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COMPOSITE MEDIA FOR WATER TREATMENT PROCESSES AND METHODS OF
USING SAME

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit as a continuation-in-part under 35 U.S.C. §120 of
United States Patent Application No. 13/410,420, titled “COMPOSITE MEDIA FOR WATER
TREATMENT PROCESSES AND METHODS OF USING SAME,” filed March 2, 2012, which
claims priority under 35 U.S.C. §119(c) to U.S. Provisional Application No. 61/448,821, titlcd
“USE OF BULK COMPOSITE MEDIA COMPOSED OF WOOD AND PLASTIC FOR THE
REMOVAL OF OIL FROM WATER,” filed March 3, 2011, each of which is incorporated by

reference in their entirety for all purposes.

FIELD OF THE TECHNOLOGY
Aspects relate gencrally to trecatment of liquids and, morc particularly, to methods for

coalescing hydrocarbons and separating hydrocarbons from aqueous-based liquids.

SUMMARY

In accordance with one or more embodiments, a method for treating a feed stream
comprising a hydrocarbon liquid and an aqueous-based liquid is provided. The method
comprises introducing the feed stream to an inlet of a vessel containing a media composite, the
media composite comprising a mixture of a cellulose-based material and a polymer, and
contacting the feed stream with the media composite to produce a treated stream, the treated
stream comprises a predetermined target concentration of the hydrocarbon liquid. In other
aspects, the method further comprises measuring at least one property of the treated stream. In at
least one aspect, the measured property is at least one of a concentration of hydrocarbon liquid in
the treated stream and a flow rate of the treated stream. In at least one aspect, the method further
compriscs backwashing the media composite based on the at lcast onc mcasured property of the
treated stream to produce a hydrocarbon liquid effluent. In another aspect, the method further
compriscs recycling the hydrocarbon liquid cfflucnt to the feed strcam.

In one or more embodiments, contacting the feed stream with the media composite
comprises filtering the feed stream, wherein the predetermined target concentration of

hydrocarbon liquid of the treated stream is less than a concentration of hydrocarbon liquid in the
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feed stream. In another embodiment, the predetermined target concentration of hydrocarbon
liquid in the treated stream is less than about 30 ppm. In certain aspects, contacting the feed
stream with the media composite comprises coalescing the feed stream, wherein the
predetermined target concentration of hydrocarbon liquid in the treated stream is a reduced
concentration of an emulsified hydrocarbon liquid relative to the feed stream. In another
embodiment, the concentration of emulsified hydrocarbon liquid in the treated stream is reduced
relative to the feed stream by greater than about 50%. In certain aspects, the treated stream
comprises hydrocarbon liquid droplets of at least about 20 microns in diameter.

In accordance with one or more embodiments, a method for treating a feed stream
comprising a hydrocarbon liquid and an aqueous-based liquid is provided, comprising passing
the fecd strcam at a first flux rate through a coalescer containing a media composite, the media
composite comprising a mixture of a cellulose-based material and a polymer to produce a
coalesced strecam, and passing the coalesced strcam at a sccond flux rate through a filter device in
communication with the coalescer and containing the media composite to produce an effluent
stream. In certain embodiments, the first flux rate is in a range of from about 100 to about 200
gpm/ft. In at least one embodiment, the second flux rate is less than about 40 gpn/ft’. In
another embodiment, the method further comprises maintaining a concentration of hydrocarbon
liquid in the effluent stream at a predetermined target percent reduction. In at least one aspect,
the method further comprises backwashing at least one of the coalescer and the filter device. In
certain embodiments, the method further comprises backwashing the at least one of the coalescer
and the filter device based on a predetermined time interval.

In one or more embodiments, the method further comprises measuring at least one
property of the coalesced stream. Another embodiment comprises backwashing the coalescer
based on the at least one measured property of the coalesced stream to produce a hydrocarbon
liquid effluent. In certain aspects, the method the at least one measured property is a flow rate of
the coalesced stream.

In certain aspects, the method comprises measuring at least one property of the effluent
strcam. In at lcast onc aspect, the method further comprises backwashing the filter device bascd
on the at least one measured property of the effluent stream to produce a hydrocarbon liquid
cffluent. In another aspect, the at least one measured property is at least one of a flow rate of the

effluent stream and a concentration of hydrocarbon liquid in the effluent stream.
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In accordance with one or more embodiments, a method is provided for treating a feed
stream comprising a hydrocarbon liquid and an aqueous-based liquid comprising passing the
feed stream through a coalescer containing a media composite comprising a mixture of a
cellulose-based material and a polymer to produce a coalesced stream, the coalesced stream
comprising a reduced concentration of an emulsified hydrocarbon liquid relative to the feed
stream, and separating the coalesced stream by passing the coalesced stream through a separator
device to provide at least one of a hydrocarbon liquid stream and an aqueous stream. In one
aspect, the coalesced stream comprises hydrocarbon liquid droplets of at least about 20 microns
in diameter. In a further aspect, the separator device comprises at least one of a hydrocyclone, a
gravity settling device, a filter device and a flotation device.

In ccrtain aspects, the method further comprises measuring at lcast one property of the
coalesced stream. In at least one aspect, the method further comprises backwashing the
coalescer bascd on the at Icast onc measurced property of the coalcsced strcam to produce a
hydrocarbon liquid effluent. In another embodiment, the at least one measured property is a flow
rate of the coalesced stream.

In accordance with one or more embodiments, a system for treating a feed stream
comprising a hydrocarbon liquid and an aqueous-based liquid is provided comprising at least one
coalescer in communication with the feed stream and containing a media composite comprising a
mixture of a cellulose-based material and a polymer, and at least one separator device in
communication with the coalescer. In at least one embodiment, the separator device is at least
one of a filter device, a gravity scttling device, a hydrocyclone, and a flotation device. In certain
embodiments, the separator device is a filter device containing the media composite. In one or
more embodiments, the media composite comprises a concentration of cellulose-based material
of at least about 50% by weight. 1n one embodiment, the cellulose-based material comprises
maple wood. In certain aspects, the polymer comprises high density polyethylene. In other
aspects, the media composite compriscs a plurality of uniformly shapcd particles.

In accordance with one or more embodiments, a method of facilitating a treatment system
for scparating a hydrocarbon liquid and an aquecous-bascd liquid from a fecd stream, the
treatment system comprising at least one vessel in communication with the feed stream is

provided, the method comprising providing a media composite comprising a mixture of a
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cellulose-based material and a polymer, and positioned in the vessel to be contacted with the feed
stream.

In accordance with one or more embodiments, a method for treating a feed stream
comprising hydrocarbons and an aqueous-based liquid is provided that comprises pre-treating a
plurality of media composite pellets with an aqueous liquid to produce a plurality of pre-treated
media composite pellets, where each media composite pellet comprises a mixture of a cellulose-
based material and a polymer, introducing the feed stream to an inlet of a vessel containing the
plurality of pre-treated media composite pellets, and contacting the feed stream with the plurality
of pre-treated media composite pellets to produce a treated stream, the treated stream having a
predetermined target concentration of the hydrocarbons that is less than a concentration of
hydrocarbons in the feed stream.

In one or more embodiments, the predetermined target concentration of hydrocarbons in
the treatcd strcam is less than about 30 ppm. In certain cmbodiments, contacting the feed strcam
with the plurality of pre-treated media composite pellets comprises coalescing the feed stream,
wherein the predetermined target concentration of hydrocarbons in the treated stream is a
reduced concentration of emulsified hydrocarbons relative to the feed stream. In some
embodiments, the concentration of emulsified hydrocarbons in the treated stream is reduced
relative to the feed stream by greater than about 50%. According to another embodiment, the
method further comprises measuring at least one of a concentration of hydrocarbons in the
treated stream and a flow rate of the treated stream, backwashing the plurality of pre-treated
media composite pellets based on at least one of the measured concentration of hydrocarbons in
the treated stream and the measured flow rate of the treated stream to produce a hydrocarbon
liquid effluent, and recycling the hydrocarbon liquid effluent to the feed stream. In some
embodiments, pre-treating the plurality of media composite pellets comprises contacting each
media composite pellet with the aqueous liquid for a predetermined time interval.

In accordancc with onc or more embodiments, a method for treating a feed strcam
comprising hydrocarbons and an aqueous-based liquid is provided that comprises pre-treating a
plurality of media composite pellets with an aqueous liquid to produce a plurality of pre-trcated
media composite pellets, where each media composite pellet comprises a mixture of a cellulose-
based material and a polymer, passing the feed stream at a first flux rate through a coalescer

containing the plurality of pre-treated media composite pellets to produce a coalesced stream,
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and passing the coalesced stream at a sccond flux rate through a filter device in communication
with the coalescer and containing the plurality of pre-treated media composite pellets to produce
an effluent stream.

According to one or more embodiments, the first flux rate is in a range of from about 100
to about 200 gpm/ft’>. According to some embodiments, the second flux rate is less than about 15
gpm/ft’. In certain embodiments, the method further comprises maintaining a concentration of
hydrocarbons in the effluent stream at a predetermined target percent reduction. In various
embodiments, the method further comprises backwashing at least one of the coalescer and the
filter device. In at least one embodiment, backwashing the at least one of the coalescer and the
filter device is based on a predetermined time interval. In some embodiments, the method
further compriscs mcasuring a flow ratc of the coalesced stream and backwashing the coalescer
based on the measured flow rate of the coalesced stream to produce a hydrocarbon liquid
cffluent. According to some cmbodiments, the method further compriscs mcasuring at Icast onc
of a flow rate of the effluent stream and a concentration of hydrocarbons in the effluent stream
and backwashing the filter device based on at least one of the measured flow rate of the effluent
stream and the measured concentration of hydrocarbons in the effluent stream to produce a
hydrocarbon liquid effluent. In accordance with certain embodiments, pre-treating the plurality
of media composite pellets comprises contacting each media composite pellet with the aqueous
liquid for a predetermined time interval.

In accordance with one or more embodiments, a system for treating a feed stream
comprising hydrocarbons and an aqueous-based liquid is provided that comprises at least one
pre-treatment device in communication with an aqueous liquid and containing a plurality of
media composite pellets, where each media composite pellet comprises a mixture of a cellulose-
based material and a polymer, the at least one pre-treatment device configured to produce a
plurality of pre-treated media composite pellets, at least one coalescer in communication with the
feed strecam and containing a plurality of the pre-treated media composite pellets, and at lcast onc
separator device in communication with the coalescer.

According to onc or more embodiments, the separator device is at lcast onc of a filter
device, a hydrocyclone, a gravity settling device, and a flotation device. In a further
embodiment, the separator device is a filter device containing a plurality of the pre-treated media

composite pellets. In some embodiments, each media composite pellet comprises a
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concentration of cellulose-based material of at least about 45% by weight. In various
embodiments, the cellulose-based material comprises at least one wood material. In one or more
embodiments, each media composite pellet has a size distribution in a range of from about 5

mesh to about 10 mesh.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings are not intended to be drawn to scale. In the drawings, each
identical or nearly identical component that is illustrated in various figures is represented by a
like numeral. For purposes of clarity, not every component may be labeled in every drawing. In
the drawings:
FIG. 1 is a schematic drawing of a proccss flow diagram in accordance with onc or more

aspects of the disclosure;

FIG. 2 is a schematic drawing of a process flow diagram in accordance with onc or more

aspects of the disclosure;

FIG. 3 is a graph illustrating the results from media testing in accordance with one or

more aspects of the disclosure;

FIG. 4 is a graph illustrating the results from media testing in accordance with one or

more aspects of the disclosure;

FIG. 5 is a graph illustrating the results from media testing in accordance with one or

more aspects of the disclosure;

FIG. 6 is a graph illustrating the results from media testing in accordance with one or

more aspects of the disclosure;

FIG. 7 is a graph illustrating the results from media testing in accordance with one or

more aspects of the disclosure;

FIG. 8 is a schematic drawing of a process flow diagram in accordance with one or more

aspcects of the disclosure;

FIG. 9 is a schematic drawing of a process flow diagram in accordance with one or more

aspccts of the disclosure;

FIG. 10 is a graph illustrating the results from media testing in accordance with one or

more aspects of the disclosure;



WO 2015/195524 PCT/US2015/035769

FIG. 11 is a graph illustrating the results from media testing in accordance with one or
more aspects of the disclosure;

FIG. 12 is a graph illustrating the results from media testing in accordance with one or
more aspects of the disclosure;

FIG. 13 is a graph illustrating the results from media testing in accordance with one or
more aspects of the disclosure;

FIG. 14 is a graph illustrating the results from media testing in accordance with one or
more aspects of the disclosure;

FIG. 15 is a graph illustrating the results from media testing in accordance with one or
more aspects of the disclosure;

FIG. 16 is a schematic drawing of a proccss flow diagram in accordance with onc or
more aspects of the disclosure; and

FIG. 17 is a graph illustrating thc rcsults from mcdia testing in accordance with onc or

more aspects of the disclosure.

DETAILED DESCRIPTION

The modifier “about” as used in connection with a quantity is inclusive of the stated
value and has the meaning dictated by the context (for example, it includes at least the degree of
error associated with the measurement of the particular quantity). When used in the context of a
range, the modifier “about” should also be considered as disclosing the range defined by the
absolute values of the two endpoints. For example, the range “from about 2 to about 4” also
discloses the range “from 2 to 4.”

