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FLUID-LOSS CONTROL PILLS COMPRISING 
BREAKERS THAT COMPRISE ORTHOESTERS 
AND/OR POLY(ORTHOESTERS) AND METHODS 

OF USE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to methods and com 
positions for treating subterranean formations, and more 
speci?cally, to self-destructing ?uid-loss control pills for 
?uid-loss control in drilling, completion, and stimulation 
applications and their associated methods. “Fluid loss” 
refers to the undesirable migration or loss of ?uids (such as 
the ?uid portion of a drilling mud or cement slurry) into a 
subterranean formation. 

[0002] Providing e?‘ective ?uid-loss control for Well treat 
ment ?uids is highly desirable. A “Well treatment ?uid” is a 
?uid used in a subterranean application. The term “treat 
ment” herein does not imply any particular action by the 
?uid or any component thereof. Fluid-loss control materials 
are additives speci?cally designed to loWer the volume of a 
?ltrate that passes through a ?lter medium. Most attain their 
?uid-loss control from the presence of solvent-speci?c sol 
ids, or from hydrated linear polymers that rely on ?lter cake 
backup and on viscoelasticity to inhibit ?oW into and 
through the formation. A variety of ?uid-loss control mate 
rials have been used and evaluated, including foams, oil 
soluble resins, acid-soluble particulates, graded salt slurries, 
linear viscoelastic polymers, and heavy metal-crosslinked 
polymers. Their respective comparative effects are Well 
documented. Other techniques that have been developed to 
control ?uid loss include the use of “?uid-loss control pills,” 
Which sometimes are referred to as “lost circulation pills.” A 
“?uid-loss control pill” is a gelled ?uid that is designed or 
used to provide some degree of ?uid-loss control. Through 
a combination of viscosity, solids bridging, and cake buildup 
on the porous rock, these pills oftentimes are able to 
substantially seal off portions of the formation from ?uid 
loss. They also generally enhance ?lter-cake buildup on the 
face of the formation to inhibit ?uid ?oW into the formation 
from the Well bore. 

[0003] Typically, ?uid-loss control pills comprise an aque 
ous base ?uid and a high concentration of a gelling agent 
polymer (usually crosslinked), and sometimes, bridging 
particles, like graded sand, potassium salts, or siZed calcium 
carbonate particles. The term “gel,” as used herein, and its 
derivatives refers to a semi-solid, jelly-like state assumed by 
some colloidal dispersions. The most commonly used ?uid 
loss control pills contain high concentrations (100 to 150 
lbs/1000 gal) of hydroxyethylcellulose (“HEC”). HEC is 
generally accepted as a gelling agent affording minimal 
permeability damage during completion operations. Nor 
mally, HEC polymer solutions do not form rigid gels, but 
control ?uid loss by a viscosity-regulated or ?ltration 
mechanism. Some other gelling agent polymers that have 
been used include guar, guar derivatives, carboxymethylhy 
droxyethylcellulose (“CMHEC”), and even starch. 

[0004] As an alternative to linear polymeric gels for 
?uid-loss control pills, crosslinked gels often are used. 
Crosslinking the gelling agent polymer creates a gel struc 
ture that can support solids as Well as provide ?uid-loss 
control. Further, crosslinked ?uid-loss control pills have 
demonstrated that they require relatively limited invasion of 
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the formation face to be fully effective. To crosslink the 
gelling agent polymers, a suitable crosslinking agent that 
comprises polyvalent metal ions is used. Aluminum, tita 
nium, and Zirconium are common examples. 

[0005] A preferred crosslinkable gelling agent for ?uid 
loss control pills are graft copolymers of a hydroxyalkyl 
cellulose, guar, or hydroxypropyl guar that are prepared by 
a redox reaction With vinyl phosphonic acid. The gel is 
formed by hydrating the graft copolymer in an aqueous ?uid 
containing at least a trace amount of at least one divalent 
cation. The gel is crosslinked by the addition of a LeWis base 
or Bronsted-LoWrey base so that pH of the ?uid is adjusted 
from slightly acidic to slightly basic. Preferably, the chosen 
base is substantially free of polyvalent metal ions. The 
resulting crosslinked gel demonstrates shear-thinning and 
rehealing properties that provide relatively easy pumping, 
While the rehealed gel provides good ?uid-loss control upon 
placement. This gel can be broken by reducing the pH of the 
?uid. Some ?uid-loss pills of this type are described in US. 
Pat. No. 5,304,620, assigned to Halliburton Energy Sources, 
the relevant disclosure of Which is incorporated herein by 
reference. Fluid-loss control pills of this type are commer 
cially available under the trade name “K-MAX” from Hal 
liburton Energy Services in Duncan, Okla. 

