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Treatments fluids relating to the hydrolysis of water-hy
drolysable materials are provided. In one embodiment, pro
vided is a treatment fluid that comprises an aqueous liquid,
a water-miscible solvent, and a water-hydrolysable material.
Also provided is a hydrolysis retarder composition that
comprises an aqueous liquid and a water-miscible solvent.
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METHODS AND COMPOSITIONS RELATING TO
THE HYDROLYSIS OF WATER-HYDROLYSABLE
MATERLALS
CROSS REFERENCE TO RELATED
APPLICATIONS

0001. The present invention is related to co-pending U.S.
application Ser. No.
Attorney Docket No. HES
2004-IP-014350U1 entitled “Methods and Compositions
Relating to the Hydrolysis of Water-Hydrolysable Materi
als' filed concurrently herewith, the entire disclosure of
which is incorporated herein by reference.
BACKGROUND

0002 The present invention relates to water-hydrolysable
materials and, more particularly, to treatment fluids and
associated methods relating to the hydrolysis of water
hydrolysable materials.
0003 Water-hydrolysable materials are commonly
employed in Subterranean operations. For instance, water
hydrolysable materials may be used in Subterranean opera
tions as fluid loss control particles, diverting agents, filter
cake components, drilling fluid additives, cement additives,
and the like. In some instances, the water-hydrolysable
material may be in a mechanical form (e.g., plugs, sleeves,
and the like). In another instance, the water-hydrolysable
material may be capable of releasing a desirable degradation
product, e.g., an acid, during its hydrolysis. The acid
released by certain water-hydrolysable materials may be
used to facilitate a reduction in viscosity of a fluid or to
degrade a filter cake, as well as for numerous other functions
in Subterranean operations.
0004 Inclusion of a water-hydrolysable material capable
of releasing an acid in a gelled (and optionally crosslinked)
treatment fluid may be used to facilitate a reduction in
viscosity of such fluid. Generally, these water-hydrolysable
materials likely will hydrolyze over time due to contact with
water present in the fluid, thereby releasing an acid. Upon its
hydrolysis, the acid will function, inter alia, to reduce the
Viscosity of the gelled (and optionally crosslinked) treatment
fluid, for example, by breaking the crosslinks in the treat
ment fluid, reducing the pH of the treatment fluid sufficiently
to reverse the crosslinks therein, and/or breaking down the
backbone of the gelling agent present in the treatment fluid.
Typically, the acid released by the water-hydrolysable mate
rials may breakdown the gelling agents at temperatures
above about 150° F.

0005 Water-hydrolysable materials capable of releasing
an acid also may be used in the degradation of acid-soluble
materials present in a Subterranean formation, Such as those
present in or adjacent to filter cakes. Filter cakes commonly
may be formed by a fluid (e.g., a drill-in and servicing fluid)
on the face of a portion of a subterranean formation, inter
alia, to minimize damage to the permeability thereof. The
filter cake often comprises an acid-soluble component (e.g.,
a calcium carbonate bridging agent) and a polymeric com
ponent (e.g., starch and Xanthan). Before desirable fluids,
Such as hydrocarbons, may be produced, the filter cake
generally is removed. To facilitate the degradation of the
acid-soluble component, a water-hydrolysable material
capable of releasing an acid may be utilized. Filter cakes
also may be removed using an acid where the filter cake does

not contain an acid-soluble component, for example, by
degrading the underlying carbonate adjacent, if the filter
cake is present in a carbonate formation.
0006. In one instance, the filter cake may be contacted by
a treatment fluid that comprises the water-hydrolysable
material. The resultant acid should interact with the acid

soluble component of the filter cake and/or the underlying
carbonate adjacent to the filter cake in Such a way as to
facilitate their degradation. In another instance, the water
hydrolysable material capable of releasing an acid may be
included in the fluid (such as the drill-in and servicing fluid)
that forms the filter cake, such that the filter cake further

contains the water-hydrolysable material. Subsequent con
tact of the filter cake with an aqueous fluid hydrolyzes the
water-hydrolysable material thereby releasing an acid that
acts to degrade the acid soluble component of the filter cake.
Among other components, the aqueous fluid may contain
oxidizing agents or enzymes Suitable to facilitate the deg
radation of the polymeric component of the filter cake.
0007 Use of water-hydrolysable materials capable of
releasing an acid may be problematic, for example, if the
water-hydrolysable material hydrolyzes too slowly or too
quickly. For example, where used to facilitate a reduction in
viscosity of a treatment fluid, the treatment fluid may need
to have a desired viscosity for a requisite duration to ensure
a desirable well treatment. In some instances, as the tem

