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Description
FIELD OF INVENTION

[0001] The invention relates generally to wellbore flu-
ids, and more specifically to the removal of the aqueous
content from the oil-based wellbore fluids.

BACKGROUND OF INVENTION

[0002] When drilling or completing wells in earth for-
mations, various fluids typically are used in the well for
avariety ofreasons. Common uses for well fluids include:
lubrication and cooling of drill bit cutting surfaces while
drilling generally or drilling-in (i.e., drilling in a targeted
petroliferous formation), transportation of "cuttings"
(pieces of formation dislodged by the cutting action of
the teeth on a drill bit) to the surface, controlling formation
fluid pressure to prevent blowouts, maintaining well sta-
bility, suspending solids in the well, minimizing fluid loss
into and stabilizing the formation through which the well
is being drilled, fracturing the formation in the vicinity of
the well, displacing the fluid within the well with another
fluid, cleaning the well, testing the well, fluid used for
emplacing a packer, abandoning the well or preparing
the well for abandonment, and otherwise treating the well
or the formation.

[0003] Drilling fluids or muds typically include a base
fluid (water, diesel or mineral oil, or a synthetic com-
pound), weighting agents (most frequently barium sulfate
or barite is used), emulsifiers and emulsifier systems,
fluid loss additives, viscosity regulators and the like, for
stabilizing the system as a whole and for establishing the
desired performance properties.

[0004] Oil-based drilling fluids are generally used in
the form of invert emulsion muds. Invert emulsion fluids
are employed in drilling processes for the development
of oil or gas sources, as well as, in geothermal drilling,
waterdrilling, geoscientific drilling, and mine drilling. Spe-
cifically, the invert emulsion fluids are conventionally uti-
lized for such purposes as providing stability to the drilled
hole, forming a thin filter cake, lubricating the drilling bore
and the downhole area and assembly, and penetrating
salt beds without sloughing or enlargement of the drilled
hole.

[0005] An invert emulsion mud consists of three phas-
es: anoleaginous phase, an aqueous phase, and a finely
divided particle phase. The discontinuous aqueous
phase is dispersed in an external or continuous oleagi-
nous phase with the aid of one or more emulsifiers. The
oleaginous phase may be a mineral or synthetic oil, diesel
or crude oil, while the aqueous phase is usually calcium
chloride, sodium chloride or other brine.

[0006] The dispersed aqueous phase has several
functions. The aqueous phase replaces part of the oleag-
inous phase, thereby building volume and reducing the
total fluid cost. Further, the aqueous phase contributes
to fluid density through its higher specific gravity. The
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highly dispersed state of the aqueous phase contributes
to rheology and to fluid loss control. The dispersed aque-
ous phase also helps improve the inhibition of water-re-
active shales by creating a favorable salinity balance.
[0007] The volume ratio of the oleaginous phase to the
aqueous phase is referred to as the oil/water ratio (OWR).
The OWR is commonly quoted as proportions out of a
total of one hundred units, e.g. 90/10, 75/25, etc. Occa-
sionally, through contamination at surface or influx of for-
mation waters downhole, the water cut of an oil-based
fluid increases, thereby decreasing the OWR. Such a
decrease in the OWR can have an adverse effect on the
rheology, density, and emulsion stability of the fluid.
There are also occasions where an existing fluid, de-
signed originally to have a higher water content, may
have to be used in a drilling operation that requires a
lower water portion. In both such cases, the water cut of
the fluid has to be reduced in order to bring back the fluid
properties within specification. In other words, the OWR
has to be increased.

[0008] Previous attempts in the prior art to increase
OWR has included dilution with the oleaginous phase,
i.e. adding more oil to the oil-based drilling fluid. However,
as more oil is added to the drilling fluid, the amount of
fluid additives, such as rheology and fluid loss additives
and weight material, necessarily increases in order to
maintain the various desirable fluid properties. Conse-
quently, not only does dilution of the oleaginous phase
increase the overall volume of the drilling fluid, but it also
increases costs, inventory, and waste.

[0009] Previous attemptsinthe priorart have also used
adesiccant to remove small portions of water from a drill-
ing fluid. This has been useful in applications requiring
the drilling fluid remain in a water-free state. While these
attempts have been successful at removing small quan-
tities of water, these attempts have not addressed the
need to remove large amounts of water from the drilling
fluid during drilling, or adjusting an existing fluid to meet
the requirements for a particular application. Further,
these attempts do not address the need of removing
aqueous content from an invert emulsion oil-based drill-
ing fluid.

[0010] Accordingly, there exists a need for means to
economically increase the OWR while reducing the
amount of contaminant water present in the fluid without
altering the fluid’s desired properties. Further, there ex-
ists a need to remove large amounts of non-emulsified
water from an oil-based drilling fluid. Further yet, there
exists a need to remove the emulsified aqueous content
from an invert emulsion oil-based drilling fluid.

