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(57) ABSTRACT

Fracturing fluids for stimulating subterranean formations are
provided. More particularly, fracturing fluids comprising
self-degrading cement compositions are provided. An
example of a composition is a fracturing fluid comprising a
self-degrading cement composition that comprises an acid
source, a base source, a water source, and a degradable
material. Certain embodiments of the fracturing fluids also
may comprise Newberyite, among other things.
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SELF-DEGRADING CEMENT COMPOSITIONS

AND METHODS OF USING SELF-DEGRADING

CEMENT COMPOSITIONS IN SUBTERRANEAN
FORMATIONS

BACKGROUND

[0001] The present invention relates to methods of stimu-
lating a subterranean formation. More particularly, the
present invention relates to methods of fracturing subterra-
nean formations using a fracturing fluid comprising a self-
degrading cement composition.

[0002] Hydraulic fracturing techniques commonly are
used to stimulate subterranean formations to enhance the
production of hydrocarbons therefrom. Conventional
hydraulic fracturing operations commonly involve flowing a
fracturing fluid down a well bore and into a hydrocarbon-
bearing formation at a pressure sufficient to create or
enhance at least one fracture therein.

[0003] Conventional fracturing fluids may comprise, inter
alia, viscosifying or gelling agents to increase their viscosity,
and often may include proppant particulate materials that
may be deposited in the fractures. Once deposited in the
resultant fractures, conventional proppant particulate mate-
rials are intended to prevent the fractures from closing so as
to enhance the flow of hydrocarbons to the well bore, and
thereafter to the surface. Commonly-used proppant particu-
late materials include, inter alia, sand, walnut shells, glass
beads, metal pellets, ceramic beads, and the like.

[0004] When the fracturing fluid comprising proppant
particulate materials has been placed in the formation, the
proppant particulate materials undesirably may settle within
the fracturing fluid to some degree before the fracture closes.
This may cause the proppant pack to form at an interval
different than the desired interval. Further, the viscosifying
or gelling agents used in conventional fracturing fluids may
form residues within the proppant pack and in the areas of
the formation adjacent the fracture, which undesirably may
reduce well productivity.

[0005] The success of a fracturing operation may depend,
at least in part, upon fracture porosity and conductivity once
the fracturing operation is stopped and production is begun.
Traditional fracturing operations place a large volume of
proppant particulates into a fracture and the porosity of the
resultant packed propped fracture is then related to the
interconnected interstitial spaces between the abutting prop-
pant particulates. Thus, the resultant fracture porosity from
a traditional fracturing operation may be closely related to
the strength of the placed proppant particulates (if the placed
particulates crush then the pieces of broken proppant may
plug the interstitial spaces) and the size and shape of the
placed particulate (larger, more spherical proppant particu-
lates generally yield increased interstitial spaces between the
particulates).

[0006] One attempt to address problems that may be
inherent in tight proppant particulate packs involves placing
a much-reduced volume of proppant particulates in a frac-
ture to create what is referred to herein as a partial mono-
layer or “high-porosity” fracture. In such operations the
proppant particulates within the fracture may be widely
spaced, but still may be sufficient to desirably hold open the
fracture and allow for production. Such operations may

Aug. 3, 2006

allow for increased fracture conductivity due, at least in part,
to the fact the produced fluids may flow around widely
spaced proppant particulates rather than merely flow through
the relatively small interstitial spaces in a packed proppant
bed.

[0007] Successful placement of a partial monolayer of
proppant particulates presents unique challenges in the rela-
tive densities of the particulates versus the carrier fluid.
Furthermore, placing a proppant particulate that tends to
crush or embed under pressure may allow portions of the
fracture to pinch or close once the fracturing pressure is
released.

[0008] Conventional attempts to address the problems
described above have involved, inter alia, the use of cement
compositions as proppant materials. The cement composi-
tions that have been used in such fashion commonly have
comprised particulate carbonate salts. Such salts were
intended to have dissolved out of the cement composition,
theoretically enhancing the permeability of the resultant set
cement sheath to a degree that may facilitate greater flow of
formation fluids (e.g., hydrocarbons) to the well bore. Car-
bonate salts, however, generally require treatment with an
acid before they may dissolve out of the cement composi-
tion. Treating the cement compositions that comprise car-
bonate salts with an acid, after the cement compositions
have been placed within the subterranean formation, has
been problematic, because such acids may tend to find the
path of least resistance within the cement composition,
which may result in uneven contact between the acid and the
cement composition, thereby causing uneven removal of
carbonate salt particulates therefrom. Thus, conventional
operations that have employed proppant materials compris-
ing cement compositions generally have not enhanced the
permeability of the formation to the extent desired.

