Office de la Propriete Canadian CA 2662483 A1 2008/04/17

Intellectuelle Intellectual Property
du Canada Office (21) 2 662 483
g,lnngL%?rri‘fg:na " mjgter;%ya?\; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2007/09/11 (51) CLInt./Int.Cl. £E27B 43/25 (2006.01),

CO9K 86/524(2006.01), CO9K 6/68 (2006.01)
(71) Demandeur/Applicant:

(87) Date publication PCT/PCT Publication Date: 2008/04/17

(85) Entree phase nationale/National Entry: 2009/03/02 SCHLUMBERGER CANADA LIMITED. CA
(86) N° demande PCT/PCT Application No.: |IB 2007//053664
(72) Inventeurs/Inventors:

(87) N° publication PCT/PCT Publication No.: 2008/044158 SULLIVAN. PHILIP F.. US:

(30) Priorité/Priority: 2006/09/18 (US11/532,559) BASER, BELGIN, US;
ABAD, CARLOS, US:

CHEN, YIYAN, US;
PARLAR, MEHMET, US;
KUBALA, GREGORY, US

(74) Agent: SMART & BIGGAR

(54) Titre : AGENT DE RUPTURE INTERNE POUR FLUIDES DE GISEMENT PETROLIFERE
(54) Title: INTERNAL BREAKER FOR OILFIELD FLUIDS

300
250

0 50 100 150 200

Time (min)
FIG. 2

(57) Abréegée/Abstract:

Delayed breakers are given that break viscoelastic surfactant fluids inside the pores of formations into which the fluids have been
Injected. The breakers comprise proteins, proteins that contain breakers, or cells that contain breakers. Proteins become breakers,
and proteins and cells release breakers, due to a triggering mechanism that may be, for example, a change Iin temperature, pH, or
salinity.

:.;iz$};zsi§
S

e / [ / J

I*I ' . o, B A e
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca R 7 o
OPIC - CIPO 191 SN




008/044158 A3 M|V} V0 Y0001 A 0 AR R A

CA 02662483 2009-03-02

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [~

International Burcau

(43) International Publication Date
17 April 2008 (17.04.2008)

(51) International Patent Classification:
CO09K 8/68 (2006.01) E21IB 3/04 (2006.01)
CO9K 8/70 (2006.01)

(21) International Application Number:
PCT/IB2007/053664

(22) International Filing Date:
11 September 2007 (11.09.2007)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
11/532,559 18 September 2006 (18.09.2006) US

(71) Applicant (for CA only): SCHLUMBERGER CANADA
LIMITED [CA/CA]; 525-3rd Avenue S.W., Calgary, Al-
berta T2P 0G4 (CA).

Applicant (for FR only): SERVICES PETROLIERS
SCHLUMBERGER [FR/FR]; 42 rue Saint Dominique,
F-75007 Paris (FR).

Applicant (for GB, JP, NL only): SCHLUMBERGER
HOLDINGS LIMITED; P.O. Box 71 Craigmuir Cham-
bers Road Town, Tortola (VQG).

Applicant (for AL, AM, AU, AZ, BF, BG, BJ, BY, CF, CG,
CI, CM, CO, CZ, DE, DK, GA, GN, GQ, GR, GW, HU, ID,
IE, IL, IT, KG, KP. KR, KZ, LT, MD, ML, MR, MX, MY, NE,
NO, NZ, OM, PL, RO, RU, SI, SK, SN, TD, TG, TJ, TM,

(71)

(71)

(71)

(54) Title: INTERNAL BREAKER FOR OILFIELD FLUIDS

300
250

N
o
o

150
100

50

Viscosity (cP)

100

Time (min)
FIG. 2

(10) International Publication Number

WO 2008/044158 A3

IN, TR, TT, UZ, ZA only): SCHLUMBERGER TECH-
NOLOGY B.V. [NL/NL]; Parkstraat 83-89, NLL.-2514 The
Hague (NL).

Applicant (for AE, AG, AT, BA, BB, BE, BH, BR, BW, BZ,
CH, CN, CR, CU, CY, DM, DO, DZ, EC, EE, EG, ES,
FI, GD, GE, GH, GM, GT, HN, HR, IN, IS, KE, KM, KN,
LA, LC, LK, LR, LS, LU, LV, LY, MA, MC, ME, MG, MK,
MN, MT, MW, MZ, NA, NG, NI, PG, PH, PT, RS, SC, SD,
SE, SG, SL, SM, SV, SY, SZ, TZ, UA, UG, VC, VN, ZM,
ZW only): PRAD RESEARCH AND DEVELOPMENT
N.V. [NL/NL]; De Ruyterkade 62, Willemstad (AN).

(71)

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): SULLIVAN, Philip
F. [US/US]; 4415 Ione Street, Bellaire, Texas 77041 (US).
BASER, Belgin [DE/US]; 1660 Kipling Street, Apt. 4,
Houston, Texas 77006 (US). ABAD, Carlos [ES/US];
7530 Lone Star Junction, Richmond, Texas 77469 (US).
CHEN, Yiyan [CN/US]; 6506 Canyon Estates Lane, Rich-
mond, Texas 77469 (US). PARLAR, Mehmet [US/US];
5451 Santa Chase Lane, Sugar Land, Texas 77479 (US).
KUBALA, Gregory [US/US]; 19611 Emarald Leaf Drive,
Houston, Texas 77094 (US).

Agent: FONSECA, Darla; 110 Schlumberger Drive,
MD-1, Sugar Land, TX 77478 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

[Continued on next page]

150 200 250

e\ (57) Abstract: Delayed breakers are given that break viscoelastic surfactant fluids inside the pores of formations into which the
fluids have been injected. The breakers comprise proteins, proteins that contain breakers, or cells that contain breakers. Proteins

WO

temperature, pH, or salinity.

become breakers, and proteins and cells release breakers, due to a triggering mechanism that may be, for example, a change in



CA 02662483 2009-03-02

WO 2008/044158 A3 IHIHHVA!H PR AR 11 0 0T ARG A A

Al, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH, European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, PT, RO, SE, SI, SK, TR), OAPI (BEF, BJ, CF, CG, CI, CM,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL., Published:

PTa RO? RS, RUa SCa SDa SEa SGa SKa SLa SM, SVa SYa - Wlth internatiOrlal SearCh r€p0rt
TJ, TMa TN, TR') TTa TZa UAa UGa USa UZ, VC& VN, ZAa - Wlth amended Claims
/M, ZW.
(84) Designated States (unless otherwise indicated, for every (88) Date of publication of the international search report:
kind of regional protection available): ARIPO (BW, GH, 24 July 2008

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
7ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Date of publication of the amended claims: 2 October 2008



CA 02662483 2009-03-02
WO 2008/044158 PCT/IB2007/053664

INTERNAL BREAKER FOR OILFIELD FLUIDS

Background of the Invention

[001] The Invention relates to recovery of o1l and gas from wells, and more particularly
to breaking fluids inside formation pores when using viscoelastic surfactant fluid systems

(VES’s) as carrier fluids and treatment fluids.