perature in the well bore increases, the hydrolysis rate of the
water-hydrolysable material increases, which may lead to an
untimely or undesired reduction in viscosity of the treatment
fluid. One method used to reduce the hydrolysis rate of the
water-hydrolysable material may be to encapsulate it in a
slowly soluble coating that can delay the hydrolysis of the
water-hydrolysable material and thus delay release of the
resulting acid. However, encapsulation of the water-hy
drolysable material may add undesired expense and com
plexity. Further, where the water-hydrolysable material has
a relatively small particle size, e.g., less than about 200
microns, encapsulation may not be practicable. Also, while
it is possible to “tune' the water-hydrolysable material
through various methodologies (e.g., initial choice of mate
rial, choice of plasticizers, molecular weight of the material,
etc.), these methods may not be sufficient to extend or
decrease the degradation time appropriately and/or may not
be economical.
SUMMARY

0008. The present invention relates to water-hydrolysable
materials and, more particularly, to treatment fluids and
associated methods relating to the hydrolysis of water
hydrolysable materials.
0009. In one embodiment, the present invention provides
a treatment fluid that comprises an aqueous liquid, a water
miscible solvent, and a water-hydrolysable material.
0010. In another embodiment, the present invention pro
vides a treatment fluid that comprises an aqueous liquid, a
water-miscible solvent, a water-hydrolysable material
capable of releasing an acid, and a gelling agent comprising
a cellulose grafted with an allyl or a vinyl monomer.
0011. In yet another embodiment, the present invention
provides a hydrolysis retarder composition that comprises an
aqueous liquid and a water-miscible solvent.
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0012. The features and advantages of the present inven
tion will be readily apparent to those skilled in the art upon
a reading of the description of the specific embodiments that
follows.
DRAWINGS

0013 A more complete understanding of the present
disclosure and advantages thereof may be acquired by
referring to the following description taken in conjunction
with the accompanying drawings, wherein:
0014 FIG. 1 is a graph illustrating the break time of a
crosslinked fluid that did not comprise a water-miscible
Solvent; and

0.015 FIG. 2 is a graph illustrating the break time of a
crosslinked fluid that comprised a water-miscible solvent.
DESCRIPTION

0016. The present invention relates to water-hydrolysable
materials and, more particularly, to treatment fluids and
associated methods relating to the hydrolysis of water
hydrolysable materials. The water-hydrolysable materials
may be used in Subterranean operations for a number of
functions, including, but not limited to, fluid loss control
particles, diverting agents, filter cake components, drilling
fluid additives, cement additives, and the like. In some

instances, the water-hydrolysable material may be in a
mechanical form (e.g., plugs, sleeves, and the like). In some
instances, the water-hydrolysable material may be capable
of releasing a desirable degradation product, e.g., an acid,
during its hydrolysis. The acid released by certain water
hydrolysable materials may be used to facilitate a reduction
in viscosity of a fluid or to degrade a filter cake, as well as
for numerous other functions in Subterranean operations.
0017. The treatment fluids of the present invention gen
erally comprise an aqueous liquid and a water-miscible
Solvent. Among other things, because the amount of water in
a treatment fluid of the present invention is reduced due to
the inclusion of a water-miscible solvent therein, the

hydrolysis of a water-hydrolysable material contacted by the
treatment fluid or present within the treatment fluid should
be at least partially delayed. For example, a hydrolysis
retarder composition may comprise an aqueous liquid and a
water-miscible solvent. Depending on the application, the
treatment fluids of the present invention further may com
prise at least one of the following: a water-hydrolysable
material, a gelling agent, a crosslinking agent, or additional
additives Suitable for a particular application.
0018. The aqueous liquid utilized in the treatment fluids
of the present invention may be fresh water, saltwater (e.g.,
water containing one or more salts dissolved therein), brine
(e.g., Saturated Saltwater), or seawater. In certain embodi
ments, the aqueous liquid may comprise at least one salt of
potassium chloride, Sodium chloride, calcium chloride, Zinc
chloride, potassium bromide, Sodium bromide, calcium bro
mide, Zinc bromide, Sodium formate, potassium formate, or
cesium formate. Among other things, the salt may be
included in the aqueous liquid for density control. In some
embodiments, the aqueous liquid may have a density in the
range of from about 8.33 pounds per gallon (ppg) to about
21.5 ppg. Generally, the aqueous liquid may be from any
Source provided that it does not contain an excess of

