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Field of the Invention
[0001]

The invention, in an embodiment, relates to fluid loss control in the completion

of oil and gas wells.

Background
[0002]

of the Invention

Loss of well completion fluids to the formation can cause formation damage,

i.e., a reduction in permeability and conductivity near the wellbore, and thereby reduce
the production of hydrocarbons.

For example, fluid leakoff into the formation can

occur during gravel placement and/or screen installation due to overbalance pressure,
i.e., the difference in hydraulic head and reservoir pressure.

After perforating,

another example, the completion fluid also tends to leak into the formation.
completion

as
The

fluid can also be lost during the trip out and trip in to assemble the

production tubing and the screen after the well is gravel packed.

Generally, a flapper

valve is used to isolate the screen and the formation from the wellbore fluids after the
service tool and wash pipe are pulled out of the screen. If the flapper valve fails to
isolate, the brine can be lost to the formation.
[0003]

Completion fluids are often made of, for example, a high density brine. A s used

herein, a high density brine, sometimes also called a heavy brine or high brine, refers to
an aqueous inorganic salt solution having a specific gravity of greater than about 1.02
kg/L (8.5 lb/gal (ppg)), 1.08 kg/L (9 ppg) or 1.14 kg/L (9.5 ppg), especially above 1.2,
1.32, 1.44 or 1.5 kg/L (10, 1 1, 12 or 12.5 ppg), or up to 1.8 kg/L (15 ppg). The loss of
high density brine is undesirable not only because of the cost of the brine, but also
because of the damage it can cause to the formation permeability. For example, calcium
and zinc bromides, which are used in some high density brines, can form stable, acid
insoluble compounds when contacted with brines occurring in the formation.

In

addition, unloading these dense brines from the formation is not an easy task. See SPE
29525 (1995).

[0004]

To control the fluid leak-off to the formation a fluid loss control pill has been

used to block the perforations or to form a filtercake on the formation face. In the case
of fluid loss through the screen during trip out for assembling the screen and the
production tubular, the fluid loss pill is spotted inside the screen to block the openings
in the screen. Typically, crosslinked hydroxyethyl cellulose (HEC) with sized calcium
carbonate, rock salt or oil soluble resins is used as a loss control pill. See SPE 19752
(1989); SPE 301 19 (1995); SPE 36676 (1996); SPE 39438 (1998); SPE 53924 (1999);
SPE 58734 (2000); SPE 73771 (2002); and SPE 93319 (2005). A high concentration of
the polymer, e.g., 9.6 - 14.4 g/L (80-120 pounds per thousand gallons (ppt)), is used to
reduce leak-off to high permeability

formations and also to contain the depth of

invasion of polymer into the formation. A typical completion process using crosslinked
HEC with salt solids is described in SPE 301 19.
[0005]

To initiate production following placement of the HEC/particulate

fluid loss

control pill, the filtercake of crosslinked HEC and the particulates must be removed
from the perforations, the formation face, the screen, and so forth.

Thus, acid and

breakers are circulated prior to gravel packing, to break the polymer and dissolve the
solids used in the pill. However, the cleanup is not uniform in these treatments due to
several reasons

including

channeling

of the treatment

fluid into the first few

perforations, incomplete removal of bridging agents, blockage of screen openings with
bridging agent, insufficient cleanup of polymer from the filtercake and the formation,
reduction in gravel pack permeability due to trapped debris from the fluid loss pill, and
so on. See SPE 301 19.
[0006]

The cleanup difficulties are especially severe when the filtercake is sandwiched

between the formation face and the gravel pack, e.g., when the HEC/particulate

is

applied in advance of gravel packing. The polymer tends to hold the calcium carbonate
particles together and it is extremely difficult to initiate flow back from the formation to
lift off the filtercake into the gravel pack. For this reason, calcium carbonate/polymer
systems are used primarily to bridge against screens, and the size distribution of
commercially

available calcium carbonate particles has been carefully selected to

successfully bridge with minimal particle invasion.

[0007]

In addition, mixing the fluid loss control and clean up pills at the wellsite can

require

on-site quality control and expertise.

For example, the HEC must be

crosslmked prior to placement at the formation since crosslmking within the formation
may lead to additional damage from polymer that cannot be easily broken.
[0008]

In the stimulation of formations generally by hydraulic fracturing, it is also

known to use a fluid loss additive (FLA) in carrier fluids with viscosifiers such as
polymers to inhibit excessive fluid loss from the carrier fluid into the fracture face, for
example.

The FLA helps form a filtercake on the surface of the fracture, reducing

permeability

at the

fluid-rock

interface

and

improving

fracturing

efficiency.

Conventional FLA usually consists of fine particles, such as mica or silica flour with a
broad distribution of particle sizes designed to effectively plug the pore throats of the
rock matrix. Starches or other polymers can be added to help fill in the spaces and
further reduce the flow.
[0009]

U S 3,960,736 discusses the use of esters to offer a delayed acid which will

break a fracturing fluid used to carry proppant into a hydraulic fracture by attacking the
polymer and borate crosslinks.

Similarly, acid generation mechanisms are employed in

U S 4,387,769 and U S 4,526,695.
[00010] The use of a hydrolysable polyester material as an FLA for fluid loss control in

fracturing systems has also previously been proposed; further, degradation products of
such materials have been shown to cause delayed breaking of fracturing fluids.
4,715,967 discloses the use of polyglycolic

US

acid (PGA) as a fluid loss additive to

temporarily reduce the permeability of a formation.

SPE 1821 1 discloses the use of

PGA as a fluid loss additive and gel breaker for crosslinked hydroxypropyl guar fluids.
U S 6,509,301 describes the use of acid forming compounds such as PGA as delayed
breakers of surfactant-based vesicle fluids, such as those formed from the zwitterionic
material lecithin.
[00011] Encapsulated breakers based on oxidants and/or enzymes are also well known

in fracturing systems. Typically, in the prior art the encapsulated breakers are injected
with the proppant in the carrier fluid. The breaker capsules are generally the same size

as the proppant particles, to facilitate distribution in the proppant pack and promote
breakage when the fracture is closed to release the breaker to react with the viscosifier
and reduce the viscosity of the carrier fluid to restore permeability to the proppant pack.
[00012] Other references

that may be pertinent to the present invention include U S

6,394,185; U S 6,342,467; U S 5,333,689; SPE 58734; SPE 36676; SPE 19752; SPE
93319; SPE 53924; SPE 29525; SPE 73771; SPE 39438; and SPE 301 19.
[00013] To the extent they are not inconsistent

with present disclosure, each of the

references mentioned for the purpose of U S patent practice and other jurisdictions
where permitted.

Summary of the Invention
[00014] According

to an embodiment

of the present invention, a well completion

method uses a fluid loss control pill (FLCP) comprising degradable polyester particles,
with or without a thickening polymer, to control leak off to the formation. In an
embodiment, the particles are sized in a particular distribution, e.g., a graded particle
size distribution, to form a filtercake on the formation or the screen. In embodiments,
the filtercake can be internal, external or a combination thereof, with respect to the
screen.