In certain applications, individual components in liquids may be physically treated prior
to their use in further processes. Physical treatments rely primarily on the physical properties of
the individual components in the liquid and may include at least one of coalescing, separation,
and filtration techniques. For example, aqucous liquids may comprise suspended solids or
liquids that may be treated by one or more filtration, coalescing, and separation processes. One
or more of thesc processes may include contacting the liquid with media. In certain instances,
contacting the liquid with media may occur by passing the liquid through a bed packed with the

media.
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Media may be useful for a variety of processing techniques and applications, including
filtering, coalescing, separating, increasing residence time of a liquid in a vessel containing the
media, and functioning as an adsorbant or absorbent. For example, media may be used for
separating liquids from gases, liquids from other liquids, and separating suspended solids,
colloidal, and particulate matter from a fluid stream. In addition, media may be used to coalesce
smaller droplets of one or more components in a liquid into larger droplets. For example, media
filters may be used for the removal of suspended solids and free oil from one or more solutions.
For instance, media filters may be used in oil refineries and oil wells, petrochemical plants,
chemical plants, natural gas processing plants, and other industrial processes for purposes of oil
and water separation. Separation techniques in these industrial processes may be categorized
into primary, sccondary and tertiary stages. Primary scparation techniques may reduce oil
concentrations to about 500 to about 200 ppm. Secondary separation techniques may reduce oil
concentrations to about 100 to about 20 ppm. Tertiary scparation tcchniques may be capable of
removing free oil from starting levels ranging from about 20 ppm to about 100 ppm down to
levels that are below about 10 ppm. Non-limiting examples of separation techniques include
API separators and gravity clarifiers, coalescing and flotation devices, API flotation devices,
dissolved air flotation (DAF) devices, dissolved gas flotation (DGF) devices, compact flotation
devices, hydrocyclones, and media bed filters, including walnut shell media bed filters. There is
current demand for media filters on oil platforms (also referred to as “off shore™) in order to
comply with regulatory requirements on wastewater discharge. The footprint and weight of the
equipment are critical factors in determining what equipment will be used on off-shore oil
platforms. Consequently, a media that is more efficient in removing oil from water than that
which is currently available may permit the size and weight of the equipment to be greatly
reduced. The media filter may be located downstream from primary and secondary treatments.
Currently, black walnut shell media is known for its affinity for both oil and water and may be
used as media in scparation processes. For cxample, in oil refinerics walnut shell filters arc used
to remove free oil to levels below about 10 ppm.

In certain embodiments of the disclosure, it may be desirable to provide an economical
and low maintenance bulk media that may be capable of being backwashed. The backwashing
may restore the media and cnable it for re-use. In some embodiments, it may be desirable to

provide a backwashable media that may include higher flux rate capabilities and more efficient
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oil removal when compared to black walnut shell media, for example, from the Eastern Black
Walnut species (Juglans nigra). Walnut shell media filters may have a limited flux rate, which
may limit the size of their construction, and consequently limit their feasibility for use on off-
shore platforms. In addition, sources of black walnut shell media are susceptible to instability,
since availability is directly dependent upon harvesting from season to season. In some
embodiments, it may be desirable to reduce the frequency of backwashing to enhance the
throughput of one or more treatment systems. This reduction may also reduce the volume of
backwash water that may be produced, which may provide an additional advantage to the
system.

In certain applications, individual components suspended in a liquid may be difficult to
physically remove duc to their size. For example, in oil drilling opcrations, water is usually
produced containing crude oil. Regulatory requirements or process conditions may dictate that
the watcr contain oil at a concentration below a certain threshold value before it may be
discharged to the environment or recycled for other uses. The complexity of separating the
mixture of oil and water may depend upon the physical form of the oil. During processing and
transferring activities, pressure drops and shearing may create oil droplets that are small enough
such that they are not easily separated from water. For instance, the oil may be dispersed
throughout the water in small droplets, which may have diameters that are less than 20 microns.
For oils that have a specific gravity close to that of water, droplets with diameters even larger
than 20 microns may be difficult to remove by conventional gravity separation processes. In
each of these types of mixtures, the oil is considered to be emulsified in the water. In certain
aspects emulsified oil may be oil that will not separate from water after gravity separation is
allowed to occur for about 30 minutes under quiescent conditions. Treating water that contains
emulsified oil may present certain difficulties in terms of physical separation techniques.
Technologies such as hydrocyclones, API separators, flotation devices, gravity settling devices,
and walnut shell filters may be incffective at removing mechanically emulsified oil from water.
These technologies may instead be used for “free” oil, which is non-emulsified oil.

In accordance with onc or morc embodiments, the systems and mcthods described herein
relate to a method for treating a feed stream. The feed stream may comprise one or more
components. The feed stream may comprise one or more components that are in the same phase,

for example, one or more liquids. The feed stream may comprise one or more components that
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are in different phases, for example, one or more gas and liquid combinations, and one or more
solid and liquid combinations. In certain applications, the feed stream may comprise one or
more suspended solids, colloids and particulate matter. The feed stream may comprise an
aqueous-based liquid. In certain aspects, the feed stream may comprise a hydrocarbon liquid,
also referred to herein as hydrocarbons, and an aqueous-based liquid. In certain aspects, the
system may receive one or more feed streams from industrial sources. For example, the feed
stream may originate from oil refineries, oil wells, petrochemical plants, chemical plants, natural
gas processing plants, and other industrial processes. In certain embodiments, the system may
receive one or more feed streams comprising a hydrocarbons and an aqueous-based liquid. As
used herein, the term “hydrocarbon” refers to organic material with molecular structures
containing carbon bonded to hydrogen. Hydrocarbons may also includce other elements, such as,
but not limited to, at least one of halogens, metallic elements, nitrogen, oxygen, and sulfur. As
used herein, the term “hydrocarbon liquid” or simply “hydrocarbons” refers to a liquid phasc
hydrocarbon fluid or to a mixture of liquid phase hydrocarbon fluids. The hydrocarbon liquid
may comprise additional substances, for example, solid particles. Non-limiting examples of
hydrocarbon liquids may include, for example, crude oil, natural gas, shale oil, pyrolysis oil, and
any combination thereof. As used herein, the terms “aqueous-based liquid,” and “aqueous
stream” refer to liquids comprising water. The liquid may comprise additional substances, which
may be solids, including suspended solids, liquids, gases, or any combination thereof. The
methods and systems described herein may refer to a feed stream comprising a hydrocarbon
liquid and an aqueous-based liquid, but should not be limited as such. For example, it may be
possible to treat one or more other types of liquids according to the methods and systems
described herein.

In certain embodiments, the feed stream may be introduced to an inlet of a vessel. The
inlet may be positioned at the top of the vessel, the bottom of the vessel, or anywhere in between
that is suitablc for accomplishing the methods and systems described herein. As uscd herein, the
term “vessel” broadly means any structure suitable for confining one or more process
components, including gas, liquid and solid components and mixtures thereof. The vessel may
be open to the environment or may be closed to operate under pressure. In certain applications,
the vessel may be constructed to provide an anaerobic or acrobic environment for the

components. The vessel may be sized and shaped according to a desired application and volume
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of feed to be treated to provide at least one of a desired throughput and a desired period of
operation before a backwash is initiated. The vessel may have a bed to accommodate media at a
desired depth based upon the desired volume of feed to be treated and the media selected for the
particular application. Accordingly, the vessel may have any bed depth of media that is suitable
for the purposes of the methods and systems described herein. The vessel may be constructed of
any material suitable for the purposes of the methods and systems described herein. Non-
limiting examples of suitable materials include steel, stainless steel, fiberglass reinforced plastic,
and polyvinyl chloride (PVC). One or more embodiments may include a vessel having one or
more sidewalls depending upon the desired shape of the vessel. For example a cylindrical vessel
may have one sidewall while a square or rectangular vessel may have four side walls. Tn certain
cmbodiments, the vessel may have a cylindrical shape having onc continuous sidewall positioned
between the first and second walls. In certain other embodiments, the vessel may be closed
wherein onc or morc sidewalls cxtend between a first wall and a second wall. In certain aspects,
the vessel may contain a media. Any media suitable for the methods and systems disclosed
herein may be used. The media may be positioned in the vessel at a pre-selected depth and may
fill the entire volume of the vessel or be contained in a particular portion of the vessel. For
example, a portion of the volume of the vessel adjacent one or more walls may be free of media.
Media may be contained within the vessel by one or more dividers, such as screens or perforated
plates, which may retain the media in a desired location within the vessel while allowing one or
more liquids to flow throughout the media in the vessel.

In certain embodiments the vessel may contain a media composite. As used herein, the
term “media composite” refers to a combination of two or more different materials. In at least
one embodiment, the media composite comprises a mixture of a cellulose-based material and a
polymer. The media composite may comprise a heterogeneous mixture of a cellulose-based
material and a polymer. The heterogeneous mixture may comprise the ingredients or
constitucnts such that the components are not distributed uniformly throughout the mixture. As
used herein, the term “heterogeneous mixture” refers to a composite of two or more dissimilar
ingredicnts or constituents. The media composite may comprise a homogencous mixture of a
cellulose-based material and a polymer. In one embodiment, the media composite may comprise
the cellulose-based material and polymer such that the two materials are secured to one another

but are not mixed with one another. As used herein, the term “homogencous mixture” refers to a
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composite that is a single-phase composite of two or more compounds that are distributed in a
uniform ratio or in a substantially uniform ratio throughout the mixture so that any portion of the
composite exhibits the same ratio of the two or more compounds. For example, particles of the
media composite may have a slightly uneven or mottled appearance. According to some
examples, the two or more different materials of the media composite form a matrix with each
other so that the two or more materials are interspersed with one another. For example, the
particles of media composite may be porous. The pores are formed during fabrication of the
media composite and may be present between particles of the same component and mixtures of
particles of two or more different materials.

According to at least one embodiment, the media composite is prepared by combining
and mixing the cellulosc-based material and the polymer at a predctermined ratio and then
extruding the material through an extruder. The blended material is then cut into individual
particles, the shape and size of which is discussed further below. For example, according to onc
embodiment, the particles are pellets.

In at least on¢ aspect, the media composite comprises a plurality of uniformly shaped
particles. As used herein, the term “uniformly shaped particles” refers to exactly the same
shaped and size particles, and substantially the same shaped and sized particle while tolerating
some degree of difference in shape attributable to, for example, manufacturing error. Suitable
shapes for the media composite may include spheres and cylinders. For example, the media
composite may comprise a plurality of uniformly shaped cylinder or cylinder-like shapes. The
media composite may be of any shape that would allow for gaps in the interstitial area between
the particles, and may be referred to here as pellets. In certain embodiments, the media
composite may comprise a plurality of irregularly shaped particles. According to at least some
embodiments, each particle is made up of a homogencous or a heterogeneous mixture of a
cellulose-based material and a polymer.

According to at Icast onc ¢xample, the particle of mcdia composite is a pellet. The media
composite pellets may have a diameter in a range of from about 2 mm to about 10 mm and a
height of from about 1 mm to about 5 mm. For example, the pellct may have a diameter of about
4 mm and a height of about 2 mm. In another example, the pellet has a diameter of about 4 mm
and a height of about 3.5 mm. According to some embodiments, the pellets may be spherical in

shape.
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As used herein, the term “cellulose-based material” refers to any material, product, or
composition which contains cellulose. Non-limiting examples may include wood from
deciduous and evergreen trees, including wood powder, wood pulp, wood particles, wood fibers,
sawdust, wood flakes, wood chips, and any other wood product or cellulose-based product
suitable for the methods and systems disclosed herein, such as, coconut, bagasse, peat, pulp-mill
waste, corn stalks, and any combination thereof. The media may comprise any wood suitable for
the purposes of the methods and systems described herein. In certain embodiments, the
cellulose-based material may be pine wood. In certain embodiments, the cellulose-based
material may be maple wood. Other non-limiting examples of wood include spruce, cedar, fir,
larch, douglas-fir, hemlock, cypress, redwood, yew, oak, ash, elm, aspen, poplar, birch, maple,
tcak, walnut, balsa, beech, boxwood, Brazilwood, butternut, cherry, basswood, cottonwood,
dogwood, hackberry, hickory, mahogany, bamboo, and willow. Further, according to some
cmbodiments, the ccllulosc-based material may include more than onc type of wood. For
example, the cellulose-based component may include two or more species of hardwood, non-
limiting examples of which include hickory, maple, oak, beech, birch, ash, walnut, cherry,
sycamore, poplar, cottonwood, basswood, and aspen.

Non-limiting examples of polymers suitable for the methods and systems describe here
may include polyolefins, including high density polyethylene (HDPE), polyethylene (PE),
polypropylene (PP), PVC, ethylene propylene copolymers, fluoropolymers, including Teflon®,
and any combination thereof. In at least one embodiment, the polymer is HDPE.

In accordance with some embodiments, the polymer may include a polymer foam
material. The polymer foam may include one or more portions that are porous or the polymer
foam may be entirely porous. Polymer foams may be made by the controlled expansion of gas
during the polymerization process. The size and shape of the pores within the polymer foam
may be of any size or shape suitable for allowing the media composite to perform the various
functions disclosed herein.

In one or more embodiments, the media composite comprises a concentration of
cellulosc-bascd matcerial of at lcast about 30%. In other cmbodiments, the media composite
comprises a concentration of cellulose-based material of at least about 40%. In certain
embodiments, the media composite comprises a concentration of cellulose-based material of at

least about 45%. In certain embodiments, the media composite comprises a concentration of
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cellulose-based material of at least about 50%. In at least one embodiment, the media composite
comprises a concentration of maple wood of about 50% by weight. In another embodiment, the
media composite comprises a concentration of pine wood of about 70% by weight. The
concentration of cellulose-based material may be any percentage between about 0% and about
100%, or any range of percentages in between these percentages.