compounds (e.g., dissolved organics) that may adversely
affect a treatment fluid of the present invention. In certain
embodiments, the aqueous liquid may be present in the
treatment fluids of the present invention in an amount in the
range of from about 1% to about 80% by weight of the
treatment fluid therein. In certain embodiments, the aqueous
liquid may be present in the treatment fluids of the present
invention in an amount in the range of from about 20% to
about 80% by weight of the treatment fluid therein. One of
ordinary skill in the art, with the benefit of this disclosure,
will recognize the appropriate amount of water for a chosen
application.
0019 Generally, any water-miscible solvent may be used
in the present invention. Among other things, inclusion of
the water-miscible solvent in the treatment fluids of the

present invention should act to at least partially delay the
hydrolysis of a water-hydrolysable material present within
or contacted by the treatment fluids of the present invention.
Examples of suitable water-miscible solvents include, but
are not limited to, alcohols such as methanol, glycols such
as propylene glycol and ethylene glycol, ethers such as
ethylene glycol monobutyl ether, esters such as propylene
carbonate and ethylene glycol monomethyl acetate, deriva
tives thereof, and combinations thereof. Additional

examples of suitable water-miscible solvents are those
described in Kirk-Othmer, Fourth Edition, Volume 22, pp
536-553. Generally, the water-miscible solvent should be
included in the treatment fluids of the present invention in an
amount sufficient to at least partially delay the hydrolysis of
the water-hydrolysable material. In some embodiments, the
water-miscible solvent may be present in the treatment fluids
of the present invention in an amount in the range of from
about 20% to about 99% by weight of the treatment fluid. In
some embodiments, the water-miscible solvent may be
present in the treatment fluids of the present invention in an
amount in the range of from about 20% to about 80% by
weight of the treatment fluid. The amount of the water
miscible solvent to include in the treatment fluids of the

present invention depends on a number of factors, including,
the desired hydrolysis rate of the water-hydrolysable mate
rial, the desired density of the treatment fluid, and the
hydration needs of other additives present in the treatment
fluid.

0020. A wide variety of gelling agents may be employed
in the treatment fluids of the present invention. While
optional, one or more gelling agents may be included in a
treatment fluid of the present invention for gelling the water
and increasing the treatment fluids viscosity. Examples of
Suitable gelling agents include, but are not limited to,
biopolymers (e.g., Xanthan and Succinoglycan), galactoman
nan gums, modified celluloses, and derivatives thereof,
combinations thereof, and the like. Suitable galactomannan
gums include, but are not limited to, gum arabic, gum ghatti,
gum karaya, tamarind gum, tragacanth gum, guar gum,
locust bean gum, and the like. Suitable galactomannan gum
derivatives include, but are not limited to, guar gum deriva
tives, such as hydroxypropylguar (“HPG'), carboxymethyl
hydroxypropylguar (“CMHPG'), and carboxymethylguar
(“CMG).
0021 Modified celluloses and derivatives thereof such as
cellulose ethers, cellulose esters, and the like are also

Suitable for use as gelling agents in accordance with the
present invention. In some embodiments, the gelling agent
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may be a water-soluble cellulose ether, including, but not
limited to, carboxyalkylcellulose ethers such as carboxyeth
ylcellulose and carboxymethylcellulose; mixed ethers such
as carboxymethyl-hydroxyethylcellulose; hydroxyalkylcel
luloses such as hydroxyethylcellulose (“HEC) and hydrox
ypropylcellulose; alkylhydroxyalkylcelluloses Such as
methylhydroxypropylcellulose; alkylcelluloses such as
methylcellulose, ethylcellulose, and propylcellulose: alkyl
carboxyalkylcelluloses such as ethylcarboxymethylcellu
lose; alkylalkylcelluloses such as methylethylcellulose;
hydroxyalkylalkylcelluloses Such as hydroxypropylmethyl
cellulose; and the like.

0022. In certain embodiments, the derivatized cellulose is
a cellulose grafted with an allyl or a vinyl monomer, Such as
those disclosed in U.S. Pat. Nos. 4,982,793; 5,067,565; and

