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STA It has been discovered that fracturing ?uid breaker mecha 
nisms are improved by the inclusion of a polyol alone that 

HOUSTON’ TX 77057 (Us) directly degrades the polysaccharide backbone, and option 
. _ ally additionally by removing the crosslinking ion, if 

(73) Asslgnee' Baker Hughes Incorporated present. That is, viscosity reduction (breaking) occurs by 
breaking doWn the chemical bonds Within the backbone 21 A l. N .: 11/604 588 

( ) pp 0 ’ directly, rather than by merely removing the crosslinking 
(22) Filed: N0“ 27, 2006 ion, if presert. The gel does not have to be crosslinked for the 

method of the invention to be successful, although it may be 
Related U_s_ Application Data crosslinked. In one non-limiting embodiment, the polyol has 

at least tWo hydroxyl groups on adjacent carbon atoms. In 
(60) Division of application No, 10/627,091, ?led on Jul' another embodiment, the polyols are monosaccharides such 

25, 2003, noW Pat. No. 7,160,842, Which is a con 
tinuation-in-part of application No. 09/900,343, ?led 
on Jul. 3, 2001, noW Pat. No. 6,617,285. 

as glycerols and sugar alcohols, and may include mannitol, 
sorbitol, glucose, fructose, galactose, mannose, lactose, mal 
tose, allose, etc. and mixtures thereof. 
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POLYOLS FOR BREAKING OF FRACTURING 
FLUID 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of US. patent 
application Ser. No. 10/627,091 ?led Jul. 25, 2003, Which is 
a continuation-in-part of US. patent application Ser. No. 
09/900,343 ?led Jul. 3, 2001, issued Sep. 9, 2003 as US. 
Pat. No. 6,617,285 B2. 

FIELD OF THE INVENTION 

[0002] The present invention relates to gelled treatment 
?uids used during hydrocarbon recovery operations, and 
more particularly relates, in one embodiment, to methods of 
“breaking” or reducing the viscosity of treatment ?uids 
containing gelling agents used during hydrocarbon recovery 
operations. 

BACKGROUND OF THE INVENTION 

[0003] Hydraulic fracturing is a method of using pump 
rate and hydraulic pressure to fracture or crack a subterra 
nean formation. Once the crack or cracks are made, high 
permeability proppant, relative to the formation permeabil 
ity, is pumped into the fracture to prop open the crack. When 
the applied pump rates and pressures are reduced or 
removed from the formation, the crack or fracture cannot 
close or heal completely because the high permeability 
proppant keeps the crack open. The propped crack or 
fracture provides a high permeability path connecting the 
producing Wellbore to a larger formation area to enhance the 
production of hydrocarbons. 

[0004] The development of suitable fracturing ?uids is a 
complex art because the ?uids must simultaneously meet a 
number of conditions. For example, they must be stable at 
high temperatures and/or high pump rates and shear rates 
that can cause the ?uids to degrade and prematurely settle 
out the proppant before the fracturing operation is complete. 
Various ?uids have been developed, but most commercially 
used fracturing ?uids are aqueous based liquids that have 
either been gelled or foamed. When the ?uids are gelled, 
typically a polymeric gelling agent, such as a solvatable 
polysaccharide is used. The thickened or gelled ?uid helps 
keep the proppants Within the ?uid. Gelling can be accom 
plished or improved by the use of crosslinking agents or 
crosslinkers that promote crosslinking of the polymers 
together, thereby increasing the viscosity of the ?uid. 

[0005] The recovery of fracturing ?uids may be accom 
plished by reducing the viscosity of the ?uid to a loW value 
so that it may ?oW naturally from the formation under the 
in?uence of formation ?uids. Crosslinked gels generally 
require viscosity breakers to be injected to reduce the 
viscosity or “break” the gel. Enzymes, oxidizers, and acids 
are knoWn polymer viscosity breakers. Enzymes are effec 
tive Within a pH range, typically a 2.0 to 10.0 range, With 
increasing activity as the pH is loWered toWards neutral from 
a pH of 10.0. Most conventional borate crosslinked fractur 
ing ?uids and breakers are designed from a ?xed high 
crosslinked ?uid pH value at ambient temperature and/or 
reservoir temperature. Optimizing the pH for a borate 
crosslinked gel is important to achieve proper crosslink 
stability and controlled enzyme breaker activity. One disad 
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vantage of enzyme breakers is that they tend to be relatively 
expensive. Oxidizer breakers are relatively less expensive, 
but can be dangerous if not handled properly, and further 
have a technical gap of not being useful betWeen about 160 
to about 230(about 71 to about 110° C.). 

[0006] It Would be desirable if a viscosity breaking system 
could be devised to break fracturing ?uids gelled With borate 
crosslinked polymers by directly breaking doWn the 
polysaccharide backbone, Whether or not the backbone is 
crosslinked. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, it is an object of the present invention 
to provide a method for breaking the viscosity of polymer 
gelled aqueous treatment ?uids used in hydrocarbon recov 
ery operations. 

[0008] It is another object of the present invention to 
provide a composition and method for breaking polysaccha 
ride gelled aqueous ?uids by breaking doWn the polysac 
charide backbone directly. 

[0009] Still another object of the invention is to provide a 
method and composition for breaking the viscosity of aque 
ous ?uids gelled With polymers that can provide better clean 
up of the crosslinked polymer. 

[0010] In carrying out these and other objects of the 
invention, there is provided, in one embodiment of the 
invention a method for breaking viscosity of aqueous ?uids 
gelled With polysaccharides that involves adding to an 
aqueous ?uid gelled With at least one polysaccharide, at least 
one loW molecular Weight polyol; and then subjecting the 
polymer and the polyol to heat for an effective period of time 
and Where the concentration of the polyol is effective to 
break doWn the polymer backbone directly. 

