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(57) ABSTRACT 

Subterranean formation treating fluid concentrates, treating 
fluids and methods are provided by the present invention. 
The treating fluid concentrates are basically comprised of 
water and a Substantially fully hydrated depolymerized 
polymer. The treating fluids which are formed by adding 
water to the treating fluid concentrates are basically com 
prised of water, a Substantially fully hydrated depolymerized 
polymer and a croSSlinking agent for croSSlinking the 
hydrated depolymerized polymer. 
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SUBTERRANEAN FORMATION TREATING FLUID 
CONCENTRATES, TREATING FLUIDS AND 

METHODS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This Application is a Divisional of U.S. application 
Ser. No. 09/879,634 filed on Jun. 11, 2001, now U.S. Pat. 
No. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to methods and com 
positions for treating Subterranean well formations, and 
more specifically, to improved Subterranean formation treat 
ing fluid concentrates, treating fluids and methods of using 
the treating fluids. 
0004 2. Description of the Prior Art 
0005 Producing subterranean formations penetrated by 
well bores are often treated to increase the permeabilities or 
conductivities thereof. One Such production Stimulation 
treatment involves fracturing the formation utilizing a vis 
cous treating fluid. That is, the Subterranean formation or 
producing Zone therein is hydraulically fractured whereby 
one or more cracks or “fractures are produced therein. 
Fracturing may be carried out in Wells that are completed in 
Subterranean formations for Virtually any purpose. The usual 
candidates for fracturing or other stimulation procedures are 
production wells completed in oil and/or gas containing 
formations. However, injection wells used in Secondary or 
tertiary recovery operations for the injection of fluids may 
also be fractured in order to facilitate the injection of the 
fluids. 

0006 Hydraulic fracturing is accomplished by injecting a 
Viscous fracturing fluid into a Subterranean formation or 
Zone at a rate and pressure Sufficient to cause the formation 
or Zone to break down with the attendant production of one 
or more fractures. AS the fracture is created a portion of the 
fluid contained in the Viscous fracturing fluid leaks off into 
the permeable formation and a filter cake comprised of 
deposited gelling agent is built up upon the walls of the 
fracture which then helps to prevent or reduce further fluid 
loss from the fracturing fluid to the formation. The continued 
pumping of the Viscous fracturing fluid extends the fractures 
and a proppant Such as Sand or other particulate material 
may be Suspended in the fracturing fluid and introduced into 
the created fractures. The proppant material functions to 
prevent the formed fractures from closing upon reduction of 
the hydraulic pressure which was applied to create the 
fracture in the formation or Zone whereby conductive chan 
nels remain through which produced fluids can readily flow 
to the well bore upon completion of the fracturing treatment. 
0007. The fracturing fluid must have a sufficiently high 
Viscosity to retain the proppant material in Suspension as the 
fracturing fluid flows into the created fractures. A Viscosifier 
has heretofore often been utilized to gela base fluid whereby 
a fracturing fluid having the high Viscosity needed to realize 
the maximum benefits from the fracturing proceSS is pro 
vided. After the high viscosity fracturing fluid has been 
pumped into the formation and fracturing of the formation 
has occurred, the fracturing fluid generally has been caused 
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to revert into a low viscosity fluid for removal from the 
formation by breaking the gel. The breaking of Viscosified 
fracturing fluids has commonly been accomplished by add 
ing a breaker to the fracturing fluid prior to pumping it into 
the Subterranean formation. 

0008. The fracturing fluids utilized heretofore have pre 
dominantly been water based liquids containing a gelling 
agent comprised of a polysaccharide Such as guar gum. Guar 
and derivatized guar polymerS Such as hydroxypropylguar 
are economical water Soluble polymers which can be used to 
create high Viscosity in an aqueous fluid and are readily 
crosslinked which further increases the viscosity of the fluid. 
While the use of gelled and crosslinked polysaccharide 
fracturing fluids has been highly Successful, the fracturing 
fluids have not been thermally stable at temperatures above 
about 200 F. That is, the highly viscous gelled and 
crosslinked fluids lose Viscosity with time at high tempera 
tures. To offset the loss of viscosity, the concentration of the 
gelling agent has been increased which involves increased 
cost and causes increased friction pressure in the tubing 
through which the fluid is injected into a Subterranean 
formation which makes pumping of the fracturing fluids 
more difficult. Thermal stabilizers Such as Sodium thiosul 
fate have been included in the fracturing fluids to Scavenge 
oxygen and thereby increase the Stabilities of the fracturing 
fluids at high temperatures. However, the use of thermal 
Stabilizers also increases the cost of the fracturing fluids. 
0009. Another problem which has been experienced in 
the use of gelled and crosslinked polysaccharide fracturing 
fluids involves the breaking of such fracturing fluids after 
fractures have been formed. BreakerS Such as Oxidizers, 
enzymes and acid release agents that attack the acetal 
linkages in the polysaccharide polymer backbone have been 
used Successfully. 

0010. In order to make the heretofore used gelled and 
crosslinked polysaccharide fracturing fluids carry Sufficient 
proppant, the concentration of the crosslinking agent utilized 
has often had to be increased which in turn increases the cost 
and viscosity of the fracturing fluid. The water based frac 
turing fluids including gelled and crosslinked polysaccha 
ride gelling agents have had significantly reduced fluid loSS 
as compared to other fracturing fluids which reduces or 
eliminates the need for costly fluid loss additives. However, 
because the gelled and crosslinked polysaccharides have had 
high molecular weights, the filter cake produced from the 
Viscous fracturing fluid on the walls of well bores penetrat 
ing producing formations and in fractures formed therein is 
often very difficult to remove. 
0011) Another problem experienced in the use of a water 
based fracturing fluid including a gelled and croSSlinked 
polysaccharide gelling agent is that it must be mixed in 
holding tanks for a considerable length of time for hydration 
of the gelling agent to occur. During the fracturing process 
carried out in a well, the hydrated fracturing fluid generally 
is pumped out of the holding tanks, mixed with proppant and 
other additives on the fly and pumped down the well bore to 
the formation being fractured. If during the job, the down 
hole pressure profile and other parameters that are obtained 
in real time indicate that a change in the fracturing fluid 
properties is required, that is, a change in the fracturing fluid 
Viscosity to prevent a Screen out of the fracture or the like, 
it is generally impossible to do So Since it takes a very long 
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time for a change to be made and for the changed fracturing 
fluid to reach the formation being fractured. Another prob 
lem related to pumping the fracturing fluid from holding 
tanks and combining the proppant material, crosslinker and 
other additives used on the fly is that the procedure requires 
the use of expensive metering and other Similar equipment. 
0012 Finally, in many environmentally sensitive areas, 
the water based fracturing fluids containing polysaccharide 
gelling agents must be recovered from the well and disposed 
of by environmentally appropriate means which increases 
the overall cost of the fracturing treatment. 
0013 Thus, there are needs for improved subterranean 
formation treating fluids and methods whereby the fluids are 
not thermally unstable, do not produce insoluble residues, 
have high proppant carrying capacities, produce easily 
removed filter cake, do not have to be hydrated in holding 
tanks for long periods of time, can have their properties 
changed during use and can be recovered and reused if 
desired. 

SUMMARY OF THE INVENTION 

0.014. The present invention provides subterranean for 
mation treating fluid concentrates, improved treating fluids 
which can be utilized for fracturing as well as various other 
Subterranean formation treatments and methods of using the 
treating fluids which meet the needs described above and 
overcome the deficiencies of the prior art. 
0015. A subterranean formation treating fluid concentrate 
of this invention is basically comprised of water and a 
depolymerized substantially fully hydrated polymer. The 
treating fluid concentrate can also include a variety of 
additives required to be in treating fluids produced utilizing 
the concentrate Such as pH adjusting compounds for adjust 
ing the pH of the treating fluid formed with the concentrate, 
buffers, dispersants, Surfactants for preventing the formation 
of emulsions between the treating fluid formed with the 
concentrate and Subterranean formation fluids, bactericides 
and the like. 

