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METHODS OF DEGRADING FILTER CAKES IN SUBTERRANEAN
FORMATIONS

BACKGROUND

The present invention relates to subterranean treatment operations, and more
particularly, to methods of degrading filter cakes in subterranean formations.

Often, once drilling of a well bore in a subterranean formation has been initiated, a
fluid referred to as a “well drill-in and servicing fluid” may be employed. As referred to
herein, the term “well drill-in and servicing fluid” will be understood to mean a fluid placed
in a subterranean formation, such as those from which production has been, is being, or may
be cultivated. For example, an operator may begin drilling a subterranean borehole using a
drilling fluid, cease drilling at a depth just above that of a productive formation, circulate a
sufficient quantity of a well drili-in and servicing fluid through the bore hole to completely
flush out the drilling fluid, then proceed to drill into the desired formation using the well
drill-in and servicing fluid. Well drill-in and servicing fluids often may be utilized, inter alia,
to minimize damage to the permeability of such formations.

Well drill-in and servicing fluids may include “fluid-loss-control fluids.” As referred
to herein, the term “fluid-loss-control fluid” will be understood to mean a fluid designed to
form a filter cake onto a screen or gravel pack, or in some cases, directly onto the formation.
For example, a fluid-loss-control fluid may comprise a comparatively small volume of fluid
designed to form a filter cake so as to plug off a “thief zone” (e.g., a formation, most
commonly encountered during drilling operations, into which the drilling fluid may be lost).
Generally, well drill-in and servicing fluids are designed to form a fast and efficient filter
cake on the walls of a well bore within a producing formation to minimize leak-off and
damage. The filter cake often comprises an inorganic portion (e.g., calcium carbonate), and
an organic portion (e.g., starch and xanthan). The filter cake generally is removed before
hydrocarbons from the formation are produced. Conventional methods of removal have
involved contacting the filter cake with one or more subsequent fluids.

Other conventional methods of removing the filter cake include formulating the well
drill-in and servicing fluid so as to include an acid-soluble particulate solid bridging agent.
The resultant filter cake formed by such well drill-in and servicing fluid then is contacted
with a strong acid to ultimately dissolve the bridging agent. This method is problematic,
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however, because the strong acid often corrodes metallic surfaces of completion equipment
(e.g., sand control screens), thereby causing such equipment to prematurely fail. Further, the
strong acid may damage the producing formation. Additionally, the strong acid may cause
the bridging agent to dissolve prematurely, resulting in the loss of the strong acid into the
formation, before it can completely cover the filter cake.

Another method of filter cake removal has involved the use of a water-soluble
particulate solid bridging agent in the well drill-in and servicing fluid, which bridging agent
subsequently is contacted with an aqueous salt solution that is undersaturated with respect to
such bridging agent. This method is problematic, however, because such bridging agents
may require a relatively long period of time to dissolve in the aqueous salt solution, due to,
inter alia, the presence of various gelling agents in the well drill-in and servicing fluids.
Such gelling agents may prevent the aqueous salt solution from contacting the water-soluble
bridging agents.

Operators also have attempted to remove the filter cake by contacting it with a
combination of an acid and an oxidizer. The acid may be used to degrade the inorganic
portion of the filter cake, while the oxidizer may be employed to degrade the organic portion.
However, this may be unnecessarily expensive, as it involves placement of additional
components into the formation, at additional cost. For example, operators have attempted to
remove the filter cake by flowing a solution comprising hydrogen peroxide into the well bore
and permitting it to contact the filter cake. This may be problematic, however, as the
transportation, storage, and handling of hydrogen peroxide may present safety concerns.

SUMMARY

The present invention relates to subterranean treatment operations, and more
particularly, to methods of degrading filter cakes in subterranean formations.