[0011] In other non-limiting embodiments of the inven 
tion, the methods and compositions for breaking the viscos 
ity of aqueous ?uids gelled With polysaccharides do not 
require loWering the pH of the ?uid, and further do not 
require removing or sequestering any crosslinking ions, 
particularly any borate or other ions. In another non-limiting 
embodiment of the invention, the methods and compositions 
do not require the use of an enzyme. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a graph of the effects of mannitol on 
ND3OFW at 1750 F. (790 C.); 

[0013] FIG. 2 is a graph of the effects of sorbitol on 
ND3OFW at 175° F. (79° C.); 

[0014] FIG. 3 is a graph of the effects an enzyme breaker 
Spezyme FRED With mannitol on ND30FW at 175° F. (79° 

C.); 
[0015] FIG. 4 is a graph of an enzyme breaker Spezyme 
FRED With sorbitol on ND30FW at 175° F. (79° C.); 

[0016] FIG. 5 is a graph of an enzyme breaker GAMMA 
NASE 1.0 L With sorbitol on ND30FW at 175° F. (79° C.); 

[0017] FIG. 6 is a graph of viscosity as a function of time 
for B9 Emerald FRAQ 30 breaker tests at 200° F. (93° C.) 
using various polyols; 
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[0018] FIG. 7 is a graph ofviscosity as a function of time 
for B9 Emerald FRAQ 30 With ADM 62/43 polyol breaker 
in various concentrations at 150° F. (66° C.); 

[0019] FIG. 8 is a graph ofviscosity as a function of time 
for B9 Emerald FRAQ 30 With ADM 62/43 polyol breaker 
tests in two different concentrations at 125° F. (57° C.); 

[0020] FIG. 9 is a graph ofviscosity as a function of time 
for borate crosslinked guar using alkyl glucoside polyol 
breaker in various concentrations at 200° F. (930° C.); 

[0021] FIG. 10 is a chart of polyol ?uid pH for 30 pptg 
borate crosslinked guar ?uid using various polyols at 2.0 
pptg after 16 hours at 200° F. (93° C.) measured at 75°F. (24° 
C.); 

[0022] FIG. 11 is a graph ofviscosity as a function oftime 
shoWing hoW 30 pptg borate crosslinked guar can be broken 
by encapsulated lactose at two different concentrations; 

[0023] FIG. 12 is a graph ofviscosity as a function oftime 
shoWing hoW some chemicals negatively in?uence polyol 
breaking process With borate crosslinked guar; 

[0024] FIG. 13 is a graph ofviscosity as a function oftime 
shoWing hoW amine compounds can sloW or enhance the 
polyol breaking activity; and 

[0025] FIG. 14 is a graph ofviscosity as a function oftime 
shoWing hoW glucose breaking activity can be in?uenced by 
the type of pH bu?ers used Within a polysaccharide ?uid 
system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] A unique fracturing ?uid breaker mechanism in 
Which the fracturing ?uid’s viscosity is reduced (or is 
“broken”) by use of polyols has been discovered. It is not 
necessary, and in some cases not desirable, for oxidizer or 
enZyme breakers to also be present in the methods of this 
invention. In the context of this invention, polymer degra 
dation is dependent primarily on the type and amount of 
polyol, the ?uid pH and ?uid temperature. Other physical 
and chemical conditions also have a role in the breaking 
activity of the polyols on polysaccharide gelled ?uids, 
including Whether the polymer ?uid is crosslinked (has a 
three dimensional structure), and Whether there are present 
glycols, alcohols, amino acids, and the like, and in What 
proportion these other components are present and mixtures 
thereof. 

[0027] The polyols of this invention are de?ned in one 
non-limiting embodiment as polyols having at least one 
hydroxyl group on tWo adjacent carbon atoms. The adjacent 
carbon atoms may have more than one hydroxyl group, and 
the polyol may have more that tWo adjacent carbon atoms, 
each having at least one hydroxyl group. In another embodi 
ment of the invention, the polyols are monosaccharides, 
Which are glycerols (trihydric monosaccharides having three 
hydroxyl groups) and sugar alcohols (having more than 
three hydroxyl groups) and oligosaccharides. In another 
embodiment of the invention, the polyols may have one of 
the folloWing formulae: 
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(I) 
CHZOH 