In an embodiment, a plurality of differently shaped particles, such as, for

example, powders, fibers, films, flakes, beads and the like, can be used to obtain
effective fluid loss control. In an embodiment, the polyester particles can deform at
downhole temperatures to facilitate an efficient seal on the formation face or the screen.
[00015] In one embodiment, the presence of water and heat can slowly hydrolyze the

particles to release acid. In an embodiment, the released acid can facilitate breaking
any polymer, where used in the pill, and removing any formation damage. Following
hydrolysis, in an embodiment, the polyester component of the filtercake is completely
liquefied at the formation or screen face, thereby avoiding the clean up issues
associated with conventional fluid loss control pills.

Brief Description
[00016] Figure

of the Drawings

1 is a schematic diagram of filtercake deposited in the perforation

tunnels of a perforated casing after spotting a fluid loss control pill (FLCP) according to
an embodiment of the invention.
[00017] Figure 2 is a schematic

diagram of washdown

gravel placement inside a

perforated casing according to an embodiment of the invention.
[00018] Figure 3 is a schematic diagram of reverse circulation gravel placement inside a

perforated casing according to an embodiment of the invention.
[00019] Figure

4 is a schematic

diagram of crossover

gravel placement

inside a

perforated casing according to an embodiment of the invention.
[00020] Figure 5 is a schematic diagram following placement of an FLCP in the screen

of the perforated casing of Figures 2 - 4 during service tool removal and/or production
tubing assembly with valve isolation according to an embodiment of the invention.
[00021] Figure 6 is a schematic diagram of a gravel pack completion of the perforated

casing of Figure 5 according to an embodiment of the invention.
[00022] Figure 7 is a schematic diagram of a static fluid loss cell used in the examples

below.
[00023] Figure 8 shows leak-off curves for a guar-viscosified

fluid prepared without

fluid loss control additives, and with 3, 6 and 12 g/L (25, 50 and 100 ppt) added
polylactic acid platelets, tested in the static fluid loss cell of Figure 7 as described in
Example 1 below according to an embodiment of the invention.
[00024] Figure 9 shows leak-off curves for a guar-viscosified

fluid prepared without

fluid loss additives, and with 6 g/L (50 ppt) added polylactic acid flakes and films,
tested in the static fluid loss cell of Figure 7 as described in Example 2 below according
to an embodiment of the invention.

[00025] Figure

10 shows the particle size distribution

of polyglycolic

acid (PGA)

particles used as a fluid loss additive in Example 3 below according to an embodiment
of the invention.
[00026] Figure 11 shows leak-off curves for a guar-viscosified

fluid prepared without

fluid loss control additives, and with 6 g/L (50 ppt) of the PGA particles of Figure 10,
tested in the static fluid loss cell of Figure 5 as described in Example 4 below according
to an embodiment of the invention.

Detailed Description

of Embodiments

of the Invention

[00027] At the outset, it should be noted that in the development

embodiment, numerous implementation-specific

of any such actual

decisions must be made to achieve the

developer's specific goals, such as compliance with system related and business related
constraints, which will vary from one implementation to another. Moreover, it will be
appreciated that such a development effort might be complex and time consuming but
would nevertheless be a routine undertaking for those of ordinary skill in the art having
the benefit of this disclosure. The description and examples are presented solely for the
purpose of illustrating the preferred embodiments of the invention and should not be
construed as a limitation to the scope and applicability of the invention.
compositions

While the

of the present invention are described herein as comprising

certain

materials, it should be understood that the composition could optionally comprise two
or more chemically different materials. In addition, the composition can also comprise
some components other than the ones already cited.
[00028] In the summary of the invention and this description,

each numerical value

should be read once as modified by the term "about" (unless already expressly so
modified), and then read again as not so modified unless otherwise indicated in context.
Also, in the summary of the invention and this detailed description, it should be
understood that a concentration range listed or described as being useful, suitable, or
the like, is intended that any and every concentration within the range, including the
end points, is to be considered as having been stated. For example, "a range of from 1
to 10" is to be read as indicating each and every possible number along the continuum

between about 1 and about 10. Thus, even if specific data points within the range, or
even no data points within the range, are explicitly identified or refer to only a few
specific data points, it is to be understood that inventors appreciate and understand that
any and all data points within the range are to be considered to have been specified, and
that inventors have disclosed and enabled the entire range and all points within the
range.
[00029] In one embodiment,

a method comprises spotting a fluid loss control pill

(FLCP) in a well adjacent to a formation to form a filtercake to inhibit fluid entry from
the well into the formation, performing a completion operation for the well comprising
contacting the filtercake with overbalanced wellbore fluid, and degrading the filtercake.
In an embodiment, the filtercake can be made up of, for example, polyester particles
that can be plastically deformable, hydrolyzable

or a combination thereof.

In an

embodiment, the polyester particles are hydrolyzed, e.g., to remove formation damage.
[00030] In embodiments, the FLCP can further comprise less than 10 g/L (80 pounds per

1000 gallons of fluid (ppt)) hydratable polymer; less than 9 g/L (75 ppt) hydratable
polymer; less than 6 g/L (50 ppt) hydratable polymer; less than 4.8 g/L (40 ppt)
hydratable polymer; less than 3.6 g/L (30 ppt) hydratable polymer; or less than 3 g/L
(25 ppt) polymer.

In an embodiment, the FLCP comprises from about 1.2 to about 6

g/L (10 to 50 ppt) hydratable polymer. In an alternate embodiment, the FLCP is free of
thickening polymer and has a low viscosity.
[00031] In an embodiment, the FLCP can include a crosslinking agent for the hydratable

polymer.

In an embodiment where the thickening polymer is susceptible to acid

breaking, the hydrolysis of the polyester can release acid to break the polymer.

In an

embodiment, the FLCP further comprises borate crosslinked polymer.
[00032] In an embodiment, the FLCP further comprises dissolvable particles mixed with

the polyester particles.

In an embodiment, the dissolvable particles can comprise acid

soluble particles and the hydrolysis of the polyester can release acid to facilitate
dissolving the acid soluble particles.
calcium carbonate particles.

In an embodiment, the FLCP further comprises

[00033] In embodiments,

the polyester can be selected from the group consisting of

lactide, glycolide, polylactic acid, polyglycolic acid, copolymers of polylactic acid and
polyglycolic acid, copolymers of glycolic acid with other hydroxy-, carboxylic acid-, or
hydroxycarboxylic
hydroxy-,

acid-containing

carboxylic

moieties, copolymers

acid-, or hydroxycarboxylic

of lactic acid with other

acid-containing

moieties,

and

mixtures thereof.
[00034] In an embodiment,

the FLCP comprises particles having a mean diameter

greater than 15 microns. In an embodiment, the FLCP comprises particles having a
plurality of size gradings.

Alternatively

or additionally, the FLCP can comprise

particles having a plurality of shape types selected from beads, powders, spheres,
ribbons, platelets, fibers, flakes, and so on, and combinations thereof. In embodiments,
the FLCP comprises particles having an aspect ratio greater than 1, greater than 10,
greater than 100, greater than 200, or greater than 250.

A s used herein, the term

"aspect ratio" refers to the ratio of the longest and shortest axes of a particle.
[00035] The method in one embodiment is applied to a formation that is suitable for

gravel packing, such as unconsolidated
compressive

sand, for example, a formation having a

strength less than about 6.9 MPa (1000 psi).