[002] There are many applications in which breakers are needed to decrease the viscosity
of treatment fluids, such as fracturing, gravel packing, and acidizing fluids, viscosified
with polymers or crosslinked polymers or viscoelastic surfactants. Most commonly, these
breakers act in fluids that are 1in gravel packs or fractures; some breakers can work 1n
fluids 1n formation pores. Breakers decrease viscosity by degrading polymers or
crosslinks when the viscosifiers are polymers or crosslinked polymers. Breakers decrease
viscosity by degrading surfactants or destroying micelles when viscosifiers are
viscoelastic surfactant fluid systems. Most breakers are solids, for example granules or

encapsulated materials, that do not enter the formation.

[003] There 1s sometimes a need to break viscous fluids within the pores of formations,
for example when viscous fluids enter formations during fracturing, gravel packing,
acidizing, matrix dissolution, lost circulation treatments, scale squeezes, and the like.
Breakers that are effective inside formations will be called internal breakers here. These
fluids that enter the formation may be main treatment fluids (such as fracturing fluids) or
they may be secondary fluids (such as flushes or diversion fluids such as viscoelastic
diverting acids). Typically it 1s necessary that the break be delayed, that 1s that the breaker

not act until after the fluid has performed its function.

[004] Compositions and treatment methods using a delayed internal breaker, or a
precursor that after a delay releases or decomposes or transforms into an internal breaker
without mechanical or chemical action by the operator, would be of value. It would be

desirable to have a number of such materials so that they could be used under different
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subterrancan conditions, for example different temperatures and different formation fluid

chemistries.

Summary of the Invention

[005] One embodiment of the Invention 1s a method of treating a subterranean formation
penetrated by a wellbore mnvolving a) injecting into the formation a fluid containing a non-
polymeric viscosifier that acts by creating a three dimensional structure 1n the fluid, and a
breaker mnvolving a protein, and b) allowing the protein to disrupt the structure. The
protein 18 selected from fibrous proteins (for example, cytoskeletal proteins and
extracellular matrix proteins), globular proteins (for example, plasma proteins, coagulation
factors, hemoproteins, hormones, DNA-binding proteins, and immune system proteins),
and enzymes. The protein 18, for example, egg white or alpha-amylase. In yet another
embodiment, the protein 1s selected from oxidoreductases, transferases, hydrolases, lyases,

1Isomerases, and ligases.

[006] In another embodiment, the non-polymeric viscosifier 1s a viscoelastic surfactant,

for example a betaine or an amidoamine oxide.

[007] In yet another embodiment, the fluid also contains a sugar, for example, sucrose, d-

fructose, or d-sorbitol.

[008] In yet another embodiment, the step of allowing the protein to disrupt the structure
1s delayed by enclosing the protein m a material selected from fatty acids, polyvinyl
alcohols, synthetic resins, phenolic resins, acrylate polymers and copolymers, lactic acid

and glycolic acid polymers and copolymers, and mixtures of these materials.

[009] Another embodiment 1s a method of treating a subterranecan formation penetrated
by a wellbore involving a) injecting into the formation an aqueous fluid viscositied with a
non-polymeric viscosifier, that acts by creating a three dimensional structure in the fluid,
and a globular protein that contamns a breaker for the viscosifier, and b) allowing the
protein to release the breaker. The globular protein 1s, for example, selected from
albumins, caseins, and glutens. The breaker in the globular protein 1s selected, for

example, from long chain alcohols, fatty acids, fatty acid esters, mono, di or triglicerides

2
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of fatty acids, long chain alcohol phosphate esters, diacid esters, aliphatic hydrocarbons,

aromatic hydrocarbons, and mixtures of these materials.

[0010] Another embodiment 1s a method of treating a subterranean formation penetrated
by a wellbore mvolving a) injecting into the formation a fluid viscosified with a non-
polymeric viscosifier that acts by creating a three dimensional structure in the fluid, a
precursor of a breaker for the viscosifier (the precursor capable of being degraded by an
enzyme 1nto a breaker for the viscosifier), and an enzyme capable of degrading the
precursor, and b) allowing the enzyme to degrade the precursor to release the breaker.
The precursor 1s, for example, selected from di or triglycerides of fatty acids, and

phospholipids.

[0011] Yet another embodiment of the Invention 1s a fluid composition containing a non-
polymeric viscosifier, that acts by creating a three dimensional structure in the fluid, and a
component selected from a protein, a protein containing a breaker for the viscosifier, and a
combination of a precursor capable of being degraded by an enzyme into a breaker for the

viscosifier and an enzyme capable of degrading the precursor.

Brief Description of the Drawings
[0012] Figure 1 shows the effect of a protein breaker of the Invention on the viscosity of a

viscoelastic surfactant fluid at 65.6 °C.

[0013] Figure 2 shows the effect of a protein breaker of the Invention on the viscosity of a

viscoelastic surfactant fluid at 93.3 °C.

[0014] Figure 3 shows the effect of a protein breaker of the Invention on the viscosity of a

viscoelastic surfactant fluid at 121 °C.

[0015] Figure 4 shows the effect of a protein breaker of the Invention on the viscosity of a

viscoelastic surfactant fluid at 93.3 °C as a function of protein breaker concentration.

[0016] Figure 5 shows the effect of various sugars as delay agents on the performance of a

protein breaker of the Invention at 93.3 °C.

[0017] Figure 6 shows the effect of a protein breaker of the Invention on the viscosity of a

viscoelastic surftactant fluid at 32.2 °C.
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[0018] Figure 7 shows the effect of a protein breaker of the Invention on the viscosity of a

viscoelastic surtactant fluid at 54.4 °C.

[0019] Figure 8 shows the effect of a protein breaker of the Invention on the viscosity of a

viscoelastic surtactant fluid at 65.6 °C.

