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METHOD OF TRANSPORTING A CHEMICAL ADDITIVE TO A SUBTERRANEAN
FORMATION, USING A LIGHT HYDROCARBON CARRIER FLUID

BACKGROUND
FIELD

[0001] Embodiments of the disclosure relate to transporting one or more

chemicals using a hydrocarbon based carrier fluid. More particularly, it relates to
using an unfractionated hydrocarbon mixture (such as Y-Grade NGL or L-Grade) as
a carrier fluid to transport one or more chemical additives into a hydrocarbon bearing

reservoir to improve or remediate productivity issues.

DESCRIPTION OF THE RELATED ART

[0002] Flow restrictions in oil and gas wells tend to reduce the production rate
over a period of time. Typically, the fluid flowing from a hydrocarbon bearing
reservoir leaves behind solid residues, both inorganic and organic, in a portion of the
formation proximate the well and in tubing, piping, valves, and the like which form

the well structure.

[0003] In the operation of a well, there are many processes which may act to
reduce production from the well. Hydrocarbon production is typically limited by two
major reservoir factors: porosity and permeability. Even if the porosity is adequate,
the effective permeability to the hydrocarbon flow may be limited. When more than
one fluid is present in a permeable system, the flow of each is affected by the
amount and distribution of the other(s); in particular the relative flows or relative
permeability are affected by which fluid is the “wetting” phase, that is the fluid that
wets the surfaces of the reservoir rock. Aqueous-based fluid injected during well
treatments may saturate the pore spaces of the treated region, preventing the

migration of hydrocarbon into and through the same pore spaces.

[0004] Drilling fluids may contain chemicals which can reduce the ability of the

formation to produce fluids by reacting with the formation and/or formation fluids to

produce precipitates and/or scale. Retrograde condensation may cause a

condensate ring to accumulate near wellbore resulting in significant reduction in
1
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hydrocarbon flowrate. The deposition of scale, asphaltenes, and paraffin’s may also
inhibit flow. Furthermore, certain fluids may react with clays within the formation to
causing them to swell, further blocking the formation's ability to flow. As
conventional examples, solvents are used to remove paraffin and asphaltene
deposits; surfactants are used to modify formation wettability, modify capillary forces
to increase oil mobility, and to eliminate near wellbore condensate blockage; acids
are used to remove skin damage; and polymers are used to modify water viscosity

to improve sweep or divert fluid flow within the subsurface reservoir.

[0005] In some instances, chemical treatments require a “carrier fluid” and/or a
displacement fluid to transport the chemical treatment and place it at the appropriate
location in the wellbore or subsurface formation. There is a need for methods to
carry in suspension and transport chemical compositions for cleaning wellbore and
near-wellbore areas from damage related to drilling, work over operations and
degradation of the near wellbore and subsurface formation especially in low
pressure formations. There is an additional need to perform cleaning in a manner
such that an operator may precisely control the location of the remedial chemical

treatment.
SUMMARY

[0006] A method of transporting a chemical additive to a hydrocarbon bearing
reservoir comprises mixing the chemical additive with a carrier fluid to form a
treatment fluid, wherein the carrier fluid includes an unfractionated hydrocarbon

mixture, and pumping the treatment fluid into the hydrocarbon bearing reservoir.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 shows a plan schematic of a carrier fluid system according to

one embodiment.

[0008] Figure 2 shows a plan schematic of a carrier fluid system according to

one embodiment.
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[0009] Figure 3 shows a plan schematic of a carrier fluid system according to

one embodiment.

[0010] Figure 4 shows a plan schematic of a Y-Grade NGL recovery system that

can be used to create Y-Grade NGL for use in the embodiments described herein.

[0011] Figure 5 shows a plan schematic of an L-Grade recovery system that can

be used to create L-Grade for use in the embodiments described herein.