[0011] EP-A-0933 414 proposes a method of reducing
the water produced with hydrocarbons from a subterra-
nean formation penetrated by a well bore. The method
comprises placing a pack of polymer-coated particulate
solid material in or adjacent to the formation. The polymer
reacts with or absorbs water from the formation and
swells, preventing further flow of water from the formation
while allowing flow of hydrocarbons from the formation.
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[0012] US-A-4 913 585 proposes a method of treating
waste drilling mud to reduce the volume and the mass
of the waste mud, and to form a stable solid for disposal
The drilling mud is treated with a flocculating and dewa-
tering agent such that the solids present in the drilling
mud agglomerate and precipitate out. This leaves free
water which can be seperated from the solids. The ag-
glomerated solids are combined with water absorbing
binders which have the ability to absorb large amounts
of water per weight of absorbent. This results in a solid
and stable sludge which can be sent for disposal.

SUMMARY OF INVENTION

[0013] An aspect of the present invention provides a
method for removing aqueous content from a wellbore
fluid according to claim 1.

[0014] Other aspects and advantages of the claimed
subject matter will be apparent from the following de-
scription and the appended claims.

Brief Description of the Drawings
[0015]

FIG. 1 shows a graphical representation of the ab-
sorption of fresh water over a period of time.

FIG. 2 shows a graphical representation of the ab-
sorption of sea water over a period of time.

FIG. 3 shows a graphical representation of the effect
oftemperature on sea water absorption over a period
of time.

FIG. 4 shows a graphical representation of the ab-
sorption of sea water in an oil environment over a
period of time.

FIG. 5 shows a graphical representation of the ab-
sorption of seawaterin an oil environment containing
an invert emulsifier over a period of time.

FIG. 6 shows a graphical representation of the ab-
sorption of seawaterin an oil environment containing
an invert emulsifier and barite over a period of time.

FIG. 7 shows a graphical representation of the ab-
sorption of emulsified fresh water over a period of
time.FIG. 8 shows a graphical representation of the
absorption of emulsified brine over a period of time.

FIG. 9 shows a graphical representation of the ab-
sorption of non-emulsified brine, setting the percent
concentration (w/w) against the water activity.

FIG. 10 shows a flow chart for removing aqueous
content from an invert emulsion drilling fluid using a
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water absorbing polymer.

FIG. 11 shows a flow chart for removing the non-
emulsified aqueous content from an invert emulsion
drilling fluid when the fluid is in process.

FIG. 12 shows a flow chart for removing emulsified
aqueous contentfrom an invert emulsion drilling fluid
using a water absorbing polymer.

Detailed Description

[0016] In one aspect, embodiments of the invention
are generally directed to a method for removing aqueous
content from an oil based drilling fluid, thereby increasing
the OWR. As described above, during the use of a well-
bore fluid, water often contaminates the wellbore fluid so
as to increase the total volume of the wellbore fluid and
alter the OWR, as well as the concentration of salts or
other wellbore additives from their initial, desired concen-
tration. According to the embodiments of the present in-
vention, excess aqueous content may be removed from
a wellbore fluid by contacting the wellbore fluid with a
water absorbing polymer. Wellbore fluids that may be
used with a water absorbing polymer in accordance with
the present invention may include any invert emulsion
fluids having excess water that have been collected form
awellbore, such as drilling fluids, completion fluids, work-
over fluids, and drill-in fluids.

[0017] A method 100 of removing at least a portion of
the aqueous content from a wellbore fluid is depicted in
Fig. 10. The wellbore fluid comprises an invert emulsion
oil-based drilling fluid. As stated above, an invert emul-
sion consists of three phases: an oleaginous phase, an
aqueous phase, and a finely divided particle phase. In
the invert emulsion oil-based drilling fluid, the discontin-
uous aqueous phase is dispersed in an external or con-
tinuous oleaginous phase with the aid of one or more
emulsifiers.

[0018] The oleaginous continuous phase is preferably
selected from at least one of the following: mineral oil,
synthetic oil, diesel, crude oil, and mixtures thereof. The
aqueous discontinuous phase is preferably selected from
atleast one of the following: fresh water, sea water, brine,
mixture of water and water soluble organic compounds,
and mixtures thereof. As used herein, brine refers to var-
ious salts and salt mixtures dissolved in an aqueous so-
lution. A brine of the present invention may include mono-
valent or/and divalent salts of inorganic or organic acids.
Preferably, a brine of the present invention includes cal-
cium, sodium or potassium chloride; calcium, sodium or
potassium bromide, potassium or cesium formate dis-
solved in an aqueous solution.

[0019] Method 100 comprises a contacting step 110,
where a water absorbing polymer is contacted with the
wellbore fluid. The water absorbing polymer is preferably
awater absorbing crystalline polymer capable of absorb-
ing at least 10 times its own weight in fresh water. Par-
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ticularly, the water absorbing polymer may include acry-
lamide based polymers and copolymers, starch deriva-
tives, and combinations thereof, as well as other water
absorbing polymers known in the art.