5,122,549, the relevant disclosures of which are incorpo
rated herein by reference. The allyl or vinyl monomer should
have a crosslinkable Substituent, such as a vicinal dihydroxy
group or a phosphonate group, which should allow the
derivatized cellulose to crosslink. Examples of suitable allyl
or vinyl monomers include, but are not limited to, glyceryl
allyl ether (GAE), 2,3-dihydroxypropylmethacrylate
(DHPM), vinyl phosphonic acid (VPA), allyl glycidyl ether
(AGE), glycidyl methacrylate (GMA), and combinations
thereof. In one certain embodiment, the gelling agent com
prises HEC grafted with VPA. An example of a suitable
gelling agent comprising HEC grafted with VPA is com
mercially available from Halliburton Energy Services, Inc.,
Duncan, Okla., as “WG-33TM gelling agent.
0023. Where present, the gelling agent generally should
be included in the treatment fluids of the present invention
in an amount Sufficient, among other things, to achieve the
desired viscosity thereof In some embodiments, a gelling
agent may be present in the treatment fluids of the present
invention in amount in the range of from about 0.25% to
about 10% by weight of the treatment fluid. In other embodi
ments, the gelling agent may be present in the treatment
fluids of the present invention in amount in the range of from
about 0.75% to about 1.5% by weight of the treatment fluid.
0024. While optional, at least a portion of the gelling
agent included in the treatment fluids of the present inven
tion may be crosslinked by a reaction comprising a
crosslinking agent, e.g., to further increase the treatment
fluid's viscosity thereof. Crosslinking agents typically com
prise at least one metal ion that is capable of crosslinking
gelling agent molecules. Examples of Suitable crosslinking
agents include, but are not limited to, Zirconium compounds
(such as, for example, Zirconium lactate, Zirconium lactate
triethanolamine, Zirconium carbonate, Zirconium acetylac
etonate, Zirconium malate, Zirconium citrate, and Zirconium

diisopropylamine lactate); titanium compounds (such as, for
example, titanium lactate, titanium malate, titanium citrate,
titanium ammonium lactate, titanium triethanolamine, and

titanium acetylacetonate); aluminum compounds (such as,
for example, aluminum lactate or aluminum citrate); borate
compounds (such as, for example, sodium tetraborate, boric
acid, disodium octaborate tetrahydrate, Sodium diborate,
ulexite, and colemanite); antimony compounds; chromium
compounds; iron compounds; copper compounds; Zinc com
pounds; or a combination thereof. An example of a Suitable
commercially available Zirconium-based crosslinking agent
is “CL-24TM” crosslinker from Halliburton Energy Services,
Inc., Duncan, Okla. An example of a Suitable commercially
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available titanium-based crosslinking agent is “CL-39TM'
crosslinker from Halliburton Energy Services, Inc., Duncan
Okla. An example of a suitable borate-based crosslinking
agent is commercially available as “CL-22TM delayed
borate crosslinker from Halliburton Energy Services, Inc.,
Duncan, Oklahoma. Divalent ions also may be used; for
example, calcium chloride and magnesium oxide. An
example of a Suitable divalent ion crosslinking agent is
commercially available as “CL-30TM from Halliburton
Energy Services, Inc., Duncan, Okla. Where present, the
crosslinking agent generally should be included in the
treatments fluid of the present invention in an amount
Sufficient, among other things, to provide the desired degree
of crosslinking. In some embodiments, the crosslinking
agent may be present in the treatment fluids of the present
invention in an amount in the range of from about 0.01% to
about 5.0% by weight of the treatment fluid.
0025 Water-hydrolysable materials suitable for use in the
present invention are those capable of degrading when
contacted by water. Water-hydrolysable materials that may
be used in conjunction with the present invention include,
but are not limited to, degradable polymers, lactides, lac
tones, esters, dehydrated compounds, derivatives thereof,
and combinations thereof. Those of ordinary skill in the art,
with the benefit of this disclosure, will recognize other
suitable water-hydrolysable materials for a particular appli
cation. Generally, the water-hydrolysable materials should
degrade over time as opposed to immediately. The terms
“degrading,”“degradation, and “degradable' refer to both
the relatively extreme cases of hydrolytic degradation that
the degradable material may undergo, i.e., heterogeneous (or
bulk erosion) and homogeneous (or Surface erosion), and
any stage of degradation in between these two. In some
embodiments, the water-hydrolysable materials may be
capable of releasing an acid upon hydrolysis. Among other
things, the water-hydrolysable materials capable of releasing
an acid should degrade after a desired time to release an acid,
for example, to degrade a filter cake or to reduce the
viscosity of a treatment fluid.
0026. In certain embodiments, the water-hydrolysable
materials comprise a degradable polymer capable of hydro
lyzing when contacted by water. Suitable examples of
degradable polymers that may be used in accordance with
the present invention include, but are not limited to,
homopolymers, random, block, graft, and Star- and hyper
branched polymers. Examples of Suitable degradable poly
mers, include, but are not limited to, polysaccharides such as
dextran or cellulose; chitin: chitosan; proteins; aliphatic
polyesters; poly(lactic acids); poly(glycolides); poly(e-ca
prolactones); poly(hydroxybutyrates); poly(anhydrides); ali
phatic polycarbonates; poly(orthoesters); poly(amino acids);
poly(ethylene oxide); polyphosphaZenes, polyvinyl alco
hols, and copolymers and blends of any of these degradable
polymers. The term “copolymer as used herein is not
limited to the combination of two polymers, but includes any
combination of polymers, e.g., terpolymers and the like.
Certain of these degradable polymers are capable of releas
ing an acid upon hydrolysis. For example, poly(lactic acids)
and poly(glycolides), among others, are capable of releasing
an acid upon hydrolysis.
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0027 Preferred aliphatic polyesters have the general for
mula of repeating units shown below:
Formula I