SUMMARY

[0009] The present invention relates to methods of stimu-
lating a subterranean formation. More particularly, the
present invention relates to methods of fracturing subterra-
nean formations using a fracturing fluid comprising a self-
degrading cement composition.

[0010] An example of a composition of the present inven-
tion is a fracturing fluid comprising a self-degrading cement
composition that comprises an acid source, a base source, a
water source, and a degradable material.

[0011] The features and advantages of the present inven-
tion will be readily apparent to those skilled in the art upon
areading of the description of the embodiments that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] 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 figures, wherein:

[0013] FIG. 1 illustrates the amount of void space that
might be demonstrated in an example of a fracture having a
porosity of about 80%.

[0014] FIG. 2 illustrates an exemplary relationship of the
time- and temperature-dependence of the degradation of an
exemplary degradable material.
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[0015] FIG. 3 illustrates an exemplary relationship of the
time- and temperature-dependence of the degradation of an
exemplary degradable material.

[0016] While the present invention is susceptible to vari-
ous modifications and alternative forms, specific exemplary
embodiments thereof have been shown by way of example
in the drawings and are herein described in detail. It should
be understood, however, that the description herein of spe-
cific embodiments is not intended to limit the invention to
the particular forms disclosed, but on the contrary, the
intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the inven-
tion as defined by the appended claims.

DESCRIPTION

[0017] The present invention relates to methods of stimu-
lating a subterranean formation. More particularly, the
present invention relates to methods of fracturing subterra-
nean formations using a fracturing fluid comprising a self-
degrading cement composition.

[0018] The self-degrading cement compositions suitable
for use in the fracturing fluids of the present invention
generally comprise a mixture of a degradable material, an
acid source, a base source, and a water source.

[0019] Generally, according to certain embodiments of the
present invention, the fracturing fluids may be placed in a
subterranean formation at a pressure sufficient to create or
enhance at least one fracture therein. The self-degrading
cement compositions present within the fracturing fluids
then may set within the at least one created or enhanced
fracture to form a solid mass, and the degradable material
within the cement composition then may degrade. In certain
embodiments of the present invention, the degradation of the
degradable material may create voids within the solid mass
that may permit or enhance fluid communication between
the formation and a well bore penetrating the formation. In
certain embodiments of the present invention, the degrad-
able material used may comprise a mixture of fibers and
spherical particles, which may, inter alia, enhance the inter-
connectivity of voids that may be produced in the solid
mass. In certain embodiments of the present invention, the
portion of the solid mass that does not degrade may be
capable of preventing the at least one created or enhanced
fracture from closing (e.g., the portion of the solid mass that
does not degrade may form “pillars” within the at least one
created or enhanced fracture that may prevent its closure). In
certain embodiments of the present invention, the portion of
the solid mass that does not degrade may form a partial
monolayer in the at least one created or enhanced fracture.

1. High-Porosity Propped Fractures

[0020] Porosity values expressed herein are unstressed
porosities (e.g., the porosity before a fracture in the forma-
tion has closed or applied any substantial mechanical stress).

[0021] The methods of the present invention may be used,
inter alia, to create high-porosity fractures having increased
conductivity as compared to a traditional packed propped
fracture. Certain embodiments of the fracturing fluids and
methods of the present invention may achieve such
increased conductivity by forming “pillars” within the
resultant solid mass within the fracture, which pillars may
prevent the fracture from closing.
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[0022] The fractures that may be created or enhanced by
the fracturing fluids and methods of the present invention
may facilitate the formation of a conductive fracture with
porosity much greater than about 40% while still maintain-
ing enough conductive channels for production. Certain
embodiments of the present invention may form fractures
exhibiting a porosity of at least about 50%. Other embodi-
ments of the present invention may form fractures exhibiting
a porosity of at least about 60%, while still other embodi-
ments may form fractures exhibiting a porosity of at least
about 70%. Other embodiments of the present invention
may be used to form fractures exhibiting a porosity of at
least about 80%, while still other embodiments may form
fractures exhibiting a porosity of at least about 90%. FIG. 1
illustrates the degree of void space that may be present in a
fracture exhibiting a porosity of about 80%.