[0006] After their application, ?uid-loss control pills can 
cause severe damage to near-Well bore areas due to polymer 
?ltration or ?lter-cake formation. At some point in the 
completion operation, the ?lter cake resulting from a ?uid 
loss control pill must be removed to restore the formation’s 
permeability, preferably to at least its original level. If the 
formation permeability is not restored to its original level, 
production levels can be signi?cantly reduced. 

[0007] Polymer-based ?uid-loss control pills often require 
long cleanup periods. Moreover, an effective cleanup usu 
ally requires ?uid circulation to provide high driving force, 
Which alloWs diffusion to take place to help dissolve the 
concentrated build up of materials. Such ?uid circulation 
may not be feasible. Additionally, in loWer temperature 
Wells (i.e., those beloW about 80° F.), it is often di?icult to 
?nd an internal breaker for the ?uid-loss control pills that 
Will Work effectively. Although conventional breakers (both 
internal and external) tend to Work very quickly, usually 
Within hours, they often do not provide predictable breaks, 
and thus there is little control over the break. As a result, 
secondary precipitation materials may result that may be 
damaging to the formation. The term “break” (and its 
derivatives) as used herein refers to a reduction in the 
viscosity of the ?uid-loss control pill, e.g., by the breaking 
or reversing of the crosslinks betWeen polymer molecules, 
or some breaking of the gelling agent polymers. No particu 
lar mechanism is implied by the term. Another conventional 
method of cleaning up a ?uid-loss control pill is to add a spot 
of a strong acid (e.g., 10% to 15% hydrochloric acid) With 
coiled tubing, Which is expensive and can result in haZard 
ous conditions. 

SUMMARY OF THE INVENTION 

[0008] The present invention relates to methods and com 
positions for treating subterranean formations, and more 
speci?cally, to self-destructing ?uid-loss control pills for 
?uid-loss control in drilling, completion, and stimulation 
applications, and their associated methods. 
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[0009] One embodiment of the present invention provides 
a method comprising: providing a ?uid-loss control pill that 
comprises an aqueous base ?uid and a gelling agent, and a 
delayed-release acid breaker that comprises an orthoester 
and/or a poly(orthoester); introducing the ?uid-loss control 
pill and the delayed-release acid breaker into a subterranean 
formation; alloWing the delayed-release acid breaker to 
generate an acid after a delay period; and alloWing the 
?uid-loss control pill to break. 

[0010] Another embodiment of the present invention pro 
vides a ?uid-loss control pill base gel that comprises a 
delayed-acid release breaker that comprises an orthoester 
and/or a poly(orthoester). 

[0011] Another embodiment of the present invention pro 
vides a method comprising: providing a delayed-release acid 
breaker that comprises an orthoester and/or a poly(orthoe 
ster), and a ?uid-loss control pill base gel having a pH beloW 
about 8; forming a ?rst emulsion that comprises the delayed 
release acid breaker and Water; adding the ?rst emulsion to 
the ?uid-loss control pill base gel to form a second emulsion 
having a continuous phase and a discontinuous phase, the 
discontinuous phase comprising the delayed-release acid 
breaker and the continuous phase comprising the ?uid-loss 
control pill base gel; and introducing the second emulsion 
into a subterranean formation. 

[0012] The features and advantages of the present inven 
tion Will be apparent to those skilled in the art. While 
numerous changes may be made by those skilled in the art, 
such changes are Within the spirit of the invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0013] The present invention relates to methods and com 
positions for treating subterranean formations, and more 
speci?cally, to self-destructing ?uid-loss control pills for 
?uid-loss control in drilling, completion, and stimulation 
applications, and their associated methods. 

[0014] One of the many advantages of the present inven 
tion is that the breaking of the ?uid-loss control pills of this 
invention can be delayed for a desired delay period (e.g., 
days or even Weeks). On the other hand, degradation of the 
?uid-loss pills can occur relatively quickly and predictably 
if necessary, Without the need for external intervention, such 
as from coiled tubing trips or acid spotting. In certain 
embodiments, this invention provides methods of combining 
the delayed-release acid breakers of the invention With a 
?uid-loss control pill base gel at a loW pH (i.e., a pH ofless 
than about 8) for introduction to a subterranean formation. 
The term “base gel” as used herein refers to a point in time 
before the gel is crosslinked, to form a crosslinked ?uid loss 
control pill and/or the pH is raised such that the base gel is 
able to be crosslinked to form a pill. In certain embodiments, 
the delayed-release acid breakers of this invention may be 
incorporated Within the ?uid-loss control pill base gel in a 
manner so as to delay degradation of the ?uid-loss control 
pill. 

