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WORKING/CONTROL FLUID FOR HEAVY AND EXTRA-HEAVY CRUDE WELLS

BACKGROUND OF THE INVENTION

[0001] The invention relates to a formulation and method of
using same for improving well productivity in hydrocarbon
reservoirs.

[0002] Improvement in productivity of heavy and extra heavy
0il wells such as those found in the Orinoco River Belt in
Venezuela is clearly desirable. Some of the largest reservoirs
of heavy and extra heavy o0il in the world are in Venezuela and
hold oil having API gravity within the range of 6 to 16.
Unfortunately, the production rate of much of this oil is
unacceptable.

[0003] It is a high concern in the exploitation of heavy and
extra heavy oil reserﬁoirs to increase productivity during the
well lifetime. With these wells, primary cold production
schemes are quickly abandoned in favor of thermal methods to
improve well flowability by reducing oil viscosity in the
reservoir. These processes are costly and also still produce a
low output in terms of final recovery. They also have serious
problems of sour gases production such as HyS and CO; which are
very costly to address. Such thermal recovery methods typically
produce final oil recovery below 35 - 40%.

[0004] Venezuelan heavy and extra heavy Orinoco River Belt
0oil 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 is flowable at
reservoir conditions.

[0005] 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
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conditions for flow of oil 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
components of the sandstone. This produces the most adverse
conditions to flow of oil in a porous 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.

[0006] The need exists for improvement in production rates
from wells producing from formations containing heavy and extra
heavy wells, particularly those which contain asphaltenes and

other hydrocarbons which lead to o0il wet flow environments.

SUMMARY OF THE INVENTION

[0007] As a response to the above problems, especially to the
natural oil wet conditions of the sandstone and the extremely
low well productivity and recovery of the original cil in place,
the present invention provides a formulation or stimulation
fluid and a method of using the formulation for improving well
productivity in cold production schemes and also in producing
wells using thermal methods. The result is reflected by a
better flow rate in the well, a lower pressure drawdown, and an
improved recovery from the drainage area of the formation.

[0008] In accordance with the invention, a method is therefore
provided for altering flow conditions in a porous media
containing hydrocarbons, which method comprises the steps'of
preparing a mixture of a surfactant, a co-surfactant and a
carrier fluid; transporting the mixture to the porous media; and

holding the mixture in the porous media in the presence of water

2
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for a period of time sufficient to form a water film on the
surfaces of the porous media.

[0009] It should be appreciated that the holding step involves
holding the mixture in the well under substantially static flow
conditions to allow the water film to form as desired. Thus,
according to the invention, the treatment is advantageously
carried out during other servicing of the well when production
or drilling would be stopped anyway, thereby taking advantage of
the down-time of the well and gaining a flow advantage in the
well while the flow is being serviced.

[0010] In further accordance with the invention, therefore, a
method, is provided for improving flow conditions in a porous
media while servicing a well penetrating to the porous media,
comprising the steps of: stopping drilling or production
activities on the well; introducing a well control fluid into
the well, the well control fluid comprising a mixture of a
surfactant, a co-surfactant and a carrier fluid and holding the
well control fluid in the well and the porous media in the
presence of water while the well is being serviced, such that
the fluid penetrates the porous media and forms a water film on
surfaces of the porous media; and when well servicing is
finished, resuming drilling or production activities on the
well.

[0011] The result of the treatment of the present invention
is a novel treated surface which enhances flow of hydrocarbons
through pores defined by the treated surface, and this comprises
a porous media having pore surfaces and containing heavy
hydrocarbon including asphaltene, wherein the asphaltene is
adhered to the pore surfaces, and wherein a water film is

adhered to the pore surfaces and asphaltene.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A detailed description of preferred embodiments of the
present invention follows, with reference to the accompanying
drawings, wherein:

[0013] Figure 1 schematically illustrates a treated surface
in accordance with the invention;

[0014] Figure 2 illustrates typical and preferred flow rates
from the hydrocarbon producing well;

[0015] 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;

[0016] Figure 5 shows the test plate is still oil-wet even
after solvent cleaning;

[0017] Figure 6 illustrates results of use of the present
invention in the form of pressure drop in a porous media before
and after several treatments in accordance with the present
invention;

[0018] Figure 7 further illustrates pressure drop in a test
system following initial and subsequent treatments in accordance
with the present invention; and Figures 8-10 illustrate the
method of present invention being carried out while a well is
being serviced; and

[0019] Figures 8-~10 illustrate the method of the present

invention being carried out while a well is being serviced.

DETAILED DESCRIPTION

[0020] The invention relates to a formulation or stimulation
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.
This method is advantageously used to alter flow conditions in
the formation to improve production of hydrocarbons from

hydrocarbon-bearing formations. This can be done at any
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suitable time, but one particularly useful time to treat the
well and formation is when a well is shut down for servicing.
[0021] As mentioned above, many significant hydrocarbon
deposits in the world contain very large quantities of
hydrocarbons under conditions where it is very difficult to
produce 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. As detailed
above, this oil-wet flow environment is not at all conducive to
production of those hydrocarbons from the formation. 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 hydrocarbon flow. According ﬁo
the invention, a water film is formed over the rock surfaces and
also over the chemically adsorbed hydrocarbon so that the
surfaces when coated in this manner are water wet. This greatly
increases the flowability of hydrocarbons through the treated
rock formation.

[0022] In accordance with the present invention, the
surfactant/co-surfactant mixture is used to form a water film
over 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 of the rock and asphaltene adhered thereto, and the
volume of hydrocarbon in the formation which is intended to be
produced. This water film increases flow of hydrocarbons
through the formation, and thereby enhances production of

hydrocarbon from the formation. Over a period of time, the

5
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water film eventually is removed by fluids flowing past the
film, at which point the surfactant/co-surfactant mixture of the
present invention can again be introduced into the hydrocarbon
bearing formation to again deposit a fresh water film for use in
the next period of production.

[0023] According to the invention, the surfactant/co-
surfactant mixture preferably contains surfactant, co-surfactant
and a fluid carrier, each of which has the following preferred
constituents.

[0024] The surfactant is preferably selected from the group
consisting of cationic surfactants, non-ionic surfactants,
amphoteric surfactants and combinations thereof. The surfactant
is further preferably an ethoxylated fatty alcohol having
between 4 and 60 ethoxylated groups.

[0025] Suitable non-ionic surfactants include but are not
limited to octilphenol having 9-16 EO, nonylphenol with an EO
number from 4 to 25, preferably 9 - 18, fatty acids of 9-20 EO,
n-tetradecanol of 9-20 EO, n-hexadecanol of 9-20 EQO, laurate of
sorbitan, and polyethoxilated fatty alcohols with EOC number from
4 to 25, preferably 9 - 20. Suitable ionic surfactants include
but are not limited to n-alkyl sulfates of K or Na, n-alkyl
trimethyl ammonium chloride and combinations thereof.

[0026] The co-surfactant is preferably an alcohol co-
surfactant, preferably one or more n-alcohols (Cl-Cé6), and more
preferably selected from the group consisting of methanol,
ethanol, propanol, butanol, pentanol, isopropanol and
combinations thereof. The most preferred co-surfactant is
methanol and/or ethanol.

[0027] The carrier fluid can be selected from the group
consisting of organic solvents, light hydrocarbons, diluents,
light crude o0il and combinations thereof and water. More
specifically, the carrier fluid can be light oil,?a light

refinery cut, gasoil, diesel, diluent and water. %The most
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preferred carrier fluid is an oil fluid. One example 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 formation fluids and/or naphtha
can be used for reducing viscosity of the heavy and extraheavy
0il fluid flow for transportation in surface facilities.

[0028] The surfactant/co-surfactant mixture preferably is
prepared having substantially equal amounts by volume of the
surfactant and co-surfactant, and the overall mixture with
carrier fluid preferably contains each of the surfactant and co-
surfactant in an amount between 0.5 and 20% by volume, more
preferably between 1 and 4% by volume. |

[0029] In accordance with the invention, the surfactant/co-
surfactant mixture can be prepared by mixing the above-
identified constituents at the surface and then transporting,
for example by pumping, the resulting 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 possible, for example up to 3
feet. The penetration area into the formation is the area to be
treated in accordance with the present invention.

[0030] Once a sufficient volume of fluid is pumped into the
formation, this volume is then held in place in the formation in
the presence of water for a time sufficient to form the desired
water film over suxrfaces of the pore spaces of the hydrocarbon
and also over the hydrocarbons adhered to these surfaces. This
advantageously provides a water-wet flow environment which is
advantageous to the flow of hydrocarbon through the porous
media, and therefore produces a flow environment which is far

more conducive to the flow of o0il than the natural oil-wet flow

7
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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 té hold the fluid in the
formation will vary with different wells, fluids and conditions,
but will typically be between 12 and 24 hours and a preferred
range of time between 18 and 24 hours.