[0023] The fracturing fluids and methods of the present
invention may achieve increased conductivity within the
formation, at least in part, because the high-porosity frac-
tures they form allow for increased levels of open channels.
With a high-porosity fracture there may be more open spaces
in the propped fracture that may remain open, even under
severe closure stresses, than may be found in traditional
applications (including, inter alia, those that may involve
high proppant loading).

[0024] By increasing the percentage of open spaces within
a propped fracture, the methods of the present invention,
inter alia, may increase the available space for production.

II. Acid Sources, Base Sources and Water Sources

[0025] A broad variety of acid sources and base sources
may be suitable for use in the fracturing fluids of the present
invention. Examples of suitable acid sources include, inter
alia, magnesium chloride (MgCl,), potassium phosphate
monobasic (KH,PO,), phosphoric acid (H;PO,), magne-
sium sulfate (MgSO,), and ammonium phosphate monoba-
sic (NH,PO,). Examples of suitable base sources include,
inter alia, magnesium oxide (MgO), and ammonia (NH;).
An example of a suitable source of magnesium oxide is
commercially available from Martin Marietta under the
trade name “MagChem 10.” An example of a suitable source
of potassium phosphate monobasic is commercially avail-
able from Fisher Scientific.

[0026] Generally, an acid source and base source may be
chosen that may react so as to form an acid-base cement. For
example, magnesium oxide may be chosen as a base source,
and potassium phosphate monobasic may be chosen as an
acid source, so that in the presence of water they may react
to produce an acid-base cement having the chemical formula
MgKPO,.6H,0. As another example, magnesium oxide
may be chosen as a base source, and magnesium chloride
may be chosen as an acid source, so that in the presence of
water they may react to produce an acid-base cement having
three oxychloride phases; one oxychloride phase may have
the chemical formula 5 Mg(OH,)MgCl,.8H,0O, which may
be referred to as “5-form.” As another example, magnesium
oxide may be chosen as a base source, and phosphoric acid
may be chosen as an acid source, so that in the presence of
water they may react to produce an acid-base cement having
the chemical formula MgHPO,.3H,0O. As still another
example, magnesium oxide may be chosen as a base source,
and magnesium sulfate may be chosen as an acid source, so
that in the presence of water they may react to produce an



US 2006/0169448 Al

acid-base cement having four possible oxysulfate phases;
one oxysulfate phase may have the chemical formula 3
Mg(OH),MgSO,.8H,0, which may be referred to as
“3-form.” As still another example, magnesium oxide may
be chosen as a base source, and ammonium phosphate
monobasic may be chosen as an acid source, so that in the
presence of water they may react to produce an acid-base
cement having the chemical formula Mg(NH),PO,.6H,0. A
broad variety of acid sources and base sources may be used,
and a broad variety of acid-base cements may be produced,
in accordance with the present invention, including, but not
limited to, those acid sources, base sources, and acid-base
cements that are disclosed in “Acid-Base Cements: Their
Biomedical and Industrial Applications,” by Alan D. Wilson
and John W. Nicholson (Cambridge Univ. Press, 1993).

[0027] Generally, the acid source and base source may be
present in a stoichiometric amount. For example, in certain
embodiments of the present invention wherein magnesium
oxide is used as a base source and potassium phosphate
monobasic is used as an acid source, their relative concen-
trations may be illustrated by EQUATION 1 below.

0.15 grams MgO+0.52 grams KH,PO,+0.33 grams

H,0—>1 gram MgKPO,.6H,0. EQUATION 1:
EQUATION 1 is exemplary only, and may be modified as
one of ordinary skill in the art will recognize, with the
benefit of this disclosure. For example, additional quantities
of magnesium oxide may be included, in amounts in the
range of from about 1% excess by weight to about 25%
excess by weight.

[0028] The fracturing fluids of the present invention gen-
erally comprise a water source. The water source may
comprise fresh water, salt water (e.g., water containing one
or more salts dissolved therein), brine (e.g., saturated salt
water), or seawater. Generally, any water source may be
used provided that it does not contain an excess of com-
pounds that may adversely affect other components in the
fracturing fluid.

