
[0031] Figure 1 is a high level overview of a method of processing a bituminous feed.

[0032] Figure 2 1llustrates an inerting system.

[0033] Figure 3 1s a schematic representation of an embodiment of the process described
herein.
[0034] Figure 4 illustrates an integrated process in which streams from a water-based

process are directed to a SBE process.

[0035] Figure 5 1s a schematic representation of processes tor preparation of an aqueous

stream for downstream bitumen extraction, within the scope of the present disclosure.

[0036] Figure 6 depicts an embodiment of processes according to Figure 5, which employ

primary and secondary water separation.

[0037] Figure 7 is a schematic illustration of processes incorporating the preparation of an

aqueous stream according to Figure 5 together with downstream steps for recovery of bitumen

using a SBE process.

[0038] Figure 8 is a schematic representation of an exemplary process in which froth

tailings are directed to a SBE process to recover bitumen.

[0039] Figure 9 is a schematic representation of an embodiment of the process depicted in
Figure 8, in which hydrocarbon from paraffinic froth treatment tailings is extracted in a water-

based process involving agglomeration.

[0040] Figure 10 is a schematic representation of a process for utilizing bitumen entrained

in froth from a water-based process in a solvent-based process.

[0041] Figure 11 illustrates an exemplary process for utilizing an extraction liquor spiked

with bitumen froth from WBE.

210 -
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[0042] Figure 12 is a schematic representation of a process in which fine solids are removed

from a solvent extracted bitumen product by water-assisted partial deasphalting.

[0043] Figure 13 illustrates a process according to Figure 12 in which water-assisted

deasphalting is used to create a fungible product from solvent extracted o1l sands.

[0044] Figure 14 i1s a schematic representation of a process in which paraffinic froth

treatment 1s used to remove residual solids within a product stream derived from solvent

extraction.

[0045] Figure 15 illustrates a process according to Figure 14 in which the bitumen product
produced by PFT is below the threshold of fungible standards to permit the product of a SBE

process that does not meet the fungible standards, to be combined directly, resulting in a net

fungible product.

[0046] Figure 16 1s a schematic diagram of a process in which a SBE product is further

processed as an input feed into a WBE process.

[0047] Figure 17 illustrates a process in which a stream dertved from SBE 1s processed in a

WBE process.

[0048] Figure 18 is a schematic diagram of a process in which dry tailings from a SBE

process are integrated in a WBE process.

[0049] Figure 19 illustrates a process in which integration of dry agglomerated tailings with

tailings derived from a WBE process, results in strengthened tailings for use in reclaimed land.

[0050] Figure 20 is a graph illustrating the relationship between bitumen recovery from a

solvent extraction with solids agglomeration process and water content 1n an o1l sand slurry.

[0051] Figure 21 1s a flow chart illustrating pretreatment of a bituminous teed by combining

the feed with one or more additional bituminous feeds.

[0052] Figure 22A is a schematic of a natural gas combined cycle (NGCC) system.

[0053] Figure 22B is schematic of an NGCC system combined with a compressed recycle

stream.

-11 -
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Figure 23 i1s a schematic of a pretreatment of a bituminous feed in order to decrease

the bituminous feed’s water content.

(0055]

Figure 24 1s a schematic of a pretreatment of a bituminous feed in order to increase

the bituminous feed’s water content.

(0056]
[0057]
[0058]
[0059]
[0060]
[0061]
[0062]
(0063]
(0064]
(0065]
[0066]
[0067]
[0068]

[0069]
(0070]
[0071]
[0072]
(0073]
0074]

[0075]

Figure 25 1s a flow chart of a process for pretreating a bituminous feed.

Figure 26 is a flow chart of a process for pretreating a bituminous feed.

Figure 27 1s a flow chart illustrating a method of processing a bituminous feed.
Figure 28 is a flow diagram illustrating a method of processing a bituminous feed.
Figure 29 is a flow diagram 1llustrating a method of processing a bituminous feed.
Figure 30 1s a flow diagram illustrating a method of processing a bituminous feed.
Figure 31 is a flow diagram illustrating a method of processing a bituminous feed.
Figure 32 is a flow chart illustrating a disclosed embodiment.

Figure 33 is a schematic illustrating a disclosed embodiment.