[0031] Production from the treated well can be conducted
while monitoring pressure drawdown in the well, and when the
pressure drops sufficiently, the formation can be treated again
in accordance with the present invention.

[0032] 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 production 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 also contain asphaltenes
as discussed above, and these are ideal candidates for treatment
according to the present invention to enhance production.

The typical rock formations 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,
siliceous mineral, carbonaceous mineral, clays and combinations
thereof.

[0033] Figure 1 schematically illustrates a suxrface of a
hydrocarbon bearing formation treated in accordance with the

present invention. As seen in Figure 1, a mineral surface 10
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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.

[0034] According to the invention, the 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.

[0035] 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 to monitor the
pressure drawdown, and after a certain amount of o0il has been
produced from a treated well, the pressure drawdown starts to
increase. This increase in 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.

This stream removes the water film by desorption of the

9
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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 well
can be treated again 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. 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. The
present invention also reduces the time and need of costly
thermal processes to reach this level of oil recovery.

[0036] 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 A) 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 oil from same well in same
well drained area.

[0037] Turning to Figures 8-10, a well 22 is shown extending
from surface 24 to a subterranean formation 26. Well 22
communicates with formation 26 through perforations 28. From
time to time, such a well must be taken out of production, for
example for servicing of various surface equipment, static
pressure testing and the like. When such a procedure is to be
conducted, it is typical to leave a column of fluid in the well
to balance pressure of the formation. According to this aspect
of the invention, the above-described mixture of surfactant and
co-surfactant is used to simultaneously balance formation
pressure and treat surface wettability of the porous media in
the formation as well. Thus, Figure 8 shows mixture 30 being

introduced to well 22, and Figure 9 shows mixture 30 being held
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in well 22 while sérvicing is being carried out (schematically
illustrated at 32).

[0038] It should be noted that while Figures 8-10 are
presented in terms of a producing well, the method of use of the
mixture of surfactant and co-surfactant according to the
invention can likewise be advantageously applied to a well
during drilling when drilling operations are to be suspended for
various servicing and the like. During such stoppages, pressure
in the formation must likewise be balanced and a column of fluid
is typically left in the well for this purpose. Since flow
conditions in the well itself are still important for effective
flow, as well as potentially some of the porous media through
which drilling is conducted, holding the surfactant/co-
surfactant mixture in the well during a break from drilling can
likewise be advantageous.

[0039] Upon completion of servicing, well 22 can be returned
to service, preferably while recovering the mixture for use on
other wells. Figure 10 shows well 22 returned to normal
operation which is indicated schematically by arrow 34.

[0040] The following example further illustrates the invention

and the results which are obtained using same.

Example 1

[0041] Crude o0il and water from several wells in different
areas of the Orinoco River Belt fields were collected. The oil
and water were placed in closed glass vessels at several oil and
water saturations, 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
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contact angle measurement techniques 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.

[0042] After this treatment, the glass plates had a contact
angle with oil which shows a strongly oil-wet condition as can
be seen in Figure 3, which shows the o0il spreading over the
plate surface.

[0043] Each plate was then placed in a beaker for a soaking
time with a mixture of equal amount of the well fluids in a mean
average of 18% 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 1%
volume of tridecanol with 16 ethoxylated groups and 1% volume of
ethanol, both admixed with 98% diluent which was a light
hydrocarbon cut used in the production area to improve the
flowability of extra heavy o0il at surface conditions. 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 oil wet as shown in Figure 3 to
water wet as shown in Figure 4. Note the bubbling up of the
0il, and contact angle clearly indicative of the now water wet
surface.

[0044] @ Similar results can be obtained by using various non-
ionic and ionic surfactants. Suitable non-ionic surfactants
include but are not limited to octilphenol having 9-16 EO,
nonylphenol with an EO number from 4 to 25, preferably 9-18,
fatty acids of 9-20 EO, n-tetradecanol of 9-20 EO, n-hexadecanol
of 9-20 EOQO, laurate of sorbitan, and polyethoxilated fatty
alcohols with EO number from 4 to 25, preferably 9 - 20.

[0045] Suitable ionic surfactants include but are not limited
to n-alkyl sulfates of K or Na, n-alkyl trimethyl:ammonium

chloride and ccombinations thereof.
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[0046] Suitable co-surfactants include but are not limited to
any alcohol of the series of n-alcohols (Cl - C6), such as
methanol, ethanol, propanol, butanol, pentanol, isopropanol and
mixtures thereof.

[0047] The carrier fluid of the surfactant composition can be
light o0il, a light refinery cut, gasoil, diesel, diluent and
water. The most preferred carrier fluid is an oil fluid.

[0048] Returning to the example, the glass plates were then
soaked 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.

[0049] This indicates that even though the mineral surface,
such as sandstone, can be cleaned of adhered hydrocarbons still
on that surface, there remains a chemically adsorbed film of
hydrocarbon and therefore on such a mineral surface there exists
a strong oil-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 o0il wet.

[0050] Use bf the formulation and method of the present
invention creates a water film on the mineral surface, covering
the previously chemically adsorbed hydrocarbons. This film
creates an interface that will conduct hydrocarbon flow for very
long periods of time between stimulation cycles. A very low
pressure drawdown is achieved with the increased oil flow rates,
thereby providing great benefits to the productivity and final

recovery of o0il from the drained area of the well.
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Example 2

[0051] Porous media displacement equipment was set up to run
a displacement test to simulate well flow conditions with and
without the use of the formulation of the present invention. A
Hassler cell was selected since a simulation of the formation
grain pressure can be achieved with such a cell. Synthetic core
material was made with commercial sand obtaining a core
permeability between 6-7 Darcies. Pressure change at the inlet
and outlet of the cell was monitored with sensors. Cylinders
were coupled to the cell to provide, at reservoir temperature
and pressure, the reservoir fluids and the stimulation fluid.
After a long period of stabilization of constant flow with only
reservoir fluid, the stimulation fluid of the present invention
was injected from the outlet and held for a soaking period of 24
hours. After soaking, flow was restarted and the pressure drop
was monitored. A measurement was taken of the porous volume
displaced and time through the core as a production fluid. The

0il used as reservoir fluid had the following characteristics:

o°

Saturated 9 wt

Aromatics % : 42 wt

Resins %: 38 wt

Asphaltenes % : 11 wt

Acidity: 3.02 mg KOH/g
Viscosidad CP 12,620 at 145 F
API: 7.6

% C wt 70.65

% H wt 11.48

Water with 13,000 ppm NaCl

[0052] The water used had 13,000 ppm of NaCl. The

temperature of the oven was 145 °F. The formulation of the
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present invention for the displacement test was a solution of 98
ml of diluent admixed with a previously mixed and homogenized
mixture of 1 ml of tridecanol ethoxylated having 17 EQO groups
and 1 ml of ethanol.

[0053] Continuous flow was reached through the synthetic sand
packed core saturated with o0il to about 78% volume and a water
saturation of about 22% by volume. The core was aged to reach
an oil wet condition exposing it to pressure and temperature
conditions of 1,150 psi and 145°F, which are typical of the
Carabobo field of The Orinoco River Belt reservoirs, for about
four weeks. Fluid flow was then reestablished by displacing oil
until continuous flow was again reached. The stimulation system
with diluent as a carrier fluid was then squeezed into the
production area of the core and held at rest for a 24 hour time
period. After that, oil was again allowed to flow, and an
excellent lower differential pressure was observed for about
three (3) pore volumes of oil produced in the collecting
recipient. A second stimulation squeeze identical to the
initial one was made and after 24 hours the flow was restarted,
showing again improved properties to flow in two (2) porous
media volumes of flow. A third cycle of stimulation was made
observing the same results as the first cycle. Figure 6 shows a
graph of the measured pressure during the several cycles of
production and squeeze.

[0054] The same test was run with the reservoir fluids as
shown below:

OIL:

Saturated % : 8 wt

Aromatics % : 44 wt

Resins %: 35 wt

Asphaltenes % : 13 wt

Acidity: 3.90 mg KOH/g

Viscosidad CP 10,420 at 145 F

15
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API: 12
5 C wt 84.55
% H wt 11.12

Water with 2,500 ppm NaCl

[0055] Figure 7 shows the results in pressure behavior in the
displacement system while producing an average of three porous

volumes in between each stimulation injection.

Example 3
[0056] Two highly deviated Orinoco River Belt wells from the
Cerro Negro area were selected for pilot testing. Main

characteristics of the wells are:

Well name | Reservoir |Cumpletion Rock propesties Production Qriginal Actual Lithology
nate Date Method pressure | preasure
Porsity K Vsh Thickness psi psi
% Drarcy ft
CD 3 [OFIM CNX9] 041992 33 23 53 194 Mechanical pump & 1100 1095 sandstone
Gravel pack

.................. e e e e

CO'37  [OFIM CNX9] 02/1993 32 5 70 192 PCP Gravel pack 1350 1000 sandstone
[0057] An amount of 270 barrels of diluent, which is a light

crude oil of 23 API gravity, was admixed with a previously
homogenized mix of 1.3 barrels of tridecyl alcohol of 12 EO
groups and 1.3 barrels of methanol 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 of the present
invention contacted the gravel pack downhole and passed to about
two feet penetration in the formation. The well was closed for a
soaking 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.