[0012] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It is
contemplated that elements disclosed in one embodiment may be beneficially

utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION

[0013] Embodiments of the disclosure include carrier fluids used to transport one
or more chemical additives (e.g. chemical compositions) into a hydrocarbon bearing
reservoir.  One or more of the carrier fluids may comprise an unfractionated
hydrocarbon mixture, such as Y-Grade natural gas liquids (referred to herein as Y-
Grade NGL) or L-Grade fluids (referred to herein as L-Grade).

[0014] Y-Grade NGL is an un-fractionated hydrocarbon mixture comprising
ethane, propane, butane, isobutane, and pentane plus. Pentane plus comprises
pentane, isopentane, and/or heavier weight hydrocarbons, for example hydrocarbon
compounds containing at least one of C5 through C8+. Pentane plus may include

natural gasoline for example.

[0015] Typically, Y-Grade NGL is a by-product of de-methanized hydrocarbon
streams that are produced from shale wells and transported to a centralized facility.
Y-Grade NGL can be locally sourced from a splitter facility, a gas plant, and/or a
refinery and transported by truck or pipeline to a point of use. In its un-fractionated
or natural state (under certain pressures and temperatures, for example within a

range of 250-600 psig and at wellhead or ambient temperature), Y-Grade NGL has
3
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no dedicated market or known use. Y-Grade NGL must undergo processing before

its true value is proven.

[0016] The Y-Grade NGL composition can be customized for handling as a liquid
under various conditions. Since the ethane content of Y-Grade NGL affects the
vapor pressure, the ethane content can be adjusted as necessary. According to one
example, Y-Grade NGL may be processed to have a low ethane content, such as an
ethane content within a range of 3-12 percent, to allow the Y-Grade NGL to be
transported as a liquid in low pressure storage vessels. According to another
example, Y-Grade NGL may be processed to have a high ethane content, such as
an ethane content within a range of 38-60 percent, to allow the Y-Grade NGL to be

transported as a liquid in high pressure pipelines.

[0017] Y-Grade NGL differs from liquefied petroleum gas (‘LPG”). One
difference is that LPG is a fractionated product comprised of primarily propane, or a
mixture of fractionated products comprised of propane and butane. Another
difference is that LPG is a fractioned hydrocarbon mixture, whereas Y-Grade NGL is
an unfractionated hydrocarbon mixture. Another difference is that LPG is produced
in a fractionation facility via a fractionation train, whereas Y-Grade NGL can be
obtained from a splitter facility, a gas plant, and/or a refinery. A further difference is
that LPG is a pure product with the exact same composition, whereas Y-Grade NGL

can have a variable composition.

[0018] In its unfractionated state, Y-Grade NGL is not an NGL purity product and
is not a mixture formed by combining one or more NGL purity products. An NGL
purity product is defined as an NGL stream having at least 90% of one type of
carbon molecule. The five recognized NGL purity products are ethane (C2),
propane (C3), normal butane (NC4), isobutane (IC4) and natural gasoline (C5+).
The unfractionated hydrocarbon mixture must be sent to a fractionation facility,
where it is cryogenically cooled and passed through a fractionation train that
consists of a series of distillation towers, referred to as deethanizers, depropanizers,
and debutanizers, to fractionate out NGL purity products from the unfractionated

hydrocarbon mixture. Each distillation tower generates an NGL purity product.
4
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Liquefied petroleum gas is an NGL purity product comprising only propane, or a
mixture of two or more NGL purity products, such as propane and butane. Liquefied
petroleum gas is therefore a fractionated hydrocarbon or a fractionated hydrocarbon

mixture.

[0019] In one embodiment, Y-Grade NGL comprises 30-80%, such as 40-60%,
for example 43%, ethane, 15-45%, such as 20-35%, for example 27%, propane, 5-
10%, for example 7%, normal butane, 5-40%, such as 10-25%, for example 10%,
isobutane, and 5-25%, such as 10-20%, for example 13%, pentane plus. Methane

is typically less than 1%, such as less than 0.5% by liquid volume.