In an embodiment, the

formation has a permeability greater than about 10 mD, or greater than about 50 mD.
[00036] In embodiments, the completion operation can include cleanout, gravel packing,

or the like, or a combination thereof.
perforation

In an embodiment, the filtercake can plug a

tunnel, e.g., in a cased-hole completion, until cleanout.

polyester particles can degrade spontaneously
downhole conditions,

Because the

after a certain period of time at the

the method can effectively remove the filtercake from the

perforations to facilitate proper gravel placement in the perforation tunnels.
[00037] In another embodiment, the filtercake can be formed on a screen after gravel

packing.

For example, the FLCP can comprise particles having a mean diameter

greater than one-sixth the width of openings in the screen. In an embodiment where the
completion

operation comprises using a valve to isolate the formation from the

wellbore fluid, the filter cake on the screen can inhibit fluid loss in the event of valve

failure. In an alternate or additional embodiment, the completion operation can include
pulling a wash pipe or service tool from adjacent the screen, assembling production
tubing to the screen, a combination thereof or the like.
[00038] In another embodiment,

regardless of whether the filter cake is internal or

external, the completion operation can include tripping a tool string in or out of the
well.
[00039] In an embodiment, the polyester bridging agent can decompose spontaneously

at the downhole

temperature

and aqueous

environment

into soluble hydrolysis

products, facilitating filtercake removal even without a distinct flushing step.

In an

embodiment, the method can include backflow flushing of filtercake residue wherein
flushing fluid consists essentially of reservoir fluid produced in situ from the formation
after the filtercake is formed. In another embodiment, reservoir fluid can be produced
directly from the formation without intermediate recirculation of a flushing fluid in the
well to remove filtercake residue.
[00040] Fluid loss control pills are used in an embodiment

to control leak-off of

completion brine after perforating and before gravel packing or frac -packing. They are
also used in an additional or alternate embodiment to isolate the completion and
wellbore fluid after gravel packing by spotting the pill inside the screen. These pills in
an embodiment can contain a polyester bridging agent, optionally with or without a
viscosifying polymer.
[00041] The bridging agents in embodiments are particles sized such that they block the

openings in the screen, or the pores of the formation. In an embodiment, the polyesters
can hydrolyze in the presence of water and heat occurring at downhole conditions to
release acid. In an embodiment where the polymer used in the pill, the acid can break
the polymer.

Because the acid can be generated locally in all the perforations in an

embodiment, a uniform removal of filtercake can be achieved.

In an embodiment, a

separate or additional treatment step is not required for removal of filtercake because
the cake is self destructive.

In an embodiment, the particles can be essentially inert at

surface conditions and easily added to the completion brine or any polymer system.
Thus, an extensive quality control program is not required to mix the pill on location.
[00042] Examples of degradable polyester materials that may be used in embodiments

of the FLCP can include but are not limited to lactide, glycolide, polylactic acid,
polyglycolic acid, a copolymer of polylactic acid and polyglycolic acid, a copolymer of
glycolic acid with other hydroxyl-,

carboxylic

acid-, or hydroxycarboxylic

acid-

containing moieties, a copolymer of lactic acid with other hydroxy-, carboxylic acid or
hydroxycarboxylic
examples

acid-containing

of degradable

materials

moieties, or mixtures of the preceding.
include those described

Further

in the publication

of

Advances in Polymer Science, vol. 157, "Degradable Aliphatic Polyesters," edited by
A . C . Albertson (2001).

Specific examples include homopolymers,

random, block,

graft, and star- and hyper-branched aliphatic polyesters. Polyesters can be prepared by,
for example, polycondensation
polymerizations,
process.

coordinative ring-opening

Specific

poly(lactides);

reactions, ring-opening polymerizations,

examples

of suitable

poly(glycolides);

poly(anhydrides);

aliphatic

polyphosphazenes,

and the like.

[00043] In an embodiment,

polymerizations,
polymers

polycarbonates;

and any other suitable

include

poly( ε-caprolactones);

free radical

aliphatic

polyesters;

poly(hydroxybutyrates);

poly(orthoesters);

poly(amino

acids);

the polyester material can be selected to soften at the

downhole conditions to facilitate sealing of the screen openings or pore throats in the
gravel pack or formation face, by plastic deformation which is also known as plastic
flow. A material that is liable to plastic deformation remains rigid under stresses of less
than a certain intensity but behaves approximately as a Newtonian fluid under severer
stresses, such as may be exerted by overbalance pressure from the wellbore fluid, and
exhibits permanent deformation when the stress is relaxed.
[00044] In an embodiment the polyester material degrades after temporarily sealing for

fluid loss during the treatment
conductivity

operation,

for reservoir fluid production.

and helps restore

permeability

and

The delayed degradation of polyester

generally includes hydrolysis of the ester moieties at downhole conditions of elevated

temperature and an aqueous environment into hydrolysis such as carboxylic acid and
hydroxyl moieties, for example.
polyester

The hydrolysis in one embodiment can render the

filtercake degradation products entirely soluble in the downhole and/or

reservoir fluids. In an alternative or additional embodiment, the entire filtercake need
not be entirely soluble following polyester degradation; it is sufficient only that enough
hydrolysis occurs so as to allow the residue of the degraded or partially degraded filter
cake to be lifted off of the sealed surface by a low backflow pressure from produced
reservoir fluids.
[00045] The above mentioned degradable materials in one embodiment are comprised

solely of polyester particles, e.g., the pill can be free or essentially free of non-polyester
solids.

In another embodiment, the polyester can be mixed or blended with other

degradable or dissolvable solids, for example, solids that react with the hydrolysis
products, such as magnesium hydroxide, magnesium carbonate, dolomite (magnesium
calcium carbonate), calcium carbonate, aluminum hydroxide, calcium oxalate, calcium
phosphate, aluminum metaphosphate, sodium zinc potassium polyphosphate glass, and
sodium calcium magnesium polyphosphate glass, for the purpose of increasing the rate
of dissolution and hydrolysis of the degradable material, or for the purpose of providing
a supplemental bridging agent that is dissolved by the hydrolysis products.

Moreover,

examples of reactive solids that can be mixed include ground quartz (or silica flour), oil
soluble resins, degradable rock salts, clays such as kaolinite, illite, chlorite, bentonite,
or montmorillonite,

zeolites such as chabazite,

clinoptilolite,

synthetically available zeolite, or mixtures thereof.

heulandite,

or any

Degradable materials can also

include waxes, oil soluble resins, and other materials that degrade or become soluble
when contacted with hydrocarbons.
[00046] In embodiments

of the invention,

the particles

of hydrolyzable

material,

optionally mixed with solid acid-reactive materials in the same or separate particles, are
in the form of beads, powder, spheres, ribbons, platelets, fibers, flakes, or any other
shape with an aspect ratio equal to or greater than one. In embodiments, the solids
include particles having an aspect ratio greater than 10, greater than 100, greater than
200, greater than 250 or the like, such as platelets or fibers or the like. The blended

materials

can take any form of composites,

for example biodegradable

coatings or scaffolds with other materials dispersed therein.