The media composite may comprise additional components, including chemical
components. Non-limiting examples of components that may be suitable to include in the media
composite include coagulants and flocculants. The media composite may comprise any
additional component that may be suitable for the purposes of the methods and systems
described herein.

According to at Icast onc cmbodiment, the media composite may further include an
additive material that functions to increase the specific gravity of the media composite. Non-
limiting examplcs of suitable additive materials include diatomaccous carth, silica, bentonite, and
calcium carbonate. Other similar materials are also within the scope of this disclosure. The
additive material may be any inert material suitable for increasing the specific gravity of the
media composite so long as the material is not incompatible with the other components of the
media composite. For example, additive materials that dissolve the polymer component are
unusable.

In accordance with certain embodiments, a media is provided. Any media may be used
so long as it may be suitable for at least one of (1) coalescing at least one hydrocarbon liquid and
(2) filtering at least one stream comprising a hydrocarbon liquid and an aqueous liquid. One
example of a media suitable for the methods and systems described herein may be a media
composite. The media composite may comprise a mixture of a cellulose-based material and a
polymer. The media may comprise at least one of a homogeneous and heterogeneous mixture of
a cellulose-based material and polymer. The cellulose-based material and polymer may be
charactcrized and incorporated as discussed above. In at lcast onc cmbodiment, the media may
be capable of being backwashed. In certain embodiments, the media may be capable of being
fluidized. In some cmbodiments, the media may cxhibit at lcast onc of adsorbing and absorbing
properties toward at least one of the hydrocarbon liquid and the aqueous liquid.

In certain embodiments, the mass of oil that may be loaded onto the media composite

before breakthrough occurs may be four times the mass that may be loaded onto other types of
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media materials. The other types of media materials may include, for example, wood, polymer
(for example, HDPE), and black walnut shells. In at least one embodiment, the wood and
polymer components of the media composite may fail to exhibit an oil loading capacity at or near
the level of the oil loading capacity of the media composite. Without being bound by theory, one
possible explanation for the beneficial effects of the combination of wood and polymer may be
that the two components each offer different adsorption or absorption properties and that a
synergy may be afforded by the combination of the two materials. A second possible
explanation may be that the shape of the composite particles contributes toward the separation
process. For example, the wood component may cause the media composite to be porous, which
enhances the media’s ability to absorb and/or adsorb oil. In other embodiments, the polymer
componcnt may contribute to the porosity of the media composite. The porosity offcrs a larger
surface area, which may influence mass transfer diffusion mechanisms such as interfacial mass
transfer, which is the diffusion through the fluid boundary layer surrounding the cxternal surface
of the particle, and intra-particle mass transfer, which is diffusion through the internal pore space
of the particle to its interior surface where adsorption takes place. Further, the size of the particle
may also have an effect on the rate of mass transfer diffusion. Small particles may offer larger
contact areas for interfacial mass transfer and reduce the path length for the intra-particle
diffusion. Small adsorbent particles may therefore increase the adsorption rate. However,
particles that are too small may cause fluidization and a high pressure drop. Therefore, a balance
between the size of the particle and the interstitial space between the particles may also play a
role in performance capability. The interstitial space between the particles is proportional to the
size of the particles. Since resistance to fluid flow is inversely proportional to the interstitial
area, smaller particles will cause higher pressure drops. Irregular-shaped particles or mixtures of
particles of different dimensions and/or sizes may also cause higher pressure drops, since the
interstitial area is decreased.

According to at least onc embodiment, the particles of media compositec may be porous.
As used herein, “porosity” refers to the percentage of void space, or air space, of a particle and
represents the ratio of void arca to total surface arca. A mcthod for calculating this paramcter for
the disclosed media composite is discussed below in Example 9.

In certain embodiments, the vessel may also include a feed inlet positioned above the

media and a filtrate outlet positioned below the media. The vessel may also include a first inlet
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that is constructed and arranged to deliver a first fluid to a first end of a draft tube to induce
during backwash a flow of the media within the draft tube from the first end of the draft tube to a
second end of the draft tube while inducing flow of the filter media along an outside sidewall of
the draft tube from the second end of the draft tube to the first end of the draft tube. Draft tubes
are discussed in further detail below.

In certain embodiments, the media composite contacts the feed stream to produce a
treated stream. In at least one embodiment contacting the feed stream with the media composite
comprises filtering the feed stream. As used herein, the terms “filtering” and “separating”
broadly refer to any process used to separate a constituent of a substance from other constituents
of the substance. For example, filtering may refer to a process for separating one or more phases
from cach other. In ccrtain aspccts, filtering may scparate two liquid phascs. In other aspects,
filtering may separate a solid from a liquid phase. In at least one embodiment, filtering refers to
a process for scparating a hydrocarbon liquid from an aqueous-based liquid. In certain aspects,
filtering comprises passing a feed stream through a filter device at a flux rate that may be less
than about 40 gpm/ft’. In other aspects, filtering comprises passing a feed stream through a filter
device at a flux rate that may be less than about 30 gpm/ft®. In at least one aspect, filtering
comprises passing a feed strcam through a filter device at a flux rate that may be less than about
20 gpm/ftz. In another aspect, the flux rate may be less than about 13.5 gpm/ftz. The flux rate
may be any flux rate in between about 1 and about 1000 gpm/ft?, or any range of flux rates in
between these flux rates. The flux rate may be any rate that is suitable for the purposes of
performing a filtering function as described in the methods and systems disclosed herein.

As used herein, the terms “filter device” and “separator device” refer to any device
suitable for performing filtering processes. In certain embodiments, the filter device and
separator device may be constructed and arranged as discussed above in reference to the vessel.
The filter device and separator device may be constructed of any material suitable for the
particular purposcs of the mcthods and systems described herein. For example, the filter device
and separator device may be constructed from any suitable construction material, for example,
stecl, stainless stecl, fiberglass reinforced plastic, and PVC material, to form a tubce or column
structure. In at least one aspect, the filter device and separator device may comprise a media
composite. At least one aspect includes a filter device containing a screen material fitted on at

least one end of the filter device, for purposes of retaining media. In certain aspects, the



WO 2015/195524 PCT/US2015/035769

direction of fluid flow through the filter device and separator device may be from top-to-bottom.
In other aspects, the direction of fluid flow through the filter device and separator device may be
from bottom-to-top. In certain embodiments, one or more filter devices and one or more
separators may be positioned downstream from one or more coalescers.

In other aspects, contacting the feed stream with the media composite comprises
coalescing the feed stream. As used herein, the term “coalescing” broadly refers to the
combining and/or uniting of one or more smaller droplets of a liquid or other phase to form at
Jeast one of a larger droplet, a phase, and a layer. For example, in certain aspects, coalescing
may increase the droplet size of a hydrocarbon liquid from a diameter of less than about 20
microns to a size that is greater than about 20 microns. In certain other aspects, coalescing may
increase the droplct sizc of a hydrocarbon liquid from a diamcter of lcss than about 20 microns to
a size that is greater than about 50 microns. In some aspects, coalescing may produce a droplet
sizc of a hydrocarbon liquid that is grcater than about 50 microns. In some aspects, coalcscing
may produce a droplet size of a hydrocarbon liquid that may be greater than about 100 microns.
As used herein, the term “coalesced stream” refers to a liquid where the droplets of a liquid or
other phase form a droplet of at least about 20 microns in diameter. In at least one aspect, a
coalesced stream may refer to a liquid where the droplets of hydrocarbon liquid are at least about
20 microns in diameter. In some aspects, the coalesced stream may refer to a liquid where the
droplets of hydrocarbon liquid are at least about 20 microns in diameter, at lcast about 30
microns in diameter, at least about 30 microns in diameter, at least about 100 microns in
diameter, and any combination thereof. In at least one aspect, coalescing comprises passing a
feed stream through a coalescer at a flux rate that may be in a range of from about 40 to about
250 gpm/ft*. In another aspect, coalescing comprises passing a feed stream through a coalescer
at a flux rate that may be in a range of from about 100 to about 200 gpm/ftz. The flux rate may
be any flux rate in between about 1 and about 2000 gpm/ft?, or any range of flux rates in between
these flux ratcs. The flux ratc may be any ratc that is suitable for the purposcs of performing a
coalescing function as described in the methods and systems disclosed herein.

As uscd herein, the term “coalescer” refers to any device suitable for performing
coalescing processes. In certain aspects, the coalescer may be constructed and arranged as
discussed above in reference to the vessel. The coalescer may be constructed of any material

suitable for the particular purposes of the methods and systems described herein. In certain
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embodiments, the coalescer may be constructed, for example, from any one or more of steel,
stainless steel, fiberglass reinforced plastic, and PVC material, to form a tube or column
structure. In at least one aspect, the coalescer may comprise a media composite. At least one
aspect includes a coalescer containing a screen material fitted on at least one end of the
coalescer, for purposes of retaining media. In at least one aspect, the direction of fluid flow
through the coalescer may be from top-to-bottom. In another aspect, the direction of fluid flow
through the coalescer may be from bottom-to-top. In certain embodiments, one or more
coalescers may be positioned upstream from one or more filter devices. In other embodiments,
one or more coalescers may be positioned upstream from one or more separator devices.

In certain aspects, at least one of a coalescer and filter device may contain a media
compositc. The media composite may be partially or fully coated with a hydrocarbon liquid.
The media composite may be at least partially or fully coated with the hydrocarbon liquid during
onc or morge trcatment processcs, including backwash proccdurcs. In certain examples, onc or
more coalescers may contain media composite that may be partially coated with hydrocarbon
liquid. In some examples, one or more coalescers may contain media composite that may be
saturated with hydrocarbon liquid. As used herein, the term “saturated,” when used in reference
to the media composite, refers to any degree of coating the media composite with hydrocarbon
liquid wherein coalescing may be successfully performed. In other examples, one or more filter
devices may contain a media composite that is non-saturated with hydrocarbon liquid. As used
herein, the term “non-saturated,” when used in reference to the media composite, refers to any
degree of coating the media composite wherein filtering may be successfully performed. In
certain aspects, one or more filter devices may contain media composite that may be
substantially free of a coating of hydrocarbon liquid. In at least one embodiment, the media
composite in a coalescer may be saturated with a hydrocarbon liquid and the media composite in
a filter device may be non-saturated with a hydrocarbon liquid.

In accordancc with certain methods and systems described herein, a trecatment system is
provided wherein one or more vessels may be capable of functioning as at least one of a
coalcscer and a filter device during onc or more trcatment processcs. For cxample, a vessel
containing media composite may function as a filter device until the media composite becomes
saturated with hydrocarbon liquid, at which point it may function as a coalescer. In other

examples, a treatment system may be provided comprising a first vessel containing media
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composite that may be positioned upstream from a second vessel comprising media composite.
The first vessel may function as a coalescer and the second vessel may function as a filter device
until the media composite in the second vessel becomes saturated with oil. The first vessel may
be backwashed, and the flow through the treatment system may be directed so that the second
vessel is positioned upstream from the first vessel. The second vessel may then function as a
coalescer and the first vessel may function as a filter device until the media composite in the first
device becomes saturated with oil. The second vessel may then be backwashed, and the flow
through the treatment system may be directed so that the first vessel may be positioned upstream
from the second vessel. The treatment system may comprise one or more vessels that may be
used separately or together in at least one of a series, parallel, and any other configuration to
producc onc or morc desired effluents. In certain cxamples, the trecatment systcm may further
comprise one or more additional separators. The one or more additional separators may be
positioncd upstrcam or downstrcam from the onc or morc vesscls. The treatment system may be
positioned upstream or downstream from at least one of a primary, secondary, or tertiary process,
and may be positioned as a stand-alone system or process or may be positioned in another system
or process.

In accordance with the methods and systems described herein, one or more coalescer and
filter devices may be used separately or together in at least one of a series, parallel, and any other
configuration to produce one or more desired effluents. In certain embodiments, one or more
filter devices may be in series configuration with one or more parallel trains comprising one or
more filter devices in series configuration. In certain aspects, one or more filter devices may be
placed in a first series configuration in parallel with a second series configuration. In certain
embodiments, a first series configuration may be in parallel with a second series configuration
that is further in parallel with a third series configuration and may also be in parallel with one or
more additional series configurations. In at least one aspect, the first series may be configured to
treat 100% of the incoming feed, while the second scrics is recharged or off-linc. In at Ieast onc
embodiment, a first set of four filter devices may be placed in a series configuration in parallel
with a sccond sct of four filter devices placed in a scrics configuration. In a similar fashion, in
certain embodiments a first combination of at least one coalescer and at least one filter device
may be placed in a series configuration in parallel with a second combination of at least one

coalescer and at least one filter device in a series configuration. In another aspect, the first series
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and the second series may be configured to treat 100% of the incoming feed. In yet another
aspect, the first series and the second series may be configured to treat 50% of the incoming
feed. In some aspects, multiple series may be configured to treat a predetermined percentage of
the incoming feed, for example, from about 1% to about 100% of the incoming feed, including
any percentage in between these percentages or any range of percentages in between these
percentages.

In certain aspects, one or more filter devices may be placed upstream or downstream
from one or more coalescers. In other aspects, one or more coalescers may be placed upstream
or downstream from one or more filter devices. In accordance with certain aspects, one or more
filter devices, coalescers, and any combination thereof, may be placed downstream of at least
onc of a primary, sccondary, or tcrtiary trcatment process as described hercin. In a further
aspect, one or more filter devices, coalescers, or any combination thereof, may be placed
upstrcam of at Icast onc of a sccondary or tertiary trcatment process as described hercin. Onc or
more filter devices, coalescers, or any combination thereof may be positioned anywhere in
another system or process to produce a desired effluent.