0016. The treating fluid concentrate is prepared at a 
location away from the site of a well to be treated and 
transported to the well Site prior to use. The concentrate is 
substantially fully hydrated and can be stored for long 
periods of time prior to its use. When used, the concentrate 
is continuously mixed with water and any additional addi 
tives required and pumped into the Subterranean formation 
to be treated by way of the well bore penetrating it. Because 
there is very little time delay involved in mixing the treating 
fluid concentrate with additional water and other additives 
and pumping the treating fluid formed into a Subterranean 
formation, the properties of the treating fluid can be peri 
odically or continuously changed during the time that the 
pumping of the treating fluid takes place. 

0.017. The improved subterranean formation treating flu 
ids of this invention are basically comprised of water, a 
Substantially fully hydrated depolymerized polymer, a pH 
adjusting compound for adjusting the pH of the treating fluid 
to an optimum level for crosslinking and a crosslinking 
agent for crosslinking the Substantially fully hydrated depo 
lymerized polymer. While the improved subterranean for 
mation treating fluids of this invention can be utilized for 
carrying out a variety of Subterranean well treatments Such 
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as fracturing Subterranean formations, forming gravel packs 
in Subterranean formations, forming temporary blocking in 
the well bore, and as completion fluids and drill-in fluids, 
they are particularly useful as fracturing fluids for producing 
one or more fractures in a Subterranean formation. When 
utilized as a fracturing fluid, the treating fluid generally 
contains a crosslinking agent and a proppant material which 
are mixed with the treating fluid when it is formed by mixing 
the treating fluid concentrate described above with addi 
tional water. The substantially fully hydrated depolymerized 
polymer utilized in the concentrate and the treating fluid 
produced therefrom is preferably a depolymerized polysac 
charide polymer, and most preferably depolymerized 
hydroxypropylguar. 
0018. The improved methods of treating a subterranean 
formation penetrated by a well bore are basically comprised 
of the following Steps. Agelled and crosslinked treating fluid 
is prepared comprised of water, a Substantially fully 
hydrated depolymerized polymer, a pH adjusting compound 
for adjusting the pH of the treating fluid to an optimum pH 
for croSSlinking and a crosslinking agent for crosslinking the 
substantially fully hydrated depolymerized polymer. There 
after, the gelled and crosslinked treating fluid is introduced 
into the Subterranean formation to be treated. 

0019. Another improved method of treating a subterra 
nean formation penetrated by a well bore whereby one or 
more fractures are formed therein basically comprises the 
following Steps. A gelled and crosslinked fracturing fluid is 
prepared comprised of water, a Substantially fully hydrated 
depolymerized polymer, a pH adjusting compound for 
adjusting the pH of the fracturing fluid and a crosslinking 
agent for crosslinking the Substantially fully hydrated depo 
lymerized polymer. Thereafter, the Subterranean formation 
is contacted with the gelled and crosslinked fracturing fluid 
under conditions effective to create at least one fracture in 
the Subterranean formation. After a fracture is created in the 
formation, a proppant material may be admixed with a 
portion of the fracturing fluid and introduced into the created 
fracture to ultimately prop the created fracture in an open 
position after the completion of the fracturing treatment. 
0020. It is, therefore, a general object of the present 
invention to provide improved Subterranean formation treat 
ing fluid concentrates, treating fluids and methods. 
0021. Other and further objects, features and advantages 
of the present invention will be readily apparent to those 
skilled in the art upon a reading of the description of 
preferred embodiments which follows. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0022. As mentioned above, the present invention pro 
vides an improved Subterranean formation treating fluid 
which is prepared on the job Site in a very rapid manner from 
a Substantially fully hydrated Subterranean formation treat 
ing fluid concentrate. The treating fluid concentrate is pro 
duced at an off-site manufacturing location and can be Stored 
for long periods of time prior to or after being transported to 
the job Site. The improved Subterranean formation treating 
fluid is prepared at the job Site by Simply mixing the 
substantially fully hydrated treating fluid concentrate with 
additional water and any required additives not already 
contained in the concentrate. The preparation of the treating 
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fluid involves the Steps of metering the treating fluid con 
centrate into a blender wherein it is mixed with the addi 
tional water and additives which also may be metered into 
the blender or otherwise added to the fluid. The mixture then 
is Substantially simultaneously pumped out of the blender 
and into the subterranean formation to be treated by way of 
a well bore penetrating it. From when the metering, mixing 
and pumping process Starts to when the formed treating fluid 
reaches the Subterranean formation to be treated involves a 
time period of only a few minutes which allows changes in 
the properties of the treating fluid to be made on the Surface 
as required during the time the treating fluid is being 
pumped. For example, in a fracturing procedure carried out 
in a Subterranean formation to Stimulate production from the 
Subterranean formation, changes can be made to the frac 
turing fluid during the pumping of the fluid in response to 
continuously monitored down hole parameters to achieve 
desired fracturing results, that is, the Viscosity of the frac 
turing fluid, the amount of proppant material carried by the 
fracturing fluid and other properties of the fracturing fluid 
can be continuously measured on the Surface and changed as 
required to achieve optimum down hole treatment results in 
real time. 

0023 The subterranean formation treating fluid concen 
trate of this invention is basically comprised of water and a 
Substantially fully hydrated depolymerized polymer. 
0024. The Substantially fully hydrated depolymerized 
polymer may be manufactured by various means. The poly 
mer may be manufactured by forming a hydratable polymer 
having a relatively high molecular weight as a result of 
derivatization of a polysaccharide and then Subjecting it to 
extensive depolymerization whereby the polymer backbone 
is divided into short chain polymer Segments. The manu 
facture of Such polymers can be made by derivatization and 
depolymerization techniques known in the art or as 
described in United States Application entitled “Galacto 
mannan Compositions and Methods for Making and Using 
the Same,” filed Jun. 11, 2001 (Jesse Magallanes, Sylvain 
Diguet, William Stivers)( hereinafter referred to as the 
Magallanes application). According to one embodiment of 
the invention, the depolymerized polymer of the present 
invention may be prepared by adding the polymer to be 
depolymerized to a reactor vessel together with a quantity of 
hydrogen peroxide and water. In a preferred embodiment, 
the depolymerized galactomannan polymer is prepared by 
the methods described in the Magallanes application, the 
entire disclosure of which is incorporated herein by refer 
ence. The reactor vessel may be heated to an elevated 
temperature such as about 100 F. to initiate the reaction if 
the ambient temperature is insufficient to initiate the reac 
tion. Once initiated, the depolymerization reaction is eXo 
thermic and the temperature of the reactor vessel generally 
should be maintained in the range of from about 100-200F. 
for a Sufficient time for the polymer to degrade to the desired 
molecular weight. Alternatively, the polymer may be formed 
from lower molecular weight monomers that are polymer 
ized until the desired molecular weight is achieved. The 
hydratable polymer utilized for forming the short chain 
Segments can be Substantially any polysaccharide and is 
preferably a guar derivative polymer Selected from the group 
consisting of hydroxypropylguar, carboxymethylhydrox 
ypropylguar, carboxymethylguar, hydroxyethyl cellulose, 
hydroxyethyl cellulose grafted with glycidol or vinyl phos 
phonic acid, carboxymethyl cellulose, carboxymethylhy 
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droxyethyl cellulose and the like. Of these, depolymerized 
hydroxypropylguar is preferred. The depolymerized poly 
mer should have an average molecular weight in the range 
of from about 25,000 to about 400,000 and preferably has an 
average molecular weight in the range of from about 100, 
000 to about 250,000. The depolymerized polymer prefer 
ably should have a polydispersity ratio of from 1 to about 12 
as determined by gel permeation chromatography as dis 
closed in “Practical High Performance Liquid Chromatog 
raphy” edited by C. F. Simpson (Hyden & Son Ltd., 1976). 
The polydispersity ratio of polysaccharides or other poly 
mers generally can range from about 2 to as much as 250. 
The depolymerized polymer of the present invention has 
been found to exhibit the Superior properties identified 
herein when maintained within the indicated polydispersity 
ratio. If desired for purposes of transportation, Storage or 
otherwise, the depolymerized polymer may be Stored in dry 
form and, when needed, can be rehydrated to form the 
treating fluid concentrate. The substantially fully hydrated 
depolymerized polymer is admixed with the water in an 
amount in excess of about 6% by weight of the concentrate 
to form the treating fluid concentrate. Preferably, the poly 
mer is present in an amount of from about 6% to in exceSS 
of about 30% by weight and most preferably from about 6% 
to about 20% by weight of the concentrate. The viscosity of 
the treating fluid concentrate generally may be in the range 
of from about 15,000 to in excess of about 35,000 cps as 
determined with a Brookfield DV II+RV spring viscometer 
manufactured by Brookfield Engineering Laboratories of 
Middleboro, Mass. The viscosity is determined by measure 
ments performed at a temperature of about 75 F. and a 
rotational speed of 20 rpm using an LV3 bob. Other similar 
instruments also can be used to measure the Viscosity of the 
fluid concentrate. 