[0015] The self-destructing ?uid-loss control pills of the 
present invention comprise an aqueous base ?uid, a gelling 
agent, and a delayed-release acid breaker. In some embodi 
ments, the gelling agent may be crosslinked; in others it may 
not. This may depend on the particular gelling agent used 
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(e.g., a loWer molecular Weight gelling agent vs. a higher 
molecular Weight gelling agent) and the concentration of 
gelling agent used. It may be preferred to use a crosslinked 
gelling agent because less gelling agent should be used, 
Which may translate to less of the breaker being needed, and 
less residue being produced upon breaking. In some embodi 
ments, the gelling agent may not be initially crosslinked, but 
may crosslink doWnhole (e.g., during pumping) With an 
appropriate crosslinking agent. Preferably, the gelling agent 
is crosslinked before the pill is placed in the subterranean 
formation (e.g., before pumping or during pumping). 

[0016] Optionally, the self-destructing ?uid-loss control 
pills of the present invention may comprise propylene glycol 
(as an antifreeZe agent); gel stabiliZers (e.g., for use at higher 
temperatures such as those about 225° F); clay ?xers; 
bridging particulates (degradable or nondegradable); surfac 
tants; corrosion inhibitors; biocides; pH control additives; 
oxidizers; encapsulated breakers; Weighting agents (e.g., 
hematite, barite, or calcium carbonate); or any other addi 
tives that are suitable for use in conjunction With the 
self-destructing ?uid-loss control pills of the present inven 
tion, Which may be recogniZed by one of ordinary skill in the 
art With the bene?t of this disclosure. 

[0017] Suitable aqueous base ?uids include fresh Water, 
salt Water, brines, seaWater, or any other aqueous liquid that 
does not adversely react With the other components used in 
accordance With this invention or With the subterranean 
formation. Aqueous base ?uids that are commonly used in 
oil?eld operations usually include sodium chloride brines, 
potassium chloride brines, calcium chloride brines, Zinc 
chloride brines, ammonium chloride brines, sodium bromide 
brines, calcium bromide brines, Zinc bromide brines, or 
some mixture of these components. Such brines may be used 
to Weight the ?uid, inhibit the sWelling of clays present in the 
subterranean formation, or the like. Monovalent and divalent 
brines are preferred for use in the present invention. One 
should note that in some ?uid-loss control pills (such as 
hydroxyethylcellulose loW pH pills), divalent brines may 
present a crosslinking problem at higher pHs. 

[0018] Although noncrosslinked gelling agents may be 
used, crosslinked gelling agents are preferred, as discussed 
above. The term “crosslinked gelling agent,” as used herein, 
refers to a gelling agent that has at least one crosslink 
betWeen its molecules. These gelling agents may be 
crosslinked by any suitable crosslinking agent and method 
ology. Suitable crosslinking agents include those that com 
prise polyvalent metal ions, a LeWis base, a Bronsted 
LoWrey base, boron, titanium, Zirconium, and the like. 
Examples of gelling agents that may be used in the present 
invention include any crosslinked natural polymer, synthetic 
polymer, derivatives thereof, or combinations thereof that 
are suitable for use in a subterranean application. The 
particular crosslinking agent chosen Will depend on, among 
other things, the gelling agent used, the pH of the ?uid-loss 
control pill, the pH of the environment in Which the ?uid 
loss control pill Will be used, and the like. It is preferable if 
the gelling agent crosslinks sloWly as it is being pumped to 
a desired portion of a subterranean formation. Although not 
necessary, this sloW crosslinking is preferred because of 
pumping and friction pressure considerations. Examples of 
suitable gelling agents that may or may not be crosslinked, 
depending on the factors discussed above, include, but are 
not limited to: xanthan, xanthan derivatives, guar, guar 
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derivatives (such as hydroxypropyl guar, caraboxymethyl 
guar, and carboxymethylhydroxypropyl guar), cellulose and 
cellulose derivatives (such as hydroxyethyl cellulose, and 
carboxymethyethyl cellulose). Cellulose derivatives are pre 
ferred because they are capable of viscosifying a brine 
Without the need for special rig equipment or shear devices. 
Preferred cellulose derivatives are either anionic or non 

ionic, most preferably anionic modi?ed or nonionic modi 
?ed cellulose. Carboxymethylhydroxyethyl cellulose 
(“CMHEC”) and hydroxyethyl cellulose (“HEC”) are 
examples of preferred cellulose derivatives. Another par 
ticularly preferred cellulose derivative is a graft copolymer 
of hydroxyethyl or hydroxypropyl cellulose prepared by a 
redox reaction With vinyl phosphonic acid monomers or 
polymers. The cellulose derivatives are preferred because 
90% or greater regain permeability can be achieved after the 
?uid-loss control pill breaks. Examples of suitable synthetic 
polymers include, but are not limited to, polyacrylate, poly 
methacrylate, polyacrylamide, polyvinyl alcohol, and poly 
vinylpyrrolidone. In some embodiments, the gelling agent 
may be depolymeriZed. The term “depolymeriZed,” as used 
herein, generally refers to a decrease in the molecular Weight 
of the gelling agent. DepolymeriZed gelling agents are 
described in US. Pat. No. 6,488,091 issued Dec. 3, 2002 to 
Weaver, et al., the relevant disclosure of Which is incorpo 
rated herein by reference. In some embodiments, a base gel 
may be prepared by dissolving at least one of the above 
mentioned gelling agents in an amount of from about 10 to 
about 175 pounds per 1000 gallons of the ?uid. Suitable 
crosslinked gelling agents generally are present in an 
amount in the range of from about 10 to about 40 pounds per 
1000 gallons of base gel. 

