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FORMULATION AND METHCD OF USE FCOR EXPLOITATION
AND TRANSPORT OF HEAVY AND EXTRA HEAVY QIL WELLS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application 1s a continuation-in-part of each of
U.S5. patent application Serial Number 12/973,022 which was filed
on December 20, 2010 and claims the benefit of provisional
application Serial Number 61/549,631; U.S. patent application
Serial Number 13/474,769 which was filed on May 18, 2012 and
claims the benefit of provisional application Serial Number
61/549,631; U.S. patent application Serial Number 13/529,140
which was filed on June 21, 2012 and claims the benefit of
provisional application Serial Number 61/549,534; and U.S.
patent application Serial Number 13/655,776 which was filed on
October 19, 2012 and claims the benefit of provisional

application Serial Number 61/549, 406.

BACKGROUND QOF THE INVENTION
[0002] The invention relates to a formulation and method of
using same for improving well productivity and ¢il recovery
factor in hydrocarbon reservoirs and improving the
transportation of said oil through pipelines from downhole to
potentially very long distances from the natural source to
processing units such as refineries, o0il improvement units or
dehydrating and/or diluting treatment sites for improving
quality and flowability of natural heavy and extra heavy oil,
and use of the formulation in an integral exploitation method to
improve cold production recovery factor and transport of heavy
and extra heavy cil,
[0003] Improvement of reservoir recovery factor and
flowability in tubing and pipelines of very viscous heavy oil,
and improvement of well productivity of heavy and extra heavy

01l reservoir wells such as those found in the Orinoco River

a
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Belt in the Beclivarian Venezuelan Republic, is clearly
desirable. Increase of the recovery factor in cold exploitation
of such reservoirs and easy transportation of such resources
through existing infrastructure and low cost means of cold
transportation through long distances is a real need. Some of
the largest reservoirs of heavy and extra heavy oil in the world
are in Venezuela and hold oil having API gravity within the
range of & to 16. Unfortunately, recovery factors of such
reservolirs, and well production rate of much of this o0il is
unacceptable, and the possibilities of transporting the produced
viscous o0il by pipeline for long distances away from the well
site are disappointing.

[0004] It is a high concern in the exploitation of heavy and
extra heavy oil reservoirs to increase the final coil-in-place
recovery during the reservoir lifetime, and also to 1lncrease
productivity of the wells and lower the surface transportation
cost to improve the overall economic value of the exploitation.
Centralization of the wells or pad of wells production in a high
capacity production processing unit where 0il treatment can be
achieved on a greater scale for demulsification, dehydration,
desalting, or further processing; such as the refining of said
oil or upgrading treatment in an oil process unit for improving
the flowability and sour characteristics of the o0il for further
processing or refining is desirable.

[0005] To satisfy these needs, primary cold production
schemes are quickly abandoned in favor of thermal methods to
improve well flowability by reducing oil viscosity in the
reservoirs, high output pumping systems are used to output the
0il to the surface, and a combination of dilution and pumping
through surface pipelines make it possible to transport heavy
and extra heavy ©0il to production units. These processes,
however, are very costly. The wells still remain with very low

productivity, and reservoirs still have a very low output in

2

Copy provided by USPTO from the IFW Image Database on 06/26/2014



13-161 ' |

terms of final ©¢il recovery. More than 20% of the original oil
in place is left behind in the reservoir. In addition, extremely
serious problems of sour gas production such as H;S and CO; are
being reported and increase with steam injection in the several
pilot thermal production methods evaluated. This sour gas
production in a mass scale is a threat to life in or near to
populated areas, requires high security standards for workers in
the facilities, further these processes are limited by the
availability in amount and cost of current downhole or surface
sour gas mitigation abilities. Thermal recovery methods, lifting
and surface transportation methods typically produce final oil
recovery below 15%,

[0006] Venezuelan heavy and extra heavy Orinoco River Belt
0il sandstones are exceptional reservoirs. 60% of the
reservoirs of this type have a KH/U value between 40 and close
to 1,000 in very many cases. Unlike other reservoirs, however,
the o0il in Venezuelan extra heavy oil reservoirs 1s flowable at
reservoir conditions,

[0007] Even these wells, however, have a final recovery by
cold production which is very low and perhaps in most cases
below three (3) per cent of the original oil in place. The
conditions for flow of 0il in those reservoirs, with even
excellent petrophysical properties, are very unfavorable to the
flow of 0il. The components of the heavy and extra heavy oil,
particularly the asphaltenes in natural form in the native oil,
are capable by natural fluid-rock interactions of generating an
oil-wet condition at the surface of the natural mineral
compenents of the sandstone. This produces the most adverse
conditions to flow of ©0il in a porcus media. This is a natural
oil-wet condition of the reservoir media, which is a completely
different condition as compared to formation damage in the well
resulting from drilling or production activities, which could

also happen in the well. The viscosity of the cil changes

3
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dramatically with the change in temperature and therefore there
is greater drag pressure in the flow during lifting of the oil
through the tubing and flowing in pipelines at surface
conditions. To improve flow in the pipelines of the natural oil,
known efforts include diluting with naphtha, gasoil, and
diluents of light oil, but this is costly and the use of such
diluents is not practical in high mass production scenarios such
as the Orineoco River Belt well production area.

[0008] The need still exists to increase final oil-in-place
recovery during the reservolr lifetime, to increase the
productivity of wells and to reduce surface transportation cost
to improve the overall economic value of the exploitation in an
easy, environmentally safe and highly economic¢ return of
investment in cold production exploitation schemes of heavy and

extra heavy o0il reservoirs.

SUMMARY QF THE INVENTION
[0009] As a response to the above problems, especially to the
natural oil wet conditions of the sandstone, extremely low well
productivity, low recovery of the original o0il in place, and
high drag flow pressure loss through tubing and surface lines of
the heavy and extra heavy ©il, the present invention provides a
formulation or stimulation fluid and a method of using the
formulation for exceptional improvement in all these parameters.
0il in place final recovery of the reservoir, productivity of
the well and ease in flow of the heavy and extra heavy oil
through pipelines in cold production schemes are accomplished.
The result is reflected by a better flow rate in the producing
wells, a lower pressure drawdown, an improved o¢il recovery from
the drainage area of the formation and a high capacity of flow
of oil as water emulsion to any desired location potentially far
away from downhole, to the wellhead and surface conventional

facilities. Reservoir patterns of flow of oil are improved in

:
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the reservoir as a whole by fluid injection through an injection
well in communication with the production well and production
stream with areas of very low drag forces achieved by the
injection at any desired location in the tubing downhole or at a
desired point at surface to the flowline system of another
surfactant feoermulation in an aqueous solution that mixes with
the production stream to form an emulsion and reduce the drag
forces that are preduced by increase in viscosity of the heavy
and extra heavy o0il as it cools down. Untreated, this could
reduce o0il production to nil.

[001C] Injection wells are sometimes used as part of a
production or exploitation scheme, wherein injection of fluids
intc one well drives fluids from the area of the injection well
to a production well, where production rates are improved.

[0011] The reservoir formulation of the present invention can
advantagecusly be used to improve the flow conditicns at both
the injection well and the production well and to allow
mobilization of 0il which is immobile in the porous media due to
its affinity to the o0il wet surface of the mineral of the rock
due to the adsorpticn of the heavy component of the o©il in the
mineral surface, and particularly, the asphaltenes. This is done
by changing the o0il wet condition of the surface to a new water
wet condition.

[0012] Based upeon the foregoing, the present inventicn
therefore provides a combined injection, production and
transportation method which comprises the steps of establishing
a production well and an injection well into a hydrocarbon-
bearing formation and a surface flow line system for carrying a
production stream from the production well; introducing a
mixture of a surfactant, a co-surfactant and a carrier fluid
into each of the production well and the injection well so that
the mixture flows into porous media surrounding the production

well and the injection well; holding the mixture in the porous
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media surrounding the production well in the presence of water
for a period of time sufficient to form a water film on surfaces
of the porous media surrounding the production well; injecting
an injection fluid into the injecticon well while producing from
the production well, whereby hydroccarbons flow from the porous
media around the injection well toward the production well;
introducing an injection mixture of a surfactant and a carrier
fluid downhole into a desired point in a preoduction tubing of
the production well so that the injection mixture mixes with the
production stream to form an emulsion; producing the emulsion
through the tubing to the surface flow line to a desired
distance away from the preoduction well, whereby drag forces in
the system are reduced from downhole through the surface flow
line to a desired lccation at the surface. Other aspects and

details of the present invention will appear below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] A detailed description of preferred embodiments of the
present invention follows, with reference to the accompanying
drawings, wherein;:
[0014] Figure 1 schematically illustrates a treated surface
in accordance with the invention;
[0015] Figure 2 illustrates typical and preferred flow rates
from the hydreocarbon producing well;
[0014] Figures 3 and 4 illustrate a test glass plate which is
oil-wet in Figure 3, and which has been treated in accordance
with the present invention in Figure 4;
[0015] Figure 5 shows the test plate is still oil-wet even
after solvent cleaning;
[001l6] Figures 6 and 7 illustrate an injection, production

and transport method in accordance with the present invention;

Vi
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[0017] Figure 8 illustrates results of use of the present
invention in the form of a return permeability test with several
treatments cycles in accordance with the present invention;
[0018] Figure 9 further illustrates a relative permeability
curve for formation water and for production water with
surfactant and co-surfactant of the present invention;

[0019] Figure 10 illustrates the relation of volume of
produced water with INTESURF required to a volume of recovery of
the IQIP for the test done;

[0020] Figure 11 illustrates a test glass plate before the
plate is treat with the formulation and after treatment and 24
hours socaking time with fluids of the well CD 1405; and

[0021] Figure 12 shows a viscosity vs. temperature
relationship for typical heavy and extra heavy oil; and

[0022] Figure 13 shows the fractional flow of water vs. the
water saturation with sensitivity to reservoir mixture
surfactant and co-surfactant concentration for a cere plug flow

of an extra heavy Orincco River reservoilr oil.

DETAILED DESCRIPTION
[0023] The invention relates to a reservoir formulation for a
stimulation and injection fluid which has a surfactant/co-
surfactant mixture, and a method for using same to treat
surfaces of a hydrocarbon bearing formation and thereby enhance
flow of hydrocarbons through same. Another formulation is used
in a tubing injection which mixes the formulation with the
production stream, in a desired location in a production well
tubing wherein the mixture is capable of forming an emulsion
which flows through the tubing to the wellhead and for very long
distances from wellhead to the any desired target location at
surface, with very low drag forces and therefore very low
pressure loss. This method is advantageously used to alter

flow conditions in the formation to improve production of

9
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hydrocarbons from hydrocarbon-bearing formations, and once the
heavy and extra heavy ©¢il is in the well, to allow easy and
economic preoduction and transportation of that very viscous oil
for potentially very long distances to a target location at the
surface.

[0024] As mentioned above, many significant hydrocarbon
deposits in the world contain very large quantities of
hydrocarbons under conditions where it 1s very difficult to
produce and transport them. One example of this is asphaltene-
bearing hydrocarbon deposits in the Orinoco River Belt of
Venezuela. In these formations, which typically have high and
low pressures in the range of 300-1,500 psi, the heavy
hydrocarbon fractions contained in the formation, especially
asphaltenes, tend to adhere to the pore surfaces of the
hydrocarbon and thereby create an oil-wet environment in the
reservoir. This oil-wet flow environment is not at all
conducive to production of those hydrocarbons from the
formaticn. Further, as will be demonstrated below, this
asphaltene is not easily removed because a portion of the
hydrocarbon adsorbs into the rock surface making even cleaned
surfaces oil wet and, therefore, unfavorable for good
hydrecarben flow. Thus, most of the hydrocarbons tend to be
immobile in the porous media under these conditions.

[0025] According to the invention, a water film is formed
over the rock surfaces and also over the chemically adsorbed
hydreocarbon so that the surfaces when coated in this manner are
water wet. This greatly increases the flowability of
hydrocarbons through the treated rock formation to a production
well. Once in the well there is still a need toc improve the
flowability of the heavy and extra heavy o0il to a desired
location at surface, but in normal conditions this is very
difficult since the ¢il cools down and increases in viscosity

occur, making it difficult or even impossible to achieve flow

8
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through the flow system, or flow occurs at a very high pressure
drop.

[0026] In acceordance with the present invention, one
formulation, referred to herein as a reservolr surfactant/co-
surfactant mixture, or mixture, is used to form a water film
cver the pore spaces of the formation, and also over the
asphaltenes adhered to the pore surfaces, so as to provide a
water-wet surface between the flow surfaces defined by the pore
surface 0of the rock and asphaltene adhered thereto, and the
volume of hydrocarbon in the formation which 1s intended to be
produced. This water film increases flow of hydrocarbons
through the formation and allows mobilization of ©il which was
immobile in the pore space due to affinity to the natural oil
wet original surface, and thereby enhances production of
hydreocarbon from the formation to the production well. Ancther
formulation according to the invention, referred to herein as a
tubing injection mixture, or injection mixture, comprises an
aqueous soluticn with a surfactant. The tubing injection mixture
is mixed with the well preoduction stream and allows the
transportation of the heavy o0il with low pressure drop through
the production tubing and then conventicnal pipeline systems for
very long distances.