material

Further, the degradable

particles can be nano-, micro-, or mesoporous structures that are fractal or non-fractal.
[00047] Particularly useful fibers are polyester fibers coated to be highly hydrophilic,

such as, but not limited to, DACRON®

polyethylene

terephthalate

(PET) Fibers

available from Invista Corp. Wichita, KS, USA, 67220. Other examples of useful fibers
include, but are not limited to, polylactic

acid polyester fibers, polyglycolic

acid

polyester fibers, polyvinyl alcohol fibers, and the like. When used in fluids of the
invention, the fiber component may be included at concentrations from about 1 to about
15 grams per liter of the liquid phase of the fluid, more particularly, the concentration
of fibers may be from about 2 to about 12 grams per liter of liquid, and more
particularly, from about 2 to about 10 grams per liter of liquid.
[00048] In some aspects, the FLCP comprises a brine carrier having a density of at least

1.02 kg/L (8.5 ppg (8.5 pounds per gallon)), but may be as low as 1 kg/L (8.3 ppg). A s
used herein, a heavy brine, sometimes also called a high density brine or high brine, is
an aqueous inorganic salt solution having a specific gravity of greater than about 1.02
kg/L (8.5 lb/gal (ppg)), 1.08 kg/L (9 ppg) or 1.14 kg/L (9.5 ppg), especially above 1.2,
1.32, 1.44 or 1.5 kg/L (10, 1 1, 12 or 12.5 ppg), or up to 1.8 kg/L (15 ppg). Available
water, other than brine, may also be used in some embodiments as the carrier for the
FLCP.
[00049] When used, the brine is water comprising

Embodiments

of inorganic

monovalent

an inorganic salt or organic salt.

salts include

preferably sodium, potassium or cesium bromide.

alkali metal halides, more

Embodiments of inorganic divalent

salts include calcium halides, for example, calcium chloride or calcium bromide. Zinc
halides, especially zinc bromide, may also be used. Inorganic salt can be added to the
carrier fluid in any hydration state (e.g., anhydrous, monohydrated, dihydrated, etc.).
The carrier brine phase may also comprise an organic salt, in embodiments sodium or
potassium formate, acetate or the like, which may be added to the treatment fluid up to
a concentration at which phase separation might occur, approximately

1.14 kg/L (9.5

ppg). In an embodiment, mixture of organic and inorganic salts can achieve a density
higher than about 1.2 kg/L (10 ppg).
[00050]

The salt in one embodiment of the FLCP is compatible with the drilling fluid

which was used to drill the wellbore, or in a completion / clean up fluid, e.g., the salt in
the FLCP can be the same as the salt used in the drilling fluid and/or other completion
fluids.

In embodiments where hydroxyethylaminocarboxylic

acids are used for

wellbore clean up, for example, the FLCP brine can consist essentially of monovalent
salts, avoiding divalent salts might form chelates or other complexes and thus make less

of the hydroxyethylaminocarboxylic acid available for clean up. In an embodiment,
where a zwitterionic surfactant is employed, the electrolyte should also be compatible
with the brine, for example, a density up to 1.2 kg/L (10 ppg) where the brine phase of
other completion or reservoir drilling fluids comprises potassium formate, sodium
acetate or the like at up to about 24 wt % (1. 14 kg/L (9.5 ppg)). In an embodiment, the
electrolyte in the treatment fluid may be used in an amount of from about 0.01 wt% to
about 30.0 wt% of the total liquid phase weight.
[00051]

The FLCP can be prepared with or without a thickening agent such as a polymer

or viscoelastic surfactant fluid system (VES).

In an embodiment, the degradable

polyester particles can have a specific gravity that is similar to an aqueous carrier fluid
such as fresh water or brine so that a high viscosity or other rheological modifications
are not necessary to maintain dispersion of the bridging agent in the carrier fluid. Thus,

where a polymer- free filtercake is desired the FLCP can be essentially free of polymer,
i.e. slickwater. If a polymer is used to generate viscosity in the FLCP, only a minimal

fluid viscosity can be sufficient to prevent undue settling of the bridging agent during
preparation and placement of the pill within the wellbore. Since the present invention
can allow better sealing by the bridging agent in the filtercake, a lower concentration of
polymer can be utilized to facilitate a primary goal of avoiding formation damage.
[00052]

Embodiments of polymer concentrations, when present, can vary with

temperature, fluid system, formation depth and bridging agent properties and loading,
screen size, permeability, gravel size, and the like, but non-limiting exemplary ranges

can include 0.12 to 9.6 g/L ( 1 to 80 Ib of polymer per 1000 gallons), or 1.2 to 4.8 g/L
(10 to 40 Ib of polymer per 1000 gallons).
galactomannans
carboxymethyl

such as guar,

In embodiments, polymers can include

derivatized

guars

guar, carboxymethylhydroxypropyl

galactomannans,

such as hydroxypropyl
guar, hydrophobically

xanthan gum, hydroxyethylcellulose,

guar,

modified

and polymers, copolymers and

terpolymers containing acrylamide monomer, and the like.
[00053] Some non-limiting

examples of suitable polymers include: polysaccharides,

such as, for example, guar gums, high-molecular weight polysaccharides composed of
mannose and galactose sugars, including guar derivatives such as hydroxypropyl guar
(HPG),

carboxymethyl

(CMHPG),

guar

(CMG),

and other polysaccharides

and

carboxymethylhydroxypropyl

guar

such as xanthan, diutan, and scleroglucan;

cellulose derivatives such as hydroxyethyl cellulose (HEC), hydroxypropyl cellulose
(HPC), carboxymethlyhydroxyethyl

cellulose

(CMHEC),

and the like; synthetic

polymers such as, but not limited to, acrylic and methacrylic acid, ester and amide
polymers and copolymers, polyalkylene oxides such as polymers and copolymers of
ethylene glycol, propylene glycol or oxide, and the like. The polymers are preferably
water soluble. Also, associative polymers for which viscosity properties are enhanced
by suitable surfactants and hydrophobically

modified polymers can be used, such as

cases where a charged polymer in the presence of a surfactant having a charge that is
opposite to that of the charged polymer, the surfactant being capable of forming an ionpair association with the polymer resulting in a hydrophobically
having a plurality of hydrophobic

modified polymer

groups, as described published

application U S

2004209780.
[00054] A s used herein, when a polymer is referred to as comprising

a monomer or

comonomer, the monomer is present in the polymer in the polymerized form of the
monomer or in the derivative form of the monomer. However, for ease of reference the
phrase comprising the (respective) monomer or the like may be used as shorthand.
[00055] In some cases, the polymer

hydroxyalkyl

galactomannan

or polymers are formed of a linear, nonionic,

polymer or a substituted hydroxyalkyl

galactomannan

polymer.

Examples of useful hydroxyalkyl galactomannan polymers include, but are

not limited to, hydroxy -Ci-C t-alkyl galactomannans,

such as hydroxy-C i-C t-alkyl

guars. Preferred examples of such hydroxyalkyl guars include hydroxyethyl guar (HE
guar), hydroxypropyl guar (HP guar), and hydroxybutyl guar (HB guar), and mixed C2 C , C2/C3, C3/C4 , or C 2/C4 hydroxyalkyl guars.