An example of a method of the present invention is a method of drilling a well bore in
a subterranean formation, comprising: using a well drill-in and servicing fluid to drill a well
bore in a subterranean formation, the well drill-in and servicing fluid comprising a base fluid,
a viscosifier, a fluid loss control additive, a bridging agent, and a delayed-release acid
component; permitting the well drill-in and servicing fluid to establish a filter cake in at least
a portion of the well bore; contacting the filter cake with an initiator component; and

permitting the filter cake to degrade at a desired time. In certain embodiments of the present
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invention, the filter cake may be formed upon the face of the formation itself, upon a sand
screen, or upon a gravel pack. Infer alia, the well drill-in and servicing fluid may be
circulated through a drill pipe and drill bit in contact with the subterranean formation, in
certain embodiments of the present invention.

Another example of a method of the present invention is a method of degrading a
filter cake in a subterranean formation, the filter cake comprising an inorganic portion and an
organic portion, and having been established in the formation by a well drill-in and servicing
fluid that comprises a delayed-release acid component, the method comprising: permitting the
delayed-release acid component to release an acid; contacting the filter cake with an initiator
component; permitting the initiator component to interact with the released acid to produce
an oxidizer; allowing the released acid to degrade at least a portion of the inorganic portion of
the filter cake; and allowing the oxidizer to degrade at least a portion of the organic portion of
the filter cake.

An example of a composition of the present invention is a well drill-in and servicing
fluid comprising: a base fluid; a viscosifier; a fluid loss control additive; a bridging agent;
and a delayed-release acid component.

The features and advantages of the present invention will be readily apparent to those
skilled in the art upon a reading of the description of the embodiments which follows.

DETAILED DESCRIPTION

The present invention relates to subterranean treatment operations, and more
particularly, to methods of degrading filter cakes in subterranean formations.

Certain embodiments of the methods of the present invention comprise degrading a
filter cake in a subterranean formation by reacting an initiator component with a delayed-
release acid component that may be present in the filter cake. In certain embodiments of the
present invention, the filter cake has been established in the subterranean formation by a well
drill-in and servicing fluid of the present invention generally comprising a base fluid, a
viscosifier, a fluid loss control additive, a bridging agent, and a delayed-release acid
component.

The base fluid utilized in the well drill-in and servicing fluids of the present invention
may be aqueous-based, non-aqueous-based, or mixtures thereof. Where the base fluid is

aqueous-based, the base fluid may comprise fresh water, salt water (e.g., water containing
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one or more salts dissolved therein), brine (e.g., saturated salt water), or seawater. Generally,
the water can be from any source provided that it does not éontain an excess of compounds
that may adversely affect other components in the well drill-in and servicing fluid. Where the
base fluid is non-aqueous-based, the base fluid may comprise any number of organic fluids.
Examples of suitable organic fluids include, but are not limited to, mineral oils, synthetic oils,
esters, and the like, and derivatives thereof. Generally, these organic fluids may be referred
to generically as “oils.” Generally, any oil in which a water solution of salts can be
emulsified may be suitable for use as a non-aqueous-based base fluid in the well drill-in and
servicing fluids of the present invention. Generally, the base fluid may be present in an
amount sufficient to form a pumpable well drill-in and servicing fluid. More particularly, the
base fluid typically is present in the well drill-in and servicing fluids of the present invention
in an amount in the range of from about 20% to about 99.99% by volume of the well drill-in
and servicing fluid.

The well drill-in and servicing fluids of the present invention further comprise a
viscosifier. Examples of suitable viscosifiers include, infer alia, biopolymers (e.g., xanthan
and succinoglycan), cellulose, cellulose derivatives (e.g., hydroxyethylcellulose), guar, and
guar derivatives (e.g., hydroxypropyl guar). In certain embodiments of the present invention,
the viscosifier is guar. Commercially available examples of suitable viscosifiers include, but
are not limited to, those that are available from Halliburton Energy Services, Inc., of Duncan,
Oklahoma, under the trade name “N-VIS.” Generally, the viscosifier is present in the well
drill-in and servicing fluids of the present invention in an amount sufficient to provide a
desired degree of solids suspension. More particularly, the viscosifier may be present in the
well drill-in and servicing fluids of the present invention in an amount in the range of from
about 0.01% to about 1.0% by weight. In certain embodiments, the viscosifier is present in
the well drill-in and servicing fluids of the present invention in an amount in the range of
from about 0.2% to about 0.6% by weight.