0025 The water utilized to form the treating fluid con 
centrate can be fresh water, unsaturated Salt water or Satu 
rated Salt water. Generally, the substantially fully hydrated 
depolymerized polymer utilized in the present invention is 
mixed with the water in an amount in the range of from 
about 6% to about 30% by weight of the water. 
0026. In some instances it may be desirable to add a 
dispersing agent to the polymer for dispersing the depoly 
merized hydratable polymer when it has been stored in a dry 
form and facilitating its rehydration in water. Any of a 
variety of dispersing agents known to those individuals of 
ordinary skill in the art may be utilized. A particularly 
Suitable dispersing agent has been found to be a light 
hydrocarbon oil Such as diesel oil, kerosene, olefins or the 
like. Another dispersing agent is polyethyleneglycol. Of 
these, diesel oil is preferred. When an oil dispersing agent is 
utilized, it is included with the polymer in an amount in the 
range of from about less than 5% to in excess of about 60% 
by weight of the polymer. 

0027) A variety of other additives can be included in a 
concentrate of this invention at the time of its manufacture. 
Such additives generally include pH adjusting compounds 
for adjusting the pH of the treating fluid to an optimum or 
desired pH for crosslinking when it is formed with the 
concentrate. Examples of Such compounds which can be 
utilized include, but are not limited to, formic acid, fumaric 
acid, acetic acid, acetic anhydride, hydrochloric acid, 
Sodium hydroxide, potassium hydroxide, lithium hydroxide, 
various carbonates or any other commonly used pH control 
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agent which does not adversely react with the polymer to 
prevent its use in accordance with the method of the present 
invention. Of these, sodium hydroxide is preferred. When 
used, the pH adjusting compound is included in the concen 
trate in an amount in the range of from about 0.5% to about 
10% by weight of the water therein. 
0028 ApH buffer also can be included in the concentrate. 
Examples of buffers which can be used include, but are not 
limited to, Sodium carbonate, potassium carbonate, Sodium 
bicarbonate, potassium bicarbonate, Sodium or potassium 
diacetate, Sodium or potassium phosphate, Sodium or potas 
sium hydrogen phosphate, Sodium or potassium dihydrogen 
phosphate and the like. When used, the buffer is included in 
the concentrate in an amount in the range of from about 
0.5% to about 10% by weight of the water therein. 
0029. Another additive which can be included in the 
concentrate is a Surfactant for preventing the formation of 
emulsions between the treating fluid which is formed with 
the concentrate and Subterranean formation fluids. Examples 
of Surfactants which can be used include, but are not limited 
to, alkyl Sulfonates, alkyl aryl Sulfonates including alkyl 
benzyl Sulfonates Such as Salts of dodecylbenzene Sulfonic 
acid, alkyl trimethylammonium chloride, branched alkyl 
ethoxylated alcohols, phenol-formaldehyde nonionic resin 
blends, cocobetaines, dioctyl Sodium SulfoSuccinate, imida 
Zolines, alpha olefin Sulfonates, linear alkyl ethoxylated 
alcohols, trialkylbenzylammonium chloride and the like. Of 
these, Salts of dodecylbenzene Sulfonic acids are preferred. 
When used, the Surfactant is included in the concentrate in 
an amount in the range of from about 0.01% to about 1% by 
weight of the water in the treatment fluid. Substantially any 
other Surfactant that is known to be suitable for use in the 
treatment of Subterranean formations and which does not 
adversely react with the fluid of the present invention may 
be utilized. 

0030 Yet another additive which can be included in the 
concentrate is a clay Stabilizer. Examples of clay Stabilizers 
which can be used include, but are not limited to, potassium 
chloride, Sodium chloride, ammonium chloride and tetram 
ethyl ammonium chloride and the like. Examples of Some 
temporary clay Stabilizers that are Suitable for use in the 
present invention are disclosed in for example U.S. Pat. Nos. 
5,197.544; 5,097,904; 4,977,962; 4,974,678; 4.828,726, the 
entire disclosures of which are incorporated herein by ref 
erence. Of these, potassium chloride and tetramethyl ammo 
nium chloride are preferred. When used, the clay stabilizer 
is included in the concentrate in an amount in the range of 
from about 2% to about 20% by weight of the water therein. 
0.031 When the concentrate of this invention is mixed 
with additional water and any other desired additives to form 
a Subterranean treating fluid, no hydration time is required 
Since the concentrate is already Substantially fully hydrated. 
The additional water is mixed with the concentrate in a water 
to concentrate ratio in the range of from about 4:1 to about 
20:1 depending upon the final Viscosity desired in the 
treating fluid. The water utilized can be fresh water, unsat 
urated Salt water including brines or Seawater, or Saturated 
Salt water. 

0032. In order to increase the viscosity of the treating 
fluid formed with the concentrate, a crosslinking agent is 
mixed with the water and concentrate. The crosslinked short 
chain Segments of the Substantially fully hydrated depoly 
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merized polymer in the concentrate are crosslinked by the 
crosslinking agent thereby producing a Viscous treating fluid 
having unexpected properties. These unexpected properties 
include the following: (1) The treating fluid including the 
extensively depolymerized hydrated and crosslinked poly 
mer Segments has unexpected thermal Stability at tempera 
tures above about 200 F. and preferably from about 200 to 
about 275 F. without the use of gel stabilizers. (2) The 
conventional high molecular weight hydrated polymers uti 
lized in conventional crosslinked treating fluids produce 
filter cake on the walls of well bores penetrating producing 
formations and in fractures formed therein which is very 
difficult to remove. The crosslinked treating fluids of the 
present invention produce filter cake containing low molecu 
lar weight polymer Segments which have been discovered to 
make the filter cake easily removable. (3) As described 
above, the treating fluids of the present invention do not 
have to be prehydrated and the treating fluid is mixed with 
additional water and additives on the Surface in a very short 
time making real time changes in the properties of the 
treating fluid as it is being pumped possible. (4) The 
conventional treating fluids formed with crosslinked 
hydrated polymers produce residue when broken which 
often damages the treated producing formation. That is, 
when the heretofore used crosslinked hydrated polymer 
treating fluids are caused to revert to thin fluids by chemical 
breakers therein, considerable residue often forms in the 
broken fluid. This is contrasted with the treating fluids of the 
present invention which produce very little residue when 
reduced in Viscosity. The treating fluid concentrate utilized 
in accordance with this invention is processed during its 
manufacture to remove residue from the concentrate. As a 
result, the low residue producing treating fluids of this 
invention produce fractures having higher conductivities 
than the heretofore used treating fluids. (5) As will be 
described further hereinbelow, the treating fluids of this 
invention can, when certain polymers and crosslinkers are 
employed, include acid reversible crosslink sites. When 
certain crosslinkers are utilized, the crosslinks are broken 
simply by lowering the pH to a level below about 9. In this 
pH range, the treating fluid is not crosslinked and yet the 
acetal linkages which form the crosslinking sites are stable 
and can be recrosslinked. This feature allows the treating 
fluid to be recovered from a treated Subterranean formation 
and well bore and reused rather than having to be disposed 
of in environmentally Sensitive locations. The recovery and 
reuse of the treating fluids of this invention makes them 
much more economical to use than conventional prior art 
fluids. 

