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HES 2001-IP-003334 

SUBTERRANEAN FORMATION TREATING FLUID 
CONCENTRATES, TREATING FLUIDS AND METHODS 

Background of the Invention 

10 1. Field of the Invention. 

The present invention relates to methods and compositions for treating 

subterranean well formations, and more specifically, to improved subterranean formation 

treating fluid concentrates, treating fluids and methods of using the treating fluids. 

2. Description of the Prior Art. 

15 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 viscous 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 

20 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. 

25 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 

1133303 
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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 

5 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 channels remain through which produced fluids 

10 
can readily flow to the well bore upon completion of the fracturing treatment. 

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 gel a base fluid whereby a fracturing fluid / 

having the high viscosity needed to realize the maximum benefits from the fracturing 

15 process is provided. 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 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 

accom’plished by adding a breaker to the fracturing fluid prior to pumping it into the 

4 20 subterranean formation. 

The fracturing fluids utilized heretofore have predominantly 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 
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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 

5 highly viscous gelled and crosslinked fluids lose viscosity with time at high temperatures. 

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 

C, which the fluid is injected into a subterranean formation which makes pumping of the 

fracturing fluids more difficult. Thermal stabilizers such as sodium thiosulfate have been 

01 

10 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. 

Another problem which has been experienced in the use of gelled and crosslinked 

polysaccharide fracturing fluids involves the breaking of such fracturing fluids after 

15 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. 

In order to make the heretofore used gelled and crosslinked polysaccharide 

, 
fracturing fluids carry sufficient proppant, the concentration of the crosslinking agent 

"A 

20 utilized has d’ften had to be increased which in turn increases the cost and viscosity of the 

fracturing fluid. The water based fracturing fluids including gelled and crosslinked 

polysaccharide 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. 

1133303 3 



However, because the gelled and crosslinked polysaccharides have had high molecular 

weights, the filter cake produced from the viscous fracturing fluid on the wails of well 

bores penetrating producing formations and in fractures formed therein is often very 

difficult to remove. 

5 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 

frlO 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 / 

Ci impossible to do so since it takes a very lone time for a change to be made and for the 

15 changed fracturing fluid to reach the formation being fractured. Another problem 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. 

00 
Finally, in many environmentally sensitive areas, the water based fracturing fluids 

20 containing polysacdharide gelling agents must be recovered from the well and disposed 

of by environmentally appropriate means which increases the overall cost of the 

fracturing treatment. 
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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 

5 changed during use and can be recovered and reused if desired. 

Summary of the Invention 

The present invention provides subterranean formation 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 

� 10 the needs described above and overcome the deficiencies of the prior art. 

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 p11 adjusting compounds for adjusting 

is 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. 

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 

20 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 

additives 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 
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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 periodically or continuously changed during the time that the pumping of the treating 

fluid takes place. 

5 The improved subterranean formation treating fluids 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 

(1 crosslinking and a crosslinking agent for crosslinking the substantially fully hydrated 

depolymerized polymer. While the improved subterranean formation treating fluids of 

10 this invention can be utilized for carrying out a variety of subterranean well treatments 

such 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 

15 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 additional water. The substantially fully hydrated depolymerized 

polymer utilized in the concentrate and the treating fluid produced therefrom is preferably 

. 4 
a depolymerized polysacchariae polymer, and most preferably depolymerized 

20 hydroxypropylguar. 

The improved methods of treating a subterranean formation penetrated by a well 

bore are basically comprised of the following steps. A gelled and crosslinked treating 

fluid is prepared comprised of water, a substantially fully hydrated depolymerized 
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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. Thereafter, the gelled and crosslinked treating 

fluid is introduced into the subterranean formation to be treated. 

Another improved method of treating a subterranean 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 depolymerized 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. 

It is, therefore, a general object of the present invention to provide improved 

subterranean formation treating fluid concentrates, treating fluids and methods. 

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 

20 embodiments which follows. 

Description of Preferred Embodiments 

As mentioned above, the present invention provides an improved subterranean 

formation treating fluid which is prepared on the job site in a very rapid manner from a 

1233303 7 



The subterranean formation treating fluid concentrate of this invention is basically 

comprised of water and a substantially fully hydrated depolymerized polymer. 

The substantially fully hydrated depolymerized polymer may be manufactured by 

various means. The polymer may be manufactured by forming a hydratable polymer 

5 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 manufacture of such polymers can be 

made by derivatization and depolymerization techniques known in the art or as described 

(C’ in United States Application entitled "Galactomannan Compositions and Methods for 

10 Making and Using the Same," filed June 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 

15 depolymerized galactomannan polymer is prepared by the methods described in the 

Magallanes application, the entire disclosure of which is incorporated herein by 

reference. 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 

reaction. Once initiated, the depolymerization reactiori is exothermic and the temperature 

20 of the reactor vessel generally should be maintained in the range of from about 100-

200°F. 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 polymerized until the desired molecular weight is achieved. The hydratable polymer 
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0 
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, carboxymethyihydroxypropylguar, carboxymethylguar, 

hydroxyethyl cellulose, hydroxyethyl cellulose grafted with glycidol or vinyl phosphonic 

5 acid, carboxymethyl cellulose, carboxymethylhydroxyethyl cellulose and the like. Of 

these, depolymerized hydroxypropylguar is preferred. The depolymerized polymer 

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 preferably should have a 

OP’s 

j 0 10 polydispersity ratio of from 1 to about 12 as determined by gel permeation 

chromatography as disclosed in "Practical High Performance Liquid Chromatography" 

edited by C. F. Simpson (Hyden & Son Ltd., 1976). The polydispersity ratio of 

polysaccharides or other polymers generally can range from about 2 to as much as 250. 

The depolymerized polymer of the present invention has been found to exhibit the 

15 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 

0,0 admixed with the water in an amount in excess of about 6 %1y weight of the concentrate 

20 to form the treating fluid concentrate. Preferably, the polymer 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 
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35,000 cps as determined with a Brookfield DV 11+ RV spring viscometer manufactured 

by Brookfield Engineering Laboratories of Middleboro, MA. The viscosity is determined 

by measurements 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. 

The water utilized to form the treating fluid concentrate can be fresh water, 

unsaturated salt water or saturated 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. 

In some instances it may be desirable to add a dispersing agent to the polymer for 

dispersing the depolynierized 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. 

ØA  variety of other additives can be included in a concentrafe of this invention at 

’5 
20 the time of its manufacture. Such additives generally include pHadjusting compounds 

for adjusting the p11 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 
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anhydride, hydrochloric acid, sodium hydroxide, potassium hydroxide, lithium 

hydroxide, various carbonates or any other commonly used pH control 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 

5 adjusting compound 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. 

A pH 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, 

LU sodium bicarbonate, potassium bicarbonate, sodium or potassium diacetate, sodium or 

10 potassium phosphate, sodium or potassium 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. 

Another additive which can be included in the concentrate is a surfactant for 

15 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’-formaldebyde 

20 nonionic resin blends, cocobetaines, dioctyl sodium sulfosuccinate, imidLolines, alpha 

olefin sulfonates, linear alkyl ethoxylated alcohols, trialkyl benzylarnmoniuxn 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 
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% 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. 

5 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 tetramethyl 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 US Patents 5,197,544; 5,097904; 

10 4,977,962; 4,974,678; 4,828,726, the entire disclosures of which are incorporated herein 

Ui by reference. 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 2 % to about 20 % by weight of the water therein. 