Figure 34 is a schematic 1llustrating a disclosed embodiment.

Figure 35 is a schematic illustrating a disclosed embodiment.

Figure 36 is a flow chart illustrating a disclosed embodiment.

Figure 37 1s a schematic illustrating a disclosed embodiment.

Figure 38 is a schematic illustrating a disclosed embodiment.
Figure 39 is a schematic 1llustrating a disclosed embodiment.
Figure 40 is a schematic illustrating a disclosed embodiment.
Figure 41 is a schematic 1llustrating a disclosed embodiment.
Figure 42 is a flow chart illustrating a disclosed embodiment.
Figure 43 is a schematic illustrating a disclosed embodiment.

Figure 44 is a schematic illustrating a disclosed embodiment.

212 -
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[0076] Figure 45 1s a schematic 1llustrating a disclosed embodiment.

[0077] Figure 46 1s a graph of bitumen recovery and initial filtration rate as a function of

extraction time with the agglomeration time kept constant at 2 minutes.

[0078] Figure 47 1s a graph 1s a graph of bitumen recovery and initial filtration rate as a

5  function of agglomeration time with the extraction time kept constant at 5 minutes.
[0079] Figure 48A 1s a schematic illustrating a disclosed embodiment.

[0080] Figure 48B 1s a schematic 1llustrating a disclosed embodiment.

[0081] Figure 48C is a schematic illustrating a disclosed embodiment.
[0082] Figure 48D is a schematic 1llustrating a disclosed embodiment.
10  [0083] Figure 49 is a schematic illustrating a disclosed embodiment.

[0084] Figure 50 is a flow chart 1llustrating a disclosed embodiment.

[0085] Figure 51 is a schematic illustrating a disclosed embodiment.
[0086] Figure 52 is a schematic illustrating a disclosed embodiment.
[0087] Figure 53 is a schematic illustrating a disclosed embodiment.
15 [0088] Figure 54 is a schematic illustrating a disclosed embodiment.
[0089] Figure 55 1s a calibration curve relating bitumen content of a bitumen extract

comprised of bitumen and solvent to the measured density of the bitumen extract.

[0090] Figure 56 is a schematic illustrating a disclosed embodiment.

[0091] Figure 57 is a schematic representation of an exemplary system with modular

20  relocatable components within the scope of the present disclosure.

[0092] Figure 58 illustrates a relocatable system that employs solvent extraction near a

mine face and directs coarse solids to dry disposal 1n a pit.

[0093] Figure 59 provides a flow diagram showing an integrated system with relocatable

components that employs WBE and solvent extraction for the extraction of bitumen from oil

25  sands.

- 13 -
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[0094] Figure 60 1llustrates an embodiment of a system described herein.
[0095] Figure 61 1illustrates a further embodiment of a system described herein.

[0096] Figure 62 illustrates another embodiment of a system described herein.

[0097] Figure 63 1s a flow chart of a method ot processing a bituminous feed.
[0098] Figure 64 is a graph of slurry pipeline pressure differential versus solids content of
the slurry.

[0099] Figure 635 1s a graph of slurry permeability versus slurry water content.
[0100] Figure 66 is a graph of pump pressure and permeability versus residence time.

[0101] Figure 67 1s a graph of Fast Fourier Transforms of pressure differential versus slurry

water content.

[0102] Figure 68A 1s a graph of modeled predictions of pressure gradient as a function of

particle size in a 4 inch diameter pipe.

[0103] Figure 68B 1s a graph of modeled predictions of pressure gradient as a function of

particle size in a 6 inch diameter pipe.

[0104] Figure 68C 1s a graph of modeled predictions of pressure gradient as a function of

particle size in a 10 inch diameter pipe.

[0105] Figure 69 is a graph of gamma ray scans plotting slurry height in the pipeline against

slurry density.

[0106] Figure 70 is a graph of Focused Beam Reflectance Measurement (FBRM) plotting

percentage of counts per second against chord length.
[0107] Figure 71 is a flow chart of a system for separating a bitumen extract from solids.

[0108] Figure 72 1s a schematic of a single vessel solid-liquid separation system with

hydrocyclones as the separator unit.