0033. The improved subterranean formation treating flu 
ids of this invention are basically comprised of water, a 
Substantially fully hydrated depolymerized polymer and a 
crosslinking agent for crosslinking the hydrated depolymer 
ized polymer. AS mentioned above, the water can be Selected 
from fresh water, unsaturated Salt water including brines and 
Seawater and Saturated Salt water. 

0034 AS indicated above relating to the treating fluid 
concentrate, the Substantially fully hydrated depolymerized 
polymer in the treating fluid can be a depolymerized 
polysaccharide and is preferably a Substantially fully 
hydrated depolymerized guar derivative polymer Selected 
from the group consisting of hydroxypropylguar, carboxym 
ethylhydroxypropylguar, carboxymethylguar, hydroxyeth 
ylguar and carboxymethylhydroxyethylguar. Of these, Sub 
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Stantially fully hydrated depolymerized hydroxypropylguar 
is most preferred. The substantially fully hydrated depoly 
merized polymer utilized is generally present in the treating 
fluid in an amount in the range of from about 0.2% to about 
5% by weight of the water therein. 
0.035 Examples of preferred crosslinking agents which 
can be utilized in the treating fluid include, but are not 
limited to, boron compounds Such as, for example, boric 
acid, disodium octaborate tetrahydrate, Sodium diborate and 
pentaborates, ulexite and colemanite, compounds which can 
Supply Zirconium IV ions Such as, for example, Zirconium 
lactate, Zirconium lactate triethanolamine, Zirconium car 
bonate, Zirconium acetylacetonate and Zirconium diisopro 
pylamine lactate, compounds that can Supply titanium IV 
ions Such as, for example, titanium ammonium lactate, 
titanium triethanolamine, titanium acetylacetonate, alumi 
num compounds Such as aluminum lactate or aluminum 
citrate or compounds that can Supply antimony ions. Of 
these, aborate compound, is the most preferred. The exact 
type and amount of crosslinking agent or agents used 
depends upon the Specific depolymerized polymer to be 
crosslinked, formation temperature conditions and other 
factors know to those individuals skilled in the art. The 
crosslinking agent utilized is included in the treating fluid in 
an amount in the range of from about 50 ppm to about 5000 
ppm active crosslinker. 
0.036 AS also mentioned above in connection with the 
concentrate, a pH adjusting compound for adjusting the pH 
of the treating fluid to the optimum pH for crosslinking can 
be included in the treating fluid. The pH adjusting compound 
can be selected from Sodium hydroxide, potassium hydrox 
ide, lithium hydroxide fumaric acid, formic acid, acetic acid, 
hydrochloric acid, acetic anhydride and the like. Of these, 
Sodium hydroxide is preferred. The pH adjusting compound 
is included in the treating fluid in an amount in the range of 
from about 0% to about 0.3% by weight of the water in the 
treating fluid. 
0037. When the preferred crosslinking agent is used, that 

is, a borate compound, the pH adjusting compound is 
utilized to elevate the pH of the treating fluid to above about 
9. At that pH, the borate compound crosslinking agent 
crosslinks the Short chain hydrated polymer Segments. When 
the pH of the crosslinked treating fluid falls below about 9, 
the crosslinked sites are no longer crosslinked. Thus, when 
the crosslinked fracturing fluid of this invention contacts the 
Subterranean formation being treated, the pH is lowered to 
Some degree which begins the breaking process. In order to 
cause the fracturing fluid to completely revert to a thin fluid 
in a short period of time, a delayed delinker capable of 
lowering the pH of the treating fluid can be included in the 
treating fluid. Examples of delayed delinkers which can be 
utilized include, but are not limited to, Various lactones, 
esters, encapsulated acids and Slowly Soluble acid generat 
ing compounds, oxidizers which produce acids upon reac 
tion with water, water reactive metals. Such as aluminum, 
lithium and magnesium and the like. Of these, the esters are 
preferred. The delinker is included in the treating fluid in an 
amount in the range of from about 0% to about 1% by weight 
of the water therein. Alternatively, any of the conventionally 
used delayed breakers employed with metalion crosslinkers 
can be utilized, for example, oxidizerS Such as Sodium 
chlorite, Sodium bromate, Sodium perSulfate, ammonium 
perSulfate, encapsulated Sodium perSulfate, potassium per 
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Sulfate, or ammonium perSulfate and the like as well as 
magnesium peroxide. Enzyme breakers that may be 
employed include alpha and beta amylases, amyloglucosi 
dase, invertase, maltase, cellulase and hemicellulase. The 
Specific breaker or delinker utilized, whether or not it is 
encapsulated, as well as the amount thereof employed will 
depend upon the breaking time desired, the nature of the 
polymer and crosslinking agent, formation characteristics 
and conditions and other factors. 

0038. When the Subterranean formation treating fluid of 
this invention is utilized for carrying out a fracture Stimu 
lation procedure, proppant material is included in at least a 
portion of the treating fluid as it is pumped into the Subter 
ranean formation to be fractured and into fractures created 
therein. The proppant material is metered into the treating 
fluid as the treating fluid is formed and, as mentioned above, 
the quantity of proppant material per Volume of treating fluid 
can be changed as required in real time. Examples of 
proppant material which can be utilized include, but are not 
limited to, resin coated or uncoated Sand, Sintered bauxite, 
ceramic materials or glass beads. The proppant material 
utilized is generally included in the treating fluid in an 
amount in the range of from about 1 to about 24 pounds of 
proppant material per gallon of the treating fluid. 

0039. As mentioned above in connection with the con 
centrate, additional components that can be included in the 
treating fluid of this invention and which can be a part of the 
treating fluid concentrate used to form the treating fluid 
include a buffer Selected from the group consisting of 
Sodium carbonate, potassium carbonate, Sodium bicarbon 
ate, potassium bicarbonate, Sodium or potassium diacetate, 
Sodium or potassium phosphate, Sodium or potassium 
hydrogen phosphate, Sodium or potassium dihydrogen phos 
phate and the like. Of these, Sodium carbonate is preferred. 
The buffer is generally present in the treating fluid in an 
amount in the range of from about 0% to about 0.3% by 
weight of water therein. 

0040. The treating fluid as well as the concentrate can 
also include a Surfactant for preventing the formation of 
emulsions between the treating fluid and Subterranean for 
mation fluids contacted by the treating fluid. Examples of 
Such Surfactants include, but are not limited to, alkyl Sul 
fonates, alkyl aryl Sulfonates including alkyl benzyl Sul 
fonates Such as Salts of dodecylbenzene Sulfonic acid, alkyl 
trimethylammonium chloride, branched alkyl ethoxylated 
alcohols, phenol-formaldehyde anionic resin blends, coco 
betaines, dioctyl Sodium SulfoSuccinate, imidazolines, alpha 
olefin Sulfonates, linear alkyl ethoxylated alcohols, trialkyl 
benzylammonium chloride and the like. Of these, dodecyl 
benzene Sulfonic acid Salts are preferred. The Surfactant is 
generally present in the treating fluid in an amount in the 
range of from about 0% to about 0.1% by weight of the 
water therein. 

0041. The treating fluid and the concentrate can also 
include a clay Stabilizer Selected, for example, from the 
group consisting of potassium chloride, Sodium chloride, 
ammonium chloride and tetramethyl ammonium chloride 
and the like. Of these, potassium chloride and tetramethyl 
ammonium chloride are preferred. When used, the clay 
Stabilizer is generally present in the treating fluid in an 
amount in the range of from about 0.5% to about 10% by 
weight of the water therein. 
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0042. Other additives can be included in a subterranean 
formation treating fluid of this invention which are not 
normally in the treating fluid concentrate used to form the 
treating fluid. For example, in applications where a fluid loSS 
control agent must be included in the treating fluid, a fluid 
loSS control agent can be metered into the blender during the 
mixing of the treating fluid. Examples of fluid loSS control 
agents which can be used include, but are not limited to, 
Silica flour, Starches, waxes and resins. The fluid loSS control 
agent is included in the treating fluid in an amount in the 
range of from about 0% to about 1% by weight of water 
therein. 