When the concentrate of this invention is mixed with additional water and any 

15 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, unsaturated salt water including brines or seawater, or 

20 saturated salt water. 

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 depolymerized polymer in the concentrate 
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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 

polymer segments has unexpected thermal stability at temperatures 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 utilized 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 

molecular 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 if 

viscosity. The treating fluid concentrate utilized in accordance with this invention 

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 
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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 

5 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. 

10 The improved subterranean formation treating fluids of this invention are 

W basically comprised of water, a substantially fully hydrated depolymerized polymer and a 

crosslinking agent for crosslinking the hydrated depolymerized polymer. As mentioned 

above, the water can be selected from fresh water, unsaturated salt water including brines 

and seawater and saturated salt water. 

15 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, 

carboxymethylhydroxypropylguar, carboxymethylguar, hydroxyethylguar and 

20 carboxyniethylbydroxyethylguar. Of these, substantially fully hydrated depolymerized 
�: 

hydroxypropylguar is most preferred. The substantially fully hydrated depolymerized 

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. 
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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, 

5 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 

triethanolamine, titanium acetylacetonate, aluminum compounds such as aluminum 

lactate or aluminum citrate or compounds that can supply antimony ions. Of these, a 

borate 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. 

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 hydroxide, lithium hydroxide fumaric acid, formic acid, 

acetic acid, hydrochloric acid, acetic anhydride and the like. Of these, sodium hydroxide 

0020 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. 

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 
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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 

5 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, 
LM 

eel esters, encapsulated acids and slowly soluble acid generating compounds, oxidizers 

� 
10 which produce acids upon reaction 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 metal ion crosslinkers can be utilized, for example, oxidizers 

15 such as sodium chlorite, sodium broinate, sodium persulfate, ammonium persulfate, 

encapsulated sodium persulfate, potassium persulfate, or ammonium persulfate and the 

like as well as magnesium peroxide. Enzyme breakers that may be employed include 

alpha and beta amylases, amyloglucosidase, invertase, maltase, cellulase and 

hemicellulase. The specific breaker or delinker utilized, whether or not it is encapsulated, 

20 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. 
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When the subterranean formation treating fluid of this invention is utilized for 

carrying Out a fracture stimulation procedure, proppant material is included in at least a 

portion of the treating fluid as it is pumped into the subterranean 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. 

As mentioned above in connection with the concentrate, 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 bicarbonate, 

potassium bicarbonate, sodium or potassium diacetate, sodium or potassium phosphate, 

sodium or potassium hydrogen phosphate, sodium or potassium dihydrogen phosphate 

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 

20 of water therein. 

The treating fluid as well as the concentrate can also include a surfactarit for 

preventing the formation of emulsions between the treating fluid and subterranean 

formation fluids contacted by the treating fluid. Examples of such surfactants include, 
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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 anionic resin blends, 

cocobetaines, dioctyl sodium sulfosuccinate, irnidazo lines, alpha olefin sulfonates, linear 

5 alkyl ethoxylated alcohols, trialkyl benzylammonium chloride and the like. Of these, 

dodecylbenzene 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. 

The treating fluid and the concentrate can also include a clay stabilizer selected, 

’ 10 for example, from the group consisting of potassium chloride, sodium chloride, 

lii 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. 

15 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 

20 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. 
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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 

5 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, US Patents 5,330,005; 5,439,055; and 5,501,275 the entire disclosures of which 

are incorporated herein by reference. Alternatively, or in addition to the prior materials, a 

� �io 

material comprising a tackifring 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 

agglomeral’es which will bridge in the created fracture to prevent particulate flowback. 

The tacldfying compound also may be introduced into the formation with the treatment 

15 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 consolidating fine particulates in the 

formation in the form of agglomerates to prevent the movement of the fines during 

20 production 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 US Patents 5,775,415; 5,787,986; 5,833,000; 
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5,839,510; 5,871,049; 5,853,048; and 6,047,772 the entire disclosures of which are 

incorporated herein by reference thereto. 

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 

5 inhibitors, demulsifiers, clay stabilizers, bactericides, breaker activators and the like. 

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 

10 depolymerized polymer; and (b) contacting said subterranean formation with said gelled 

crosslinked treating fluid. 

Another improved method of the present invention for treating a subterranean 

formation penefraed by a well bore whereby one or more fractures are formed therein is 

comprised of the following steps: (a) preparing a gelled and crosslinked fracturing fluid 

15 comprised of water, a substantially fully hydrated depolymerized polymer, a crosslinking 

agent for crosslinking said hydrated depolymerized polymer and a proppant material; and 

(b) contacting said subterranean formation with said gelled and crosslinked fracturing 

fluid under conditions effective to create at least one fracture in said subterranean 

., formation. 

20 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 
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substantially fully hydrated depolymerized guar derivative polymer selected from the 

group consisting of hydroxypropylguar, carboxymethyihydroxypropylguar, 

carboxymethylguar, hydroxyethyl cellulose, grafted hydroxyethyl cellulose, 

carboxymethyl cellulose, carboxymethylhydroxyethyl cellulose and the like. Of these, 

5 depolymerized hydroxypropylguar is preferred. The substantially fully hydrated 

�10 

pi 

15 

0* 

depolymerized polymer is included in the treating fluid or fracturing fluid in an amount in 

the range of from about 0.2 % to about 5 % by weight of the water therein. 

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 diisopropylaxnine lactate, compounds that can supply titanium IV ions such as, 

for example, titanium ammonium lactate, titanium triethanolamine, 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. 

The fracturing fluid also includes a proppant material which can be resin coated 

20 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. 
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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, hydrochloric acid and the like. Of these, sodium hydroxide is 

5 preferred. 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. 

The treating or fracturing fluid can also include a buffer selected from the group 

consisting of sodium carbonate, potassium carbonate, sodium bicarbonate, potassium 

10 bicarbonate, sodium or potassium diacetate, sodium or potassium phosphate, sodium or 

Ui potassium hydrogen phosphate, 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. 

15 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 

fracturing fluid 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 dodecylbeuzene sulfonic acid, alkyl 

20 trimethylarnmonium chloride, branched alkyl ethoxylated 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 
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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. 

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, 

5 potassium chloride, sodium chloride, ammonium chloride and tetramethyl ammonium 

chloride and the like. Of these, potassium chloride and tetrarnethyl 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. 

Still another component that can be included in the treating fluid or fracturing 

10 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. 

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 

15 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 produce acids upon reaction 

20 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 
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sodium persulfate, potassium persulfate, or ammonium persulfate and the like as well as 

magnesium peroxide. Enzyme breakers that may be employed include alpha and beta 

amylases, amyloglucosidase, invertase, maltase, cellulase and hemicellulase is preferred. 

The breaker or delinker is included in the treating or fracturing fluid in an amount in the 

5 range of from about 0 % to about 1 % by weight of water therein. 

The subterranean formation treatment fluids of the present invention also may 

include substantially any of the conventionally known foaming agents which do not 

adversely react with the fluid constituents such that a gaseous compound such as 

nitrogen, air, carbon dioxide or another gasifying compound can be admixed with the 

14 
10 fluid to form a foam for introduction into the subterranean formation. 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 subterranean 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 

15 introduced into the formation, can provide 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. 

In order to further illustrate the subterranean formation treating fluid concentrates 

treating fluids and methods of this invention, the following examples are given. 