[0020] The absorbance capacity of the water absorb-
ing polymers may be explained by the matix-like structure
of dry water absorbing polymer particle. The dry polymer
may contain charged species within the matrix, such that
the ionization of the polymer will cause the matrix network
to open and create cavities that may absorb water by
capillary action. Water absorbed into the polymer may
be retained by hydrogen bonds that form between the
charged species and the water. The actual mechanism
for water absorbance and retention may vary based on
the structure of a particular water absorbing polymer. For
example, polyacrylamide, in the dry powdered state, con-
tains a coiled backbone, lined with amide groups. When
exposed to an aqueous solution, the amide groups dis-
sociate into negatively charged amide ions, which may
repel one another along the polymer chain. The repelling
amide ions thereby widen the polymer coils and allow
water to move into contact with inner amide groups, fur-
ther continuing the widening or welling of the polymer.
Water is retained within the polymer due to hydrogen
bonding between the water and the amide ions on the
polymer. Because of the crosslinking that exists in these
water absorbing polymers, the water absorbing polymers
remain insoluble in an aqueous solution.

[0021] Method 100 further comprises an interacting
step 120, where the water absorbing polymer is allowed
to contact the wellbore fluid for a period of time. The pe-
riod of time should be sufficient so that the water absorb-
ing polymer absorbs at least a portion of the aqueous
fluid from the invert emulsion. The amount of time will
vary depending on the application, and can be easily as-
certained through representative testing. However, equi-
librium has been obtained between 1 and three hours,
depending on salinity as well as the state of emulsifica-
tion.

[0022] Method 100 further comprises aseparating step
130, where the water absorbing polymer containing the
absorbed water from the wellbore fluid is separated from
the wellbore fluid. This can be achieved through various
filtration techniques, including passing the invert emul-
sion wellbore fluid containing the water absorbing poly-
mer over appropriate sized shaker screens to remove
the swollen water absorbing polymer. Alternatively, cen-
trifuges or hydrocylcones, which work on the basis of size
and density differences, may also be used to effectuate
separation of the water absorbing polymer from the well-
bore fluid.

[0023] In another aspect, embodiments of the inven-
tion are generally directed to a method for adjusting the
OWR of the invert emulsion wellbore fluid. This may be-
come necessary to remove excess downhole influx of
water, or adjust the OWR of an existing wellbore fluid so
it may meet the specifications of a particular application.
[0024] A method 200 for removing the non-emulsified
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aqueous content during the drilling process is depicted
in Fig. 11. It may become necessary to remove excess
aqueous content throughout the drilling process if, for
example, there is an influx of water into the wellbore or
there is surface contamination of the wellbore fluid. If the
water portion of the invert emulsion wellbore fluid increas-
es, the water absorbing polymer can be added to absorb
atleasta portion of the aqueous content, thereby increas-
ing the OWR. The water absorbing polymer will absorb
the influx water first, and then absorb the discontinuous
aqueous phase of the wellbore fluid.

[0025] Method 200 comprises a determining step 210,
where the design limit of the OWR for the invert emulsion
wellbore fluid is determined. The design limit is the min-
imum OWR the wellbore fluid will tolerate without ad-
versely effecting the rheology, density, and emulsion sta-
bility of the wellbore fluid. Accordingly, the design limit
will vary depending upon the particular application.
[0026] Method 200 further comprises a feeding step
220, where an invert emulsion wellbore fluid is fed to the
borehole. The wellbore fluid is generally fed to a borehole
via nozzles in a drill bit, or other methods already known
in the art.

[0027] Method 200 further comprises a monitoring step
230, where the OWR of the wellbore fluid is monitored.
Determination of the OWR can be done by distilling the
liquid part of the drilling fluid in a device called retort, or
other means known in the art. The ideal OWR will vary
depending upon the particular application, as will the de-
sign limit of the wellbore fluid. If the determined OWR
falls below the design limit OWR, removal of the excess
aqueous content becomes necessary.

[0028] Method 200 further comprises a contacting step
240, where the invert emulsion drilling fluid is contacted
with a water absorbing polymer through introducing the
water absorbing polymer to the circulating drilling fluid in
the wellbore. The water absorbing polymer can be added
directly to the active pit, or the water absorbing polymer
may be added in the flow line carrying the invert emulsion
wellbore fluid.

[0029] Method 200 further comprises an interacting
step 250, where the water absorbing polymer interacts
with the invert emulsion drilling fluid for a sufficient period
of time so that the water absorbing polymer absorbs suf-
ficient aqueous content to return the OWR above the
design limit. In one embodiment, sub-millimetric polymer
granules are added to the wellbore fluid and allowed to
continuously circulate within the wellbore. As the polymer
granules circulate with the wellbore fluid, atleast a portion
of the aqueous content of the wellbore fluid will be ab-
sorbed by the polymer granules. As the polymer granules
absorb the aqueous content, the polymer granules will
begin to expand.

[0030] The size of the water absorbing polymer is im-
portant, as it affects the rate of absorption. The smaller
the size of the water absorbing polymer granules, the
larger the surface area of the particles, yielding a higher
absorption rate. However, the granules should not be so
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small that they negatively impact the rheology of the drill-
ing fluid. The rheology of the drilling fluid may become
negatively impacted if the particle size of the polymer
granules become comparable to that of the drilling fluid
solid constituents, i.e. the weight material and the fluid
loss additive. Additionally, the granules should not be so
small in size that they will pass through the shaker
screens before they have swollen. Consequently, the
particle size of the polymer granules is at least 300 mi-
cron.