0043. The subterranean formation treating fluid can also 
include compounds for retarding the movement of the 
proppant introduced in the fluid within the created fracture. 
For example, materials in the form of fibers, flakes, ribbons, 
beads, shavings, platelets and the like comprised of glass, 
ceramics, carbon composite, natural or Synthetic polymers 
or metals and the like can be admixed with the fluid and 
proppant introduced into the Subterranean formation to 
retard or prevent the movement of the introduced proppant. 
A more detailed description of the forgoing materials is 
disclosed in, for example, U.S. Pat. Nos. 5,330,005; 5,439, 
055; and 5,501,275 the entire disclosures of which are 
incorporated herein by reference. Alternatively, or in addi 
tion to the prior materials, a material comprising a tackifying 
compound may be admixed with the fluid or the proppant to 
coat at least a portion of the proppant or other Solid materials 
identified above Such that the coated material and particulate 
adjacent thereto will adhere together to form agglomerates 
which will bridge in the created fracture to prevent particu 
late flowback. The tackifying compound also may be intro 
duced into the formation with the treatment fluid prior to or 
after the introduction of the proppant into the formation. The 
coated material is effective in inhibiting the flowback of fine 
particulate in the proppant pack having a size ranging from 
about that of the proppant to less than about 600 mesh. The 
coated proppant or other material is effective in consolidat 
ing fine particulates in the formation in the form of agglom 
erates to prevent the movement of the fines during produc 
tion of the formation fluids from the well bore subsequent to 
the treatment. A more detailed description of the use of the 
foregoing tackifying compound and the methods of use 
thereof is disclosed in U.S. Pat. Nos. 5,775,415; 5,787,986; 
5,833,000; 5,839,510; 5,871,049; 5,853,048; and 6,047,772 
the entire disclosures of which are incorporated herein by 
reference thereto. 

0044) Additional additives that can be included in the 
treating fluids of this invention which are well known to 
those skilled in the art include, but are not limited to, Scale 
inhibitors, demulsifiers, clay Stabilizers, bactericides, 
breaker activators and the like. 

0.045 An improved method of this invention for treating 
a Subterranean formation penetrated by a well bore is 
comprised of the following steps: (a) preparing a gelled and 
crosslinked treating fluid comprised of water, a Substantially 
fully hydrated depolymerized polymer and a crosslinking 
agent for crosslinking Said hydrated depolymerized poly 
mer; and (b) contacting said Subterranean formation with 
Said gelled crosslinked treating fluid. 

0046) Another improved method of the present invention 
for treating a Subterranean formation penetrated by a well 
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bore whereby one or more fractures are formed therein is 
comprised of the following steps: (a) preparing a gelled and 
crosslinked fracturing fluid comprised of water, a Substan 
tially fully hydrated depolymerized polymer, a crosslinking 
agent for crosslinking Said hydrated depolymerized polymer 
and a proppant material; and (b) contacting Said Subterra 
nean formation with Said gelled and crosslinked fracturing 
fluid under conditions effective to create at least one fracture 
in Said Subterranean formation. 

0047 The water utilized for preparing the gelled and 
crosslinked fluids called for in the above methods can be 
fresh water, unsaturated Salt water including brines and 
Seawater and Saturated Salt water. The Substantially fully 
hydrated depolymerized polymer can be a Substantially fully 
hydrated depolymerized polysaccharide and is preferably a 
Substantially fully hydrated depolymerized guar derivative 
polymer Selected from the group consisting of hydroxypro 
pylguar, carboxymethylhydroxypropylguar, carboxymeth 
ylguar, hydroxyethyl cellulose, grafted hydroxyethyl cellu 
lose, carboxymethyl cellulose, carboxymethylhydroxyethyl 
cellulose and the like. Of these, depolymerized hydroxypro 
pylguar is preferred. The Substantially fully hydrated depo 
lymerized polymer is included in the treating fluid or frac 
turing fluid in an amount in the range of from about 0.2% to 
about 5% by weight of the water therein. 
0048. The crosslinking agent utilized in the treating fluid 
and fracturing fluid is preferably Selected from the group 
consisting of boron compounds Such as, for example, boric 
acid, disodium octaborate tetrahydrate, Sodium diborate and 
pentaborates, compounds which can Supply Zirconium IV 
ions Such as, for example, Zirconium lactate, Zirconium 
lactate triethanolamine, Zirconium carbonate, Zirconium 
acetylacetonate and Zirconium diisopropylamine lactate, 
compounds that can Supply titanium IV ions Such as, for 
example, titanium ammonium lactate, titanium triethanola 
mine, titanium acetylacetonate, aluminum compounds Such 
as aluminum lactate or aluminum citrate or compounds that 
Supply antimony ions. Of these, a borate compound is the 
most preferred. The crosslinking agent utilized is included in 
the treating fluid in an amount in the range of from about 50 
ppm to about 5000 ppm active crosslinker. 
0049. The fracturing fluid also includes a proppant mate 
rial which can be resin coated or uncoated Sand, Sintered 
bauxite, ceramic materials, glass beads and the like. The 
proppant material is included in the fracturing fluid in an 
amount in the range of from about 1 to about 24 pounds of 
proppant material per gallon of the treating fluid. 
0050. The treating or fracturing fluid can also include a 
pH adjusting compound for elevating the pH of the fluid. 
The pH adjusting compound can be Selected from Sodium 
hydroxide, potassium hydroxide, lithium hydroxide, formic 
acid, fumaric acid, acetic acid, acetic anhydride, hydrochlo 
ric acid and the like. Of these, Sodium hydroxide is pre 
ferred. The pH adjusting compound is included in the 
treating or fracturing fluid in an amount in the range of from 
about 0% to about 0.3% by weight of the water in the 
treating fluid. 
0051. The treating or fracturing fluid can also include a 
buffer Selected from the group consisting of Sodium carbon 
ate, potassium carbonate, Sodium bicarbonate, potassium 
bicarbonate, Sodium or potassium diacetate, Sodium or 
potassium phosphate, Sodium or potassium hydrogen phos 
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phate, Sodium or potassium dihydrogen phosphate and the 
like. Of these, sodium carbonate is preferred. The buffer is 
generally present in the treating or fracturing fluid in an 
amount in the range of from about 0% to about 0.3% by 
weight of water therein. 
0.052 Another component which can be included in the 
treating fluid or fracturing fluid is a Surfactant for preventing 
the formation of emulsions between the treating or fractur 
ing fluid and Subterranean formation fluids. Examples of 
Surfactants which can be used include, but are not limited to, 
alkyl Sulfonates, alkyl aryl Sulfonates including alkylbenzyl 
Sulfonates Such as Salts of dodecylbenzene Sulfonic acid, 
alkyl trimethylammonium chloride, branched alkyl ethoxy 
lated alcohols, phenol-formaldehyde nonionic resin blends, 
cocobetaines, dioctyl Sodium SulfoSuccinate, imidazolines, 
alpha olefin Sulfonates, linear alkyl ethoxylated alcohols, 
trialkyl benzylammonium chloride and the like. Of these, 
Salts of dodecylbenzene Sulfonic acids are preferred. The 
Surfactant is included in the treating or fracturing fluid in an 
amount in the range of from about 0% to about 0.1% by 
weight of water therein. 
0053. Yet another component which can be included in 
the treating fluid or fracturing fluid is a clay Stabilizer. 
Examples of clay Stabilizers include, but are not limited to, 
potassium chloride, Sodium chloride, ammonium chloride 
and tetramethyl ammonium chloride and the like. Of these, 
potassium chloride and tetramethyl ammonium chloride are 
preferred. When used, the clay stabilizer is included in the 
concentrate in an amount in the range of from about 0.5% to 
about 10% by weight of the water therein. 
0.054 Still another component that can be included in the 
treating fluid or fracturing fluid is a fluid loSS control agent 
Such as, for example, Silica flour, Starches, waxes and resins. 
The fluid loSS control agent is included in the treating fluid 
in an amount in the range of from about 0% to about 1% by 
weight of water therein. 
0.055 A final component which is usually included in the 
treating fluid or fracturing fluid is a breaker or crosslink 
delinker for causing the fluid to quickly revert to a thin fluid. 
Examples of Suitable breakers or delinkers include, but are 
not limited to, a delayed breaker or delinker capable of 
lowering the pH of the treating fluid to cause the polymer 
crosslink to reverse. Examples of delayed breakers or 
delinkers which can be utilized include, but are not limited 
to, various lactones, esters, encapsulated acids and slowly 
Soluble acid generating compounds, oxidizers which pro 
duce acids upon reaction with water, water reactive metals 
Such as aluminum, lithium and magnesium and the like. Of 
these, the esters are preferred. Alternatively, any of the 
conventionally used breakers employed with metal ion 
crosslinkers can be utilized Such as, for example, Sodium 
chlorite, Sodium bromate, Sodium perSulfate, ammonium 
perSulfate, encapsulated Sodium perSulfate, potassium per 
Sulfate, or ammonium perSulfate and the like as well as 
magnesium peroxide. Enzyme breakers that may be 
employed include alpha and beta amylases, amyloglucosi 
dase, invertase, maltase, cellulase and hemicellulase is pre 
ferred. The breaker or delinker is included in the treating or 
fracturing fluid in an amount in the range of from about 0% 
to about 1% by weight of water therein. 
0056. The Subterranean formation treatment fluids of the 
present invention also may include Substantially any of the 
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conventionally known foaming agents which do not 
adversely react with the fluid constituents Such that a gas 
eous compound Such as nitrogen, air, carbon dioxide or 
another gasifying compound can be admixed with the fluid 
to form a foam for introduction into the Subterranean for 
mation. The gaseous compound can be admixed with the 
fluid in an amount of from 5% to in excess of 90% to form 
a foamed treatment fluid for use in Stimulating a Subterra 
nean formation. When foamed, the fluid of the present 
invention provides the Same benefits as are found in the use 
of other foamed treatment fluids. The foamed fluid results in 
leSS polymer being introduced into the formation, can pro 
vide improved fluid loSS control and can provide a gas assist 
in removing the treatment fluid from the well bore at the 
conclusion of the treatment. 