20 Example 1 

The ability of the dpolyrnerized 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 treatment in comparison to 
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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 

S mounted in a Hassler sleeve device as illustrated in Figure 1. 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 

� 
10 maintaining differential pressure from the treating� pressure being used. The core is 

W 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 determined in the’ production direction by flow with a 

differential pressure of 20 psi. Rates are measured every 25 ml of throughput to 

- 15 determine the initial permeability. The fluid to be tested then is introduced into a 

reservoir in communication with the treatment direction flowlines. A high differential 

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 

20 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 nil 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 
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TABLE I 

Static Fluid Loss And Regained Permeability Tests 

Test 
Polymer Crosslinker Fluid Loss 

% 

Regained 
Number 

Polymer Concentration, pH concentration, Gale. 
Cw Permeability 

lbs./1 000 gal. ppm Spurt 

I guar 41.6 ND 0 3.3 0.019 50.6 
2 guar 41.6 8.4 115 0.163 0.007 79.6 
3 hydroxypropylguar 41.6 8.2 315 0.662 0.012 86.9 
4 hydroxypropylguar 41.6 8.4 315 0.045 0.002 89,8 
5 depolymerized HPG 41.6 9 105 0.232 0.008 92.95 
6 depolymerized HPG 41.6 9 315 0.048 0.007 96.3 

ND: no determination 
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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 

invention results in improved regained formation permeability. 

5 
Example  

To evaluate the performance of the various fluids, dynamic fluid loss tests are 

performed using the depolymerized polymer of the present invention in comparison to 

conventional treatment fluids in accordance with the following 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 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 see"’. 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 see-’. 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 

20 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 % KC1 per 1000 gallons of fluid which was 
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crosslinked with a borate source at a pH of about 10.1. For sample 2, 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 0.25 pounds sodium persuifate 

and 0.25 pounds encapsulated sodium persulfate per 1000 gallons of fluid which was 

crosslinked with a borate 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 

1133303 cIłj 
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The results illustrate the present invention provides a treatment fluid with a lower 

dynamic fluid loss than conventional treatment fluids. 

Example 3 

5 To determine the fracture conductivity of a proppant pack, the following test was 

used to simulate production 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/f2 

concentration. The test cell then is closed and placed in a press where closure stress can 

10 be applied and the reservoir temperature can be simulated by heating the cell to 1800 F. 

The conductivity of the proppant pack then is measured over a period of at least 48 hours 

ci 

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
 

C) are compared to a baseline determination of conductivity determined by placing proppant 

15 between the two core wafers with the designated proppant concentration without any 

fracturing fluid having been passed through the core. 
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TABLE 111 

Proppant Pack Conductivity Values 

Sample 
Proppant 

Concentration, 
lb/ft2 

Closure Stress, 
psi 

Conductivity, 
Pd-ft 

Percentage of 
Baseline, 

% 

1 2 2000 2744 65 
4000 1705 74 
6000 540 62 

2 2 2000 674 16 
4000 390 17 
6000 209 24 

3 2 2000 2526 60 
4000 1011 44 
6000 488 56 

5 

The results illustrate the treatment fluid of the present invention achieves superior 

proppant pack conductivity in comparison to conventional treatment fluids without the 

necessity of the use of any breaker in the treatment fluid. 

10 

Example 4 

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. Thewells in the Cottage Grove formation each had a depth of about 8000 ft 

15 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 hydroxypropylgur which was utilized to prepare 3000 
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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 

5 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 
Lzi 

was performed at an average rate of about 13 bpm and successfully placed the entire 

10 quantity of proppant. 

lU Production of oil during the two months following the treatment exceeded per-

treatment production by in excess of 200 %. 

The second job utilized the same depolymerized polymer. Approximately 110 

barrels of treatment fluid concentrate were used to prepare 30,000 gallons of crosslinked 

15 fluid that is used to perform a fracturing treatment upon the well. The fluid includes 

$20 

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 polymer. The proppant introduced 

with the fluid was ramped in concentration from about I to about 5 lbs per gallon of fluid. 

The fluid did not include any breaker. 

Production of il during the two months after the treatment exceeded pre-

treatment production 1in excess of 100 %. 
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1. A subterranean formation treating fluid concentrate comprised of-

5 water; and 

a substantially fully hydrated depolymerized polymer. 

2. The concentrate of claim 1 wherein said water is selected from the group 

ka 
consisting of fresh water, unsaturated salt water and saturated salt water. 

tO 10 

3. The concentrate of claim I wherein said depolymerized polymer has a 

polydispersity ratio of from I to about 12. 

4. The concentrate of claim 1 wherein said substantially fully hydrated 

15 depolymerized polymer is a depolymerized guar derivative polymer 

selected from the group consisting of hydroxypropylguar, 

carboxymethyihydroxypropylguar, carboxymethylguar, bydroxyethyl 

cellulose, grafted hydroxyethyl cellulose, carboxyniethyl cellulose and 

carboxyniethylhydroxyethyl cellulose. 

SI 
20 

5. The concentrate of laim 1 wherein said substantially fully hydrated 

depolymerized polymer is depolymerized hydroxypropylguar. 

1133303 36 



6. 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. 

5 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 6 % to about 20 % by weight of said concentrate. 

8. The concentrate of claim 1 wherein said substantially fully hydrated 

10 depolymerized polymer is present in said concentrate in an amount in the 

range of from about 6 % to about 30 % by weight of said concentrate. 

9. The concentrate of claim 1 which further comprises a pH adjusting 

compound for adjusting the pH of the treating fluid which is formed with 

15 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. 

60 
10. The concentrate of claim 9 wherein said pH adjusting compound is 

’A 20 sodium hydroxide. 
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11. The concentrate of claim 9 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. 

12. The concentrate of claim 1 which further comprises a buffer selected from 

the group consisting of sodium carbonate, potassium carbonate, sodium 

bicarbonate, potassium bicarbonate, sodium diacetate, potassium diacetate, 

sodium phosphate, potassium phosphate, sodium dihydrogen phosphate 

and potassium dihydrogen phosphate. 

13. The concentrate of claim 12 wherein said buffer is sodium carbonate. 

15 14. The concentrate of claim 12 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. 

15. The concentrate of claim 1 which further comprises a surfactant for 

00  20 preventing the formation of emu1sins between the treating fluid which is 

formed with said concentrate andThtenanean formation fluids selected 

from the group consisting of alkyl sulfonates, alkyl aryl sulfonates such as 

the salts of dodecylbenzene sulfonic acid, alkyltrimethylammonium 
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chloride, branched alkyl ethoxylated alcohols, phenol-formaldehyde 

nonionic resin blends, cocobetaines, dioctyl sodium sulfosuccinate, 

imidazolines, alpha olefin sulfonates, linear alkyl ethoxylated alcohols and 

trialkyl benzylammonium chloride. 

16. The concentrate of claim 15 wherein said surfactant is a salt of 

doclecylbenzene sulfonic acid. 

17. The concentrate of claim 15 wherein said surfactant is present in said 

10 concentrate in an amount in the range of from about 0.01 % to about 1 % 

W by weight of said water therein. 

18. The concentrate of claim I which further comprises a clay stabilizer 

selected from the group consisting of potassium chloride, sodium chloride, 

15 ammonium chloride, tetramethyl ammonium chloride and temporary clay 

stabilizers. 

19. The concentrate of claim 18 wherein said clay stabilizer is potassium 

chloride. 