[0031] Method 200 further comprises aseparating step
260, where the water absorbing polymer containing the
absorbed aqueous content is separated from the invert
emulsion drilling fluid. After the water absorbing polymer
has been allowed to contact the invert emulsion drilling
fluid long enough for at least a portion of the aqueous
content to be absorbed by the water absorbing polymer,
the water absorbing polymer may removed from the in-
vert emulsion drilling fluid. This may be done by passing
the fluid through suitable sized shaker screens. Filtration
of the aqueous content-bearing water absorbing polymer
can be achieved after the water absorbing polymer has
swelled enough to be caughtby the shaker screens. How-
ever, if the water absorbing polymer has not swollen suf-
ficiently, the water absorbing polymer will pass through
the shaker screen and continue to circulate through the
wellbore. This allows for continual aqueous content re-
moval until all the water absorbing polymer swells
enough to be removed by the shaker screens.

[0032] A method 300 for removing a portion of the
emulsified aqueous content of an existing invert emulsion
wellbore fluid is depicted in Fig. 12. The existing OWR
of an existing invert emulsion wellbore fluid can be de-
termined by retort, as stated above. In certain circum-
stances, the existing OWR of an invert emulsion wellbore
fluid may need to be increased so that the invert emulsion
wellbore fluid meets specifications of a particular appli-
cation. Consequently, it would be necessary to remove
part of the discontinuous aqueous phase of the invert
emulsion wellbore fluid.

[0033] Method 300 comprises a determination step
310, where the desired OWR is determined. The desired
OWR will vary depending upon a given application. Fac-
tors considered when determining the desired OWR in-
clude the fluid density, rheology, fluid loss properties and
costs.

[0034] Method 300 further comprises an addition step
320, where a sufficient amount of the water absorbing
polymer is added to the existing wellbore fluid to adjust
the existing OWR to a desired OWR. In one embodiment,
the existing wellbore fluid is held in storage, and polymer
granules are added to the existing wellbore fluid. As pre-
viously stated, the size of the polymer granules affects
the rate of absorption. Because the existing wellbore fluid
is held in storage, and is not actively involved in drilling
awellbore, the amount of time it takes to adjust the OWR
to the desired OWRis notas critical. Consequently, larger
polymer granules are preferred. While larger granules
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may be used, they should not be so large as to be pre-
maturely filtered during separating step 340. Therefore,
polymer granules between 0.3 and 1.0 millimeter are
most preferred

[0035] Method 300 further comprises an interacting
step 330, where the invert emulsion wellbore fluid inter-
acts with the water absorbing polymer for a sufficient pe-
riod of time for the water absorbing polymer to absorb
sufficient aqueous content to adjust the existing OWR to
the desired OWR. In one embodiment, the invert emul-
sion wellbore fluid is moderately agitated for the duration
of the time period. The agitation should be of an adequate
level to distribute the polymer granules uniformly
throughout the drilling fluid, i.e. prevent separation due
to density difference.

[0036] Method 300 further comprises a separating step
340, where the water absorbing polymer containing the
absorbed aqueous content is separated from the invert
emulsion wellbore fluid. Once the desired OWR is
reached, separation may be done by passing the invert
emulsion wellbore fluid through suitable sized shaker
screens.

[0037] EXAMPLES

[0038] The following examples demonstrate the capa-
bility of water-swelling polymers to remove water or salt
solution from an aqueous and non-aqueous liquid envi-
ronment. Granules of an acrylamide copolymer
(POLYSWELL®, M-I SWACO) were used in all the ex-
amples given below. The granules were roughly cubic in
shape, with approximate size 2-4 mm. These were
ground in a small laboratory grinder to a dgy, of about 400
micron. Unless otherwise stated, all the tests were car-
ried out in ambient temperature (20-25 °C).

[0039] Examples 1-3 are general demonstrations of
water absorption capacity of the polymer. Examples 4-6
generally show the high capacity of the polymer for re-
moving non-emulsified water from a non-aqueous envi-
ronment such as an oil-based fluid. This is analogous to
surface contamination or down hole influx of water. Ex-
amples 7-9 generally illustrate the ability of the polymer,
dispersed in an oil phase, to extract water from an emul-
sified aqueous phase. This is analogous to treating an
existing oil-based fluid in order to increase its OWR.
[0040] Example 1:

[0041] One gram of the polymer was added to a 250
mL beaker containing fresh water and stirred gently. The
polymer granules were removed by sieving and weighed
at intervals, then returned to the beaker. Fig. 1 shows
the weight gain of the polymer against time of interaction
between the polymer and the fresh water. The results
show that the polymer absorbs more than one hundred
(100) times its own weight of fresh water in two hours.

[0042] Example 2:
[0043] One gram of the polymer was added to a 250

mL beaker containing sea water and stirred gently. The
polymer granules were removed by sieving and weighed
at intervals, then returned to the beaker. Fig. 2 shows
the weight gain of the polymer against time of interaction
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betweenthe polymer and the sea water. Theresults show
that the polymer absorbs more than ten (10) times its
own weight of sea water in two hours.

[0044] Example 3:
[0045] Fig. 3 shows the effect of a thirty (30) degree

rise in temperature on sea water absorption. The higher
temperature does not have a negative effect on water
absorption capacity of the polymer.