0057. In order to further illustrate the Subterranean for 
mation treating fluid concentrates treating fluids and meth 
ods of this invention, the following examples are given. 

EXAMPLE 1. 

0.058. The ability of the depolymerized polymer of the 
present invention to provide Static fluid loSS control to a 
treatment fluid introduced into a simulated Subterranean 
formation and regained permeability Subsequent to the treat 
ment in comparison to conventional treatment fluids is 
determined in accordance with the following procedure. A 
Synthetic core material comprising a ceramic having a 5 
micron permeability is prepared in lengths of about 3.5 to 4 
cm. The cores have a diameter of about 2.37 cm. The cores 
then are vacuum Saturated in filtered API brine. Individual 
cores then are mounted in a Hassler sleeve device. The flow 
direction from left-to-right is designated as the production 
direction and from right-to-left is designated as the treatment 
direction to Simulate the relative directions of movement in 
treating an actual Subterranean formation. A hollow Spacer is 
installed adjacent the core to act as a perforation cavity. 
Overburden pressure on the Hassler sleeve is administered 
by maintaining differential pressure from the treating pres 
Sure being used. The core is heated to and then maintained 
throughout the test at a temperature of 125 F. The core then 
is flushed with 25 ml of filtered API brine in the production 
direction. Initial permeability to API brine then is deter 
mined in the production direction by flow with a differential 
pressure of 20 psi. Rates are measured every 25 ml of 
throughput to determine the initial permeability. The fluid to 
be tested then is introduced into a reservoir in communica 
tion with the treatment direction flowlines. A high differen 
tial pressure of about 200 psi is placed acroSS the core in the 
treatment direction as the treatment fluid is flowed into the 
core. The differential pressure is noted in the Table below for 
each test. The Spurt loSS fluid volume and all throughput 
volumes were collected over time intervals Sufficient to 
determine the fluid loss. After the fluid loss phase of the test 
was completed, the return or regained permeability was 
measured by injecting 500 ml of API brine through the core 
in the production direction. No attempt is made to Squeeze 
or chemically remove the filter cake created from the test 
fluid from the face of the core. The regained permeability 
then is determined from the flow data gathered. The regained 
permeability is set forth in Table I below. Each individual 
fluid which is tested is prepared from the polymers identified 
in the Table by hydration for a sufficient time to form a fully 
hydrated polymer and then a crosslinker comprising aborate 
Source is admixed with the fluid in the amount indicated, if 
present. 
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TABLE I 

Static Fluid Loss And Regained Permeability Tests 

Polymer Crosslinker Fluid Loss 

Test Concentration, concentration Calc. % Regained 
Number Polymer lbs./1000 gal. pH ppm Spurt Cw Permeability 

1. guar 41.6 ND O 3.3 O.O19 50.6 
2 guar 41.6 8.4 115 O.163 O.OO7 79.6 
3 hydroxypropylguar 41.6 8.2 315 O662 O.O12 86.9 
4 hydroxypropylguar 41.6 8.4 315 O.O45 O.OO2 89.8 
5 depolymerized HPG 41.6 9 105 O.232 O.OO8 92.95 
6 depolymerized HPG 41.6 9 315 O.048 O.OO7 96.3 

ND: no determination 

0059. The foregoing data clearly illustrate that for similar 
fluid loSS, in comparison to conventional treatment fluids, 
the use of the depolymerized polymer of the present inven 
tion results in improved regained formation permeability. 

EXAMPLE 2 

0060. To evaluate the performance of the various fluids, 
dynamic fluid loSS tests are performed using the depolymer 
ized polymer of the present invention in comparison to 
conventional treatment fluids in accordance with the follow 
ing procedure. Core Samples are prepared to fit into a 
modified API linear flow cell. Each sample has a surface 
area of 10 Square inches. Two core wafers are Set apart by 

comprised guar hydrated in tap water with 2 gallons per 
1000 gallons of fluid of a 50% tetramethyl ammonium 
chloride Solution and a breaker comprising 0.25 pounds 
Sodium perSulfate and 0.25 pounds encapsulated Sodium 
persulfate per 1000 gallons of fluid which was crosslinked 
with aborate source at a pH of above about 9.5. For sample 
3, the fluid comprised guar hydrated in tap water with 2 
gallons per 1000 gallons of fluid of a 50% tetramethyl 
ammonium chloride Solution and a breaker comprising 15 
gallons per 1000 gallons of fluid of a sodium chlorite 
solution and 3 gallons per 1000 gallons of fluid of a copper 
ethylenediaminetetraacetic acid Solution which was 
crosslinked with a borate source at a pH of above about 9.5 

TABLE II 

Dynamic Fluid LOSS Coefficients With Ohio Sandstone Core Wafers (0.1 to 0.3 md 

Polymer 
Concentration 

Sample Polymer % by wit Breaker C(ft/min') Spurt (gal/ft.) 

