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APPLICATION FOR PATENT

INVENTORS: V. SATYANARAYANA GUPTA

TETLE: METHOD OF USING PHTHALIC AND TEREPHTHALIC
ACIDS AND DERIVATIVES THEREOF IN WELL
TREATMENT OPERATIONS

SPECIFICATION

Field of the Disclosure

10001 The disclosare relates to methods of using phthabic acid, terephthalic acid
and derivatives thereof in well treatment operations. Such compounds are particularly
effective in re-directing well freatment fluids from high permesbility zones of a

subterranean formation to low permeability zones.

Backeround of the Disclosure

(30021 The saccess of well treatment operations often depends on optimizing
placement of fluids downhole. This is especially the case for {luids used in acid
stimulation, hydraulic fracturing, sand control, well cican-out and well compietion
operationa. It further is true for treatment operations which employ fluid loss pills.
160031 In the past, rouch interest has focused on methods for improving downhele
placement of well treatment fhids vsed in acid stimulation and hydraolic fracturing
operations. Acid simulation of a hydrocarbon formation, such as by matrix acidizing,
enhances the production of hydrocarbons within the formation. In this procedure,
acid or an acid-forming material is injected into the formation and the acid reacts with
minerals in the formation. As a result, near-wellbore permeability is improved by the
opening of channels or wormboles within the formation. o addition fo dissolving
{ormation materials, the acid may remove blockages caused by natural or man-made
conditions.  The procedure is cspecially prevalent in the treatment of carbonate
formations since the reaction products are soluble in the spent acid.

[06004) Early attempts at optinizing the placement of acid downhole focused on
injection of a simple acidic solution into the wellbore. Such atternpts proved to be
inefficient as the fluid often reacted or was spent too guickly. Such treatment fluids
were therefore mcapable of peneirating deep into the formation, thereby lmiting their

effectiveness to very near-wellbore apphcations. Thus, where the ftreated
o b
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subterranean formation contained sections with varying permeability, the imected acid
typically acidized the zone within the formation which had the highest permceability
and the highest degree of water saturation. A permeability contrast between areas of
high permeability (treated aveas) within the formation and areas of low permeability
(unireated areas} resulted.

[0005] it is necessary that acid placement downhole be optimized in order to
provide uniform distribution of treatment fluid over the zone being treated. Chemical,
as well as mechanical, methods have been developed in order to divert the flow of
treatrnent fluids from the higher permeability and/or water saturated sections of the
formation to the lower permeabiiity or oil bearing sections. The difference between
chemical and mechanical diversion is that chemical diverting agents achicve diversion
by increasing flow resistance inside the created channels, whereas mechanical
diversion controls the fluid entry point at the wellbore. Hence chemical diverting
agents are often considered to be mternal diverting agents compared o external
mechanical diversion.

{6006} In the past, chemical diversion has been achieved by the use of viscous
fluids, foarns and gels which reportedly improve acid placement.  Though several
chemical diverters have emerged over the years, they have each failed to precisely
control the flow of the acidizing {hud. One such alternative, disclosed in ULS. Patent
No. 7,060,661 is drawn to the use of a singic surfactant system as a gelled acidizing
fluid wherein the surfactant gels an acid fluid containing between 3 to 15 % HCI
solution by volume. Exira cnergy is often required to pump this already viscous
gefled {luid into the well.

HG007] Further, N,N,-bis (2-hydroxyethyl} tallow ammonium acetate has been
proposed as a gelling agent though the compound exhibits breakdown at higher
temperatures as the acid is spent. In addition, since the compound gels too quickly, #t
is unable to fully penetrate into the formation. In addition, the maximum viscosity of
the gelling agent is too low o adequately perform the necessary diverting.

10008] Other proposed allernatives employ crosshinked systems wherein a gel is
produced from a polymerization reaction while the fluid is pumped into the formation.
A residue is often feft in the formation which causcs damage to the formation. Such
systems are turther dependent upon a sensitive chenucal reaction since it is desirable

that polymerization be delayed during pumping and maximized once the fhud is

N
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within the formation. Further, breakers for defragmenting the crosshinked polymer

arg typically needed to remove such systems from the well

H3009] Other attempis at creating a gelled acidizing fhuid have used a wlt-
surfactant based system. An example of this type of system was described in U8,
Patent No. 6,389,546, These sysiems are often undesirable because they require
mixing of two or more compounds at the well site.  In addition, the ratio of the
components is often dependent on the teroperature and the pH of the systermn. Further,
gelling of the system often requires introdaction of a chemical tngger.