The well drill-in and servicing fluids of the present invention further comprise a fluid
loss control additive. A variety of fluid loss control additives can be included in the well
drill-in and servicing fluids of the present invention, including, inter alia, polysaccharides
and derivatives thereof. Examples of suitable fluid loss control additives include, inter alia,
starch, starch ether derivatives, hydroxyethylcellulose, cross-linked hydroxyethylcellulose,

and mixtures thereof. In certain embodiments, the fluid loss control additive is starch.
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Commercially available examples of suitable fluid loss control additives include, but are not
limited to, those that are available from Halliburton Energy Services, Inc., of Duncan,
Oklahoma, under the trade name “N-Dril HT PLUS.” The fluid loss control additive
generally is present in the well drill-in and servicing fluids of the present invention in an
amount sufficient to provide a desired degree of fluid loss control. More particularly, the
fluid loss control additive may be present in the well drill-in and servicing fluids of the
present invention in an amount in the range of from about 0.01% to about 3% by weight. In
certain embodiments, the fluid loss control additive is present in the well drill-in and
servicing fluids of the present invention in an amount in the range of from about 1% to about
2% by weight.

The well drill-in and servicing fluids of the present invention further comprise a
bridging agent. The well drill-in and servicing fluids of the present invention suspend the
bridging agent and, as the well drill-in and servicing fluids begin to form a filter cake within
the subterranean formation, the bridging agent becomes distributed throughout the resulting
filter cake, most preferably uniformly. In certain embodiments of the present invention, the
filter cake may form upon the face of the formation itself, upon a sand screen, or upon a
gravel pack. In certain embodiments of the present invention, the bridging agent comprises,
inter alia, calcium carbonate, a magnesium compound (e.g., magnesium oxide), or a
chemically bonded ceramic bridging agent, or derivatives thereof. Generally, the bridging
agent is present in the well drill-in and servicing fluids of the present invention in an amount
sufficient to create an efficient filter cake. As referred to herein, the term “efficient filter
cake” will be understood to mean a filter cake comprising no material beyond that required to
provide a desired level of fluid loss control. In certain embodiments of the present invention,
the bridging agent is present in the well drill-in and servicing fluids of the present invention
in an amount ranging from about 0.1% to about 32% by weight. In certain embodiments of
the present invention, the bridging agent is present in the well drill-in and servicing fluids of
the present invention in the range of from about 3% and about 10% by weight. In certain
embodiments of the present invention, the bridging agent is present in the well drill-in and
servicing fluids of the present invention in an amount sufficient to provide a fluid loss of less
than about 15 mL in tests conducted according to the procedures set forth by API
Recommended Practice (RP) 13.
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The well drill-in and servicing fluids of the present invention further comprise a
delayed-release acid component. When the well drill-in and servicing fluids of the present
invention have been formulated and placed within the subterranean formation, the delayed-
release acid component releases an acid (e.g., lactic acid), as illustrated in Equation 1 below:

EQUATION 1:
[Delayed Release Acid Component] + [water] + [optional catalyst] X [Released Acid] +
[oligomers] —
The optional catalyst may be present within the well drill-in and servicing fluids of the
present invention, or may be placed in the well bore separately. The optional catalyst may
comprise an acid, or a base. One of ordinary skill in the art, with the benefit of this
disclosure, will recognize when the use of an optional catalyst may be appropriate for a
particular application, and whether such optional catalyst should comprise an acid or a base.