20 

20. The concentrate of claim 18 wherein said clay stabilizer is present in said 

concentrate in an amount in the range of from about 2 % to about 20 % by 

weight of said water therein. 
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21. An improved subterranean formation treating fluid comprised of: 

water; 

a substantially fully hydrated depolymerized polymer; and 

5 a crosslinking agent for erosslinking said substantially fully hydrated 

depolymerized polymer. 

22. The treating fluid of claim 21 wherein said water is selected from the 

group consisting of fresh water, unsaturated salt water and saturated salt 

10 water. 

23. The treating fluid of claim 21 wherein said substantially fully hydrated 

depolymerized polymer is a substantially fully hydrated depolymerized 

tfl guar derivative polymer selected from the group consisting Of 

hydroxypropylguar, carboxyniethyihydroxypropylguar, 

15 carboxyxnethylguar, hydroxyethyl cellulose, grafted hydroxyethyl 

cellulose, carboxymethyl cellulose and carboxyinethylhydroxyethyl 

cellulose. 

24. The treating fluid of claim 21 wherein said substantially fully hydrated 

20 depolymerized polymer is substantially fully iydrated depolymerized 

hydroxypropylguar. 
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25. The treating fluid of claim 21 wherein said substantially 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. 

5 26. The treating fluid of claim 21 wherein said crosslinking agent is selected 

from the group consisting of boron compounds, compounds that supply 

zirconium IV ions, compounds that supply titanium IV ions, aluminum 

compounds and compounds that supply antimony ions. 

VJ 

10 27. The treating fluid of claim 21 wherein said crosslinking agent is a boron 

compound. 

28. The treating fluid ofc1aim 21 wherein said crosslinking agent is present in 

said treating fluid in an amount in the range of from about 50 ppm to 

15 about 5000 ppm. 

29. The treating fluid of claim 21 which further comprises a proppant material 

selected from the group consisting of resin coated or uncoated sand, 

., sintered bauxite, ceramic materials and glass beads. 

20 

30. The treating fluid of claim 29 wherein said proppant material is present in 

said treating fluid in an amount in the range of from about I to about 24 

pounds of proppant material per gallon of said treating fluid. 
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31. The treating fluid of claim 21 which further comprises a tackifying 

compound for controlling fines or proppant migration within the 

subterranean formation 

32. The treating fluid of claim 21 which further comprises a pH adjusting 

compound for elevating the pH of the treating fluid selected from the 

group consisting of sodium hydroxide, potassium hydroxide and lithium 

hydroxide. 

33. The treating fluid of claim 31 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. 

34. The treating fluid of claim 21 which further comprises a buffer selected 

from the group consisting of sodium carbonate, potassium carbonate, 

sodium bicarbonate, potassium bicarbonate, sodium diacetate, potassium 

diacetate, sodium phosphate, potassium phosphate, sodium dihydrogen 

phosphate and potassium dihydrogen phosphate. 

35. The treating fluid of claim 34 wherein said buffer is sodium ca15nate. 

42 



36. The treating fluid of claim 34 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. 

5 37. The treating fluid of claim 21 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 

fat 
sulfonic acid, alkyltrimethylammonium chloride, branched alkyl 

10 ethoxylated alcohols, phenol-formaldehyde nonionic resin blends, 

cocobetaines, dioctyl sodium sulfosuccinate, imidazolines, alpha olefin 

sulfonates, linear alkyl ethoxylated alcohols and trialkyl benzylammonium 

chloride. 

15 38. The treating fluid of claim 37 wherein said surfactant is a salt of 

dodecylbenzene sulfonic acid. 

39. The treating fluid of claim 37 wherein said surfactant is present in said 

treating fluid in an amount in the range of from about 0 % to about 0.4 % 

20 by weight of said water therein. 

40. The treating fluid of claim 21 which further comprises a clay stabilizer 

selected from the group consisting of potassium chloride, sodium chloride, 
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ammonium chloride, tetramethyl ammonium chloride and temporary clay 

stabilizers. 

41. The treating fluid of claim 40 wherein said clay stabilizer is potassium 

chloride. 

42. The treating fluid of claim 40 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. 

43. The treating fluid of claim 21 which further comprises a fluid loss control 

agent selected from the group consisting of silica flour, starches, waxes 

and resins. 

44. The treating fluid of claim 43 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. 

45. The treating fluid of claim 21 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. 
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46. The treating fluid of claim 45 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. 

47. the treating fluid of claim 21 which further comprises a delayed breaker 

for causing said treating fluid to revert to a thin fluid selected from the 

group of oxidizers, encapsulated oxidizers and enzyme breakers consisting 

of sodium persulfate, potassium persulfate, ammonium persulfate, 

magnesium peroxide, sodium chlorite, sodium bromate, alpha and beta 

amylases, arnyloglucosidase, invertase, maltase, cellulase and 

hemicellulase. 

48. The treating fluid of claim 47 wherein said delayed breaker is present in 

said treating fluid in an amount sufficient to break said treating fluid and 

cause it to revert to a thin fluid. 

49. An improved method of treating a subterranean formation penetrated by a 

well bore comprising the steps of: 

(a) preparing a gelled and crosslinked treating fluid comprised of water, a 

substantially fully hydrated depolymerized polymer and a crosslinking 

agent for crosslinking said substantially hydrated depolymerized polymer; 



10 

15 

(b) contacting said subterranean formation with said gelled and 

crosslinked treating fluid. 

50. The method of claim 49 wherein said water is selected from the group 

consisting of fresh water, unsaturated salt water and saturated. salt water. 

51. The method of claim 49 wherein said substantially fully hydrated 

depolymerized polymer is a substantially 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. 

52. The method of claim 49 wherein said substantially fully hydrated 

depolymerized polymer is substantially fully hydrated depolymerized 

hydroxypropylguar. 

" 53. The method of claim 49 wherein said substantially fully hydrated 

20 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. 
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54. The method of claim 49 wherein said crosslinking agent is selected from 

the group consisting of boron compounds, compounds that supply 

zirconium IV ions, compounds that supply titanium IV ions, aluminum 

compounds and compounds that supply antimony ions. 

5 

55. The method of claim 49 wherein said crosslinking agent is a boron 

compound. 

56. The method of claim 49 wherein said crosslinking agent is present in said 

10 treating fluid in an amount in the range of from about 50 ppm to about 

5000 ppm. 
LLO 

/ 57. The method of claim 49 wherein said treating fluid further comprises a pH 

adjusting compound for elevating the pH of the treating fluid selected 

15 from the group consisting of sodium hydroxide, potassium hydroxide and 

lithium hydroxide. 

58. The method of claim 57 wherein said pH adjusting compound is sodium 

hydroxide. 

20 

59. The method of claim 57 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. 
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60. The method of claim 49 wherein said treating fluid further comprises a 

buffer selected from the group consisting of sodium carbonate, potassium 

carbonate, sodium bicarbonate, potassium bicarbonate, sodium diacetate, 

5 potassium diacetate, sodium phosphate, potassium phosphate, sodium 

dihydrogen phosphate and potassium dihydrogen phosphate. 

ci 

61. The method of claim. 60 wherein said buffer is sodium carbonate. 

10 62. The method of claim 60 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. 

n / 

63. The method of claim 49 wherein said treating fluid further comprises a 

15 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, alkyltrimethylammoniuin chloride, 

branched alkyl ethoxylated alcohols, phenol-formaldehyde nonionic resin 

20 blends, cocobetaines, dioctyl sodium sulfosuccinate, imidazolines, alpha 

olefin sulfonates, linear alkyl ethoxylated alcohols and trialkyl 

benzylammoniurn chloride. 
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64. The method of claim 63 wherein said surfactant is a salt of 

dodecylbenzene sulfonic acid. 