In certain aspects, the media composite may be used in structures, systems, and processes
that may not comprise a stand-alone vessel containing the media composite. For example, the
media composite may be placed in a structure to perform, for example, filtering or coalescing,
and that structure may be placed at least partially within another vessel that may or may not
contain media, and may be used for another purpose other than filtering and coalescing. The
structure that the media is placed in may be a sub-compartment of the vessel, a pipe, or other
conduit that may be used in conjunction with the vessel and a larger system. In certain
embodiments, the vessel may be used for at least one of filtering and coalescing, and may be
used in conjunction with the media placed in the structure to achieve a desired result.

In accordance with one or more embodiments, the media composite may be capable of
functioning as both an cmulsificd oil coalcscer as well as a free oil filter. The flow rate through a
vessel containing the media composite may dictate how the media and vessel combination
perform. In certain cmbodiments, a high flux rate, for cxample, greater than about 100 gpm/ft?,
may promote oil coalescing, and a low flux rate, for example, less than about 27 gpm/ft?, may
allow the vessel to function as a filter device. In at least one aspect, coalescing comprises

passing a feed stream through a coalescer at a flux rate that may be in a range of from about 40
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to about 250 gpm/ft>. In another aspect, coalescing comprises passing a feed stream through a
coalescer at a flux rate that may be in a range of from about 100 to about 200 gpm/ft’. In certain
aspects, filtering comprises passing a feed stream through a filter device at a flux rate that may
be less than about 40 gpm/ftz. In other aspects, filtering comprises passing a feed stream through
a filter device at a flux rate that may be less than about 30 gpm/ft®. In at least one aspect,
filtering comprises passing a feed stream through a filter device at a flux rate that may be less
than about 20 gpm/ft*. In certain embodiments, placing the coalescer and filter device in a series
configuration may allow for emulsified oil in water to be separated from a feed stream.

In certain aspects, at least one of the filter device and the coalescer may be fitted with a
draft tube system. The draft tube system may comprise one or more draft tubes and may be
constructed and arranged to intermittently backwash the media by providing a desired volume
and/or velocity of backwash fluid to roll the bed. Alternatively, or in addition, the draft tube
systcm may bec uscd during at lcast onc of the filtering and coalcscing processes. Backwashing
may be performed with a draft tube system in place, or may be performed without a draft tube
system. As used herein, "rolling the bed" is defined as the movement of the media during
backwash in which the media at or near the second wall of the vessel may be partially or
completely moved through the draft tube system toward the first wall of the vessel and back
toward the second wall of the vessel. The draft tube system may be sized and shaped to provide
for at least one of a desired volume of media to be backwashed and to operate within a
preselected time period for backwash operation. The draft tube system may comprise one or
more draft tubes positioned in the media. As used herein, a "draft tube" is a structure having one
or more sidewalls open at both ends which, when positioned in the media, provides a
passageway for flow of media during backwash. Tn certain embodiments, the vessel may have a
volume of media that is about 4 to about 6 times the volume of a draft tube or the summation of
the volumes of the draft tubes in the draft tube system.

The draft tubc may be constructed of any material suitable for the particular purposes of
the methods and systems described herein. For example, the draft tube may be formed of the
same material as the vessel or may be formed of lighter, heavier, more expensive, or less
expensive materials, For example, the draft tube may be formed of plastics, including fiberglass
reinforced plastics. The draft tube may be preformed for insertion into the vessel or

manufactured as part of the vessel. As such, the draft tube may be designed to retrofit current
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filtration and coalescer devices. The draft tube system may be supported on the second wall of
the vessel. Alternatively, the draft tube system may be supported on a divider or media retention
plate, such as a screen or perforated plate, designed to retain the media within a region of the
vessel while allowing the flow of liquid and contaminants into and out of the media.

An individual draft tube may be sized and shaped according to at least one of a desired
application, a volume of media to be backwashed, and to operate within a preselected time
period for backwash operation. The draft tube may also be sized and shaped to provide suitable
movement or lifting of the media during filtering or coalescing. The draft tube may also be sized
and shaped to provide a desired level of agitation within the draft tube to partially or completely
scrub the media, thereby releasing at least one of a portion of oil and suspended solids from the
media. The desired draft tube system volume may be provided by a singlc draft tube or by
multiple draft tubes having a total volume substantially equal to the desired volume. An
individual draft tubc may have a cross scctional arca of any shapc, such as circular, clliptical,
square, rectangle, or any irregular shape. The individual draft tube may have any overall shape,
such as conical, rectangular and cylindrical. In one embodiment, the draft tube is a cylinder.
The draft tube may be positioned in the media so as to be entirely enveloped by the media as
well as to be entirely filled with the media. One or both ends of the draft tube may be
constructed and arranged to assist with at least one of the flow of media into and out of the draft
tube. For example, the side wall at a first end of the draft tube may include one or more cutouts
forming passageways to allow some of the media at or near the first end of the draft tube to enter
through the sidewall of the draft tube. The cutouts forming the passageways may have any shape
to allow a sufficient volume of media to enter the draft tube. For example, cutouts may be
triangular, square, semicircular, or have an irregular shape. Multiple passageways may be
identical to one another and uniformly positioned about the first end of the draft tube to equally
distribute flow of media in the draft tube. The draft tube may also be open at the bottom, and
may or may not contain additional cutouts.

The draft tube or draft tubes may be positioned at any suitable location within the media.
For examplc, a single draft tube may, but nced not, be positioned centrally in rclation to the
vessel sidewalls. Similarly, multiple draft tubes in a single vessel may be randomly positioned
or positioned in a uniform pattern in relation to the vessel sidewalls. In one embodiment, a

single draft tube is positioned in the media in relation to the vessel so that an axis extending from
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each end of the draft tube is co-axial with an axis parallel to the sidewall of the vessel. Multiple
draft tubes in a single vessel may, but need not, be identical in volume or cross sectional area.
For example, a single vessel may comprise cylindrical, conical and rectangular draft tubes of
varying height and cross sectional area. In one embodiment, a vessel may have a first draft tube
centrally positioned having a first cross sectional area and a plurality of second draft tubes
positioned adjacent the side wall of the vessel in which each of the second draft tubes has a
second cross sectional area smaller than the first cross sectional area. In another embodiment, a
vessel has a plurality of identical draft tubes.

In another embodiment, the draft tube may include a baffle to prevent or reduce backflow
within the draft tube. The baffle may have any size and shape suitable for a particular draft tube.
For cxamplc the bafflc may be a plate suitably positioncd on an inner surfacc of the draft tube or
a cylinder positioned in the draft tube. In one embodiment, the baffle may be a solid or hollow
cylinder centrally positioned within the draft tube.

In at least one aspect, contacting the feed stream with the media composite produces a
treated stream comprising a predetermined target concentration of hydrocarbon liquid. In
another aspect, contacting the media composite comprises filtering the feed stream, wherein the
predetermined target concentration of hydrocarbon liquid in the treated stream may be less than a
concentration of hydrocarbon liquid in the feed stream. In certain embodiments, the
predetermined target concentration of hydrocarbon liquid in the treated stream may be less than
about 10 ppm. In other embodiments, the predetermined target concentration of hydrocarbon
liquid in the treated stream may be less than about 5 ppm. In some embodiments, the
predetermined target concentration of hydrocarbon liquid in the treated stream may be less than
about 30 ppm. The target concentration may be any target concentration that complies with one
or more regulatory requirements directed toward discharge concentrations. For example, the
target concentration may be any target concentration in between about 0 ppm to about 200 ppm,
or any rangc of target concentrations in between thesce target concentrations.

In accordance with one or more embodiments, contacting the feed stream with the media
composite produccs a treated strcam comprising a predetermined target percent reduction of
hydrocarbon liquid in the feed stream. For example, in certain aspects, a predetermined target
percent reduction of hydrocarbon liquid may be greater than about 40%, greater than about 50%,

greater than about 60%, greater than about 70%, greater than about 80%, greater than about 90%,
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greater than about 95%, greater than about 98%, and greater than about 99%. The target percent
reduction may be any percentage in between these percentages or any range of percentages in
between these percentages.

In accordance with certain embodiments, contacting the feed stream with the media
composite may comprise coalescing the feed stream, wherein the predetermined target
concentration of hydrocarbon liquid in the treated stream may be a reduced concentration of
emulsified hydrocarbon liquid relative to the feed stream. As used herein, the term “emulsified
hydrocarbon liquid” refers to a hydrocarbon liquid that contains hydrocarbon liquid droplets that
are smaller than about 20 microns in diameter. In certain aspects, the treated stream may
comprise a concentration of emulsified hydrocarbon liquid that is less than about 35 ppm. In
other aspccts, the feed strecam may comprisc a concentration of cmulsified hydrocarbon liquid
that is greater than about 40 ppm.

In certain cmbodiments, the feed strecam may comprise hydrocarbon liquid, whercin
greater than about 50% of the hydrocarbon liquid is emulsified hydrocarbon liquid by weight. In
at least one aspect, the concentration of emulsified hydrocarbon liquid in the treated or coalesced
stream is reduced relative to the feed stream by greater than about 50%. In at least one
embodiment, the feed stream may comprise hydrocarbon liquid, wherein greater than about 60%
of the hydrocarbon liquid is emulsified hydrocarbon liquid. In other embodiments, the feed
stream may comprise hydrocarbon liquid, wherein greater than about 75% of the hydrocarbon
liquid is emulsified hydrocarbon liquid. The feed stream may comprise hydrocarbon liquid,
wherein about 0% to about 100% of the hydrocarbon liquid is emulsified hydrocarbon liquid. In
certain aspects, the coalesced stream may comprise hydrocarbon liquid, wherein less than about
10% of the hydrocarbon liquid is emulsified hydrocarbon liquid. In at least one aspect, the
coalesced stream may comprise hydrocarbon liquid, wherein less than about 5% of the
hydrocarbon liquid is emulsified hydrocarbon liquid. The coalesced stream may comprise
hydrocarbon liquid, wherein about 0% to about 100% of the hydrocarbon liquid is emulsificd
hydrocarbon liquid.

In certain aspects, the method for treating a feed stream may further comprisc measuring
at least one property of the treated stream. In at least one aspect, the at least one measured
property may be a concentration of hydrocarbon liquid in the treated stream. In other aspects,

the at least one measured property may be a flux rate of the treated stream. In another aspect, the
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at least one measured property may be a flow rate of the treated stream. In accordance with
certain embodiments, the method for treating a feed stream may further comprise backwashing
the media composite based on measuring at least one property of the treated stream to produce a
hydrocarbon liquid effluent. As used herein, the term “hydrocarbon liquid effluent” refers to a
liquid that comprises hydrocarbon liquid. In certain aspects, backwashing the media composite
may be triggered, commenced, or based on a measurement of the concentration of hydrocarbon
liquid in the treated stream, which may trigger or commence a backwashing step. In at least one
aspect, backwashing the media composite may be based on a concentration of hydrocarbon
liquid in the treated stream of greater than about 10 ppm. In another aspect, backwashing the
media composite may be based on a concentration of hydrocarbon liquid in the treated stream of
greater than about 30 ppm. Backwashing may function to restore the functionality of the media
composite. In at least one aspect, the method for treating a feed stream may further comprise
recycling the hydrocarbon liquid cfflucnt to the feed strcam. In some aspects, the method may
further comprise transferring the hydrocarbon liquid effluent to one or more primary separation
processes. In at least one aspect, the onc or more primary sepatation processes may be
positioned upstream from the treatment system. In other aspects, the one or more primary
separation processes may be positioned downstream from the treatment system. The
hydrocarbon liquid effluent may be transferred to any one or more processes that are suitable for
performing the methods and systems described herein.

In accordance with certain embodiments, a method is provided for treating a feed stream
comprising a hydrocarbon liquid and an aqueous-based liquid comprising passing the feed
stream at a first flux rate through a coalescer containing the media composite to produce a
coalesced stream. In at least one aspect, the method may further comprise passing the coalesced
stream at a second flux rate through a filter device in communication with the coalescer and
containing the media composite to produce an effluent stream. The feed stream, coalescer, media
composite, coalesced stream, filter device, flux rates, and cffluent stream may be provided and
characterized as discussed above. In certain aspects, the method may further comprise
maintaining a concentration of hydrocarbon liquid in the cffluent strcam. In another aspect, the
concentration of hydrocarbon liquid in the effluent stream may be maintained at a predetermined
target percent reduction. In at least one aspect, the concentration of hydrocarbon liquid in the

effluent stream may be maintained at a value of less than about 10 ppm. In other aspects, the
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method may further comprise backwashing at least one of the coalescer and the filter device. In
other aspects, the method may further comprise backwashing at least one of the coalescer and the
filter device based on a predetermined time interval. In one embodiment, the predetermined time
interval may be about 4 hours. In certain embodiments, the predetermined time interval may be
about 6 hours, about § hours, about 12 hours, or about 24 hours. The predetermined time
interval may be any interval in between these intervals, or any range of intervals in between
these intervals. The predetermined time interval may be any time interval that is suitable for
performing the methods and systems described herein.