[0020] In one embodiment, Y-Grade NGL comprises dehydrated, desulfurized
wellhead gas condensed components that have a vapor pressure of not more than
about 600 psig at 100 degrees Fahrenheit (°F), with aromatics below about 1 weight
percent, and olefins below about 1% by liquid volume. Materials and streams useful
for the embodiments described herein typically include hydrocarbons with melting

points below about O degrees Fahrenheit (°F).

[0021] In one embodiment, Y-Grade NGL may be mixed with a viscosity
increasing agent, a nonionic surfactant, and/or a crosslinking agent. Y-Grade NGL
may be mixed with the nonionic surfactant to create foam. The viscosity increasing
agent, the nonionic surfactant, and/or the crosslinking agent may be mixed with a
solubilizing fluid for subsequent mixture with the Y-Grade NGL. The solubilizing fluid
may comprise fractionated or refined hydrocarbons, such as Cs, C4, Cs, Cs, C7, Cg,
Co, and mixtures thereof. The solubilizing fluid may comprise C3+ hydrocarbons,
including propane, butane, pentane, naphtha, toluene, diesel, natural gasoline, and

any combination thereof.

[0022] The advantages of using Y-Grade NGL as a carrier fluid is that the fluid is
devoid of free water and available at lower cost compared to other waterless
alternatives that are currently employed (such as super critical state CQOy), is 100

percent compatible with subsurface hydrocarbon bearing formations, is a natural
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solvent, and is fast to clean-up as it is energized by the lighter hydrocarbon

components (such as C, & Cs3).

[0023] L-Grade is an unfractionated hydrocarbon mixture comprising natural gas
liquids, condensate (including aromatics), and traces of water, carbon dioxide,
nitrogen, and/or hydrogen sulfide. The natural gas liquids in the L-Grade mixture
comprise ethane, propane, butane, isobutane, and pentane plus. Pentane plus
comprises pentane, isopentane, and/or heavier weight hydrocarbons, for example
hydrocarbon compounds containing C5 through C35. Pentane plus may include

natural gasoline for example.

[0024] Typically, L-Grade is a by-product of de-methanized hydrocarbon streams
that are produced from shale wells and transported to a centralized facility. L-Grade
typically includes natural gas liquids and condensate with an APl gravity ranging
between 50 degrees and 75 degrees. In its un-fractionated or natural state (under
certain pressures and temperatures, for example within a range of 250-600 psig and
at wellhead or ambient temperature) L-Grade has no dedicated market or known

use. L-Grade must undergo processing before its true value is proven.

[0025] L-Grade differs from condensate in that L-Grade is stored at a pressure
between about 230 psig to about 600 psig, whereas condensate is stored at

atmospheric conditions (e.g. pressure and temperature).

[0026] L-Grade can be recovered from a hydrocarbon stream that is collected
from the wellhead or production header of one or more unconventional resource
wells, typically referred to as shale wells, via flash separation at pressures that are
typically below 600 psig. This is accomplished by utilizing flash separation operated
at low enough pressure to reject the vast majority of methane from the hydrocarbon
stream, but at high enough pressure to retain a significant portion of the ethane plus

mixture.

[0027] Figure 1 is a plan view of a carrier fluid system 100 according to one

embodiment. The carrier fluid system 100 includes a carrier fluid storage unit 80, a

6
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chemical additive unit 40, and one or more high pressure pumps 105. A carrier fluid,
such as an unfractionated hydrocarbon mixture (e.g. Y-Grade NGL or L-Grade),
from the carrier fluid storage unit 80 is pumped to a control valve V1 through piping

70 by a pump 75 and into piping 74.

[0028] A chemical additive from the chemical additive unit 40 is pumped through
piping 60 by a dosing pump 50 into piping 74. Although only one chemical additive
unit 40 is shown, the carrier fluid system 100 may include any number of chemical
additive units 40 containing the same or different chemical additives, all of which are
pumped into piping 74 for mixture with the carrier fluid. The chemical additive may
be a solvent, a surfactant, a non-ionic surfactant, a polymer, an acid, a nano-
surfactant, a nano-polymer, a polymer coated nano-particle, a nano-solvent, or any

combination thereof.