[0020] Figure 9 shows the effect of a protein breaker of the Invention on the viscosity of a

viscoelastic surtactant fluid at 71.1 °C.

[0021] Figure 10 shows the effect of a protein breaker of the Invention on the viscosity of

a viscoelastic surtactant fluid at 76.7 °C.

Detailed Description of the Invention

[0022] For viscosified fluids used 1n oilfield treatments, 1t 1s 1important that there be a
mechanism by which the viscosity can be reduced (that 18, the fluid can be broken).
Typically, breakers are added to the fluid. Typically, the action of the breaker 1s delayed
or requires a trigger, such as crushing of encapsulated breakers, so that the fluid may
perform its function before the break occurs. Proper placement 1s an important feature for
any breaker; 1t must be with the fluid that 1s to be broken. Once a fluid invades a
formation, most conventional breakers (such as encapsulated oxidizing agents) cannot
clean 1t up because they form or are incorporated in a filter cake and do not enter the
formation.  An alternative to including the breaker in the fluid, subsequently adding
another fluid, such as an acid, will be inefficient because of the poor fluid-to-fluid contact.
We have found that including certain proteins, for example certain enzymes, 1n certain

forms 1n a VES-based fluid provides a delayed break inside formation pores.

[0023] The Invention will be described primarily in terms of hydraulic fracturing, gravel
packing, acidizing, and fracture acidizing, although 1t 1s to be understood that the
Invention may be used 1n many other ways, for example many other oilfield treatments.
In hydraulic fracturing, most of the injected fracturing fluid contains a proppant such as
sand or synthetic ceramic beads, so that when the pressure 1s released the proppant i1s
trapped between the fracture faces and prevents the fracture from completely closing, thus

leaving a flowpath open. The 1njected fracturing fluid 1s normally viscosified. Increased
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viscosity results in formation of a wider fracture, thus a larger flowpath. A minimal
viscosity 1s also required to transport adequate amounts of proppant; the actual viscosity
required depends primarily upon the fluid flow rate, the elasticity of the fluid, and the
density of the proppant. In a typical fracturing process, such as hydraulic fracturing with
aqueous fluids, the fracture 18 initiated by first pumping a high viscosity fluid with good to
moderate leak-off properties, and typically no proppant, into the formation. This 1nitial
fluid, typically referred to as a "pad”, 1s usually followed by a second fluid (fracturing
fluid) of similar viscosity carrying an initially low concentration and then a gradually or
step-wise 1ncreasing concentration of proppant into the extended fracture or fractures. The
pad initiates and propagates the fracture but does not need to carry proppant. All the
fluids tend to “leak off” into the formation from the fracture being created or extended.
Commonly, by the end of the job the entire volume of the pad will have leaked off into the
formation. This leak-off 1s determined and controlled primarily by the properties of the
fluid (and additives 1t may contain, such as fluid loss additives or FLA’s), the pumping
rate and pressure, and the properties of the rock. A certain amount of leak-off greater than
the minimal possible may be desirable, for example a) if the intention 1s to place some
fluid 1n the rock to change the rock properties or to flow back into the fracture during
closure, or b) 1f the intention 1s deliberately to cause what 1s called a “tip screen-out”, or
“T'SO”, a condition 1n which the proppant forms a bridge at the some point 1n the fracture,
stopping the lengthening of the fracture and resulting in a subsequent increase in the
fracture width. In acid fracturing, the fracture fluid 1s an acid (or other formation
dissolving fluid such as a chelant-containing fluid) and the fluid normally does not contain
proppant (although 1t may); the fracture 1s held open by asperities 1n the fracture faces
caused by differential etching of the formation material. In matrix acidizing, an acid or
other formation dissolving fluid 1s 1njected below fracture pressure and the fluid enters the
formation and dissolves damaging materials and/or a portion of the formation. Proper
leak-off control may be critical to the success of these and other oilfield treatments. In
these and many other treatment types with viscous fluids, after the treatment 1t 1s
necessary to decrease the viscosity of the fluids, i.e. to break them, including breaking any

portion of the fluid that may be 1n the pores of the formation.
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[0024] We have found that certain materials can be used as delayed internal breakers; the
break may occur naturally due to naturally changing chemical or physical conditions, for
example temperature or pH. The break may optionally be accelerated or delayed 1if
necessary. The break may also optionally be triggered by contact with another fluid, such
as another mjected fluid, a formation fluid, or a produced fluid. Injecting another fluid to
promote the break 1s not normally desirable because of potential costs and complexity, but
1s within the scope of the Invention. All of the degradable materials of the Invention are
breakers for polymer-free (VES) fluid viscosifiers. The internal breaking etffect occurs
whether or not a filter cake 18 also formed by the addition of a fluid loss additive or by

other (solid) breakers.

[0025] The Invention 1s particularly suited for use with polymer free fluids. The
Invention 1s especially useful in gravel packing and the like, where near-wellbore damage
1s often a particularly serious problem. The Invention makes 1t possible to treat wells
previously eliminated as candidates for various treatments due to the low fluid efficiency
(high leak-off) that would have been expected. The internal breakers may be used as an
alternative to some or all of the fluid loss additives that would have been used, especially
when filter cakes are undesirable; instead of minimizing fluid loss, the fluid loss may be
accepted and the leaked-oft fluid broken. Viscosified fluids containing internal breakers
may also function as self-destructing diverting agents. They may also be used in kill pills,
which can be difficult to break because mechanisms often available for breaking (such as
crushing of encapsulated materials, or later addition of another component) cannot usually

be used with kall pills.

[0026] In treatments that typically include multiple stages, such as most hydraulic
fracturing, acid fracturing, frac-packing, and gravel packing embodiments, the internal
breaker may be added 1n the pad, throughout the treatment or to only some of the stages,
such as some of the proppant, gravel, acid, or diversion stages. An internal breaker 1s
particularly useful in hydraulic fracturing, frac-packing, and gravel packing because
mechanical removal methods are impossible and methods involving contacting the
additive with an additional fluid are not always practical. The compositions and methods

of the Invention are also particularly useful in cases where 1t 1s desirable to allow a certain
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amount of treatment fluid to enter the formation, for example for the purpose of altering

formation wettability or o1l or water saturation.