[0109] Figure 73 1s a schematic of a single vessel solid-liquid separation system with a

gravity separator as the separator unit.
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Figure 74 1s a schematic of a multi-stage solid-liquid separation system with wash

Figure 75 1s a schematic of a process for separating a bitumen extract from solids.
Figure 76 is a flow chart of a process for separating a bitumen extract from solids.
Figure 77 1s a flow diagram 1illustrating a horizontal vacuum filter system.

Figure 78 1s a flow diagram illustrating a sealed vacuum filter system.

Figure 79 1s a flow diagram illustrating a sealed vacuum filter system integrated

with a solvent based extraction process.

[0116]
(0117]
0118]
[0119]
(0120]
0121]
0122]
(0123]

(0124]

[0125]

10126]

[0127]
[0128]
[0129]
(0130}

[0131]

Figure 80 1s a flow chart of a method of filtering an o1l sand slurry.

Figure 81 1s a flow chart of a method of processing a bituminous feed.

Figure 82 1s a graph of the resulting permeability of a bed of agglomerates.
Figure 83 1s a flow chart of a method for processing a bitumen extract stream.
Figure 84 1s a flow chart of a method for processing an o1l sand slurry.

Figure 85 1s a flow chart of a method for processing an o1l sand slurry.

Figure 86 1s a flow chart of a method for processing an oil sand slurry.

Figure 87 is a flow chart of a method for processing a bituminous feed.
Figure 88 1s a flow chart of a method for processing a bituminous feed.
Figure 89 is a flow chart of a method for processing a bituminous feed.

Figure 90 1s a flow chart of a method for processing a bituminous feed.

Figure 91 1s a flow chart of a method for processing a bituminous feed.
Figure 92 1s a flow chart of a method for processing a bituminous teed.
Figure 93 is a flow chart of a method for processing a bituminous feed.
Figure 94 is a flow chart of a method for processing a bituminous feed.

Figure 95 is a flow chart of a method for processing a bituminous feed.
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[0132] Figure 96 is a flow chart of a process for reducing solids content of a bitumen

extract from SBE.

[0133] Figure 97 is a flow diagram of a process for reducing solids content of a bitumen

extract from SBE.

[0134] Figure 98 is a flow diagram of a process for reducing solids content of a bitumen

extract from SBE, which may be integrated with existing WBE froth cleaning processes.

[0135] Figure 99 is schematic representation of a process within the scope of the present

disclosure.

[0136] Figure 100 illustrates an exemplary embodiment of a process consistent with the

representation shown in Figure 99.

[0137] Figure 101 1s a graph showing Thermo Gravimetric analysis (IGA) results of a

sample described herein, in particular change 1n weight over time.

[0138] Figure 102 is a graph showing Thermo Gravimetric analysis (TGA) results of a

sample described herein, in particular change in weight between 10 °C and 600 °C.

[0139] Figure 103 is a graph showing drying rate curve of cyclohexane agglomerates based

on Thermo Gravimetric analysis (TGA) results of a sample described herein.

[0140] Figure 104 is a graph showing drying rate over a temperature range based on

Thermo Gravimetric analysis (TGA) results of a sample described herein.

[0141] Figure 105 is a graph showing moisture content of water and solvent in
agglomerates as a function of time based on Thermo Gravimetric analysis (TGA) results of a

sample described herein, over a 10 minute period.

[0142] Figure 106 is a block diagram of a system that may be used to extract bitumen from

oil sands using an extraction process.

[0143] Figure 107 1s a schematic of a power generation system that utilizes liquid recycle

solvent as the working fluid.

[0144] Figure 108 is a schematic of a power generation system that utilizes vapor recycle

solvent as the working tluid.
- 16 -
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[0145] Figure 109 1s a process flow diagram showing a method for the extraction of

bitumen from o1l sands using non-aqueous solvent.

[0146] Figure 110 1s a schematic ot a system that utilizes liqud recycle solvent from a

non-aqueous extraction (NAE) process as the working tluid within a power generation process.