[0029] The carrier fluid mixes with the chemical additive in piping 74 to form a
treatment fluid. The treatment fluid is transferred from piping 74 into the one or
more high-pressure pumps 105. Any convenient pump may be used as the high-
pressure pumps 105. The high-pressure pumps 105 boost the pressure of the
carrier fluid to a pressure of 250 psig or more, such as 250 psig to 10,000 psig, for
example about 10,000 psig, and pumps the treatment fluid through piping 150 into
piping 180, and from piping 180 into a wellhead 190 (and through carbon steel
tubing, stainless steel tubing, coiled tubing, or capillary tubing for example) for

injection into a subsurface formation.

[0030] Figure 2 is a plan view of a carrier fluid system 200 according to one
embodiment. The carrier fluid system 200 is similar to the carrier fluid system 100
but further includes a cooler 160, a liquid nitrogen source 110, and one or more
cryogenic pumps 130. The treatment fluid flows from piping 150 through the cooler
160 to piping 180. Liquid nitrogen (from the liquid nitrogen source 110) flowing
through the cooler 160 cools the pressurized treatment fluid to a temperature of O°F
or lower, for example as low as -60°F. The cooler 160 may be a shell-and-tube
cooler, a tube-in-tube cooler, or other similar design, and is typically cooled by

thermal contact with liquid nitrogen.
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[0031] Liquid nitrogen from the liquid nitrogen source 110, which may be a liquid
nitrogen storage unit, is transferred through piping 120 by one or more cryogenic
pumps 130. The cryogenic pumps 130 discharge liquid nitrogen through piping 140
to a control valve V2, and from the control valve V2 into the cooler 160 to cool the
pressurized treatment fluid that is flowing through the cooler 160. The low
temperature, pressurized treatment fluid discharges from the cooler 160 into piping
180 and is pumped to the wellhead 190 for injection into a subsurface formation.
Liquid nitrogen that is vaporized in the cooler 160 is discharged to a nitrogen vent

through piping 170.

[0032] The cryogenic components of the carrier fluid system 200, such as the
liquid nitrogen source 110, the cryogenic pumps 130, the control valve V2, the
cooler 160, and piping 120, 140, 150, 170, and/or 180 may be made of material
resistant to low temperatures and/or may be insulated to avoid heat uptake and to
enhance safety of operating personnel. Such low temperature resistant materials
may include, but are not limited to, carbon steel, stainless steel, nickel, Inconel, and
austenitic stainless steel. Supplemental cooling may also be included with any
insulation or jacketing by routing tubing or piping through the insulation, or between
the insulation and the equipment, and providing additional liquid nitrogen through the

tubing or piping.

[0033] Figure 3 is a plan view of a carrier fluid system 300 according to one
embodiment. The carrier fluid system 300 is similar to the carrier fluid system 200
with one difference being that the cooler 160 has been removed and a vaporizer 135

has been added.

[0034] Liquid nitrogen obtained from the liquid nitrogen source 110 is transferred
through piping 120 by one or more cryogenic pumps 130, which discharge the liquid
nitrogen into the vaporizer 135 where the liquid nitrogen is converted into high
pressure gaseous nitrogen. The high pressure gaseous nitrogen is discharged from
the vaporizer 135 through the control valve V2 via piping 140 and directly into piping

180, where it mixes with and cools the pressurized treatment fluid flowing from
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piping 150 to generate foam. The foam (also referred to as the treatment fluid) is

then pumped into the wellhead 190 for injection into a subsurface formation.

[0035] In one embodiment, the treatment fluid is chilled to a temperature that
freezes connate water located in the hydrocarbon bearing reservoir. The frozen
water in the reservoir diverts the flow of any additional treatment fluid and allows

placement of material at selected locations in the reservoir.