[0019] The ?uid-loss control pill may be broken (i.e., its 
viscosity may be reduced) by loWering the pH of the ?uid by 
addition of a delayed-release acid breaker of the present 
invention. The delayed-release acid breakers of the present 
invention comprise orthoesters and/or poly(orthoesters), 
Which Will generate an acid doWnhole in a delayed fashion 
that Will break the ?uid-loss control pills. This delay period 
may vary, and can be controlled from days or even Weeks, 
if desired. In preferred embodiments, the desired delay 
period may be from days to about tWo Weeks. 

[0020] Examples of suitable orthoesters for use in the 
delayed-release acid breakers of the present invention have 
a structure described by the formula: RC(OR')(OR")(OR"'), 
Wherein R', R", and R'" are not hydrogen, and R', R", and R'" 
may or may not be the same group. R', R", or R'" may 
comprise a heteroatom that may affect the solubility of the 
chosen orthoester in a given application. Suitable heteroat 
oms could include nitrogen or oxygen. Suitable poly(orthoe 
sters) also are described in an article entitled, P0ly(0rlh0e 
sZers)iFr0m Concept to Reality, 
BIOMACROMOLECULES, Vol 5, 1625 (2004), and refer 
ences cited therein. Examples of suitable orthoesters and 
poly(orthoesters) include, but are not limited to, orthoac 
etates, such as trimethyl orthoacetate, triethyl orthoacetate, 
tripropyl orthoacetate, triisopropyl orthoacetate, tributyl 
orthoacetates, and poly(orthoacetates); orthoformates, such 
as trimethyl orthoformate, triethyl orthoformate, tripropyl 
orthoformate, triisopropyl orthoformate, tributyl orthofor 
mate, and poly(orthoformates); and orthopropionates, such 
as trimethyl orthopropionate, triethyl orthopropionate, 
tripropyl orthopropionate, triisopropyl orthopropionate, 
tributyl orthopropionate, and poly(orthopropionates). Suit 
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able orthoesters also may be orthoesters of polyfunctional 
alcohols, such as glycerin and/or ethylene glycol. Those 
skilled in the art With the bene?t of this disclosure Will 
recogniZe suitable orthoesters and/or poly(orthoesters) that 
may be used in a desired application. In choosing an 
orthoester, one should be mindful that some orthoesters have 
loW ?ash points. Various derivatives of those orthoesters can 
be synthesiZed by transesteri?cation With variety of alco 
hols, sugars, or polyols. One should be mindful that to 
synthesiZe these molecules, there should not be any free 
alcohol groups left after the synthesis, Which can further 
transesterify and possibly break the molecule. Depending on 
the desired application, the orthoesters or the poly(orthoe 
sters) may be Water soluble, Water insoluble, or solid. 
Generally speaking, Water soluble orthoesters are easy to 
hydrolyZe at loWer temperature in comparison to Water 
insoluble orthoesters. By making an orthoester or a poly 
(orthoester) more hydrophobic, the orthoester may be more 
suitable for use in higher temperature applications. Also, 
poly(orthoesters) made by glycerol and trimethyl orthofor 
mate are Water soluble depending on the number of repeat 
ing units and can be used for loWer temperature applications. 
One of the advantages of having a poly(orthoester) over an 
orthoester is that it has a higher ?ash point and a higher 
viscosity. Similarly, hydrophobic poly(orthoesters) may be 
synthesiZed, Which are suitable for higher temperature appli 
cations. The choice of Which particular orthoester to use 
should be guided by such considerations as environmental 
factors, and the desired delay time before a su?icient amount 
of acid is generated to break the ?uid-loss control pill. One 
should also note that orthoesters and polyorthoesters can be 
selected to either give you formic or acetic acid on hydroly 
sis. For applications adjacent to acid-sensitive Zones, Weaker 
acids, such as formic and acetic acid, can be used With a 
slight increase in the amount of time needed for removal of 
?uid loss control pill. 