[0027] The reservoir mixture in combination with the tubing
injection mixture disclosed can advantageously be used to
improve flow conditions both in injection and production wells
to enhance reservoir production and at the same time to allow
the transportation of the very viscous heavy and extra heavy oil
through conventional pumping systems for very long distances,
even hundreds of kilometers from the wellhead to a target
location, at very low pressure drop. Over a period of time, in
the case of the production well, the water film eventually is
removed by fluids flowing past the film. At this point, the

reservolr surfactant/co-surfactant mixture of the present

9
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invention can again be introduced into the hydrocarbon bearing
formation to again deposit a water film for use in the next
period of production. While re-establishing the water film at
the production well, injection flow can be continued at the
injection well. Also, in any desired location far from the
wellhead, in a transition location at the surface, production
from other wells can be mixed through a gathering system and
collected as a field production stream and either be pumped as
an oll in water emulsion to another further location or placed
in a facility toc break the o0il in water emulsicn, desalt the oil
phase and use a surface aqueocus solution mixture with
surfactants to form a very long distance oil emulsion capable of
being transported for very long distances to heavy and extra
heavy oil improvement facilities such as an upgrader of the oil
or a desouring and upgrading facility and/or ultimate refining
facility.

[0028] According to the invention, the reservoir
surfactant/co-surfactant mixture preferably contains surfactant,
co-surfactant and a fluid carrier, each of which has the
following preferred constituents.

[0029] The reservoir mixture surfactant is preferably
selected from the group consisting of anionic surfactant,
cationic surfactants, non-ionic surfactants, amphoteric
surfactants and combinations thereof. The reservoir mixture
surfactant is further preferably an ethoxylated nonyl phenol
having between 4 and 60 ethoxylated groups.

[0030] Suitable non-iconic surfactants include but are not
limited to octilphencol having 9-16 EQ, nonylphenol with an EO
number from 4 to 80, preferably 20 - 55, fatty acids of 9-20 EOQ,
n-tetradecancl of 9-20 EQ, n-hexadecanol of 9-20 EQ, laurate of
sorbitan, and ethoxylated fatty alcohols with EO number from 4
te 25, preferably 9 - 20. Suitable ionic surfactants include but

are not limited to n-alkyl sulfates of K or Na, n-alkyl
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trimethyl ammonium chloride and combinations thereof and
petroleum sulphonates.

[0031] It is known that various hydrocarbons contain a
natural surfactant which, when activated, can be a very
effective surfactant. Activators of such natural surfactants are
known to persons skilled in the art, and can include, for
example, buffer additives such as water soluble amines and the
like. The activated natural surfactant can be utilized as a
surfactant of the reservoir mixture, and also as the injection
mixture which is used to form an emulsion in the production
tubing, as will be discussed further below.

[0032] In connection with the reservoir mixture, it should
also be noted that the fluid for forming the desired water film
in the reservoir can include activators of the natural
surfactant as discussed above, either alone with the co-
surfactant of the present invention, or in combination with
other surfactants and the co-surfactant, all within the broad
scope of the preset invention. Within this broad scope, it is
nevertheless preferred to use surface-prepared surfactant and
co-surfactant as discussed herein.

[0033] The reservolr mixture co-surfactant is preferably an
alcohol co-surfactant, preferably one or more n-alcchols (Cl-
C6), and more preferably selected from the group consisting of
methanol, ethanol, propancl, butancl, pentanol, isopropancl and
combinations thereof. The most preferred reservoir mixture co-
surfactant is methanol and/or ethanol.

[0034] The reservoir mixture carrier fluid can be the same or
different for the injection well and the production well. The
reservoir mixture carrier fluid for treating the production well
can be selected from the group consisting of water, brine,
production water and mixtures. Organic solvents, light
hydrocarbens, diluents, light crude o0il and combinations thereof

are also suitable in the case of the reservoir mixture using
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organic carrier fluids. More specifically, the carrier fluid
for the production well can be light oil, a light refinery cut,
gascil, diesel, diluent and/or water. The most preferred
reservoir mixture carrier fluids include water, brine and
production water fluid and mixtures. One example of reservoir
mixture water base carrier fluid is the production water of the
field normally treated and delivered through disposal wells to
the underground. Ancther reservoir mixture production carrier
fluid is compatible light crude oils with API gravity between 20
and 45 API, preferably between 20 and 25 API. Also, some
mixtures of compatible crude oil with the feormation fluids
and/or naphtha or diluents normally used downhole or on the
surface for mixing with the native o0il for reducing viscosity of
the heavy and extra heavy o0il stream for transportation in
surface facilities can be used as production well carrier fluid.
[0035] The reservoir mixture carrier fluid for the injection
well, on the other hand, can be selected from the group
consisting of water, brine, production water and mixtures, all
of them tested for compatibility with the formation fluids and
minerals present in the rock. The most preferred carrier fluid
for the injection well is the production water. One example of
water base carrier fluid is production water of the field which
would normally be treated and delivered through disposal wells
to the underground.

[C036] Exceptionally, in the case of very thin formations,
organic fluids like solvents, light hydrocarbons, diluents,
light crude o0il and combinations thereof could be used as a
reservoir mixture carrier fluid for the injection well.
Thickness of the reservoir sand pack in such cases could be in
the range of between 3 and 7 feet.

[0037] The surfactant/co-surfactant reservoir mixture for the
producing well is preferably prepared having substantially equal

amounts by volume of the surfactant and co-surfactant, and the
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overall mixture with reservolr mixture carrier fluid in the
production well preferably contains each of the surfactant and
co-surfactant in an amount between 0.5 and 5 % by volume, more
preferably between 1 and 4% by volume.

[0038] The surfactant/co-surfactant reservoir mixture for the
injection well is preferably prepared having substantially equal
amounts by volume of the surfactant and co-surfactant, and the
overall mixture with carrier fluid in the injection well
preferably contains each of the surfactant and co-surfactant in
an amount between 0.001 and 3 % by volume, more preferably
between 0.01 and 0.5 % by volume.

[0039] In accordance with the invention, the surfactant/co-
surfactant reservolr mixture can be prepared by mixing the
above-identified constituents at the surface and then
transporting, for example by pumping, the resulting reservoir
mixture or stimulation fluid into a hydrocarbon producing
formation, for example through a well positioned from the
surface to the subterranean formation, so that the mixture
penetrates into the hydrocarbon-bearing formation around the
well, typically into a radius surrounding the well of at least
about 2 inches, preferably between 12 inches and as large as
pessible, for example up to 10 feet when it is squeezed into the
producing well or otherwise pumped to the formation and letting
it naturally flow through the best channel of flow in the
sandstone, as in the case, for example, of horizontal wells.

The penetration area intc the formation is the area to be
treated in accordance with the present invention.

[0040] In the injection well, the reservolr mixture is
normally injected by natural flow due to the low pressure in the
formation (200 to 1200 psi) and the hydrostatic column welght
(1500 ft to 4000 ft). The reservoir mixture injected fluid is
injected at a very low flow rate to allow gradual contact of the

injected fluid with the mineral rock surface and to allow
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formation of the water film over the hydrccarbon adsorbed on the
mineral surface of the rock. As the water film is being formed
by continuocus injection of the reservoir mixture injected fluid
to the formation by means of the injection well, the o0il in the
porous media which had been immokile due to 1ts affinity with
the natural oil wet condition of the pore surface starts
mobilization to the producing well. By this drainage mechanism,
the reserveoir mixture water-kased injection fluid is capable of
producing an exceptionally high recovery of at least 55 % vol.
of the initial o©il in place (IOIP) as shown in the examples of
displacement test presented below. This is true even though the
scosity of the injected water is very low compared with the
»11, and this is believed to be hecau
the 1increase in the oll recovery is not by a piston like
displacement pattern mechanism of the reservoir mixture injected
fluid through the injection well but due to a wettability change
of the pore space surface, the reservoir mixture water based
fluid imbibition and drainage of the mobilized heavy and extra
heavy 0il in the new surface pore space toward the productien
well. Several different methods can be used to allow a
contrelled distribution of the fluid in the sandstone while
njecting the fluid to the formation. 1In horizontal injecting
wells or vertical injecting wells an improvement in the selected
placement or distribution of the fluid in vertical heterogeneocus
sand packs or very long horizontal zones through the sand can be
acceomplished through the use of downhole packers and/or
1solation packers including means in such tools for flow rate
control and open and close control position systems operated
from the surface.
[0041] Once a sufficient volume of fluid is pumped into the
formation, this wvolume is then held in place in the formation at
the production well in the presence of water for a time

sufficient to form the desired water film over surfaces of the
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pore spaces of the hydrocarbon and also over the hydrocarbons
adhered to these surfaces. This advantagecusly provides a
water-wet flow environment which is advantageous to the flow of
hydrocarbon through the porous media, and therefore produces a
flow envircnment which is far more conductive to the flow of oil
than the natural oil-wet flow environment present in the well
under natural formation conditions wherein the heavy
hydrocarbons, and especially asphaltenes, are adhered to the
pore surfaces of the porous media. The suitable amount of time
to hold the fluid in the formation will vary with different
wells, fluids and cenditions, but will typically be between 12
and 24 hours in the production well before restart of flow, and
a preferred range of time is between 1B and 24 hours. In the
injection well the change from oil wet to water wet on the
surface of the porous media is made while the injected fluid is
flowing and contacting the porous media through continuous
injection through the injection well,

[0042] The injection fluid for use in the method of the
present invention to inject into the injection well during
normal operation of the production methed can be any injection
fluid which would be known to a person of ordinary skill in the
art. Within this broad scope, it is preferred that the
injection fluid be an aqueous mixture of surfactant and co-
surfactant similar to the reservoir mixture. Thus, the
injection fluid can include a surfactant selected from the group
consisting of anionic surfactants, cationic surfactants, non-
ionic surfactants, amphoteric surfactants and combinations
thereof, and further preferably an ethoxylated nonyl phenol
having between 4 and 60 ethoxylated groups. The injection fluid
can also include a co-surfactant which is preferably an alcohol
co-surfactant, preferably one or more n-alcohols (Cl-Cé), and
more preferably selected from the group consisting of methanol,

ethanol, propancl, butanol, pentanol, isopropancl and
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combinations thereof. The carrier fluid of the injection fluid
can preferably be selected from the group consisting of water,
brine, production water and mixtures, all of them tested for
compatibility with the formation fluids and minerals present in
the rock. The most preferred carrier fluid for the injection
well is production water. One example of water base carrier
fluid is production water of the field which would normally be
treated and delivered through disposal wells to the underground.
Finally, the surfactant/co-surfactant mixture for the injection
fluid is preferably prepared having substantially equal amounts
by veolume of surfactant and co-surfactant, and the overall
mixture with carrier fluid for the injection fluid preferably
contains each of the surfactant and co-surfactant in an amount
between 0.001 and 3 % by volume, more preferably between 0.01
and 0.5 % by volume.

[0043] According to the invention, the tubing injecting
mixture is an aqueous solution comprising a surfactant or a
mixture of surfactants. The mixture preferably contains
surfactants selected from the group consisting of anionic
surfactants, non-ionic surfactants, amphoteric surfactants and
combinations therecf. The tubing injecticn mixture of
surfactants 1s further preferably an ethoxylated alcohel having
between 2 and 15 ethoxylated groups and an ethoxylated nonyl
phenol having between 4 and 15 ethoxylated groups.

[0044] Suitable non-ionic tubing injecting surfactants
include but are not limited to octilphenol having 9-15 EO,
nonylphenol with an EO number from 4 to 15, preferably 15,
fatty acids of 9-15 EO, n-tetradecanol of %-15 EQ, n-
hexadecanol of 9-15 EQ, laurate of sorbitan, and ethoxylated
fatty alcohels with EO number from 4 to 20, preferably % - 15.
Suitable tubing injection ionic surfactants include but are not

limited to n-alkyl sulfates of K or Na, n-alkyl trimethyl
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ammonium chloride and combinations thereof and petroleum
sulphonates.

[0045] It should alsc be noted that, within the broad scope
of the present invention, the injection mixture surfactant can
be natural surfactants present in the heavy crude oil which
would be activated using various additives known to be effective
for such purpose, such as, for example, a buffer additive, one
example of which is water soluble amines.

[0046] The tubing downhole water in oil emulsion formed by
mixing of the production well stream and the tubing injection
mixture downhole can be broken at any location at the surface or
at a targeted desired final location. Special care should be
taken with the tubing injection mixture carrier fluid to be used
since it must be compatible with the production stream, such as
to avoid multiple types of emulsions (water in o¢il in oill
emulsions) which could be a serious risk for the flow of the oil
in pipelines. It is optional but sometimes very desirable to
break the emulsion and separate the production stream at a
desired transitional location or between the wellhead and a very
far away targeted location at the surface. By separating at the
transitional location, the production water and the tubing
injection mixture can be regenerated and reused as a carrier
fluid for the reservoir mixture fluid, either for injection well
and/or production well. For very long transportation needs a
fresh water emulsion type could be formed in the transitional
locaticn. The fresh water emulsion can comprise a suitable
surface aqueous solution and a surfactant and the desalted heavy
and extra heavy oil.

[0047] According to the invention, the surface aqueous
solution mixture is preferably an agueous solution comprising a
surfactant or a mixture of surfactants. The surface agueous
solution preferably contains surfactants selected from the group

consisting of anionic surfactants, non-ionic surfactants,

17

Copy provided by USPTO Irom the IFW Image Database on 06/26/2014



13-161

amphoteric surfactants and combinations thereof. The surface
aqueous mixture surfactant is further preferably an ethoxylated
alcohol having between 2 and 15 ethoxylated groups and an
ethoxylated nonyl phenol having between 4 and 15 ethoxylated
groups.

{0048] Suitable non-ionic surfactants include but are not
limited to octilphenol having 9-15 EQ, nonylphencl with an EO
number from 4 to 15, preferably 15, fatty acids of 9-15 EC, n-
tetradecancl of 9-15 EOQ, n-hexadecancl of 9-15 EO, laurate of
sorbitan, and ethoxylated fatty alcohols with EO number from 4
to 20, preferably 9 - 15. Suitable tubing injection mixture
ionic surfactants include but are not limited to n-alkyl
sulfates of K or Na, n-alkyl trimethyl ammeonium chloride and
combinations thereof and petroleum sulphonates. The surface
aqueocus solution mixture could also be an aquecus solution
comprising a natural heavy and extra heavy surfactant activator
alene or in combination with other anionic or non-icnic
surfactant or combinations of them.