[00010]  More recenily, improvemenis have been scen with in-situ gelled acids.
For iostance, U.S. Patent No. 7,303,018 discloses a gelled or thickened viscoelastic
foam or tluid generated from (1) an amidoamine oxide gelling agent and (31} an acid,
water and/or brine, optionally mixed with a gas to form a foam. In-situ gelled acids
offer the benefit of ncreased viscosity inside the formation. Thus, when acid first
enters the high permcability zone and generates wormholes, s viscosity becomes
higher than the acid still m the wellbore. This provides extra resistance in the already
freated high permeability region or in the wormboles and increases the likelihood that
the acid will enter the low permoeability unireated zones of the formation.

(0011] Oil-soloble naphthalenes, crushed hmestone, sodium tetraborate, oyster
shells, gilsonite, perilite and paraformaldehyde have also been reported for use as
chemical diverters. Such materials have been shown to be only useful in reservoirs
having a bottom hole temperature of 175° F or less. Interest in these compounds has
been replaced by rock salt, which is partially soluble in the acid, mexpensive and
casier to handle.

[00012]  In addition to rock salt, diversion techniques have alse focused on
materials which are completely acid soluble. For instance, wax-polymer blends and
hydrocarbon resins have been used in production wells and benzoic acid in water-
injection wells. Most oil-soluble resing are not useful, however, for acidizing in
carbonates because such resins are unable to bridge the large flow spaces created by
the reaction of the injected acid with the reservoir rock. Recently, sohid orgamic acid
flakes, such as lactic acid {lakes, have been reported to be useful for acid diversion,
Such materiais can only be used in wells with bottom hele teraperatures below 250°
F. In addition, while such materials hydrolyze to release acid, a hagh volume of

watler is requived to completely hydrolyze the material and to ensure full conversion
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of the sohd materials inio acid. Fatlure to remove the solids causes formation
damage.

[00013] A need exists therefore for a chemical diverter that does not rely upon
crosshnking for gelation and which exhibits high viscosity. Such diverters need to
adequately divert meoming fluids and yet allow maximum penetration.  In particular,
the diverier should be capable of being uscful at botiom hole temperatures in excess

of 175° F and in most cases 1o excess of 2507 F.

[00014] It further would be helpful for the diverting agent to have applications in

other well treatment operations such as in hydraulic fracturing, sand control, well

clean-out and well completion operations,

Summary of the Disclosure

(0015]  This disclosure relates to a method of re-directing a well treatment fiuid to

[ant]

targeted zones of a subterranean formation by diverting the fluid away from high
permeability or undamaged zones of the formation by temporarily blocking the high
permeability zones.

[00016]  In an embodiment, a well treatment fluid 5 diverted from a high

permeability or undamaged zone of a formation by introducing into the wellbore

particulates having the structural formula (I):

®
k 7 ‘ &5}

or an anhydride thereot
wherein:
R is -COO-(R0),-RY
R? and R are selected from the group consisting of -H  and — COO-
(R°0)-RY:
provided that at least one of R? or R is ----COO—(R‘SO)Y--R"’ and
further provided that both R? or R are not —COO-
(RPO)-RY;
R s~ H ora €-Cy alkyl group:

5 S 5
R” is a Cy-Cy alkylene group; and
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each yvis 8 to 5.

(60017] In an cmbodiment, particulates having the structural formula (1) form
bridging solids on the face of the subterrancan formation which diverts the flow of
treatment fluid away from the high permeability zone of the formation.

[00018]  In another embodiment, particulates having the structural formula (B form
a relatively low-permeability filter cake on the face of the subterrancan formation,
The pressure drop through the filier cake iocreases the flow resistance of well
treatment floid through the formation and diverts the treatment fhad to other parts of
the formation,

[00019] I an embodiment, an acidizing fluid is diverted away from a high

ermeability zone to a lower permeability zone of a formation by introducing into the
formation particulates having structoral formula {I).