[0058] Another amount of 133 barrels of diluent, a light

crude o0il of 23 API gravity was admixed with a previously
16

Copy provided by USPTO from the IFW Image Database on 01/09/2013



11-194 =~

homogenized mix of 0.7 barrels of tridecyl alcohol 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 of the present
invention contacted the gravel pack downhole and passed to about
two inches of penetration in the formation. The well was closed
for a soaking period of 24 hours. The well was restarted
thereafter and showed a production of 80 barrels net of oil per
day and has been stable for a period of 60 days thereafter. The
net oil production before the stimulation was 24 barrels of net
oil.

[0059] These pilot tests establish that the stimulation
fluid, or formulation, of the present invention is highly
effective at improving hydrocarbon flow and production through
porous media treated with fluid. The fluid is made from readily
available constituents, and the method can be carried out using
known equipment already available for injecting other well
stimulation fluids.

[0060] It is to be understood that the invention 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
operation. The invention rather is intended to encompass all
such modifications which are within its spirit and scope as

defined by the claims.
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We Claim:
1. A method for improving flow conditions in a porous media
while servicing a well penetrating to the porous media,
comprising the steps of:

stopping drilling or production activities on the well;

introducing a well control fluid into the well and the
porous media, the well control fluid comprising a mixture of a
surfactant, a co-surfactant and a carrier fluid

holding the well control fluid in the well and the porous
media in the presence of water while the well is being serviced,
such that the fluid penetrates the porous media and forms a
water film on surfaces of the porous media; and

when well servicing is finished, resuming drilling or

production activities on the well.

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.

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

porous media.

4, The method of claim 3, wherein the hydrocarbon has an API
gravity of between 6 and 16.

5. The method of claim 3, wherein. the hydrocarbon has an API
gravity of between 6 and 12.

18
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6. The method of claim 1, wherein the surfacﬁant is selected
from the group consisting of cationic surfactants, nonionic

surfactants, amphoteric surfactants and combinations thereof.

7. The method of claim 1, wherein the co-surfactant is an
alcohol co-surfactant. _

8. The method of claim 7, wherein the alcohol co-surfactant is
selected from the group consisting of methanol, ethanol,
propanol, butanol, pentanol, isopropanol, and combinations

thereof.

9. The method of claim 1, wherein the carrier fluid is
selected from the group consisting of organic solvents, light
hydrocarbons, diluents, light crude o0il, and combinations

thereof, and water.

10. The method of claim 1, wherein the carrier fluid is a light

crude oil with an API gravity between 20 to 25.

11. The method of claim 1, wherein the surfactant is an
ethoxylated fatty alcohol having between 4 and 60 ethoxylated
groups, and wherein the co-surfactant is methanol and/or

ethanol.

12. The method of claim 11, wherein the mixture contains
substantially equal amounts by volume of surfactant and co-

surfactant.
13. The method of claim 11, wherein the mixture contains each

of the surfactant and the co-surfactant at a concentration of

between 0.5 and 10% wt.

19
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14. The method of claim 11, wherein the mixture contains each
of the surfactant and the co-surfactant at a concentration of

between 1 and 4% wt.

15. 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 quartz,
feldspar, siliceous mineral, carbonaceous mineral, clays, and

combinations thereof.

20
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ABSTRACT

A methed for improving flow conditions in a porous media
while servicing a well penetrating to the porous media,
comprising the steps of: stopping drilling or production
activities on the well; introducing a well control fluid into
the well and the porous media, the well control fluid comprising
a mixture of a surfactant, a co-surfactant and a carrier fluid
holding the well control fluid in the well and the porous media
in the presence of water while the well is being serviced, such
that the fluid penetrates the porous media and forms a water
film on surfaces of the porous media; and when well servicing is
finished, resuming drilling or production activities on the
well.
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, ; : ' REIVINDICACIONES

1. Un método para mejorar las condiciones de flujo en un medio
poroso mientras se rehabilita un pozo que penetra al medio poroso,
que comprende las etapas de:

detener la perforacidén o actividades de produccidén del

pozo;

introducir un fluido de control de pozo en el pozo y el

medio poroso, el fluido de control de pozo comprende una
mezcla de un tensocactivo, un co-tensocactivo y un fluido
portador;

mantener el fluido de control de pozo en el pozo y el
medio poroso en la presencia de agua aunque el pozo este

siendo rehabilitado, de tal manera que el fluido penetra el

medio poroso y forma una pelicula de agua sobre las

superficies del medio poroso; y
cuando la rehabilitacién del pozo termina, se resumen

el perforado o las actividades de produccién en el pozo.

2. El método de la reivindicacién 1, en donde las superficies del
medio poroso antes del tratamiento con la mezcla tiene

hidrocarburos adheridos a ellos, y en donde la pelicula de agua se

forma sobre las superficies y el hidrocarburo adherido a las

superficies.

3. El método de la reivindicacién 1, en donde el medio poroso es
una formacidén que posee hidrocarburo subterrdneo que contiene
asfalteno y en donde el asfalteno se adhiere a la superficie del

medio poroso.

4. El método de la reivindicacién 3, en donde el hidrocarburo

tiene una gravedad API de entre 6 y 16.
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5. El métodd de la reivindicacién 3 en donde el hidrocarburo tiene

una gravedad API de entre 6 y 12.

6. E1l método de la reivindicacidén 1, en donde el tenscactivo se
selecciona del grupo gque consiste de tensocactivo catidnico,
tensoactivos no idnicos, tensoactivos anfotéricocs y combinaciones.

de los mismos.

7. E1l método de la reivindicacidén 1, en donde el co-tensoactivo es

un co-tensoactivo de alcohol.

8. El método de la reivindicacidén 7, en donde el co-tensoactivo de
alcohol se selecciona del grupo que consiste de metanol, etanol,
propanol, butanol, pentanol, isopropanol, y combinaciones de los

mismos.

9. El método de la reivindicacién 1, en donde el fluido portador
se selecciona del grupo que consiste de disolventes orgéanicos,
hidrocarburos 1ligeros, diluyentes, petrdéleo crudo ligero, vy

combinaciones de los mismos, y agua.

10. El método de la reivindicacién 1, en donde el fluido portador

es un petrdleo crudo ligero con una gravedad API entre 20 a 25.

11. El método de la reivindicacién 1, en donde el tensocactivo es
un nonil fenol etoxilado que tiene entre 4 y 60 grupos etoxilados,

y en donde el co-tensoactivo es etanol.

12. El método de la reivindicacién 11, en donde la mezcla contiene
cantidades sustancialmente iguales en volumen del tensoactivo y el

co-tensocactivo.
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13. El'método de la reivindicacién 11, en donde la mezcla contiene
cada uno del tensoactivo y el co-tensoactivo a una concentracidn

de entre 0,5 y 10% en peso.

14. El método de la reivindicacién 11, en donde la mezcla contiene
cada uno del tensoactivo y el co-tensoactivo a una concentracidn

de entre 1 al 4% en peso.

15. El método de la reivindicacién 1, en donde las superficies del
medio poroso definen el espacio de poro para el hidrocarburo, y en
donde las superficies se definen mediante un material seleccionadov
del grupo gue consiste de cuarzo, Afeldespato, mineral siliceo,

mineral carbonaceo, arcilla, y combinaciones de los mismos.
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11-194-2
WORKING/CONTROL FLUID FOR HEAVY AND EXTRA-HEAVY CRUDE WELLS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This applicationbis a continuation-in-part of U.S.
patent application Serial Number 12/973,022 which was filed on
December 20, 2010. This application also claims the benefit of
provisional application 61/549,534 which was filed on October

20, 2011.

BACKGROUND OF THE INVENTION
[0002]) The invention relates to a formulation and method of
using same for improving well productivity in hydrocarbon
reservoirs. '
[0003] Improvement in productivity of heavy and extra heavy
oil wells such as those found in the Orinoco River Belt in
- Venezuela is clearly desirable. Some of the largest reservoirs -
of heavy and extra heavy oil in the worldvare in Venezuela and
hold o0il having API gravity within the range of 6 to 16.
Unfortunately, the production rate of much of this oil is
unacceptable.
(0004) It is a high concern in the exploitation of heavy and
extra heavy oil reservoirs to increase productivity during the
well lifetime. With these wells, primary cold production
schemes are quickly abandoned in favor of thermal methods to
improve well flowability by reducing oil viscosity in the
reservoir. These processes are costly and also still produce a
low output in terms of final recovery. They also have serious
problems of production of sour gas such as H;S and CO, which are
very costly to address. Such thermal recovery methods typically

produce final oil recovery beiow 35 - 40%.