[0049] Production from the production treated well can be
conducted while monitoring pressure drawdown in the production
well, and when the pressure drop increases, lowering the intake
pump pressure, the formation area around the preoduction well can
be treated again in accordance with the present invention with
the reservoir mixture. In the injection well, monitoring should
be made to evaluate the reservoir mixture injection fluid front
and the pattern of flow in the formation by using controlling /
monitoring wells or tracers in the reservoir mixture injection
fluid. Also the injection well should be selected from a
location of the reservoir so as to allow distribution of the
injected fluid in the surface of the porous media helped by the
gravitational effect and density differential effects between

the fluids. If the o0il is of lower density than the water, the
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reservoir mixture injection well will be preferred to be located
at the upper part of the reservoir.

[0050] The completion tubing can be of any material such as
steel tubing, API grade type tubing or synthetic organic tubing.
The gathering system can also be of any of the indicated pipe
materials. Such as steel material, alloy material, plastic
material, internal ccated material and organic synthetic
material.

[0051] Optiocnally, mechanical means such as a statlic mixer,
and or mechanical mixer could be used for the mixing of the
tubing injection mixture with the production well stream
downhole and/or in the transitional location at the surface.
Breaking the emulsions as formed in the present invention in the
transitional or targeted location can be done by heating or
other means. Following transport to the final location and
breaking of the surface emulsion, the resulting surface agueous
phase can be pumped back to the production field, regenerated
and used in whole or in part either as reservoir mixture carrier
fluid, tubing injection mixture and most preferably for surface
aqueous solution mixture in the transitional location as
mentioned above.

[0052] For very long distance transportation needs and to
allow a high degree of stability of the formed surface o0il in
water emulsions, the final water in o0il emulsion can be a
bimodal type emulsion, such that a small portion of the heavy
and extra heavy ©il can be in the final o0il in water emulsion in
the form of smaller droplet size distribution than the mean
average droplet size of most of the droplet size of the rest of
the heavy and extra heavy o0il in the final oil in water
emulsion.

[0053] Based upon the forgoing, in accordance with one

preferred embodiment of the present invention, the
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transportation of heavy crude o0il in the form of an emulsion can
preferably be conducted by the following:

(a) breaking the long distance surface transportation cil in
water emulsion in a desired final location ¢f transportation of
the heavy and extra heavy o0il,

{b) pumping the agueous solution back to the transitional
location,

{c) regenerating the agqueous solution to a desired amount of
concentraticon of surfactant,

(d) reusing the regenerated agueous solution comprising water
and a surfactant to form with the desalted oil phase a new batch
of the o0il in water emulsion,

(e} pumping the new batch of ©il in water emulsion to the
desired final locaticn, and repeating the steps (a)-(e).

[0054] The typical formation for which the present invention
can be utilized can be any formation wherein the forming of a
water film over the pore surfaces would be beneficial to the
overall hydrocarbon preoduction from the formation. A
particularly desirable application of the present invention is
in formations having hydrocarbons with an API gravity of between
6 and 16, and even more preferably in formations containing
hydrocarbons having an API gravity of between 6 and 12. These
heavy and extra heavy hydrocarbon deposits in certain areas
typically are very large in volume, but alsc contain asphaltenes
as discussed above, and these are ideal candidates for treatment
according to the present invention to enhance production.

The typical rock formaticns containing such hydrocarbons have
pore spaces which define the void volume which holds the
hydrocarbons and which creates the permeability that allows the
hydrocarbons to flow. The rock defining the pore surfaces of
these formations are typically defined by quartz, feldspar,
silicecus mineral, carbonaceocus mineral, clays and combinations

therect.
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{0055] Figure 1 schematically illustrates a surface of a
hydrocarbon bearing formation treated in accordance with the
present invention. As seen in Figure 1, a mineral surface 10
which defines the pore space of the formation has rock mineral
active sites 12 along surface 10, and these rock mineral active
sites 12 interact with hydrocarbons under the typical pressure
in the formation such that chemically adsorbed hydrocarbons 14
are closely adhered to surface 10, particularly at rock mineral
active sites 12,

[00586] According to the inventicn, the reservolr mixture
surfactant/co-surfactant mixture of the present invention is
introduced to the formation and held there in the presence of
water so that a film of water is formed over the adsorbed
hydrocarbons 14 as well as the rock mineral active sites 12 of
mineral surface 10. Figure 1 shows surfactant/co-surfactant
mixture adsorbed in the form of water film 16 which is
schematically illustrated as a double layer to represent the
surfactant/co-surfactant mixture. This produces a water-wet
condition at the surface, which enhances flow of hydrocarbon
through flow areas and pore space defined by such a treated
surface. The water which forms the film can be water already
present in the rock formation fluids and/or from the carrier
fluid if a water containing carrier fluid is used. The water
salinity can be in the range between 800 ppm up to 45,000 ppm.

[0057] Pressure drawdown, or the pressure drop from the

formation to the well bore, is a good measure of the flowability

in the formation. When the pressure drawdown is relatively
small, this indicates good flowing properties in the formation
to the well. While producing from a well that has been treated
according to the invention, it is desirable at the production
well to monitor the pressure drawdown, and after a certain
amount of oil has been produced from a treated production well,

the pressure drawdown starts to increase. This increase in
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pressure drawdown indicates that the water film has been worn
away or removed due to relatively high velocity flow of well
fluids passing over the film to the well. Such flow can also
make the water film uneven due to the tendency of the surfactant
molecules adsorbed to diffuse and to push apart from each other
as much as possible. This stream removes the water film by
desorption of the surfactant and co-surfactant from the mineral
surface and restoring the natural oil-wet initial condition at
the mineral surface. At this stage, according to the invention,
the preoduction well can be treated agalin with the same
formulation, and this process can be repeated as many times as
necessary until no more hydrocarbon fluids flow to the well even
after treatment or an economical limit is reached to abandon the
well. With cyclic stimulation, the porous media will improve
final recovery of the initial oil in place in the drainage area
by cold production by potentially many times the amount of 3%
typically reported as the well output obtained without
stimulation.

[0058] In the injection well, as the injected fluid is
continuously being injected to the formation; mecnitoring of the
pressure drop is also suggested. The present invention reduces
the time and need of costly thermal processes to reach a level
of about 40 % of additiocnal initial oil in place recovery by
cold methods which is a cheaper and safer recovery.

[0059] Figure 2 illustrates typical and desired flow rates
from a hydrocarbon production well. The starts and stops shown
in actual flow show a trend (line 2&) which is not desirable,
while a preferred pressure behavior is shown at line B. The
difference of the area between lines A and line B is an
indication of greater recovery of o0il from the same well in the
same well drained area.

[0060] In the aforesaid discussion, the mixture of surfactant

and co-surfactant in accordance with the present invention can
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advantageously be utilized in an injection and production method
to even further enhance oll recovery from an oil field which
utilizes such techniques.

[0061] Figure 6 shows a reservoir 20 which would typically be
a hydrocarbon bearing formation including porous media, having
pore space filled with various fluids, one of which is a heavy
or extra-heavy hydrocarbon which may contain asphaltenes. It is
desired to produce the hydrocarbon to the surface for upgrading
and for further transportation and/or refining into various
products. A preduction well 22 is shown extending from surface
level 24 to formation 20, and having perforations 26 for
allowing communication between well 22 and formation 20. An
injection well 28 is similarly positioned from surface 24 to
formation 20, and perforations 30 allow communication from well
28 to formation 20. 1In use, injecticn of driving fluids such as
production water, water compatible with formation fluids, or
brine as a reservoir mixture carrier fluid with the reservoir
mixture surfactant and co-surfactant of the present invention
into injection well 28 is used to drive fluids toward production
well 22. This forms a water film over the natural adsorbed
hydrocarbons (such as asphaltenes on the mineral surface of the
rock) and allows mobilization of 0il which was immobile due to
affinity of such 0il with the natural oil wet condition of the
surface of the porous media. The mobilized o0il is driven to the
production well 22 and therefore fluid recovery through
production well 22 is enhanced. In accordance with the present
invention, the reservoir mixture of surfactant and co-surfactant
as discussed above can advantageously be used in a method such
as discussed herein.

[0062] In such a method, it is advantageous to form a water
film over the surfaces of porous media and adhered hydrocarbons
in the vicinity of both the production well 22 and in the

largest possible area of the reservoir that can be contacted
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with the reservoir mixture injection fluids through the
injection well 28. This can help to provide better flow and
mobilization of the immobile o0il in the porous media by reducing
or eliminating the affinity of the o0il to the natural oil wet
surface when the new water wet condition is reached by contact
of the reservoir mixture surfactant and co-surfactant of the
present invention to form a water film as described above. Flow
into the formation threough well 28 as well as out of formation
20 into production well 22 is enhanced. Thus, a reservoir
mixture of surfactants/co-surfactants as discussed above can be
prepared and pumped into each of wells 22, 28 as schematically
illustrated by arrows 32 in Figure 6.

[0063] This pumping positions the mixture through wells 22,
28 and into the zones 34, schematically illustrated by dashed
lines in formation 20. The reservoir mixture injection of fluid
through injection well 28 can be continued as long as desired
after injection breakthrough in well 22. At this time, a
decision should be made to continue to use well 28 as an
injection well or to convert well 28 into a new production well
and to locate a new injection well in formation 20 in
communication with each of wells 22 and 28. As a production
well, well 28 can be monitored for cyclic stimulation of the
vicinity of the well as described for the production well 22.
[0064] After being pumped or naturally injected to formation
22 through injection well 28, this reservoir mixture is then
held in position for a time sufficient to form a water film over
the surfaces of porcous media and also over adhered hydrocarbons
as desired. In the case of the production well 22, when
treatment is completed, the mixture can be pumped from the
production well, and then well 22 (or other productions wells
not shown including wells which had been injection wells 28} can
be returned to production while continuocusly injecting the

injection fluid through well 28. Once the production stream
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coming from perforations 26 is downhole in the well 22, it is
lifted to surface by means of a tubing 41 by natural flow or by
means of a pump (not shown). Tubing injection mixture is pumped
downhole from the wellhead 40 or from the surface line 42 coming
from an optional transitional flow location 43, Capillary
tubing 44 or an additiconal annular space (not shown) to allow
communication from wellhead 40 to perforations 26 can be used in
the cyclic injection of the reservoir injection mixture to the
production well from wellhead 40 through perforations 26 to zone
34 1n the formation.

[0065] In the transitional location 43 at surface, it is
possible to break the downhole formed emulsion of reservoir
production stream and tubing injection mixture. Different
locations can be used downhole for the mixing of the production
stream and the tubing injecting mixture. Also, different means
can be used for helping the mixing of both streams downhole. For
example, static mixers or conventional pumps can be used, as
schematically illustrated at 50.

[0066] In the transitional location 43, heavy and extra heavy
0il phase can be split from the production mix water phase and
the oil phase can be desalted. The desalted oil phase can
further be used for the formation of a fresh surface water oil
in water emulsion to be transported through line 45 to target
final location 46. At location 46 it is desirable to separate
the oil phase from the fresh water phase. The oil phase, having
been transported to the desired target location, can now be
upgraded or refined as desired. The fresh water phase can be
pumped back to the transitional location 43 through line 47 and
regenerated at the transitional location 43 to be reused in the
formation of a new batch of fresh water oil in water emulsion in
the transitional location 43 for further transport of a new
batch of desalted heavy and extra heavy oil to the target

location 46.
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[0067] Figure 7 shows the operation mode, and schematically
illustrates injection of fluids 36 into well 28, and producticn
of fluids 38 from production well 22. The enhanced flow of
subterranean fluids from the vicinity of injection well 28
toward the vicinity of production well 22 is also schematically
illustrated by arrows 40 shown in formation 20. The enhanced
flow conditions around the perforations of well 22 create
enhanced flow into production well 22 as desired, with a lower
pressure drop and improved productivity. Reduced pressure drop
in the vicinity of well 22 helps to reduce the rapid
breakthrough of the injection fluid 36 to well 22, and also
provides for better and more uniform flow through the areas
between injection well 28 and into production well 22, with
reduced risk of “channeling” and increased mobilization of the
immobile oil, breaking its affinity with the natural ocil wet
condition of the rock surface, where injected fluid modifies the
surface to a water wet condition. Then, the path of flow of the
injection fluid changes to a not contacted oil wet surface and
the contact of this surface area with the surfactant and co-
surfactant mixture changes it to a water wet state, mebilizing
immobile ¢il to flow through a new water wet surface to the
producing well 22 until an economical rate of production can no
longer be reached, at which time the method may be abandoned.
[0068] As with the embodiment discussed above, this process
can be carried out while pressure at relevant locations is
monitored, and when the pressure drops and production rates
reach certain levels, the treatment with surfactant and co-
surfactant according to the invention can again be conducted.
The process can be carried out in vertical wells, deviated
wells, horizontal and multilateral wells. Also, after
breakthrough of the reservoir mixture injected fluid in the
production well, production water can be separated from the

produced stream, recycled back as reservoir mixture injection
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carrier fluid through the injection well after regeneration to
the appropriate values of concentration of the reservoir mixture
surfactant and co-surfactant in the carrier fluid according to
the invention, thereby lowering the amount of chemical
substances required to prepare the injection fluid.

[0069] The following example further illustrates the

invention and the results which are obtained using same.