where n is an integer between 75 and 10,000 and R is a
hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatoms, or
mixtures thereof. Of these aliphatic polyesters, poly(lactic
acid) is preferred. Poly(lactic acid) is synthesized either
from lactic acid by a condensation reaction or more com
monly by ring-opening polymerization of cyclic lactide
monomer. Since both lactic acid and lactide can achieve the

same repeating unit, the general term poly(lactic acid) as
used herein refers to formula I without any-limitation as to
how the polymer was made Such as from lactides, lactic acid,
or oligomers, and without reference to the degree of poly
merization or level of plasticization. The lactide monomer
exists generally in three different forms: two stereoisomers
L- and D-lactide and racemic D.L-lactide (meso-lactide).
The oligomers of lactic acid, and oligomers of lactide are
defined by the formula:
Formula II

HO

l

m H

where m is an integer 2sms 75. Preferably m is an integer
and 2sms 10. These limits correspond to number average
molecular weights below about 5,400 and below about 720,
respectively. The chirality of the lactide units provides a
means to adjust, inter alia, degradation rates, as well as
physical and mechanical properties. Poly(L-lactide), for
instance, is a semicrystalline polymer with a relatively slow
hydrolysis rate. This could be desirable in applications of the
present invention where a slower degradation of the degrad
able particulates is desired. Poly(D.L-lactide) may be a more
amorphous polymer with a resultant faster hydrolysis rate.
This may be suitable for other applications where a more
rapid degradation may be appropriate. The stereoisomers of
lactic acid may be used individually or combined to be used
in accordance with the present invention. Additionally, they
may be copolymerized with, for example, glycolide or other
monomers like e-caprolactone, 1,5-dioxepan-2-one, trimeth
ylene carbonate, or other Suitable monomers to obtain poly
mers with different properties or degradation times. Addi
tionally, the lactic acid stereoisomers can be modified to be
used in the present invention by, inter alia, blending, copo
lymerizing or otherwise mixing the Stereoisomers, blending,
copolymerizing or otherwise mixing high and low molecular
weight poly(lactides), or by blending, copolymerizing or
otherwise mixing a poly(lactic acid) with another polyester
or polyesters.

0028. One skilled in the art will recognize that plasticiz
ers may be included in forming Suitable polymeric degrad
able materials of the present invention. The plasticizers may
be present in an amount sufficient to provide the desired
characteristics, for example, more effective compatibiliza
tion of the melt blend components, improved processing
characteristics during the blending and processing steps, and
control and regulation of the sensitivity and degradation of
the polymer by moisture.
0029 Suitable dehydrated compounds are those materials
that will degrade over time when rehydrated. For example,
a particulate solid dehydrated Salt or a particulate solid
anhydrous borate material that degrades over time may be
Suitable. Specific examples of particulate solid anhydrous
borate materials that may be used include but are not limited
to anhydrous sodium tetraborate (also known as anhydrous
borax) and anhydrous boric acid. These anhydrous borate
materials are only slightly soluble in water. However, with
time and heat in a Subterranean environment, the anhydrous
borate materials react with the Surrounding aqueous fluid
and are hydrated. The resulting hydrated borate materials are
Substantially soluble in water as compared to anhydrous
borate materials and as a result degrade in the aqueous fluid.
0030. In choosing the appropriate water-hydrolysable
material, one should consider the degradation products that
will result. Also, these degradation products should not
adversely affect other operations or components. The choice
of a water-hydrolysable material also can depend, at least in
part, on the conditions of the well, e.g., well bore tempera
ture. For instance, aliphatic polyesters have been found to be
suitable for well bore temperatures in the range of 180° F. to
400°F. And, for example, lactides may be suitable for well
bore temperatures less than about 180° F. Generally, lower
molecular weight water-hydrolysable materials are suitable
for use in lower temperature applications and higher
molecular weight acid-releasing degradable materials are
Suitable for use in higher-temperature applications. It is
within the ability of one skilled in the art, with the benefit of
this disclosure, to select a suitable water-hydrolysable mate
rial.

0031) Blends of certain water-hydrolysable materials
may also be suitable. One example of a suitable blend of
materials includes a blend of poly(lactic acid) and a lactide.
Other materials that undergo degradation may also be Suit
able, if the products of the degradation do not undesirably
interfere with either the subterranean treatment being per
formed or the subterranean formation.