65. The method of claim 63 wherein said surfactant is present in said treating 

5 fluid in an amount in the range of from about 0 % to about 0. 1 % by 

weight of said water therein. 

66. The method of claim 48 wherein said treating fluid further comprises a 

clay stabilizer selected from the group consisting of potassium chloride, 

10 sodium chloride, ammonium chloride, tetramethyl ammonium chloride 

and temporary clay stabilizers. 

/ 

th 67. The method of claim 66 wherein said clay stabilizer is potassium chloride. 

15 68. The method of claim 60 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. 

69. The method of claim 49 wherein said treating fluid further comprises a 

20 fluid loss control agent selected from the group consisting of silica flour, 

starches, waxes and resins. 
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70. The method of claim 69 wherein said fluid loss control agent is present in 

said treating fluid in an amount in the range of from about 0 % to about I 

% by weight of said water therein. 

5 71. The method of claim 49 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 with water and water reactive metals. 

�410 

72. The method of claim 71 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. 

15 73. The method of claim 49 wherein said treating fluid further comprises a 

delayed breaker for causing said treating fluid to revert to a thin fluid 

selected from the group of oxidizers, encapsulated oxidizers and enzyme 

breakers consisting of sodium persulfate, potassium persulfate, ammonium 

persulfate, magnesium peroxide, sodium chlorite, sodium broniate, alpha 

20 and beta amylases, aniyloglucosidase, invertase, maltase, cellulose and 

hemicellulase. 
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74. The method of claim 69 wherein said breaker is present in said treating 

fluid in an amount sufficient to break said treating fluid and cause it to 

revert to a thin fluid. 

5 75. An improved method of treating a subterranean formation. penetrated by a 

well bore whereby one or more fractures are formed therein comprising 

the steps of: 

(a) preparing a gelled and crosslinked fracturing fluid comprised of water, 

a substantially fully hydrated depolymerized polymer, a crosslinking agent 

10 for crosslinking said substantially fully hydrated depolymerized polymer 

and a proppant material; and 

(b) contacting said subterranean formation with said gelled and 

crosslinked fracturing fluid under conditions effective to create at least one 

fracture in said subterranean formation. 

15 

76. The method of claim 75 wherein said depolymerized polymer has a 

polydispersity ratio of from 1 to about 12. 

S77. The method of claim 75 wherein said substantially fully hydrated 

20 depolymerized polymer is a substantially fully hydrated depolymerized 

guar derivative polymer selected from the group consisting of 

hydroxypropylguar, carboxymethylhydroxypropylguar, 

carboxymethylguar, hydroxyethyl cellulose, grafted hydroxyethyl 
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cellulose, carboxymethyl cellulose and carboxymethylhydroxyethyl 

cellulose. 

78. The method of claim 75 wherein said substantially fully hydrated 

5 depolymerized polymer is substantially fully hydrated depolymerized 

hydroxypropylguar. 

79. The method of claim 75 wherein said substantially fully hydrated 

extensively depolymerized polymer is present in said treating fluid in an 

Awl A& 
10 amount in the range of from about 0.2 % to about 5 % by weight of said 

water therein. 

80. The method of claim 75 wherein said crosslinking agent is selected from 

the group consisting of boron compounds and compounds that can supply 

15 zirconium IV ions, titanium IV ions, aluminum ions or antimony ions. 

81. The method of claim 75 wherein said crosslinking agent is a boron 

compound. 

04 20 82. The method of claim 75 wherein said crosslinking agent is present in said 

fracturing fluid in an amount in the range of from about 50 ppm to 5000 
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83. The method of claim 75 wherein said proppant material is selected from 

the group consisting of resin coated or uncoated sand, sintered bauxite, 

ceramic materials and glass beads. 

5 84. The method of claim 75 wherein said proppant material is present in said 

treating fluid in an amount in the range of from about I to about 24 

pounds of proppant material per gallon of said treating fluid. 

85. The method of claim 75 wherein said treating fluid further comprises a pH 

i10 adjusting compound for elevating the pH of the treating fluid selected 

from the group consisting of sodium hydroxide, potassium hydroxide and 

lithium hydroxide. 

/ 

86. The method of claim 85 wherein said pH adjusting compound is sodium 

15 hydroxide. 

87. The method of claim 85 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. 

20 

88. The method of claim 75 wherein said treating fluid further comprises a 

buffer selected from the group consisting of sodium carbonate, potassium 

carbonate, sodium bicarbonate, potassium bicarbonate, sodium diacetate, 
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potassium diacetate, sodium phosphate, potassium phosphate, sodium 

dihydrogen phosphate and potassium dihydrogen phosphate. 

89. The method of claim 88 wherein said buffer is sodium carbonate. 

90. The method of claim 88 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. 

91. The method of claim 75 wherein said treating fluid 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, imidazolines, alpha 

olefin sulfonates, linear alkyl ethoxylated alcohols and trialkyl 

benzylarmnonium chloride. 

92. The method of claim 91 wherein said surfactant is a salt of 

dodecylben2ene sulfonic acid. 

54 
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93. The method of claim 91 wherein said surfactant is present in said treating 

fluid in an amount in the range of from about 0 % to about 0.01 % by 

weight of said water therein. 

94. The method of claim 75 wherein said treating fluid further comprises a 

clay stabilizer selected from the group consisting of potassium chloride, 

sodium chloride, ammonium chloride, tetramethyl ammonium chloride 

and temporary clay stabilizers. 

95. The method of claim 94 wherein said clay stabilizer is potassium chloride. 

96. The method of claim 95 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. 

97. The method of claim 75 wherein said treating fluid further comprises a 

fluid loss control agent selected from the group consisting of silica flour, 

starches, waxes and resins. 

98. The method of claim 97 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. 
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99. The method of claim 75 wherein said treating fluid 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 acid upon reaction with water and water reactive 

metals. 

100. The method of claim 99 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. 

101. The method of claim 75 wherein said treating fluid further comprises a 

delayed breaker for causing said treating fluid to revert to a thin fluid 

selected from the group consisting of oxidizers, encapsulated oxidizers 

and enzyme breakers consisting of sodium persulfate, potassium 

persulfate, ammonium persulfate, magnesium peroxide, sodium chlorite, 

sodium bromate, alpha and beta amylases, amyloglucosidase, invertase, 

maltase, cellulose and hemicellulase. 

102. The method of claim 101 wherein said breaker is present in said treating 

fluid in an amount in the range of from about 0 % to about I % by weight 

of said water therein. 

56 
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5 Abstract of the Disclosure 

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 filly hydrated depolymerized polymer. The 

treating fluids which are formed by adding water to the treating fluid concentrates are 

10 basically comprised of water, a substantially filly hydrated depolymerized polymer and a 

crosslinking agent for crosslinking the hydrated depolymerized polymer. 

I’ 

/ 

ft 
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than the United States of America, listed below and have also identified below, by checking the box, any foreign application for 
patent, inventor’s or plant breeder’s rights certificate(s), or any PCT international application having a filing date before that of the 
application on which priority Is claimed.  