(000201 In another embodiment, a hydraulic fracturing fluid is diverted away from
a high permaeability zone o a lower permeability zone of a formation by introducing
inte the formation particulates having structural formula (I}

[00021]  In another embodiment, particulates of formula (1) may be used in a fhnd
loss pill to control leak-off of treatment fhuds to the formation,

[600221  In another embodiment, the particulates of formula (1) may be used in a
wellbore completion fluid to enable formation of a filter cake over the sarface of the
wellbore.

(600231 in another embodiment, particulates of formula (1) may be used as 2 clean-
out fluid.

[60024] In another embediment, particulates of formula (1 may be used o form a

permeable pack during a sand control operation, such as gravel packing.

Dietailed Deserintion of the Preferred Embodiments

(000251 Well ireatment fhuids for use in the methods described herein contain
particulates having the structural formula (1)

RrY

\ /

whereiny
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R'is ~-COO-(R’D),-R™;
R? and R’ are selected from the group consisting of ~H and - COO-
(R'0)-R;
provided that at Jeast one of R? or R” is ~CO0-(R°0),-R* and
further provided that both R* or R’ are not ~COO-
(R7O)-RY
RYis—Hora C-Cs alkyl group;
R’ is a C;-Cs alkylene group: and
gach yis 0 io 3,
Alternatively, the particulates may be an anbydride of the compound of structural
formulda (I}
(000261 In a preferred embodiment, R” of the compound of formula (Iy is i and
R is v---COO-v(RSO)y--R[*. In an especially preferred embodiment, the compound of
formula (1) is phthalic acid (whetein y is 0 and R is — H). o another preferred
embodiment, the compound of formula (3} 1s phthalic acid anhydride.
(600271 Sull in another preferred embodiment, R of the compound of formuda ()
is -(i()()-(RS())B,—R4 and R? is —H. To an cspecially preforred embodiment, the
compound of formula (I) is terephthalic acid (wherein y is 0 and R is —H). In another
preferred embodiment, the compound of formula (I} is terephthalic acid anhydride.
(00028]  The particulates may be of any size or shape. For instance, the particulaices
may be substantially spherical, such as being beaded, or pelleted.  Further, the
particulates may be non-beaded and non-spherical such as an elongated, tapered, egg,

T

iape or mixtares thereof. For instance, the particulates may have a

ear-drop or oval s
shape that is cubic, bar-shaped {as in a hexahedron with a length greater than s
width, and a width greater than its thickness), cyhindrical, muli-faceted, irregular, or
mixtures thereof. In addition, the particulates may have a surface that is substantially
roughened or irregular in nature or a surface that is subsiantially smooth in nature,
Moreover, mixtures or blends of particulates having differing, but suitable, s
use in the disclosed method finther be employed.

[00029] The amount of particudates of formuda (B) v the treatment {luid may be
from about 0.61 to about 30 volume percent (based on the total volume of the fluid).
(00030]  The particulates are particularly effective when placed mto wells having
bottorn hole temperatures between from about 175° F to aboul 250% F. The

particulates may be partiaily, but not fully, dissolved at in-situ reservoir conditions.

[ 2N
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Typically, the particulates are fully dissolved over time. In most instances, the
particulates are folly dissolved subsequent to compiction of the well treatment
operation,

(000311 The fluid phase of the treatroent fluid containing the particulates is any
floid suitable for transporting the particulate into a well and/or subterranean formation
such as water, salt brine and slickwater. Suitable brines including those containing
potassium chlonide, sodium chloride, cesium chloride, ammonium chioride, calcium
chioride, magnestum chloride, sodium bromide, potassium bromide, cestum bromide,
calcium bromide, zinc bromide, sodium formate, potassium formate, cesivm formate,
sodium acetate, and mixtures thereof. The percentage of salt i the water preferably

ranges from about 095 to about 609 by weight, based upon the weight of the water.

751

[00032]  The fhud of the treatment had may be foamed with a hiquid hydrocarbon
or a gas or Hquefied gas such as nitrogen or carbon dioxide.