The released acid reacts with the initiator component to produce an oxidizer, as

illustrated in Equation 2 below:

EQUATION 2:
[Released Acid] + [Initiator Component] 2 [Oxidizer]

In certain embodiments of the present invention, the oxidizer produced may be, infer alia,
hydrogen peroxide. In certain embodiments of the present invention, one or more byproducts
may be produced by the reaction between the released acid and the initiator component. For
example, when the released acid comprises lactic acid, and the initiator component comprises
lactate oxidase, the reaction between lactic acid and lactate oxidase may produce an oxidizer
(e.g., hydrogen peroxide) and a byproduct (e.g, pyruvic acid). Accordingly, the
compositions and methods of the present invention are capable of producing an oxidizer
while within the subterranean formation, thereby eliminating or reducing certain safety
concerns that may be present in conventional operations, e.g., safety concerns that
accompany the storage, transportation, and handling of oxidizers that are injected into the
formation from the surface.

In addition to reacting with the initiator component, the released acid also may react
with the inorganic portion of the filter cake, as illustrated in Equation 3 below:

EQUATION 3:

[Released Acid] + [Inorganic Portion of Filter Cake] _ki [reaction product]
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For example, where the inorganic portion of the filter cake comprises calcium carbonate, and
where the released acid comprises lactic acid, the reaction product may comprise calcium
lactate. As another example, where the inorganic portion of the filter cake comprises
magnesium oxide, and where the released acid comprises lactic acid, the reaction product
may comprise magnesium lactate.

The rate at which the released acid is released by the delayed-release acid component,
“k1,” inter alia, may largely determine the total degradation time of the inorganic portion of
the filter cake (though, as will be described further with reference to “k2,” the total
degradation time of the inorganic portion of the filter cake may be delayed, inter alia, by the
presence and amount of an initiator component). Generally, k1 depends on factors such as,
inter alia, the time during which water and the delayed release acid component are permitted
to contact each other, the amount of water that is available to react with the delayed release
acid component, temperature, and the presence or absence of the optional catalyst.
Generally, both acid catalysts and base catalysts may be used to increase k1. In certain
embodiments of the present invention, the reaction depicted in Equation 1 may be base-
catalyzed, and caustic may be used as the optional catalyst.

The reaction rate between the initiator component and the released acid, “k2,” inter
alia, determines the extent to which the reaction between the released acid and the inorganic
portion of the filter cake may be delayed. Furthermore, the oxidizer produced by the reaction
of the released acid with the initiator component may degrade the organic portions of a filter
cake that has been established in a subterranean formation by the well drill-in and servicing
fluid. In certain embodiments of the present invention, k2 may be increased by permitting
the reaction to occur in the presence of an oxygen source (e.g., by bubbling oxygen into the
region of the subterranean formation where the reaction is occurring). In certain
embodiments of the present invention, k2 may be decreased by the placement of a temporary
physical barrier between the initiator component and the released acid, e.g., by encapsulating
the initiator component in a suitable encapsulant, which encapsulant may be selected to
degrade within the subterranean formation at a desired time. Examples of suitable
encapsulants for the initiator component may include, inter alia, fatty acids, and the like.

The delayed-release acid components generally comprise an acid derivative.
Examples of suitable acid derivatives include, but are not limited to: esters, such as ortho

esters; poly(ortho esters); aliphatic polyesters; lactides, poly(lactides); glycolides;
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poly(glycolides); lactones; poly(e-caprolactones); poly(hydroxybutyrates); anhydrides;
poly(anhydrides); and poly(amino acids). The delayed-release acid components also may
comprise an esterase enzyme (e.g., proteinase-K), if desired. In certain embodiments of the
present invention, the esterase enzyme may be encapsulated by means known in the art.
Blends of certain acid-releasing degradable materials also may be suitable. One example of a
suitable blend of materials includes a blend of a poly(lactic acid) and an ortho ester. It is
within the ability of one skilled in the art, with the benefit of this disclosure, to select a
suitable acid-releasing degradable material. When used in the present invention, a desirable
result may be achieved if the acid-releasing degradable material degrades slowly over time,
as opposed to instantaneously.