Example 1

[0070] Crude o¢il and water from several wells in different
areas of the Orinoce River Belt fields were collected. The oil
and water were placed in closed glass vessels at several oil and
water saturaticns, at reservoir conditions of water salinity and
temperature, in a thermally controlled oven. Inside each vessel
was placed a small glass plate which was monitored for
wettability conditions starting with a water-wet condition and
further being naturally changed to oil wet after a medium time
period of about three to four weeks at reservoir temperature of
145°F. For each glass plate, wettability was measured by
contact angle measurement technigues at the well temperature
ranging from water-wet at the initial condition to oil wet after
three weeks of aging process in the vessels at reservoir
conditions.

[0071] After this treatment, the glass plates had a contact
angle with oil which shows a strongly oil-wet condition as can
be seen 1n Figure 3, which shows the o0il spreading over the
plate surface.

[0072] Each plate was then placed in a beaker for a scaking
time with a mixture of equal amount of the well fluids in a mean
average of 20 % formation water and 82 % extra heavy oil at
145°F temperature, with the formulation of the present
invention, which in this particular example comprised a solution

of 0.5 % volume of ethoxylated nonyl phenol with 30 ethoxylated
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groups and 0.5% volume of ethancol, both admixed with 99% of
production water from the Cabrutica field of the Junin Division
of The Orinoco River Belt. The mixture and the plate were held
for an 8 hour exposure time at reservoir temperature of 145°F
and contact angle measurement showed wettability reversal from
cil wet as shown in Figure 3 to water wet as shown in Figure 4.
Note the bubbling up of the oil, and contact angle clearly
indicative of the now water wet surface.

[0073] Similar results can be obtained by using various non-
ionic and ionic surfactants. Suitable non-iconic surfactants
include but are not limited to octilphencl having 9-16 EO,
nonylphenol with an EQO number from 4 to 55, preferably 20-60,
fatty acids of 9-20 EO, n-tetradecanol of 9-20 EO, n-hexadecanol
of 9-20 EO, laurate of sorbitan, and polyethoxylated fatty
alcohols with EO number from 4 to 25, preferably 9 - 20,

[0074] The aged glass plates were then socaked with a solution
of mutual solvent for more than twenty four (24) hours to remove
the water film and any visible hydrocarbon. The cleaned glass
plates showed a clear and clean surface, but when a drop of
water was placed on the plate, the water drop did not spread on
the surface. The contact angle was measured and the plate still
exhibited an oil-wet condition, as shown in Figure 5.

[0075] This indicates that even though the mineral surface,
such as sandstone, feldspar, clays or the like can be cleaned of
adhered hydrocarbons still on that surface, there remains a
chemically adsorbed film of hydrocarben and therefore on such a
mineral surface there exists a strong oll-wet wetability. As
mentioned previously, the oil-wet wetability is the most adverse
condition for the recovery of oil in a porous media. Thus, even
by undertaking the cost and steps of removing the adhered
asphaltenes, the resulting cleaned surface remains oil wet.
[0076] Use of the formulation and method of the present

invention creates a water film on the mineral surface, covering
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the previously chemically adsorbed hydrocarbons. This film
creates an interface that will conduct hydrocarbon flow for very
long periods of time between stimulation cycles in the
production well, and allows mobilization of oil which is
immobile due to its affinity to the natural oil wet condition of
the rock when the water film is formed in the porous media
through injection from the injection well. A very low pressure
drawdown is achieved with the increased o©il flow rates in the
production well and very low pressure drop cccurs 1in the
injection well s¢o as to make the injection by natural flow,
thereby providing great benefits to the productivity and final
recovery of oil from the drained area of the well and the whole

reservoir,

Example 2

{0077] A laboratory test was conducted for evaluating
relative permeability with extra heavy crude 0il and formation
water and INTESURF™ 3PW0.5 solution prepared according to the
invention with production water from the Cabrutica field of the
Junin Division of the Orinoco River Belt Basin in Venezuela, and
using a core of well E20P15 and formation fluids of well DE 22
12 of the same field,

[0078] The core from a depth of 2212.2 feet from Cabrutica
field was taken, and two samples were packed for use in a
confined cell, one sample for return permeability testing and
the other sample for relative permeability testing of extra
heavy o0il and formation water and extra heavy oil and INTESURF
3PW0.5 solution. The samples were cleaned, restored and aged
for 16 days at the reservoir temperature of 120°F and pressure
of 400 psi in a confined cell. An imbibition Amott test was
performed to both samples to insure an o0il wet condition of the
sample before the tests. The core properties for two samples are

shown in Table 1.
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TABLE 1
COMPANY INTEVEP S.A
CORE FROM WELL E20P15 CABRUTICA FIELD VENEZUELA
Semple | Results § ta Helio PERMEABILYTY
cafrgpessd Weighh Yol. Vol | Density ol

§ Ps Total Long Diam grain  |Pore space| gan Tozl Air Klink.

1A 1300 | 6603 | 481° | 3593 | 3067 | 174 2632 362 4808 | %7 | %02

B 1300 | %<2 | 5M3 | 3702 | M40 T o9: | 2838 | %8 [ S3M [ %Wk [ %07

[0079] INTESURF 3PW0.5 solution is a mixture of 99% vV/V
production water from the Cabrutica field and a 0.5 V/V of
nonylphenol ethoxylated with 30 ET groups, and 0.5 V/V %

methanol. 1 lb/bbl of potassium acetate is added for clay

control to the final admixture.

Return permeability test

[0080] Core sample 1A with an o0il wet condition confirmed by
the imbibition Amott test was placed in the confined cell at
1300 psi confining pressure. Thereafter extra heavy live crude
0il from well DE 22 12 of Cabrutica field was displaced until a
constant pressure drop was achieved. The permeability to oil
(Ko) at the initial water saturation was measured and this value
was taken as the reference base relative permeability to oil in
the sample. Three cycles of returned permeability test were
made, and previous to each cycle, 10% of the porous volume of
the sample was squeezed with the INTESURF™ 3PW0.5 solution into
the production end of the core sample, and the same volume
allowed to be discharged from the opposite end of the core
sample. A scaking time of 24 hours was allowed to each cycle

before the displacement of live crude 0il was restarted. The
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rate of flow and the pressure drop was monitored and the

permeability to oill at several points of porous volume displaced

was measured.

Figure 8 exhibits the return permeability test

results for each cycle and Table 2 the values from the test

obtained.

TABLE 2

RETURMN FERMEABILITY
Met confining presure 1300 psi
Heservalrltemperatare 120 °F

CInNP Ay : INTEVYEPRP Sarriple Mo, 1A

Vdall : E20-P15 (TR Y 22122 A

Field : Cabrutica Paor o sy 354 fraction

fhitesir? PIus} K HEklinkemberg 2295 mid

Stimulation fluid: INTESURF 3PW 0.5 (Elo) K to il 294 rmd

INTESURF Carrier fMukd: Prodductlan water

Squeerad stiimualadion flvid: 107 porous voluime

‘1er cycle 2ido cwcle Fer cwcle 1er cyele 2o cwcle Ze1 cyccle S
Vol Acuin. | Yol AU, | Wol. AcCinm.. H To oil. Kt il H 1 oll, Factor
cC (o oo rie) el mnad GF = 1-F Ko

019 28.58 7B8.58 440 444 511 -0.737
0.35 29.61 79.08 435 3237 442 -1,502
1,14 30.93 H0,37 405 350 366 -0,243
2,30 32,28 B81.51 db9 328 318 -0,081
3,38 34 45 83,43 J44 318 [P SIS ~__ -D0,068
4.93 36.48 85,30 333 chid 315 -0.070
.48 40, 02 88,41 a3 321 316 1 -0.074
9. 68 44.38 9216 322 318 318 -0,081
12,45 AT GB7 95,64 318 301 299 -0.017
15.60 50,97 98 39 316 292 2913 0,004
16.50 54,22 101.42 311 290 278 0,054
19,50 57,39 104,21 314 287 271 0.080
22,39 60,42 106,78 306 260 276 0.063
25,36 Q.24 115,14 207 254 274 0,069
28.13 77.s0 123,55 =04 255 252 0,143

[0081] A stimulation state was found in all cycles suggesting

the cyclic stimulation of the sandstone - production end zone as

a productivity improvement of

drop and
well, No

relative

the well by reducing the pressure

increasing the production of extra heavy o0il from the
formation damage was observed even after a large amount

to porous volume of live extra heavy 0il was displaced

and desorption of the surfactants of Intesurf in the porous

media occurs.

After restimulation with the Intesurf solution, a

better condition of relative permeability to oil is achieved.

It is believed that the relative permeability to oil lost after
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a great velume of displacement of 0il and after several cycles
of squeezes is due to the new water saturation without Intesurf
base surfactant increases in the perous media, However, 1t is
observed that once the surfactant is available by restimulation
in the porous media, a new improvement of the o0il relative
permeability is achieved and even reaches levels higher than
earlier cycles.

[0082] A relative permeability test of extra heavy oil and
formation water and extra heavy o0il and INTESURF 3PW0.5 solution
with preoduction water was then conducted.

[0083] Core sample 2B was insured to have an o0il wet
condition by Amott imbibition test and thereafter was placed in
a confined cell at confine pressure of 1300 psi. Temperature was
that of the reservoir of 120" F. Extra heavy o0il was displaced
at a pressure of 1000 psi until a constant flow was achieved.
The relative permeability effective to 01l was measured at the
initial water saturation. Thereafter, formation water was
displaced at a constant rate of 1 cc/min and monitoring of the
produced fluids and pressure drop was made until no flow of
extra heavy o0il is observed. The effective water permeability at
the residual ©il saturation is measured for each sample and the
volume of extra heavy oil produced at room conditions is
corrected to reservoir conditions using the viscesity and
volumetric factor of the reservoir. The final saturation of the
fluids is determined by material balance. The effective
permeability of each phase is calculated using Darcy’s Law. The
relative permeability water - extra heavy o0il and Intesurf
solution - extra heavy o0il ratics at non-stable state were
calculated using the methods c¢f Jones and Roszelle.

[0084] Once the formation water - extra heavy 0il test was
run extra heavy crude was displaced for the core sample until a
condition of initial water saturation and extra heavy oil

saturation was achieved. In this state the permeability
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effective to oil was measured and displacement with the solution
of INTESURF™ 3 PW0O.5 took place with a rate 0.1 c¢cc / min for 3
hours allowing a soaking time of 12 hours and so on until only
soluticon of INTESURF™ 3 PW0.5 was collected as the production
without any extra heavy oil. The final recovery of extra heavy
0il was 10.02 cc which is a 52.13% of the total porous volume
and 57.89% of the original extra heavy o©¢il in place. Figure 9
exhibits the behavior of Ko and Kw vs, the water saturation for
the two testing fluids and Figure 10 exhibits the ratio of the
quantity of production water with the surfactant and
co-surfactant used as the injected fluid to the quantity of
recovered oil of the initial oil in place recovered from the
plug of the core sample. From the figure, it can be observed
that 14 % of the initial o0il in place (IOIP) can be recovered
using a mean relation of 1 unit of o0il produced by 1.6 volume of
mixture of surfactant and co-surfactant and produced water
injected. Alsc an additional 20 % recovery of the (IQIP) can be
recovered using a mean relation of 1 unit of o0il in place
produced by each 3.2 volume of mixture of surfactant and co-
surfactant and carrier fluid injected after the first 14 % of

initial IOIP recovered.

Example 3

A set of core flow tests were run for relative permeability
measurements as shown and described in example 2., Calculations
of the K relative to o0il (¥.) and K relative to water (K,) with
fermation water and with three different concentrations of the
Intesurf™ formulation as disclosed in the present invention were
done. The formulations were prepared with the production water
of the Cabrutica field of the Junin Division of The Orinoco
River Belt basin. The surfactant was nonylphenol ethoxylated of
30 EOE and the co surfactant used was methanol. The

concentration at 1l:1 vv was of 0.5 % of each compconent. During
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all tests performed with the INTESURF formulaticon the total
injection fluid was injected by several batch with a soaking
time of at least a week during the injection of a batches of the
injection fluid and another batch to restart flow. With the
calculated data a fractional flow of water as a function of the
water saturation was calculated for each test of relative
permeability test and shown in the graph of FIG. 13. FIG. 13
shows the exceptional beneficial effect of the treatment of the
porous media with INTESURF™ in the flow pattern and the final

0il recovered of the initial o0il in place

Example 4
The well CD 1405 from the Cabrutica field in the Junin Division
of the COrinoco River Belt was selected for a pilot test for
stimulation and cyclic re-stimulation with the composition and
method of the present inventicn for a production well.

[0085] Crude 0il and formation water from well CD1405 were
collected as well as production water from disposal tank %03
from the principal station of Cabrutica field in the Orinoco
River Belt field. The characteristics of the crude oil and
formation water are;

OIL:

Saturated % : 8 wt

Aromatics % : 44 wt

Resins %: 35 wt

Asphaltenes % : 13 wt

Acidity: 3.90 mg KOH/g

Viscosity CP 10,420 at 145 F

API: 9

% C wt B4.55
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$ H wt 11.12
Formation Water with 2,500 ppm NaCl

[0086] The oil and formation water were placed in closed
glass vessels at 20 % vol. saturation of formation water and 80
% vol. of oil saturation, at reservoir conditions of temperature
of 145%°F, in a thermally controlled coven. Inside each vessel
was placed a small glass plate which was monitored for
wettability conditions starting with a water-wet condition and
further being naturally changed to ¢il wet after a time period
of aging of three weeks at reservoir temperature of 145°F. For
the glass plate, wettability was measured by contact angle
measurement techniques at the well temperature ranging from
water-wet at the initial condition to o0il wet after three weeks
of the aging process in the wvessels at reservoir conditions as
shown in Figure 11, indicating contact angle of 137.5 at the
aged condition. This is as it would be found in the reservoir,
showing o0il spreading over the plate surface.