5 [0147] Figure 111 is a schematic of a system that utilizes vapor recycle solvent from a NAE

process as the working fluid within a power generation process.
[0148] Figure 112 is a schematic illustrating a disclosed embodiment.
[0149] Figure 113 1s a schematic 1llustrating a disclosed embodiment.
[0150] Figure 114 1s a schematic 1llustrating a disclosed embodiment.
10  [0151] Figure 115 is a schematic illustrating a disclosed embodiment.
[0152] Figure 116 is a schematic illustrating a disclosed embodiment.
[0153] Figure 117 is a schematic illustrating a disclosed embodiment.
[0154] Figure 118 is a schematic illustrating a disclosed embodiment.
[0155] Figure 119 is a schematic illustrating a disclosed embodiment.
15  [0156] Figure 120 1s a schematic illustrating a disclosed embodiment.

[0157] Figure 121 is schematic representation of a process within the scope of the present

disclosure.
[0158] Figure 122 illustrates an exemplary embodiment of a system as described herein.
[0159] Figure 123 illustrates an exemplary embodiment of a process described herein.

20  [0160] Figure 124 is schematic representation of solvent extraction with solids

agglomeration using heat from the combustion of product cleaning waste streams.

[0161] Figure 125 illustrates a method of solvent extraction with solids agglomeration using

heat from the combustion of product cleaning waste streams.
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[0162] Figure 126 illustrates a process by which the residual solvents within the dry tails

may be combusted in a fashion consistent with the process described herein, producing dry and

sintered tailings.

[0163] Figure 127 1s a flow diagram of an embodiment of a solvent bitumen extraction with

solids agglomeration method.

[0164] It should be noted that the figures are merely examples and no limitations on the
scope of the present disclosure are intended thereby. Further, the figures are generally not

drawn to scale, but are drafted for purposes of convenience and clarity in 1illustrating various

aspects of the disclosure.

DETAILED DESCRIPTION

[0165] For the purpose of promoting an understanding of the principles of the disclosure,
reference will now be made to the features illustrated in the drawings and specific language will
be used to describe the same. It will nevertheless be understood that no limitation of the scope
of the disclosure is thereby intended. Any alterations and further modifications, and any further
applications of the principles of the disclosure as described herein are contemplated as would
normally occur to one skilled in the art to which the disclosure relates. It will be apparent to
those skilled in the relevant art that some features that are not relevant to the present disclosure

may not be shown in the drawings for the sake of clarity.

[0166] At the outset, for ease of reference, certain terms used in this application and their
meaning as used in this context are set forth below. To the extent a term used herein 1s not
defined below, it should be given the broadest definition persons 1n the pertinent art have given

that term as reflected in at least one printed publication or issued patent. Further, the present

processes are not limited by the usage of the terms shown below, as all equivalents, synonyms,

new developments and terms or processes that serve the same or a similar purpose are

considered to be within the scope of the present disclosure.

[0167] Throughout this disclosure, where a range 1s used, any number between or inclusive

of the range 1s implied.
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[0168] A “hydrocarbon” 1s an organic compound that primarily includes the e¢lements of
hydrogen and carbon, although nitrogen, sulfur, oxygen, metals, or any number of other
elements may be present in small amounts. Hydrocarbon compounds may be aliphatic or

aromatic, and may be straight chained, branched, or partially or fully cyclic.

[0169] “Bitumen” 1s a naturally occurring heavy oil material. Generally, 1t 1s the
hydrocarbon component found 1n o1l sand. Bitumen can vary in composition depending upon
the degree of loss of more volatile components. It can vary from a very viscous, tar-like,

semi-solid material to solid forms. The hydrocarbon types found in bitumen can include

aliphatics, aromatics, resins, and asphaltenes. A typical bitumen might be composed of:

19 weight (wt.) % aliphatics (which can range from 5 wt. % - 30 wt. %, or higher);

19 wt. % asphaltenes (which can range from 5 wt. % - 30 wt. %, or higher);

30 wt. % aromatics (which can range from 15 wt. % - 50 wt. %, or higher);