0032. The water-hydrolysable material may be included
in the treatment fluids of the present invention in an amount
Sufficient for a particular application. For example, in
embodiments where water-hydrolysable materials capable
of releasing an acid are used, the water-hydrolysable mate
rial should be present in the treatment fluids of the present
invention in an amount Sufficient to release a desired amount

of acid. In some embodiments, the amount of the released

acid should be sufficient to reduce the viscosity of the
treatment fluid to a desired level. In another embodiment,
the amount of the released acid should be sufficient to

facilitate the degradation of an acid-soluble component, for
example, an acid-soluble component of a filter cake or an
acid-soluble component adjacent to a filter cake. In certain
embodiments, the water-hydrolysable material may be
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present in the treatment fluid in an amount in the range of
from about 1% to about 30% by weight of the treatment
fluid. In certain embodiments, the water-hydrolysable mate
rial may be present in the treatment fluid in an amount in the
range of from about 3% to about 10% by weight of the
treatment fluid. One of ordinary skill in the art, with the
benefit of this disclosure, will be able to determine the

appropriate amount of the water-hydrolysable degradable
material to include in the treatment fluids of the present
invention for a particular application.
0033. The desired hydrolysis rate of the water-hydrolys
able material will vary dependent on the particular applica
tion. As previously discussed, inclusion of a water-miscible
solvent in the treatment fluids of the present invention
should reduce the hydrolysis rate of the water-hydrolysable
material. By adjusting the concentration of the water-mis
cible solvent in the treatment fluids of the present invention,
the hydrolysis rate of the water-hydrolysable material may
be controlled. One of ordinary skill in the art, with the
benefit of this application, will be able to determine the
appropriate hydrolysis rate of the water-hydrolysable mate
rial for a particular application.
0034. The treatment fluids of the present invention may
further comprise additional additives as deemed appropriate
by one of ordinary skill in the art, with the benefit of this
disclosure. Examples of Such additional additives include,
but are not limited to, pH-adjusting agents, pH-buffers,
oxidizing agents, enzymes, lost circulation materials, Scale
inhibitors, surfactants, clay stabilizers, fluid loss control
additives, combinations thereof, and the like.

0035 Generally, the present invention comprises utiliz
ing a treatment fluid of the present invention to at least
partially delay the hydrolysis of a water-hydrolysable mate
rial. In one certain embodiment, the present invention pro
vides a method of treating at least a portion of Subterranean
formation, the method comprising: providing a water-hy
drolysable material; introducing the water-hydrolysable
material into a well bore penetrating the subterranean for
mation; providing a treatment fluid comprising an aqueous
liquid and a water-miscible solvent; introducing the treat
ment fluid into the well bore so as to contact the water

hydrolysable material; and allowing the water-hydrolysable
material to hydrolyze. Generally, the treatment fluid may be
introduced into the well bore subsequent to, or simulta
neously with, the introduction of the water-hydrolysable
material into the well bore. In certain embodiments, the

treatment fluid may further comprise the water-hydrolysable
material.

0036) The water-hydrolysable material may be intro
duced into the well bore for any of a number of uses. For
instance, water-hydrolysable materials may be used in Sub
terranean operations as fluid loss control particles, diverting
agents, filter cake components, drilling fluid additives,
cement additives, and the like. In some embodiments, the

water-hydrolysable material may be in a mechanical form
(e.g., plugs, sleeves, and the like). In some instances, the
water-hydrolysable material may be capable of releasing a
desirable degradation product, e.g., an acid, during its
hydrolysis. At a chosen time or after a desired delay period,
the water-hydrolysable material should be allowed to hydro
lyze so as to release an acid.
0037. In some embodiments, the acid released by certain
water-hydrolysable materials may be used to degrade acid

soluble components present in the Subterranean formation.
In some embodiments, the acid-soluble component may be
present in or adjacent to a filter cake in the Subterranean
formation. In another embodiment, the acid-soluble compo
nent may be other acid-soluble damage present in the
Subterranean formation (e.g., in the near well bore region).
In some embodiments, the water-hydrolysable material is
present in the treatment fluid. In other embodiments, the
water-hydrolysable material is present in a filter cake that is
present in the Subterranean formation. For example, the
water-hydrolysable material may be introduced into the
formation as part of the fluid that forms the filter cake, such
that the filter cake contains the water-hydrolysable material.
As those of ordinary skill in the art will appreciate, the
treatment fluid may need to be shut in for a period of time
to allow for the desired amount of acid to be released.