In certain embodiments of the present invention, the delayed-release acid components
may comprise a mixture of an acid derivative and a hydrated organic or inorganic solid
compound. For example, in circumstances wherein an insufficient amount of water is present
in the subterranean formation to facilitate the degradation of the acid derivative, a desirable
choice for a delayed-release acid component may comprise a mixture of an acid derivative
and a hydrated organic or inorganic solid compound. In an embodiment of the present
invention, the acid derivative may degrade in the water provided by the hydrated organic or
inorganic compound, which dehydrates over time when heated in the subterranean zone.
Examples of such hydrated organic or inorganic compounds may include, but are not limited
to: sodium acetate trihydrate; L-tartaric acid disodium salt dihydrate; sodium citrate
dihydrate; sodium tetraborate decahydrate; sodium hydrogen phosphate heptahydrate; sodium
phosphate dodecahydrate; amylose; starch-based hydrophilic polymers; or cellulose-based
hydrophilic polymers.

The delayed-release acid components generally may be present in the well drill-in and
servicing fluids of the present invention in an amount sufficient to release a desired amount
of acid. In certain embodiments of the present invention, the desired amount of acid that will
be released is an amount that will: (1) react with an initiator component to produce a desired
amount of an oxidizer; and (2) degrade at least a portion of the inorganic component of the
filter cake. The oxidizer produced by the reaction between the initiator component and the
released acid may degrade the organic portions of a filter cake that has been established in a
subterrancan formation by, inter alia, a well drill-in and servicing fluid. In certain

embodiments of the present invention, the delayed-release acid component may be present in
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the well drill-in and servicing fluids of the present invention in an amount in the range of
from about 1% to about 40% by weight. In certain embodiments of the present invention, the
delayed-release acid component may be present in the well drill-in and servicing fluids of the
present invention in an amount in the range of from about 5% to about 20% by weight.

In accordance with certain embodiments of the methods of the present invention, an
initiator component may be placed in the subterranean formation at a desired time, so as to
contact, and react with, an acid released by the delayed-release acid component (that may be
present in a well drill-in and servicing fluid of the present invention), to thereby produce an
oxidizer. Examples of suitable initiator components include, infer alia, enzymes such as
lactate oxidase, and the like. Generally, the amount of initiator component required is an
amount sufficient to: (1) delay, for a desired period of time, the interaction between the
inorganic portion of the filter cake and the acid released by the delayed-release acid
component; and (2) produce a sufficient amount of an oxidizer (e.g., a peroxide such as
hydrogen peroxide) when reacting with the released acid to ultimately degrade at least a
portion of the organic portion of the filter cake. In certain embodiments of the present
invention, the amount of the initiator component that may be placed in the subterranean
formation may be an amount in the range of from about 0.0005% to about 0.01% by weight
of the delayed-release acid component. In certain embodiments of the present invention, the
amount of the initiator component that may be placed in the subterranean formation may be
an amount in the range of from about 0.001% to about 0.002% by weight of the delayed-
release acid component. For example, where the delayed-release acid component is
poly(lactic acid) and the initiator component is lactate oxidase, the initiator component may
be added in a ratio of 2 milligrams of lactate oxidase per 1 gram of poly(lactic acid). In
certain embodiments of the present invention where an operator desires a long delay of the
interaction between the released acid and the inorganic portion of the filter cake, the operator
may elect to increase the amount of the initiator component. However, the particular acid-
derivative component of the delayed-release acid composition, the particular components of
the filter cake, and any other components present in the well bore (e.g., other acids) may
dictate the appropriate amount to include. Also, the desired delay period for degrading the
filter cake should be considered in deciding upon the appropriate relative concentrations of

the delayed-release acid component and the initiator component. One of ordinary skill in the
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art, with the benefit of this disclosure, will recognize the appropriate amount of each
component to include for a desired application.