1. depolymerized HPG 1.49 None O.OO1877 O.OO294 
2 guar O.3 persulfate O.OO287 O 
3 guar O.3 activated O.OO357 O.OO27 

a 0.30 inch gap to allow fluid to flow through the cell for the 
dynamic test conditions. The test fluid then is prepared 
including the addition of any crosslinker. The test fluid is 
pumped through 340 ft of 0.194 inch diameter steel tubing 
to provide preconditioning and a shear history to the test 
fluid. The shear rate on the fluid is about 1800 sec'. The 
fluid then is introduced into a section of 0.62 inch diameter 
tubing immersed in a heating bath to Simulate the lower 
shear rate of a fluid in a fracture. The shear rate is about 50 
sec'. The fluid is heated to a test temperature of about 180° 
F. as it goes through the tubing. The test fluid then is 
introduced into the flow cell where the dynamic fluid loss 
occurs. A 1000 psi differential pressure force is used to drive 
the fluid through the cores. The test then is continued for 60 
minutes to permit determination of fluid loSS coefficients 
based upon collected fluid volumes. The results are set forth 
in Table II below. The test fluids comprised for sample 1, a 
concentration of 129 gallons of treating fluid concentrate of 
depolymerized polymer and tap water containing 2%. KCl 
per 1000 gallons of fluid which was crosslinked with a 
borate source at a pH of about 10.1. For sample 2, the fluid 

sodium chlorite 

0061 The results illustrate the present invention provides 
a treatment fluid with a lower dynamic fluid loss than 
conventional treatment fluids. 

EXAMPLE 3 

0062) To determine the fracture conductivity of a prop 
pant pack, the following test was used to Simulate produc 
tion through a proppant pack to determine the conductivity 
of the fracture. The test cell from each test in Example 2 is 
opened and the Space between the two core waferS is filled 
with a 20/40 mesh Ottawa sand proppant at a specified lb/ft 
concentration. The test cell then is closed and placed in a 
preSS where closure StreSS can be applied and the reservoir 
temperature can be simulated by heating the cell to 180° F. 
The conductivity of the proppant pack then is measured over 
a period of at least 48 hours until a stable value is obtained 
by flowing water through the core and proppant pack within 
the test cell. The results of the tests are set forth in Table III 
below. The Samples are compared to a baseline determina 
tion of conductivity determined by placing proppant 
between the two core wafers with the designated proppant 
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concentration without any fracturing fluid having been 
passed through the core. 

TABLE III 

Proppant Pack Conductivity Values 

Proppant Closure 
Concentration, Stress, Conductivity, Percentage of 

Sample Ib/ft2 psi md-ft Baseline, 26 

1. 2 2OOO 2744 65 
4OOO 1705 74 
6OOO 540 62 

2 2 2OOO 674 16 
4OOO 390 17 
6OOO 209 24 

3 2 2OOO 2526 60 
4OOO 1011 44 
6OOO 488 56 

0063) The results illustrate the treatment fluid of the 
present invention achieves Superior proppant pack conduc 
tivity in comparison to conventional treatment fluids without 
the necessity of the use of any breaker in the treatment fluid. 

EXAMPLE 4 

0064. To evaluate the performance of the treatment fluid 
of the present invention in an actual field job, two wells were 
treated in accordance with the methods of the present 
invention. The wells in the Cottage Grove formation each 
had a depth of about 8000 ft and a bottom hole temperature 
of about 155 F. One treatment was performed with an added 
breaker in the treatment fluid and the other treatment was 
performed without any additional breaker. In the first job, 
125 barrels of treatment fluid concentrate were prepared 
with a depolymerized hydroxypropylguar which was ulti 
lized to prepare 3000 gallons of linear gel that was used to 
perform a minifrac treatment on the well and 30,000 gallons 
of crosslinked fluid which was used to perform the principal 
treatment and place the proppant. The fluid included Sodium 
hydroxide in an amount sufficient to raise the fluid pH to 
about 12.1 and a borate crosslinker for crosslinking the 
depolymerized polymer. The proppant was ramped from a 
concentration of from about 1 to about 5 lbs per gallon for 
a total injected quantity of 50,000 pounds. A conventional 
breaker comprising encapsulated ammonium perSulfate was 
admixed with the crosslinked gelled fluid in an amount of 
from about 2 to about 4 lbs per 1000 gallons of fluid. The 
treatment was performed at an average rate of about 13 bpm 
and Successfully placed the entire quantity of proppant. 

0065 Production of oil during the two months following 
the treatment exceeded per-treatment production by in 
excess of 200%. 

0.066 The second job utilized the same depolymerized 
polymer. Approximately 110 barrels of treatment fluid con 
centrate were used to prepare 30,000 gallons of crosslinked 
fluid that is used to perform a fracturing treatment upon the 
well. The fluid includes sodium hydroxide in an amount 
sufficient to adjust the pH to a level of about 12.1 and a 
borate crosslinker for crosslinking the depolymerized poly 
mer. The proppant introduced with the fluid was ramped in 
concentration from about 1 to about 5 lbs per gallon of fluid. 
The fluid did not include any breaker. 
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0067 Production of oil during the two months after the 
treatment exceeded pre-treatment production by in excess of 
100%. 

0068 Thus, the present invention is well adapted to attain 
the objects and advantages mentioned as well as those which 
are inherent therein. While numerous changes may be made 
by those skilled in the art, Such changes are encompassed 
within the spirit of this invention as defined by the appended 
claims. 

What is claimed is: 

1. A Subterranean formation treating fluid concentrate 
comprised of 

water, and 
a Substantially fully hydrated depolymerized polymer 

having a polydispersity ratio of from 1 to about 12. 
2. The concentrate of claim 1 wherein Said water is 

Selected from the group consisting of fresh water, unsatur 
ated Salt water and Saturated Salt water. 

3. The concentrate of claim 1 wherein said substantially 
fully hydrated depolymerized polymer is a depolymerized 
guar derivative polymer Selected from the group consisting 
of hydroxypropylguar, carboxymethylhydroxypropylguar, 
carboxymethylguar, hydroxyethyl cellulose, grafted 
hydroxyethyl cellulose, carboxymethyl cellulose and car 
boxymethylhydroxyethyl cellulose. 

4. The concentrate of claim 1 wherein said substantially 
fully hydrated depolymerized polymer is depolymerized 
hydroxypropylguar. 

5. The concentrate of claim 1 wherein said substantially 
fully hydrated depolymerized polymer is present in Said 
concentrate in an amount greater than about 6% by weight 
of Said water therein. 

6. The concentrate of claim 1 wherein said substantially 
fully hydrated depolymerized polymer is present in Said 
concentrate in an amount in the range of from about 6% to 
about 20% by weight of said concentrate. 

7. The concentrate of claim 1 wherein said substantially 
fully hydrated depolymerized polymer is present in Said 
concentrate in an amount in the range of from about 12% to 
about 30% by weight of said concentrate. 

8. The concentrate of claim 1 which further comprises a 
pH adjusting compound for adjusting the pH of the treating 
fluid which is formed with said concentrate selected from 
the group consisting of Sodium hydroxide, potassium 
hydroxide, lithium hydroxide, fumaric acid, formic acid, 
acetic acid, acetic anhydride and hydrochloric acid. 

9. The concentrate of claim 8 wherein said pH adjusting 
compound is Sodium hydroxide. 

10. The concentrate of claim 8 wherein said pH adjusting 
compound is present in Said concentrate in an amount in the 
range of from about 0% to about 0.3% by weight of said 
water therein. 

11. The concentrate of claim 1 which further comprises a 
buffer Selected from the group consisting of Sodium carbon 
ate, potassium carbonate, Sodium bicarbonate, potassium 
bicarbonate, Sodium diacetate, potassium diacetate, Sodium 
phosphate, potassium phosphate, Sodium dihydrogen phos 
phate and potassium dihydrogen phosphate. 

12. The concentrate of claim 11 wherein said buffer is 
Sodium carbonate. 



US 2003/0114539 A1 

13. The concentrate of claim 11 wherein said buffer is 
present in Said concentrate in an amount in the range of from 
about 0.5% to about 10% by weight of said water therein. 