[0027] Treatment fluids used with the compositions and methods of the Invention
typically also contain other materials such as demulsifiers, corrosion inhibitors, friction
reducers, clay stabilizers, scale inhibitors, biocides, breaker aids, mutual solvents,
surfactants, anti-foam agents, defoamers, viscosity stabilizers, iron control agents,
diverters, emulsifiers, foamers, oxygen scavengers, pH control agents, buffers, and the
like. Compatibility of the internal breakers of the Invention with such additives should be
checked 1n the laboratory. The treatments of the Invention are conducted normally; the
treatment fluid and additives are transported to the site, mixed, stored, and pumped 1n the
usual ways for the respective chemicals. When Resin Coated Proppants (RCP’s) are used,
testing should be done to ensure that the RCP’s and protein breakers are compatible and
that neither interferes with the performance of the other; conventional natural and

synthetic proppants and gravels may normally be used without testing.

[0028] The Invention 1s carried out by considering information about the well, the
formation, the fluids and additives available, and criteria for a successful treatment, and
preparing an optimized plan for maximizing treatment performance according to the data
and the criteria. This 1s usually done by analyzing the well using treatment design and
cvaluation software; for example, 1n hydraulic fracturing software, among other factors,
pressure gradients are combined with fracture length and height evolution algorithmes,
complete leak-off information, and the effects of multiple fluid injections and their

temperature changes.

[0029] The optimal concentration of the internal breaker can be determined by choosing
the desired breaking time and rate and measuring the break with samples of the intended
fluids under the intended formation conditions. Measurement of breaking, and prediction
and control of breaking, are familiar to those of ordinary skill in the arts of well
stimulation, sand control, and other oilfield treatments. A suitable concentration of the
internal breaker of the Invention 1s from about 0.05 weight % (of protein component) to
about 2 weight %, for example from about 0.1 weight % (of protein component) to about 1

weight %, for example from about 0.1 weight % (of protein component) to about 0.5
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weight %, It should be understood that throughout this speclﬁcanon when we list or descnbe a

concentration or amount range as being useful, or suitable, or the like, we intend that any and every
concentration within the range, including the end points, is to be considered as hnving been stated.
Furthermore, each numerical value should be read once as modified by the term “about” (unless
 already expressly so modified) and then read again as not so modified unless otherwise stated in
context. For example, “a range of from 1 to 10” is to be read as indicatihg each and every possible
number along the continuum between about 1 and about 10. In other words, ‘when we express a ‘
certmn range, even 1f we explicitly 1denufy or refer to only a few speclﬁc data points within the range,
or even 1o no data points within the range, it is to be understood that the inventors appreclate and

understand that any and all data points within the range ate to be considered to have been specified,
and that the inventors have possession of the entire range and all points within the range.

[0030] If fluid loss additives are used, it is preferable, although not necessary, to use completely
degradable fluid loss additives, Particularly desirable FLA’q would be the “internal filter cake/matrix
breaker” materials disclosed in copending U. S, Patent Application Publication No. 20070032386 A1,
“Intei'nal Breaker for Oilfield Treatments,” inventoré Jesse Lee, Philip Sullivan, Erik Nelson, Yiyan
Chen, Carlos Abad, Belgin Baser, and Lijun Lin, filed September 18, 2006. When tﬁe pad and the
fracture fluid are polymer-free and any fluid loss additive used is fully degradable, neither the near-
wellbore formation nor the proppant bed left in the fracture after the job contains deleterious polymers
or solids, as would be the case if the fracture fluid contained any polymer or if the fluid loss additive
was not fully degradable. Therefore fracture conductivity is high and skin is low. Simila; arguments
hold for other treatments such as gravel packing, acidizing and acid ﬁ'dcﬁlriug. '

[0031] Any non-polymeric fluid, for example VES based fluid, that is compatible with the
formation, the formation fluids, and the other components of the fluid, can be used in the
Invention. Particularly effective non-limiting examples of fluids are those described in U, S.
Patents 5,551,516; 5,964,295; 5,979,555; 5,979,557; 6,140,277, and 6,258,859. Vesicle-based
fluids may be used, such as those described in U. S. Patent No. 6,509,301.

[0032] In some cases, a certain amount of leak-off is desired, for example so that a tip

Response to Written Opinion
Int. A pp. No, PCT/IB2007/053664

Page 2 of 12.

Received at the EPO on Jul 18, 2008 20:51:05. Page 14 of 24



CA 02662483 2009-03-02
WO 2008/044158 PCT/IB2007/053664

screen-out occurs 1n fracturing, a condition in which the proppant forms a bridge,
preferably at or near the end of the fracture away from the wellbore, stopping the
lengthening of the fracture and resulting in a subsequent increase 1n the fracture width.
For example, hydraulic fracturing followed by gravel-packing in a single operation,
sometimes called a frac-pac, fracpac, frac pac, frac and pac, or StimPac, sometimes with a
deliberate tip screen-out to generate a short wide fracture, 1s usually performed 1n
relatively high permeability formations for sand-control purposes. However, such
operations are sometimes performed 1n low permeability formations, occasionally for sand
control, but also for other reasons, for example to bypass permeability damage near the
wellbore caused by scaling or to improve upon poor communication between the wellbore
and the formation or a previous fracture, or in formations in which perforating creates
damaging fines, or for other reasons. Such jobs designed to generate short wide fractures
may also be performed without subsequent gravel-packing when sand control 1s not an
1ssue. The methods of the present Invention can be used 1n any of these cases (fracturing
followed by gravel packing and/or fracturing for short wide fractures, in either case with

or without deliberate tip screen-out).

[0033] The acid used 1n the matrix acidizing and acid fracturing methods of this Invention
can be any acid used 1n acid fracturing, including gelled, self-diverting, and delayed acids.
Commonly used, but not limiting, acids are hydrochloric, hydrofluoric, fluoboric, acetic,
and formic acids and mixtures thereof, and those acids in the form of o1l external
emulsions (for reaction rate retardation), or o1l internal emulsions (for hydrocarbon
solvency). The acids can contain additives such as corrosion inhibitors and chelants used
to help dissolve rock components and keep them 1n solution. Gelled, selt-diverting, and
delayed acids can be gelled with suitable VES’s. Some internal breakers of the Invention
may not be compatible with acid, or with strong acid, and laboratory tests should be

performed to determine compatibility.