Generally, the initiator component interacts with acids present in the well bore (e.g.,
the acid released by the delayed-release acid component) in such a way as to delay the
interaction between at least a portion of the acids and at least a portion of the inorganic
portion of the filter cake for a period of time, thereby delaying degradation of the inorganic
portion of the filter cake by the acid. Thus, the integrity of the filter cake may not be
jeopardized for a given desired delay period. Degradation of only a very small percentage of
the inorganic portion of the filter cake (e.g., less than about 2%) may compromise the
integrity of the filter cake. The reaction between the initiator component and the released
acid also generates an oxidizer (e.g., a peroxide) that ultimately may degrade the organic
portion of the filter cake. In certain embodiments, the oxidizer may be, infer alia, hydrogen
peroxide and/or pyruvate. The oxidizer then may interact with the organic portion of the
filter cake to ultimately degrade at least a portion of the organic portion of the filter cake.

An example of a composition of the present invention is a well drill-in and servicing
fluid comprising 78.5% water by weight, 7.9% sodium chloride by weight, 0.2% N-VIS by
weight, 1.7% N Dril HT PLUS by weight, 7.0% poly(lactic acid) by weight, and 4.7%
calcium carbonate by weight.

An example of a method of the present invention is a method of drilling a well bore in
a subterranean formation, comprising: using a well drill-in and servicing fluid to drill a well
bore in a subterranean formation, the well drill-in and servicing fluid comprising a base fluid,
a viscosifier, a fluid loss control additive, a bridging agent, and a delayed-release acid
component; permitting the well drill-in and servicing fluid to establish a filter cake in at least
a portion of the well bore; contacting the filter cake with an initiator component; and
permitting the filter cake to degrade at a desired time. In certain embodiments of the present
invention, the filter cake may be formed upon the face of the formation itself, upon a sand
screen, or upon a gravel pack. Inter alia, the well drill-in and servicing fluid may be
circulated through a drill pipe and drill bit in contact with the subterranean formation, in
certain embodiments of the present invention.

Another example of a method of the present invention is a method of degrading a
filter cake in a subterranean formation, the filter cake comprising an inorganic portion and an

organic portion, and having been established in the formation by a well drill-in and servicing
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fluid that comprises a delayed-release acid component, the method comprising: permitting the
delayed-release acid component to release an acid; contacting the filter cake with an initiator
component; permitting the initiator component to interact with the released acid to produce
an oxidizer; allowing the released acid to degrade at least a portion of the inorganic portion of
the filter cake; and allowing the oxidizer to degrade at least a portion of the organic portion of
the fiiter cake.

An example of a composition of the present invention is a well drill-in and servicing
fluid comprising: a base fluid; a viscosifier; a fluid loss control additive; a bridging agent;
and a delayed-release acid component.

Therefore, the present invention is well adapted to carry out the objects and attain the
ends and advantages mentioned as well as those that are inherent therein. While the
invention has been described with reference to embodiments of the invention, such a
reference does not imply a limitation on the invention, and no such limitation is to be
inferred. The invention is capable of considerable modification, alternation, and equivalents
in form and function, as will occur to those ordinarily skilled in the pertinent arts and having
the benefit of this disclosure. The described embodiments of the invention are exemplary
only, and are not exhaustive of the scope of the invention. Consequently, the invention is
intended to be limited only by the spirit and scope of the appended claims, giving full

cognizance to equivalents in all respects.
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What is claimed is:

1. A method of drilling a well bore in a subterranean formation, comprising:

using a well drill-in and servicing fluid to drill a well bore in a subterranean
formation, the well drill-in and servicing fluid comprising a base fluid, a viscosifier, a fluid
loss control additive, a bridging agent, and a delayed-release acid component;

permitting the well drill-in and servicing fluid to establish a filter cake in at
Jeast a portion of the well bore;