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached? 
Number(s) Country (MM/DDIYYYY) Not Claimed YES NO 

El 
none El 

0 .00 
ElDE] ______ 

U Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02a attached hereto: 
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Name ROBERT A. RENT V 

HALLIBURTON ENERGY SERVICES, INC. 

P. 0. BOX 1431 
Address 
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are believed to be true; and lUrthsr that these statements were made with the knowledge that wilful false statements and the like so 
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Date 
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Name 
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Inventor’s 
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ADDITIONAL INVENTOR(S) 
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Name of Additional Joint Inventor, if any: 0 A petition has been filed for this unsigned inventor 

Given Name (first and middle f anyl) 
( 

Family Name or Surname 

BOBBY K. 
( 

BOWLES 

Inventor’s 
Signature 64Aj J 4�&,cz  Date  

Residence: City OMANCHE 
1State OK IC .. try 

U.S.A. 1 CitIzenship 
U.S.A. 

Mailing Address 
ROUTE #2 BOX 142 

Mailing Address 

city 

COMANCHE stat.e OK 17JP 73529 JCountry U.S.A. 

Name of Additional Joint inventor, If any: 0 A petition has been flied for this unsigned inventor 
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BILLY F. 
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LABAUGH 

Inventor’s 
Signature 
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Mailing Address ROUTE 
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48A 

Mailing Address 

City MARLOW IState 
OK ZIP 73055 1 

Country TTS.A Name of 

Additional Joint Inventor, If any: 0 A petition has been flied for this unsigned inventor 

Given Name (first and middle Pf anyfl Family Name or Surname 

MARK A. PARKER 

Inventors 
Stgahi 1241Q.7i4L. I 

Date  

Residee: City 
DUNCAN ] State OK 1 Country U.S.A. I Citizenship U.S.A. - 

Mailing Address 702 
NORTH 9th STREET 

Mailing Address 

City DUNCAN State OK Izip 73533 Country U.S.A. 
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Given Name (first and middle (if any)) Family Name or Surname 

BARRICK 

Inventoes 
qnatore 47. I Data 44 ZOO) 

�. Mail!., Address ROUTE 01 �BOX 130 

,. Mailing Address 

city DUNCAN 

Name of Additional Joint Inventor, if any: 

Given Name (first and middle [if any]) 
5 

STANLEY J. 

I Signature /is 
Cl Residence: City D AN 

F 

OK I Countiv U.S.A  U.S.A. 

OK 
I ZIP 

73533 Jount,y 
U.S.A. 

0 A petition has been tiled for this unsigned inventor 

Family Name or Surname 

HEATH 

Date Yai� 

OK I Country U.S.A. Cltlzenshio U.S .A. 

City DUNCAN IState OK tzip 73533 I Country U.S.A. 

Name of Additional Joint Inventor, If any: J 0 A petition has been tiled for this unsigned inventor 

Given Name (first and middle (ii any]) Family Name or Surname 

sl? ah re Date 

Residence: City DUNCAN I StateOK  U.S.A. Citizenship 
U.S.A. 

Malih!g Address 612 CEDAR CREEK DRIVE 
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City DUNCAN State OK zu 73 [countrY U.S.A. 
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Name of Additional Joint inventor, If any: 0 A petition has been filed for this unsigned inventor 

Given Name (first and middle [If any)) Family Name or Surname 

R. CLAY COLE 

Inventor’s
 d 

Residence: City D AN State OK Country U.S A. Citizenship U.S.A. 

Mailing Address 2325 RIDDEN OAK 

Mailing Address - 

city DUNCANstate OK izi U.S.A. 

Name of Additional Joint inventor, If any: 0 A petition has been flied for this unsigned Inventor 

Given Name (first and middle [if any]) Family Name or Surname 

inventor’s 
Signature Date 

Residence: City I state Country Citizenship 

Mailing Address 

Mailing Address 

City State ZIP [Country 

Name of Additional Joint Inventor, If any: 0 A petition has been filed for this unsigned inventor 

- Given Name (first and middle [if any)) Family Name or Surname 

Inventor’s 
Signature Date 

Residence: City I State I Country Citizenship 

Mailing Address 

Mailing Address 

City J State ZIP Country 
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First Named Inventor Situ D Weaver 
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Practitioners at Customer Number  p. Number Bar Code 
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business in the United States Patent and Trademark Office connected therewith. 
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D The above-mentioned Customer Number. 
OR  I Pace Customer 

O Practitioners at Customer Number I Number Bar Code 
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OR 
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L...J_individual_Name  

Address  
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Izipi 
Country 
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UNITED STATES DEPARTMENT OF COMMERCE 

United States Patent and Trademark Office 

June 07, 2002 

THIS IS TO CERTIFY THAT ANNEXED IS A TRUE COPY FROM THE 

RECORDS OF THIS OFFICE OF A DOCUMENT RECORDED ON 

June 11, 2001. 

By Authority of the 

COMMISSIONER OF PATENTS AND TRADEMARKS 

e. 

Ave 
E. BORNETT 

Certifying Officer 



P, 

ASSIGNMENT 

Docket No. HES 2001-IP-003334 

Whereas, I, Jim D. Weaver, Steve F. Wilson, Bobby K. Bowies, Billy F. Slabaugh, Mark A. 

Parker, David M. Barrick, Stanley J. Heath, Harold Walters and R. Clay Cole of Stephens 

County, Duncan, Oklahoma, have Invented "Subterranean Formation Treating Fluid 
� 

- Concentrates, Treating Fluids And Methods," for which I have made application for 

Letters Patent of the United States; and 

Whereas, HALLIBURTON ENERGY SERVICES, INC., a Delaware Corporation, having a 

place of business at 10200 Bellaire Boulevard, Houston, Texas 77072 is desirous of 

acquiring an interest therein; 

40 NOW, THEREFORE, in consideration of the sum of ten dollars ($10.00) and other good 

and valuable consideration, the receipt and sufficiency of which is hereby 

acknowledged, I/We, by these presents do sell, assign and transfer and convey unto 

HALLIBURTON ENERGY SERVICES, INC., Its successors and assigns, the full and 

exclusive right, for the United States of America and Its territorial possessions and for 

any and all foreign countries, In and to the said Invention described in the Patent 

Alication first executed on June 1, 2001, submitted concurrently herewith, and any 

divisional, continuing or reissue application based on the present application preparatory 

to obtaining Letters Patent of the United States therefor; said invention, application and 

any and all Letters Patent issuing therefor to be held and enjoyed by HALLIBURTON 

ENERGY SERVICES, INC., for its own use and behoof, and for its legal representatives, 

successors and assigns, to the full end of the term for which said Letters Patent may be 

granted, as fully and entirely as the same would have been held by me and had this 

assignment and sale not been made. 

And I do further agree to sign all papers, make all rightful oaths and do all 

requisite acts for the filing of any disclaimer or for the filing and assignment of any 

divisional, continuing or reissue application or applications for patent based on the 

present application, as well as for any other U.S. or foreign application for patent which 

relates to the said invention. 

And I do further agree to communicate to HALUBURTON ENERGY SERVICES, 

INC., its successors, assign or other legal representatives, such facts relating to the 

invention disclosed in the present application or Letters Patent issuing thereon as may 

be known to me, and to testify as to such facts in any interference or other litigation. 