[0087] The plate was then placed in a beaker for a scaking
time with a mixture of egual amounts of the well fluids 1in a
mean average of 20 % vol. formation water and 80 % vol. of the
9 °API extra heavy oil at 145°F temperature, with the
formulation of the present invention, which in this particular
example comprised a sclution of 0.5 % vol. of ethoxylated

nonyl phenol with 30 ethoxylated groups and 0.5% vol. of
ethancl, both admixed with 99% vol. of production water from the
disposal tank of the Cabrutica field of the Junin Division of
The Orinoco River Belt. 1 lb/bbl of potassium acetate was added
to the formulation for clay control. The mixture and the plate
were held for a 24 hour exposure time at reservolr temperature

of 145°F, and contact angle measurement showed wettability

reversal from oil wet of 137.5 to water wet with a contact angle
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of 45.1°. Bubbling up of the o0il and measured contact angle were
clearly indicative of a now water wet surface.

[oo88] This test confirms the wettability change in the well
after application of the invention treatment to the porous

media.

Example 5

[0089] A first stimulation job was prepared for the well CD
1405, including injecting through the annular space between the
casing and the production tube, 350 barrels of the formulation
of the present invention in an 0il based carrier fluid. The
injection fluid was prepared with 3.5 barrel of ethoxylated
tridecanocl of 17 ethoxylated oxide groups, 3.5 barrels of
methanol and 343 barrels of gasocil. The fluid was pumped with a
pumping truck. A scaking time of 24 hours was allowed in the
well, and production restarted. Production increase was from a
mean value before of 183 bopd (barrels cil per day) to a mean of
445 bopd after the treatment.

[00890] After a period of an eight month after the first
stimulation job, a new re-stimulation job was executed to the
well, but now a water based injection fluid was prepared.
Another amount of 350 barrels of the injecting fluid was pumped
by the annular space between the casing and the production tube
to the formation pore space using potable water from a water
well based carrier fluid. The injection fluid was prepared with
3.5 barrel of ethoxylated nonylphenol of 20 ethoxylated oxide
groups, 3.5 barrels of methancl and 343 barrels of water. The
fluid was pumped with a pumping truck. A soaking time of 24
hours was allowed to the well, and production was then
restarted. Production increase was from a mean value of 183 bopd
to a mean of 358 bopd.

Table 3 shows the CD1405 reservoir and completion well

parameters for the CD 1405 well.
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Table 3

WELL €D 1405 RESERVOIR INFORMATION

Reservoir OFINF SDZ-2X Al ]
Sand 2C |
‘Horizontal  side  length | 5150 Tope | 2,710 |Base | 7,850
(MD), ft " " 1
Permeability, md 8,900
Porosity, % 32 B __:— o |
Temperature, °F 126 !
‘Crude oil gravity, °API 9 o
Actual Pressure, psi 420 o o
‘Well drilling date 07-02-2009 .
Production Method Progressive cavity pump
| Type of well - Horizontal _
Example &
[0091] Two highly deviated QOrinoco River Belt wells (CD36 and

CD37) from the Cerro Negro area of the Carabobo Division of the
Orinoco River Belt basin were selected for pilet testing using

oleic base formulation. Main characteristics of the wells are:

Well nama | Reservair Couispletion Reck ploparlfes Production elginal Actval LHhoiogy
nams Data Methind plessire |HeERiIY
F o1 naity K Vzh Thichhess ped pal
% Da_lcv ft
0% [OFIM CHX3| BLsh2 ] 23 53 [EL] Mecharical purp &) 170 e sandstone
Gravel pack

COH 3T JOFIM CHEI| 0% 993 32 5 To 192 PCP Gravel pack 1350 100a sandstone

[0092] An amount of 270 barrels of diluent, which is a light

crude o0il of 23 API o0il gravity, was admixed with a previously
homogenized mix of 1.3 barrels of tridecyl alcohol of 12 EO
groups and 1.3 barrels of methanel in a tank of a pumping truck.
The admixture was recirculated in the tank for homogenization
and pumped to well CD 36 through the annular space between the
tubing and the casing. The stimulation fluid contacted the

gravel pack downhole and passed to about two feet penetration in
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the feormation. The well was closed for a scaking period of 24
hours. The well was restarted thereafter and showed an increased
production of about 200 bpd that has been stable for a period of
60 days.

[0093] Another amount of 133 barrels of diluent, a light
crude oil of 23 API gravity was admixed with a previcusly
homogenized mix of 0.7 barrels of tridecyl alcchol of 12 EO
groups and 0.7 barrels of methanol in a tank of a pumping truck.
The admixture was recirculated in the tank for homogenization
and pumped to well CD 37 through the annular space between the
tubing and the casing. The stimulation fluid contacted the
gravel pack downhole and passed to about two inches of
penetration in the formaticon. The well was closed for a soaking
period of 24 hours. The well was restarted thereafter and
showed a preoduction of B0 barrels net of ©¢il per day and has
been stable for a period of 60 days thereafter. The net o0il
production before the stimulation was 24 barrels of net oil.
[0094] These pilot tests establish that the stimulation
fluid, or formulaticn, of the present invention is highly
effective at improving hydrocarbon flow and production through
porous media treated with the fluid. The fluid is made from
readily available censtituents, and the method can be carried
out using known equipment already available for injecting other
well stimulation fluids.

[0085] As mentioned above, typical heavy and extra heavy
crude cils for which the invention is ideal have a viscosity
which can be managed at reservoir temperatures, but this
viscosity increases dramatically at cooler temperatures such as
those encountered in surface conditions. & typical relationship
of Figure 12 illustrates viscosity to temperature for an extra
heavy crude oil.

[0096] Also, Figure 13, shows the exceptional beneficial

effect of the treatment with INTESURF™ of the porous media in
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the flow pattern and final recovery of the initial o0il in place
with three different concentrations of the formulation of the
present invention as compared with the formation water alone
[0097] Based upon the foregoing, a beneficial change in
permeability, production levels and recovery of the initial oil
in place is demonstrated by using the formulation and method of
the present invention.

[0088] It is to be understood that the inventicn is not
limited to the illustrations described and shown herein, which
are deemed to be merely illustrative of the best modes of
carrying out the invention, and which are susceptible of
modification of form, size, arrangement of parts and details of
operaticon. The invention rather is intended to encompass all
such meodifications which are within its spirit and scope as

defined by the claims.
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CLATIMS
1. A combined injectiocn, production and transportation method,
comprising the steps of:

establishing a production well and an injection well
into a hydrocarbon-bearing formation and a surface flow line
system for carrying a production stream from the production
well;

introducing a mixture of a surfactant, a co-surfactant and
a carrier fluid into each of the production well and the
injection well so that the mixture flows into porous media
surrounding the production well and the injection well;

holding the mixture in the porous media surrounding the
production well in the presence of water for a period of time
sufficient to form a water film on surfaces of the porous media
surrounding the production well;

injecting an injection fluid into the injection well while
producing from the production well, whereby hydrocarbons flow
from the porous media around the injection well toward the
production well;

intreducing an injection mixture of a surfactant and a
carrier fluid downhole into a desired point in a production
tubing of the production well so that the injection mixture
mixes with the production stream to form an emulsion;

producing the emulsion through the tubing to the surface
flow line to a desired distance away from the production well,
whereby drag forces in the system are reduced from downhole
through the surface flow line to a desired location at the

surface.

2. The method of claim 1, wherein the surfaces of the porous
media prior to treatment with the mixture have hydrocarbons
adhered to them, and wherein the water film is formed over the

surfaces and the hydrocarbon adhered to the surfaces.
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3. The method of claim 1, wherein the porous media is a
subterranean hydrocarbon bearing formaticn containing asphaltene
and wherein the asphaltene is adhered to the surfaces of the

porous media.

4, The methoed of claim 1, wherein the holding step mobilizes
hydrocarbens adhered to the porous media, and the injecting step

produces mobilized o0il from the production well,

5. The method of claim 1, wherein the hydrocarbon has an API

gravity of between 6 and 16.

G. The method of claim 1, wherein the emulsion is an oil in

water emulsion.

7. The method of claim 1, wherein the hydrocarbon has an API

gravity of between 6 and 12.

8. The method of claim 1, wherein the surfactant of the
mixture is selected from the group consisting of anionic
surfactants, cationic surfactants, nonionic surfactants,

amphoteric surfactants and combinations thereof.

9, The method of claim 1, wherein the co-surfactant of the

mixture is an alcohol co-surfactant.

10. The method of claim 9, wherein the alcohol co-surfactant is
selected from the group consisting of methanol, ethanol,
propancl, butanol, pentanol, isopropanol, and combinations

thereof.

11. The method of claim 1, wherein the carrier fluid of the

41

Copy provided by USPTO from lhe [FW Image Database on 06/26/2014



13-161

mixture is selected from the group consisting of organic
solvents, light hydrocarbons, diluents, light crude oil, water,

brine, precduction water and combinations therecf.

12. The method of claim 1, wherein the carrier fluid of the
mixture is a production water with a salinity greater than 5000

ppm and potassium content greater than 80 ppm.

13. The metheod of claim 1, wherein the surfactant of the
mixture is an ethoxylated nonylphenol having between 4 and 60
ethoxylated groups, and wherein the co-surfactant of the mixture

is methanol and/or ethanol.

14. The method of c¢laim 13, wherein the mixture contains
substantially equal amounts by volume of surfactant and

co-surfactant.

15. The method of claim 13, wherein the mixture contains each
of the surfactant and the co-surfactant at a concentration of

between 0.01 and 3% wvol.

16. The methoed of claim 13, wherein the mixture contains each
of the surfactant and the co-surfactant at a concentration of

between 0.5 and 1% vol.

17. The methed of claim 1, wherein the mixture introduced into
the production well is different from the mixture introduced

into the injection well.
18. The method of c¢laim 1, wherein the mixture introduced into

the production well contains each of the surfactant and the co-

surfactant at a concentration of between 0.5 and 5.0 % vol.
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19. The metheod of claim 18, wherein the mixture introduced in
the production well contains each ¢f the surfactant and the co-

surfactant at a concentration of between 1 and 4 % wvol.

20. The method of c¢laim 1, wherein the mixture introduced into
the injection well contains each of the surfactant and the co-

surfactant at a concentration of between 0.01 and 2% wvol.

21. The method of claim 20, wherein the mixture introduced into
the injection well contains each of the surfactant and the co-

surfactant at a concentration of between 0.0125 and 0.5 % vol.

22. The method of claim 1, wherein the surfaces of the porous
media define pore space for the hydrocarbon, and wherein the
surfaces are defined by a material selected from the group
consisting of quartz, feldspar, siliceous mineral, carbonaceous

mineral, c¢lays, and combinations thereof.

22, The method of claim 1, wherein the surfactant of the
injection mixture is selected from the group consisting of

anionic and nonionic surfactants and combinations thereof,

24. The method of claim 1, wherein the carrier fluid of the
injection mixture is selected from the group consisting of

water, production water, brine, and combinations thereof.

25. The method of claim 24, further comprising the step of
pretesting the carrier fluid of the injection mixture for
compatibility with the production stream to allow formation of

the emulsion.

26. The method of claim 1, wherein the surfactant of the

injection mixture is an ethoxylated alcohol having between 2 and
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15 ethoxylated groups, ethoxylated nonylphenol having hetween 4

and 15 ethoxylated groups, and mixture thereof.

27. The method of claim 26, wherein the injection mixture
contains the surfactant at a concentration of between 0.5 and 3%

vol.

28. The method of claim 27, wherein the injection mixture
contains the surfactant at a concentration of between 1 and 2%

vol.

29. The method of claim 1, wherein flow surfaces of the tubing
and surface flow line that define space for flow are selected
from the group consisting of steel material, allecy material,
plastic material, internal coated material and organic¢ synthetic

material.

30. The methed of claim 1, further comprising the step of
breaking the emulsion formed from the production stream and the
injection mixture at a desired transitional location, separating
an ¢il phase from a production water phase, regenerating the
production water phase to desired conditions, and pumping
regenerated water phase downhole as carrier fluid of the

injection mixture.

31. The method of claim 30, further comprising, in the desired
transiticnal locaticn, the step of desalting the oil phase, and
mixing the desalted oil phase with an aqueous solution
comprising water and a surfactant to form a long distance

surface transportation 0il in water emulsion.
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32, The method of claim 31, further comprising the step(s) of:
{a) Dbreaking the long distance surface transportation oil in
water emulsion in a desired final location of transportation of
the heavy and extra heavy oil,

{b) pumping the agqueocus solution back to the transitional
location,

(c) regenerating the agueous solution to a desired amount of
concentration of surfactant,

{(d) reusing the regenerated aquecus solution comprising water
and a surfactant to form with the desalted o0il phase a new batch
of the o0il in water emulsion,

(e) pumping the new batch of 0il in water emulsion to the

desired final location, and repeating the steps (a)-(e).

33. The method of claim 32, wherein the regenerating step is
carried out with an aqueocus solution surfactant selected from
the group consisting of ethoxylated alcohel having between 2 and
15 ethoxylated groups, ethoxylated nonylphencl having between 4

and 15 ethoxylated groups, and mixtures thereof,.

34. The method of claim 33, wherein the regenerated aqueous
solution has a surfactant concentration of between (0.5 and 3%

vol.

35. The methoed of claim 33, wherein the regenerated agqueous

solution has a surfactant concentration of between 1 and 2% vol.
36, The method of claim 31 wherein the surfactant mixed with

the desalted oil phase is an activated natural surfactant

present in the desalted oil phase.
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37. The method of claim 31, wherein the surfactant mixed with
is a mixture of activated natural surfactant the desalted oil

phase and a non-ionic surfactant.