[0021] The amount of a delayed-release acid breaker of 
the present invention needed to break the ?uid-loss control 
pill Will depend on the composition of the ?uid-loss control 
pill (e.g., the gelling agent, the degree of crosslinking, etc.), 
the amount of inhibitor present, the temperature of the 
formation, and other considerations recogniZed by one 
skilled in the art With the bene?t of this disclosure. Generally 
speaking, the amount of the breaker to include is an amount 
su?icient to neutraliZe any inhibitor that may be present, and 
reduce the pH of the ?uid-loss control pill to a level 
su?icient to break it. This amount Will be determinable by 
one of ordinary skill in the art With the bene?t of this 
disclosure. In some embodiments, this may be from about 
1% to about 10% based on the volume of ?uid loss control 
pill. 
[0022] The orthoesters and/or poly(orthoesters) used in 
the delayed-release acid breakers of the present invention 
can have any suitable form. For instance, these compositions 
can be used in a solution form, a gel form, a solid form, or 
an emulsion form. In certain applications, a solution form 
may be useful, e.g., When a faster break of a pill is desired; 
in other applications, e.g., When a sloWer break is desirable, 
a gel or emulsion form may be most suitable. For the 
solution form, suitable exemplary solvents include propy 
lene glycol, propylene glycol monomethyl ether, dipropy 
lene glycol monomethyl ether, and ethylene glycol monobu 
tyl ether. In some embodiments, mixtures of solvents and 
Water may be bene?cial, for example, to keep the orthoester 
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solubiliZed. The gel form of the orthoester composition may 
be gelled With suitable polymers and/or surfactants. For the 
emulsion form, suitable emulsi?ers include emulsi?ers like 
“WS-44,” Which is commercially available from Halliburton 
Energy Services, Duncan, Okla. 

[0023] To alloW the orthoester to hydrolyze to produce an 
acid, a source of Water is needed. The Water should be 
present in an amount of about 2 moles of Water for about 
every 1 mole of orthoester or poly(orthoester) to an excess 
of Water, Which may help ensure the solubility of the 
reaction product of the reaction betWeen the generated acid 
and the components in the ?uid-loss control pill. One of 
ordinary skill in the art With the bene?t of this disclosure Will 
recogniZe Whether a suitable amount of Water is present in 
either the ?uid-loss control pill, the Well ?uid, or otherWise 
in the Well bore for a desired application. 

[0024] The delayed-release acid breakers of the present 
invention are generally stable at a pH of about 8 or above. 
To maintain the delay, preferably the pH should be main 
tained at 8 or above. To maintain this pH, the delayed 
release acid breakers or the ?uid-loss control pill may 
comprise an inhibitor. The inhibitor may further delay the 
generation of the acid from the orthoester of the orthoester 
composition, and also may neutraliZe the generated acid 
during the delay period. Suitable inhibitors include bases. 
Examples of some preferred inhibitors may include sodium 
hydroxide, potassium hydroxide, magnesium oxide, magne 
sium hydroxide, calcium oxide, calcium hydroxide, amines 
(such as hexamethylenetetramine), sodium carbonate, potas 
sium carobonate, derivatives of these, and combinations of 
these. In certain embodiments, a small amount of a strong 
base as opposed to a large amount of a relatively Weak base 
is preferred to achieve the delayed generation of the acid and 
the neutraliZation of the generated acid for a desired delay 
period. 