[0036] In one embodiment, the treatment fluid (and in particular Y-Grade NGL or
L-Grade in the treatment fluid) acts as a solvent to remediate paraffin and/or
asphaltene located near wellbore and in the hydrocarbon bearing reservoir. In one
embodiment, the treatment fluid (and in particular Y-Grade NGL or L-Grade with a
surfactant in the treatment fluid) is used to remediate condensate blockage located

in the hydrocarbon bearing reservoir.

[0037] In one embodiment, the treatment fluid may comprise a reverse emulsion
of 5-10% inhibited water by volume, the Y-grade NGL or L-grade carrier fluid, the

chemical additive, and a surfactant.

[0038] In one embodiment, carbon dioxide, a non-ionic surfactant, and/or any
other cooling agent may be used in place of or in addition to liquid nitrogen as

described in the carrier fluid system 200 to chill the treatment fluid.

[0039] In one embodiment, carbon dioxide, a non-ionic surfactant, and/or any
other foaming agent may be used in place of or in addition to liquid nitrogen as
described in the carrier fluid system 300 to chill the treatment fluid and/or generate

foam.

[0040] In one embodiment, the treatment fluid is used to treat the hydrocarbon
bearing reservoir by remediating (e.g. reducing and/or removing) one or more
materials from the reservoir. In one embodiment, the treatment fluid is used to
displace one or more materials from the reservoir to increase the productivity of the

reservorr.
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[0041] Figure 4 shows one embodiment of a Y-Grade NGL recovery system 900
for obtaining Y-Grade NGL that can be used with any of the embodiments described
herein. As illustrated in Figure 4, a stream of hydrocarbons are produced from a first
hydrocarbon bearing reservoir 910 to the surface via a first wellhead 920 where the
produced hydrocarbon stream is flash separated onsite by an onsite separator 930
into a wet gas stream (also referred to as a natural gas stream) and a liquid stream.
The natural gas stream is transported, via pipeline for example, to a regional natural
gas processing facility 940 where it is further processed, and the liquid stream is

transported to field storage for example where it is sold into the market.

[0042] The natural gas stream enters the natural gas processing facility 940
where it is dehydrated and decontaminated of CO2, H2S, and N2. The dehydrated
and decontaminated natural gas stream is then expanded and cooled to condense
out natural gas liquids. These natural gas liquids (“NGL”) are an unfractionated
hydrocarbon mixture, which is referred to as Y-Grade NGL, raw mix, or
unfractionated NGL. The remaining gas stream is transported to a pipeline for

example where it is sold into the market.

[0043] The unfractionated hydrocarbon mixture is a liquid mixture that has been
condensed from the natural gas stream at the natural gas processing facility 940.
The condensation process is the result of expanding and cooling the natural gas
stream to condense out the unfractionated hydrocarbon mixture, a process also
referred to as de-methanizing the natural gas stream. The unfractionated
hydrocarbon mixture is therefore a natural byproduct of a de-methanized

hydrocarbon stream.

[0044] The unfractionated hydrocarbon mixture is then transported via a pipeline
for example to a targeted reservoir for use as a carrier fluid as described herein.
The carrier fluid may be injected via a second wellhead 950 (such as wellhead 190)
into a second hydrocarbon bearing reservoir 970 using the embodiments described

herein.

10
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[0045] Figure 5 shows one embodiment of an L-Grade recovery system 3000 for
obtaining L-Grade that can be used with any of the embodiments described herein.
The L-Grade recovery system 3000 is transported to the wellsite and connected to
the hydrocarbon stream 10 (produced from one or more wells at the wellsite) via an
inlet of a three-phase high pressure horizontal separator 40 with operating pressure
and throughput rate controlled by control valve V20. The hydrocarbon stream 10 is
separated by the separator 40 into three unique components including L-Grade,

water, and natural gas via gravity segregation at a specified pressure.