Hydroxymethyl

groups can also be

present in any of these.
[00056] A s

used

herein,

substituted

hydroxyalkyl

obtainable

as substituted

derivatives

of the hydroxy-Ci-C t-alky l galactomannans,

which include:

1) hydrophobically-modified

galactomannan

polymers

hydroxyalkyl galactomannans,

C24-alkyl-substituted hydroxyalkyl galactomannans,

are

e.g., Ci-

e.g., wherein the amount of alkyl

substituent groups is preferably about 2 percent by weight or less by weight of the
hydroxyalkyl galactomannan; and 2) poly(oxyalkylene)-grafted

galactomannans (see,

e.g., A . Bahamdan & W.H. Daly, in Proc. 8PthP Polymers for Adv. Technol. Int'l
Symp. (Budapest, Hungary,
although

applied

galactomannan)).

therein

Sep. 2005) (PEG- and/or PPG-grafting
to

carboxymethyl

Poly(oxyalkylene)-grafts

guar,

rather

than

is illustrated,
directly

polymers

comprising

alkyl substituent

substituent groups on the hydroxyalkyl

Mixed-

groups and poly(oxyalkylene)

galactomannan

are also useful herein.

various embodiments of substituted hydroxyalkyl galactomannans,
and/or poly(oxyalkylene)

a

thereof can comprise two or more than two

oxyalkylene residues; and the oxyalkylene residues can be Ci-C 4 oxyalkylenes.
substitution

to

In

the ratio of alkyl

substituent groups to mannosyl backbone residues can be

about 1:25 or less, i.e. with at least one substituent per hydroxyalkyl galactomannan
molecule; the ratio can be: at least or about 1:2000, 1:500, 1:100, or 1:50; or up to or
about 1:50, 1:40, 1:35, or 1:30. Combinations of galactomannan polymers according to
the present disclosure can also be used.
[00057] A s used herein, galactomannans

in one embodiment comprise a polymannose

backbone attached to galactose branches that are present at an average ratio of from 1:1
to 1:5 galactose branches :mannose residues.
l

Preferred galactomannans

comprise a

4-rinked β-D-mannopyranose backbone that is 1—>6-lmked to α-D-galactopyranose

branches.

Galactose branches can comprise from 1 to about 5 galactosyl residues; in

various embodiments, the average branch length can be from 1 to 2, or from 1 to about
1.5 residues.

Preferred

branches

are monogalactosyl

branches.

In various

embodiments, the ratio of galactose branches to backbone mannose residues can be,
approximately, from 1:1 to 1:3, from 1:1.5 to 1:2.5, or from 1:1.5 to 1:2, on average. In
various embodiments, the galactomannan

can have a linear polymannose backbone.

The galactomannan can be natural or synthetic. Natural galactomannans useful herein
include

plant and microbial

galactomannans are preferred.

(e.g., fungal) galactomannans,

among which plant

In various embodiments, legume seed galactomannans

can be used, examples of which include, but are not limited to: tara gum (e.g., from
Cesalpinia spinosa seeds) and guar gum (e.g., from Cyamopsis tetragonoloba seeds). In
addition,

although

embodiments

of the present

invention

may be described

or

exemplified with reference to guar, such as by reference to hydroxy-C -C t-alkyl guars,
such descriptions apply equally to other galactomannans, as well.
[00058] The polymers can optionally be crosslinked

with polyvalent cations such as

borate or metal ions, for example, zirconium or titanium including complexed metals,
and so on.

While linear (non-crosslinked)

polymer systems can be used in an

embodiment, they generally require higher polymer levels for the same rheological
modification.

In some embodiments, the fluids used may further include a crosslinker.

Adding crosslinkers

to the fluid may further augment the viscosity of the fluid.

Crosslinking consists of the attachment of two polymeric chains through the chemical
association of such chains to a common element or chemical group.
[00059] Suitable polymer crosslinkers may comprise a chemical compound containing a

polyvalent ion such as, but not necessarily
chromium,

iron, aluminum,

titanium,

limited to, boron or a metal such as

antimony

and zirconium,

or mixtures

of

polyvalent ions. Suitable boron crosslinked polymers systems include by non-limiting
example, guar and substituted guars crosslinked with boric acid, sodium tetraborate,
and encapsulated borates; borate crosslinkers may be used with buffers and pH control
agents such as sodium hydroxide, magnesium
sodium

carbonate,

pyrimidines,

amines

quinolines,

(such

oxide, sodium sesquicarbonate,

as hydroxyalkyl

and pyrrolidines,

amines,

and carboxylates

anilines,

and

pyridines,

such as acetates and

oxalates) and with delay agents such as sorbitol, aldehydes, and sodium gluconate.
Suitable zirconium crosslinked polymer systems include by non-limiting
those crosslinked
triethanolamines,

by zirconium

lactates (for example sodium zirconium

2,2'-iminodiethanol,

when adjusted with bicarbonate.
lactates and triethanolamines,

example,
lactate),

and with mixtures of these ligands, including

Suitable titanates include by non-limiting example,

and mixtures, for example delayed with hydroxyacetic

acid.
[00060] A viscoelastic surfactant fluid system (VES) in an embodiment of the FLCP can

include cationic, amphoteric, anionic, nonionic, mixed, and zwitterionic viscoelastic
surfactant

fluid systems. Non-limiting

examples

include those described

in U S

5,551,516; 5,964,295; 5,979,555; 5,979,557; 6,140,277; 6,258,859 and 6,509,301. In
general, suitable zwitterionic surfactants have the formula:

RCONH-(CH2)a(CH 2CH2O)m(CH2)b-

(CH3)2-(CH2)a<CH2CH 2O)m<CH2)b.COO-

in which R is an alkyl group that contains from about 17 to about 23 carbon atoms
which may be branched or straight chained and which may be saturated or unsaturated;
a, b, a', and b ' are each from 0 to 10 and m and m ' are each from 0 to 13; a and b are

each 1 or 2 if m is not 0 and (a + b) is from 2 to about 10 if m is 0; a' and b ' are each 1
or 2 when m ' is not 0 and (a' + b') is from 1 to about 5 if m is 0; (m + m') is from 0 to
about 14; and -CH 2CH 2O- may also be oriented as -OCH 2CH 2- . In an embodiment,
the surfactants are betaines.
[00061] Two examples of commercially available betaine concentrates are, respectively,

BET-O-30 and BET-E-40.

The VES surfactant in BET-O-30 is oleylamidopropyl

betaine. It is designated BET-O-30 because as obtained from the supplier (Rhodia, Inc.
Cranbury, New Jersey, U . S. A.) it is called Mirataine BET-O-30; it contains an oleyl
acid amide group (including a C 7H 33 alkene tail group) and is supplied as about 30%
active surfactant; the remainder is substantially water, sodium chloride, glycerol and
propane- 1,2-diol.

An

analogous

suitable

material,

BET-E-40,

contains

erucylamidopropyl betaine. BET surfactants, and others that are suitable, are described

in U S 6,258,859. Certain co-surfactants may be useful in extending the brine tolerance,
to increase the gel strength, and to reduce the shear sensitivity of VES fluids, in
particular for BET-O-type surfactants.