38. The method of claim 31 wherein the long distance surface

transportation emulsion is a bimodal oil in water emulsion.

39. The method of claim 1, further comprising the steps of:

separating produced water from the production stream of the
producing well;

measuring concentration of the surfactant and co-surfactant
in the produced water;

adjusting concentration of the surfactant and the
co-surfactant 1n the produced water to a desired injection fluid
value; and using adjusted concentration produced water as

injection fluid.

40. The methed of claim 1, wherein the surfactant of the
mixture is an activated natural surfactant present in heavy and

extra heavy o0il phase present in the pore space.
40. The method of claim 1, wherein the injection fluid

comprises a mixture of a surfactant, a co-surfactant and a

carrier fluid.
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ABSTRACT

A combined injection, production and transportation method,
includes the steps of establishing a production well and an
injection well into a hydrocarbon-bearing formation and a flow
line system for surface transportation of a production well
stream; introducing a mixture of a surfactant, a co-surfactant
and a carrier fluid into each of the production well and the
injection well so that the mixture flows intoc porous media
surrounding the production well and the injection well; holding
the reserveoir mixture in the porous media surrounding the
production well in the presence of water for a period of time
sufficient to form a water film on surfaces of the porous media
surrounding the production well; injecting an injection fluid
into the injection well while producing from the production
well, whereby hydrocarbons flow from the porous media around the
injection well toward the producticn well, introducing an
injection mixture of a surfactant and a carrier fluid downhole
into a desired point in tubing of the production well so that
the tubing injection mixture mixes with the production stream
forming an emulsion, and allowing the emulsion te flow through
the tubing to the wellhead. The emulsion can be transported to
intermediate locations and then broken and re-formulated for

further transport.
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COmments on the amaunl of time you require to compiste (he fom and/or suggestions for neducing this burden, should ba sant {o the Chisf Information Oificar, ULS
Paten and Trademark Offics, U.S. Dopartmeni of Commercs, P.Q. Bax 1430, Alexendrs, VA 223131450, DO NOT SEND FEES OR COMPLETED FORMS TO
THI3 ADDRESS, SEND TO: Gammlissloner for Patents, F.O. Box 1430, Alsxandta, YA 22313-1450.

if you need aasiziance In compisting the onm, call 1-S500-PTO-2169 sand sedect option 2.

J—

Copy provided by USPTC from the IFW Image Database on 06/26/2014
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain Information In connection
with your submlsslon of the attached form related (o a patent application or patent, Accordingly,
pursuant to the requirements of the Adt, please be advised that: (1) the general authority for the
coliection of this Information is 35 U.5.C. 2(b)(2); (2) furnishing of the Information sollcited Is voluntary;
and (3) the principal purpoee for which the Information Is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission refated to a patent eppilcation or patent. if you do
not fumish the requested information, the U.S. Patent and Trademark Office may not be able to
proceas and/or examine your submission, which may result Iin termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you In this form will be subject to the following routine uses:

1.

The Information on thia form will be treated confidentially to the extent allowed under the
Freedom of information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
thts system of recorde may ba discloaed to the Department of Justice to determine whether
disclosurse of thesa records is required by the Freedom of information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presanting evidencs to a court, maglsirate, or adminlstrative tribunal, including disclosures to
oppesing counset In the course of setlement negotiations.

A record In this system of records may be disclosed, as a routine use, to a Member of
Congreas submitting a request involving an individual, to whom the racord pertalns, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disciosed, as a routine use, to a contractor of the
Agency having need for the Information In erder to perform a contract. Reciplents of
Information shali ke required to comply with the requirements of the Privecy Act of 1874, as
amended, pursuant 1o 5 U.8.C. 552a(m).

A record related to an Intemational Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a rouine use, to the Intemational Bureau of the
World Inteliactual Property Organization, pursuant to the Patent Cooparation Treaty.

A record In this system of records may ba disdosed, as a routine use, to ancthar federal
apency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomlic Energy Act (42 U.5.C. 218{c)}.

A racord from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibiiity to recommend Improvements In records managament
practicas and programs, under authority of 44 U.8.C. 2804 and 2808, Such disclosure shali
be made in accordance with the GSA regufations goveming inspection of records for this
purpose, and any other refevant ( /.., GSA or Commerce) directive. Such disciosure shall not
ba used to make determinations about individuals,

A record from this system of records may be disclosed, as a routine use, to the public after
elther publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limhtations of 37
CFR 1.14, as a routine use, to the public if the record was filed In an application which
became abandoned or in which the procesdings were terminated and which application s
referenced by either a published application, an application open to public Inspection or an
lesuad patent,

A record from this system of records may be dlsclosed, as a routine use, to a Fedaral, Stata,
or local iaw enforcement agency, if the USPTO becomes aware of a violation or potential
violatlon of law or regulation.

Copy provided by USPTO Irom the IFW Image Dalabase on 06/26/2014



PTOALAT (08-12)

Approwed for use through 01731/2014. OMB 0851-0022

U.5. Paiemt end Trademvark Offics; U.B. DEPARTMENT OF COMMERCE

Under the Paperand Reduction Act of 1085, no persans we required o respond to a coflection of Information unisss ¥ dapiays u valld OME conbral humber.

DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION USING AN

APPLICATION DATA SHEET (37 CFR 1.76)

Tiieof | FORMULATION AND METHOD OF USE FOR EXPLOITATION AND TRANSPORT
Invention | OF HEAVY AND EXTRA HEAVY OIL WELLS

As thé balow named inventor, | hereby declare that:

This declaration
i dl o: |:] The attached application, or

|:| United Statea application or PCT Intemmational applicatton number

filad on

The above-identified application was made or authorized to ba made by me.

| balieve that | am the original Inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statemnant made in thie deciarstion |8 punishable under 18 U.S.C. 1001
by fine or imprisanment of not more than five (5) years, or both.

WARNING:

Petitionar/applicant is cautioned to avoid submitting pamsonal Information In documents filed in a patent application that may
conftribute to identity theft. Pemonal Information such as sodal sscurity numbars, bank account numbers, or credit card numbers
(other than a check or credit card authorization form FTO-2038 submitied for payment purposes) ia never required by the USPTO
to support a petition or an application. If this type of personal information is included In documents submitted to tha USPTO,
petitoner/appticants should consider redacting such pesaonal information from the documenta bafore submitting tham to the
USPTO. Petitionar/applicant la advised that the record of s patent application Is availabla to the public aftar putiication of the
appication (unless a non-publication request In compifance with 37 CFR 1.213(a} Is made in the application) or issuance of 8
patent. Furthermore, the record from an abandoned application may slso ba avallable to the public if the application is
refsrencad in & published application or an Issuad patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTQ-2038 submitted for payment purposes are not retalned in the application file and therafore ars not publicly avallatie,

LEGAL NAME OF INVENTCR

Inventor: Frankiin Ncr),e.l P Dats {Ootional) :_Qi" 20 - -2'9"3

Signature;

F

Note: An application datgysheet { B/14 or squivatent), Including naming the sntire inventive ertity, must sacompany this form or must have
been praviously fled. Usa an edditional PTO/ALANT form for sach additional irmventor.

Thia collaction of intermagion |s requined by 33 U.S.C. 115 and 37 CFR 1,83, The Information i requited to obisin or ratain a benefil by the putbtic which i ko Ale {and
try the USPTO o process) an appication. Confidentiality s governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection s estimaiad 1o take 1 minute o
compiete, ndluding gatharing, prepering. and submitting 1hve complated applcation form ta the USPTO. Time will vary depending upon tha individusl case. Any
commenis on the amount of time you reguln & complste this form and/or suggestions for mducing this burdan, shoult be sant to the Chiad Information Offcar, LB,
Paignl and Trademark Ofice, UG, Department of Commana, PO, Bax 145), Alendsis, VA Z2313-1450, DO NOT SEND FEES QR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commlusioner for Patsnts, P.O. Box 1450, Alexandria, VA 223131480,

¥ you need assigtance il completing the fomn, call 1-800-PTO-3199 and select option 2,

Copy provided by USPTO {rom the IFW Image Database on 06/26/2014



Privacy Act Statement

The Privacy Act of 1974 {P.L. 93-579) requiras that you be given certaln information In connection
with your submission of the attached form related to a patent apptication or patent. Accordingly,
pursuant to the requirements of the Acl, please be advised that: (1) the general authority for the
collection of thie information |s 35 U.8.C. 2(b)(2); (2) fumishing of tha iInformation solicited s voluntary,
and (3) the principal purpose for which the Information is used by the U.S. Patent and Trademark
Office |8 to process and/or examine your submission related to a patent application or patent. If you do
not furnieh the requested informatlon, the U.S. Patent and Trademark Office may not be able to
proceas end/or examine your submisslon, which may result in termination of proceedings or
abandonment of the application or explration of the patent.

The Informatien provided by you In this form will be sublect to the following routine uses:

1. The infermation on this form will be treated confidentlally to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.8.C 5528). Records from
this system of records may be disclosed to the Dapartment of Justice to determine whether
disclosure of thess records |8 required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as & routine use, In the course of
pressnting evidence to a court, maglstrate, or administretive tribunal, Including discloaures to
opposing counse! in the course of setiement negotlations.

3. Arecors in this system of records may be dieciosed, ae a routine use, to a Member of
Congress submitting a request [nvolving an Individual, to whom the record pertalns, when the
Individual hase requested assistance from the Member with respect to the subject matter of the
record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the Information in order to perform a contract. Reciplents of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.5.C. 552a{m).

5. A record related to an Intemational Applicatlon filed under the Patent Cooperation Traaty in
this system of records may be disclosed, as a routine use, to the Intemational Bureau of the
Worid Inteliectual Property Crganizetion, pursuant to the Patent Cooperation Treaty.

8. A record in thia system of records may bae disclosed, as a routine uss, to another federal
agency for purposes of Nallenal Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.5.C. 218(g)).

7. A record from this system of records may be diaclosed, as a routing use, to the Administrator,
General Services, or hissher detignee, during an Inspaction of records conducted by GSA as
part of that agency's responsibility to recommend improvements In records management
practicas programe, under authority of 44 U.S.C. 2004 and 2908. Such dlscicsure shali
be made In accordance with the GSA regulations goveming Inspaction of records for thia
purposs, and eny other relevant ( Le., GSA or Commerce) directive. Such disciosure shali not
be used to make determinations ebout individuais.

8. A recod from this eystem of records may be disclosed, as a routine use, to the public afier
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.8.C. 151. Further, a record may be disclosed. subject to the limitations of 37
CFR 1.14, as a routine use, to the public i the record was filed in an application which
became abandened or in which the proceedings were terminated and which application is
referanced by either a published application, an application open to public ingpection or an
Issuad patent.

8. Arecord from this system of records may be disclosed, as a routine use, 1o a Federal, State,
or local law enforcernent agency, if the USPTO becornes aware of a violation or potential
violation of law or regulailon.

[ ™
o~
N

Copy provided by USPTO from the IFW Image Dalabase on 06/26/2014



FTOALABD (07-12)

Approved for use through 11/3G2014. OMB D851-0035

LS. Patent and Trademark Office; L.S DEPARTMENT OF COMMERCE

Under tha Paperwork Reduction Act of 1985, nd persons sra reguirsd to respond to @ collection of Information unless it dizplays a vallkd OMB control number,

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of attomey given in the application identified in the attached statement
under 37 CFR 3.73(c).

| hereby appolnt:
Proctitioners aseociated with Customar Number: 34704
OR
D Practitionar(s} named below (if mora than ten patent practiioners are to ba namead, then 8 customer number must be Lsed):
Name Reglstration Name Registration
Number Numibes

As attorney(s} of agant{s) to represent the undsmigned before the United Statea Pateni end Tradamark Office {(USPTO) in connaction with
any and all patent appications essigned paly to the undemsigned according to the USPTO assignment records ot aasignments documents
attached to thie form in accordance with 37 CFR 3.73(c)

Pleasa change the comeapondence axkireas for the application ldantifled In the attached statement undar 37 CFR 3.73(c) to:

E‘ The addross assoclatod with Customer Number: | 34704
OR _—

| Indhvidusal Narme
Address

City State Zip
Country
Telaphona Email

Asslgnee Name and Addresa: Intevep, S.A.
Apartado, 76343
Caracan 1070A
VENEZUELA

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTQ/ALANG or equivaient) is required to be
Filed In sach application in which this form |s used. The strtement under 37 CFR 2.73{c) may be compleisd by one of
Tha practitionsrs appointed In this form, and must identify the application In which this Powsr of Attomey Is to be filed.

SIGNATURE of Assignee of Recard
Theffiyhual whosa signature and t Is supplled below s authortzed Io act on behalf of the assigne
Signature .. Date
Name Telephone
Title

— ———
This coliaction of information ks recpadred by 37 CFR 1,31, 1.32 snd 1.23. Tha informstion & required 1o obiein or retain & Penefit by the publc: which bs io We (srd
bry the USFTO o process) an sppiication, Confideniiality s govemed by 35 US.C. 122 and 37 CFR 1.11 and 1.14. Thin colaction i setmated o taka 3 minutes
o complets, Including gatherng, preparing. and submitting the compleled spplication form ko the USPTO. Time will vary depending upan the individuad case, Ay
commeits on the ermount of ima you requirs 1o eomplats this form end/or suggestions kot reducing Tis burdan, shoutd be sent in the Chief information Officer,
U.S. Patent and Tradermark Offics, U.5. Department of Commerme, P.O. Bax 1450, Alaxardrie, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. BEND TO: Commissioner for Patetits, P.Q, Box 1450, Alexandria, VA 22313-1450,

If you need asslatance in comphating the form, call 1-800-PTD-9188 end select option 2.