14. The concentrate of claim 1 which further comprises a 
Surfactant for preventing the formation of emulsions 
between the treating fluid which is formed with said con 
centrate and Subterranean formation fluids Selected from the 
group consisting of alkyl Sulfonates, alkyl aryl Sulfonates 
Such as the Salts of dodecylbenzene Sulfonic acid, alkyltri 
methylammonium chloride, branched alkyl ethoxylated 
alcohols, phenol-formaldehyde nonionic resin blends, coco 
betaines, dioctyl Sodium SulfoSuccinate, imidazolines, alpha 
olefin Sulfonates, linear alkyl ethoxylated alcohols and tri 
alkylbenzylammonium chloride. 

15. The concentrate of claim 14 wherein said Surfactant is 
a Salt of dodecylbenzene Sulfonic acid. 

16. The concentrate of claim 14 wherein said Surfactant is 
present in Said concentrate in an amount in the range of from 
about 0.01% to about 1% by weight of said water therein. 

17. The concentrate of claim 1 which further comprises a 
clay Stabilizer Selected from the group consisting of potas 
sium chloride, Sodium chloride, ammonium chloride, tet 
ramethyl ammonium chloride and temporary clay Stabiliz 
CS. 

18. The concentrate of claim 17 wherein said clay stabi 
lizer is potassium chloride. 

19. The concentrate of claim 17 wherein said clay stabi 
lizer is present in Said concentrate in an amount in the range 
of from about 2% to about 20% by weight of said water 
therein. 

20. An improved subterranean formation treating fluid 
prepared by: 

mixing water with a concentrate of a Substantially fully 
hydrated depolymerized polymer having a polydisper 
sity ratio of from 1 to about 12; and 

a crosslinking agent for crosslinking Said Substantially 
fully hydrated depolymerized polymer. 

21. The treating fluid of claim 22 wherein said water is 
Selected from the group consisting of fresh water, unsatur 
ated Salt water and Saturated Salt water. 

22. The treating fluid of claim 20 wherein said substan 
tially fully hydrated depolymerized polymer is a Substan 
tially fully hydrated depolymerized guar derivative polymer 
Selected from the group consisting of 

hydroxypropylguar, carboxymethylhydroxypropylguar, 
carboxymethylguar, hydroxyethyl cellulose, grafted 
hydroxyethyl cellulose, carboxymethyl cellulose and 
carboxymethylhydroxyethyl cellulose. 

23. The treating fluid of claim 20 wherein said substan 
tially fully hydrated depolymerized polymer is substantially 
fully hydrated depolymerized hydroxypropylguar. 

24. The treating fluid of claim 20 wherein said substan 
tially fully hydrated depolymerized polymer is present in 
Said treating fluid in an amount in the range of from about 
0.2% to about 5% by weight of said water therein. 

25. The treating fluid of claim 20 wherein said crosslink 
ing agent is Selected from the group consisting of boron 
compounds, compounds that Supply Zirconium IV ions, 
compounds that Supply titanium IV ions, aluminum com 
pounds and compounds that Supply antimony ions. 

26. The treating fluid of claim 20 wherein said crosslink 
ing agent is a boron compound. 
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27. The treating fluid of claim 20 wherein said crosslink 
ing agent is present in Said treating fluid in an amount in the 
range of from about 50 ppm to about 5000 ppm. 

28. The treating fluid of claim 20 which further comprises 
a proppant material Selected from the group consisting of 
resin coated or uncoated Sand, Sintered bauxite, ceramic 
materials and glass beads. 

29. The treating fluid of claim 28 wherein said proppant 
material is present in Said treating fluid in an amount in the 
range of from about 1 to about 24 pounds of proppant 
material per gallon of Said treating fluid. 

30. The treating fluid of claim 20 which further comprises 
a tackifying compound for controlling fines or proppant 
migration within the Subterranean formation 

31. The treating fluid of claim 20 which further comprises 
a pH adjusting compound for elevating the pH of the treating 
fluid Selected from the group consisting of Sodium hydrox 
ide, potassium hydroxide and lithium hydroxide. 

32. The treating fluid of claim 30 wherein said pH 
adjusting compound is present in Said treating fluid in an 
amount in the range of from about 0% to about 0.3% by 
weight of Said water therein. 

33. The treating fluid of claim 20 which further comprises 
a buffer Selected from the group consisting of Sodium 
carbonate, potassium carbonate, Sodium bicarbonate, potas 
sium bicarbonate, Sodium diacetate, potassium diacetate, 
Sodium phosphate, potassium phosphate, Sodium dihydro 
gen phosphate and potassium dihydrogen phosphate. 

34. The treating fluid of claim 33 wherein said buffer is 
Sodium carbonate. 

35. The treating fluid of claim 33 wherein said buffer is 
present in Said treating fluid in an amount in the range of 
from about 0% to about 0.3% by weight of said water 
therein. 

36. The treating fluid of claim 20 which further comprises 
a Surfactant for preventing the formation of emulsions 
between said treating fluid and Subterranean formation fluids 
Selected from the group consisting of alkyl Sulfonates, alkyl 
aryl Sulfonates Such as the Salts of dodecylbenzene Sulfonic 
acid, alkyltrimethylammonium chloride, branched alkyl 
ethoxylated alcohols, phenol-formaldehyde nonionic resin 
blends, cocobetaines, dioctyl Sodium SulfoSuccinate, imida 
Zolines, alpha olefin Sulfonates, linear alkyl ethoxylated 
alcohols and trialkylbenzylammonium chloride. 

37. The treating fluid of claim 36 wherein said surfactant 
is a Salt of dodecylbenzene Sulfonic acid. 

38. The treating fluid of claim 36 wherein said surfactant 
is present in Said treating fluid in an amount in the range of 
from about 0% to about 0.1% by weight of said water 
therein. 

39. The treating fluid of claim 20 which further comprises 
a clay Stabilizer Selected from the group consisting of 
potassium chloride, Sodium chloride, ammonium chloride, 
tetramethyl ammonium chloride and temporary clay Stabi 
lizers. 

40. The treating fluid of claim 39 wherein said clay 
Stabilizer is potassium chloride. 

41. The treating fluid of claim 39 wherein said clay 
Stabilizer is present in Said treating fluid in an amount in the 
range of from about 0.5% to about 10% by weight of said 
water therein. 

42. The treating fluid of claim 20 which further comprises 
a fluid loSS control agent Selected from the group consisting 
of Silica flour, Starches, waxes and resins. 
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43. The treating fluid of claim 42 wherein said fluid loss 
control agent is present in Said treating fluid in an amount in 
the range of from about 0% to about 1% by weight of said 
water therein. 

44. The treating fluid of claim 20 which further comprises 
a delayed delinker for causing Said treating fluid to revert to 
a thin fluid Selected from the group consisting of lactone 
delinkers, ester delinkers, encapsulated acid delinkers, 
Slowly Soluble acid generating delinkers, oxidizers that 
produce acids upon reaction, and water reactive metals. 

45. The treating fluid of claim 44 wherein said delayed 
delinker is present in Said treating fluid in an amount in the 
range of from about 0% to about 1% by weight of said water 
therein. 

46. The treating fluid of claim 20 which further comprises 
a delayed breaker for causing Said treating fluid to revert to 
a thin fluid Selected from the group of oxidizers, encapsu 
lated oxidizers and enzyme breakers consisting of Sodium 
perSulfate, potassium perSulfate, ammonium perSulfate, 
magnesium peroxide, Sodium chlorite, Sodium bromate, 
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alpha and beta amylases, amyloglucosidase, invertase, mal 
tase, cellulase and hemicellulase. 

47. The treating fluid of claim 46 wherein said delayed 
breaker is present in Said treating fluid in an amount Suffi 
cient to break Said treating fluid and cause it to revert to a 
thin fluid. 

48. A recyclable subterranean formation treating fluid 
prepared by: 

mixing with an aqueous treatment fluid recovered from a 
Subterranean formation treatment containing depoly 
merized polymer additional water, a concentrate of a 
Substantially fully hydrated depolymerized polymer to 
adjust the depolymerized polymer concentration to a 
desired level in the Subterranean formation treating 
fluid and a crosslinking agent for crosslinking Said 
Substantially fully hydrated depolymerized polymer in 
Said treating fluid. 