[0025] Depending on the pH of the ?uid-loss control pill 
base gel (i.e., the pH of the ?uid-loss control pill base gel 
before raising the pH or before crosslinking and/or before 
adding the breaker), the breaker may need to be incorporated 
in a certain manner depending on the stability of the breaker 
to the pH of the base gel. This is because the degradation of 
orthoesters and poly(orthoesters) is acid-catalyZed. If the 
?uid-loss base gel has a high pH (e.g., a pH of 8 or greater), 
then the orthoester breaker can be added directly to the 
?uid-loss control pill base gel With little risk of negatively 
impacting the breaker, folloWed by the inhibitor and a 
crosslinking agent if desired. Such base gels include those 
that comprise guar, guar derivatives, hydroxyethyl cellulose, 
carboxymethylhydroxyethyl celluose, and Halliburton 
Energy Services’ “HMP” pill, Which is currently available 
from Halliburton Energy Services. Optionally, an emulsify 
ing surfactant may be added to keep the hydrophobic 
orthoester intimately mixed With the base gel. Sometimes, 
hoWever, the base gel is a relatively hard gel and it may 
phase separate When mixed With the breaker. Adding the 
delayed-release acid breaker by Way of an emulsion may be 
useful in such instances. Since orthoesters and poly(orthoe 
sters) are relatively sensitive to acidic pH, if the ?uid-loss 
control pill base gel is acidic (e.g., vinyl phosphonic acid 
grafted hydroxyethylcellulose pill or guar pill also called 
K-MAX pill), to effectively incorporate the breaker into the 
base gel, a procedure should be used to protect the breaker 
from the base gel While incorporating the breaker into the 
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base gel. In one embodiment, this may be accomplished by 
making an emulsion of the breaker in Water, and adding it 
simultaneously With a pH increasing inhibitor and suitable 
crosslinking agent (if desired) to the base gel. In another 
embodiment, the emulsion may be formed With a breaker, 
and a crosslinking agent in an aqueous ?uid. An inhibitor 
may be added if desired. In another embodiment, a poly 
(orthoester) may be synthesiZed such that it is su?iciently 
hydrophobic so that it can Withstand the loW pH Without 
hydrolyZing While it is being incorporated into the base gel, 
e.g., as a solid or liquid. Simultaneous addition of the 
delayed-release acid breaker of the present invention and a 
crosslinking agent When used is preferred because it alloWs 
the breaker to be distributed evenly Within the base gel; it 
may be di?icult to mix the breaker into an already 
crosslinked pill. Addition of orthoester to the K-MAX type 
of pill by ?rst increasing the pH is also di?icult because 
these base gels tend to crosslink on increasing the pH and it 
becomes very di?icult to mix breaker effectively in this 
crosslinked ?uid. So it is much more desirable to add the 
breaker, crosslinker and inhibitor simultaneously to the base 
gel. 
[0026] In the emulsion embodiments (e.g., Where the 
?uid-loss control pill base gel has a loW pH), the emulsion 
of the delayed-release acid breaker may be formed With 
Water, a suitable emulsifying surfactant, optionally an 
inhibitor (e.g., Wherein it is desirable to protect the orthoe 
ster or poly(orthoester) from degradation during addition to 
a loW pH base gel or When a longer delay time is desired), 
and optionally a crosslinking agent. An example of a ?uid 
loss control pill having a pH of about 1 is described in US. 
Pat. No. 5,304,620, the relevant disclosure of Which is 
incorporated herein by reference. Fluid-loss control pills of 
this type are commercially available under the trade name 
“K-MAX” from Halliburton Energy Services in Duncan, 
Okla. If a crosslinking agent is used, the crosslinking agent 
may help create a basic emulsion, Which helps maintain the 
stability of the orthoester or the poly(orthoester) in the 
delayed-release acid breaker. The resultant emulsion can be 
added to the pill at a loWer pH such that the delayed-release 
acid breaker becomes the discontinuous phase and the 
?uid-loss control pill becomes the continuous phase in a 
second emulsion. This second emulsion then can be pumped 
doWnhole for ?uid-loss control. In preferred embodiments, 
the gelling agent is crosslinked after the emulsion has been 
added to the ?uid-loss control pill. Another advantage of 
placing the breaker in an emulsion is that the breaker is 
mixed in the ?uid-loss control pill in relatively even fashion 
(as the discontinuous phase), Which alloWs for a cleaner 
break of the ?uid-loss control pill. Preferably, the ?rst 
emulsion is basic, e.g., a pH ofabout 8 or above. To maintain 
the pH of the emulsion at a desired level, a suitable inhibitor 
may be added to the emulsion. The concentration of this 
inhibitor is one of the main factors in determining the 
desired break time for the pill. The greater the inhibitor 
concentration, the greater the delay time before breaking the 
pill. 
[0027] Suitable emulsifying surfactants for use in the 
emulsi?cation embodiments of this invention include any 
surfactant Which is capable of making an oil in Water 
emulsion, and Which does not adversely affect a component 
of the pill or the breaker. Suitable examples include, but are 
not limited to, a variety of anionic and nonionic surfactants, 
as Well as other emulsi?ers capable of promoting the for 
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mation of oil-in-Water emulsions. In general, the emulsi?er 
should be relatively hydrophilic, and blends of emulsi?ers 
can be used to achieve the necessary qualities. Nonionic 
surfactants may have advantages over ionic emulsi?ers; they 
are compatible With a broad pH range and often form more 
stable emulsions than do ionic emulsi?ers. Particularly 
useful surfactants include the detergents sold under the 
trademarks TWeenTM 20, TWeenTM 80, and the phenoxypoly 
ethoxyethanols like Triton X-10TM. A most preferred sur 
factant is Triton X-100 (t-octylphenoxypolyethoxyethanol). 

[0028] To facilitate a better understanding of the present 
invention, the folloWing examples of certain aspects of some 
embodiments are given. In no Way should the folloWing 
examples be read to limit, or de?ne, the scope of the 
invention. 