(cHoH)n 
| 
CHZOH 

(H) 
HC=O 

(cHoH)n 
| 
CHZOH 

(III) 
CHZOH 

c=o 

(cHoH)n 

CHZOH 

Where n is from 2 to 5, and the hydroxyls may be in the cis 
or trans orientation. In another embodiment of the invention, 
the polyols are acids, acid salts, fatty acids (alkyl glyco 
sides), and alcohol, alkyl and amine derivatives (glycosy 
lamines) of monosaccharides and oligosaccharides. Speci?c 
examples of polyols falling Within these de?nitions include, 
but are not necessarily limited to, mannitol (manna sugar, 
mannite), sorbitol (D-sorbite, hexahydric alcohol), xylitol, 
glycerol, glucose, (dextrose, grape sugar, corn sugar), fruc 
tose (fruit sugar, levulose), maltose, lactose, tagatose, psi 
cose, galactose, xylose (Wood sugar), allose ([3-D-allopyra 
nose), ribose, arabinose, rhamnose, mannose, altrose, 
ribopyranose, arabinopyranose, glucopyranose, gulopyra 
nose, galatopyranose, psicopyranose, allofuranose, gulo 
furanose, galatofuranose, glucosamine, chondrosamine, 
galactosamine, ethyl-hexo glucoside, methyl-hexo gluco 
side, aldaric acid, sodium aldarate, glucaric acid, sodium 
glucarate, gluconic acid, sodium gluconate, glucoheptonic 
acid, sodium glucoheptonate, and mixtures thereof. In one 
non-limiting embodiment of the invention, the molecular 
Weight of the simple polyols may range from about 65 to 
about 500, Where an alternate embodiment for the molecular 
Weight ranges from about 90 to about 350. Useful oligosac 
charides may have molecular Weights ranging from about 
450 to about 5000 in one non-limiting embodiment, With 
most ranging from about 480 to about 1000 in another 
non-limiting embodiment. 
[0028] In one non-limiting embodiment of the invention, 
the useful loW molecular Weight polyols of the invention 
have an absence of non-reducing sugars. In another non 
limiting embodiment, the useful loW molecular Weight poly 
ols have an absence of non-reducing disaccharides and 
non-reducing trisaccharides. The de?nition of “non-reduc 
ing” is the same as that given in Us. Pat. No. 4,946,604, 
incorporated by reference herein. In another non-limiting 
embodiment of the invention, non-reducing sugars are 
acetals and ketals having the structural element: 

(1V) 
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[0029] It Will be appreciated that derivatives of these 
relatively simple plyols Will also ?nd use in the inventive 
methods and compositions. Suitable derivatives include, but 
are not necessarily limited to, acid, acid salt, alcohol, alkyl, 
and amine derivatives of these saccharides, and mixtures of 
polyols and/or the derivatives thereof. Speci?c examples of 
suitable derivatives include, but are not necessarily limited 
to, alkyl glucosides, alkyl polyglucosides, alkyl glucosa 
mides, alkyl glucosamines, alkyl sorbitans, alkyl sorbitols, 
alkyl glucopyranosides, alkyl maltosides, alkyl glycerols 
and mixtures thereof. 

[0030] The use of simple sugars, acid sugars, acid sugar 
salts, alcohol sugars, alkyl glycosides, and glycosylamines 
to complex or chelate borate ions of the gelled polysaccha 
rides loWers the pH of the borate crosslinked ?uid and thus 
its viscosity. The loWering of the ?uid’s pH Will also alloW 
enZyme breaker activity to increase for faster fracturing ?uid 
breaks. In fact, it has been surprisingly discovered that the 
use of the polyols together With enZymes gives synergisti 
cally better results than When a polyol or an enZyme are used 
separately or than Would be expected if the effects of these 
components Were merely added separately. 

[0031] In the optional case Where enzymes are used, the 
use of the chemical technology of this invention Will alloW 
enZymes to Work at a faster rate over time. It Will alloW the 
use of loWer amounts of enZyme to break the ?uid, resulting 
in cost savings to the Well operator. It Will also permit the use 
of enzyme breakers at loWer reservoir temperatures in the 
borate crosslinked ?uids as compared With What has been 
the practice or ability of oil?eld service companies up to this 
time for borate crosslinked ?uids. 

[0032] While some polyols have been used previously to 
delay the gellation of fracturing ?uids, it is believed that the 
use of these polyols to break the gel of the fracturing ?uid 
by controlling the type and amount of polyol, particularly 
When used in conjunction With enZymes, is novel. The 
method of the invention involves controlled gel breaking, 
and can be achieved by using the polyol alone, or together 
With an enZyme breaker. In the embodiment Where the 
enZyme is also used, the method and composition of the 
invention differ from that used previously by the mechanism 
employed to loWer the borate-crosslinked fracturing ?uid’s 
pH to activate and/ or accelerate the enZyme’s breaking 
activity on the gel. Further, the amounts of polyols used in 
the method of this invention are loWer than those used in the 
prior art Where some of such polyols are used to delay 
gelling in the ?rst place. In non-limiting embodiments, the 
amounts of polyols used in the methods of this invention 
may be up to one-tWentieth (1/20) as loW as What has been 
previously used. Further, the use of the polyols of this 
invention permit the breaking of gels over a Wider tempera 
ture range than is possible With some prior art methods. The 
polyols of this invention may be used With enZymes up to 
about 230° F. (110° C.), in another non-limiting embodiment 
of this invention the polyols may be used in the range of 
from about 160 to about 230° F. (about 71 to about 110° C.). 

[0033] Once the pH starts to be loWered through the 
prescribed mechanism of liberating the borate ions from the 
gel by the polyols, breaking (viscosity reduction) occurs by 
uncrosslinking of the fracturing ?uid, and by liberating the 
crosslinking ion, e.g. borate as Well, if present. In general, 
the loWer that the pH shifts through the use of a borate ion 
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sequestering product, the more effective and complete the 
above-listed breaking mechanisms can be. In other Words, 
because more than one mechanism is used in some cases, a 
more complete break may be obtained. Complete borate 
uncrosslinking and up to 80 to near-100 percent backbone 
reduction (polysaccharide chain degradation) can be 
achieved With the selection and proper use of a polyol 
breaker. 

[0034] It Will be appreciated that breaking of the gel by 
reducing the pH of the ?uid and removing at least a portion 
of the borate ion (if present) from the crosslinked polymer 
and attacking the polysaccharide backbone directly do not 
happen instantaneously or When the polyol is added to the 
?uid, nor should it. Rather, these mechanisms act over time 
or eventually. This time delay is necessary to complete the 
fracturing portion of the operation and the optional setting of 
the proppant. The time delay Will also vary depending on the 
particular requirements of each individual fracturing job and 
cannot be speci?ed in advance. 

[0035] A value of the invention is that a fracturing ?uid 
can be designed to have enhanced breaking characteristics. 
Importantly, better clean-up of the crosslinked polymer from 
the fracture and Wellbore can be achieved thereby. Better 
clean-up of the crosslinked polymer directly in?uences the 
success of the fracture treatment, Which is an enhancement 
of the Well’s hydrocarbon productivity. 