[0046] Pressurized L-Grade exits the separator 40 via transfer line 310 that is
controlled by control valve V320 and rate metered by turbine meter M330 to
pressurized L-Grade storage vessels 350. Check valve C340 prevents back flow
from the L-Grade storage vessels 350. The L-Grade storage vessels 350 are
nitrogen blanketed by a nitrogen blanketing system comprising a nitrogen header
360, control valve V370, and liquid nitrogen storage tank 400. Liquid nitrogen from
the storage tank 400 via line 390 is vaporized in a nitrogen vaporizer 380 and
discharged through the control valve V370 to the nitrogen header 360, which
distributes nitrogen into the L-Grade storage vessels 350. The L-Grade can
subsequently be used as a carrier fluid and injected into a hydrocarbon bearing

reservorr.

[0047] Water from separator 40 is transferred via line 110 to an atmospheric
water storage and/or disposal facility on the oil and gas leases for example. The
flow rate and pressure of the water from the separator 40 is controlled by valve V130

and metered by turbine meter M120.

[0048] Natural gas from the separator 40 is transferred via line 50 through control
valve V70 and into a suction scrubber 80. Entrained liquids are removed from the
natural gas stream by the suction scrubber 80 and transferred to the atmospheric
water storage and/or disposal facility via drain line 100. The suction scrubber 80
can be by-passed by opening control valve V60, closing control valve V70, and

allowing the natural gas stream to move through line 90.

11
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[0049] A liquid free natural gas stream exits the suction scrubber 80 via line 140,
flows through check valve C85, and is suctioned into a suction header 150 for
distribution to natural gas compressors 180, 210. The compressors 180, 210 are
driven by prime movers 160, 190 via power transfer couplings 170, 200,
respectively, to pressurize the natural gas streams. The high pressure natural gas
streams exit the compressors 180, 210 into a discharge header 220, and then are
cooled by an aftercooler 225, flowed through check valve C290, and metered by an
orifice meter M300 before transferring to a wet gas sales line 230 via transfer line
285. The pressurized natural gas stream can also be recycled by opening control
valves V250, V260 and at least partially closing control valve V287 to cycle the
pressurized natural gas stream back into the compressors 180, 210 via lines 240,
270.

[0050] While the foregoing is directed to certain embodiments, other and further
embodiments may be devised without departing from the basic scope of this

disclosure.

12
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Claims:

1. A method of transporting a chemical additive to a hydrocarbon bearing
reservoir, comprising:

mixing the chemical additive with a carrier fluid to form a treatment fluid,
wherein the carrier fluid includes an unfractionated hydrocarbon mixture; and

pumping the treatment fluid into the hydrocarbon bearing reservoir.

2. The method of claim 1, wherein the chemical additive includes a solvent, a
surfactant, a non-ionic surfactant, a polymer, an acid, a nano-surfactant, a nano-

polymer, a polymer coated nano-particle, a nano-solvent, and combinations thereof.

3. The method of claim 1, wherein the unfractionated hydrocarbon mixture
includes Y-Grade NGL.

4. The method of claim 1, wherein the unfractionated hydrocarbon mixture

includes L-Grade.

. The method of claim 1, further comprising cooling the treatment fluid and then

pumping the treatment fluid into the hydrocarbon bearing reservoir.

6. The method of claim 1, wherein the treatment fluid comprises Y-Grade NGL,
and further comprising flowing the treatment fluid through a cooler that is cooled by
at least one of liquid nitrogen and carbon dioxide to cool the treatment fluid and then

pumping the treatment fluid into the hydrocarbon bearing reservoir.

7. The method of claim 1, further comprising vaporizing at least one of nitrogen,
carbon dioxide, and a non-ionic surfactant, mixing the at least one vaporized
nitrogen, carbon dioxide, and a non-ionic surfactant with the treatment fluid to

generate foam, and then pumping the foam into the hydrocarbon bearing reservoir.