In at least one aspect, the method may further comprise measuring at least one property
of the coalesced stream. The at least one measured property may be at least one of a flow rate, a
flux ratc, and a concentration of one or morc components of the coalesced strcam. In certain
aspects, the method may further comprise backwashing the coalescer. In certain aspects, the
mcthod may further comprisc backwashing the coalescer based on the at Icast onc measured
property of the coalesced stream. In one aspect, the method may further comprise backwashing
the coalescer based on the at lcast one measured property of the coalesced stream to produce a
hydrocarbon liquid effluent.

In another aspect, the method may further comprise measuring at least one property of
the effluent stream. In certain aspects, the at least one measured property may be at least one of
a flow rate, a flux rate, and a concentration of one or more components of the cffluent stream. In
other aspects, the at least one measured property may be a concentration of hydrocarbon liquid in
the effluent stream. In certain aspects, the method may further comprise backwashing the filter
device. In one aspect, the method may further comprise backwashing the filter device based on
the at least one measured property of the effluent stream. In one embodiment, the method may
further comprise backwashing the filter device based on the at least one measured property of the
effluent stream to produce a hydrocarbon liquid effluent.

Backwashing the mcdia composite may be bascd on additional performance
characteristics of the treatment system. For example, in certain aspects, backwashing the media
composite may be based on a pressure drop across at lcast onc of a coalescer and a filter device.
For example, a sensor may generate a signal indicating that the pressure drop over a media bed in

at least one of the coalescer and filter device has reached a predetermined value. This may
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trigger a controller to interrupt or otherwise intercept one or more flows in the treatment system
to inttiate a backwash procedure.

In accordance with certain embodiments, a method is provided for treating a feed stream
comprising a hydrocarbon liquid and an aqueous-based liquid, comprising passing the feed
stream through a coalescer containing a media composite comprising a mixture of a cellulose-
based material and a polymer to produce a coalesced stream. The feed stream, coalescer, media
composite, and coalesced stream may be provided and characterized as discussed above. In at
least one embodiment, the coalesced stream may comprise a reduced concentration of an
emulsified hydrocarbon liquid relative to the feed stream. For example, in certain aspects, a
reduced percentage of emulsified hydrocarbon liquid may be greater than about 10%, greater
than about 20%, greater than about 30%, grcater than about 40%, greater than about 50%, greater
than about 60%, greater than about 70%, greater than about 80%, greater than about 90%, greater
than about 95%, grcater than about 98%, and greater than about 99%. The reduced percentage
may be any percentage in between these percentages or any range of percentages in between
these percentages.

In certain aspects, the method may further comprise passing the coalesced stream through
a separator device to provide at least one of a hydrocarbon liquid stream and an aqueous stream.
The hydrocarbon liquid stream, aqueous stream, and separator device may be provided and
characterized as previously discussed. In at least one aspect, the coalesced stream may comprise
hydrocarbon liquid droplets of at least about 20 microns in diameter. In at least one aspect, the
coalesced stream may comprise hydrocarbon liquid droplets of at least about 50 microns in
diameter. In at least one aspect, the separator device may comprise at least one of a
hydrocyclone, a filter device, a gravity settling device, and a flotation device. In certain
embodiments, separating the coalesced stream into a hydrocarbon liquid stream and an aqueous
stream may comprise passing the coalesced stream through at least one of a hydrocyclone
device, a filter device, a gravity settling device, and a flotation device. Suitable hydrocycloncs
may include any that perform according to the methods and systems described herein. The
hydrocyclone may include an inline static mixer to enhance or create a cyclonic flow pattern.
Suitable flotation devices may include any that perform according to the methods and systems
described herein. Non-limiting examples of flotation devices include API, DAF, DGF, and

compact flotation devices. Other examples of separator devices that are suitable for the purposes
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of this disclosure include corrugated plate interceptors (CPI). In certain embodiments, separating
may comprise passing the coalesced stream through a filter device, as discussed throughout the
disclosure.

In accordance with certain aspects, the method may further comprise measuring at least
one property of the coalesced stream. In another aspect, the method may further comprise
backwashing the coalescer based on the at least one measured property of the coalesced stream
to produce a hydrocarbon liquid effluent. Measuring at least one property of the coalesced
strcam and backwashing may be provided and characterized as previously discussed.

In certain non-limiting embodiments, a system may be provided for treating a feed stream
comprising a hydrocarbon liquid and an aqueous-based liquid. The hydrocarbon liquid and
aqucous-based liquid may be provided and characterized as previously discussed. In at lcast onc
embodiment, the system may further comprise at least one coalescer in communication with the
fced strcam. In certain aspects, the at least one coalescer may contain a media composite
comprising a mixture of a cellulose-based material and a polymer. The coalescer and media
composite may be provided and characterized as previously discussed. In certain embodiments,
the system may further comprise at least one separator device in communication with the
coalescer. The separator device may be provided and characterized as previously discussed.

In accordance with certain aspects, a method of facilitating may be provided. The
method may provide facilitating a treatment system. The method may facilitate one or more
parts of a pre-existing treatment system. The method may facilitate a stand-alone treatment
system. In certain embodiments, the method may facilitate a treatment system for separating. In
certain other embodiments, the method may facilitate a treatment system for coalescing. In
certain aspects, the method may facilitate a treatment system for at least one of coalescing and
separating. The method may facilitate a treatment system for separating a hydrocarbon liquid
and an aqueous-based liquid from a feed stream. The method may facilitate a treatment system
for coalcscing a feed stream. The treatment system may comprise at least one vessel. The
method of facilitating may comprise providing a media composite comprising a mixture of a
ccllulosc-bascd material and a polymer, and positioned in the vesscl to be contacted with the feed
stream.

Figure 1 illustrates a schematic flow diagram of a treatment system according to one or

more embodiments of the methods and systems described herein. Treatment system 10 includes
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feed stream 100. Treatment system 10 may comprise one or more vessels. In accordance with
certain embodiments, the one or more vessels may be a coalescer 102 and a filter device 104,
Filter device 104 may be in communication and positioned downstream from coalescer 102. As
discussed above, feed stream 100 may pass through coalescer 102 to produce a coalesced stream
106. As discussed above, coalesced stream may then be passed through filter device 104 to
produce treated stream 108. In accordance with the previous discussion, during backwashing
operations, at least one of coalescer 102 and filter device 104 may produce hydrocarbon effluent
110 and 112 respectively. Treatment system 10 may further comprise one or more pumps or
valves for passing at least one of streams 100, 106, 108, 110, and 112 through the system.

Figure 2 illustrates a schematic flow diagram of a treatment system according to one or
morc cmbodiments of the mcthods and systems described hercin. Treatment system 20 includes
feed stream 200 comprising oily waste water. Feed stream 200 may first be passed as inlet
strcam 212 through vesscl 202, wherc at least some portion of the oil in the waste water may be
coalesced into larger droplets. Vessels 202 and 204 may be in communication with a Dissolved
Air Flotation device (DAF) 206. The coalesced effluent exiting vessel 202 may then be
introduced as coalesced stream 214 to DAF device 206, where larger oil droplets are removed.
The effluent 216 from DAF device 206 may then be passed as inlet stream 220 through vessel
204, where the remaining oil may be filtered out to produce treated water stream 218.

Treatment system 20 may be constructed and arranged so that when vessel 204 becomes
saturated with oil, vessel 202 may be backwashed using backwash source 210. Once vessel 202
is backwashed, feed stream 200 may first be passed as inlet stream 220 through vessel 204,
where at least some portion of the oil in the waste water may be coalesced. The coalesced
effluent exiting vessel 204 may then be introduced as coalesced stream 214 to DAF device 206
to produce effluent 216. Effluent 216 may then be passed as inlet stream 212 through vessel
202, where the remaining oil may be filtered out to produce treated water stream 218,

In a similar manner, once vessel 202 becomes saturated with oil, vesscl 204 may be
backwashed using backwash source 208. Once vessel 204 is backwashed, feed stream 200 may
pass as inlet stream 212 through vessel 202, and the process and cycle as described above is
repeated. At least one advantages of using treatment system 20 includes the flexible process
flow, which allows for the continual presence of a vessel saturated with oil that may function as a

coalescing device. This may result in an increase in overall performance of the system, and may
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reduce costs associated with removing oil from a wastewater. Another advantage may be that
backwashing may allow for solids removal, since solids may build up on the vessels, causing
high pressure drops and subsequent decreases in performance. The presence of DAF device 206
may increase efficiency, allowing for increased run times between backwashing vessels 202 and
204, which results in reduced volumes of backwash. Potentially, system 20 could eliminate the
need for a primary separation process positioned upstream from feed stream 200. This may
allow for a reduction in footprint, and a decrease in operating costs, which are important in off-
shore systems and processes.

In accordance with one or more embodiments, the media composite may be pre-treated
before it is used for treating the feed stream. For instance, the media composite may be pre-
trcated before it is used in at least onc of a coalescer and filter device. A specific cxample of a
pre-treatment process is discussed further below in reference to Example 8. For example, a
plurality of media composite pellets may be pre-treated with an aqucous liquid to produce a
plurality of pre-treated media composite pellets. FIG. 16 illustrates a schematic flow diagram of
a pre-treatment system for the media composite according to one or more embodiments of the
methods and systems disclosed herein. Pre-treatment system, generally indicated at 130,
includes a pre-treatment device 132 that contains media composite 136 as described and
discussed above. For example, the media composite 136 may comprise a plurality of media
composite pellets. Further, the pre-treatment device 132 may be a vessel as discussed above.
For example, the pre-treatment device may be a cylindrical vessel and the media composite may
be positioned in the vessel at a pre-selected depth. The media composite may fill the entire pre-
treatment device 132 or may be contained in a particular portion of the pre-treatment device 132.
For example, in reference to Example 8, the pre-treatment device 132 may be filled with the
media composite to a pre-selected depth that allows for a determination as to whether the media
composite “sinks” or not. The pre-treatment device 132 may further be in fluid communication
with an aqucous liquid 134. As uscd herein, the term “aqueous liquid” as uscd in reference to
pre-treating the media composite refers to a liquid that is substantially comprised of water, and
may also be referred to as “non-oily” water. The aqueous liquid may be provided from a varicty
of sources, including potable water sources such as municipal water and well water. According
to some embodiments, the aqueous liquid may be treated effluents from one or more other

processes, so long as they are substantially free of oil. The aqueous liquid may be filtered water,
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or unfiltered water, and may contain some percentage of dissolved salts or ionic or ionizable
species including sodium, chloride, chlorine, calcium ions, and magnesium ions. The aqueous
liquid may be any type of water that is suitable for performing the pre-treatment function as
described herein, so long as it does not interfere with the filtering and coalescing functionality of
the media composite.

According to at least one embodiment, the pre-treatment device 132 is configured to
allow the aqueous liquid 134 to come into contact with the media composite 136 contained
within the pre-treatment device 132, for example, by pumping or pouring the aqueous liquid 134
into the pre-treatment device 132. The media composite 136 may then be allowed to stay in
constant contact with the aqueous liquid 134 for example, by soaking, for a predetermined time
interval. According to somc embodiments, the predetermined time interval may be bascd on the
amount of time it takes for the density of the media composite to become greater than the density
of the aqucous liquid. According to a anothcr cmbodiment, the predetermined time interval may
be based on the amount of time it takes for the specific gravity of the media composite to become
greater than one. In reference to Example 8, the time interval may expirc once the media
composite “sinks” to the bottom of the pre-treatment device. Once the predetermined time
interval has expired, the media composite becomes pre-treated media composite 138. All or a
portion of the pre-treated media composite 138 may be removed from the pre-treatment device
132 and then used for at least one of the filtering and coalescing functions, as discussed above.
The aqueous liquid 134 may also be drained or removed from the pre-treatment device 132, In at
least one embodiment, the pre-treatment device 132 may be at least one of the coalescer or filter
device as discussed above, meaning that the media composite is pre-treated in the vessel that
later functions as a filter or coalescer device. Thus, all or a portion of the pre-treated media

composite 138 may remain in the vessel.

EXAMPLES
The systems and methods described herein will be further illustrated through the
following cxamplcs, which are illustrative in naturc and arc not intended to limit the scope of the

disclosure.
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Example 1 — Media Performance Capabilities

A test was performed to evaluate the separation capability of different types of media.
Four different types of media were tested for oil removal performance: black walnut shells,
finely chopped and sieved maple wood particles, high density polyethylene (HDPE), and a
composite of about 50-60% maple wood by weight with the balance being HDPE. The
composite was prepared by mixing the wood particles and polyethylene together, extruding the
mixture and then chopping the resulting material into pellets. The size distribution of the media
used for the comparison is summarized in Table 1. The mesh used in the testing was sized

according to U.S. sieve size standards.

Tablc 1 — Description and Sizc of Each Mcdia

Material Size of Media

HDPE ~ 5-10 mesh (2-4 mm)
Composite ~ 5-10 mesh (2-4 mm)
Black Walnut Shells ~12-16 mesh (1.2-1.7 mm)
Maple Wood Particles ~ 10-30 mesh (0.6-2.0 mm)

Light Arabian crude oil was pumped into a stream of tap water downstream of a
centrifugal pump. The mixture was then sheared through a partial to completely open globe
valve and a static mixer to produce finely divided free oil droplets in the water at a concentration
0of 200 ppm. The oil/water mixture was then routed through a column of media from top to
bottom. Two sizes of columns were tested. The first was fabricated from 4 diameter PVC pipe
and did not contain a draft tube. This design required that the media be removed from the
column, placed into a container, and then mechanically agitated to perform the backwash
operation. The second column was fabricated from 6” diameter PVC pipe that was equipped
with a 3” diameter draft tube placed in the center of the 6” pipe for purposes of performing
backwashing operations. For this design, air was added inside of the draft tube to induce
fluidization and agitation of the media.