[0036] Most conventional borate crosslinked fracturing 
?uids and breakers are designed from a ?xed crosslinked 
?uid pH value at ambient and/ or reservoir temperature. By 
having products that can loWer the pH of the fracturing ?uid 
at reservoir temperature, such as the materials of the inven 
tion, the breaking of the ?uid can be enhanced beyond 
existing conventional materials or methods for fracturing. 
Uncrosslinking of the gel, more effective use of the enZyme 
breaker, and higher enZyme concentration can be used. The 
result is more enhanced breaking of the fracturing ?uid over 
conventional materials and methods, Which gives better 
clean-up of the crosslinked polymer from the fracture and 
Wellbore. 

[0037] One advantage of the polyol breakers of this inven 
tion is that they have little, if any toxicity or environmental 
concerns, and thus, are safer to ship, handle and use as 
compared With some alternative breakers. The polyol break 
ers of this invention have another advantage of being 
relatively less expensive than conventional enZyme break 
ers. OxidiZer breakers are also relatively inexpensive, but 
they have a technical gap of not being useful from about 160 
to about 230° F. (about 71 to about 110° C.). 

[0038] In order to practice the method of the invention, an 
aqueous fracturing ?uid is ?rst prepared by blending a 
hydratable polymer into an aqueous ?uid. The aqueous ?uid 
could be, for example, Water, brine, aqueous based foams or 
Water-alcohol mixtures. Any suitable mixing apparatus may 
be used for this procedure. In the case of batch mixing, the 
hydratable polymer and the aqueous ?uid are blended for a 
period of time su?icient to form a hydrated solution. The 
hydratable polymer that is useful in the present invention 
can be any of the hydratable polysaccharides having galac 
tose or mannose monomer units and are familiar to those in 

the Well service industry. These polysaccharides are capable 
of gelling in the presence of a crosslinking agent to form a 
gelled base ?uid. For instance, suitable hydratable polysac 
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charides are the galactomannan gums, guars and derivatized 
guars. Speci?c examples are guar gum and guar gum deriva 
tives. The preferred gelling agents are guar gum, hydrox 
ypropyl guar and carboxy-methyl hydroxypropyl guar. The 
mo st preferred hydratable polymers for the present invention 
are guar gum and carboxymethyl hydroxypropyl guar and 
hydroxypropyl guar. 

[0039] The amount of polysaccharide included in the 
fracturing ?uid is not particularly critical so long as the 
viscosity of the ?uid is su?iciently high to keep the proppant 
particles suspended therein during the ?uid injecting step. 
Thus, depending on the application, the hydratable polymer 
is added to the aqueous ?uid in concentrations ranging from 
about 15 to 60 pounds per thousand gallons (pptg) by 
volume of the total aqueous ?uid (1.8 to 7.2 kg/m3). The 
most preferred range for the present invention is about 20 to 
about 40 pptg (2.4 to 4.8 kg/m3). 

[0040] In addition to the hydratable polymer, the fractur 
ing ?uids of the invention may optionally include a 
crosslinking agent, such as a borate crosslinking agent. The 
crosslinking agent can be any of the conventionally used 
borate crosslinking agents that are knoWn to those skilled in 
the art. This includes any of the boron salts or boric acid as 
borate crosslinking agents. Guar and derivatized guar gels, 
Which are crosslinked by the addition of borate ion donating 
materials are preferred Within this embodiment over other 
crosslinking agents because they clean up faster and yield 
higher sand pack permeability than guar gels crosslinked 
With other crosslinking agents. HoWever, other crosslinking 
agents can be used With this embodiment besides borate, 
Which may include, but are not limited to, titanates, zircon 
ates, and other metallic and semi-metallic crosslinkers. 

[0041] In the case of borate crosslinkers, the crosslinking 
agent is any material that supplies borate ions into solution. 
The amount of borate ions in solution is dependent on pH. 
Thus, the crosslinking agent can be any convenient source of 
borate ions, for instance the alkali metal and the alkaline 
earth metal borates and boric acid. A preferred crosslinking 
additive is preferably a common type of borax present in the 
range from about 0.25 to in excess of 10.0 pptg of the total 
aqueous ?uid (0.03 to in excess of 1.2 lb/m3). Preferably, the 
concentration of crosslinking agent is in the range from 
about 1.0 to about 3.0 pptg (0.12 to 0.34 kg/m3) by volume 
of the total aqueous ?uid. 

[0042] Propping agents are typically added to the base 
?uid just prior to the addition of the crosslinking agent. 
Propping agents include, but are not limited to, for instance, 
quartz sand grains, glass and ceramic beads, bauxite grains, 
Walnut shell fragments, aluminum pellets, nylon pellets, and 
the like. The propping agents are normally used in concen 
trations betWeen about 1 to 14 pounds per gallon (120-1700 
kg/m3) of fracturing ?uid composition, but higher or loWer 
concentrations can be used as the fracture design requires. 
The base ?uid can also contain other conventional additives 
common to the Well service industry such as surfactants, 
biocides, non-emulsi?ers and the like. 

[0043] In one non-limiting embodiment of the invention, 
the suitable polyol materials for use in the invention include 
those described above, such as monosaccharides, oligosac 
charides, and their acid, acid salt, alcohol, alkyl, and amine 
derivatives, in one non-limiting embodiment of the inven 
tion. In a different preferred embodiment, polyols of formu 
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lae (I), (II), and (III), are preferred in another non-limiting 
embodiment of the invention. 