32 wt. % resins (which can range from 15 wt. % - 50 wt. %, or higher); and

some amount of sulfur (which can range in excess of 7 wt. %), the weight % based upon

total weight of the bitumen.
In addition, bitumen can contain some water and nitrogen compounds ranging from less than
0.4 wt. % to in excess of 0.7 wt. %. The percentage of the hydrocarbon found in bitumen can
vary. The term “heavy oil” includes bitumen as well as lighter materials that may be found 1n a
sand or carbonate reservoir.
[0170] “Heavy 0il” includes oils which are classified by the American Petroleum Institute
(“API”), as heavy oils, extra heavy oils, or bitumens. The term “heavy o1l” includes bitumen.
Heavy o1l may have a viscosity of about 1,000 centipoise (cP) or more, 10,000 cP or more,
100,000 cP or more, or 1,000,000 cP or more. In general, a heavy o1l has an API gravity
between 22.3° API (density of 920 kilograms per meter cubed (kg/m’) or 0.920 grams per
centimeter cubed (g/cm’)) and 10.0° API (density of 1,000 kg/m’ or 1 g/cm’). An extra heavy
oil, in general, has an API gravity of less than 10.0° API (density greater than 1,000 kg/m’ or 1

o/cm’). For example, a source of heavy oil includes oil sand or bituminous sand, which is a

combination of clay, sand, water and bitumen.
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[0171] “Bituminous feed” refers to a stream derived from o1l sand that requires downstream
processing 1n order to realize valuable bitumen products or fractions. The bituminous feed is
one that comprises bitumen along with undesirable components. Undesirable components may
include but are not limited to clay, minerals, coal, debris and water. The bituminous feed may
be derived directly from o1l sand, and may be, for example, raw o1l sand ore. Further, the
bituminous feed may be a feed that has already realized some 1nitial processing but nevertheless
requires further processing. Also, recycled streams that comprise bitumen in combination with
other components for removal as described herein can be included 1n the bituminous feed. A
bituminous feed need not be derived directly from o1l sand, but may arise from other processes.
For example, a waste product from other extraction processes which comprises 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 o1l shale oil, bearing diatomite or oil saturated

sandstones.

[0172] “Fine particles” or “fines” are generally defined as those solids having a size of less

than 44 microns (um), as determined by laser diffraction particle size measurement.

[0173] “Coarse particles” are generally defined as those solids having a size of greater than

44 microns (um).

2% 66 b 14

[0174] The terms “approximately,” “about,” “substantially,” and similar terms are intended
to have a broad meaning in harmony with the common and accepted usage by those of ordinary
skill in the art to which the subject matter of this disclosure pertains. It should be understood by

those of skill in the art who review this disclosure that these terms are intended to allow a

description of certain features described and claimed without restricting the scope of these
features to the precise numeral ranges provided. Accordingly, these terms should be interpreted
as indicating that insubstantial or inconsequential modifications or alterations of the subject

matter described and are considered to be within the scope of the disclosure.

[0175] The articles “the”, “a” and “an” are not necessarily limited to mean only one, but

rather are inclusive and open ended so as to include, optionally, multiple such elements.

[0176] The term “paraffinic solvent” (also known as aliphatic) as used herein means

solvents comprising normal paraffins, isoparatfins or blends thereof in amounts greater than 50
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wt. %. Presence of other components such as olefins, aromatics or naphthenes may counteract
the function of the paratfinic solvent and hence may be present in an amount of only 1 to 20 wt.
% combined, for instance no more than 3 wt. %. The paraffinic solvent may be a C4 to Cyq or
C4 to Cg paraffinic hydrocarbon solvent or a combination of 1so and normal components thereof.
The paraffinic solvent may comprise pentane, 1so-pentane, or a combination thercof. The
paraffinic solvent may comprise about 60 wt. % pentane and about 40 wt. % iso-pentane, with

none or less than 20 wt. % of the counteracting components referred above.

[0177] The term “middlings™ or “middling fraction” as used herein refers to the portion of a
mixture derived from a separation vessel, for example the primary separation vessel used in
WBE. The upper phase of the vessel, the overtlow, may comprise froth, while the lowermost
phase comprises tailings. This mid-level phase of such a separation vessel may be referred to as
“middlings”. In the case of middlings from a primary separation vessel (PSV), the middlings
may be directed to floatation for further processing in WBE, and in the integrated process

described herein, may alternatively be directed to SBE.