EXAMPLES 

[0029] The folloWing procedure Was used to incorporate 
an orthoester breaker into a ?uid-loss control pill. First, 1000 
mL of 13.5 calcium bromide brine Were poured into a 
blender jar (the brine Was 88.07% 14.2 calcium bromide 
brine and diluted With 11.93% H2O to make up 13.5 calcium 
bromide brine With a pH of 4.46 (ideal is 4.4)). 100 mL of 
the above solution Was retained for purging and CL-30 
processing. The blender Was mixed at a 20% blender speed. 
48 g of “WG-33” gelling agent, Which is available from 
Halliburton Energy Services, Was placed into a plastic 
beaker and 40 mL of propylene glycol Were added to it. The 
mixture Was mixed by hand using a spatula to form a 
WG-33/ glycol dispersion. The WG-33/glycol dispersion 
Was then added to the brine in the blender at a sloW stirring 
rate that Was suf?cient to mix the components but sloW 
enough that air did not get introduced into the system. The 
mixing beaker Was then purged of the dispersion by rinsing 
it With 95 mL of retained brine. 10 mL of 200 Be HCl Were 
added to the brine dispersion mixture to form a base gel. The 
base gel Was alloWed to hydrate for 1 hour With no shear. 100 
mL of the hydrated base gel Was removed and tested as 
indicated in Table 1. 

[0030] To mix a delayed-release acid breaker of the 
present invention into the base gel, 4 mL of Water and 2 mL 
of “WS-44” emulsi?er, available from Halliburton Energy 
Services, Were added to a small beaker. To this solution, 8 
mL of TPOF (tripropylorthoformate) Were added and the 
mixture Was emulsi?ed by gentle shaking With a spatula. To 
this emulsion, “CL-30,” a MgO crosslinking agent commer 
cially available from Halliburton Energy Services, Inc. of 
Duncan, Okla., and NaOH in a small amount of Water Were 
added, and the mixture Was mixed thoroughly (amounts 
shoWn in Table 1). This emulsion Was then added to the 
hydrated gel in a Waring blender and mixed for couple of 
minutes. The crosslinked gel Was then emptied into ajar and 
alloWed to sit at room temperature for 1 hour to make sure 
it crosslinked fully. The crosslinked pills Were placed in an 
oven at 1350 E, and the time of break Was observed visually 
(the break Was indicated When a Water-thin ?uid resulted). 
The results are listed in Table 1. These steps Were repeated 
at 1600 E, and the same procedure for making observations 
regarding the break Were done. 
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TABLE 1 

Pill 1 Pill 2 Pill 3 Pill 4 
100 100 100 100 
mL mL mL mL 

Component V01. V01. V01. V01. 

Breaker — tripropyl 8 mL 8 mL 8 mL 8 mL 
orthoforrnate 
H20 4 mL 4 mL 4 mL 4 mL 
O/W emulsi?er, WS-44 2 mL 2 mL 2 mL 2 mL 
MgO Crosslinking Agent 0.72 g 0.72 g 0.72 g 0.72 g 
“CL-30,” commercially 
available from 
Halliburton Energy 
Services, 1110., 
Duncan, OK 
inhibitor — 2M NaOH 0 mL 3 mL 5 mL 7 mL 

Results @135 F. 

Pill Break Time 

1 4 days 
2 7 days 
3 10 days 
4 Stopped collection of data on the 13‘h day 

and still no break at this point. 

Results @160 F. 

Pill Break Time 

1 2 days 
2 2 days 
3 3 days 
4 7 days 

[0031] These results indicate, inter alia, that the inhibitor 
concentration and temperature can affect delay time for the 
orthoester breaker. 

[0032] Therefore, the present invention is Well adapted to 
attain the ends and advantages mentioned as Well as those 
that are inherent therein. While numerous changes may be 
made by those skilled in the art, such changes are encom 
passed Within the spirit of this invention as de?ned by the 
appended claims. The terms in the claims have their plain, 
ordinary meaning unless otherWise explicitly and clearly 
de?ned by the patentee. 

What is claimed is: 
1. A method comprising: 

providing a ?uid-loss control pill that comprises an aque 
ous base ?uid and a gelling agent, and a delayed-release 
acid breaker that comprises an orthoester and/ or a 
poly(orthoester); 

introducing the ?uid-loss control pill and the delayed 
release acid breaker into a subterranean formation; 

alloWing the delayed-release acid breaker to generate an 
acid after a delay period; and 

alloWing the ?uid-loss control pill to break. 
2. The method of claim 1 Wherein the orthoester has the 

general formula RC(OR')(OR")(OR"'), Wherein R', R", and 
R'" are not hydrogen, and R', R", and R'" may or may not be 
the same group. 

3. The method of claim 2 Wherein R', R", or R'" comprise 
a heteroatom. 
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4. The method of claim 1 wherein the gelling agent 
comprises a polymer selected from the group consisting of: 
a natural polymer; a synthetic polymer; xanthan; a xanthan 
derivative; guar; a guar derivative; cellulose; a cellulose 
derivative; carboxymethylhydroxyethyl cellulose; hydroxy 
ethyl cellulose; a graft copolymer of hydroxyethyl or 
hydroxypropyl cellulose prepared by a redox reaction With 
vinyl phosphonic acid monomers or polymers; polyacrylate; 
polymethacrylate; polyamylamide; polyvinyl alcohol; poly 
vinylpyrolidone; a depolymeriZed gelling agent; derivatives 
thereof; and combinations thereof. 