[0034] Although in conventional propped fracturing the most common way to control
fluid loss 1s to build an impermeable or reduced-permeability filtercake on the fracture
walls (faces), 1n acid fracturing, especially with a low viscosity ungelled acid, pad

viscosity 1s important for fluid loss control. On the other hand, 1f the acid 18 viscositied
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with a VES system, then 1f the VES has higher low-shear viscosity than high-shear
viscosity, which 1s common, then as the VES leaks off a short distance into the formation,
the flow rate decreases, the shear rate therefore decreases, and the fluid becomes more
viscous. Such effects can reduce low viscosity ungelled or weakly gelled acid leak-oft
better than a wallbuilding system that dissolves or decomposes 1n acid. In these cases, an
internal breaker would be particularly suitable in the pad. This allows acid treatment a
certain selected depth into the formation and the acid then performs the very desirable
function of diverting subsequent acid, after which 1t 1s particularly important that the VES
system then be broken, or flow of fluids will continue to be restricted. Similarly, some
internal breakers may be used with viscoelastic diverting acids, which are acids containing
certain viscoelastic surfactants, such that the fluid has low viscosity as formulated and
injected, but increases 1n viscosity as the acid reacts with the formation, such as a

carbonate. Examples of such viscoelastic diverting acid systems were described in U. S.
Patent Nos. 6,399,546, 6,667,280, and 7,028,775 and U. S. Patent Application No. 2003-
0119680.

[0035] Sometimes acid fracturing 1s performed with a series of alternating pad, acid, pad,
acid, etc. stages 1n order to optimize coverage. The first, usually but not always non-
acidic, pad initiates a fracture for the first acid stage to follow. That first acid stage etches
a portion of the fracture face. Subsequent stages of pad and acid repeat the process until
the designed treatment volumes have been injected and the desired fracture has been
created. In the past, this process has always used a gelled pad, such as one containing a
viscoelastic surfactant system, and has usually but not always used an ungelled acid. The
internal breaker of the Invention may be used 1n at least the first pad and sometimes 1n all
the pad stages, and 1n any gelled VES acid stages. Similarly, matrix acidizing may be
performed with alternating stages of acid and another fluid, such as a diverter, some or all
of which may be viscosified; the internal breaker of the Invention may be included 1n
some or all of either the acid or the other fluid to break a VES viscosifier. It should be
noted that the internal breakers of the Invention may be used for breaking foams and

energized fluids as well as straight fluids.

[0036] Proteins have been found to be particularly suitable internal breakers. Enzymes
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are a particularly useful type of protein for this purpose. Not to be limited by theory, but 1t
1s believed that the hydrophobic portions of proteins, for example enzymes, disrupt
micelles, such as the micelles that give structure (and therefore viscoelasticity) to
viscoelastic fluids made with viscoelastic surfactant systems. At room temperature,
proteins may be dissolved i water, where they may have globular or folded structures that
“hide” hydrophobic regions within a hydrophilic shell; this 1s the “natural” state in water.
In this form, they do not interfere with the micellar structure of the VES fluid. Upon
heating, however, the protein molecules de-nature and unfold to expose their hydrophobic
cores. This hydrophobic surtface acts to break the VES fluid. Such a process 1s supported
by numerous examples from the modern food industry in which proteins are heated to a
denaturing temperature to unfold molecules and expose hydrophobic regions. The rate at
which the protein molecules denature and break the fluid can be controlled by chemistry.
This makes this breaker type particularly attractive since controlled breaks can be
customized for applications; some added chemicals slow down the denaturing process.
Examples will be shown 1n which sugars were used to control the break time of a VES
fluid. There 1s no need to rupture an encapsulated material or add another component or
change the properties (other than temperature) of the fluid. This allows the breaker to be
used for a wide range of applications including gravel packing, matrix acidizing,
fracturing, and 1n foamed fluids. A suitable example of a protein molecule that works 1n
this way 1s alpha-amylase. In fresh water 1t 1s known to denature at temperatures near 200
°F (93.3 °C) to expose a hydrophobic core. Importantly, the protein 1s essentially inactive
as a breaker for VES fluids until the temperature increases to that at which the protein

denatures.

[0037] Recently egg white proteins have also been tested as breakers for VES fluids, and
have also been found effective as viscosity breakers. Denaturing a protein to expose a
surface of the protein molecule can allow for any number of interactions. In a related use
of proteins as VES breakers, numerous globular proteins, for example albumins such as
cgg albumin, milk albumin, blood serum albumin; casein, and wheat gluten, have large
internal hydrophobic cavities in which hydrophobic molecules can placed and thus can be
stored 1n aqueous solutions but not 1n contact with water. Such hydrophobic molecules,
for example long chain alcohols (for example having from about 8 to about 24 carbons),
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fatty acids (for example having from about 12 to about 24 carbons), fatty acid esters,
mono, d1 or triglicerides of fatty acids, long chain alcohol phosphate esters, diacid esters
(also known as dibasic esters) such as dimethyl butanedioate, dimethyl adipate, other
dibasic esters, aliphatic or aromatic hydrocarbons, and mixtures thercof, may be selected
because they are VES breakers. Such proteins may then be used as delayed breakers by
releasing the hydrophobic entity when the protein 1s denatured. In another use of enzymes
as delayed breakers, the enzymes may attack molecules such as d1 or triglycerides of fatty
acids, and phospholipids such as lecithin and cephalin, which then cleave into

hydrophobic pieces that are breakers for VES fluids.

[0038] Many proteins may be used 1n the Invention, provided that their secondary, tertiary
or quaternary structures can be altered (for example, denatured) by the conditions (for
example, pH, temperature, salinity, solvent, or pressure) that the VES fluid will
experience. A denatured protein 1s one which has lost 1ts functional conformation. Once
denatured, a protein loses most, 1f not all of its biological activity. It 1s 1n this non
biologically functional form, that the protemn may act as an effective breaker for VES
fluids. A protein may be denatured through various means including exposure to extremes
of heat, pH, salt concentration, denaturing agents like urea/guanidine chloride, and
exposure to certain detergents. The denatured proteins work as effective breakers for VES
fluids at various conditions and with varying degrees of delay, for example as a function
of the pH, temperature, salinity, pressure and molecular composition of the protein. Many
different proteins are effective: 1) Fibrous proteins such as the cytoskeletal proteins, for
example Tubulin, Actin, Keratin, and Myosin; and the extracellular matrix proteins, for
example Collagen, Elastin and Reelin; 1) Globular proteins such as the plasma proteins,
for example Albumin, and Serum Amyloid; and coagulation factors, for example Fibrin
and Thrombin; and hemoproteins, for example Hemoglobin and Myoglobin; and
hormones, for example Oxytocin and Insulin; and DNA-binding proteins, for example the
Histones; and immune system proteins for example Immunoglobins; 111) Catalytic

proteins, for example enzymes, may also be used 1n the Invention.