[0178] The term “mature fine tailings” or MFT as used herein refers to the dense mixture of
clay, silt and water found in the tailings ponds ot WBE facilities. The mixture has a typical
solids content of about 30 wt. %. Mature fine tailings are formed when tailings from the WBE
are deposited within the tailings ponds. The raw tailings separate and settle into a coarse
fraction that forms the beach of the tailings pond, a layer of clarified water, which is recycled
back to the extraction process, and below the water layer 1s the mature fine tailings layer, which

remains unconsolidated for decades or more.

[0179] “Macro-agglomeration” 1s the consolidation of both fine particles and coarse
particles that make up the oil sand. Macro-agglomerates may have a mean diameter of 2

millimeters (mm) or greater.

[0180] “Micro-agglomeration” 1s the consolidation of fine particles that make up the oil

sand. Micro-agglomerates may have a mean diameter of less than 2 millimeters (mm).

[0181] “Dry tailings” 1s used to mean a mineral stream left over from a bitumen extraction

process which can be stored without the need for dikes or other fluid containment structures.
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A “high velocity tfluid” 1s a fluid which comes 1nto contact with a second fluid,

wherein the high velocity fluid has a velocity of at least 5 times the velocity of the second fluid

at the point of contact. The high velocity fluid may be a motive fluid in a jet pump and it is

oftern referred to as a motive fluid herein.

[0183]

“Stackable solids” means a mineral stream left over from a bitumen extraction

process which can be stored without the need for dikes or other fluid containment structures.

[0184]

The term “exemplary” as used herein does not mean superior but rather is simply

used to describe something as an example.

[0185]
(0186]
(0187
[0188]
[0189]
[0190]
[0191]
[0192]
[0193]

(0194]

Abbreviations that are commonly used herein include:

SBE: Solvent-Based Extraction

WBE: Water-Based Extraction

PSV: Primary Separation Vessel (also known as PSC: Primary Separation Cell)
PFT: Paraffinic Froth Treatment

FSU: Froth Settling Unit (also known as Froth Separation Vessel)

TSRU: Tailings Solvent Recovery Unit

SRU: Solvent Recovery Unit

MFT: Mature Fine Tailings

Figure 1 is a high level overview of a method of processing a bituminous feed. The

description below includes the following headings, which correspond to boxes (1-102) to

(1-114) 1n Figure 1:

[0195]

10196)
(0197]
10198]

(0199]

[: Mining & Ore Preparation (1-102)

[1: Slurry Preparation & Bitumen Extraction (1-104)
[II: Solids Agglomeration (1-106)

[V: Solid Liquid Separation (1-108)

V: Product Cleaning and Bitumen Handling (1-110)
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10200]  VI: Solvent Recovery (1-112)

[0201] VII: Tailings Treatment and Tailings Handling (1-114)

[0202] After the headings [-VII, additional description is provided under the headings of
VIII and IX.

L. Mining & Ore Preparation
[0203] Ore Preparation Plant (OPP). An OPP may be used to prepare oil sand ore. Mine

haul trucks may deliver oil sand ore to a receiving hopper or dump pocket installed in the OPP
area. The raw ore may then be moved through a series of conveyors and crushers to eventually
provide material of a maximum particle size to the slurry system. An exemplary crusher 1s a
double roll crusher. Crushed ore may be delivered to the slurry system via a surge bin which
may be proximal to the location of the slurry system. The slurry system may comprise or be
proximal to an inerting system that 1s used to purge the bituminous feed of oxygen to a level
well below the flammability limit of the solvent. The purge gas of the inerting system may be
an inert gas, such as nitrogen, and/or a hydrocarbon gas such as methane or natural gas. The

purge gas acts to replace the volume previously occupied by the air and/or oxygen gas.

[0204] It 1s desirable to develop techniques to increase the availability of an SBE facility. It
1s also desirable to develop techniques to ensure the continuous operation of an SBE facility
even during significant downtime in operations upstream of solvent addition to the bituminous
feed, such as in mining equipment and dry crushing. The dry crushed bituminous feeds may be
directed to large surge piles prior to being directed to solvent containing portions of the SBE
facility. The constructed and maintained large surge piles may assist continued operation of the
SBE facility during downtime in operations upstream of the surge piles. The surge piles may be

of size to allow for days long continuous operation of the SBE facility.