0038. In some embodiments, the acid released by certain
water-hydrolysable materials may be used to facilitate a
reduction in viscosity of the treatment fluid, for example,
wherein the treatment fluid comprises a gelling agent. As
previously discussed, at least a portion of the gelling agent
may be crosslinked by a reaction comprising a crosslinking
agent. The treatment fluid may be recovered from the well
bore subsequent to its reduction in viscosity. Where used to
facilitate a reduction in viscosity of a treatment fluid, the
treatment operation may be any of a variety of Subterranean
treatments employed in Subterranean operations where a
Viscosified fluid may be used, including, fracturing, gravel
packing, chemical diversions, and fluid loss control treat
mentS.

0039 For example, in one certain embodiment, the
present invention provides a method of completing a well
comprising providing a treatment fluid of the present inven
tion that comprises an aqueous liquid, a water-miscible
Solvent, a water-hydrolysable material capable of releasing
an acid, and a gelling agent; and introducing the treatment
fluid of the present invention into a well bore in an amount
sufficient to fill a portion of the well bore within a permeable
section of a Subterranean formation. As previously dis
cussed, at least a portion of the gelling agent may be
crosslinked by a reaction comprising a crosslinking agent.
As those of ordinary skill in the art will appreciate, with the
benefit of this disclosure, the treatment fluids of the present
invention further may comprise other additives suitable for
a particular application. Generally, in these embodiments,
the treatment fluid of the present invention should have
sufficient rigidity to resist entry into the permeable section of
the Subterranean formation. Subsequent to placement of the
treatment fluid of the present invention into the portion of
the well bore, a high-density completion fluid may be placed
into the well bore behind the treatment fluid. In some

embodiments, the treatment fluid may have about the same
density as the high-density treatment fluid. Among other
things, the treatment fluid of the present invention should
block the high-density completion fluid from being lost or
entering the permeable section of the Subterranean forma
tion. Furthermore, the total hydrostatic pressure exerted onto
the Subterranean formation by the high-density completion
fluid plus the treatment fluid of the present invention should
be sufficient to provide well control. At a chosen time or
after a desired delay period, the water-hydrolysable material
should be allowed to hydrolyze so as to release an acid that
facilitates a reduction in the treatments fluid's viscosity. The
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treatment fluid may be recovered from the well bore sub
sequent to its reduction in Viscosity.
0040. To facilitate a better understanding of the present
invention, the following example of specific embodiments is
given. In no way should the following examples be read to
limit, or define, the scope of the invention.
EXAMPLE

0041 Tests were performed on samples of various fluids
in order to compare the relative break times of the fluids.
Sample Fluid No. 1 was a crosslinked treatment fluid that
was prepared without the addition of a water-miscible sol
vent. Sample Fluid No. 2 was a crosslinked treatment fluid
that comprised propylene glycol. The tests were performed
at 195° F in a Fann HPHT Filter Press according to the steps
listed in Table 1 below.
TABLE 1.
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0046) Therefore, this example shows that the inclusion of
a water-miscible solvent in the treatment fluids of the present
invention may control the hydrolysis rate of a water-hy
drolysable material included therein.
0047 Therefore, the present invention is well adapted to
carry out the objects and attain the ends and advantages
numerous changes may be made by those skilled in the art,
Such changes are encompassed within the spirit of this
invention as defined by the appended claims.
What is claimed is:

1. A treatment fluid comprising an aqueous liquid, a
water-miscible solvent, and a water-hydrolysable material.
2. The treatment fluid of claim 1 wherein the water

(°F)
Filtrate
Valve

2 had a break time of about 67 hours.

mentioned as well as those which are inherent therein. While

Step No.
1

200 ml of the above-prepared solution was used for the
remainder of this test. Next, 7 grams of 18/20 mesh par
ticulate poly(lactic acid) was added to the 200 ml of the
solution. Thereafter, 0.72 grams of CL-30TM crosslinker
were added to the blender while mixing. The resultant
Solution was emptied into a jar and remained static at room
temperature for 1 hour to ensure crosslinking.
0045. After the 1-hour waiting period, Sample Fluid No.
2 was placed into the HPHT cell using a 35 micron disc with
a piston on top. The results from this test are illustrated in
FIG. 2. As shown illustrated by FIG. 2, Sample Fluid No.