III. Degradable Materials

[0029] A broad variety of materials may be suitable as the
degradable materials in the fracturing fluids of the present
invention. In certain embodiments of the present invention,
the degradable material may be a degradable polymer. A
polymer is considered to be “degradable” herein if its
degradation may be due to, inter alia, chemical and/or
radical processes (e.g., hydrolysis, oxidation, enzymatic
degradation, UV radiation, and the like). The degradability
of a polymer depends at least in part on its backbone
structure. For instance, the presence of hydrolyzable and/or
oxidizable linkages in the backbone often yields a material
that will degrade as described herein. The rates at which
such polymers degrade are dependent on factors such as,
inter alia, the type of repetitive unit, composition, sequence,
length, molecular geometry, molecular weight, morphology
(e.g., crystallinity, size of spherulites, and orientation),
hydrophilicity, hydrophobicity, surface area, and additives.
The manner in which the polymer degrades also may be
affected by the environment to which the polymer is
exposed, e.g., temperature, presence of moisture, oxygen,
microorganisms, enzymes, pH, and the like.

[0030] Suitable examples of degradable polymers that
may be used in accordance with the present invention
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include, but are not limited to, those described in the
publication of Advances in Polymer Science, Vol. 157
entitled “Degradable Aliphatic Polyesters,” edited by A. C.
Albertsson, pages 1-138. Specific examples include
homopolymers, random, block, graft, and star- and hyper-
branched aliphatic polyesters. Such suitable polymers may
be prepared by polycondensation reactions, ring-opening
polymerizations, free radical polymerizations, anionic poly-
merizations, carbocationic polymerizations, coordinative
ring-opening polymerizations, as well as by any other suit-
able process. Exemplary polymers suitable for use in the
present invention include, but are not limited to, polysac-
charides such as dextran or cellulose; chitin; chitosan;
proteins; aliphatic polyesters; poly(lactide); poly(glycolide);
poly(e-caprolactone); poly(hydroxy ester ethers); poly(hy-
droxybutyrate); poly(anhydrides); aliphatic polycarbonates;
poly(orthoesters); poly(amino acids); poly(ethylene oxide);
polyphosphazenes; poly ether esters; polyester amides;
polyamides; and copolymers and blends thereof. In certain
exemplary embodiments of the present invention wherein
the degradable material is a degradable polymer, the degrad-
able polymer may be an aliphatic polyester or a polyanhy-
dride. Other degradable polymers that are subject to hydro-
Iytic degradation also may be used.

[0031] Aliphatic polyesters degrade chemically, inter alia,
by hydrolytic cleavage. Hydrolysis can be catalyzed by
either acids or bases. Generally, during the hydrolysis,
carboxylic end groups may be formed during chain scission,
and this may enhance the rate of further hydrolysis. This
mechanism is known in the art as “autocatalysis” and is
thought to make polyester matrices more bulk-eroding.

[0032] Suitable aliphatic polyesters have the general for-
mula of repeating units shown below:

e

where n is an integer between 75 and 10,000 and R is
selected from the group consisting of hydrogen, alkyl, aryl,
alkylaryl, acetyl, heteroatoms, and mixtures thereof. In
certain embodiments of the present invention wherein an
aliphatic polyester is used, the aliphatic polyester may be
poly(lactide). Poly(lactide) is synthesized either from lactic
acid by a condensation reaction or, more commonly, 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 writ of 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
polymerization or level of plasticization.

formula I

[0033] 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 the oligomers of lactide are defined by the formula:
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formula IT

O]\
HO m

where m is an integer in the range of from greater than or
equal to about 2 to less than or equal to about 75. In certain
embodiments, m may be an integer in the range of from
greater than or equal to about 2 to less than or equal to about
10. These limits may correspond to number average molecu-
lar weights below about 5,400 and below about 720, respec-
tively. 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 degradable
material is desired. Poly(D,L-lactide) may be a more amor-
phous 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 may be combined 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 by
blending high and low molecular weight polylactide or by
blending polylactide with other polyesters. In embodiments
wherein polylactide is used as the degradable material,
certain preferred embodiments employ a mixture of the D
and L stereoisomers, designed so as to provide a desired
degradation time and/or rate.