[0005] Venezuelan heavy and extra heavy Orinoco River Belt
oil sandstones are exceptional reservoirs. 60% of the
1
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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 o0il reservoirs is flowable at
reservolr conditions.

[0006] 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 oil in those reservoirs, with even
excellent petrophysical properties, are very unfavorable to the
flow of 0il. The components of the heavy and extra heavy o0il,
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
components of the sandstone. This produces the most adverse
conditions to flow of o0il in a porous 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.

[0007] The need exists for imprbvement in production rates
from wells producing from formations containing heavy and extra
heavy wells, particularly those which contain asphalteneé and

other hydrocarbons which lead to o0il wet flow environments.

SUMMARY OF THE INVENTION -
{0008] As a response to the above problems, especially to the
natural oil wet conditions of the sandstone and the extremely
low well productivity and récovery of the original oil in place,
the present invention provides a formulation or stimulation
fluid and a method of using the formulation for improving well
productivity in cold production schemes and also in producing

wells using thermal methods. The result is reflected by a
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better flow rate in the well, a lower pressure drawdown, and an
improved recovery from the drainage area of the formation.
[00091 In accordance with the invention, a method is
therefore provided for altering flow conditions in a porous
media containing hydrocarbons, which method comprises the steps
of preparing a mixture of a surfactant, a co-surfactant and a
carrier fluid; transporting the mixture to the porous media; and
holding the mixture in the porous media in the presence of water
for a period of time sufficient to form a water film on the
surfaces of the porous media.

[0010] It should be appreciated that the holding step
involves holding the mixture in the well under substantially
static flow conditions to allow the water film to form as
desired. Thus, according to the invention, the treatment is
advantageously carried out during other servicing of the well
when production or drilling would be stopped anyway, thereby
taking advantage of the down-time of the well and gaining a flow
advantage in the well while the flow is being serviced.

[0011] In further accordance with the invention, therefore, a
method is provided for improving flow conditions in a porous
media while servicing a well penetrating to the porous media,
comprising the steps of: stopping drilling or production
activities on the well; introducing a well control fluid into
the well, the well control fluid comprising a mixture of a
surfactant, a co-surfactant and a carrier fluid; and holding the
well control fluid in the well and the porous media iﬁ the
presence of water while the well is being serviced, such that
the fluid penetrates the porous media and forms a water film on
surfaces of the porous media; and when well servicing is
finished, resuming drilling or production activities on the
well.

[0012] The result of the treatment of the present invention

is a novel treated surface which enhances flow of hydrocarbons

3
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through pores defined by the treated surface, and this comprises
a porous media having pore surfaces and containing heavy
hydrocarbon including asphaltene, wherein the asphaltene is
adhered to the pore surfaces, and wherein a water film is

adhered to the pore surfaces and asphaltene.

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] FIG.. 1 schematically illustrates a treated surface in
accordance with the invention;
(0015] FIG. 2 illustrates typical and preferred flow rates
from the hydrocarbon prqducing well;
(0016] FIGS. 3 and 4 illustrate a test glass plate which is
oil-wet in FIGS. 3, and which has been treated in accordance
with the present invention in FIG. 4;
[0017] FIG. 5 shows the test plafe-is still oil-wet even
after solvent cleaning;
[0018] FIGS. 6-8 illustrate the method of the present
invention being cafried out while a well is being serviced;
[0019] FIG. 9 illustrates the return permeability test using
the formulation and method of the present invention with three
cycles of injection in a reservoir core plug;
[0020] FIG. 10 illustrates relative permeability curves in a
reservoir core plug using formation water and the formulation of
the present invention with produced water as a carrier fluid;
[0021] FIG. 11 illustrates a test glass plate before the
plate is treated with the formulation of present invention and
after treatment and 24 hours soaking time with fluids of the
well CD 1405 of Cabrutica Field, Junin Division, Orinoco River

Belt;

4%

Copy provided by USPTO from the IFW Image Database on 01/11/2013



11-194-2

[0022] FIG. 12 illustrates the evolution of well VB19 in
parameters as intake pump pressure, progressive cavity pump rpm
before and after treatment with the formulation of the present
invention; and

[0023] FIG. 13 illustrates the reported monitored downhole
parameters as intake pump pressure, progressive cavity pump rpm
in the well VD 18 of Petrocedefio field, Venezuela before and

after treatment with the formulation of the present inventidn.

DETAILED DESCRIPTION
[0024] The invention relates to a formulation or stimulation
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.
This method is advantageously used to alter flow conditions in
the formation to improve production of hydrocarbons from
hydrocarbon-bearing formations. This can be done at any
suitable time, but one particularly useful time to treat the
well and formation is when a well is shut down for servicing.
[0025] As mentioned above, mdny significant hydrocarbon
deposits in the world contain very large quantities of
hydrocarbons under conditions where it is very difficult to
produce them. One example of this is ésphaltene-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
cfeate an oil-wet environment in the reservoir. As detailed
above, this oil-wet flow environment is not at all conductive to
production of those hydrocarbons from the formation. Further,
as will be demonstrated below, this asphaltene is not easily

removed because a portion of the hydrocarbon adsorbs into the

5
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rock surface making even cleaned surfaces oil wet and,
therefore, unfavorable for good hydrocarbon flow. According to
the invention, a water film is formed over the rock surfaces and
also over the chemically adsorbed hydrocarbon so that the
surfaces when coated in this manner are water wet. .This greatly
increases the flowability of hydrocarbons through thé treated
rock formation.

[0026] In accordance with the present invention, the
surfactant/co-surfactant mixture is used to form a water film
over thé pore spaces of the formation, and also over the
asphéltenes adhered to the pdre surfaces, so as to provide a
water-wet surface between the flow surfaces defined by the pore
surface of the rock and asphaltene adhered thereto, and the
volume of hydrocarbon in the formation which is intended to be
produced. This water film increases flow of hydrocarbons
through the formation, and thereby enhances production of
hydrocarbon from the formation. Over a period of time, the
water film eventually is removed by fluids flowing past the
film, at which point the surfactant/co-sﬁrfactant mixture of the
present invention can again be introduced into the hydrocarbon
bearing formation to again deposit a fresh water film for use in
the next period of production. This follow up treatment can
advantageously be done at each well servicing, thereby keeping a
water film in place as desired.

[0027] Accdrding to the invention, the surfactant/co-
surfactant mixture preferably contains surfactant, co-surfactant
and a fluid carrier, each of which has the following preferred
constituents. '

[0028] The sgrfactant is preferably selected from the group
consisting of cationic surfactants, non-ionic surfactants,
amphoteric surfactants and combinations thereof. The surfactant
is further préferably an ethoxylated nonyl phenol having between

4 and 60 ethoxylated groups.

Copy provided by USPTO from the IFW Image Database on 01/11/2013



11-194-2

[0029] Suitable non-ionic surfactants include but are not
limited to octilphenol having 9-16 EOQ, nonylphenol with an EO
number from 4 to 80, preferably 20 - 55, fatty acids of 9-20
EO, n—tetradecaﬁol of 9-20 EO, n-hexadecanol of ©-20 EO, laurate
of sorbitan, and polyethoxilated fatty alcohols with EO number
from 4 to 25, preferably 9 - 20. Suitable ionic surfactants
include but are not limited to n-alkyl sulfates of K or Na, n-
alkyl trimethyl ammonium chloride and combinations thereof.
[0030] The co-surfactant is preferably an alcchol co-
surfaétant, preferably one or more n-alcohols (Cl-C6), and more
preferably selected from the group consisting of methanol,
ethanol, propanol, butanol, pentanol, isopropanol and
combinations thereof. The most preferred co-surfactant is
methanol and/or ethanol.

[0031] The carrier fluid can be selected from fhe group
consisting of organic solvents, light hydrocarbons, diluents,
light crude o0il and combinations thereof, brine, produced
formation water and water. More specifically, the carrier fluid
can be light o0il, a light refinery cut, gasoil, diesel, diluent
and water. The most preferred carrier fluid is water compatible
with the formation fluids and minerals present in the formation
rock. One example is produced water from wells in the same field
or potable water with the same salinity of the formation brine
and clay control additives.

(0032] The surfactant/co-surfactant mixture preferably is
prepared having substantially equal amounts by volume of the
surfactant and co-surfactant, and the overall mixture with
carrier fluid 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.

[0033] In accordance with the invention, the surfactant/co-
surfactant mixture can be prepared by mixing the above-

identified constituents at the surface and then transporting,

7
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for example by pumping, the resulting 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 info a radius
| surrounding the well of at least about 2 inches, preferably
between 12 inches and as large as possible, for example up to 10
feet. There is no limitation in the amount of fluid that can
drain to the formation since at all distances, contact of the
rock surface with the fluid will be beneficial. The penetration
-area into the formation is the area to be treated in accordance
wifh the present invention.