[0039] The Enzyme Commission number (EC number) 1s a well-known numerical

classification scheme for enzymes, developed by the International Union of Biochemistry
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and Molecular Biology; it 1s based on the chemical reactions the enzymes catalyze. As a
system of enzyme nomenclature, every EC number 1s associated with a recommended
name for the respective enzyme. Every enzyme code consists of the letters "EC" followed
by four numbers separated by periods. Those numbers represent a progressively finer
classification of the enzyme. The main types of enzymes that may be used 1n the present
Invention are those 1n groups EC-1 through EC-6. These groups are: EC
1:Ox1doreductases such as Dehydrogenases, Oxidases, Luciferases, and Reductases; EC 2:
Transferases such as Transaminases, and Kinases; EC 3: Hydrolases such as Lipases,
Amylases, Peptidases, and Glucosidases; EC 4: Lyases; EC 5: Isomerases; and EC 6:
Ligases. Strictly speaking, these EC numbers do not specify enzymes, but enzyme-
catalyzed reactions. When different enzymes (for instance from different organisms)
catalyze the same reaction, then they receive the same EC number. We intend that the
above list of EC numbers represents all of the enzymes that fall within the indicated

classes and that catalyze the indicated reactions.

[0040] To delay the break, enzymes and proteins may be encapsulated 1n, for example,
fatty acids, polyvinyl alcohol, synthetic resins such as epoxy resins, phenolic resins,
acrylate polymers and copolymers, and polylactic acid and polyglycolic acid polymers and
copolymers. The solubility and/or the porosity of the coating dictate the time dependent
release of the enzyme. The coating 1s used to delay the release of the enzyme. The
coating thickness and type are chosen as a function of the conditions (temperature,
pressure, pH and required time delay) for the application of the fluid 1n the oilfield. The
enzyme may be released by diffusion through the coating prior to its complete dissolution,
or may be released after dissolution, depending upon the effective radius of the enzyme

and the changing porosity of the coating the during dissolution process.

[0041] The internal breakers of the Invention may be added to a wellbore fluid by
metering them 1n to the base water fluid as a concentrated liquid. If the material 1s
received as an emulsion or dispersion, 1t can be stored 1n that form and used 1n that form
directly. If 1t 1s received 1in dry form (for example as a solid dispersible powder of fine

polymer beads or as a dry emulsion) the particles can be pre-dispersed in water or brine as
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required and metered in as a liquid stream, or alternatively they may be added as solids to

the base fluid stream.

[0042] The internal breakers of the Invention may also be used 1n other industries such as

household and industrial cleaning.

[0043] A particular advantage of many the internal breakers of the Invention 1s that they
and their degradation products are generally not toxic to humans and aquatic animals and

arc they are typically biodegradable.

[0044] The reactivity of a given internal breaker at a particular temperature and 1n contact
with a viscosified fluid or fluids of a particular composition (for example pH and the
concentration and nature of other components, especially electrolytes), 1s readily
determined by a simple experiment: exposing the fluid or fluids to the internal breaker

under treatment conditions and monitoring the viscosity.

[0045] Although the internal breakers of this Invention may be used with VES’s made
with any type of surfactant, or mixtures of surfactants, with or without one or more co-
surfactants, and with or without other additives intended to stabilize or modify the
properties of the micelles or vesicles (such as buffers, shear recovery additives, salts, and
rheology boosters). Preferred VES’s are cationic, anionic, amphoteric, and zwitterionic.
Suitable VES’s, for example, are described in the following U. S. Patent Nos. 5,964,295;
5,979,557; 6,306,800; 6,637,517 and 6,258,859. The viscoelastic surfactant may be, for
example, of the following formulae: R-Z, where R 1s the hydrophobic tail of the
surfactant, which 1s a fully or partially saturated, linear or branched hydrocarbon chain of
at lecast 14 carbon atoms and Z 1s the head group of the surfactant which may be for
example -NR;RyR3", -SO3", —COO" or, in the case where the surfactant is zwitterionic, —
N (R)(R2)R3-COO™ where Ry, R, and Rj are each independently hydrogen or a fully or
partially saturated, linear or branched, aliphatic chain of at least one carbon atom; and

where R or R, may comprise a hydroxyl terminal group.

[0046] Cleavable viscoelastic surfactants, for example of the following formula, may be
used, as disclosed in International Patent Application W0O02/064945: R-X-Y-Z, where R
1s the hydrophobic tail of the surfactant, which 1s a fully or partially saturated, linear or
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branched hydrocarbon chain of at least 18 carbon atoms, X 1s the cleavable or degradable
oroup of the surfactant which 1s an acetal, amide, ether or ester bond, Y 1s a spacer group
which 1s a short saturated or partially saturated hydrocarbon chain of » carbon atoms
where 7 1s at least equal to 1, preferably 2 and, when 7 1s equal to or greater than 3, the
chain may be a straight or branched saturated or partially saturated chain, and Z 1s the
head group of the surfactant which can NR;RyR3", -SO3-, -COO’ or, in the case where the
surfactant is zwitterionic, —N (R;RyR3-COO") where R1, R2 and R3 are each
independently hydrogen or a fully or partially saturated, linear or branched, aliphatic chain
of at least one carbon atom, possibly comprising a hydroxyl terminal group. Due to the
presence of the cleavable or degradable group, cleavable surfactants are able to degrade

under downhole conditions.

[0047] A nonlimiting example of a suitable cationic viscoelastic surfactant useful for the
implementation of the Invention 18 N-erucyl-N,N-bis(2-hydroxyethyl)-N-methyl
ammonium chloride. Nonlimiting examples of some suitable anionic wviscoelastic
surfactants useful for the implementation of the Invention are monocarboxylates RCOO"
such as oleate where R 1s Ci7H33 or di- or oligomeric carboxylates such as those disclosed

in International Patent Application WO 02/11874.