0.042 Sample Fluid No. 1 was prepared by pouring 500
ml of an 11.6 ppg calcium chloride brine into a Waring
blender while mixing. Next, 21.55 ml of WG-33TM gelling
agent were added to the blender while mixing. Thereafter,
2.5 ml of 20° Behydrochloric acid were added to the blender
while mixing. The resulting solution was mixed for 5
additional minutes, and the solution was then allowed to

hydrate for about 1 hour. After the 1-hour hydration period,
200 ml of the above-prepared solution was used for the
remainder of this test. Next, 7 grams of 18/20 mesh par
ticulate poly(lactic acid) was added to the 200 ml of the
solution. Thereafter, 0.72 grams of CL-30TM crosslinker
were added to the blender while mixing. The resultant
Solution was emptied into a jar and remained static at room
temperature for 1 hour to ensure crosslinking.
0043. After the 1-hour waiting period, Sample Fluid No.
1 was placed into the HPHT cell using a 35-micron disc with
a piston on top. The results from this test are illustrated in
FIG. 1. As shown illustrated by FIG. 1, Sample Fluid No.
1 had a break time of about 49 hours.

0044 Sample Fluid No. 2 was prepared by pouring 220.5
ml of propylene glycol into a Waring blender while mixing.
Next, 13.5 ml of WG-33TM gelling agent were added to the
blender while mixing. The resulting solution was mixed for
5 minutes. Thereafter, 1.6 ml of 20° Be hydrochloric acid
were added to the blender while mixing. Next, 94.5 ml of an
11.6 ppg calcium chloride brine was added to the blender
while mixing. The resulting solution was mixed for 5
additional minutes, and the solution was then allowed to

hydrate for about 1 hour. After the 1-hour hydration period,

miscible solvent comprises at least one of the following: an
alcohol, a glycol, an ether, an ester, or a derivative thereof.
3. The treatment fluid of claim 1 wherein the water

miscible solvent comprises at least one of the following:
methanol, a propylene glycol, an ethylene glycol, ethylene
glycol monobutyl ether, a propylene carbonate, ethylene
glycol monomethyl acetate, or a derivative thereof.
4. The treatment fluid of claim 1 wherein the water

miscible solvent is present in an amount Sufficient to delay
hydrolysis of the water-hydrolysable material.
5. The treatment fluid of claim 1 wherein the treatment

fluid further comprises a gelling agent.
6. The treatment fluid of claim 5 wherein the gelling agent
comprises at least one of the following: a biopolymer, a
galactomannan gum, a modified cellulose, or a derivative
thereof.

7. The treatment fluid of claim 5 wherein the gelling agent
comprises a cellulose grafted with an allyl or a vinyl
OOC.

8. The treatment fluid of claim 5 wherein at least a portion
of the gelling agent is crosslinked.
9. The treatment fluid of claim 1 wherein the water

hydrolysable material is present in the treatment fluid in an
amount in the range of from about 1% to about 15% by
weight of the treatment fluid.
10. The treatment fluid of claim 1 wherein the water

hydrolysable material is capable of releasing an acid.
11. The treatment fluid of claim 1 wherein the water

hydrolysable material comprises at least one of the follow
ing: a degradable polymer, a lactide, a lactone, an ester, a
dehydrated compound, or a derivative thereof.
12. The treatment fluid of claim 1 wherein the water

hydrolysable material comprises a poly(lactic acid).
13. The treatment fluid of claim 1 wherein the water

hydrolysable material comprises at least one of the follow
ing: a polysaccharide; a chitin; a chitosan; a protein; an
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aliphatic polyester, a poly(lactic acid); a poly(glycolide); a
poly(e-caprolactone); a poly(hydroxybutyrate); a poly(an
hydride); an aliphatic polycarbonate; a poly(orthoester); a
poly(amino acid); a poly(ethylene oxide); a polyphosp
haZene; a polyvinyl alcohol; or a copolymer thereof.
14. The treatment fluid of claim 1 wherein the water

hydrolysable material comprises a blend of poly(lactic acid)
and a lactide.

15. A treatment fluid comprising:
an aqueous liquid,
a water-miscible solvent,

a water-hydrolysable material capable of releasing an
acid, and

a gelling agent comprising a cellulose grafted with an
allyl or a vinyl monomer.

Aug. 3, 2006
16. The treatment fluid of claim 15 wherein at least a

portion of the gelling agent is crosslinked.
17. The treatment fluid of claim 15 wherein the cellulose

grafted with an allyl or a vinyl monomer is hydroxyethyl
cellulose grafted with vinyl phosphonic acid.
18. A hydrolysis retarder composition comprising an
aqueous liquid, and a water-miscible solvent.
19. The composition of claim 18 wherein the water
miscible solvent comprises at least one of the following: an
alcohol, a glycol, an ether, an ester, or a derivative thereof.
20. The composition of claim 18 wherein the water
miscible solvent is present in an amount Sufficient to delay
hydrolysis of the water-hydrolysable material.