[0034] Once a sufficient volume of fluid is pumped into the
formation, this volume is then held in place in the formation in
the presence of water. The holding step can be done for the
duration of a well servicing procedure which would require a
temporary shutdown of the well, and in any event the holding
should also be for a time sufficient to form the desired water
film over surfaces of the pore spaces of the hydrocarbon and
also over the hydrocarbons adhered to these surfaces. This
advantageously provides a water-wet flow environment which is
advantageous to the flow of hydrocaibon through the porous
media, and therefore produces a flow envircnment which is far
more conducive 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 conditions,
but will typically be between 12 and 24 hours and a preferred
range of time between 18 and 24 hours. Any further time will not

affect the benefits of the treatment in the formation.
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[0035]} Production from the treated well can be conducted
while monitoring pressure drawdown in the well, and when the
pressure drops sufficiently, or the well again needs servicing,
the formation can be treated again in accordance with the
present invention. '

[0036] 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
ovérall hydrocarbon production 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
heévy and extra heavy hydrocarbon deposits in certain areas
typically are very large in volume, but also contain asphaltenes
as discuséed above, and these are ideal candidates for treatment
according to the present invention to enhance production.

The typical rock formations 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,
siliceous mineral, carbonaceous mineral, clays and combinations
thereof.

[0037] FIG. 1 schematically illustrates a surface of a
hydrocarbon bearing formation treated in accordance with the
present invention. As seen in FIG. 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 minéral

active sites 12.
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[{0038] According to the invention, the 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 }4 aé well as
the rock mineral active sites 12 of mineral surface 10. FIG. 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 80 ppm up to
45,000.ppm.

[0039] 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 to monitor the
pressure drawdown, and after a certain amount of oil has been
produced from a treated well, the pressure drawdown starts to
increase. This increase in 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.
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 well can
be treated again 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. With cyclic
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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. The present
invention also reduces the time and need of costly thermal
processes to reach this level of o0il recovery. Further, the
treatment is carried out during periods when the well is.down
for other servicidg, thereby maximizing the overall efficiency
by reducing or altogether avoiding any déwn time solely for
treatment according to the invention.

[0040] FIG. 2 illustrates typical‘and desired flow rates from
a hydrocarbon production well. The starts and stops shown in
actual flow show a trend (line A) which is not desirable, while
a preferred pressure behavior is shown at iine B. The difference
of the area between lines A and line B is an indication of
greater recovery of oil from the same well in the same well
drained area.

[0041] - Turning to FIGS. 6-8, a well 22 is shown extending
from surface 24 to a subterranean formation 26. Well 22
communicates with formation 26 through perforations 28. From
time to time, such a well must be taken out of production, for
example for servicing of various surface equipment, static
pressure testing and the like. When such a procedure is to be
‘conducted, it is typical to leave a column of fluid in the well
to balance pressure of the formation. According to this aspect
of the invention, the above-described mixture of surfactant and
co-surfactant is used to simultaneously balance formation
pressure and treat surface wettability of the porous media in
the formation as well. Thus, FIG. 6 shows mixture 30 being .
introduced to well 22, and FIG. 7 shows mixture 30 being held in
well 22 while servicing is being carried out (schematically

illustrated at 32).
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[0042) It should be noted that while FIGS. 6-8 are presented
in terms of a producing well, the method of use of the mixture
of surfactant and co-surfactant according to the invention can
likewise be advantageously applied to a well during drilling
when drilling operations are to be suspended for various
~servicing and the like. During such stoppages, pressure in the
formation must likewise be balanced and a column of fluid is
typically left in the well for this purpose. Since flow
conditions in the well itself are still important for effective
flow, as well as potentially some of the porous media through
which drilling is conducted, holding the surfactant/co-
surfactant ﬁixture in the well during a break from drilling can
likewise be advantageous.

[0043] Upon completion of servicing, well 22 can be returned
to service, preferably while recovering the mixture for use on
other wells. FIG. 8 shows well 22 returned to normal operation
which is indicated schematically by arrow 34.

{0044] In deviated, horizontal, and/or multilateral wells,
the formulation can be used in the same way. In those cases, the
drainage of the formulation to the porous media will occur
through the best channels of flow in the well making the water
wet and highly conductive to oil channels thereby improving oil
flow to the well. In the case of horizontal wells where pressure
drawdown is very high at the heel of the well, during treatment
while servicing the well for pump, rods, tubing replacements or
other service jobs, the use of the formulation of the present
invention as a servicing fluid will be very beneficial to oil
production. When the pressure of reservoir is sufficiently high
that servicing fluid are kept away from the rock surface,
pumpiné of some volume of the fluid to the formation while
servicing the well can be done to stimulate the well formation.
[0045] The following example further illustrates the

invention and the results which are obtained using same.

12

Copy provided by USPTO from the IFW Image Database on 01/11/2013



’

11-194-2

Example 1

[0046] Crude oil and water from several wells in different
areas of the Orinoco River Belt fields were collected. The oil
and water were placed in closed glass vessels at several oil and
water saturations, at reservoir conditions of water salinity and
temperature, in a thermally controlled oven. 1Inside each vessel
was placed a small glass plate which was monitored for .
wettability conditions starting with a water-wet condition and
further beihg naturally changed to oil wet after a medium time
period of about ﬁhree to four weeks at reservoir temperature of
145°F. For each glass plate, wettability was measured by
contact angle measurement techniques at the well temperature
ranging from water-wet at the initial condition to oil wet after
three weeks of aging process in the vesséls at reservoir
conditions. . .

[{0047] After this treatment, the glass plates had a contact
angle with oil which shows a strongly oil-wet condition as can
be seen in FIG. 3, which shows the o0il spreading over the plate
surface.

[0048] Each plate was then placed in a beaker for a soaking
time with a mixture of equal amount of the well fluids in a mean
average of 18% 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 1%
volume of tridecanol with 16 ethoxylated groups and 1% volume of
ethanol, both admixed with 98% diluent which was a light
hydrocarbon cut used in the production area to improve the
flowability of extra heavy o0il at surface conditions. The
mixture and the platg were held for an 8 hour exposure time at
reservoir temperature of 145°F and contact angle measurement
showed wettability reversal from oil wet as shown in FIG. 3 to

water wet as shown in FIG. 4. Note the bubbling up of the oil,
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and contact angle clearly indicative of the now water wet
surface. ’ |

[0049] Returning to the example, the glass plates were then
soaked 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 fhe surface. The contact angle was
measured and the plate still exhibited an oil-wet condition, as
shown in FIG. 5. ' '

[0050] This indicates that even though the mineral surface,
such as sandstone, can be cleaned of adhered hydrocarbons still
on that surface, there remains a chemically adsorbed film of
hydrocarbon and therefore on such a mineral surface there exists
a strong oil-wet wetability. As mentioned previously, the oil-
wet wetability is the most adverse condition for the recovery of
0il in a porous media. Thus,.even by undertaking the cost and
steps of removing the adhered asphaltenes, the resulting cleaned
surface remains o0il wet.

[0051] " Use of the formulation and method of the present
invention creates a water film on the mineral surface, covering
the previously chemically adsorbed hydrocarbons. This film
creates an interface that will conduct hydrocarbon flow for very
long periods of time between stimulation cycles. A very low
pressure drawdown is achieved with the increasedvoil flow rates,
thereby providing great benefits to the productivity and final

recovery of oil from the drained area of the well.
Example 2

[0052] Crude o0il and formation water from well CD1405 was
collected as well as production water from disposal tank 903

from principal station of Cabrutica field in the Orinoco River-

14

Copy provided by USPTO from the IFW Image Database on 01/11/2013



L)

11-194-2

Belt field. The characteristics Qf the crude o0il and formation

water are:

OIL:

Saturated % : 8 wt
Aromatics % : 44 wt
Resins %: 35 wt
Asphaltenes % : 13 wt
Aéidity:r3.90 mg KOH/g

Viscosity CP 10,420 at 145 F

API: 9
% C wt 84.55
% H wt 11.12

Formation Water with 2,500 ppm NaCl

[0053] The o0il and formation water were placed in closed
glass vessels at 20 % saturation of formation water and 80 % of
0il saturations, at reservoir conditions of temperature of
145°F, in a thermally controlled oven. Inside each vessel was
placed a small glass plate whicb was monitored for wettability
conditions starting with a water-wet éondition and further being
naturally changed to o0il 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 aging process
in the vessels at reservoir conditions as shown in FIG. 11 in
the left side view, indicating a contact angle of 137.5" at the
aged condition, as it should be expected in the reservoir,
showing the o0il spreading over the plate surface.