PATENT 
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S 

Executed this 4 day of June, 2001 in Stephens County, Duncan, Oklahoma U.S.A. 

Signature 

State of Oklahoma ) 
) ss 

County of Stephens ) 

Before me personally appeared said JIM D. WEAVER and acknowledged the foregoing 

instrument to be his free act and deed this  day of June, 2001. 

Seal  

Executed this _Y day of June, 2001 in Stephens County, Duncan, Oklahoma U.S.A. 

,-
Signature 

State of Oklahoma ) 
) ss 

County of Stephens ) 

Before me personally appeared said STEVE F. WILSON and acknowledged the foregoing 

instrument to be his free act and deed this ç11L day of June, 2001. 

Seal rt) 

2 
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Executed this 9 Jay of June, 2001 in Stephens County, Duncan, Oklahoma U.S.A. 

Signature 

State of Oklahoma ) 
) ss 

County of Stephens ) 

Before me personally appeared said BOBBY K. BOWLES and acknowledged the foregoing 

instrument to be his free act and deed this day of June, 2001. 

Seal ",4W-2�
) (.,arV Public) 

Executed this  day of June, 2001 in Stephens County, Duncan, Oklahoma U.S.A. 

fLQ5k/ /- ? 

State of Oklahoma ) 
) ss 

County of Stephens ) 

Before me personally appeared said BILLY F. SLABAUGH and acknowledged the 

foregoing instrument to be his free act and deed this 44k, day of June, 2001. 

Sea!  in ’(NotabfPublic) 

PATENT 
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S 
Executed this / . day of June, 2001 in Stephens County, Duncan, Oklahoma U.S.A. 

State of Oklahoma ) 
) ss 

County of Stephens ) 

Before me personally appeared said MARK A. PARKER and acknowledged the foregoing 

instrument to be his free act and deed this 14 day of June, 2001. 

Sea!  

Executed this V day of June, 2001 In Stephens County, Oklahoma U.S.A. 

0.,-S 04 -
Signature 

State of Oklahoma ) 
) ss 

County of Stephens ) 

Before me personally appeared said DAVID M. BARRICK and acknowledged the 

foregoing instrument to be his free act and deed this  day of June, 2001. 

Seal  
(Notary ?blc) 

4 
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’0 
Executed this Y day of June, 2001 In Stephens County, Duncan, Oklahoma U.S.A. 

/sre 

State of Oklahoma ) 
) ss 

County of Stephens ) 

Before me personally appeared said STANLEY 3. HEATH and acknowledged the 

foregoing instrument to be his free act and deed this - day of June, 2001. 

R?-  Seal t&wz?_ 

Executed this ’ day of June, 2001 in Stephens County, Duncan, Oklahoma U.S.A. 

Signature 

State of Oklahoma ) 
) ss 

County of Stephens ) 

Before me personally appeared said HAROLD G. WALTERS and acknowledged the 

foregoing instrument to be his free act and deed this 4+L day of June, 2001. 

Seal  
(Notary pTE5 

5 
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TRADUCCION DE UN DOCUMENTO ESCRITO EN 1NGLES, HOY 15 DE JULIO DE 
2002 EN LA CIUDAD DE BOGOTA D. C., REPUBLICA DE COLOMBIA, 

NOTA DEL TRADUCTOR: DE LOS DOCUMENTOS QUE SE TRADUCEN A 
CONT1MJACION FORMA PARTE DE UN PAQUETE DE DOCUMENTOS 
PERTINENTES A UNA PATENTE SOLICITADA EN ESTADOS UNIDOS DE 
AMERICA, TODOS LOS CITADOS DOCUMENTOS ESTAN UNIDOS MEDIANTE 
UN GANCHO. 

LOS ESTADOS UNIDOS DE AMERICA 

A TODOS A QUIIENES ESTE DOCUMENTO LES INTERESE: 

EL DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS DE AMERICA 
Oficina de Marcas y Patentes de Los Estados Unidos. 

ft 
Junio 13, 2002 

CERTIFICA QUE LO ANEXO AQUI ES UNA COPIA VERDADERA DE LOS 
ARCHIVOS DE LA OFIC1NA DE PATENTES Y MARCAS DE LOS ESTADOS 
UNIDOS DE AMERICA DE AQIJELLOS PAPELES DE LA SOLICITUD DE 
PATENTE IDENTIFICADA ABAJO Y QUE CUMPLEN LOS REQUERIMTENTOS 
PARA CONCEDERLE UNA FECHA DE PRESENTACION BAJO 35 USC 111. 

SOLICITUD NUMERO 09/879,634 
FECHA PRESENTACION: Junio 11, 2001 

Mediante la autoridad otorgada por 

ot 

EL COMISIONADO DE PATENTES Y MARCAS 

(fdo) 
N. WILLIAMS 
Funcionario Certificador 

NOTA DEL TRADUCTOR: EN LA PARTE INFERIOR IZQUIERDA DEL 
DOCUMENTO HAY UN SELLO DORADO Y EN ALTO RELIEVE DE LA OFIC1NA 
DE MARCAS Y PATENTES DE LOS ESTADOS UNIDOS DE AMERICA. 
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TRADUCCION DE UN DOCUMENTO ESCR1TO EN INGLES, HOY 15 DE JULIO 
DE 2002, EN LA CIUDAD DE BOGOTA D. C., REP1JBLICA DE COLOMBIA. 

NOTA DEL TRADUCTOR: DE LOS DOCTJMENTOS QUE SE TRADUCEN A 
CONTINIJACION FORMA PARTE DE UN PAQUETE DE DOCUNENTOS 
PERTINENTES A UNA PATENTE SOLICITADA EN ESTADOS UNIDOS DE 
AMERICA, TODOS LOS CITADOS DOCUMENTOS ESTAN UNIDOS MEDIANTE 
UN GANCHO. 

LOS ESTADOS UNIDOS DE AMERICA 

A TODOS A QUIENES ESTE DOCUNENTO LES INTERESE: 

EL DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS DE AMERICA 

ftOficma de Marcas y Patentes de los Estados Unidos. 

Jun10 7, 2002 

CERTIFICA QUE LO ANEXO AQUL ES UNA COPTA VERDADERA DE LOS 

ARCHIVOS DE ESTA OFICINA DE UN DOCUMENTO PRESENTADO EL 11 DE 

JUN10 DE 2001 

Mediante la autoridad otorgada por 

EL COMISIONADO DE PATENTES Y MARCAS 

(fdo) 
E. BORNETT 
Funcionario Certificador 

NOTA DEL TRADUCTOR EN LA PARTE INFERIOR IZQU1ERDA DEL 
DOCUMENTO HAY UN SELLO DORADO Y EN ALTO RELIEVE DE LA OFICINA 
DE MARCAS Y PATENTES DE LOS ESTADOS UNIDOS DE AMERICA. 



TRADUCCION DE UN DOCUMENTO ESCRITO EN INGLES, HOY 31 DE JULIO 

DE 2002 EN LA CITJDAD DE BOGOTA D.C., REPUBLICA DE COLOMBIA. 

NOTA DEL TRADUCTOR DE LOS DOCUMENTOS QUE SE TRADUCEN A 

CONTINUACION FORMA PARTE DE UN PAQUETE DE DOCUMENTOS 

PERT1NENTES A UNA PATENTE SOLICITADA EN ESTADOS UNIDOS DE 

AMERICA JUNTO CON EL DOCUMENTO DE CESION, TODOS LOS CITADOS 

DOCUMENTOS ESTAN liMBOS. 