[0044] Any or all of the above polyol materials may be 
provided in an extended release form such as encapsulation 
by polymer or otherWise, pelletization With binder com 
pounds, absorbed on a porous substrate, and a combination 
thereof. Speci?cally, the materials may be encapsulated to 
permit sloW or timed release of the polyol materials. In 
non-limiting examples, the coating material may sloWly 
dissolve or be removed by any conventional mechanism, or 
the coating could have very small holes or perforations 
therein for the material Within to diffuse through sloWly. For 
instance, polymer encapsulation coatings such as used in 
fertilizer technology available from Scotts Company, spe 
ci?cally POLY-S® product coating technology, or polymer 
encapsulation coating technology from Fritz Industries 
could possibly be adapted to the methods of this invention. 

[0045] It is di?icult, if not impossible, to specify With 
accuracy the amount of the polyol that should be added to a 
particular aqueous ?uid gelled With borate crosslinked poly 
mers to fully break the gel, in general. For instance, a 
number of factors affect this proportion, including but not 
necessarily limited to, the particular polymer used to gel the 
?uid; the particular polyol used to break the gel; the tem 
perature of the ?uid; the starting pH of the ?uid; Whether an 
enzyme breaker is also used; the particular nature of the 
enzyme breaker, if present; the concentration of the enzyme; 
the nature and the concentration of the pH buffers; and the 
complex interaction of these various factors. Nevertheless, 
in order to give an approximate feel for the proportions of 
the polyol to be used in the method of the invention, the 
amount of material added may range from about 0.1 to about 
30.0 pptg (about 0.012 to about 3.4 kg/m3), based on the 
total Weight of the ?uid; preferably from about 0.5 to about 
30.0 pptg (about 0.06 to about 3.4 kg/m3); most preferably 
from about 1.0 to about 20.0 pptg (about 0.12 to about 2.4 
kg/m3). 
[0046] It Will be appreciated that in some embodiments of 
the invention, the amount of polyol necessary to break a 
particular polysaccharide-gelled aqueous ?uid Will depend 
upon the particular polyol used. The speed at Which a 
particular loW molecular Weight polyol acts can depend 
upon Whether it is an altose or a ketose, that is, Where the 
carbonyl group is on the polyol. For instance, if fructose is 
used, the amount of fructose added ranges from about 0.01 
to about 20 pptg (about 0.0012 to about 2.4 kg/m3), more 
preferably from about 0.5 to about 20 pptg (about 0.06 to 
about 2.4 kg/m3), based on the total volume of ?uid, and the 
temperature for heating the polymer and the fructose ranges 
from about 110 to about 2000 F. (about 43 to about 93° C.), 
preferably about 120 to about 1800 F. about 49 to about 820 
C.). Further, the period of time for heating the components 
and breaking the gel ranges from about 0.25 to about 96 
hours, in an alternate non-limiting embodiment of the inven 
tion ranges from about 1.0 to about 48 hours. In another 
non-limiting embodiment of the invention, the pH of the 
?uid is adjusted through the use of buffers to be at least about 
6.0, preferably at least about 8.0. 

[0047] In the case Where glucose is used, the amount of 
glucose added ranges from about 0.01 to about 30 pptg 
(about 0.0012 to about 3.6 kg/m3), more preferably from 
about 0.5 to about 20 pptg (about 0.06 to about 2.4 kg/m3), 
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based on the total volume of ?uid, and the temperature for 
heating the polymer and the glucose ranges from about 120 
to about 230° F. (about 49 to about 110° C.), preferably 
about 140 to about 220° F. (about 60 to about 105° C). 
Further, the period of time for heating the components and 
breaking the gel ranges from about 0.25 to about 48 hours, 
in an alternate non-limiting embodiment of the invention 
ranges from about 0.5 to about 24 hours. In another non 
limiting embodiment of the invention, the pH of the ?uid is 
adjusted through the use of buffers to be at least about 6.0, 
preferably at least about 8.0. 

[0048] In the situation Where the polyol is selected from 
the group consisting of lactose, maltose, mannose, galactose 
and mixtures thereof, the amount of polyol added ranges 
from about 0.01 to about 30 pptg (about 0.0012 to about 3.6 
kg/m3), more preferably from about 0.5 to about 20.0 pptg 
(about 0.06 to about 2.4 kg/m3), based on the total volume 
of ?uid, and the temperature for heating the polymer and the 
polyol ranges from about 160 to about 280° F. (about 71 to 
about 138° C.), preferably about 180 to about 260° F. (about 
82 to about 127° C.). Further, the period of time for heating 
the components and breaking the gel ranges from about 0.25 
to about 48 hours, in an alternate non-limiting embodiment 
of the invention ranges from about 1.0 to about 16 hours. In 
another non-limiting embodiment of the invention, the pH of 
the ?uid is adjusted through the use of buffers to be at least 
about 6.0, preferably at least about 8.0. 

[0049] In the situation Where the polyol is selected from 
the group consisting of alkyl glucoside, such as AG-6202 
from AkZo Nobel Surfactants, the amount of polyol added 
ranges from about 0.1 to about 10 gptg, more preferably 
from about 0.25 to about 5.0 gptg, based on the total volume 
of ?uid, and the temperature for heating the polymer and the 
polyol ranges from about 180 to about 270° F. (about 82 to 
about 132° C.), preferably about 190 to about 250° F. (about 
88 to about 121° C.). Further, the period of time for heating 
the components and breaking the gel ranges from about 0.25 
to about 48 hours, in an alternate non-limiting embodiment 
of the invention ranges from about 1.0 to about 16 hours. In 
another non-limiting embodiment of the invention, the pH of 
the ?uid is adjusted through the use of buffers to be at least 
about 6.0, preferably at least about 8.0. 