[0205] A conventional WBE facility may comprise large surge bins which typically provide
a residence time on the order of an hour. The bins are primarily used for maintaining smooth
operation of the extraction plant since they act to dampen transients that are less than an hour 1n
duration. These surge bins do not allow for continued operation of the WBE facility during
periods of significant downtime in equipment upstream of the surge bins such as the crushers.

In a conventional WBE facility, large surge piles comprising crushed ore 1s typically not desired
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because it has been found that crushed ore within surge piles weather over a certain time period.
The weathering of the crushed ore has a tendency to negatively impact the extractability of the

bitumen during the WBE process.

[0206] [t has been found for the SBE process described herein, the extractability of the
bitumen within the bituminous feed is not negatively impacted by the type and degree of
weathering the bituminous feed may be subjected to while within a surge pile. For this reason,
it may be advantageous to incorporate within a SBE facility large surge piles which receive
crushed bituminous feeds from the dry crushers ot the SBE facility. The large surge piles may
be of sufficient size to allow for days of continued operation of the SBE facility during periods

of maintenance and/or repair of the lower availability dry crushers and/or other items upstream

of the surge piles.

Inerting Feed System
[0207] The bituminous feed of a SBE process may be directed to an inerting feed system to

allow for the transfer of the bituminous feed from the oxygen containing environment to the
solvent containing environment of the SBE process. The term “inerting the feed system™ or
“Inerting a bituminous feed” as used herein means to reduce the maximum oxygen
concentration within the interstitial spacing and internal pores of the bituminous feed to a value
below the limiting oxygen concentration required for combustion of the first solvent to be added
to the feed system or the bituminous feed in the processes herein. The maximum allowable
oxygen concentration may be less than 11 mol%, or less than 5 mol%, or less than 3 mol%.
The reduction in oxygen concentration of the bituminous feed may allow the inerting feed
system to act as a barrier separating the non-classified region of the facility from the classified

region of the facility.

[0208] The 1nerting feed system may have the capability to receive and inert bituminous
feeds of varying physical properties. The types of bituminous feed may range, for example,
from frozen lumps often experienced during the winter to soft and sticky lumps experienced
during the summer. The inerting feed system may be capable of mitigating loss of solvent
vapor and other hydrocarbon vapor to the environment. The inerting feed system may have a

turndown ratio of at least 3:1. Furthermore, a metal detection system may be disposed upstream
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of the feed inerting system so that detected metals can be removed prior to the bituminous feed
entering the classified areas of the SBE facility. Additionally, a metal detection system may be

disposed immediately downstream of the inerting system but prior to the bituminous feed

coming into contact with solvent.

[0209] The 1nerting system may comprise at least two hoppers arranged in series with the

second hopper receiving solids from the first hopper. Each hopper may comprise a solids plug

located from the bottom exit of the hopper to minimize backflow of gas. A sealed feeder such

as an apron feeder or other suitable rotary device (e.g. a Posimetric'™” Feeder, Pennsylvania
Crusher Brand, TerraSource Global, St. Louis, MO) or a vibrating feeder may be located
proximate to the bottom exist of each hopper in order to convey solids from the hopper.
Nitrogen gas may be used as the inert gas to displace oxygen associated with the bituminous
feed. Nitrogen may be introduced near the bottom of each of the hoppers and provide an inert

gas which displaces the oxygen counter-currently to the flow of the solids.

[0210] Figure 2 illustrates an embodiment of an inerting system herein. The inerting
system (2-100) may provide the transition from an air environment to a solvent environment.
The 1nerting system may comprise a first hopper (2-101) which receives a bituminous feed from
the air environment. A first apron feeder (2-102) directs the bituminous feed from the first
hopper (2-101) to a second hopper (2-103). The second hopper (2-103) directs the bituminous
feed to the solvent environment via a second apron feeder (2-104). The first hopper (2-101) and
the second hopper (2-103) may comprise a bituminous feed layer (2-105), (2-106) from the
bottom of each hopper in order to provide a solids plug for each hopper. The bituminous feed
layer inside each hopper may be monitored continuously in order to maintain a minimum
height. Oxygen and hydrocarbon sensors may be provided within the vent lines to monitor the

eftectiveness of the inerting process and to detect release of hydrocarbon gases.