[0034] Aliphatic polyesters useful in the present invention
may be prepared by substantially any of the conventionally
known manufacturing methods such as those described in
U.S. Pat. Nos. 6,323,307, 5,216,050, 4,387,769; 3,912,692,
and 2,703,316, the relevant disclosures of which are incor-
porated herein by reference.

[0035] Polyanhydrides are another type of degradable
polymer that may be suitable for use in the present inven-
tion. Polyanhydride hydrolysis proceeds, inter alia, via free
carboxylic acid chain-ends to yield carboxylic acids as final
degradation products. Their erosion time can be varied over
a broad range of changes in the polymer backbone.
Examples of suitable polyanhydrides include poly(adipic
anhydride), poly(suberic anhydride), poly(sebacic anhy-
dride), and poly(dodecanedioic anhydride). Other suitable
examples include, but are not limited to, poly(maleic anhy-
dride) and poly(benzoic anhydride).

[0036] The physical properties of degradable polymers
may depend on several factors including, but not limited to,
the composition of the repeat units, flexibility of the chain,
presence of polar groups, molecular mass, degree of branch-
ing, crystallinity, and orientation. For example, short chain
branches reduce the degree of crystallinity of polymers
while long chain branches lower the melt viscosity and
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impart, inter alia, extensional viscosity with tension-stiffen-
ing behavior. The properties of the material utilized further
may be tailored by blending, and copolymerizing it with
another polymer, or by a change in the macromolecular
architecture (e.g., hyper-branched polymers, star-shaped, or
dendrimers, and the like). The properties of any such suit-
able degradable polymers (e.g., hydrophobicity, hydrophi-
licity, rate of degradation, and the like) can be tailored by
introducing select functional groups along the polymer
chains. For example, poly(phenyllactide) will degrade at
about Ysth of the rate of racemic poly(lactide) at a pH of 7.4
at 55° C. One of ordinary skill in the art, with the benefit of
this disclosure, will be able to determine the appropriate
functional groups to introduce to the polymer chains to
achieve the desired physical properties of the degradable
polymers.

[0037] Whichever degradable material is used in the the
present invention, the degradable material may have any
shape, including, but not limited to, particles having the
physical shape of platelets, shavings, flakes, ribbons, rods,
strips, spheroids, toroids, pellets, tablets, or any other physi-
cal shape. In certain embodiments of the present invention,
the degradable material used may comprise a mixture of
fibers and spherical particles. One of ordinary skill in the art,
with the benefit of this disclosure, will recognize the specific
degradable material that may be used in accordance with the
present invention, and the preferred size and shape for a
given application.

[0038] In certain embodiments of the present invention,
the degradable material used may comprise a self-degrading
fiber that comprises an outer shell and a core liquid, wherein
the outer shell comprises a degradable polymer and sub-
stantially retains the core liquid. In certain embodiments of
the present invention, the outer shell may comprise a degrad-
able polymer that is subject to hydrolytic degradation. The
core liquid may comprise a liquid that is able to at least
partially facilitate or catalyze the hydrolysis of the degrad-
able polymer in the outer shell. Optionally, the self-degrad-
ing fiber may comprise a coating on the outer shell and/or a
suitable additive within the core liquid, e.g., an additive
chosen to interact with the degradable polymer, its degra-
dation products, or the surrounding subterranean environ-
ment. In certain embodiments, the outer shell may be
non-porous. Methods of making the self-degrading fibers
described herein include any suitable method for forming
hollow fibers. One such method involves extruding hollow
fibers made from a desired degradable polymer; soaking the
hollow fibers in a liquid that will be the core liquid;
saturating the hollow fibers with the liquid; and drying the
exterior of the outer core of the fibers in such a manner that
the liquid is retained in the hollow fibers and becomes a core
liquid. Another method involves extruding a spinning solu-
tion of a chosen degradable polymer from an annular slit of
a double pipe orifice to form a sheath solution while simul-
taneously extruding a liquid through the inside pipe of the
double pipe orifice, to form a core liquid within the hollow
fibers. Another method involves using capillary action to
place the core liquid in an already-formed suitable hollow
fiber. Other suitable methods may be used as well.