[0050] In the event Where sorbitol is used, the amount of 
sorbitol added ranges from about 0.01 to about 15 pptg 
(about 0.0012 to about 1.8 kg/m3), more preferably from 
about 0.5 to about 10 pptg (about 0.06 to about 1.2 kg/m3), 
based on the total volume of ?uid, and the temperature for 
heating the polymer and the sorbitol ranges from about 60 to 
about 240° F. (about 16 to about 116° C.), preferably about 
120 to about 220° F. (about 49 to about 105° C.). Further, the 
period of time for heating the components and breaking the 
gel ranges from about 0.1 to about 96 hours, in an alternate 
non-limiting embodiment of the invention ranges from about 
0.25 to about 48 hours. In another non-limiting embodiment 
of the invention, the pH of the ?uid is adjusted through the 
use of buffers to be at least about 7.0, preferably at least 
about 8.5. 

[0051] In one preferred, non-limiting embodiment of the 
invention, an enZyme breaker is also present. In some 
embodiments, enZyme breakers are preferred because they 
are not themselves consumed in the breaking process. Suit 
able enZyme breakers include, but are not necessarily limited 
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to, hemi-cellulases, such as galactosidase and mannosidase 
hydrolases; cellulases; pectinases; alphaamylases, and even 
unde?ned enZyme breakers and mixtures thereof derived 
from bacterial extracts that function in the method of this 
invention, and mixtures thereof. Speci?c, but non-limiting 
examples of suitable enzymes include GAMMANASE 1.0L 
hemicellulase from NovoZymes, MULTIFECT GC cellulase 
from Genencor International, PECTINEX® ULTRA SPL 
pectinase from NovoZymes, SPEZYME FRED alpha-amy 
lase from Biocat, Inc., and PLEXGEL 10L available from 
Chemplex. The particular enZyme breakers useful in the 
method of the invention may have an activity in the pH 
range from about 2 to about 11; preferably from about 5 to 
about 10, and are effective to attack the speci?c galacto 
mannan linkages in the galactomannan-based crosslinked 
polymer gel. In the case Where the borate crosslinked 
polymer is a guar or guar-based polymer, the enZyme may 
be effective to break 1,4-[3-D-mannosidic linkages and/or 
the 1,6-0t-D-glactomannosidic linkages. 

[0052] Another non-limiting embodiment of the invention 
involves the use of amylase enZymes With starch as the 
polyol source. The reaction of a beta amylase With starch 
Will alloW release of maltose into the ?uid media. The 
reaction of a glucoamylase With starch Will alloW release of 
glucose into the ?uid media. The reaction of an alpha 
amylase With starch Will release glucose and oligosaccha 
rides into the ?uid media. In some cases the amylase may be 
more active at higher temperatures, With optimum activity 
near 212° F. (100° C.), such as With alpha amylase Ter 
mamyl from NovoZymes. The enZyme cleavage of glucose 
and other saccharides from the starch may be temperature 
and pH controlled in the ?uid media. As temperature is 
increased or pH is loWered the glucose, maltose, and other 
polyol’s proportion can increase due to enhanced amylase 
activity With the starch. As glucose and other saccharides are 
released polyol degradation of a polysaccharide present in 
the ?uid Will occur, such as With guar or hydroxypropyl guar 
gelled ?uids. 

[0053] Similarly to the proportions of the polyol, it is 
di?icult, if not impossible, to predict in advance and With 
accuracy the amount of enZyme breaker to be used in general 
in the practice of the method of this invention. This is due 
to the numerous complex-and interrelated factors mentioned 
previously. Nevertheless, in order to give an approximate 
feel for the proportions of the divalent cation-generating 
materials to be used in the method of the invention, the 
amount of enZyme breaker added may range from about 
0.001 to about 5.0 gptg (about 0.0001% by volume to about 
0.5% BV), based on the total volume of the entire ?uid; 
preferably from about 0.01 to about 3.0 gptg (about 0.001% 
BV to about 0.3% BV). (These proportions may be 
expressed in identical values in Si units of liters per thousand 
liters.) Enzymes are generally expensive and if they are 
employed, it is desirable to minimiZe their proportion to only 
What is necessary. 

[0054] It is necessary, in some embodiments, to add pH 
buffers to the gelled aqueous ?uid to increase the pH to 
generate active borate ion for crosslinking the polymers. 
Suitable buffers include, but are not necessarily limited to 
sodium hydroxide, potassium hydroxide, sodium carbonate, 
sodium sesquicarbonate, potassium carbonate, sodium 
bicarbonate, and mixtures thereof. The amount of the pH 
buffer may range from about 0.5 to about 30.0 pptg (about 
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0.06 to about 3.6 kg/m3), based on the total volume of the 
entire ?uid, preferably from about 1 to about 20 pptg (about 
0.12 to about 2.4 kg/m3). 

[0055] In a typical fracturing operation, the fracturing 
?uid of the invention is pumped at a rate su?icient to initiate 
and propagate a fracture in the formation and to place 
propping agents into the fracture. A typical fracturing treat 
ment Would be conducted by hydrating a 20 lb to 30 lb/ 1000 
gal Water (Weight/volume) (about 2.4 to about 3.6 kg/m3) 
glactomannan-based polymer, such as guar, in a 2% (W/v) 
(166 lb/ 1000 gal (19.9 kg/m3)) KCI solution at a pH ranging 
from about 6.0 to about 8.0. For crosslinking this pH range 
may be from about 8.8 to about 10.5. The polyol is added at 
this stage. It should be understood throughout the speci? 
cation and claims that more than one polyol may be 
employed at a time. During the actual pumping, as 
described, the pH of the ambient temperature guar gel is 
raised by the addition of a buffer to about 9.5 to about 12.5, 
folloWed by the addition of the enZyme breaker, crosslinking 
agent, proppant, and other additives, if required. 