[0054] The plate was then placed in a beaker for a soaking

time with a mixture of equal amount of the well fluids in a mean

average of 20 % formation water and 80 % of the 12 °API extra
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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 ethoxilated nonyl phenol with 30
ethoxylated groups and 0.5% volume of ethanol, both admixed with
99% of production water from disposal tank of the Cabrﬁtica
field of the Junin Division of The Orinoco River Belt. A one (1)
1b/bbl of potassium acetate was added for clay control to the
formulation. The mixture and the plate were held for 24 hour
exposure time at reservoir temperature of 145°F and contact -
angle measurement showed wettability reversal from oil wet of
137.5" to water wet with a contact angle of 45.1° as shown in
FIG. 11 in the right side view. Note the bubbling up of the
oil, and contact angle clearly indicative of the now water wet
surface.

[0055] The above test was made to insure the wettability
change in the well after application of the invention treatment
in the porous media.

{0056] Similar results can be obtained by using various non-
ionic and ionic surfactants. Suitable non-ionic surfactants
include buﬁ are not limited to octilphenol having 9-16 EO,
nonylphenol with an EO number from 4 to 80, preferably 20-55,
fatty acids of 9-20 EO, n-tetradecanol of 9-20 EO, n-hexadecanol
of 9-20 EO, laurate of sorbitan, and polyethoxilated fatty
alcohols with EO number from 4 to 25, preferably 9 - 20.

[0057] Suitable ionic surfactants dinclude but are not limited
to n—alkyl sulfates of K or Na, ﬁ—alkyl trimethyl ammonium
chloride and combinations thereof.

{0058] Suitable co-surfactants include but are not limited to
any alcohol of the series of n-alcohols (Cl - C6), such as
methanol, ethanol, propanol, butanol, pentanol, isopropanol and
mixtures thereof.

[0059] The carrier fluid of the surfactant composition can be

light 0il, a light refinery cut, gasoil, diesel, diluent, brine,
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produced water and water compatible with the formation fluids
and the mineral in the rock. The most preferred carrier fluid
is a the produced water and water compatible with the formation

fluids and the mineral in the rock.
Ekample 3

[0060] A laboratory test was conducted for evaluating
relative permeability with extraheavy crude oil 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 the formation fluids of well DE
22 12 of the same field.

[0061] The core from a depth of 2212.2 feet from Cabrutica
field was taken, and two samples weré packed for use in a
confined cell, one sample for return permeability test and the
other sample for relative permeability tést of extraheavy oil
and formation water and extraheavy 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 oil wet condition of the sample
before the tests. The core properties for two samples are shown

in Table 1.

TABLE 1
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COMPANY INTEVEP S.A
CORE FROM WELL E20P15 CABRUTICA FIELD VENEZUELA

Sample | Results & to Helio PERMEABILYTY
Cnfringpressed Weigth Vol. Vol | Density Vol

i PSI Total Long Diam grain  (Pore space g g Toial Air Klink,

1A 1300 | 8603 | 4875 | 3596 | 3067 | 1742 ?,632 2 | 4809 | 2697 | 2605
28 1300 | 9642 | 5143 | 3702 | 442 | 1922 | 2628 | B8 [ BH4 | K% | 207

[0062] - INTESURF 3PW0.5 solution is a mixture of 99% V/V
production water from the Cabrutica field and a 0.5 V/V of
nonylphenol ethoxilated with 30 ET groups, and 0.5 V/V %

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

control to the final admixture.
Return permeability test

[0063] Core sample 1A with an oil wet condition confirmed by
the imbibition Amott test was placed in the confined cell at
1300 psi confining pressure. Thereafter extraheavy live crude
oil 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 soaking time of 24 hours was allowed to each cycle
before the displacement of live crude o0il was restarted. The
rate of flow and the pressure drop was monitored and the

permeability to oil at several points of porous volume displaced
18
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was measured.

FIG.

9 exhibits the return permeability test

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

obtained.

TABLE 2

RETURN PERMEABILITY
Net confining presure 1300 psi
Reservoirtemperature 120 °F

Compaiy : INTEVEP Sample No. 1A

well : E20-P15S Depth 2212,2 ft

Field : Cabrutica Porosity 0,354 fraction

{ntesn f Plus) K Kklinkemberg 22985 md

Stinmulation Muid: INTESURF 3PW 0.5 (Ko) Kto oil 294 md

INTESURF Carrier fluid: Production water

Squeezed stimulation Tluid: 10% porous volume

1er cycle 2do cycle 3er cycle 1er cycle 2do cycle 3er cyccle Skin
Vol. Acuim.. | Vol Acum.. | Vol. Acum.. K to oil, K to oil, K 10 oil. - factor
cce ccC CccC. sk il o SF = 1-K:Ko

0.19 28.58 78,58 448 444 511 -0,737
0,35 29 .61 79,08 436 437 442 -0,502
1,14 30,93 80,37 405 350 366 -0,243
2,30 32,28 81,561 368 328 318 -0,081
3,38 34,45 83,43 344 318 315 -0.069
4,93 36,48 85,30 334 317 315 -0,070
6,48 40,02 88,41 331 321 316 -0.,074
9.68 44.38 92,16 322 318 318 -0,081
12.45 47,67 95,64 318 301 299 -0.017
15,60 50,97 98,39 316 292 293 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 69.24 115,14 307 254 274 0,069
28.13 77,50 123,55 304 255 252 0,143

[0064] A stimulation state was found in all cycles suggesting

the cyclic stimulation of the sandstone - production end zone as
a productivity improvement of the well by reducing the pressure
drop and increasing the production of extraheavy oil from the
well. No formation damage was observed even after a large amount
relative to porous volume of live extraheavy oil was displaced
on the coreplug and desorption of the surfactants of Intesurf™ ,
(a trade mark owned by INTEVEP S.A. used to identify the
formulation of the present invention) in the porous media

occurs. After restimulation with the solution of the present
invention, a better condition of relative permeability to oil is

It is believed that the relative permeability to oil
19 :
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lost after a great volume of displacement of o0il and after
several cycles of squeezes is due to the new water saturation
without Intesurf base surfactant increases in the porous media.
However, it is observed that once the surfactant is available by
restimulation in the porous media, a new'improvement of the oil
relative permeability is achieved and even reaches levels higher
than earlier cycles.

[0065] A relative permeability test of extraheavy oil and
formation water and extraheavy oil and INTESURF 3PW0.5 solution
with production water was then conducted.

{0066] Core sample 2B was insured to have an oil wet
condition by Amott imbibition test and thereafter was placed in
a confined cell at confined pressure of 1300 psi. Temperature
was that of the reservoir of 120" F. Extraheavy oil was
displaced at a pressure of 1000 psi until a constant flow was
achieved. The relétive permeability effective to oil 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 extraheavy oil is observed. The effective water
permeability at the residual oil saturation is measured for each
sample and. the volume of extraheavy o0il produced at room
conditions is corrected to reservoir conditions using the
viscosity 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 - extraheavy o0il and
Intesurf solution - extraheavy oil ratios at non-stable state
were calculated using the methods of Jones and Roszelle.

[0067] Once the formation water - extraheavy oil test was
run, extraheavy crude was displaCed for the core samble until a
condition of initial water saturation and extraheavy oil

saturation was achieved. In this state the permeability
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effective to oil was measured again and displacement with the
solution of INTESURF™ 3 PW0.5 took place.with a rate 0.1 cc /
min for 8 hours allowing a soaking time of 12 hours and so on
until only solution of INTESURF™ 3 PW0.5 was collected as the
production without any extraheavy oil. The final recovery of
extraheavy oil was 10.02 cc which is a 52.13% of the total
porous volume and 57.89% of the original extraheavy oil in
place. FIG. 10 exhibits the behavior of Ko Kw vs the water

saturation for the two testing fluids

Example 3 .
[0068]) Two highly deviated Orinoco River Belt wells from the

Cerro Negro area were selected for pilot testing. Main

characteristics of the wells are:

Well name ] Reservoir {Completion Rock propaities Pioductrion Qriginal Actual Lithotogy
name Date Klethod ptessuie | piressute
Potosity K Vsh Thicknass psi psi
% Darey : ft — —
CD3 JOFIMCNX9L 0471992 33 23 53 194 Machanical pump & 1100 1095 sandstone
Gravel pack
coyr [OFMCNXS| 024993 | " 32 " |° s | 70 " 192 7 | Pep Gravel pack | 1350 " 1000 sandstong
[0069] An amount of 270 barrels of diluent, which is a light

crude oil of 23 API gravity, was admixed with a previously
homogenized mix of 1.3 barrels of tridecanol alcohol of 17 EO
groups and 1.3 barrels of methanol 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 of the present
invention contacted the gravel pack downhole and passed to about
two feet penetration in the formation. The well was closed for a
soaking 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.