[0039] In choosing the appropriate degradable 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 degrad-
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able material also can depend, at least in part, on the
conditions of the well, e.g., well bore temperature. For
instance, lactides have been found to be suitable for lower
temperature wells, including those within the range of 60° F.
to 150° F., and polylactides have been found to be suitable
for well bore temperatures above this range.

[0040] In certain exemplary embodiments, the degrada-
tion of the degradable material could result in a final
degradation product having the potential to affect the pH of
the fracturing fluid. For example, in exemplary embodi-
ments wherein the degradable material is poly(lactic acid),
the degradation of the poly(lactic acid) to produce lactic acid
may alter the pH of the fracturing fluid. In certain exemplary
embodiments, a buffer compound may be included within
the fracturing fluids of the present invention in an amount
sufficient to neutralize the final degradation product.
Examples of suitable buffer compounds include, but are not
limited to, calcium carbonate, magnesium oxide, ammonium
acetate, and the like. One of ordinary skill in the art, with the
benefit of this disclosure, will be able to identify the proper
concentration of a buffer compound to include in the frac-
turing fluid for a particular application. An example of a
suitable buffer comprises ammonium acetate and is com-
mercially available from Halliburton Energy Services, Inc.,
under the trade name “BA-20.”

[0041] Also, a preferable result may be achieved if the
degradable material degrades slowly over time as opposed to
instantaneously.

[0042] An example of a suitable source of degradable
material is a poly(lactic acid) that is commercially available
from Cargill Dow under the trade name “6250D.”

[0043] When the mixture of a degradable material and
acid/base cements in the fracturing fluids of the present
invention is placed in a subterranean formation, the mixture
may begin to degrade over time in a controllable fashion.

[0044] Referring now to FIGS. 2 and 3, illustrated therein
are graphical relationships of the time- and temperature-
dependence of the degradation of exemplary degradable
materials. A synthetic sea water solution was prepared by
adding 41.953 grams of sea salt to one liter of deionized
water. Next, 1.33 grams of sodium p-toluene sulfonate was
added to the sea water solution to form a solution that was
6.919 mM in sodium p-toluene sulfonate. Next, one gram of
6250D or 5639A was placed in a one liter round-bottom
flask containing 500 mL of synthetic sea water solution. A
reflux condenser then was placed on each flask, and the
contents were heated to 75, 85 or 95° C.

[0045] Using a disposable pipette, an aliquot was removed
from each flask and placed in a 10 ml beaker. A carefully
measured aliquot of 5.00 mL was removed and placed in a
50 mL round-bottom flask. The contents of the flasks were
frozen by placing the flasks in liquid nitrogen. The flasks
then were placed on a high vacuum line and the samples
were allowed to dry overnight. After 24 hours, 1 mL of D,O
was added to each flask, and the contents of the flask were
stirred until the residue re-dissolved. The freeze drying was
repeated to remove D,O and residual water. The remaining
materials were dissolved in D,O for NMR measurement.

[0046] The 'H NMR spectrum was collected using a
Bruker 300 Avance NMR spectrometer operating at 300
MHz, using a 5 mm QNP probe at various time intervals.
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The integrated area of the methyl proton peak of lactic acid
was compared to the integrated area of the 6.919 mM
sodium p-toluene sulfonate internal standard, and the lactic
acid concentration for each point displayed in FIGS. 2 and
3 was calculated from that ratio. FIG. 2 illustrates the time-
and temperature-dependence of the generation of lactic acid
caused by the degradation of 6250D, while FIG. 3 illustrates
the time- and temperature-dependence of the generation of
lactic acid caused by the degradation of 5639A.

IV. Preparation of the Fracturing Fluids of the Present
Invention

[0047] The fracturing fluids of the present invention may
be prepared in a variety of ways. For example, in certain
embodiments of the present invention, magnesium oxide
and potassium phosphate may be added in dry form to a
water source. A degradable material then may be added to
the mixture to form a fracturing fluid of the present inven-
tion. Generally, the degradable material may be present in
the fracturing fluids in an amount sufficient to provide a
desired degree of void space in the solid mass that may form
in the created or enhanced fracture. The void space may
result from the degradation of the degradable material, and
also may result from subsequent reactions that may occur
between the acid-base cement and an acid byproduct that
may be produced by degradation of the degradable material.