[0056] The present invention Will be explained in further 
detail in the folloWing non-limiting Examples that are only 
designed to additionally illustrate the invention but not 
narroW the scope thereof. 

GENERAL PROCEDURE FOR EXAMPLES 1-11 

[0057] Using a Waring blender, 4.8 mis of Drilling Spe 
cialties Slurry Guar (guar gum suspended in a mineral oil 
slurry) Was hydrated for 15 minutes Within 500 mis of 
distilled Water containing 10 grams KCI salt. A polyol such 
as 0.12 g of mannitol Was added to the hydrated guar ?uid. 
Another sample of the guar polymer ?uid Was mixed With 
out adding any polyol. Mixed samples Were then placed into 
500 ml Wide mouth Nalgene plastic bottles. Sodium ses 
quicarbonate high pH buffer (from FMC Corporation, 0.96 
grams) Was added to and alloWed to dissolve in each 500 ml 
guar ?uid to raise the pH of the ?uids (took about 3 to 5 
minutes of shaking the bottles). Next, 1.0 ml SpeZyme 
FRED enZyme (from Bio-Cat Inc.) Was quickly added 
folloWed by 0.875 mls borate crosslinker solution (from 
Benchmark Research). Each sample Was capped and shaken 
vigorously for 60 seconds. The samples Were placed in a 
Water bath at 1750 F. (790 C.) and visually observed every 
30 minutes for viscosity reduction difference between the 
samples. The samples With polyol (e.g. mannitol) lost vis 
cosity noticeably faster. Most gel breaking occurred over the 
?rst tWo hours. 

EXAMPLES 1-3 

[0058] Examples 1-3 shoW the effects of using no enZyme 
breaker With various levels of mannitol. The general proce 
dure Was folloWed Where the Drilling Specialties Slurry 
Guar polymer loading Was 30 pptg (pounds per thousand 
gallons) (3.6 kg/m3). The crosslinker Was as noted in the 
general procedure. The temperature was 1750 F. (790 C.). 

[0059] The results are presented in FIG. 1. It may be 
observed that the system of Example 2 containing 19 pptg 
mannitol (0.12 kg/m3) reduced the-viscosity considerably 
and faster than the degradation for the control Example 1 
containing no polyol viscosity breaker. As expected, the 
Example 3 system containing more mannitol (2.0 pptg (0.24 
kg/m3)) reduced the viscosity to loWer levels and at a faster 
rate. 
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[0060] The term ND30FW in this and other Examples 
refers to a 30.0 lbs/ 1000 gallon non-delayed (ND) borate 
crosslinked ?uid in 2%KCI fresh Water (FW). 

EXAMPLES 4-5 

[0061] Examples 1, 4 and 5 shoW the effects of using no 
enZyme breaker With various levels of sorbitol. The general 
procedure Was folloWed Where the Drilling Specialties 
Slurry Guar polymer loading Was 30 pptg (3.6 kg/m3). The 
crosslinker Was as noted in the general procedure. The 
temperature was 1750 F. (790 C.). 

[0062] The results are given in FIG. 2. The graph for 
control Example 1 containing no sorbitol shoWs only the 
sloW, unassisted viscosity degradation With time. Example 4 
containing 1.0 pptg (0.12 kg/m3) sorbitol demonstrated 
more rapid viscosity reduction. The Example 5 system 
containing 2.0 pptg (0.24 kg/m3) sorbitol shoWed yet more 
rapid and greater viscosity reduction, as expected, beginning 
about 1 hour into the experiment. Given the temperature and 
amount of sorbitol, it may be that over the ?rst 1 to 4 hours 
it is primarily sequestering of the borate ion that contributes 
to the gel breaking. Degradation of the backbone Will start 
at about 1 to 2 hours in this case (1750 F.-79o C.) but may 
not be the major contributor at 1 to 2 pptg sorbitol until about 
24 hours at 1750 F. (790 C.). 

EXAMPLES 6-7 

[0063] Examples 6 and 7 shoW the effects of using the 
SpeZyme FRED enZyme breaker (from Bio-Cat Inc.) With 
and Without mannitol, one of the polyols of the invention. 
The general procedure Was folloWed Where the Drilling 
Specialties Slurry Guar polymer loading Was 30 pptg (3.6 
kg/m3). The crosslinker Was as noted in the general proce 
dure. The temperature was 1750 F. (790 C.). 

[0064] The results are shoWn in FIG. 3. Again, compara 
tive and control Example 1 used no enZyme or mannitol. 
Example 2 again employed only mannitol. Example 6 used 
2.0 gptg of the “FRED” enZyme from Biocat but no man 
nitol, and the breaking rate Was similar to that for Example 
2 for about the ?rst three hours, after Which the gel broke 
faster and more completely as compared With Example 2. 
HoWever, in the Example 7 system, Which used 1.0 gptg of 
the FRED enZyme (as in Ex. 6) and 1.0 pptg (0.12 kg/m3) 
mannitol (as in Ex. 2), the viscosity decrease Was unexpect 
edly even more rapid and complete beginning at about 2 
hours. 

EXAMPLE 8 

[0065] FIG. 4 presents the curves for Examples 1, 4 and 6 
again, along With the results for Example 8 Where 1.0 pptg 
sorbitol (0.12 kg/m3) Was used as in Example 4 and 1.0 gptg 
of the SpeZyme FRED enZyme breaker Was used as in 
Example 6. The results shoWn in FIG. 4 indicated that 
unexpectedly sorbitol gives a more complete break of the gel 
even faster than With mannitol (Ex. 7). Note that the curve 
begins to decline noticeably after about 0.5 hour (Ex. 8). 