13
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8. The method of claim 1, further comprising mixing the treatment fluid with at
least one of nitrogen, carbon dioxide, and a non-ionic surfactant to generate foam

and then pumping the foam into the hydrocarbon bearing reservoir.

9. The method of claim 1, wherein the treatment fluid comprises Y-Grade NGL
and is chilled to a temperature that freezes connate water located in the

hydrocarbon bearing reservoir.

10. The method of claim 1, wherein the treatment fluid acts as a solvent to

remediate paraffin located near wellbore and in the hydrocarbon bearing reservoir.
11.  The method of claim 1, wherein the treatment fluid acts as a solvent to
remediate asphaltene located near wellbore and in the hydrocarbon bearing

reservorr.

12. The method of claim 1, wherein the treatment fluid is used to remediate

condensate blockage located in the hydrocarbon bearing reservoir.

13. The method of claim 1, wherein the treatment fluid further includes 5-10%

inhibited water by volume and a surfactant.

14
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/012566

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO9K8/524 CO9K8/60
ADD.

CO9K8/82

CO9K8/94

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

B. FIELDS SEARCHED

Co9K E21B

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraphs [0027],
[0051]; claim 1

2 May 1967 (1967-05-02)
claim 27

paragraph [0054]

X US 2013/299167 Al (FORDYCE VICTOR [CA] ET
AL) 14 November 2013 (2013-11-14)
[0044] - [0047],

A US 2014/366577 Al (ZUBRIN ROBERT M [US] ET
AL) 18 December 2014 (2014-12-18)

1-13

X US 3 316 965 A (WATANABE DAVID J) 1

1-13

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 March 2017

Date of mailing of the international search report

04/04/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Redecker, Michael
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DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

PAZUKI G R ET AL: "A modified
Flory-Huggins model for prediction of
asphaltenes precipitation in crude oil",
FUEL, IPC SCIENCE AND TECHNOLOGY PRESS,
GUILDFORD, GB,

vol. 85, no. 7-8, 1 May 2006 (2006-05-01),
pages 1083-1086, XP028064383,

ISSN: 0016-2361, DOI:
10.1016/J.FUEL.2005.10.005

[retrieved on 2006-05-01]

tables 3-5

WO 2015/020654 Al (HALLIBURTON ENERGY SERV
INC [US]) 12 February 2015 (2015-02-12)
paragraph [0019]; claims 1,2,10

WO 2010/025540 Al (GASFRAC ENERGY SERVICES
INC [CA]; LOREE DWIGHT N [CA]; NEVISON
GRANT [) 11 March 2010 (2010-03-11)
paragraphs [0042], [0043], [0047],
[0049]; claims 1,3,9-11

US 2008/087041 Al (DENTON ROBERT D [QA] ET
AL) 17 April 2008 (2008-04-17)

paragraph [0017]; claim 20

10,11
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International application No
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Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2013299167 Al 14-11-2013  CA 2816025 Al 14-11-2013
US 2013299167 Al 14-11-2013

US 3316965 A 02-05-1967  NONE

US 2014366577 Al 18-12-2014 AU 2014281829 Al 23-07-2015
CA 2889385 Al 24-12-2014
US 2014366577 Al 18-12-2014
US 2015233634 Al 20-08-2015
US 2015368566 Al 24-12-2015
WO 2014204817 A2 24-12-2014

WO 2015020654 Al 12-02-2015 CA 2915682 Al 12-02-2015
US 2016145988 Al 26-05-2016
WO 2015020654 Al 12-02-2015

WO 2010025540 Al 11-03-2010  NONE

US 2008087041 Al 17-04-2008 AU 2005285436 Al 23-03-2006
BR P1I0515295 A 15-07-2008
CA 2578264 Al 23-03-2006
CN 101027528 A 29-08-2007
EP 1789739 Al 30-05-2007
JP 4966856 B2 04-07-2012
JP 2008513550 A 01-05-2008
KR 20070052310 A 21-05-2007
US 2008087041 Al 17-04-2008
WO 2006031362 Al 23-03-2006
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