An example given in U S 6,258,859 is sodium

dodecylbenzene sulfonate (SDBS). VES's may be used with or without this type of cosurfactant, for example those having a SDBS-like structure having a saturated or
unsaturated, branched or straight-chained Ce to C i chain; further examples of this type
of co-surfactant

are those having a saturated or unsaturated, branched or straight-

chained C to Ci6 chain.
especially

for

Other suitable examples of this type of co-surfactant,

BET-O-30,

are

certain

hydroxyethylethylenediamine

triacetate.

[00062] Exemplary

viscoelastic

cationic

chelating

surfactants

agents

include

such

as

trisodium

the amine

salts and

quaternary amine salts disclosed in commonly assigned U S 5,979,557, and 6,435,277.
[00063] Examples

of suitable

cationic

viscoelastic

surfactants

include

cationic

surfactants having the structure:

RiN + (R 2)(R 3)(R 4 )X
in which R has from about 14 to about 26 carbon atoms and may be branched or
straight chained, aromatic, saturated or unsaturated, and may contain a carbonyl, an
amide, a retroamide,

an imide, a urea, or an amine; R , R , and R are each

independently hydrogen or a C i to about Ce aliphatic group which may be the same or
different, branched or straight chained, saturated or unsaturated and one or more than
one of which may be substituted with a group that renders the R 2 , R 3 , and R group
more hydrophilic; the R 2, R 3 and R4 groups may be incorporated into a heterocyclic 5or 6-member ring structure which includes the nitrogen atom; the R 2, R 3 and R 4 groups
may be the same or different; R i , R 2 , R 3 and/or R 4 may contain one or more ethylene
oxide and/or propylene oxide units; and X

is an anion. Mixtures of such compounds

are also suitable. A s a further example, R i is from about 18 to about 22 carbon atoms
and may contain a carbonyl, an amide, or an amine, and R2, R 3, and R4 are the same as
one another and contain from 1 to about 3 carbon atoms.

[00064] Cationic surfactants having the structure RjN +

may optionally

contain amines having the structure RjN(R 2)(R3). It is well known that commercially
available cationic quaternary amine surfactants often contain the corresponding amines,
in which Ri, R 2, and R 3 in the cationic surfactant and in the amine have the same
structure. A s received commercially available VES surfactant concentrate formulations,
for example cationic VES surfactant formulations, may also optionally contain one or
more members of the group consisting of alcohols, glycols, organic salts, chelating
agents, solvents, mutual solvents, organic acids, organic acid salts, inorganic salts,
oligomers, polymers, co-polymers, and mixtures of these members. They may also
contain

performance

enhancers,

such

as

viscosity

enhancers,

for

example

polysulfonates, polysulfonic acids or the like, as described in U S 7,084,095.
[00065] Another embodiment

of a cationic VES is erucyl bis(2-hydroxyethyl)

ammonium chloride, also known as (Z)- 13 docosenyl-N-N-bis(2-hydroxyethyl)
ammonium chloride.

It is commonly

obtained from manufacturers

methyl
methyl

as a mixture

containing about 60 weight percent surfactant in a mixture of isopropanol, ethylene
glycol, and water. Other embodiments

of amine salts and quaternary amine salts

include (either alone or in combination

in accordance with the invention), erucyl

trimethyl
ammonium

ammonium

chloride;

chloride;

oleyl

erucylamidopropyltrimethylamine
ammonium

bromide;

octadecyl

N-methyl-N,N-bis(2-hydroxyethyl)

methyl

bis(hydroxyethyl)

chloride,

octadecyl

tris(hydroxyethyl)

rapeseed

ammonium
methyl

ammonium

chloride;

bis(hydroxyethyl)
bromide;

octadecyl

dimethyl hydroxy ethyl ammonium bromide; cetyl dimethyl hydroxy ethyl ammonium
bromide;

cetyl

bis(hydroxyethyl)

methyl

bis(hydroxyethyl)

ammonium

ammonium

3,4,-dichlorobenzoate;

salicylate;
cetyl

cetyl

methyl

tris(hydroxyethyl)

ammonium iodide; cosyl dimethyl hydroxyethyl ammonium bromide; cosyl methyl
bis(hydroxyethyl)

ammonium chloride; cosyl tris(hydroxyethyl)

ammonium bromide;

dicosyl dimethyl hydroxyethyl ammonium bromide; dicosyl methyl bis(hydroxyethyl)
ammonium chloride; dicosyl tris(hydroxyethyl)
bis(hydroxyethyl)

ammonium

chloride;

ammonium bromide; hexadecyl ethyl

hexadecyl

isopropyl

bis(hydroxyethyl)

ammonium iodide; and cetylamino, N-octadecyl pyridinium chloride; and the like.

[00066] Amphoteric viscoelastic surfactants comprise another embodiment. Exemplary

amphoteric viscoelastic surfactant systems include those described in U S 6,703,352, for
example amine oxides. Other exemplary viscoelastic surfactant systems include those
described in U S 7,060,661, 7,303,018, and 2005-0137095,

for example amidoamine

oxides. Mixtures of zwitterionic surfactants and amphoteric surfactants comprise an
embodiment. An example is a mixture of about 13% isopropanol, about 5% 1-butanol,
about 15% ethylene glycol monobutyl ether, about 4% sodium chloride, about 30%
water, about 30% cocoamidopropyl

betaine, and about 2% cocoamidopropylamine

oxide.
[00067] Friction reducers may also be incorporated

into fluids used in the invention.

Any friction reducer may be used, e.g. hydoxyethyl cellulose (HEC), xanthan, 2acrylamido-2-methylpropanesulfonic

acid (AMPS), sphingans such as diutan and the

like. Also, polymers such as polyacrylamide,
methacrylate

and polyisobutylene

polyisobutyl methacrylate, polymethyl

as well as water-soluble friction reducers such as

guar gum, guar gum derivatives, hydrolyzed polyacrylamide,

and polyethylene oxide

may be used. Commercial drag reducing chemicals such as those sold by Conoco Inc.
under the trademark CDR as described in U S 3,692,676 (Culter et al.) or drag reducers
such as those sold by Chemlink designated under the trademarks FLO 1003, 1004,
1005 & 1008 have also been found to be effective. These polymeric species added as
friction reducers or viscosity index improvers may also act as fluid loss additives
reducing or even eliminating the need for conventional fluid loss additives.
[00068] This invention also provides a method in a gravel packing system where, after

the treatment and fluid loss control is no longer needed or desirable, a high breaker
loading is provided within the filtercake where any polymer viscosifier is concentrated.
In effect, the bridging agent hydrolyzes

in an embodiment to soluble hydrolysis

products such as acid and thus becomes the breaker.

In an embodiment, a single

additive can serve as both the bridging agent and breaker, i.e. as the only bridging agent
and as the only breaker. When activated after an appropriate delay to allow the relevant
completion operations to be completed, the breaker reduces the viscosity and yield
stress where the filter cake residue dissolves and mixes with reservoir fluids, and can

thus lead to enhanced clean-up.