(000331 In addition, the fluid may further be foamed by inclusion of a non-gascous
foaming agent. The non-gaseous f{oaming agent may be amphoteric, cationic or
antonic. Suilable amphoteric foaming agents inchlude alkyl betaines, alky! sultaines
and alkyl carboxylates, such as those disclosed in U.S. Patent Publication No.
2010/0204069, herein incorporated by reference.  Suitable anionic foaming agents
nclude alkyl ether solfates, ethoxylated other sulfates, phosphate esters, alkyl ether
phosphates, ethoxylated alcohol phosphate esters, alkyi sulfaies and alpha olefin
sulfonates.  Suitable cationic feaming agents include alkyl quaternary ammonium
salts, alkyl benzyl gquaternary ammonium salts and alkyl amido amine quaternary
amunoniom salts.

[60034]  The pH of the fluid containing the particulates may further be adjusted
when desired. When adjusted, it typically has a value of about 6.5 or more, 7 or more,
8 or more, 9 or more, between 9 and 14, and, most preferably, between 7.5 and 8.5,
The pH may be adjusted by any means known in the art, including adding acid or base
to the fluid, or bubbling carbon dioxide through the fhud.

(600357 The fluid may be gelled or non-gelled. Typically the fluid is gelied by the
inchision of a viscosifying agent such as a viscosifying poelymer or viscoelastic fluid.
The fhiid may contain a crosshnking agent though a crosslinking agent is not
requived. Generally, the viscosity of the fluid is greater than or equal to 10 ¢P at room

temperature.



WO 2014/004689 PCT/US2013/047922

[00036] In a preferred embodiment, particulates of formula (1) are used as a
diverter in the stimulation of a subterrancan formation penetrated by a well where it
maay be fntroduced into productive zones of a formation having various permeabilities.
The particulates are capable of diverting a well treatment fluid from a high
permeability zone to a low permeability zone of a sublerranean formation. Since
conductivity is permeability multipfied by injection geometry, this is synonymous o
the statement that the particulates are capable of diverting a well treatment fluid from
a highly conductive primary fracture(s) to less conductive secondary fractures.
Further, since conductivity is a function of the relative resistance fo inflow, the
reference to a conductive fracture as used herein is considered synonymous to a
conductive reservoir area.

[00037]  The solid particulates typically bridge the flow spaces on the face of the
formation and form a filter cake. For instance, when employed in acid fracturing, the
particulates are of sufficient size to bridge the flow space {created from the reaction of

the injected acid with the reservoir rock) without penetration of the matrix. By being

-ty

filiered at the face of the formation, a relatively impermeable or low permesbility

b

filter cake is created on the face of the formation. The pressure drop though the filter
cake jncreases the ow resistance and diverts treatment fhud to less permeable zones
of the formation.

(000381  The size distribution of the particulates of formuila (1) should be sufficient
to block the penciration of the fluid into the high permeability zone of the formation.
The filter cake is more easily formed when at least 60%, more preferably 80%, of the
particulates of formula (I} within the wellf treatment fluid have a particle size between
from about 150 um to about 2000 ym.

(O0038]  When used in sumulation operations, the particle size of the particulates is
such that the particolates may form a bridge on the face of the rock. Alternatively, the
particle size of the particulates may be such that they arc capable of flowing into the
fracture and thereby pack the fracture in order to reduce the permeability of at least
some of the {ractures in the formation.

(600407 Where the particolates are components of an acidizing solution, the
amount of aqueous acid in the fhud may range from about 70 to about 99 volume
percent and the strength of the acid may be greater than or equal to 10%. The acid