<=7

Copy provided by USPTO from the IFW Image Dalabase on 06/26/2014
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PTO/AIA/ 14 {D3-13)
Approved for use through 01/31/2014, OMB 0851-0032
U.S. Patent and Trademark Office: U 5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are reguired to respond (o 4 collection of miommation unless i conlaina a valid OMB control number

L Attorney Docket Number | 13-161
Application Data Sheet 37 CFR 1.76

Application Number

FORMULATION AND METHOD OF USE FOR EXPLOITATION AND TRANSPORT OF HEAVY AND EXTRA
HEAVY OIL WELLS

Title of Invention

The application dala sheet is part of the provisional or nonprovisional applicalion for which it is being submitied. The following form contalns Lthe
bibliographic data arranged in a formal specified by the Umiled Slates Patent and Trademark Office as outlined in 37 CFR 1.76.

This documenl may be completed elecironiczally and submiited to the Office in electronic format using the Elechronic Filling System (EFS) or the
document may be printed and included in a paper filed applicaiion.

Secrecy Order 37 CFR 5.2

O Portions or al! ol the application associated with 1his Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:

Remove
Inventor 1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Pablo Manrigue
Residence Information (Select One) () US Residency  (8) Non US Residency () Active US Military Service
City | cCaracas Country of Residence i VE

Mailing Address of Inventor:

Address 1 Edificio Caroata Apartamento 10C, Parque Centra!
Address 2
City Caracas J State/Province ‘
Postal Code | Country | I VE
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Franklin Archer
Residence Information (Select One) () US Residency () NonUS Residency () Active US Military Service
City |Caracas Country of Residence i VE

Mailing Address of Inventor:

Address 1 Edificio Languniltas Aptc. 9C2, El Valle

Address 2

City Caracas ‘ State/Province l

Postal Code | | Country | I VE

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add bution.

Correspondence Information:

EFS Web 227

Copy provided by USPTO Irom the IFW Image Database on 06/26/2014
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ATOAIANA (03-13)

Approved for use thraugh 01/21/2014 OMB 0851-0032

U.S. Patent ang Trademark Office; U.S. DCEPARTMENT OF GOMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required te reapond Lo a eoliection of infermation unless i contains a valid OMB conbral number,

Attorney Docket Number | 13-161

Application Data Sheet 37 CFR 1.76 —
Applicatton Number

Title of Inventian FORMULATICN AND METHCD OF USE FOR EXPLOITATION AND TRANSPORT OF HEAVY AND EXTRA
HEAVY OIL WELLS

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ | An Address is being provided for the correspondence Information of this application.

Customer Number 34704

Email Address docket@bachlap com [ AddEmail |  |Remove Email

Application Information:

Title.of the Invention Eg_?éﬂ:hé;lg\tl&f%lgﬂ;OD OF USE FOR EXPLOITATION AND TRANSFPORT OF HEAVY AND
Attorney Docket Number| 12-161 Small Entity Status Claimed [ ]

Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets {if any) 11 Suggested Figure for Publication {if any)

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. i hereby request that the attached application not be published under

[ 35U.S8.C.122(b} and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not conslitute a power of atlomey in the application {see 37 CFR 1.32).

Either enler Customer Number or complele the Representative Name section below. If both sections are compleled the customer
Number will be used for the Represenlative Information during processing.

Please Select One: (®) Customer Number (0 US Patent Practitoner | () Limited Recognition {37 CFR 11.9)

Customer Number 34704

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

Prior Application Status | Pending Remove
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}
Continuation in part of 12973022 2010-12-20
Prior Applicalion Status | Pending
EFS Web 227

Copy provided by USPTO Irom the IFW Image Dalabase on 06/26/2014



._“

PTC/AIA/ 14 {03-13)

Approved for use through 01/317/2014 OMB 0851-0032

U.S. Patent and Trademark Qffice; U 5, DEPARTMENT OF COMMERCE

Under the Paperwork Reduyction Act of 1995, no persons are required to respond to a collection of infarmaton unless i conlalns a valid OMB conirol number.

Attorney Dacket Number | 13-161
Application Data Sheet 37 CFR 1.76 —
Application Number
Title of Invention FORMULATION AND METHCD OF USE FOR EXPLOITATION AND TRANSPORT OF HEAVY AND EXTRA
HEAVY OIL WELLS
Application Number Continuity Type Prior Application Number |  Filing Date (YYYY-MM-DD}
12873022 Continuation in parl of 13474769 2012-05-18
Prior Appiication Status | Pending Remove
Application Number Continuity Type Prior Application Number |  Filing Date (YYYY-MM-0D)
13474769 Continuation in part of 13529140 2012-06-21
Prior Application Status | Pending Remove |
Application Number Continuity Type Prior Application Number |  Filing Date (YYYY-MM-DD)
13529140 Continuation of 13655776 2012-10-19
S:ggﬁg;Lg?}:geiﬂzii?;r:Nahonal Stage Data may be generated within this form

Foreign Priority Information:

This section ailows for the applicant to claim prionity o a foreign application. Providing this information in the application data sheet
constitutes the claim for prionty as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX) 'the information will be used by the Office to

automatically atternpt retrieval pursuant lo 37 CFR 1.55¢h)(1) and {2). Under the PDX program, applicanl bears the ullimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the panicipating foreign intellectual
property office, or a certified copy of the foreign priority application 1s filed, within the lime period specified in 37 CFR 1.55(g}(1).

| Remove |
' Application Number Country | Filing Date (YYYY-MM-DD) Access Code (if applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any fime, a claim to a claimed invention that has an effective filing date on or after March
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TRADUCCION DEL INGLES AL ESPANOL del documento de prioridad relacionado
con la solicitud de Patente de los Estados Unidos No. 13/935 644 titulada:

FORMULACION Y METODO DE USO PARA EXPLOTACION DE POZOS Y
TRANSPORTE DE PETROLEOQ PESADQ Y EXTRA-PESADO

ANEXQOS. La solicitud de Patente de los Estados Unidos No. 13/935644 arriba
mencionada y Certificacion del Comisionado de Patentes y Marcas de los Estados
Unidos.

LOS ESTADOS UNIDOS DE AMERICA
A TODO AQUEL QUE PUEDA LLEGARLE LA PRESENTE:

DEPARTAMENTO DE COMERCIO DE ESTADOS UNIDOS
Oficina de Marcas y Patentes de Estados Unidos

01 de julio de 2014

LA PRESENTE CERTIFICA QUE EL ANEXO ES UNA COPIA VERDADERA
TOMADA DE LOS ARCHIVOS DE LA OFICINA DE MARCAS Y PATENTES DE
LOS ESTADOS UNIDOS DE LOS DOCUMENTOS DE LA SOLICITUD DE
PATENTE IDENTIFICADA ABAJO LA CUAL CUMPLIO CON LOS
REQUERIMIENTOS PARA  OTORGARSELE UNA FECHA DE
PRESENTACION BAJO EL 35 USC 111.

SOLICITUD NUMERO: 13/935 644
FECHA DE PRESENTACION: 05 de julio de 2013

EL CODIGO DEL PAIS Y EL NUMERO DE SU SOLICITUD PRIORITARIA A
SER UTILIZADO PARA PRESENTACION EN EL EXTRANJERO BAJO LA
CONVENCION DE PARIS ES (/S13/935,644.

Por autoridad del
Subsecretario de Comercio para la Propiedad Intelectual
y Director de la Oficina de Marcas y Patente de Estados Unidos

(firma}
P. R. GRANT
Funcionario que Certifica

Hay un sello que dice:
OFICINA DE MARCAS Y PATENTE DE ESTADOS UNIDOS
DEPARTAMENTO DE COMERCIO



REIVINDICACIONES

1. Un método de inyeccion, produccidn y transporte combinados,
que incluye los pasos de:

establecer un pozo productor y un pozo inyector en una formacion
productora de hidrocarburos y un sistema de linea de flujo en superficie para
transportar una corriente de producciéon desde el pozo productor,;

introducir una mezcla de un surfactante, un co-surfactante y un fluido
portador en cada uno de los pozos productor e inyector, de manera que la
mezcla fluya en el medio poroso que rodea el pozo productor y el pozo inyector;

mantener la mezcla en el medio poroso que rodea el pozo productor en
la presencia de agua durante un periodo de tiempo suficiente para formar un
pelicula de agua en las superficies del medio poroso que rodea el pozo
productor;

inyectar un fluido de inyeccién en el pozo inyector mientras se produce
desde el pozo productor, con lo cual fluyen hidrocarburos del medio poroso
alrededor del pozo inyector hacia el pozo productor;

introducir una mezcla de inyecctdn de un surfactante y un fluido portador
al fondo en un punto deseado en una tuberia de produccién del pozo productor,
de manera que mezcla de inyeccion se mezcla con la corriente de produccion
para formar una emulsion,

producir la emulsion a través de la tuberia a la linea de flujo en superficie
a una distancia deseada del pozo productor, con lo cual se reducen las fuerzas
de arrastre en el sistema desde el fondo a través de la linea de flujo en
superficie a una localizacion deseada en la superficie.

2. El método de la reivindicacién 1, en donde las superficies del medio poroso
antes del tratamiento con la mezcla tienen hidrocarburos adheridos a elias, y en
donde la pelicula de agua se forma sobre las superficies y el hidrocarburo
adherido a las superficies.

3. El método de la reivindicacion 1, en donde el medio porose es una formacion
subterranea productora de hidrocarburos que contiene asfalteno y en donde el
asfalteno se adhiere a las superficies del medio poroso.

4. £| método de la rewindicacidén 1, en donde el paso de mantener moviliza
hidrocarburos adheridos al medio poroso, y el paso de inyectar produce
petroleo movilizado del pozo productor.

5. El metodo de la reivindicacion 1, en donde el hidrocarburo tiene una
gravedad APl de entre 6 y 16.

6. El método de Ia reivindicacion 1, en donde la emulsién es una emulsion de
aceite en agua.

7. El metodo de la reivindicacion 1, en donde el hidrocarburo tiene una
gravedad APl de entre 8 y 12,

8. El metodo de la reivindicacién 1, en donde el surfactante de la mezcla se
selecciona del grupo conformado por surfactantes anionicos, surfactantes
cationicos, surfactantes no idnicos, surfactantes anfotéricos y combinaciones de
los anteriores.



9. El método de la reivindicaciéon 1, en donde el co-surfactante de la mezcla es
un co-surfactante alcohol.

10. El método de la reivindicacion 9, en donde el co-surfactante alcohol se
selecciona del grupo conformado por metanol, etanol, propanol, butanol,
pentanol, isopropanol, y combinaciones de los anteriores.

11. El método de la reivindicacién 1, en donde el fluido portador de la mezcla se
selecciona del grupo conformado por sclventes organicos, hidrocarburos
livianos, diluyentes, petroleo crudo liviano, agua, salmuera, agua de produccién
y combinaciones de los anteriores.

12. El metodo de la reivindicacion 1, en donde el fluido portador de la mezcla es
un agua de produccion con una salinidad mayor que 5000 ppm y un contenido
de potasio mayor que 80 ppm.

13. El método de la reivindicacion 1, en donde el surfactante de la mezcla es un
nonilfenol etoxilado que tiene entre 4 y 60 grupos etoxilados, y en donde el co-
surfactante de la mezcla es metanol y/o etanol.

14. El método de la reivindicacion 13, en donde la mezcla contiene cantidades
sustancialmente iguales en volumen de surfactante y co-surfactante.

15. El método de |a reivindicacion 13, en donde la mezcla contiene cada uno del
surfactante y el co-surfactante en una concentracidn de entre 0,01 y 3% en
volumen.

16. El método de la reivindicacion 13, en donde la mezcla contiene cada uno del
surfactante y el co-surfactante en una concentracién de entre 0,5 y 1% en
volumen.

17. El método de Ia reivindicacion 1, en donde la mezcla introducida en el pozo
productor es diferente de la mezcla introducida en el pozo inyector.

18. El meétodo de la reivindicacion 1, en donde la mezcla introducida en el pozo
productor contiene cada uno del surfactante y el co-surfactante en una
concentracion de entre 0.5 y 5,0 % en volumen.

19. El método de la reivindicacion 18, en donde la mezcla introducida en el pozo
productor contiene cada uno del surfactante y el co-surfactante en una
concentracion de entre 1y 4 % en volumen.

20. El méetodo de la reivindicacién 1, en donde la mezcla intreducida en el pozo
iInyector contiene cada uno del surfactante y el co-surfactante en una
concentracion de entre 0,01 y 2% en voiumen.

21. El método de la reivindicacion 20, en donde la mezcla introducida en el pozo
inyector contiene cada uno del surfactante y el co-surfactante en una
concentracion de entre 0,0125y 0,5 % en volumen.

22. El metodo de la reivindicacion 1, en donde las superficies del medio poroso
definen un espacio poroso para el hidrocarburo, y en donde las superficies se

@)



definen por un material seleccionado del grupo conformado por cuarzo,
feldespato, mineral siliceo, mineral carbonoso, arcillas, y combinaciones de los
anteriores.

23. El método de la reivindicacion 1, en donde el surfactante de la mezcla de
inyeccion se selecciona del grupo conformade por surfactantes aniénicos y no
16nicos y combinaciones de los anteriores.

24 El método de la reivindicacion 1, en donde el fluido portador de la mezcla de
inyeccion se selecciona del grupo conformado por agua, agua de produccion,
salmuera, y combinaciones de los anteriores.

25. El método de la reivindicacion 24, que incluye ademas el paso de pre-
analizar el fluido portador de 'a mezcla de inyeccion en cuanto a compatibilidad
con la corriente de produccion para permitir la formacién de la emulsion.