[0048] The protein breakers and methods of this Invention have been found to be
particularly useful breakers when used with several types of zwitterionic surfactants. In

general, suitable zwitterionic surfactants have the formula:
RCONH-~(CH,)y(CH2CH0)(CH,)p-N (CH3)2-(CHa )y (CH2CH20) y(CHz )iy COOT

in which R 1s an alkyl group that contains from about 11 to about 23 carbon atoms which
may be branched or straight chained and which may be saturated or unsaturated; a, b, a’,
and b’ are each from 0 to 10 and m and m’ are each from O to 13; a and b are each 1 or 2 1f
m 15 not 0 and (a + b) 1s from 2 to about 10 1f m 1s 0; a’ and b’ are each 1 or 2 when m’ 1s

not 0 and (a’ + b’) 1s from 1 to about 5 if m 1s 0; (m + m’) 1s from 0 to about 14; and
CH»CH»O may also be oriented as OCH,»,CH,. Preferred surfactants are betaines and

amidoamine oxides.
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[0049] Two cxamples of betaines are oleylamidopropyl dimethyl betaine and
crucylamidopropyl dimethyl betaine. Oleylamidopropyl dimethyl betaine contains an

oleyl acid amide group (including a C;7H33 alkene tail group); erucylamidopropyl

dimethyl betaine contains an erucic acid amide group (having a Co Hy4 tail group).

Betaine surfactants, and others that are suitable, are described in U. S. Patent No.

0,258,859.

[0050] Although the Invention has been described throughout using the term “VES”, or
“viscoelastic surfactant” to describe the non-polymeric viscosified aqueous fluid, any non-
polymeric material may be used to viscosify the aqueous fluid provided that the
requirements described herein for such a fluid are met, for example the required viscosity,
stability, compatibility, and lack of damage to the wellbore, formation or fracture face.
Examples, without regard to whether they form, or are described as forming, vesicles or

viscoelastic fluids, include, but are not limited to, those viscosifiers described in U. S.

Patent No. 6,035,936 and 1n GB application No. 2,366,307A.

[0051] Also optionally, fracturing fluids may contain materials designed to assist in
proppant transport and/or to limit proppant flowback after the fracturing operation is
complete by forming a porous pack in the fracture zone. Such materials can be any known
in the art, such as are available from Schlumberger under the tradename PropNET™ (for

example see U.S. Patent No. 5,501,275). Exemplary proppant flowback inhibitors include
fibers or platelets of novoloid or novoloid-type polymers (U. S. Patent No. 5,782,300).

[0052] The choice and concentration of internal breaker and associated additives
(appropriate delay agents or accelerating agents) 18 based primarily on the desired time
betfore the delayed break, which will depend upon the choice and concentration of VES
and the temperature, and upon the size of the job, the nature of the job, and other factors
known to those of ordinary skill in the art. Suitable choices and concentrations may be
determined by simple laboratory experiments, for example by mixing all the components,
heating to the job temperature, and monitormg the wviscosity. A requirement 18
compatibility of the water with the VES system and the internal breaker (protein breakers
may be salinity and pH sensitive). The system comprising an internal breaker also works

with VES systems that contain co-surfactants or other additives commonly included in
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oilfield treatment fluids. Again, a requirement 18 compatibility of the internal breaker, the
VES system, and the other components. The fluid containing an internal breaker may be

batch-mixed or mixed on-the-fly.

[0053] Any additives normally used in such treatments may be included, again provided
that they are compatible with the other components and the desired results of the
treatment. Such additives can include, but are not limited to anti-oxidants, corrosion
inhibitors, delay agents, biocides, buffers, fluid loss additives, etc. The wellbores treated
can be vertical, deviated or horizontal. They can be completed with casing and

perforations or open hole.

[0054] In gravel packing, or combined fracturing and gravel packing, 1t 1s within the scope
of the Invention to apply the compositions and methods of the Invention to treatments that
arc done with or without a screen. Although treatments are normally done to promote
hydrocarbon production, 1t 1s within the scope of the Invention to use the compositions
and methods of the Invention 1 wells intended for the production of other fluids such as
carbon dioxide, water or brine, or 1n 1njection wells. Although we have described the
Invention 1n terms of unfoamed fluids, fluids foamed or energized (for example with
nitrogen or carbon dioxide or mixtures thercof) may be used. Adjustment of the
appropriate concentrations due to any changes 1n the fluid properties (or other parameters,

such as proppant concentration) consequent to foaming would be made.

[005S] Examples

[0056] Enzvmes An cxample of a suitable protein molecule 1s alpha-amylase;
experiments demonstrate that alpha-amylase progressively breaks a VES fluid. The VES
fluid system investigated was made with 6% of a viscoelastic surfactant concentrate
containing about 38 weight % erucylamidopropyl dimethyl betaine surfactant, 1.1 weight
% polynaphthalene sulfonate, 22 weight % 1sopropanol, 5 weight % sodium chloride and
the remainder water. As shown 1n Figure 1 at 150 °F (65.6 °C), Figure 2 at 200 °F (93.3
°C), and Figure 3 at 250 °F (121 °C), VES {fluids containing this protein molecule
progressively lost viscosity with time at temperature. At the lowest temperature, there was
no break, and in fact the VES appeared to have been slightly stabilized; at the intermediate

temperature, the break was slow and incomplete; at the highest temperature, the break was
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Amended sheets for page 18
fast, and was complete by the t'ime";he fluid had reached the test tempefahn'e. The protein was 'aclded
as 11 weight % of a mixture containing 8 weight % d-sorbitol, 18 % sodium chloride, 72 % water, and
1.4 - 1.5 % 1,4-alpha-d-glucan glucanohydrolase. Laboratory work with the addition of only the

- other ingredients in the mixture to the fluid did not shoﬂv any such break effect, confirming that the
protein molecule was causing the break. Also, it should be noted that “natural” alpha amylase, which
1s an cnzyme for starch hydrolyss, has no cnzymauc activity for betamc surfactants. In fact,
laboratory testing further showed that when the protein was denatured separately from the surfactant
and then the two components were combmed, the denatured enzyme stjll broke the fluid.

[0057] Flgure 4 shows experiments in which the same VES fluid and varying amounts of the same
' enzyme concentrate as were used in the experiments just described, were heated ar 200 °F (93.3 °C) in
a Fann 50 theometer while the viscosity was monitored, It can be seen that with from 5 to 9 weight %
of the enzyme concentrate (the rmddle three overlapping curves), there was a very slow break; with 11
“s of the enzyme concentrate (the lowest curve), there Was a slow and Stcady break that took ab_ontS 10

4 hours. Without enzyme (the upper curve), there was no break.