[0070] Another amount of 133 barrels of diluent, a light

crude oil of 23 API gravity was admixed with a previously
21
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homogenized mix of 0.7 barrels of tridecanol alcohol 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 hqmogenization
and pumped to well CD 37 through the annular space between the
tubing and the casing. The stimulation fluid of the present
invention contacted the gravel pack downhole and passed to about
two inches of penetration in the formation. The well was closed
for a soaking period of 24 hours. The well was restarted
thereafter and showed a production of 80 barrels net of oil per
day and has been stable for a period of 60 days thereafter. The
net oil production before the stimulation was .24 barrels of net

oil.

EXAMPLE 4

[0071] The VB 19 well from the Petrocedefio joint venture of
The Bolivarianan Republic of Venezuela PDVSA o0il company in the
Orinoco River Belt Junin Division was a candidate for a pump
service. The well underwent a service job and INTESURF fluid
according to the invention was used as a control and stimulation
fluid, using the formulétion and method of the present
invention.

[0072] Crude o0il and formation water from the VB 19 well

have the following characteristics:

OIL:

Saturated $ : 8 wt

Aromatics % : 44 wt

‘Resins $: 35 wt

Asphalte;es % : 13 wt
Acidity: 3.90 mg KOH/g
Viscosity CP 10,420 at 145 F

22
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API: 9
% C wt 84.55
% H wt 11.12

Formation Water with 2,500 ppm NaCl

[0073] The service job inbwell VB 19 was prepared and the
working control fluid was used to fill the annular space between
the casing and the tubing, and the tubing. The well was closed
at the wellhead and 80 barrels of the formqlation was squeezed
to the formation from the wellhead. Thereafter the rig worked
taking out the tubing to surface and replaced the BCP pump for a
new one, making another trip back to locate said pump downhole.
Thereafter, the wellhead equipment and instrumentation of the
well was replaced. The time elapsed for the whole service job
was about 20 hours. This time was taken as the soaking time for
the stimulation of the sand formation with the formulation of
the present invention.

[0074] The total amount of fluid used during the whole job
was 350 barrels and was prepared with clean, filtered potable
water, 3.5 barrels of ethoxylated tridecanol of 17 ethoxylated
oxide .groups, 3.5 barrels of methanol and 343 barrels.of water.
Producticon increase was from a mean value before treatment of
183 bopd to a mean of 445 bopd after the treatment and the
average intake pump pressure of the progressive cavity pump
before treatment was around 5.74 bar ( 116 psi at 350 rpm ) and
after the treatment the average intake pump pressure of the
progressive cavity pump increased to 13.74 bars ( 199 psi at
350 rpm).

[0075] Table 3 shows the VB 19 well reservoir and well
parameters and FIG. 12 illustrates conditions before and after

treatment monitored in the well as explained. -
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Table 3

WELL VB-19
Geometry HORIZONTAL
Field _ Petrocedeno - Venezuela
Estacién San Diego
Sand / Reservoir D2/D3/ OFll BSD 20002,
Slotted liner interval 2050°'-6100"
Sand Thickness 30
Permeability, mD 16000
Porosity, % 28
Temperature, °F . 120
Fecha completacién original ‘ 09/02/2007
Actual reservoir pressu;:psia 510
[0076] FIG. 13 illustrates the reported monitored downhole

parameters in well VD 18 of Petrocedenio field in the San Diego
de Cabrutica Principal Station Venezuela. In this well, of
almost same characteristics of the VB19 well, the control
working and stimulation fluid of the present invention was used,
following the same procedure and composition as mentioned before
for well VB19.

[0077] These pilot tests establish that the stimulation
fluid, or formulation, of the present invention is highly
effective at improving hydrocarbon flow and production through
porous media treated with fluid. The fluid is made from readily
available constituents, and the method can be carried out using
known equipment already available for injecting other well
stimulation fluids. Further, the method of the invention can be
carried out during other well servicing, thereby gaining benefit
of treatment according to the invention without substantial
additional down time.

[0078] Based upon the foregoing, a beneficial change in
permeability and production levels is demonstrated by using the

formulation and method of the present invention.
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[0079] It is to be ﬁnderstood that the invention 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
operation. The invention rather is intended to encompass all
such modifications which are within its spirit and scope as

defined by the claims.
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We Claim:
1. A method for improving flow conditions in a porous media
while servicing a well penetrating to the porous media,
comprising the steps of:

stopping drilling or production activities on the well;

introducing a well control fluid into the well and the
porous media, the well control fluid comprising a mixture of a
surfactant, a co-surfactant and a carrier fluid;

holding the well control fluid in the well and the porous
media in the presence of water while the well is being serviced,
such that the fluid penetrates the porous media and forms a
water film on surfaces of the porous media; and

when well servicing is finished, resuming drilling or

production activities on the well.

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.

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

porous media.

4, The method of claim 3, wherein the hydrocarbon has an API

gravity of between 6 and 16.

5. The method of claim 3, wherein the hydrocarbon has an API
gravity of between 6 and 12.
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6. The method of claim 1, wherein the surfactant is selected
from the group consisting of cationic surfactants, nonionic

surfactants, amphoteric surfactants and combinations thereof.

7. The method of claim 1; wherein the co-surfactant is an

alcohol co-surfactant.

8. The method of claim 7, wherein the alcohol co-surfactant is
selected from the group consisting of methanol, ethanol,
propanol, butanol, pentanol, isopropanol, and combinations

thereof.

9. The method of claim 1, wherein the carrier fluid is
selected from the group consisting of organic solvents, light
hydrocarbons, diluents, light crude o0il, and combinations

thereof, water, production water and brine.

10. The method of claim 1, wherein the carrier fluid is a light

crude oil with an API gravity between 20 to 25.

11. The method of claim 1, wherein the surfactant is an
ethoxylated nonyl phenol having between 4 and 60 ethoxylated

groups, and wherein the co-surfactant is ethanol.

12. The method of claim 11, wherein the mixture contains
substantially equal amounts by volume of surfactant and co-

surfactant.
13. The method of claim 11, wherein the mixture contains each

of the surfactant and the co-surfactant at a concentration of

between 0.5 and 5% wt.
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14. The method of claim 11, wherein the mixture contains each
of the surfactant and the co-surfactant at a concentration of

between 1 and 4% wt.

15. 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 materiai selected from the group
consisting of quartz, feldspar, siliceous mineral, carbonaceous

mineral, clays, and combinations thereof.
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ABSTRACT

A method for improving flow conditions in a porous media
while servicing a well penetrating to the porous media includes
the steps of: stopping drilling or production activities on the
well; introducing a well control fluid into the well and the
porous media, the well control fluid comprising a mixture of a
surfactant, a co-surfactant and a carrier fluid; holding the
well control fluid in the well and the porous media in the
presence of water while the well is being serviced, such that
the fluid penetrates the porous media and forms a water film on
surfaces of the porous media; and when well servicing is
finished, resuming drilling or production activities on the

well.
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compiets, inciuding gathering, preparing, and submitting the completed application form to tha USPTO. Time will vary depending upon the Individual case, Any
commaris on the amount of fime you require fo compiete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, .S,
Patent and Trademark Office, U.S. Department of Commercs, P.O, Box 1450, Alexandrla, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissloner for Patents, P.O, Box 1450, Alexandria, VA 22313.1450. 5

If you need assistance in completing the form, call 1-800-PT0-9199 and seisct option 2.

Copy provided by USPTO from the IFW Image Database on 01/11/2013



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) fumnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office Is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in 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 this 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
this system of records may be disclosed to the Depariment of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A racord from thls system of records may be disclosed, as a routine use, In the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Membar of
Congress submitting a request involving an individual, to whom the record pertains, 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 disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Reclpients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

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

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or hig/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2808. Such disclosure shall
be made in accordance with the GSA regulations goveming inspection of records for this
purposs, and any cther relevant ( i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either 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 limitations 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 proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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U.S. Patent and Trademark Office; U.S, DEPARTMENT OF COMMERCE

Under the, Paperwork Reduction Aqgt of 1995, rio persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 11-194-2
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | WORKING/CONTROL FLUID FOR HEAVY AND EXTRA-HEAVY CRUDE WELLS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outliined in 37 CFR 1.786.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this 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.)