The water and oil mixture was directed through the different types of media at a flux rate
of 13.5 gpmV/ft® and values for the total volume of fluid that was processed were recorded.

Samples of the cffluent from the column were collected and tested using a gravimetric analysis
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and hexane technique according to ASTM Method 1664A to determine the concentration of
residual oil remaining in the aqueous-based effluent. A result greater than 10 ppm of oil was
considered the breakthrough value, at which point the test was terminated and the media was
backwashed to restore performance. The efftuent from the backwashing may be recycled back to
the system. For example, the effluent from the backwashing may be recycled to upstream
equipment such as a phase separator or API separator. The mass of oil loaded per cubic inch of
media was plotted versus the concentration of oil in the effluent and presented in Figure 3. The
results indicated that nearly four times the mass of oil could be loaded onto the composite media
than on any of the other materials before breakthrough occurred. Each of the two individual
components of the composite, wood or plastic (polymer) were tested and neither one exhibited a
loading capacity anywhere ncar the capacity of the compositc. This was an uncxpcected result.
Without being bound by theory, one possible explanation for the beneficial effects of the
combination of wood and HDPE is that thc two components each offer different adsorption
propertics and that a synergy is afforded by the combination of the two materials. A second
possible explanation is that the shape of the composite particles contributes toward the separation
process. These results show that the composite material outperforms current commercial media
comprising black walnut shell, and, individually, wood or plastic (polymer), from an oil loading
standpoint by a factor of four.

Testing using a similar set-up as the first test was also performed to determine if the
composite media was capable of being backwashed. A column was fabricated from 6” diameter
PVC pipe that was equipped with a 2” diameter draft tube placed in the center of the 6” pipe for
purposes of performing backwashing operations. Consecutive flow runs with a water and oil
feed solution comprising 200 mg/L of oil were performed with the composite media until there
was visible breakthrough in the effluent. The media was then backwashed and the flow runs
were repeated two more times to determine if there was a falloff in performance after each
backwash, indicating dcterioration of the media.

The mass of oil loaded per cubic inch of media was plotted versus the concentration of oil
in the cffluent and presented in Figure 4. The results indicated that the composite media was
capable of being backwashed using the same procedure as currently used in Siemens AG
Monosep™ a walnut shell media system without experiencing a reduction in performance. In

Run 1, 3500 g of oil was loaded onto the composite media before a breakthrough was observed.
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In Run 2 and Run 3, which were ended after 2200 g and 3100 g of oil were added respectively,
the concentration of oil in the effluent never exceeded 10 ppm. Each of the three runs
summarized in Figure 4 greatly exceeded the performance of the other types of media that were
tested, including black walnut shell media. The other types of media typically show
breakthrough after only 800-1200 g of oil were loaded onto the media. In addition, attrition
testing with the media did not show significant amounts of degradation after approximately five
months of agitation at temperatures as high as 90 °C.

The results of the testing indicated that the composite media is capable of reducing the
concentration of free oil in a feed solution from a value of 200 ppm of free oil to a value of less
than 10 ppm in the effluent exiting the column for an extended period of time. Testing was also
performed with feed containing 500 ppm of frce oil (the typical maximum for the oil
concentration in secondary applications). These results indicated that this composite media has
the potential for usc in not only tertiary applications but also sccondary applications, with the
potential for eliminating the need for tertiary treatment.

Although the testing shows the results from a composite media comprising a mixture of
maple wood and HDPE and the percent of wood in the composite mixture is approximately 50%
by weight, the methods and systems described herein are not limited to this percentage or these
specific types of materials. Additionally, the methods and systems described herein are not

limited to these specific types of cellulose-based material or polymers.

Example 2 — Maple Wood Media vs. Black Walnut Shell Media Capability

A test was performed to compare the separation capabilities of chopped maple wood and
black walnut shell medias. The chopped maple wood was sized at approximately 10-30 mesh
(0.6-2.0 mm). The black walnut shell media was sized at approximately 12-16 mesh (1.2-1.7
mm). The media bed was fabricated from a section of 4” diameter PVC pipe that was long
enough to create a 60” bed of media rctained by a screen positioned at the bottom. To perform
the backwash operation, the media was removed from the column, placed into a 5 gallon pail,
and mechanically agitated with a paddlc. During the test, the same media was repeatedly
backwashed and placed back into the media bed. Feed solution was prepared from a mixture of
water and oil that was sheared through two globe valves to create small oil droplets. The water

and oil mixture was directed through the different types of media at three different flux rates:
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13.5,20.25 and 27 gpm/ft>. Values for the total volume of fluid that was processed were
recorded. Samples of the effluent from the media bed were collected on a periodic basis and
tested using the gravimetric analysis and hexane technique to determine the concentration of
residual oil remaining in the aqueous-based effluent. A result greater than 10 ppm of oil was
considered the breakthrough value, at which point the test was terminated and the media was
backwashed to restore performance.

The mass of oil loaded per cubic inch of media versus the concentration of oil in the
effluent for each of the three flow rates was plotted and is presented in Figures 5-7. The results
indicate that it was possible to backwash the wood media and re-use it without experiencing a
drop-off in performance. The wood media outperformed the walnut shell media in terms of
loading capacity in cach of the three flow rate test conditions. In addition, when the flux ratc
was increased from 13.5 gpm/ft® to 27 gpm/ft%, the amount of oil that could be loaded onto the
walnut shell media before breakthrough was detected in the cffluent deercased from 300 g to 250
g. In contrast, when using the maple wood media, there was very little drop-off in performance
when the flux rate was increased. The ability to increase the flux rate without experiencing a
drop-off in performance means that the footprint of the equipment can be significantly decreased,
which is a major advantage over existing systems, especially for purposes of off-shore

processing.

Example 3 — Coalescer and Filter Device Combination

A test was performed using feed water containing mechanically emulsified oil
comprising oil droplets that were less than 5-10 microns in diameter. To mechanically emulsify
the oil in the feed water, two centrifugal pumps were placed in series. Light Arabian crude oil
was pumped into the suction side of the first pump and then through the second pump. Oil that
passed through both pumps was then passed through a globe valve. The feed water was pumped
through a coalescer containing composite media (size 5-10 mesh (2-4 mm) and composed of
approximately 50% HDPE and 50% maple wood) at a high flow rate to create a coalesced stream
comprising larger oil droplets. The coalcscer was constructed of a 4” diameter, 8’ long PVC
pipe containing composite media. Feed water was passed through the coalescer at a flux rate of
approximately 150 gpm/ft’. The coalescer was constructed so that the direction of flow could be

switched between top-to-bottom flow and bottom-to-top every 4 hours.
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The oil could be removed from the coalesced stream by pumping it through a filter device
containing the composite media at a lower flow rate to produce an effluent. The filter device was
constructed of a 12” diameter, 66’ long PVC pipe containing composite media. The filter
device was fitted with a 4” diameter, 4’ long draft tube (positioned at the bottom of the filter
device) and an inlet for inserting air. The flow direction in the filter device was reversed and air
was added to perform a backwashing process on the media every 4-6 hours, depending on
performance. The coalesced stream was passed through the filter device at a flux rate of
approximately 20 gpm/ft®. Screens were used on both the coalescer and filter device to contain
the media.

To determine the concentration of emulsified oil in the feed water and effluent, a Turner TD-
500™ (Turner Designs Hydrocarbon Instruments, Inc., Fresno, CA) fluorcscent oil-in-water
meter was utilized. Samples were first collected in a separatory funnel and allowed to sit
stagnant for 30 minutcs. For purposcs of mcasurements, samples werce then taken from the
center of the separatory funnel and analyzed for oil content.

Data was collected from the coalescer when it was filled with media as well as from
bypassing the coalescer and going to the filter device. Feed water samples were collected
downstream of the feed pumps and globe valve, and upstrecam of the coalescer. Effluent samples
were collected downstream from the filter device.

Table 2 shows the results from the data that was collected when the coalescer was

bypassed and the feed water was sent straight to the filter device.

Table 2 — Results of Bypassing the Coalescer

Time (hours) Feed Total Oil (ppm) Effluent Total Oil (ppm)
0 1776 390
4 1025 105
5 817 244
6.5 1840 415
7 1115 232

The results indicate that the filter device was capable of removing some of the oil from

the feed water.

36



WO 2015/195524 PCT/US2015/035769

The coalescer was then placed back in-line upstream of the filter device. The results

from the coalescer and filter device combination are shown in Table 3.

Table 3 — Results of Coalescer Followed by Filter Device

Time (hrs) | Feed Total Oil | Effluent Total Oil | Feed Emulsified Oil | Effluent Emulsified Oil
(ppm) (ppm) (ppm) (ppm)
1.17 529.9 62 532.2 36.2
342 284.8 47.5 2232 27.1
4.50 433.4 49.6 397.7 28.4
4.75 646.4 432 717.0 245

The results indicate that the media composite is capable of functioning as both an
emulsified oil coalescer as well as a free oil filter. The flow rate through the vessel containing
the media composite may dictate how the media and vessel combination performs. A high flux
rate, for example, greater than about 100 gpm/ft” through the vessel may promote oil coalescing,
and a lower flux rate, for cxample, Icss than about 27 gpm/ft® through the vesscl, may allow the
vessel to function as a filter device. Placing the coalescer and filter device in series allows for
highly mechanically emulsified oil in water to be separated from a wastewater stream.

The combination of the coalescer and filter device creates an all-in-one secondary and
tertiary separated with a small footprint, which may make it attractive for off-shore processes.
The results from the test also indicate that the large size of the media composite and the low
pressure drop reduce the potential for plugging of the media bed in the coalescer and filter
device. Additionally, the media composite was shown to be successful as a backwashable oil
removal media. When the media composite became plugged, the draft tube backwashing was
effective at removing solids and other contaminants that create the potential for plugging. This is
a big benefit over tight packing media, for example, walnut shells, or non-backwashable fixed

media, for example, that used in corrugated plate separators.
Example 4 — Coalescer and Corrugated Plate Interceptor Combination

A test was performed using feed water containing mechanically emulsified oil

comprising oil droplets that werc less than 5-10 microns in diamcter. To mechanically emulsify
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the oil in the feed water, two centrifugal pumps were placed in series. Light Arabian crude oil
was pumped into the suction side of the first pump and then through the second pump. Qil that
passed through both pumps was then passed through a globe valve. The feed water was pumped
through a coalescer containing composite media (size 5-10 mesh (2-4 mm)) and composed of
approximately 50% HDPE and 50% maple wood) at a high flow rate to create a coalesced stream
comprising larger oil droplets. The coalescer was constructed of a 6” diameter, 80 long PVC
pipe containing composite media. The pipe was flanged at ecach end and the nozzles in each
flange were covered with screen to keep the media in place inside of the column. Feed water
was passed through the coalescer at a flux rate of approximately 100 gpm/ft*,

The oil could then be removed from the coalesced stream by passing it through a
corrugated plate interceptor (CPI) flotation device positioned downstream of the coalescer. The
CPI device used separation plates to create a quiescent zone that allowed for the oil droplets to
float and scparatc from the influent watcer. The scparated oil rosc up the scparation plates to the
top of the device and was skimmed by an adjustable weir. Clean water flowed upward through
the effluent compartment, then over an adjustable weir before exiting out of the device.

To determine the concentration of emulsified oil in the feed water and effluent, a Turner
TD-500™ fluorescent oil-in-water meter was utilized. Samples were first collected in a
separatory funnel and allowed to sit stagnant for 30 minutes. For purposes of measurements,
samples were then taken from the center of the separatory funnel and analyzed for oil content.

Data was collected from the coalescer when it was filled with media as well as when it
was empty, before passing the coalesced stream through the CPI device. The results from the

test performed where no media was present in the coalescer are presented in Tables 4 and 5.

Table 4 — Results from Testing Performed with No Media in Coalescer and CPI Device

Positioned Downstream

Time Feed Total Feed Coalescer | Coalescer | CPIDevice | CPI Device
(hours) Oil (ppm) | Emulsified Outlet Outlet Outlet Outlet
Oil (ppm) Total Oil | Emulsified | Total Oil | Emulsified
(ppm) Oil (ppm) (ppm) Oil (ppm)
1.3 141.4 78.9 107.6 73.5 84.6 92.3
2 158.9 100.8 99.6 572 72.6 66.7
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Table 5 — Emulsified Oil Data from Testing Performed with No Media in Coalescer and CPI

Device Positioned Downstream

Percent Emulsified Oil in Feed | Percent Emulsified Oil in Coalescer Effluent
55.8 68.3
63.4 57.4

The data from the test performed with an empty coalescer (no media) indicated that
nearly all of the oil in the feed water was emulsified and was not removed in the system. This is
exemplified by the fact that when comparing the percentage of emulsified oil in the feed stream
to the percentage of emulsified oil in the coalescer effluent, the values either increased (as in the
1.2 hour data point) or only decreased modestly (as in the 2 hour data point).

Data was then collected after the vessel was filled with the media composite and
saturated with oil. The first test was conducted using the media as a coalescer and analyzing the
fced and coalescer cffluent for free and ecmulsified oil. The results from this test arc shown in
Table 6. In contrast to the data presented in the experiment with no media, the results with using
the media indicated a significant decrease in the concentration of emulsified oil in the coalesced

stream as compared to the feed.