[0046] Example 4:

[0047] One gram of polymer was dispersed in a 100
mL beaker of a mineral oil (EDC 95/11, Total). The mix-
ture was gently stirred for two hours to allow the polymer
surfaces to become fully oil-wet. A 50 mL volume of sea
water was then added to the oil phase as the stirring
continued. The polymer granules were weighed at inter-
vals. Fig. 4 charts the weight of the absorbed sea water
against time. Comparison with Fig. 2 shows that the pres-
ence of the oil does not inhibit absorption of sea water
by the polymer.

[0048] Example 5:
[0049] Two and a half (2.5) grams of an invert emulsi-

fier (VERSACLEAN FL®, M-l SWACO) was dissolved in
100 mL of mineral oil. One gram of polymer was added
to the oil. Stirring continued for two hours to allow the
polymer surfaces to become fully oil-wet. A 50 mL volume
of sea water was then added to the oil phase with gentle
stirring. The polymer granules were weighed at intervals.
Fig. 5 shows the weight of the absorbed sea water against
time. Comparison with Figs. 2-5 shows that the presence
of the oil and emulsifier does not inhibit absorption of sea
water by the polymer. It should be noted that high-shear
mixing, which is required for forming a stable emulsion,
was not applied in this test. (i.e. the mixture was stirred
gently at all times)

[0050] Example 6:
[0051] Two and a half (2.5) grams of emulsifier was

dissolved in 100 mL of mineral oil. One hundred eighteen
(118) grams of barite was added to the oil and the mixture
was sheared for thirty (30) minutes. One gram of the pol-
ymer was added to the oil-barite suspension and stirring
continued for two hours. A 50 mL volume of sea water
was then added to the suspension with gentle stirring.
The polymer granules were removed at intervals by siev-
ing and shaking to ensure that most of the oily suspension
was removed from the swollen particles before weighing.
Fig. 6 shows the weight of absorbed sea water against
time. Comparison with Figs. 4 and 5 shows that the pres-
ence of barite particles reduces water absorption by the
polymer. This may be due to coverage of polymer gran-
ules with fine particles of barite. Nevertheless, the poly-
mer is capable of absorbing seven times its own weight
of sea water in three (3) hours.

[0052] The following examples show the water absorp-
tion capability of the polymer when the water is present
in an emulsified state, which is the case with invert emul-
sion fluids.

[0053] Example 7:
[0054] Two and a half (2.5) grams of emulsifier was
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dissolved in 100 mL of mineral oil. A 30.7 mL volume of
fresh water was added to the oil and the mixture was
subjected to high shear for thirty (30) minutes using a
Hamilton Beach mixer. One gram of polymer was then
added to the emulsion and the mixture was stirred gently.
The polymer granules were removed at interval and
weighed. Fig. 7 shows the weight of absorbed fresh water
against time. The polymer readily absorbs fresh water,
up to fourteen (14) times its own weight, even when the
water is in an emulsified state.

[0055] Example 8:

[0056] A 22% (w/w) calcium chloride brine was made
by dissolving 10.9 grams of calcium chloride (oilfield
grade, 83.5% purity) in 30.7 mL of fresh water (equivalent
to awater phase salinity of 173,887 mg/L of chloride ions,
a common oilfield unit). Two and a half (2.5) grams of
emulsifier was dissolved in 100 mL of mineral oil. The
30.7 mL volume of 22% (w/w) calcium chloride brine was
added to the oil and the mixture was subjected to high
shear for thirty (30) minutes using a Hamilton Beach mix-
er. One gram of polymer was then added to the emulsion
and the mixture was stirred gently. The polymer granules
were removed at interval and weighed. Fig. 8 shows the
weight of absorbed brine against time. This is the worst
case scenario for water absorption as both salinity and
emulsification reduce absorption of water by the polymer.
Nevertheless, the polymer is capable of absorbing more
than three times its own weight of brine from a concen-
trated emulsified brine phase.

[0057] Example 9:

[0058] A test was conducted to determine whether it
was water or brine that was absorbed by the polymer.
Three hundred (300) grams of a 22% (w/w) solution of
calcium chloride was prepared as described in Example
8. The water activity of this solution was measured by a
Novasina Water Activity Meter (Model ms1-aw) to be
0.796 at 22.5 °C. Fifteen (15) grams of the polymer was
added to the brine and mixed by gentle stirring. After
eight hours, the polymer granules were removed by siev-
ing, and subsequently weighed. A weight gain of 77.9
gram was registered. The water activity of the remaining
brine was measured to be more or less unchanged, 0.790
at 24.0 °C.