Additional breaker or encapsulated breaker can

optionally be added in an embodiment.
[00069] In embodiments,

the polyester

bridging

agent can have a particle

size

distribution to effectively seal the gravel packing screen, perforation tunnels and/or
formation as needed to be an effective temporary fluid loss control for the formation.
In embodiments,

the bridging particulates

have a size less than 100 mesh (150

microns), between 150 and 325 mesh (about 40 to 100 microns), or less than 325 mesh
(about 40 microns). In general, larger particle sizes are used to treat screens, very high
permeability formations and formations with natural fissures, whereas smaller sizes are
used with lower permeability formations. In one embodiment, a mixture of particles of
different sizes, for example a bimodal distribution, can be used.
[00070] The particles in the FLCP may be used in conjunction with other materials that

aid in controlling fluid loss, such as silica flour, mica, or polymers such as starch or
guars, provided either that the additional material is at least partially degraded after
closure, or is present in a sufficiently small amount that it does not seriously detract
from the efficacy of the treatment.

The filtercake need not be entirely broken; it is

sufficient only that enough breaking occurs so as to allow the filter cake residue to be
lifted off of the sealed surface by a low backflow pressure from produced reservoir
fluids.

In an embodiment,

complete or essentially complete elimination of flow

impairment from the formation through the temporarily sealed surface is achieved.
[00071] Various

chemicals can be employed as supplemental

or added breakers in

embodiments, including aqueous soluble sodium, ammonium or potassium persulfates,
bromates, hypochlorites, chlorites, peroxides, perchlorates, and the like. Less soluble
breakers may contain calcium or magnesium as the counter ion and thereby achieve a
delay.

The temperature

at which these chemicals become reactive varies, with

persulfates for example being effective from about 52 0 C (125

0 F)

and higher.

At

higher temperatures, the persulfates may be too reactive and they may prematurely
degrade the filtercake. Encapsulation is a technique to prevent this reaction by physical
separation of the reactants.

In an embodiment,

a high activity breaker such as

persulfate can be encapsulated with polyglycolic acid (PGA), polylactic acid (PLA), or
other slowly hydrolyzable polyester that forms acid and lowers the pH at the formation
conditions, (as described in commonly assigned U S 7166560 (Still et al.)) to prevent
premature

loss of fluid control.

These acid-forming

coatings are not generally

considered highly active breakers by themselves in the context of this embodiment, but
can provide a self-destructive encapsulation material and assist or facilitate breaking of
the viscosifier for gravel pack clean-up when used in conjunction with a high activity
breaker encapsulated thereby.
[00072] FLCP's

used in some embodiments of the invention may also comprise an

organoamine compound. Examples of suitable organoamine compounds include, but
are

not

necessarily

pentaethylenehexamine,

limited

to,

triethanolamine,

tetraethylenepentamine,

triethylenetetramine,

and the like, or any mixtures thereof. When

organoamine compounds are used in fluids of the invention, they may be incorporated
in an amount from about 0.01 wt% to about 2.0 wt% based on total liquid phase weight,
more particularly, the organoamine compound may be incorporated at an amount from
about 0.05 wt% to about 1.0 wt% based on total liquid phase weight.
[00073] Embodiments

of the invention may use other additives and chemicals that are

known to be commonly used in oilfield applications by those skilled in the art. These
include, but are not necessarily limited to, materials in addition to those mentioned
hereinabove, such as breaker aids, oxygen scavengers, alcohols, antifoaming agents, pH
buffers, scale inhibitors, corrosion inhibitors, fluid-loss additives, bactericides, iron
control agents, organic solvents, water control agents and cleanup additives, gas
components,

and the like, depending on the intended use of the fluid, formation

conditions and other parameters readily apparent to one of ordinary skill in the art. For
example, drilling fluids may further comprise

surface active agents, other viscosifiers

such as polymers, filtration control agents such as Gilsonite and modified starches,
density increasing agents such as powdered barites or hematite or calcium carbonate, or
other wellbore fluid additives known to those skilled in the art.

[00074] In embodiments,

the gravel pack method uses the FLCP prior to gravel

placement to seal the formation face in the completion zone. The method is applicable
to open hole or cased completion zones, for example.
embodiment

include

underreamed

underreamed to enhance productivity.

zones

wherein

Open hole completions in an
the

producing

formation

is

The FLCP described herein is positioned in the

wellbore to contact the formation face and overbalanced to force the liquid carrier into
the formation and form a filtercake by screening the bridging agent particles at the
entrances to the pores or other passages opening at the formation surface.

Figure 1

shows an embodiment of a casing 10 with perforation tunnels 14 in the producing
interval 16, wherein a filtercake 17 has been deposited in the perforation tunnels 14 to
inhibit fluid entry into the formation during cleanout of perforation debris and/or until
gravel packing operations are ready to commence. After the formation is sealed, gravel
can be placed in the completion zone using a screen assembly and wash pipe or other
appropriate service tool according to any of various gravel placement techniques, such
as, for example, reverse circulation of a gravel slurry, crossover, or the like.
[00075] Figure 2 is a schematic diagram of washdown gravel placement in a perforated

casing 10 following the degradation or other removal of any filtercake 17 residue (see
Figure 1) according to an embodiment of the invention. In this embodiment, the FLCP
is spotted in the producing interval to inhibit fluid loss via the perforations until the
well can be readied for gravel placement.

The filtercake is degraded, optionally with a

flush to remove any residue, prior to gravel placement.

In one embodiment where the

intermediate flush step is eliminated, the cost and time of the flush step are saved.
Thereafter, the gravel 12 is placed opposite the perforations 14 in the producing interval
16, and then the screen 18 is washed down with gravel-lean fluid via the tubing string
20 to its final position.

Fluid is circulated back to the surface via the tubing-casing

annulus 22.
[00076] Figure 3 is a schematic diagram of gravel placement following the degradation

or other removal of any filtercake 17 residue (see Figure 1) using the reverse circulation
technique in an embodiment.

Following perforation,

FLCP placement,

filtercake

degradation optionally with flushing to remove residue as previously described, the

screen 18 is positioned in the producing interval 16. A gravel-laden slurry is circulated
down the tubing-casing annulus, and the gravel is sized to screen out on the screen 18
without

bridging

and plugging

the screen openings.

The gravel-lean

fluid is

recirculated to the surface via the tubing 20 until the screen-casing annulus in the
production interval is filled.
[00077] Figure

4 is a schematic

embodiment.

This is similar to the reverse circulation of Figure 3 except that a

crossover-packing

diagram

of crossover

gravel placement

in an

assembly 22 is used to allow the gravel-laden slurry to circulate

down the tubing 20 and cross over into the screen-casing annulus. The carrier fluid is
returned from inside the screen 18 via the wash pipe 24 and crosses over into the
tubing-casing annulus for return to the surface.

If desired, fluid can initially enter a

distal end of the tubing through a tell-tale section of the screen 18 until gravel is placed
in the annulus to cover the lower screen; when the pressure increases, the carrier fluid is
squeezed into the formation to pack gravel in the perforation tunnels and/or outside the
casing; and then the wash pipe 24 is raised and the carrier fluid circulates through the
production section of the screen 18 until sufficient gravel is placed in the annulus.
[00078] Following gravel placement, regardless of the gravel placement technique, the

wash pipe or other service tool (see Figures 2 - 4) may be removed for production
assembly.

In an embodiment, an FLCP is spotted in the screen 18 to block the screen

openings with a filtercake 28 and inhibit fluid loss during removal of the service tool as
illustrated in Figure 5. The filtercake 28 can be the primary fluid isolation mechanism
in the event an isolation valve 30 is not used. If the optional valve 30, which can be a
flapper valve in an embodiment, is used to prevent wellbore fluid from entering the
completion zone during the trip out and in of the service tool and production tubing,
respectively, the filtercake 28 can inhibit fluid entry into the formation 16 in the event
the valve 30 fails to isolate.