EXAMPLES 9-11 

[0066] Examples 9-11 shoW that using a polyol of the 
invention such as sorbitol permits the use of less enZyme 
breaker than normal to achieve the same results. The general 
procedure Was folloWed as in Examples 1, 4, 6 and 8 ofFIG. 
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4, except that 0.1 gptg of the enzyme Was used in Examples 
10 and 11 (one-tenth as much as in Examples 6 and 8), and 
2.0 pptg sorbitol Was used in Examples 9 and 11 (twice as 
much as in Examples 4 and 8). Additionally, the enZyme Was 
GAMMANASE 1.0L, available from NovoZymes. As can 
be seen from FIG. 5, excellent results Were obtained: unex 
pectedly rapid and complete breaking began at less than 0.5 
hour into the experiment. It may be clearly seen that the 
results obtained in Example 11 Were better than What could 
be expected from the mere addition of the results of 
Examples 9 and 10. It is clear that the invention gives 
surprising, synergistic results. It is anticipated that by using 
the polyols of the invention that the amount of expensive 
enZyme used on a fracturing job could be reduced by half or 
by one-third, if not more. 

EXAMPLE 12 

[0067] Table 1 below presents a chart of the pH of the 
indicated system as a function of borate ion and sorbitol 
concentration demonstrating a steady decrease in pH With 
increasing sorbitol, as expected in the method of this inven 
tion. The pH measurements Were made 1.0 hour after mixing 
the materials. 

TABLE I 

Borate Ion Verses Sorbitol Concentration Verses pH 

Temp, K2CO3 Boric Acid Sorbitol, 
° F- (° C-) PH Buff?r, pptg (kg/m3) pptg (kg/m3) pptg (kg/m3) PH 

73 (23) 2.9 (0.35) 1.2 (0.14) None 9.61 
73 (23) 2.9 (0.35) 1.2 (0.14) 1.0 (0.12) 9.49 
73 (23) 2.9 (0.35) 1.2 (0.14) 2.0 (0.24) 9.39 
73 (23) 2.9 (0.35) 1.2 (0.14) 4.0 (4.8) 9.12 
73 (23) 2.9 (0.35) 1.2 (0.14) 8.0 (0.96) 8.66 

[0068] The Examples herein clearly demonstrate the ef? 
cacy of the method of the invention. 

[0069] Examples 13-26 of Table 11 Were conducted simi 
larly to Examples 1-5, above, except With the changes as 

Mar. 29, 2007 

noted. It may be seen that the various polyols of this 
invention break the 30 pptg borate crosslinked guar ?uid, 
and that glucose and fructose Were particularly effective 
breakers, even for relatively short periods of time. All of the 
polyols Were effective over longer periods of time, although 
some required higher concentrations to achieve comparable 
breaks. 

[0070] The lack of crosslinked or uncrosslinked guar gel 
viscosity as seen in examples 14-19, and 23 once they Were 
cooled to 75° F. (24° C.) after 16 hours at 200° F. (93° C.) 
indicate polysaccharide degradation (signi?cant polymer 
chain reduction). It should be noted that 3 cps represents the 
viscosity of Water, and typical guar products used for oil?eld 
fracturing, as Was used for all test herein, have a range in 
molecular Weight from about 1.5 to 3.0 million. The 3 cps 
viscosities shoWn in examples 14-19 and 23 after 16 hours 
at 200° F. (93° C.) suggest polymer decomposition by the 
presence of and reaction With the indicated polyols and an 
increase in polyol concentration results in faster and more 
complete guar polymer degradation. The data from Table II 
also shoWs each polyol has its oWn unique reactivity With 
borate crosslinked guar at 200° F. (93° C.). 

[0071] Examples 24-26 shoW that after 16 hours at 200° F. 
(93° C.) the 1.0 pptg sorbitol started to degrade the polymer 
compared to the no polyol baseline and at 10 pptg sorbitol 
the data shoWs a fair amount of polymer degradation, not 
simply uncrosslinking by borate ion sequestering. Complete, 
or near complete polymer degradation can be seen by the 16 
hour viscosity data for the fructose, glucose, and lactose 
viscosities upon cool doWn (3 cps =viscosity of Water). 
Thus, Examples 14-26 are evidence primarily of polymer 
degradation rather than borate ion sequestering. Signi?cant 
polymer degradation has occurred When the polymer chains 
are no longer large enough to crosslink, Which means a 
molecular Weight of less than approximately 300,000 in 
polymer chain siZe, and a polymer chain also not large 
enough to shoW linear (uncrosslinked) hydrated guar poly 
mer viscosity upon a cool doWn to 75° F. (24° C.). 

TABLE II 

Polyol Breaker Effects at 200° F. (93° C.) With 

30 pptg Borate Crosslinked Guar Fluid 

Viscosity 
at 200° F. After 16 Hours at 200° F. (93° C.) 

Initial (93° C.) 75° F. 75° F. 

75° F. after (24° C.) (24° C.) 75° F. (24° C.) 

Ex. Breaker (24° C.) pH 0 Hours 1 Hour Viscosity pH Color 

13 None 10.18 380 400 168 10.01 Clear 

14 1.0 pptg Glucose 10.16 415 25 3 9.56 Clear 

15 2.0 pptg Glucose 10.15 335 8 3 9.28 Trace Caramel 

16 5.0 pptg Glucose 10.13 85 6 3 9.35 Slight Caramel 

17 10.0 pptg Glucose 10.18 28 5 3 8.38 Caramel 

18 1.0 pptg Fructose 10.16 380 10 3 9.85 Clear 