[0059] Fig. 9 shows the percent concentration (w/w)
against water activity. If the weight gain of the polymer
was due to absorption of pure water, rather than brine
solution, then the salt concentration of the remaining
brine would have increased to 29.9%, equivalent to a
water activity of about 0.64, as shown in Fig. 9. As men-
tioned above, the measured water activity of the remain-
ing brine was 0.79. Therefore, it is concluded that the
polymer absorbs the salt solution rather than pure water.
[0060] While the claimed subject matter has been de-
scribed with respect to a limited number of embodiments,
those skilled in the art, having benefit of this disclosure,
will appreciate that other embodiments can be devised.
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Claims

A method for removing aqueous fluid from a wellbore
fluid, comprising:

contacting the wellbore fluid with a water absorb-
ing polymer in the form of polymer granules hav-
ing a particle size of at least 300 microns, the
wellbore fluid comprising:

an invert emulsion comprised of an oleagi-
nous continuous phase and an aqueous
discontinuous phase;

interacting the water absorbing polymer with the
wellbore fluid for one to three hours so that the
water absorbing polymer absorbs at least a por-
tion of aqueous fluid from the wellbore fluid; and
separating the water absorbing polymer con-
taining the absorbed aqueous fluid from the well-
bore fluid.

The method of claim 1, wherein the oleaginous con-
tinuous phase is selected from atleast one of mineral
oil, synthetic oil, diesel, crude oil, and mixtures there-
of.

The method of claim 1 or 2, wherein the aqueous
discontinuous phase is selected from at least one of
fresh water, sea water, brine, mixture of water and
water soluble organic compounds, and mixtures
thereof.

The method of any one of the previous claims,
wherein the water absorbing polymer is a water ab-
sorbing crystalline polymer capable of absorbing at
least ten times its own weight in fresh water.

The method of claim 4, wherein the water absorbing
polymer is selected from at least one of acrylamide
based polymers and copolymers, starch derivatives,
and combinations thereof.

The method of any one of the previous claims,
wherein the separating step further comprises pass-
ing the wellbore fluid over a shaker screen.

The method of claim 1 wherein the aqueous fluid is
non-emulsified aqueous content and where the
aqueous content is removed from the wellbore fluid
in situ, the method further comprising:

determining a design limit of the oil-to-water ratio
for the wellbore fluid;

feeding the wellbore fluid to the borehole, the
wellbore fluid comprising:

an invert emulsion; and
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monitoring the oil-to-waterratio of the wellbore
fluid;
wherein:

in the contacting step the water absorbing
polymer is added to the wellbore fluid when
the oil/water ratio decreases below the de-
sign limit; and

in the interacting step the water absorbing
polymer absorbs sufficientaqueous content
to return the oil/water ratio above the design
limit.

The method of claim 7, where the oil-to-water ratio
of the wellbore fluid is intermittently monitored.

The method of claim 7, where the oil-to-water ratio
of the wellbore fluid is continually monitored.

The method of any one of claims 7 to 9, where the
water absorbing polymer is added directly to an ac-
tive bore hole pit.

The method of claim any one of claims 7 to 9, where
the water absorbing polymer is added through a flow
line carrying the wellbore fluid.

The method of any one of claims 7 to 11, where the
water absorbing polymer is selected from at least
one of acrylamide based polymers and copolymers,
starch derivatives, and combinations thereof.

The method of claim any one of claims 7 to 12, where
the separating step further comprises passing the
wellbore fluid over a shaker screen.

The method of claim 1 wherein the aqueous fluid is
emulsified aqueous content from an existing invert
emulsion wellbore fluid, where the existing invert
emulsion wellbore fluid comprises an existing oil-to-
water ratio, the method further comprising:

determining a desired oil-to-water ratio for the
existing invert emulsion wellbore fluid;
wherein:

in the contacting step a sufficient amount of
water absorbing polymer is added to the ex-
isting wellbore fluid to adjust the existing oil-
to-water ratio to the desired oil-to-water ra-
tio;

in the interacting step the water absorbing
polymer absorbs sufficientaqueous content
to adjust the existing wellbore fluid to the
desired oil-to-water ratio, thereby yielding
an adjusted wellbore fluid; and

in the separating step the water absorbing
polymer is separated from the adjusted



15.

16.

13 EP 1 944 464 B1 14

wellbore fluid.

The method of claim 14, where the water absorbing
polymer is selected from at least one of acrylamide
based polymers and copolymers, starch derivatives,
and combinations thereof.

The method of claim 14 or 15, where the separating
step further comprises passing the wellbore fluid
over a shaker screen.

Patentanspriiche

1.

Verfahren zum Entfernen wassrigen Fluids aus ei-
nem Bohrlochfluid, Folgendes umfassend:

Kontaktieren des Bohrlochfluids mit einem was-
serabsorbierenden Polymer in Form von Poly-
mer-Granulat mit einer PartikelgroRe von zu-
mindest 300 wm, wobei das Bohrlochfluid Fol-
gendes umfasst:

eine Wasser-in-Ol-Emulsion, umfassend
eine kontinuierliche Olphase und eine dis-
kontinuierlichen Wasserphase;

Wechselwirken des wasserabsorbierenden Po-
lymers mit dem Bohrlochfluid Gber 1 bis 3 h, so-
dass das wasserabsorbierende Polymer zumin-
dest einen Teil des wassrigen Fluids aus dem
Bohrlochfluid absorbiert, und

Abtrennen des das aus dem Bohrlochfluid ab-
sorbierte wassrige Fluid enthaltenden wasser-
absorbierenden Polymers.

Verfahren nach Anspruch 1, worin die kontinuierli-
che Olphase aus zumindest einem von Mineralél,
synthetischem Ol, Diesel, Rohélund Gemischen da-
von ausgewahlt ist.