reacting, with the rock, lowers the acid sivength to a concentration less than 15%.
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(0004117  When used as a diverter, the {luid containing the particulates may be
pumped directly to the high permeability zone of the weli formation. The majority of
the diverting fhuid will enter into the high permeability or non-damaged zone and
form a temporary “plug” or “viscous pill” while the lower permeability zone has litile
invasion. This temporary “viscous pill” causes a pressure increase and diverts the
fluid to a lower permeability portion of the formation.  The particulates are capable of
being spread decper into subterrancan formations than diverting agenis of the prior
art.
(600421  Once in place, the viscous pill formed from the diverter wili have a finite
depth of invasion which 18 related to the pore throat diargeter. For a given formation
type, the mvasion depth 1s divectly proportional to the noninal pore throat diameter of
the formation. Since varying depths of invasion occur throughout the formation based
upon the varying permeability or damage throughout the treated zone, the ability of
the treatroent flutd to invade into pore throats 18 dependent on the differcoce between
pore throat sizing of the damaged and non-damaged formation. Invasion depths will
normally be greater in the cleaner or non-damaged portion of the formation (larger
pore throats) than in the lower permeability or damaged zones (smaller or partially
filled pore throats}. With a greater depth of invasion in the cleaner sections of the
formation, more of the diverter may be placed in these intervals.
(0004371 In another preferred embodiment, the particulates are used as a fluid loss
pill in the control of leak-off of the treatiwent fluid 1o the formation. The fluid loss
pill 1s a specific fhad that is injected nto the well and designed to alleviate the {hud
loss, particularly from completion fluids, into the formation. In specific situations,
such as during perforation of the well casing, it 18 considered particularly
advantageous to incorporate a fluid loss pill i addition o the normal flind loss
control additives typically mcloded in the wellbore treatment fhuds. The operator
ray controd leak-off of the treatment fluid fo the formation by conirolling the size
differcntial between the particulates and the pore throats. Seolid particulates of
formaula (I} are deposited on the formation wall and form a substantially impermeable
filter cake.
[00044] Particolates of formula (1) may further be used in completion fluids,
Completion fluids are utilized when conducting various completion operations in the
producing formations. Such particolates seal off the face of the wellbore so that the

fiuid is not lost to the formation. The particulates are deposited and form a filter cake

9



WO 2014/004689 PCT/US2013/047922

of the solids in the fluid over the surface of the wellbore without any loss of solids to
the formation. As such, the particulates form a fluid bridge over the formation pores
rather than permancuatly plugging the pores.

[00045]  Fluids contaming the particulates may also be useful as a sand control
floid. In one exemplary embodiment, a gravel pack operation may be carried out on a
wellhore that penctrates a subterrancan formation to prevent or substantially reduce
the production of formation particles into the welthore from the formation during
production of formation floids. A screen assembly such as is known in the art may be
placed or otherwise disposed within the wellbore so that at least a portion of the
screen assembly i disposed adjacent the subterranean formation. A slurry inchuding

oo~
£
)

particulates of formula (I) and 4 treatment thad for carrying the particulates may then

be introdaced into the wellbore and placed adjacent the subterrancan formation by
circulation or other suitable method so as to form a fluid-permeable pack in an
annular area between the exterior of the screen and the interior of the wellbore. This
permeable pack is capable of reducing or substantially preventing the passage of
formation particies from the subterrancan formation into the welibore during
production of fluids from the formation, while at the same time allowing passage of
formation fluids from the subterranean formation through the sereen into the wellbore.
[00046]  The particalates described herein may further be used in well intervention
applications, such as wellbore clean-out wherein solid debris, especially hydrophobic
materials, are removed from the wellbore in order 1o cnsure unobsiracted hydrocarbon
recovery. For instance, fhiid containing particolates of formula (I) may be introdoced
mto the welibore, such as by coiled tubing, to remove hydrophobic particulate
maaterials remaiming in the weilbore.  In an embodiment, the particulates ray
agglomerate the hydrophobic particulate roaterial and the agglomerate may then be
removed or carried upward to the surface. Clean-out may also occur the well is
dritied and prior to stimulation. The use of the particulates in such clean-ou
operations cuttings are removed that could adversely affect the subsequent injection
of fracturing fhud.

[00047] While the particulates are most typically a component of the treatment
fimid (i.e., acidizing fluid, hydraulic fracturing Thid, wellbore completion fiuid, eic.},
a fluid containing particulates of formula (I) n may be pumped into the wellbore
folowed by or prior to the addition of the well treatment {hud (i.e., acidizing fluid,

hydraulic fracturing fuid, wellbore completion fluid, etc.).