5. The method of claim 1 Wherein the orthoester is an 
orthoacetate; an orthoformate; an orthopropionate; or an 
orthoester of a polyfunctional alcohol. 

6. The method of claim 1 Wherein the poly(orthoester) is 
a poly(orthoacetate); a poly(orthoformate); or a poly(ortho 
propionate). 

7. The method of claim 1 Wherein the gelling agent 
comprises a crosslinked gelling agent that has been 
crosslinked in a crosslinking reaction that comprises a 
crosslinking agent. 

8. The method of claim 7 Wherein the crosslinking agent 
is a crosslinking agent that comprises a polyvalent metal ion; 
a LeWis base; a Bronsted-LoWrey base; boron; titanium; or 
Zirconium. 

9. The method of claim 1 Wherein the ?uid-loss control 
pill comprises an additive selected from the group consisting 
of: propylene glycol; a gel stabiliZer; a clay ?xer; a bridging 
particulate; a surfactant; a corrosion inhibitor; a biocide; a 
pH control additive; an oxidizer; an encapsulated breaker; 
and a Weighting agent. 

10. A ?uid-loss control pill base gel that comprises a 
delayed-acid release breaker that comprises an orthoester 
and/or a poly(orthoester). 

11. The delayed-release acid breaker of claim 10 Wherein 
the orthoester or the poly(orthoester) is in a solution form, 
an emulsion form, a solid form, or a gel form. 

12. The method of claim 10 Wherein the orthoester has the 
general formula RC(OR')(OR")(OR"'), Wherein R', R", and 
R'" are not hydrogen, and R', R", and R'" may or may not be 
the same group. 

13. The method of claim 10 Wherein the orthoester is an 
orthoacetate; an orthoformate; an orthopropionate; or an 
orthoester of a polyfunctional alcohol. 

14. The method of claim 10 Wherein the poly(orthoester) 
is one of the folloWing group: a poly(orthoacetate); a poly 
(orthoformate); or a poly(orthopropionate). 
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15. A method comprising: 

providing a delayed-release acid breaker that comprises 
an orthoester and/or a poly(orthoester), and a ?uid-loss 
control pill base gel having a pH beloW about 8; 

forming a ?rst emulsion that comprises the delayed 
release acid breaker and Water; 

adding the ?rst emulsion to the ?uid-loss control pill base 
gel to form a second emulsion having a continuous 
phase and a discontinuous phase, the discontinuous 
phase comprising the delayed-release acid breaker and 
the continuous phase comprising the ?uid-loss control 
pill base gel; and 

introducing the second emulsion into a subterranean for 
mation. 

16. The method of claim 15 Wherein the ?uid-loss control 
pill base gel comprises at least one of the folloWing group: 
propylene glycol; a gel stabiliZer; a clay ?xer; a bridging 
particulate; a surfactant; a corrosion inhibitor; a biocide; a 
pH control additive; an oxidiZer; an encapsulated breaker; a 
Weighting agent; fresh Water; salt Water; 

a brine; a Zinc chloride brine; an ammonium chloride 
brine; seaWater; a sodium chloride brine; a potassium 
chloride brine; a calcium chloride brine; a sodium 
bromide brine; a calcium bromide brine; and a Zinc 
bromide brine. 

17. The method of claim 15 Wherein the orthoester has the 
general formula RC(OR')(OR")(OR"'), Wherein R', R", and 
R'" are not hydrogen, and R', R", and R'" may or may not be 
the same group. 

18. The method of claim 15 Wherein the orthoester is an 
orthoacetate; an orthoformate; an orthopropionate; or an 
orthoester of a polyfunctional alcohol. 

19. The method of claim 15 Wherein the poly(orthoester) 
is a poly(orthoacetate); a poly(orthoformate); or a poly(or 
thopropionate). 

20. The method of claim 15 Wherein the gelling agent is 
a natural polymer; a synthetic polymer; xanthan; a xanthan 
derivative; guar; a guar derivative; cellulose; a cellulose 
derivative; carboxymethylhydroxyethyl cellulose; hydroxy 
ethyl cellulose; a graft copolymer of hydroxyethyl or 
hydroxypropyl cellulose prepared by a redox reaction With 
vinyl phosphonic acid monomers or polymers; polyacrylate; 
polymethacrylate; polyamylamide; polyvinyl alcohol; poly 
vinylpyrolidone; a depolymeriZed gelling agent; derivatives 
thereof; or combinations thereof. 

* * * * * 