[0048] For certain embodiments of the fracturing fluids of
the present invention wherein poly(lactic acid) is used as the
degradable material, Table 1 below demonstrates the rela-
tionship that may exist between the concentration of poly-
(lactic acid) in the fracturing fluids and the degree of void
space that may result in the solid mass.

TABLE 1

Poly(lactic acid) concentration

(volume percent of the fracturing fluid) Resulting void space

8% 20%
11% 30%
13% 40%
15% 50%

[0049] Optionally, the fracturing fluids of the present
invention may include other additives, such as, but not
limited to, a set retarder. After the placement of the fractur-
ing fluids of the present invention within a fracture in the
subterranean formation, the water source may combine with
the dry materials in the fracturing fluid to form what may be
referred to as a “hydrate,” e.g., a solid compound comprising
water molecules that may combine in a definite ratio.
Furthermore, the water molecules within the hydrate may
provide a hydrolysis source for the degradable material.

[0050] An example of one embodiment of a fracturing
fluid of the present invention may be prepared by preparing
a two-component dry blend that comprised 22.7% magne-
sium oxide by weight and 77.3% potassium phosphate by
weight. Next, poly(lactic acid) may be added in an amount
equal to about 55% by weight of the two-component dry
blend, thus forming a three-component dry blend. Water
then may be added in a mass ratio of one part water to three
parts dry blend. In certain embodiments where the fracturing
fluid may be placed in a subterranean formation over an
extended period of time, sodium borate (among other addi-
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tives) may be added; in certain embodiments of the present
invention, the sodium borate may be added in an amount in
the range of from less than about 8% by weight of the
magnesium oxide.

[0051] To facilitate a better understanding of the present
invention, the following examples of some exemplary
embodiments are given. In no way should such examples be
read to limit, or to define, the scope of the invention.

EXAMPLE 1

[0052] Sample compositions were formed as follows.
First, 7.58 grams of magnesium oxide were dry blended with
25.75 grams of potassium phosphate monobasic crystals
(KH,PO,), and mixed with 16.67 grams of tap water. The
mixture was stirred for some time, and poly(lactic acid)
(“6250D”) was added, generally in an amount in the range
of from about 35% by weight to about 40% by weight.
Certain of the sample compositions further comprised an
acid-base cement referred to as Newberyite, and having the
chemical formula MgH(PO,).3H,0. Among other things,
Newberyite is thought to impart strength-enhancing proper-
ties to the sample composition, and the additional water that
Newberyite may supply may facilitate hydrolysis of the
degradable material (6250D, in this example). Table 2 sets
forth the respective amounts of 6250D and Newberyite
included in a particular sample composition.

TABLE 2

Sample Poly(lactic acid)
Composition (“6250D”) Newberyite
1 20 grams Not added
2 20 grams Not added
3 20 grams 10 grams
4 15 grams 10 grams
5 15 grams Not added
6 20 grams 10 grams
7 20 grams Not added
8 20 grams 10 grams

[0053] Generally, each sample composition was placed in
a 20 mL plastic cylinder, and was allowed to set therein into
a hard rod. Each rod then was left for a designated cure time
at room temperature. Next, the set rod was taken out of the
cylinder and either tested for compressibility or directly
placed in a bomb supplied by PARR Instrument Company,
Moline, Ill. Among other things, the bomb prevented the
escape of water that may have been present in the set rod.
The bomb was heated in a stove at 250° F. After a time,
usually 24 hours, the bomb was removed from the stove, and
its contents were observed to see whether or not degradation
occurred.

[0054] Certain sample compositions were tested for com-
pressibility using an apparatus supplied by Tinius Olsen
company of Willow Grove, Pa. The procedure was per-
formed as follows. After the sample composition had cured
and set into a hard rod, the rod was cut down to a 1 inch
diameter and a 3 inch length. Two faces of the rod were
smoothed. The rod then was placed under the Tinius Olsen
compressibility load cell and subjected to a displacement
load at a rate of 0.07 inches per minute. The maximum
loading in psi that each rod could withstand until failure was
recorded.
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[0055] The results of the testing are set forth in Table 3
below.