10
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[00048] For mstance, when used in hydraulic fracturing, the particulates perform as
a diverter and may be a component of the hydravlic fracturing fluid or may be
pumped foto the formation as a component of a pad fluid.  Further, in an acid
fracturing operation, a stage of acid may preferably be injected folowing mitroduction
of a fluid containing the diverter.

(000491 Further, a fluid containing the particulates of forrmouia (1) may be pumped
wmte the wellbore in alternative stages and may be separate by spacer fluids. The
spacer fluid typically contains a salt sohution such as NaCl, KCl and/or NH.CL For
mstance, the loss in viscosity of a fhuid loss pill may require additional diverter stages
to be pumped. In addition, alternate stages may be required to more appropriately
freat a heterogeneous formation.  For instance, when used in an acid stinnilation
operation, it may be desirable to alternate the pumping of acid stimulation fluids and
diverting fluids. An exemplary puroping schedule may be (i) pumping an acid
stimudation thud; (31} optionally pumping a spacer fluid; (81} puoping a fluid
containing the diverter; (iv) optionally pumping a spacer fhud; and then repeating the
cycie of steps (1), (i1}, (iit) and (iv).

[00050]  The flmd containing the particulates may further contain additional well
treatment fluid additives. These include one or more conventional additives to the
well service industry soch as a gelling ageni, tluid loss additives, gel breaker,
surfactant, demwlsificr, bincide, mwtual solvent, surface tfension reducing agent,
defoarning agent, denmudsificr, non-emulsifier, scale tohibitor, gas hydrate inhibitor,
enzyme breaker, oxidative breaker, buflfer, clay stabilizer, acid, buffer, solvent or a
mixture thereofl

[00051]  Where the fluid containing the particulates 18 an acidizing fluid, it may be
preferable fo inchide withim the fluid a corrosion inhibitor, 4 corrosion fnhibitor
intensifier, or a combination thereof. The purpose of these additives is to reduce the
corrosive effects that the acids may have on the well tubulars.  Suitable corrosion
mbibitors can include alkal mctal nitrites, mnitrates, phosphates, silicates and
benzoates. Representative suilable organic inhibitors include bydrocarbyl amine and
hydroxy-substituted  hydrocarbyl amine neutralized acid compound, such as
neutralized phosphates and hydrocarbyl phosphate esters, neutralized fatty acids {e.g.,
those having 8 to about 22 carbon atoms), neutralized carboxylic acids {e.g., 4-(1-
buty-benzoic acid and formic acid), neutralized naphthenic acids and neutralized

hydrocarbyl sulfonates. Mixed salt esters of alkylated succimimides are also useful.

11
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Comrpsion inhibitors can also mchude the alkanolamines such as ethanolamine,
diethanolamine, tricthanolamine and the corresponding propanolamines as well as
morpholine, ethylenediamine, N,N-dicthylethanclamine, alpha- and gamma-picoling,
piperazine and isopropylaminoethanol.

[00052]  Fluids containing particolates of formuda (I} may alse have an internal
breaker built into the system to insure that the fluid viscosity can be reduced after a
period of time. The miernal breaker may also be an oxidizer such as, but not limited
io, persulfates, such as ammonia persulfate and sodium persulfate, and peroxidizers
such as hydrogen peroxide.

(00053  The formation subjected to the treatment of the disclosure may be &
hydrocarbon or a non-hydrocarbon subterrancan formation. The high permeability
zone of the formation into which the fluid containing the diverter is pumped may be
natural fractures. When vsed with low viscosity fracturing fluids, the particulates of
formula (1) are capable of diverting fracturing fluids to extend fractures and mncrease
the stimulated surface area.

[60054] The disclosure has particular applicability to the stimulation of carbonate
formations, such as hmestone, chalk or dolomite as well as subterrancan sandstone or
sihiceous formations in oil and gas wells, inchiding quartz, clay, shale, sili, chert,
zeolite, or a combination thereof.

(000551 In another preforred embodiment, the diverter is introduced into coal beds
having a series of natural fractures, or cleats, for the recovery of natural gases, such as
methane, and/or sequestering a fluid which is more sirongly adsorbing than methane,
such as carbon dioxide and/or hydrogen solfide.