[0211] The 1nerting system may be designed tor mass flow conditions. The control of
minimum solid bed height in the hoppers may be desired in order to reduce the chances of
forming rat holes which provide a direct passageway for the backflow of vapor from the top
section of the hopper to the bottom section. The inerting system may comprise instrumentation

/ control systems that are 1n place to detect the formation of rat holes.
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[0212] Bituminous feed from a surge bin (not shown) may be elevated to the first hopper
(2-101) of the feed inerting system. The first hopper (2-101) and the second hopper (2-103)
may be sized to provide a minimum residence time of approximately 3 minutes. A longer
retention time may require taller hoppers and/or larger diameter hoppers. Taller hoppers may
come with the penalties of higher capital cost and requiring higher nitrogen pressure. Larger
diameter hoppers may come with the penalty of reducing the effectiveness of the gas sweep.
Nitrogen gas (2-107) may be 1njected near the bottom section of the first hopper to displace
oxygen trapped in the bituminous feed vapor spaces. Nitrogen gas (2-108) may also be
supplied in the chute area between the bottom of the first hopper (2-101) and the first apron
feeder (2-102). The nitrogen gas may be supplied at a pressure and height to predominantly
flow the gas upward. A portion of the nitrogen gas may flow downward to prevent egress of the
solvent vapor. The first hopper (2-101) may be shrouded to maximize the collection of the
nitrogen gas comprising hydrocarbon vapors. The vapors may be vented (2-111) to a safe
location, or sent to flare or for incineration. A sealed first apron feeder (2-102) at the bottom of
the first hopper may transfer the bituminous feed to the second hopper. The discharging of the
bituminous feed from the first apron feeder may impart a tumbling motion to the feed in order
to expose more surtaces to the nitrogen purge. Nitrogen gas (2-110) may also be supplied in the

area that connects the first apron teeder to the second hopper to sweep across the falling

bituminous feed.

[0213] In the second hopper (2-103), nitrogen gas (2-109) may be injected into the bottom

of the second hopper to remove any residual oxygen that may have entered and/or remained
within the bituminous feed. The nitrogen gas (2-109) may be introduced into the second hopper
(2-103) 1n much the same fashion as the nitrogen gas (2-107) 1s introduced into the first hopper.

The second hopper may be sealed from the environment. Hydrocarbon vapor released from the
second hopper may be vented to the flare, incinerator or to a solvent recovery step.
Alternatively, the hydrocarbon vapor released from the second hopper may be directed to
combustion equipment such as boilers and/or fired heaters within the facility. The double

hopper arrangement described herein mimics the double block and bleed concept typically used

for safe 1solation of equipment.
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[0214] A sealed second apron teeder (2-104) at the bottom of the second hopper (2-103)
may transfer the bituminous feed to a solvent containing step of the SBE process such as

solvent wet crushing. A spill conveyor may be provided below each apron feeder to catch any
spillage from the apron feeders. A sloped spill chute may be provided below the second apron
feeder. This chute may be continuously or periodically flushed with solvent to remove spilled

bituminous feed, and transport the feed to the wet crushing stage.

[0215] In an alternative design, the feed inerting system may comprise a hopper, a sealed
first apron feeder, and a sealed second apron feeder. Within each apron feeder, nitrogen gas
may flow counter currently or co-currently to the flow of the bituminous feed. Additionally
within each apron feeder, nitrogen gas may flow perpendicular to the flow of the bituminous
feed through the porous sections of the apron feeders. The apron feeder may vibrate to

minimize trapped gas pockets within the bituminous feed which may contain oxygen.

I.A. Feed Dewatering

[0216] It 1s desirable to wuse techniques to recover bitumen from aqueous
hydrocarbon-containing streams arising from WBE, that can operate efficiently in the presence

of fines, or which are largely unaffected by the presence of fines.

[0217] Certain embodiments described herein may advantageously permit recovery of
hydrocarbon from aqueous 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.

[0218] Recycling conventionally discarded aqueous hydrocarbon-containing streams may
be 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, the
stream would become more desirable for use in SBE processes. Recovered water may
advantageously be put to use in any suitable aspect of bitumen production that may incorporate

recycled water. By de-watering an aqueous hydrocarbon-containing stream prior to attempts to
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