Verfahren nach Anspruch 1 oder 2, worin die diskon-
tinuierliche Wasserphase aus zumindest einem von
SiRwasser, Meerwasser, Salzlésung, Gemisch aus
Wasser und wasserléslichen organischen Verbin-
dungen und Gemischen davon ausgewahlt ist.

Verfahren nach einem der vorangegangenen An-
spriiche, worin das wasserabsorbierende Polymer
ein kristallines wasserabsorbierendes Polymer ist,
das dazu in der Lage ist, zumindest das Zehnfache
seines Eigengewichts an StiRwasser zu absorbie-
ren.

Verfahren nach Anspruch 4, worin das wasserab-
sorbierende Polymer aus zumindest einem von auf
Acrylamid basierenden Polymeren und Copolyme-
ren, Starkederivaten und Kombinationen davon aus-
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gewahlt ist.

Verfahren nach einem der vorangegangenen An-
spriiche, worin der Abtrennungsschritt weiters das
Leiten des Bohrlochfluids Giber ein Schittelsieb um-
fasst.

Verfahren nach Anspruch 1, worin das wassrige Flu-
id nichtemulgierter Wassergehalt ist und wobei der
Wassergehalt aus dem Bohrlochfluid in situ entfernt
wird, wobei das Verfahren weiters Folgendes um-
fasst:

Bestimmen eines Grenzwerts des Ol-zu-Was-
ser-Verhaltnisses fiir das Bohrlochfluid;
Einfiihren des Bohrlochfluids in das Bohrloch,
wobei das Bohrlochfluid Folgendes umfasst:

eine Wasser-in-Ol-Emulsion; und

Uberwachen des Ol-zu-Wasser-Verhaltnisses
des Bohrlochfluids;
worin:

im Kontaktierungsschritt das wasserabsor-
bierende Polymer zu dem Bohrlochfluid zu-
gesetzt wird, wenn das Ol/Wasser-Verhalt-
nis unter den Grenzwert absinkt; und

im Wechselwirkungsschritt das wasserab-
sorbierende Polymer ausreichend Wasser-
gehalt absorbiert, damit das Ol/Wasser-
Verhaltnis wieder tber den Grenzwert an-
steigt.

Verfahren nach Anspruch 7, worin das Ol-zu-Was-
ser-Verhaltnis des Bohrlochfluids intermittierend
Uberwacht wird.

Verfahren nach Anspruch 7, worin das Ol-zu-Was-
ser-Verhaltnis des Bohrlochfluids kontinuierlich
Uberwacht wird.

Verfahren nach einem der Anspriiche 7 bis 9, worin
das wasserabsorbierende Polymer direkt einem ak-
tiven Bohrschacht zugesetzt wird.

Verfahren nach einem der Anspriiche 7 bis 9, worin
das wasserabsorbierende Polymer Uber eine das
Bohrlochfluid fihrende Strémungsleitung zugesetzt
wird.

Verfahren nach einem der Anspriiche 7 bis 11, worin
das wasserabsorbierende Polymer aus zumindest
einem von auf Acrylamid basierenden Polymeren
und Copolymeren, Starkederivaten und Kombinati-
onen davon ausgewahlt ist.

Verfahren nach einem der Anspriiche 7 bis 12, worin
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der Abtrennungsschritt weiters das Leiten des Bohr-
lochfluids Uber ein Schittelsieb umfasst.

Verfahren nach Anspruch 1, worin das wéassrige Flu-
id emulgierter Wassergehalt aus einem gegebenen
Wasser-in-Ol-Emulsions-Bohrlochfluid ist, wobei
das gegebene Wasser-in-Ol-Emulsions-Bohrloch-
fluid ein gegebenes Ol-zu-Wasser-Verhaltnis um-
fasst, wobei das Verfahren weiters Folgendes um-
fasst:

Bestimmen eines gewiinschten Ol-zu-Wasser-
Verhaltnisses fiir das gegebene Wasser-in-Ol-
Emulsions-Bohrlochfluid;

worin:

im Kontaktierungsschritt eine ausreichende
Menge des wasserabsorbierenden Poly-
mers zu dem gegebenen Bohrlochfluid zu-
gesetzt wird, um das gegebene Ol-zu-Was-
ser-Verhéltnis auf das gewiinschte Ol-zu-
Wasser-Verhaltnis einzustellen;

im Wechselwirkungsschritt das wasserab-
sorbierende Polymer ausreichend Wasser-
gehalt absorbiert, um das gegebene Bohr-
lochfluid auf das gewiinschte Ol-zu-Was-
ser-Verhaltnis einzustellen, wodurch ein
eingestelltes Bohrlochfluid erhalten wird;
und

in dem Abtrennungsschritt das wasserab-
sorbierende Polymer von dem eingestellten
Bohrlochfluid abgetrennt wird.

Verfahren nach Anspruch 14, worin das wasserab-
sorbierende Polymer aus zumindest einem von auf
Acrylamid basierenden Polymeren und Copolyme-
ren, Starkederivaten und Kombinationen davon aus-
gewahlt ist.

Verfahren nach Anspruch 14 oder 15, worin der Ab-
trennungsschritt weiters das Leiten des Bohrlochflu-
ids Uiber ein Schiittelsieb umfasst.