contacting the filter cake with an initiator component; and

permitting the filter cake to degrade at a desired time.
2. The method of claim 1 wherein the step of forming a filter cake upon a surface
within the formation comprises forming the filter cake upon the face of the formation itself,
upon a sand screen, or upon a gravel pack.
3. The method of claim 1 wherein the base fluid is aqueous-based, nonaqueous-
based, or a mixture thereof.ﬂ
4. The method of claim 3 wherein the nonaqueous-based base fluid comprises at
least one of the following: mineral oil, a synthetic oil, an ester, or a derivative thereof.
5. The method of claim 1 wherein the base fluid is present in the well drill-in and
servicing fluid in an amount in the range of from about 20% to about 99.99% by volume.
6. The method of claim 1 wherein the viscosifier comprises at least one of the

following: a biopolymer, cellulose, a cellulose derivative, guar, or a guar derivative.

7. The method of claim 6 wherein the biopolymer is xanthan or succinoglycan.

8. The method of claim 6 wherein the cellulose derivative is
hydroxyethylcellulose.

9. The method of claim 6 wherein the guar derivative is hydroxypropyl guar

10. The method of claim 1 wherein the viscosifier is present in the well drill-in

and servicing fluid in an amount sufficient to provide a desired degree of solids suspension.
11. The method of claim 1 wherein the viscosifier is present in the well drill-in
and servicing fluid in an amount in the range of from about 0.2% to about 0.6% by weight.
12. The method of claim 1 wherein the fluid loss control additive is present in the
well drill-in and servicing fluid in an amount sufficient to provide a desired degree of fluid

loss control.
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13. The method of claim 1 wherein the fluid loss control additive is present in the
well drill-in and servicing fluid in an amount in the range of from about 0.01% to about 3%
by weight.
14. The method of claim 1 wherein the bridging agent comprises at least one of
the following: calcium carbonate, a magnesium compound, a chemically bonded ceramic
bridging agent, or a derivative thereof.
15. The method of claim 1 wherein the bridging agent is present in the well drill-
in and servicing fluid in an amount sufficient to create an efficient filter cake.
16. The method of claim 1 wherein the bridging agent is present in the well drill-
in and servicing fluid in an amount in the range of from about 0.1% to about 32% by weight.
17. The method of claim 1 wherein the delayed-release acid component comprises
an acid derivative.
18. The method of claim 17 wherein the acid derivative comprises at least one of
the following: an ester; a poly(ortho ester); an aliphatic polyester; a lactide; a poly(lactide); a
glycolide; a poly(glycolide); a lactone; a poly(e-caprolactone); a poly(hydroxybutyrate); an
anhydride; a poly(anhydride); a poly(amino acid); an esterase enzyme, and a derivative
thereof.
19. The method of claim 17 wherein the acid derivative comprises a blend of
poly(lactic acid) and an ortho ester.
20. The method of claim 1 wherein the initiator component comprises lactate
oxidase, or a derivative thereof.
21. The method of claim 1 wherein the delayed-release acid component is present
in the well drill-in and servicing fluid in an amount in the range of from about 1% to about
40% by weight.
22, The method of claim 1 wherein using a well drill-in and servicing fluid to drill
a well bore in a subterranean formation comprises circulating the well drili-in and servicing
fluid through a drill pipe and drill bit in contact with the formation.
23, The method of claim 1 wherein permitting the filter cake to degrade at a
desired time comprises:
allowing the delayed-release acid component to release an acid,
allowing the initiator component to interact with the released acid to

produce hydrogen peroxide;
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allowing the released acid to degrade at least a portion of the inorganic portion
of the filter cake after a desired delay; and

allowing the hydrogen peroxide to degrade at least a portion of the organic
portion of the filter cake.
24. A method of degrading a filter cake in a subterranean formation, the filter cake
comprising an inorganic portion and an organic portion, and having been established in the
formation by a well drill-in and servicing fluid that comprises a delayed-release acid
component, the method comprising:

permitting the delayed-release acid component to release an acid;

contacting the filter cake with an initiator component;

permitting the initiator component to interact with the released acid to produce
an oxidizer;

allowing the released acid to degrade at least a portion of the inorganic portion
of the filter cake; and

allowing the oxidizer to degrade at least a portion of the organic portion of the

filter cake.