TABLE 3
Rod
Compressive
Sample  Cure Time Strength PARR Time Degradation
Composition (75° F.) (psi) (250° F.) Comments

1 24 hours — 24 hours Flowable liquid
with particulates
about 1 mm in
diameter.

2 24 hours 290 72 hours Chunks (5-10
mm in diameter)
with some liquid.

3 24 hours 1560 24 hours Small chunks
(1-3 mm with
some liquid);
very "sandy.”

4 24 days 2040 24 hours No self-
degradation
observed

5 24 days 510 48 hours No self-
degradation
observed

6 44 hours 2470 (High) 72 hours No self-

490 (Low) degradation
observed

7 24 hours 630 24 hours @ No self-

180° F. degradation
observed

24 hours @ Large chunks

250° F. (>1 em in
diameter) with
some liquid.

8 24 hours 1180 24 hours @ No self-

180° F. degradation
observed

24 hours @ Large chunks

250° F. (>1 em in
diameter) with
some liquid.

[0056] Example 1 demonstrates, inter alia, that the com-
bination of a degradable material and an acid-base cement
may be suitable for use in the methods of the present
invention.

[0057] Therefore, the present invention is well adapted to
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 inven-
tion, 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 inven-
tion 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.

What is claimed is:

1. A fracturing fluid comprising a self-degrading cement
composition that comprises an acid source, a base source, a
water source, and a degradable material.

2. The fracturing fluid of claim 1 wherein the acid source
comprises at least one of the following: magnesium chlo-
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ride, potassium phosphate monobasic, ammonium phos-
phate monobasic, and phosphoric acid.

3. The fracturing fluid of claim 1 wherein the base source
comprises at least one of the following: magnesium oxide
and ammonia.

4. The fracturing fluid of claim 1 wherein the degradable
material comprises at least one of the following: an aliphatic
polyester; a polysaccharide; a poly(lactide); a poly(gly-
colide); a poly(e-caprolactone); a protein; a poly(hydroxy-
butyrate); a poly(anhydride); an aliphatic polycarbonate; an
ortho ester; a poly(orthoester); a poly(vinylacetate); a poly-
(hydroxy ester ether); a poly(amino acid); poly(ethylene
oxide); chitin; chitosan; a polyphosphazene; a poly ether
ester; a polyester amide; or a copolymer or blend thereof.

5. The fracturing fluid of claim 1 wherein the degradable
material comprises polyamide.

6. The fracturing fluid of claim 1 wherein the degradable
material comprises at least one of the following: a nylon, a
poly(caprolactam), or a mixture thereof.

7. The fracturing fluid of claim 1 wherein the degradable
material comprises poly(lactic) acid.

8. The fracturing fluid of claim 1 wherein the acid source
comprises potassium phosphate monobasic, the base source
comprises magnesium oxide, and the degradable material
comprises poly(lactic acid).

9. The fracturing fluid of claim 1, further comprising
Newberyite, wherein the acid source comprises potassium
phosphate monobasic, the base source comprises magne-
sium oxide, the degradable material comprises poly(lactic
acid).

10. The fracturing fluid of claim 1 wherein the acid source
comprises ammonium phosphate monobasic, the base
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source comprises magnesium oxide, and the degradable
material comprises poly(lactic acid).

11. The fracturing fluid of claim 10 further comprising
Newberyite.

12. The fracturing fluid of claim 1 wherein the acid source
comprises magnesium sulfate, the base source comprises
magnesium oxide, and the degradable material comprises
poly(lactic acid).

13. The fracturing fluid of claim 12 further comprising
Newberyite.

14. The fracturing fluid of claim 1 wherein the degradable
material comprises a fiber that comprises an outer shell and
a core liquid.

15. The fracturing fluid of claim 14 wherein the outer shell
comprises a degradable polymer that is susceptible to hydro-
Iytic degradation.

16. The fracturing fluid of claim 15 wherein the core
liquid is capable of at least partially facilitating the hydroly-
sis of the degradable polymer.

17. The fracturing fluid of claim 15 wherein the degrad-
able polymer comprises poly(lactic acid).

18. The fracturing fluid of claim 14 wherein the degrad-
able material comprises a coating on the outer shell.

19. The fracturing fluid of claim 14 wherein the outer shell
is non-porous.

20. The fracturing fluid of claim 14, further comprising
Newberyite.