Applicant Information:

Applicant 1 ol
Applicant Authority ®Inventor | (Olegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118
Prefix| Given Name Middle Name - : Family Name Suffix
Pablo ' Manrique
Residence Information (Select One) (O US Residency  (8) Non US Residency () Active US Military Service
City |Caracas Country Of Residencei | VE

Citizenship under 37 CFR 1.41(b)i | VE
Mailing Address of Applicant:

Address 1 Edificio Caroata Apartamento 10C, Parque Central

Address 2

City Caracas State/Province

Postal Code Countryi | VE

Applicant 2

Applicant Authority @®Inventor | (OLegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Franklin Archer

Residence Information (Select One) (O) US Residency  (s) NonUS Residency () Active US Military Service

City |Caracas Country Of Residencei | VE

Citizenship under 37 CFR 1.41(b)i | VE
Mailing Address of Applicant:

Address 1 Edificio Lagunillas Apto. 9C2, El Valle
Address 2
City Caracas State/Province
Postal Code 1090 Countryi | VE
| Applicant 3 Remave
Applicant Authority ®Inventor | (OLegal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118
Prefix| Given Name Middle Name Family Name Suffix
Maria Gracia Araujo
Residence Information (Select One) (O US Residency (&) NonUS Residency () Active US Military Service
City |Barinas Country Of Residencei | VE
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

11-194-2

Application Number

Title of Invention | WORKING/CONTROL FLUID FOR HEAVY AND EXTRA-HEAVY CRUDE WELLS

Citizenship under 37 CFR 1.41(b)i | VE

Mailing Address of Applicant:

Address 1 Urb. Raul Leoni, Sector 5 Vereda 23, Casa Nro. 11

Address 2

City Barinas State/Province

Postal Code 5201 Countryl | VE

Applicant 4 B

Applicant Authority @®inventor | (OlLegal Representative under 35 U.8.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
Deivis Suarez

Residence Information (Select One) () US Residency

(® NonUS Residency () Active US Military Service

City

Country Of Residencei | VE

Citizenship under 37 CFR 1.41(b)i | VE

Mailing Address of Applicant:

Address 1 Sector San Isidro, Municipio Simon Rodriguez,

Address 2 San Simon

City Estado Tachira State/Province
Postal Code 5038 Countryi | VE

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Add

Correspondence Information:

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

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

Customer Number

34704

Email Address

docket@hbachlap.com

| AddEmail |  [Remove Email

Application Information:

Title of the Invention

WORKING/CONTROL FLUID FOR HEAVY AND EXTRA-HEAVY CRUDE WELLS

Attorney Docket Number| 11-194-2

Small Entity Status Claimed [ ]

Application Type

Nonprovisional

Subject Matter

Utility

Suggested Class (if any)

Sub Class (if any)

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any) 9

Suggested Figure for Publication (if any)

EFS Web 2.2.2

Copy provided by USPTQ from the IFW Image Database on 01/11/2013



Underthe. Paperwork Reduction Agt of 1995, o persons are required to respond to a collection of infarmation unless it contains a valid OMB control number.,

86

PTO/SB/4 (11-08)

Approved for use through 01/31/2014. OMB 0851-0032 °
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGE

Application Data Sheet 37 CFR 1.76

Attarney Docket Number

11-194-2

Application Number

Title of Invention

WORKING/CONTROL FLUID FOR HEAVY AND EXTRA-HEAVY CRUDE WELLS

Publication Information:

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

Request Not to Publish. | hereby request that the attached application not be published under 35 U.S.

[] €. 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

ing.

eighteen months after fil

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 constitute a power of attorney in the application (see 37 CFR 1.32).
Number or
are completed the Customer Number will be used for the Representative Information during processing.

Enter either Customer

complete

Representative Name

section

below, If both sections

Please Select One;

(¢) Customer Number

(O US Patent Practitioner

(O Limited Recognition (37 CFR 11.9)

Customer Number 34

704

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(a)(2) or CFR 1.78(a)(4), and need not otherwise be made part of the specification.

Prior Application Status

Pending

Remove

Application Number

Continuity Type

Prior Application Number

Filing Date (YYYY-MM-DD)

Continuation in part of

12873022

2011-12-20

Prior Application Status

Expired

Application Number

Continuity Type

Prior Application Number

Filing Date (YYYY-MM-DD)

non provisional of

61549534

2011-10-20

by selecting the Add button.

Additional Domestic Benefit/National Stage Data may be generated within this form

Foreign Priority Information:

and 37 CFR 1.55(a).

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)

| Remove |
Application Number Country | Parent Filing Date (YYYY-MM-DD) Priority Claimed
O Yes O No
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.
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Attorney Docket Number | 11-194-2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | WORKING/CONTROL FLUID FCR HEAVY AND EXTRA-HEAVY CRUDE WELLS

Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR 1o have an assignment recorded in the Office.

Assignee 1
If the Assignee is an Organization check here.

Organization Name Intevep, S.A.

Mailing Address Information:

Address 1 Apartado 76343

Address 2

City Caracas State/Province

Country i| VE Postal Code 1070A

Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add

Add
button.

Signature:

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.

Signature |/George A. Coury/ Date (YYYY-MM-DD)| 2012-06-21

First Name | George A. Last Name | Coury Registration Number | 34309

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of fime you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

1.

The Privacy Act of 1974 (P.L. 93-578) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general autherity for the collection
of this information is 35 U.5.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
fumish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The informalion provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (& U.S.C. 552a). Records from this sysiem of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative fribunal, including disclosures to oppasing caunsel in the course of setflement negotiations.

A record In this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, fo whom the record pertains, 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 disclosed, as a routine use, to a contracter of the Agency having need for the information In
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C, §52a(m).

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or hisfher designee,
during an inspection of records conducted by GSA as part of that agency’s responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.8.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations govemning inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used fo make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant fo 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations 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 proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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TRADUCCION DEL INGLES AL ESPANOL del documento de prioridad relacionado
con la solicitud de Patente de los Estados Unidos No. 13/529,140 titulada:

FLUIDO DE TRABAJO/CONTROL PARA POZOS DE CRUDO PESADO Y EXTRA
PESADO

ANEXOS. La solicitud de Patente de los Estados Unidos No. 13/529,140 arriba
mencionada y Certificacién 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

16 de enero de 2013

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: 13/529,140
FECHA DE PRESENTACION: Junio 21, 2012

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 US13/529,140.

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

(firma)
N. WILLIAMS
Funcionario que Certifica

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

1. Un método para mejorar las condiciones de flujo en un medio poroso mientras
se rehabilita un pozo que penetra al medio poroso, que comprende las etapas de:
detener la perforacion o actividades de produccion del pozo;
introducir un fluido de control de pozo en el pozo y el medio poroso,
el fluido de control de pozo comprende una mezcla de un tensoactivo, un
co-tensoactivo y un fluido portador;
mantener el fluido de control de pozo en el pozo y el medio poroso en
la presencia de agua aunque el pozo este siendo rehabilitado, de tal
manera que el fluido penetra el medio poroso y forma una pelicula de agua
sobre las superficies del medio poroso; y
cuando la rehabilitacion del pozo termina, se resumen el perforado

o las actividades de produccion en el pozo.

2. El método de la reivindicacion 1, en donde las superficies del medio poroso
antes del tratamiento con la mezcla tiene hidrocarburos adheridos a ellos, 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 poroso es una formacion
que posee hidrocarburo subterraneo que contiene asfalteno y en donde el
asfalteno se adhiere a la superficie del medio poroso.

4. El metodo de la reivindicacioén 3, en donde el hidrocarburo tiene una gravedad
APl de entre 6 y 16.

5. El método de la reivindicacién 3 en donde el hidrocarburo tiene una gravedad
APl deentre 6y 12.

6. El método de la reivindicacién 1, en donde el tensoactivo se selecciona del
grupo que consiste de tensoactivo catidnico, tensoactivos no idnicos, tensoactivos

anfotéricos y combinaciones de los mismos.

7. El método de la reivindicacion 1, en donde el co-tensoactivo es un co-
tensoactivo de alcohol.
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8. El método de la reivindicacion 7, en donde el co-tensoactivo de alcohol se
selecciona del grupo que consiste de metanol, etanol, propanol, butanol, pentanol,

isopropanol, y combinaciones de los mismos.

9. El método de la reivindicacién 1, en donde el fluido portador se selecciona del
grupo que consiste de disolventes organicos, hidrocarburos ligeros, diluyentes,
petroleo crudo ligero, y combinaciones de los mismos, agua, agua de produccion,

y solucion salina.

10. El método de la reivindicacion 1, en donde el fluido portador es un petréleo

crudo ligero con una gravedad API entre 20 a 25.

11. El método de la reivindicacion 1, en donde el tensoactivo es un nonil fenol
etoxilado que tiene entre 4 y 60 grupos etoxilados, y en donde el co-tensoactivo es

etanol.

12. El método de la reivindicacidon 11, en donde la mezcla contiene cantidades

sustancialmente iguales en volumen del tensoactivo y el co-tensoactivo.

13. El método de la reivindicacion 11, en donde la mezcla contiene cada uno del

tensoactivo y el co-tensoactivo a una concentracion de entre 0,5 y 5% en peso.

14. El método de |a reivindicacion 11, en donde la mezcla contiene cada uno del

tensoactivo y el co-tensoactivo a una concentracion de entre 1 al 4% en peso.

15. El método de la reivindicacion 1, en donde las superficies del medio poroso
definen el espacio de poro para el hidrocarburo, y en donde las superficies se
definen mediante un material seleccionado del grupo que consiste de cuarzo,
feldespato, mineral siliceo, mineral carbonaceo, arcilla, y combinaciones de los

mismos.
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