Table 6 — Results from Testing with Coalescer Full of Media

Time Feed Total Oil | Feed Emulsified Coalescer Coalescer Effluent
(hours) (ppm) Oil (ppm) Efflucnt Total Oil Emulsificd Oil
(ppm) (ppm)
0.25 132.7 92.6 149.5 354
2.75 151.2 105.8 111.5 344
5.75 132.0 142.5 198.6 21.8
8.00 171.6 57.6 143.6 25.7

Results of the testing conducted with the coalescer filled with the media composite are
shown in Tables 7 and 8. Again, the results with using the media indicated a significant

decrease, over time, in the concentration of emulsified oil in the coalesced stream as compared to
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the feed. In addition, the CPI device was capable of dramatically decreasing the total oil

concentration in the coalesced stream, while maintaining the oil in a coalesced form.

Table 7 — Results from Coalescer Filled with Media Composite and CPI Device Positioned

Downstream
Time | Feed Total Feed Coalescer | Coalescer | CPI Device | CPI Device
(hours) | Oil (ppm) | Emulsificd Effluent Effluent Effluent Effluent

Oil (ppm) Total Oil | Emulsified | Total Oil | Emulsified
(ppm) Oil (ppm) (ppm) Oil (ppm)

1.42 101.5 40.6 128.2 353 22.5 20.6

3.42 102.7 71.3 2033 30.6 259 19.5

5.42 157.5 90 178.3 32.8 20.8 15.2

Table 8 — Emulsified Oil Data from Testing with Coalescer Filled with Media Composite and

CPI Device Positioned Downstream

Example 5 — Multiple Short Bed Coalescer Combination

Pcrcent Emulsificd Oil in Feed

Percent Emulsified O1l in Effluent

40 27.5
694 15.1
57.1 18.4

A hypothetical example of a Multiple Short Bed Coalescer (MSBC) process sct-up is

illustrated in Figure 8. Two trains of 4 vessels each may be filled with composite media (size 5-

10 mesh (2-4 mm) and composed of approximately 50% HDPE and 50% maple wood). Each

vessel may be about 18” in length. Each train may be designed to handle 100% of the influent

water. During normal operation, the two trains may be operated in parallel, with each train

receiving 50% of the influent flow. The system may be designed so that one train can be isolated

at a time and receive 100% of the influent flow. This may serve to clean the media by doubling

the velocity of the flow, which may act to remove excess oil that is building up in the media.

Previous testing has indicated that when the flux rate is increased beyond 40 gpm/ft, the media
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composite is no longer capable of filtering out the oil. By increasing the velocity through the
vessel, the excess oil may be flushed out.

The design may also allow for the flow of the influent to be reversed through each vessel
for purposes of mitigating plugging from solids, with each train receiving 50% of the incoming
flow. Previous testing has indicated that solids begin to collect on the inlet side of the vessel.
By reversing the flow through the vessel, solids may be purged from the system. The bottom

and top of each vessel may be fitted with a screen to keep media in the vessel.

Example 6 —Coalescer Testing

A series of tests were conducted to evaluate the ability of the media composite to
coalesce mechanically emulsified oil into larger oil droplets that could be removed using a
flotation oil removal technology. As a general rule, flotation technologies, for example, CPI
flotation devices, are only capable of removing oil droplets that arc greater than 50 microns in
diameter.

Testing was conducted according to the flow scheme illustrated in Figure 9. Treatment
system 30 includes feed stream 300 comprising oil and water was first pumped into the feed line
by pump 302. After passing through pump 302, the oil and water stream was transferred through
two centrifugal feed pumps 304, and 306, that were configured in series, with pump 306
positioned downstream from pump 304. Pumps 304 and 306 served to mechanically emulsify
the oil before pumping it to the coalescer. Globe valve 308 was positioned downstream from
pumps 304 and 306 for further emulsification. Emulsified stream 310 passed through coalescer
312 and exited the coalescer as coalesced stream 316. After passing through the coalescer,
coalesced stream 316 was transferred to a CPI flotation device 314 to produce effluent 318.

Baseline data was accumulated by pumping mechanically emulsified oil through an
empty coalescer. The coalescer was 6” in diameter and 90” in length. The flow rate was 50
gpm, resulting in a flux ratc of 240 gpm/ftz. Samples of the fecd water and CPI cffluent were
collected and analyzed for oil concentration. Results from the baseline test are illustrated in
Figurc 10. The data shows that the empty vessel was not effective at coalescing the emulsificd
oil, as evidenced by the high concentration of oil in the CPI effluent. The CPI flotation device

was only capable of removing 48% of the total oil in the feed when the coalescing vessel was

empty.
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The vessel was then filled with 8§0” in length of media composite and the test was
repeated. The raw feed water had a starting concentration of oil of approximately 125 mg/L,
with an average of 75% of that oil being emulsified. Figure 11 illustrates the data collected
during the testing. The results indicated that the coalescer was effective at growing the
emulsified oil into larger droplets that could be removed by the CPI flotation device. The media
was effective at coalescing the emulsified oil into larger droplets that could be removed by the
CPI device. The data shows the oil concentration of the CPI device effluent was <25 mg/L for
all samples collected. When the vessel was empty, the CPI device effluent had averaged 7§
mg/L oil. This means that the coalescing vessel filled with the composite bulk media improved
the performance of the CPI device, resulting in a total oil removal of §1%, as compared to only
48% when the vessel was cmpty.

Further oil concentration analysis was conducted by collecting feed and coalescer
cfflucnt samples in a scparatory funnel. Samples were collected in the separatory funncl and a
stopwatch was started immediately. Samples were then collected from the bottom of the
separatory funnel to determine how quickly the oil would float. Table 9 shows the data collected

during this test.

Table 9 — Separatory Funnel Flotation Analysis

Feed Time Feed Oil Coalescer Effluent Time Coalescer Effluent Oil

(min.) (ppm) (min.) (ppm)
Total 92.6 Total 153.8

1 78.3 1 18.6

2 75.9 2 12.9

4 71.6 4 8.9

6 76.9 6 11.3

8 79 8 11.8

10 76.6 10 17.4

30 41 30 7.8

The results indicate that the oil in the feed was highly emulsified (>50%) and did not rise

very quickly. The coalescer had only 5% emulsified oil in the sample. The vast majority of the
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oil in the coalescer effluent was able to float in 1 minute, indicating the presence of very large oil
droplets in the sample.

Testing was also performed to analyze the size of the oil droplets. The test used a 72” tall
coalescer with a 6” diameter. Instead of two centrifugal pumps, the process used one larger
centrifugal pump that recycled 75% of the flow to the coalescer to increase the concentration of
the mechanically emulsified oil in the feed.

A JM Canty, Inc. liquid particle analyzer Model VD4912-456 (Buffalo, NY) was used to
collect oil droplet size analysis data. The particle analyzer was equipped with a high speed
camera that recorded a video of the water sample. The video was analyzed by software that
allowed the measurement of each o1l droplet that passed within the camera’s plane of focus. The
particle analyzer was capable of mcasuring oil droplets that ranged from 0.7-2000 microns in
diameter.

Data was collccted during an 8 hour test run with the coalescer opcrating at a flux rate of
100 gpm/ft*. Each hour a slip stream of both the feed and effluent were sent to the Canty particle
analyzer to obtain oil droplet sizing analysis. Figure 12 represents all of the data collected
during this time period. In general, conventional flotation technologies can guarantee removal of
oil droplets that are >50 microns in diameter, but generally are incapable of removing droplets
<50 microns in diameter.

Figure 12 indicates the percentage of the oil droplets in the given sample that were
greater than 50 microns in diameter. During the 8 hour test run the average size of oil droplets
that were greater than 50 microns in diameter in the feed was 26.8%. After passing through the
coalescer, the oil droplets grew, and on average 88.2% were greater than 50 microns in diameter
in the effluent. This indicates that if raw feed water were sent to a conventional flotation unit,
only 26.8% of the oil would be removed. If the same raw feed water were instead passed
through a coalescer prior to the flotation unit, 88.2% of the oil would be removed. By sending
the raw feed through the coalescer, performance was increased over the conventional flotation
unit by 329%.

Figurcs 13 and 14 show the raw data that was collected from the Canty particle analyzer.
During analysis, the oil droplets are grouped into size ranges that allow for more cfficient data

analysis. Figure 13 charts the oil droplet sizing analysis from one of the raw feed data samples
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collected from the particle analyzer, and Figure 14 charts the oil droplet sizing analysis collected
from a sample of coalescer effluent.

During the analysis, pictures were taken of each recorded sample. The pictures indicated
that the feed had a very dense concentration of small oil droplets. In contrast, the coalescer
effluent had a far less dense concentration of oil droplets. There were fewer oil droplets, and
they were much larger in size, for example, at least one result indicated a droplet with a diameter
of 121 microns. The results of this test indicated that the coalescer is capable of producing a
coalesced stream where over 50% of the droplets are greater than 50 microns in diameter. In
addition, the coalescer was capable of providing consistent results over a span of at least six

hours.

Example 7 — Pine and Polypropylene Media Capability

A test was performed to evaluate the scparation capability of a pine wood and
polypropylene composite media. The composite media comprised about 70% pine wood by and
about 30% polypropylene. The composite was prepared by mixing the wood particles and
polypropylene together, extruding the mixture and then chopping the resulting material into
pellets. Oil was pumped into the discharge of a feed pump. The mixture was then sheared
through a partial to completely open globe valve and a static mixer to produce finely divided free
oil droplets in the water at a concentration of 200 ppm. The oil/water mixture was then routed
through a column of media from top to bottom. The column was 4” in diameter with a media
depth of 60”.

The feed water was passed through the composite media at a flux rate of 20 gpm/ft*. The
inlet and outlet pressure of the column, the flow rate and the concentration of oil in the effluent

were monitored. The results of the test are shown below in Table 10.
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Table 10 — Pine Wood and Polypropylene Composite Media Results

[ Time | Flow | Inlet Outlet | Oil Level | Oil Added | Calculated | Effluent Total
(hours) Rate | Pressure | Pressure (mL) (2) Oil Added Oil (ppm)
(gpm) (psi) (psi) (mg/L)
0.0 1.8 25 25 1800
0.5 1.8 25 25 1750 45 220.2 33
1.0 1.8 25 25 1700 90 2202 2.6
1.5 1.8 25 25 1650 135 220.2 32

The mass of oil loaded per cubic inch of media was plotted versus the concentration of oil
in the effluent and presented in Figure 15. The results of the testing indicated that the pine wood
and polypropylene composite media is capable of reducing the concentration of free oil in a feed
solution from a value of 200 ppm of free oil to a value of less than 10 ppm in the effluent exiting
the column for an extended period of time. In addition, there was little to no pressure drop

across the column or change in flow rate during the course of the test.

Example 8 — Media Composite Preparation for Use

Once a media composite has been prepared into a desired size and shape to form
individual particles, the particles are placed into a tank or other container with non-oily water
and allowed to soak for a period of time until saturation is reached. According to tests performed
with the media composite, if the particles are not soaked and saturated with non-oily water
before coming into contact with oil, the oil adheres to the surface of the particle, which may
hinder the media’s performance and render it at least partially incapable of being restored during
backwash. Therefore, “wetting” the media composite with non-oily water before use enhances
the media’s ability to absorb and/or adsorb oil for the processing applications discussed herein.
The act of soaking allows for water to come into contact with at least some of the pores of the
media composite. The media composite is “wetted” with a liquid, which in this case is water,
which is also compatible with the aqueous-based liquid of the feed stream that is processed
according to the methods and system disclosed herein.

Experimental data has shown that when the media composite is first placed into water,

the particles float on the surface. As the particles become more saturated, they sink to the
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bottom of the tank, indicating that the specific gravity of the particles has exceeded that of water.
As discussed previously, the cellulose-based component of the particle, such as wood, causes the
particles of media composite to be porous. The pores draw in water through capillary action.
The period of time required for the particles to reach saturation depends upon the composition of
the particle. For example, particles with higher polymer content may take longer to become
saturated. Experimental data has shown that sink times for various media composites ranges
from 5 days to 11 days. Experimental testing has also shown that media composite particles
soaked for 14 days allows for adequate saturation to be achieved. The results from this
experiment also indicate that the polymer content in the media composite has an upper threshold
of 70%. Media composite particles with polymer content exceeding 70% may be incapable of

being backwashed.

Examplc 9 — Mcdia Compositions and Propcrtics

Media composites with varying compositions were prepared and tested to obtain
information regarding their physical properties. Media compositions with varying percentages of
polymer and cellulose-based material were made using the mixing and extrusion process
described above. The particles resembled pellets, or cylindrical-shaped objects. The dimensions
for at least one example of a particle were 4 mm in diameter and 2 mm in height. Another
example had a particle size with a diameter of 4 mm and a height of 3.5 mm.

Table 11 shows the compositions of several different media composites that were
prepared. As shown, the percentage of polymer varied from 45-70% and the percentage of
cellulose-based material, which in this example is wood, varied from 30%-55%. The exact

percentage of polyethylene and maple in Composite 1 was unknown.

Table 11 — Media Compositional Data

Cellulose-based
Description Polymer Material
Composite 1 PE maple
Compositc 2 | 45% HDPE 55% maplc
Composite 3 70% PP 30% pine
Composite 4 | 70% HDPE 30% maple
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Testing was also performed on Composites 1-3 to obtain information regarding density,
porosity, and specific gravity. The procedure used to obtain this data was derived from ASTM
procedure D2187, method B. One hundred milliliters of the media composite was measured into
a beaker and gently tamped. The media was weighed and then dried in a 105 °C oven for 20
hours. Once dry, the media was cooled in a desiccator and weighed again. The density and
porosity of the media was then calculated. The media was then added to a 500 mL bottle, which
was filled with water and then capped. The media was shaken several times a day and allowed
to soak. The time to soak was recorded and after 20 days the media was placed into a Buchner
funnel for 10 minutes while extra water was removed using vacuum. The media was then
weighed. The media was then transferred to a tared 100 mL graduated cylinder and water was
added to fill the cylinder to rcach 100 mL. The media and water were then weighed, and the dry
and wet specific gravity values were then calculated.