[00056]  From the foregoing, it will be observed that numerous variations and

modifications moay be effected without departing from the true spirit and scope of the

novel concepts of the disclosure.
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What is claimed 1s:
i A wmethod of stimulating a subterranean formation penetrated by a

reservoir with a diverting agent, the method comprising:
(A) miroducing into the reservoir a fluid comprising a compound of

formula {I):

D

or an anhydride thercof
wherein:
R'is -COO-(R’Q),-R",
R* and R’ wre selected from the gronp cousisting of —H and — COO-
(R°0},-R%;
provided that at least one of R or R is fCOO-(R5(_7)},-11’;4 and
forther provided that both R? or R® are not —COO-( R,SO}y~R4;
RYis—HoraC-Ce alkyl group;
R’ is a {-Cg alkylene group; and
eachyisQto$S
the flnid having a sized particle distribution to block the penetration of the fhnd
into the high permeability zone of the formation; and
(B}  diverting the flow of the fluid to a low permeability portion of the
formation.

2. The method of claim 1, wherein R” is ~H and R’ is r——r(ff()(}*(RS())),45{‘4.

3. The method of claim 2, wherein y is 0 and R is — H.

4. The method of claim 2, wherein R” is ———COO—(RS(})Y-R‘:‘ and RY is -H.
5. The method of claim 4, wherein y is 0 and R’ is — H.

6. The method of claim 1, wherein the compound is phthalic anhydride.

The method of claim 1, wherein the compound is terephthalic anhvdride.
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8. The method of claim 1, wherein the compound is phthalic acid.

9. The method of claim 1, wherein the compound is terephthalic acid.

10. The method of claim 1, wherein the fhud is an acidizing fluid.

il The method of claim 1, wherein the fluid is a hydraulic fracturing fhud.

i2, The method of claim 1, wherein the fluid is a wellbore completion fluid.

i3, The method of claim 1, wherein the fluid 1s a fluid loss pill.

i4. The method of claim 1, wherein the high permeability zone has natural
fractures.

is. The method of claim 1, wherein the subterrancan formation is sandstone

or carbonate,

i6. The method of claim |, whercin the amount of compound of fornwla (1) in
the flnd is from about 8.0 to about 30 volume percent.

i7. The method of claim 1, wherein the compound of formula (1) s partially,
but not fully, dissolvable at 1n-situ downhole reservoir conditions.

i8. The method of claim 1, wherein the compound of formula (I) s fully
dissolvable at mm-situ downhole reservorr conditions.

i9, A method of alleviating thud loss into a subterrancan formation penetrated
by a wellbore, the method comprising:

(A}  pumping into the welibore a fhud comprising a compound of formula (I

D

or an anhydride thercof
wherein:

R'is -COO-(R°0),-RY

R” and R are selected from the group consisting of -H and — COO-
(R°0),-RY;

provided that at least one of RY or R is —ffrCO(')n(RSO)_V-RfJl and
further provided that both R or R? are not ~CO0-( RSO’);\,"R%
R'is—HoraC-Ce alkyl group;

14
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R is a C1-Cs alkylene group; and
cachvis{to 5; and
(B} forming a filter cake of the compound of formula () on the wall of the
subterrancan formation or over the surface of the wellbore.
21, A sand comtrol method for a wellbore penctrating a subterrancan
formation, comprising;
(Ay  introducing into the wellbore a slurry comprising particulates of the

compound of formula (I}

or an anhydride thereof
wherein:
R’ is ~COO-(RO)-RY
R’ and R are selected from the group consisting of ~f  and — COO-
(R°0),-R’;
provided that at least one of R or R'is —{ZO(}~(RS(})Y»R4 and
further provided that both R? or R® are not ———(3()()~(E{5()}Y~R4;
R*is — H or a C-Cy alkyl group;
R’ is a (5-Cg alkylene group; and
cachyis 0 to 5; and
(B} oplacing at least a portion of the particulates adjacent the
subterrancan formation to form a fluid-permeable pack capable of reducing or
substantially preventing the passage of formation particies from the subterrancan
formation into the wellbore while allowing passage of formation fluids from the

subterrancan formation into the wellbore,
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