In an embodiment, Figure 6 illustrates the production

tubing 26 following assembly to the screen 18. The filtercake 28 in one embodiment
does not substantially degrade until the completion operations are finished and it is
desired to produce the well. The well should be kept at least slightly overbalanced in
one embodiment to keep the filtercake from being prematurely lifted off the screen. In

embodiments, the well can be shut in for a period of time for the polyester bridging
agent particles to degrade and/or dissolve, or can be placed in production for the
backflow of reservoir fluid to facilitate flushing of any filtercake residue from the
screen. In one embodiment where a discrete flush step, e.g., by recirculating a flushing
fluid in the wellbore following completion but before production, can be eliminated, the
cost and time of the flush step are saved without any significant production flow losses.
Examples
[00079]

Fluid leak-off to a formation is typically measured using a static or dynamic

fluid loss cell. In the examples below, a static fluid loss cell was used to determine the
leak-off control with degradable polyesters as fluid loss additives. Figure 7 shows a
schematic of the fluid loss cell. Unless otherwise stated, in each example below, a 0.1
mD Kentucky core measuring 25.4 mm ( 1 in.) in length by 25.4 mm ( 1 in.) in diameter)
and saturated with 2 weight percent KCl brine was held in place at the bottom of the
cell by a mechanical assembly and a confining sleeve. On the top of the core, 80 ml of
fluid, with or without the fluid loss additive to be tested, were added. The fluid was
prepared with a crosslinked guar at a concentration of 3 g/L (25 ppt). A 6.9 MPa (1000
psi) differential pressure was applied to the fluid in the cell via a pressurized nitrogen
line and the leak-off of filtrate was measured using a balance. The cell was maintained
at a temperature of 65.5°C. To prevent boiling at high temperatures, a backpressure
regulator was connected to the system between the balance and the bottom of the core.
The measured filtrate weight in grams during leak-off is plotted as a function of the
square root of time, min 0 5.
[00080]

Example 1: A leak-off experiment was conducted using fluid without any added

fluid loss additive. The experiment was then repeated by adding 1 mm hexagonal flakes
of polylactic acid (PLA) to the guar fluid at concentrations of 3, 6 and 12 g/L (25, 50
and 100 ppt).

Figure 8 shows the fluid loss was reduced depending on the

concentration of fluid loss additive in the fluid.
[00081]

Example 2 : Another leak-off experiment was conducted using an aqueous fluid

with 6 kg/L (50 ppt) flakes as in Example

1,

and then with 6 g/L (50 ppt) PLA films

measuring 3 mm by 3 mm. The leak-off results are seen in Figure 9 and show that fluid
loss is similarly reduced by both films and flakes added to the fluid. .
[00082] Example 3 : The procedure of Examples 1 and 2 was repeated using 6 g/L (50

ppt) polyglycolic acid (PGA) particles, with a mean diameter of 15 µm and a particle
size distribution shown in Figure 10. The leak-off results with and without the PGA
particles are seen in Figure 11, and show that addition of PGA particles to the polymer
fluid reduced the leak-off of the fluid.
[00083] The above examples show that addition of degradable polyesters facilitates the

control of the leak-off of the fluid. Different shapes and mixtures of different shapes
and sizes can be used to control leak-off.

Further, the concentration of the fluid loss

additive can be adjusted to increase or reduce the rate of leak-off.

What is claimed is:
1.

A method, comprising:
spotting a fluid loss control pill in a well adjacent to a formation to form a
filtercake to inhibit fluid entry from the well into the formation, wherein
the filtercake comprises plastically deformable polyester particles that
are hydrolyzable at a temperature of the formation;

performing a completion operation for the well comprising contacting the
filtercake with overbalanced wellbore fluid; and
degrading the filtercake, wherein the polyester particles are hydrolyzed.
2. The method of claim 1 wherein the fluid loss control pill further comprises less

than 6 g/L (50 ppt) of hydratable polymer to thicken the pill.
3. The method of claim 2 wherein the fluid loss control pill further comprises a

crosslinking agent for the hydratable polymer.
4 . The method of any of the preceding claims wherein the hydrolysis of the

polyester releases an acid to break the hydratable polymer.
5. The method of any of the preceding claims wherein the fluid loss control pill

further comprises borate crosslinked polymer.
6. The method of any of the preceding claims wherein the fluid loss control pill

further comprises dissolvable particles mixed with the polyester particles.
7. The method of claim 6 wherein the dissolvable particles comprise acid soluble

particles and the hydrolysis of the polyester releases acid to facilitate dissolving the
acid soluble particles.
8. The method of any of the preceding claims wherein the fluid loss control pill

further comprises calcium carbonate particles.

9. The method of any of the preceding claims wherein the polyester is selected

from the group consisting of lactide, glycolide, polylactic acid, polyglycolic acid,

copolymers of polylactic acid and polyglycolic acid, copolymers of glycolic acid
with other hydroxy-, carboxylic acid-, or hydroxycarboxylic acid-containing

moieties, copolymers of lactic acid with other hydroxy-, carboxylic acid-, or

hydroxycarboxylic acid-containing moieties, and mixtures thereof.
10. The method of any of the preceding claims wherein the fluid loss control pill

comprises particles having a mean diameter greater than 15 microns.
11. The method of any of the preceding claims wherein the fluid loss control pill

comprises particles having a plurality of size gradings.
12. The method of any of the preceding claims wherein the fluid loss control pill

comprises particles having a plurality of types of shapes selected from beads,
powders, spheres, ribbons, platelets, fibers, flakes and combinations thereof.
13. The method of any of the preceding claims wherein the fluid loss control pill

comprises particles having an aspect ratio greater than 1.
14. The method of any of the preceding claims wherein the formation comprises a

compressive strength less than about 6.9 MPa (1000 psi).
15.

The method of any of the preceding claims wherein the formation has a

permeability greater than about 10 mD.
16. The method of any of the preceding claims wherein the completion operation

comprises cleanout.
17. The method of claim 16 wherein the completion operation further comprises

gravel packing.
18. The method of claim 16 wherein the filtercake plugs a perforation tunnel.

19.

The method of claim 16 wherein the filtercake is formed on a screen after

gravel packing.
20. The method of claim 19 wherein the fluid loss control pill comprises particles

having a mean diameter greater than one-sixth the width of openings in the screen.
21. The method of claim 19 wherein the completion operation comprises using a

valve to isolate the formation from the wellbore fluid.
22. The method of claim 19 wherein the completion operation comprises pulling a

wash pipe or service tool from adjacent the screen, assembling production tubing,
or a combination thereof.
23. The method of any of the preceding claims wherein the completion operation

comprises tripping a tool string in or out of the well.
24. The method of claim 19 comprising backflow flushing of filtercake residue

wherein flushing fluid consists essentially of reservoir fluid produced in situ from
the formation after the filtercake formation.
25. The method of any of the preceding claims wherein reservoir fluid is produced

directly from the formation without intermediate recirculation of a flushing fluid in
the well to remove filtercake residue.
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