26. El metodo de la reivindicacion 1, en donde el surfactante de la mezcla de
inyeccion es un alcohol etoxilado que tiene entre 2 y 15 grupos etoxilados,
nonilfenol etoxilade que tiene entre 4 y 15 grupos etoxilados, y una mezcla de
los anteriores.

27. El metodo de la reivindicacion 26, en donde la mezcla de inyeccion contiene
el surfactante en una concentracion de entre 0,5 y 3% en volumen.

28. El método de la reivindicacion 27, en donde la mezcla de inyeccion contiene
el surfactante en una concentracién de entre 1y 2% en volumen.

29. El método de la reivindicacion 1, en donde las superficies de flujo de la
tuberia y la linea de flujo en superficie, que definen un espacio para flujo, se
seleccionan del grupo conformado por material de acero, material de aleacion,
material plastico, material recubierto internamente y material sintético organico.

30. ElI métedo de la reivindicacion 1, que incluye ademas el paso de
descomponer la emulsion formada de la corriente de produccién y la mezcla de
inyeccion en una localizacion transitoria deseada, separar una fase aceite de
una fase agua de produccion, regenerar la fase agua de produccion a las
condiciones deseadas, y bombear la fase agua regenerada al fondo como fluido
portador de la mezcla de inyeccion.

31. El método de la reivindicacién 30, que incluye ademas, en la localizacién
transitoria deseada, el paso de desalar |a fase aceite, y mezclar la fase aceite
desalada con una solucion acuosa que contiene agua y un surfactante para
formar una emulsion aceite en agua para transporte en superficie a larga
distancia.

32. El metodo de la reivindicacion 31, que incluye ademas el(los) paso(s) de:
(@)  descomponer la emulsion aceite en agua para transporte en superficie a
larga distancia en una localizacién final deseada de transporte del petroleo
pesado y extra-pesado,

(b)  bombear la solucién acucsa de regreso a la localizacion transitoria,
(c)  regenerar la solucion acuosa a una magnitud deseada de concentracion
del surfactante,



(d)  reutilizar la solucidon acuosa regenerada, que contiene agua y un
surfactante, para formar con la fase aceite desalada un nuevo lcte de Ia
emulsion aceite en agua,

{e) bombear el nuevo lote de la emulsion aceite en agua a [a localizacion
final deseada, y repetir los pasos (a)-(e).

33. El metedo de la reivindicacion 32, en donde el paso de regenerar se lleva a
cabo con un surfactante de solucién acuosa seleccionado del grupo conformado
por alcohol etoxilado que tiene entre 2 y 15 grupos etoxilados, nonilfenol
etoxilado que tiene entre 4 y 15 grupos etoxilados, y mezclas de los anteriores.

34. El métedo de la reivindicacion 33, en donde la solucidn acuosa regenerada
tiene una concentracion de surfactante de entre 0,5 y 3% en volumen.

35. El método de la reivindicacion 33, en donde la solucién acuosa regenerada
tiene una concentracion de surfactante de entre 1y 2% en volumen.

36. El método de la reivindicacion 31 en donde el surfactante mezclado con la
fase aceite desalada es un surfactante natural activado presente en ia fase
aceite desalada.

37. El método de la reivindicacion 31, en donde el surfactante mezclado es una
mezcla de surfactante natural activado, la fase aceite desalada y un surfactante
no ionico.

38. El métode de la reivindicacion 31 en donde la emulsién para transporte en
superficie a larga distancia es una emulsién aceite en agua bimodal.

39. El método de la reivindicacion 1, que incluye ademas los pasos de:

separar el agua producida de la corriente de produccion del pozo
productor;

medir la concentracion del surfactante y el co-surfactante en el agua
producida;

ajustar la concentracion del surfactante y el co-surfactante en el agua
producida a un valor de fluido de inyeccién deseado; y usar el agua producida
de concentracion ajustada como fluido de inyeccién.

40. El metodo de la reivindicacion 1, en donde el surfactante de la mezcla es un
surfactante natural activado presente la fase aceite pesado y extra-pesado
presente en el espacio de poros.

41. El método de la reivindicacion 1, en donde el fluido de inyeccion contiene
una mezcla de un surfactante, un co-surfactante y un fiuido portador.
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ASSIGNMENT

WHEREAS, we, Pablo Manrique, a citizen and resident of
Edificio Caroata Apartamento 10C, Parque Central, Caracas,
Venezuela and Franklin Archer, a citizen and resident of
Edificio Lagunillas Apto. 8C2, El Valle, Caracas, Venezuela,
have invented certain improverments in a FORMULATICN AND METHOD
OF USE FOR TXPLOITATION AND TRANSPCRT OF EEAVY AND EXTRA HEAVY
OIL WELLS, identified as Attorney Docket No. 13-186l1, and
described 1n a patent applicaticn executed by the undersigned on
the dates set after the signatures hereto, keing owners of all
right, title and interest in and to said application and in and
to any invention described therein, free from all prior
assignments, agreements, licenses, mortgages, or other
encumbrances whatsoever, and having full right to convey the
entire interest both legal and equitable herein assigned; and

WHEREAS, Intevep, 5.A., of Apartadce 76343, Caracas 10704,
Venezuela {(assignee)} is desirous of acquiring the entire right,
title and interest in and to said invention or inventions and
any anc¢ all patents tc be obtained therefor;

NOW, THEREFORE, in consideration of One Dollar ($1.,00} each
and other good and valuable ccnsideration, the receipt of which
is hereby acknowledged by the undersigned, the undersigned do
hereby sell, assign, transfer and set over unto sald assignee,
its successcrs and assigns, the entire right, title and interest
in and to said invention or inventions, as described in the
aforesaid application, in any form or embocdiment therecf, and in
and to the aforesaid applicaticon; and in and to any application
filed in any fcoreign ccountry based therecn, including the right
to file said foreign applicatiocns under the provisions of the
International Convention; alsc the entire right, title and

interest in and to any and all patents or reisstes or extensions
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thereof to be obtained in this or any foreign country upon said
invention or inventions and any divisional, continuation,
continuation-in-part or substitute applications which may he
filed upon said invention or inventions in this or any foreign
country; and the undersigned hereby authorizes and requests the
issuing authority to issue any and all patents on said
application or applicaticns to said assignee or its successors
and assigns.

The undersigned further agree, without any further payment
or compensation by said asslgnee or its successors and assigns,
toc communicate to said assignee, its representatives or agents
or its successors and assigns, any facts relating to said
invention or inventions including evidence for interference
purposes or for other legal proceedings whenever requested;
testify in any interference or other legal proceedings, whenever
requested; execute and deliver, on request, all lawful papers
required to make any cf the foregeing provisions effective; and
generally do.everything possible tco aid said assignee, 1ts
successors or assigns and nominees to obtain and enforce proper
patent protection for said invention or inventions in this or
any foreign country.

IN TESTIMONY WHEREQF, the undersigned have-hereunto set

their hand and seal on the date after their signature.

LS%M %ﬂ/’/"@ o&~19-20/3

Pablo Manrique Date
e
8 Y- - R0 - 20/3
Fripkliﬁ_hrcher Date
s
2

PATENT
RECORDED: 07/05/2013 REEL: 030741 FRAME: 0760



TRADUCCION AL ESPANOL DEL DOCUMENTO DE CESION A INTEVEP,

S.A. firmado por los cedentes y el cesionario.

LOS ESTADOS UNIDOS DE AMERICA
A TODO AQUEL QUE PUEDA LLEGAR LA PRESENTE:

DEPARTAMENTO DE COMERCIO DE ESTADOS UNIDOS

Oficina de Marcas y Patentes de los Estados Unidos

03 de julio de 2014

LA PRESENTE CERTIFICA QUE EL ANEXO ES UNA COPIA VERDADERA
TOMADA DE LOS ARCHIVOS DE ESTA OFICINA DE UN DOCUMENTO
ARCHIVADO EL 05 DE JULIO DE 2013.

Por la autoridad del
Subsecretario de Comercio para la Propiedad Intelectual

y Director de la Oficina de Marcas y Patentes de los Estados Unidos

(Firma)
M. TARVER

Funcionario que certifica

Hay un sello que dice:
Oficina de Marcas y Patentes de Estados Unidos
Departamento de Comercio



CESION DE PATENTE

Version electronica v .1
Version de la hoja v1.1

TIPO DE PRESENTACION. | CESION NUEVA — —
NATURALEZA DEL ACUERDO: lCESION
DATOS DE LA PARTE CEDENTE
Nombre Fecha de ejecucion
Pablo Manrigue 06/18/2013
Frankiin Archer 08/20/2013

DATOS DE LA PARTE QUE RECIBE

Nombre: Intevep, S A

Direccion: Apartado 76343

Ciudad: Caracas I
Estado/Pais: VENEZUELA I
Codigo Postal: I 10704

NUMERO DE PRCPIEDADES Total: 1
Tipo de Propiedad Numero
Numero de solicitud: ﬁ 13935644

DATOS DE CORRESPONDENCIA
Numerc de Fax: {203) 865-0297
La correspondencia sera enviada por Correo de Estados Unidos cuando los intentos de hacerio

por fax no sean exitosos.

Teléfono: 203 777 6628
Correo electronica: docket@bachlap.com
Nombre del destinatario: Bachman & LaPointe, P.C.
Direccién Linea 1: 800 Chapei Street
Direccidn Linea 2: Suite 1201
Direccion Linea 4: New Haven, CONNECTICUT 06510
NUMERO DE EXPEDIENTE DE ABOGADO: [ 13-161
NOMBRE DEL REMITENTE: George A. Coury
Firma: fgeorge A. Cou_ryi o
Fecha: 07/05/2013
-

Total Aneﬁ: 2

Fuente= 13-161_Assignment_7-5-13#page1.tif
Fuente= 13-161_Assignment_7-5-13#page? tif
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CESION

CONSIBDERANDO QUE NOSOTROS, Pablo Manrique, un ciudadano
y residente de Edificio Caroata, Apartamento 10C, Parque Central, Caracas,
Venezuela y Franklin Archer, un ciudadano y residente de Edificio
Lagunillas Apto 9C2, El Valle, Caracas, Venezuela, y Maria Gracia Araujo,
una ciudadana de Venezuela, hemos inventado ciertas mejoras en
FORMULACION Y METODO DE USO PARA EXPLOTACION DE POZOS Y
TRANSPORTE DE PETROLEO PESADO Y EXTRA-PESADO, identificado
como Expediente de Abogado No. 13-161, y descrito en una solicitud de
patente ejecutada por los suscritos en las fechas establecidas después de las
firmas de! presente, siendo los propietarios de todo el derecho, titulo e interés
en y para dicha solicitud y en y para cualquier invencién descrita en Ia
presente, libres de todas las cesiones anteriores, acuerdos, licencias,
hipotecas u ofros impedimentos en absoluto, y teniendo el derecho total para

transmitir el interés total, tanto legal como equitativo por la presente cedido; y

CONSIDERANDO QUE, Intevep, S.A., con sede de negocics en
Apartado 76343, Caracas 1070A, Venezuela, desea adquirir el derecho, titulo
e interés total en y para dicha invencion o invenciones, y cualquier y todas las

patentes que sean obtenidas para esta;

AHORA, POR LO TANTO, en consideracion de 1 dolar ($1.00) cada
una y otra consideracion buena y valiosa, el recibo de la cual los suscritos
reconocen mediante la presente, los suscritos por la presente veden, ceden,
transfieren y disponen a dicho Cesionario, sus sucesores y cedentes, el
derecho, titulo e interés total en y para dicha invencién o invenciones, como
se describe en la solicitud mencionada anteriormente, en cualquier forma o
modalidad de la misma, y en y para la solicitud mencionada; y en y para
cualquier solicitud presentada en cualquier pais extranjero con base en dicha
solicitud, incluyendo el derecho a presentar dichas solicitudes extranjeras
bajo las disposiciones de la Convencién Internacional; también el derecho,
titulo e interes total en y para cualquier y todas las patentes o reexpediciones
0 extensiones de las mismas a ser obtenidas en este o cualquier pais
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extranjero sobre dicha invencion ¢ invenciones y cualquier solicitud de
divisional, continuacion, continuacion parcial o sustitucion que pueda ser
presentada a favor de dicha invencion o invenciones en este 0 en cualquier
pais extranjero; y los suscritos por la presente autorizan y solicitan a la
autoridad encargada de expedir, expedir cualquier y todas las patentes sobre

dicha solicitud o solicitudes a dicho Cesionario o sus sucesores y cedentes.

Los suscritos ademas acuerdan, sin ningun pago O compensacion
adicional por parte de dicho Cesionaric 0 sus sucesores y cedentes,
comunicar a dicho Cesionario, sus representantes o agentes o sucesores y
cedentes, cualquier hecho relacionado co dicha invencién o invenciones,
incluyendo evidencia para fines de interferencia o para otros procescs
legales cuando se requiera; testificar en cualquier interferencia u otros
procesos legales, cuando se requiera; ejecutar y entregar, por peticion
expresa, todos los documentos legales requeridos para hacer efectiva
cualquiera de las disposiciones anteriores; y en general, hacer todo lo posible
para ayudar a dicho Cesionario, sus sucesores o cedentes y designados a
obtener y mantener en vigencia la adecuada proteccion de patente para

dicha invencion o invenciones en este o cualquier pais extranjero.

EN TESTIMONIO DE LO CUAL, los sucritos han puesto su firma y

sello al presente, en la fecha después de sus firmas:

(LS.} {firma) 06-18-2013
PABLO MANRIQUE Fecha
(LS) {firma) 06-20-2013
FRANKLIN ARCHER Fecha
ARCHIVADO: 07/05/2013 PATENTE
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