25. The method of claim 24 wherein the initiator component comprises lactate
oxidase.

26. The method of claim 24 wherein the oxidizer comprises hydrogen peroxide.
27. The method of claim 24 wherein the delayed-release acid component

comprises at least one of the following: an ester; a poly(ortho ester); an aliphatic polyester; a
lactide; a poly(lactide); a glycolide; a poly(glycolide); a lactone; a poly(s-caprolactone); a
poly(hydroxybutyrate); an anhydride; a poly(anhydride); a poly(amino acid); an esterase
enzyme, and a derivative thereof.
28. The method of claim 24 wherein the delayed-release acid component
comprises a blend of poly(lactic acid) and an ortho ester.
29. A well drill-in and servicing fluid comprising:

a base fluid;

a viscosifier;

a fluid loss control additive;

a bridging agent; and

a delayed-release acid component.
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30. The well drill-in and servicing fluid of claim 29 wherein the base fluid is
aqueous-based, nonaqueous-based, or a mixture thereof.

31. The well drill-in and servicing fluid of claim 30 wherein the nonaqueous-
based base fluid comprises at least one of the following: a mineral oil, a synthetic oil, or an
ester, or a derivative thereof.

32. The well drill-in and servicing fluid of claim 29 wherein the base fluid is
present in the well drill-in and servicing fluid in an amount in the range of from about 20% to
about 99.99% by volume.

33. The well drill-in and servicing fluid of claim 29 wherein the viscosifier
comprises at least one of the following: a biopolymer, cellulose, a cellulose derivative, guar,
or a guar derivative.

34, The well drill-in and servicing fluid of claim 29 wherein the viscosifier is
xanthan or succinoglycan.

35. The well drill-in and servicing fluid of claim 29 wherein the viscosifier is
hydroxyethylcellulose.

36. The well drill-in and servicing fluid of claim 29 wherein the viscosifier is
hydroxypropyl guar.

37. The well drill-in and servicing fluid of claim 29 wherein the viscosifier is
present in the well drill-in and servicing fluid in an amount sufficient to provide a desired
degree of solids suspension.

38. The well drill-in and servicing fluid of claim 29 wherein the viscosifier is
present in the well drill-in and servicing fluid in an amount in the range of from about 0.2%
to about 0.6% by weight.

39. The well drill-in and servicing fluid of claim 29 wherein the fluid loss control
additive is present in the well drill-in and servicing fluid in an amount sufficient to provide a
desired degree of fluid loss control.

40. The well drill-in and servicing fluid of claim 29 wherein the fluid loss control
additive is present in the well drill-in and servicing fluid in an amount in the range of from
about 0.01% to about 3% by weight.

41. The well drill-in and servicing fluid of claim 29 wherein the bridging agent
comprises at least one of the following: calcium carbonate, a magnesium compound, a

chemically bonded ceramic bridging agent, or a derivative thereof.
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42. The well drill-in and servicing fluid of claim 29 wherein the bridging agent is
present in the well drill-in and servicing fluid in an amount sufficient to create an efficient
filter cake.

43 The well drill-in and servicing fluid of claim 29 wherein the bridging agent is
present in the well drill-in and servicing fluid in an amount in the range of from about 0.1%
to about 32% by weight.

44. The well drill-in and servicing fluid of claim 29 wherein the delayed-release
acid component comprises an acid derivative.

45. The well drill-in and servicing fluid of claim 44 wherein the acid derivative
comprises an ester; a poly(ortho ester); an aliphatic polyester; a lactide; a poly(lactide); a
glycolide; a poly(glycolide), a lactone; a poly(s-caprolactone); a poly(hydroxybutyrate); an
anhydride; a poly(anhydride); a poly(amino acid); and an esterase enzyme.

46. The well drill-in and servicing fluid of claim 44 wherein the acid derivative

comprises a blend of poly(lactic acid) and an ortho ester.
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