- [0058] Figure 5 shows exémMents.w'ith added sugers to delay the break. These experiments were
done with the same VES fluid as above, and 11 weight % of the same enzyme conccnﬁ'hte, at 200 °F
(93.3.°C). Results with no add,ed‘ sugar are shown as the top“cur‘ve. It can be seen that 1 weight %
added sucrose ’slowcd.. the break (the curve slightly below the top curve at short times and -
corresponding to the top curve at longer times); 1 weight % added d-fructose slpﬁfed the break a little
more (the third curve up from the bottom); 1 % added d-sorbitol slowed the break even more (the '.
second curve up from the bottom); and 2 % added‘d—so;bito‘l slowed the break the most (the lowest
curve). With the added d-sorbitol; the fluid was almost unbroken aﬁer over 7 hours. '

~ [0059) Egg White The same VES systein was used as in the examples .,above. The protein used was
 dried égg whites -obtajned as Deb-EI™ 100% Drieﬂ Egg Whites from Deb-El Food Products,

- Elizabeth, NI U.S. A.. In a first set of expetiments, 1 weight “a dried egg whites was added to the
" VESfluid and heated to a pre-selécted temperature in a Fann 5 0 Rheometer, At temperatures of 32.2,

37 8,433, and 48.9 °C (90 100, 110, and 120 °F) there was no affect Typical results are shown in

Res onse o Wntten Opinion
" Int. App No. PCT/IBEOO?/053664

" Page 3 of 12
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Figure 6 for 32.2 °C (90 °F). Figure 7 shows the results with ] weight % dried egg whites at 54,4 °C
(130 °F); it can be seen that there was a very gradual break, Figure 8 shows the results with 0.5 weight
% dried egg whites at 65.6 °C (150 °F); it can be seen that after a delay of a little over 1 hour after the

Response to Written Opinion

Int. App. No. PCT/IB2007/053664
Page40f12 -
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system reached temperature, a break began that was faster than that shown in Figure 7.
Figure 9 shows the results with 0.5 weight % dried egg whites at 71.1 °C (160 °F); 1t can
be seen that the fluid was nearly completely broken by the time the system reached
temperature. The same can be seen 1n Figure 10 for a system with 0.5 weight % dried egg
whites at 76.7 °C (170 °F). Not shown 1s that at 93.3 °C (200 °F) with 1 weight % cgg

whites the fluid was completely broken betfore the intended temperature was reached.
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1, A method of treating a subterranean formation penetrated by a wellbore eotn]:lrising a)
injecting into the formation a fluid comprxsing a non-polymeric viscosifier that acts by
'creatlng a three dlmensmnal structure i the fluid, and a breaker comprising a protel n,
and b) allowing said protein to denature and disrupt said structure, wherein said
protein is selected from the group conslsting of ﬂbrous protems and globular proteins

2. The method of claim 1 ‘wherein said fibrous prOtems are selected from the group
conmsnng of cytoskeletal proteins and exu'acellular matrix proteins.

3. The method of claim 1 wherem said globular proteins are selected from the group
consnstmg of plasma protems, coagulation factors, hemopmtems hormones, DNA-
binding proteins, and immune system proteins. | |

4, The method of claim 1  wherein said 'nOn-polymeric' viscosifier. comprises a

- viscoelastic surfactant. | |

5. The method of claim 4 wherein said viscoelastic surfactant is selected from a betaine

~ and an amidoamine oxide. | |

':'6. The method of cla[m 1 wherem said proteln eompnses egg whlte

1. The methad of claun 6 wherein sand ﬂI.Ild further comprises a sugar or sugar alcehdl

8. The method of claim 7 wherein sald sugar or sugar alcohol is selected ﬁ'om sucrose,'
d-fructose, and d—sorbltol
9. The method of claim 1 wherein said step of allowing seid protein to disrupt said
structure is delayed by enclosiﬁg said protein in a member selected from the group
consnstmg of fatty acids, polyvlnyl alcohols, synthetxc resms, phenolic resms, acrylate -

polymers and copolymers, |actic acid and glycolic acid polymers and c0polymers and

mixtures thereof,

10. A method of treating a subterranean form‘atioﬁ, penetrated by. a wellbore comprising a) |
iﬁjecting into the formation an aqueous fluid compris_ing a non-polymeric viscosifier
that acts by creating a three dimensional structure in the fluid, and a globular proteiﬂ,
and b) allowing said protein to denature and release a breaker for said viscosifier.

11. The method of claitn 10 whetcht said globular protein is selected from albumins,

caseing, and glutens.
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'12. The method of claim 10 wherein said breaker is selected from the group consisting of
~ long chain alcohols fatty acids, fatty acid esters, ruono di or triglicerides of fatty
acids, long chain alcohol phosphate esters, diacid esters, ahphatxc hydrocarbons,
aromano hydroearbons, and mixtures thereof '

13, A method of treating a subterranean formation penetrated by a wellbore comprising a)
injecting into the formation an aqueous fluid compnsmg a non-polymerlc wsooszﬁer ‘
that acts by creating 8 three dimensional structure in the fluid, and a breaker
eomprlsmg an enzyme having a seeondary. tertlary or quaternary structure which can-
“be altered by a condition that the fluid will experlence in the wellbore, and b). |
allowmg said enzyme to denature and disrupt Sald structure

14, The method of elatm 13 wherem smd enzyme 18 selected from the group conmtmg of
. oxtdoreductases u'ansferases hydrolases Iyeses, xsomerases, and ligases.

' 15. The methocl of claun 13 wherem sald enzyme comprlses alpha-amylase

16 The method of claun 13 wherem sald eondmon is selected from the group conswtmg
of pH, temperature sahmty, solvent or pressure.

17. The method of claun 13 wherem said fluxd fm'ther eompnses a sugar or sugar alcohol

18, The method of elaun 17 wherem satd sugar or sugar aleohol Is selected from sucrose, ;

d-ﬁ'uctose and d*SOI'bltOl

- 19. The tnethod of clalm 13 wherem sald step of allowmg satd enzyme 10 disrupt said
struoture 19 delayed by enclosing said enzyme in a member selected from the group
L consmmg of fatty acids, polyvmyl alcohols, synthetlc resms, phenohc resins, acrylate
polymers and eopolymers, lacttc acld and glycohe aeld polymers and copolymers, and
- mixtures thereof | - |
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