Revendications

1.

Procédé pour extraire un fluide aqueux d’un fluide
de forage, comprenant :

mettre le fluide de forage en contact avec un
polymeére absorbant de I'eau sous la forme de
granules de polymére ayant une taille de granule
d’au moins 300 microns, le fluide de forage
comportant :

une émulsion inverse avec une phase oléa-
gineuse continue et une phase aqueuse
discontinue,
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faire interagir le polymére absorbant de
I'eau et le fluide de forage pendant une a
trois heures de fagon que le polymeére ab-
sorbant de I'eau absorbe au moins une par-
tie du fluide aqueux du fluide de forage, et
séparerle polymeére absorbantde I'eau con-
tenant le fluide aqueux absorbé du fluide de
forage.

Procédé selon larevendication 1, caractérisé en ce
que la phase oléagineuse continue est choisie entre
au moins un parmi huile minérale, huile synthétique,
diesel, pétrole brut et des mélanges de ceux-ci.

Procédé selon la revendication 1 ou 2, caractérisé
en ce que la phase aqueuse discontinue est choisie
entre au moins un parmi eau fraiche, eau de mer,
saumure, mélange d’eau et composantes hydroso-
lubles, et des mélanges de ceux-ci.

Procédé selon I'une des revendications précéden-
tes, caractérisé en ce que le polymére absorbant
de I'eau est un polymere cristallin absorbant de 'eau
capable d’absorber au moins dix fois son propre
poids dans de 'eau fraiche.

Procédé selon larevendication 4, caractérisé en ce
que le polymere absorbant de I'eau est choisi entre
au moins un parmi des polyméres et copolymeéres a
base d’acrylamide, dérivés d’amidon et des combi-
naisons de ceux-ci.

Procédé selon 'une quelconque des revendications
précédentes, caractérisé en ce que I'étape de sé-
paration comprend en outre le passage de fluide de
forage sur une grille vibrante.

Procédé selon larevendication 1, caractérisé en ce
que le fluide aqueux est un contenu aqueux non
émulsifié, et lorsque le contenu aqueux est extrait
du fluide de forage in situ, le procédé comprend en
outre :

déterminer une limite de conception du rapport
huile/eau pour le fluide de forage,

introduire le fluide de forage dans le trou de fo-
rage, le fluide de forage comprenant :

une émulsion inversée, et

surveiller le rapport huile/eau du fluide de
forage,

etence que:

dans I'étape de contact, le polymeére absorbant
de I'eau est ajouté au fluide de forage lorsque
le rapport huile/eau descend en dessous de la
limite de conception, et

dans l'étape d’interaction, le polymére absor-
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bant de I'eau absorbe suffisamment de contenu
aqueux pour remettre le rapport huile/eau au-
dessus de la limite de conception.

Procédé selon larevendication 7, caractérisé en ce
que le rapport huile/eau du fluide de forage est sur-
veillé de maniére intermittente.

Procédé selon larevendication 7, caractérisé en ce
que le rapport huile/eau du fluide de forage est sur-
veillé de maniére continue.

Procédé selon I'une quelconque des revendications
7 a9, caractérisé en ce que le polymére absorbant
de I'eau est ajouté directement dans le puisard actif
d’'un trou de forage.

Procédé selon I'une quelconque des revendications
7 a9, caractérisé en ce que le polymére absorbant
de I'eau est ajouté par un conduit contenant du fluide
de forage.

Procédé selon I'une quelconque des revendications
7a11, caractérisé en ce que le polymeére absorbant
de I'eau est choisi entre au moins un parmi des po-
lymeres et copolymeéres a base d’acrylamide, déri-
vés d’amidon et des combinaisons de ceux-ci.

Procédé selon I'une quelconque des revendications
7 a 12, caractérisé en ce que I'étape de séparation
comprend en outre le passage de fluide de forage
sur une grille vibrante.

Procédé selon larevendication 1, caractérisé en ce
que le fluide aqueux est un contenu émulsifié d’'un
fluide de forage existant a émulsion inversée, le flui-
de de forage existant a émulsion inversée ayant un
rapport huile/eau existant, le procédé comprenant
en outre :

déterminer un rapport huile/eau souhaité pour
le fluide de forage existant a émulsion inversée,
eten ce que :

dans I'étape de contact, une quantité suffi-
sante de polymeére absorbant de I'eau est
ajoutée au fluide de forage existant pour
ajuster le fluide de forage existant au rap-
portsouhaité huile/eau, et obtenant par cela
un fluide de forage ajusté, et

dans I'étape de séparation, le polymeére ab-
sorbant de I'eau est séparé du fluide de fo-
rage ajuste.

Procédé selon la revendication 14, caractérisé en
ce que le polymére absorbant de I'eau est choisi
entre au moins un parmi des polymeres et copoly-
meres a base d’acrylamide, dérivés d’amidon et des

10

15

20

25

30

35

40

45

50

55

10

16.

combinaisons de ceux-ci.

Procédé selon la revendication 14 ou 15, caracté-
risé en ce que |'étape de séparation comprend en
outre le passage de fluide de forage sur une grille
vibrante.
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