Using the procedure described above, the calculated density for Composite 1 was 0.452
kg/m®, the porosity was 29.7%, the specific gravity (dry) was 0.89, the specific gravity (wet) was
1.27, and the interstitial space was 49.4%. The calculated density for Composite 2 was 0.372
kg/m?, the porosity was 39.3%, the specific gravity (dry) was 0.73, the specific gravity (wet) was
1.2, and the interstitial space was 48.8%. The calculated density for Composite 3 was 0.568
kg/m3 , but values for porosity, interstitial space, and specific gravity could not be obtained
because the particles failed to sufficiently become saturated with water during the 20-day
soaking period.

Density values for other media composites that were prepared but not featured in Table
11 ranged in value from 0.40 kg/m’ to 0.52 kg/m®. Values for porosity ranged from 19% to 35%
values for interstitial space ranged from 41% to 44%, and values for specific gravity (dry) ranged

from 0.72 to 0.88, and specific gravity (wet) ranged from 1.08 to 1.11.

Example 10 — Mcdia Testing

A series of experiments were performed using Composite 2, which possesses the
composition and physical properties discusscd above. The experimental set-up was similar to
that described in Experiment 1, with the column of media contained within a 6” diameter
stainless steel vessel equipped with a 3” diameter draft tube. The performance of the composite

media was evaluated using a number of different variables, including the specific gravity of the
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oil treated by the media, the flux rate, and the temperature of the water mixed with the oil. The
inlet oil concentration was 250 ppm for cach test. The results from the testing, including the oil

loading capacity of the media, are shown below in Table 12.

Table 12 — Results from Media Testing

Water
SG of | Temperature | Flux rate Media oil loading
Test oil (°F) (gpm/ft) capacity (g oil/in®)
1 0.900 62 15 0.6-0.7
2 0.900 62 15 0.6-0.7
3 0.900 62 15 0.7
4 0.860 62 15 2.0
5 0.860 62 20 0.6
6 0.860 62 10 3.0-3.5
7 0.880 62 10 3.5
8 0.880 62 20 0.5
9 0.880 62 15 1.3
10 0.920 62 15 0.6
11 0.920 62 10 2.3
12 0.917 62 10 3.5
13 0917 62 12.5 2.6
14 0917 62 20 0.5
15 0917 62 15 2.6
16 0917 165 15 2.0,0.0
17 0.900 65 10 1.6-1.7
18 0.900 65 10 1.8-1.9
19 0.900 165 10 2.5

The experimental results shown in Table 12 indicate several general trends. A first trend
indicated that the loading capacity of the media dropped significantly at flux rates of 20 gpm/ft.
For example, in Test 9, the oil loading capacity of the media was 1.3 g/in’ at a flux rate of 15
gpn/ft, but dropped to 0.5 g/in® when the flux rate was increased to 20 gpm/ft® in Test 8. This
trend was repeated in Tests 4 and 5 and Tests 14 and 15. In fact, Tests 4-6, Tests 7-9, and Tests
12-14 indicate that a flux rate of 10 gpm/ft’ yielded the highest loading capacity. Results
obtained from a separate experiment using the same apparatus and the same media composite

(Composite 2) yielded similar results. At flux rates of 10, 15, and 20 gpm/fi?, the corresponding
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loading capacities were 3.5, 1.5, and 0.5 g/in’ respectively, where the specific gravity of the oil
was 0.882.

A second trend indicated that increasing the specific gravity of the oil decreased the
media’s oil loading capacity. For example, Tests 1-4, 9 and 10 show the media loading capacity
falling from a value of 2 g/in® to a value of 0.6 g/in® when the specific gravity of the oil increased
from 0.86 to 0.92, respectively. In a separate experiment using the same apparatus and media
composite, additional data was obtained using oil with specific gravity values of 0.863, 0.882,
and 0.917. At a flux rate of 10 gpm/ft’ the values corresponding to the loading capacity of the
media composite were 3.7 g/in’, 2.8 g/in’, and 2.1 g/in®, respectively. These results also show
that the loading capacity of the media composite decreases as the specific gravity of the oil
incrcascs,

A third trend indicated that increasing the temperature of the water also increased the
loading capacity of thc mcdia. For cxample, Tests 18 and 19 show the media loading capacity
increasing from a value of 1.8-1.9 g/in® to a value of 2.5 g/in® when the temperature of the water
was increased from 65 °F to 165 °F. It should be noted that the comparison results between Test
15 and Test 16 regarding temperature were disregarded, since Test 16 included inconsistent
results between two separate runs. In a separate experiment using the same apparatus and media
composite, additional temperature data was obtained that showed the loading capacity increased
from a value of 2.1 g/in’ at 65 °F to a value of 3.4 g/in’ at 165 °F, under conditions using the

same flux rate and oil with the same specific gravity.

Experiment 11 — Media Performance Capabilities

A second experiment was performed to compare the performance capability of the media
composite against black walnut shell media. The experimental conditions were similar to those
used in Experiment 1 and the media composite used for these experiments was Composite 2, as
described above. The oil used for these experiments had an API (American Petrolcum Institute
gravity) of 35.0. For experimental runs using the walnut shell media, the average feed oil
concentration was 265 mg/L and the flux ratc was 13.5 gpm/ft>. For runs using the media
composite material, the average feed oil concentration was 292 mg/LL with a maximum value of
448 mg/L, and the flux rate was 10 gpm/ft®. The mass of oil loaded per cubic inches of media

was plotted versus the concentration of oil in the effluent and is presented in FIG. 17. The
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results indicated that between four to six times the mass of oil could be loaded onto the
composite media than the walnut shell media.

The systems and methods described herein are not limited in their application to the
details of construction and the arrangement of components set forth in the description or
illustrated in the drawings. The invention is capable of other embodiments and of being
practiced or of being carried out in various ways. Also, the phrascology and terminology used

herein is for the purpose of description and should not be regarded as limiting. The use of
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comprising,” “involving,” “having,

73 ¢

“including, containing,” “characterized by,”
“characterized in that,” and variations thereof herein is meant to encompass the items listed
thereafter, equivalents thereof, as well as alternate embodiments consisting of the items listed
thercafter cxclusively. Usc of ordinal terms such as “first,” “sccond,” “third,” and the like in the
claims to modify a claim element does not by itself connote any priority.

Whilc cxemplary cmbodiments of the disclosurc have been disclosed many
modifications, additions, and deletions may be made therein without departing from the spirit
and scope of the disclosure and its equivalents, as set forth in the following claims.

Those skilled in the art would readily appreciate that the various parameters and
configurations described herein are meant to be exemplary and that actual parameters and
configurations will depend upon the specific application for which the systems and methods
directed toward separation treatment processes using composite media of the present disclosure
are used. Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments described herein. For
example, those skilled in the art may recognize that the apparatus, and components thereof,
according to the present disclosure may further comprise a network of systems or be a
component of a separation treatment process using a composite media system. It is, therefore, to
be understood that the foregoing embodiments are presented by way of example only and that,
within the scopc of the appended claims and equivalents thereto, the disclosed separation
treatment processes using composite media systems and methods may be practiced otherwise
than as specifically described. The present apparatus and methods are dirccted to cach individual
feature or method described herein. In addition, any combination of two or more such features,

apparatus or methods, if such features, apparatus or methods are not mutually inconsistent, is

included within the scope of the present disclosure.
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Further, it is to be appreciated various alterations, modifications, and improvements will
readily occur to those skilled in the art. Such alterations, modifications, and improvements are
intended to be part of this disclosure, and are intended to be within the spirit and scope of the
disclosure. For example, an existing facility may be modified to utilize or incorporate any one or
more aspects of the disclosure. Thus, in some cases, the apparatus and methods may involve
connecting or configuring an existing facility to comprise a separation treatment processes using
composite media. Accordingly, the foregoing description and drawings are by way of example
only. Further, the depictions in the drawings do not limit the disclosures to the particularly
illustrated representations.

What is claimed is:
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CLAIMS

1. A method for treating an aqueous feed stream comprising hydrocarbons, the
method comprising;

pre-treating a plurality of media composite particles with an aqueous liquid to produce a
plurality of pre-treated media composite particles, each pre-treated media composite particle
comprising a mixture of a cellulose-based material and a polymer;

introducing the feed stream to an inlet of a vessel containing the plurality of pre-treated
media composite particles; and

contacting the feed stream with the plurality of pre-treated media composite particles to
load an amount of the hydrocarbons from the feed stream on the pre-treated media composite
particles and to produce a treated stream, the treated stream having a target concentration of

hydrocarbons less than a concentration of hydrocarbons in the feed stream.

2. The method of claim 1, wherein the target concentration of hydrocarbons in the

treated stream is less than about 30 ppm.

3. The method of claim 1, wherein contacting the feed stream with the plurality of
pre-treated media composite particles comprises coalescing emulsified hydrocarbons in the feed
stream via the plurality of pre-treated media composite particles, wherein the target
concentration of hydrocarbons in the treated stream is a reduced concentration of emulsified

hydrocarbons relative to the feed stream.

4, The method of claim 3, wherein the reduced concentration of emulsified

hydrocarbons in the treated stream is reduced relative to the feed stream by greater than about

50%.
5. The method of claim 1, further comprising:

measuring at least one of a concentration of hydrocarbons in the treated stream and a

flow rate of the treated stream,;
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backwashing the plurality of pre-treated media composite particles based on at least one
of the mcasured concentration of hydrocarbons in the treated stream and the measured flow rate
of the treated stream to produce a hydrocarbon liquid effluent; and

recycling the hydrocarbon liquid effluent to the feed stream.

6. The method of claim 1, wherein pre-treating the plurality of media composite
particles comprises contacting each media composite particle with the aqueous liquid for a

predetermined time interval.

7. A method for treating an aqucous feed stream comprising hydrocarbons, the
method comprising:

pre-ireating a plurality of media composite particles with an aqueous liquid to produce
pre-treated media composite particles, each pre-treated media composite particle comprising a
mixture of a cellulose-based material and a polymer;

passing the feed stream at a first flux rate through a coalescer containing a plurality of the
pre-treated media composite particles to coalesce emulsified hydrocarbons in the feed stream
thereon and produce a coalesced stream comprising coalesced hydrocarbons; and

passing the coalesced stream at a second flux rate through a filter device in
communication with the coalescer to remove at least a portion of the coalesced hydrocarbons
from the coalesced stream and produce an effluent stream, the filter device containing a plurality

of the pre-treated media composite particles.

8. The method of claim 7, wherein the first flux rate is in a range of from about 100

to about 200 gpm/ft? (from about 4074 litre/min/m? 10 about 8150 litre/min/m?).

9. The method of claim 7, wherein the second flux rate is less than about 15 gpm/ft?
(611 litre/min/m?).

10.  The method of claim 7, further comprising maintaining a concentration of

hydrocarbons in the effluent stream at a predetermined target percent reduction.
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11.  The method of claim 7, further comprising backwashing at least one of the

coalescer and the filter device.

12.  The method of claim 11, wherein backwashing the at lcast one of the coalescer

and the filter device is based on a predetermined time interval.

13.  The method of claim 11, further comprising measuring a flow rate of the
coalesced stream and backwashing the coalescer based on the measured flow rate of the

coalesced stream to produce a hydrocarbon liquid effluent.

14.  The method of claim 11, further comprising measuring at least one of a flow rate
of the effluent stream and a concentration of hydrocarbons in the effluent stream and
backwashing the filter device based on at least one of the measured flow rate of the effluent
stream and a measured concentration of hydrocarbons in the effluent stream to produce a

hydrocarbon liquid effluent.

15.  The method of claim 7, wherein pre-treating the plurality of media composite
particles comprises contacting each media composite particle with the aqueous liquid for a

predetermined time interval.

16. A system for treating an aqueous feed stream comprising hydrocarbons, the
system comprising:

at least one pre-treatment device in communication with the feed stream and a source of
an aqueous liquid, the at least one pre-treatment device containing a plurality of media composite
particles, each pre-treated media composite particle pre-treated with the aqueous liquid and
comprising a mixture of a cellulose-based material and a polymer;

at least one coalescer in communication with the feed stream and containing a plurality of
the pre-treatcd media composite particles, the at least one coalescer configured to reduce an
amount of emulsified hydrocarbons in the feed stream and generate a coalesced stream

comprising coalesced hydrocarbons; and
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at least one separator device in fluid communication with the coalescer configured to
separate the coalesced hydrocarbons from an aqueous portion of the coalesced stream to generate

a treated stream comprising a reduced amount of hydrocarbons relative to the feed stream.

17.  The system of claim 16, wherein the separator device is at least one of a filter

device, a hydrocyclone, a gravity settling device, and a flotation device.

18.  The system of claim 17, wherein the separator device is a filter device containing

a plurality of the pre-treated media composite particles.

19.  The system of claim 16, wherein each media composite particle comprises a

concentration of cellulose-based material of at least about 45% by weight.

20.  The system of claim 16, wherein the cellulose-based material comprises a wood

material.

21.  The system of claim 16, wherein each media composite particle has a size

distribution in a range of from about 5 mesh to about 10 mesh,
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