(Traducción) 

CESION 44 En vista que los aqul presentes, Yo, Jim D. Weaver, Steve, F. Wilson, Bobby L Bowles, 

Billy F. Slabaugh, Mark A. Parker, David M Barrick, Stanley J Heath, Harold Walters y 

R. Clay Cole del Condado de Stephens, Duncan, Oklahoma, han inventaclo 

para los cual se ha realizado una solicitud de carta de Patente en los Estados Unidos; y 

En vista que, HALLIBURTON ENERGY SERVICES, INC., una corporación de 

Delaware, teniendo su lugar de negocios en 10200 Bellaire Boulevard, Houston, Texas 

77072 esta deseoso de adquirir y esta interesado en; 

Ahora, por lo tanto, en consideración de la duma de diez dólares ($10.00) y otros 

consideraciones de valor, cuyo acuse de recibo se hace por este medio, YolNosotros, por 

el presente vendemos, cedemos y transferimos y nos comprometemos con 

HALLIBURTON ENERGY SERVICES, INC., sus sucesores o cesionarios, el total y 

’ exciusivo derecho, para los Estados Unidos sus posesiones territoriales y cualquier pals 

del exterior, para la mencionada invención descrita en  la patente con primera expedición 

de Junio 1, 2001, presentada simultÆneamente, y cualquier division, continuaciOn o 

reexpedición de la solicitud para que la disfrute y mantenida por HALLIBURTON 

ENERGY SERVICES, INC., para su propio uso y necesidad, y para sus representantes 

legales, sucesores y cesionarios, por todo el termino para el cual la patente podria ser 

concedida, en un todo y como el mismo se hubiese mantenido por mi y realizar esta 

cesiOn y yenta. 



Y por el presente acuerdo firmar todos los papeles, realizar todos los juramentos y hacer 

todo los actos requeridos para la presentación y renuncias o para la presentaciOn y 

traspaso de cualquier division, continuaciOn o reexpediciOn de la solicitud o solicitudes 

para patentes basadas en la presente solicitud, asI como para cualquier otro U.S. 0 

aplicación extranjera para patentes relacionadas con la presente invención. 

Y acuerdan comunicar a HALLIBURTON ENERGY SERVICES, INC., sus sucesores, 

cesionarios u otros representantes legales, cualquier asunto relacionado con la invenciOn 

en la presente solicitud o Carta de Patente expidiendo en seguida lo de mi conocimiento, 

y testificar los hecho.s en cualquier interferencia u otra litigaciOn. 

Expedido este cuarto dIa de Junio, 2001 en el Condado de Stephens, Duncan, Oklahoma 

U.S.A. 

(Firmado) Firma 

Estado de Oklahoma 

Condado de Stephens 

Ante mi personalmente apareciO JIM D. WEAVER y reconoció ci anterior instrumento 

como un acto libre declarado este cuarto dIa de Junio, 2001. 

Sello Notaria Püblica (Firmado) 

Expedido este cuarto dIa de Junio, 2001 en el Condado de Stephens, Duncan, Oklahoma, 

U.S.A. 

(Firmado) 

Estado de Oklahoma 

Condado de Stephens 

Ante mi personalmente apareciO STEVE F. WILSON y reconoció ci anterior instrumento 

como un acto libre declarado este cuarto dIa de Junio, 2001. 

Sello Notario POblico (Firmado) 

Expedido este cuarto dia de Junio, 2001 en ci Condado de Stephens, Duncan, Oklahoma, 

U.S.A. 



(Firmado) 

Estado de Oklahoma 

Condado de Stephens 

Ante mi personalmente apareció BOBBY K. BOWLES y reconoció ci anterior 

instrumento como un acto libre deciarado este cuarto dia de Junio, 2001. 

Sello Notario Püblico (Firmado) 

Expedido este cuarto dia de Junio, 2001 en el Condado de Stephens, Duncan, Oklahoma, 

U.S.A. 

(Firmado) 

Estado de Oklahoma 

Condado de Stephens 

Ante mi personalmente apareció BILLY F. SLABAUGH y reconoció el anterior 

instrumento como un acto libre declarado este cuarto dia de Junio, 2001. 

Sello Notario Püblico (Firmado) 

Expedido este cuarto dia de Junio, 2001 en ci Condado de Stephens, Duncan, Oklahoma, 

U.S.A. 

(Firmado) 

Estado de Oklahoma 

Condado de Stephens 

Ante mi personalmente apareció MARK A. PARKER y reconociO el anterior instrumento 

como un acto libre deciarado este cuarto dia de Junio, 2001. 

Sello Notario Püblico (Firmado) 

Expedido este cuarto dia de Junio, 2001 en ci Condado de Stephens, Duncan, Oklahoma, 

U.S.A. 

(Firmado) 

Estado de Oklahoma 

Condado de Stephens 



Ante mi personalmente apareció DAVID N. BANICK y reconoció el anterior 

instrumento como un acto libre declarado este cuarto dia de Junio, 2001. 

Sello Notario Püblico (Firmado) 

Expedido este cuarto dia de Junio, 2001 en el Condado de Stephens, Duncan, Oklahoma, 

U.S.A. 

(Firmado) 

Estado de Oklahoma 

Condado de Stephens 

Ante mi personalmente apareció STANLEY J. HEATH y reconoció el anterior 

instrumento como un acto libre declarado este cuarto dia de Junio, 2001. 

Sello Notario Niblico (Firmado) 

Expedido este cuarto dia de Junio, 2001 en el Condado de Stephens, Duncan, Oklahoma, 

U.S.A. 

(Firmado) 

Estado de Oklahoma 

Condado de Stephens 

Ante mi personalmente apareció HAROLD G. WALTER y reconociO el anterior 

instrumento como un acto libre declarado este cuarto dia de Junio, 2001. 

Sello Notario Püblico (Firmado) 

Expedido este cuarto dia de Junio, 2001 en el Condado de Stephens, Duncan, Oklahoma, 

U.S.A. 

(Firmado) 

Estado de Oklahoma 

Condado de Stephens 

Ante mi personalmente apareció R. CLAY COLE y reconoció el anterior instrumento 

como un acto libre declarado este cuarto dia de Junio, 2001. 

Sello Notario Püblico (Firmado) 



Inclustria y Com410 
SUPERNTENDENCIAt 

PROTOCOLO 

LSUPERINDUSTRIA Y COMERCIO 
SISTEMA DE REGISTRO I 

I Fecha 04/12/2003 
----------------------------------I 

MANTENIMIENTO DE PROTOCOLOS 

JNumero : 18581 I 
IFecha : 18/08/1998 
fConferido: HALUBURTON ENERGY SERVICES, INC. 

I I 
IPais UT ESTADOS UNIDOS DE AMERICA 

Ciudad : 861 DUNCAN, ESTADO DE OKLAHOMA 

Represent: S Sustituir: S Desistir: S 
jNo. Radicacion: 98 46976 Clase: 0 Seev: 0 Seac: 

Iscncia Codigo Ctr Nombre 
11 4134 RUBIO CAMACHO HUMBERTO 

2 3116 REINA ROMERO GABRIEL 
I 3 6230 STOL TINEKE 
I Encontrados (1/1) registro(s) 

Iq 

Carrera 13 No 27-00 Pisos 5 7 y 10 

Conmutador: 382 0840 

Fax: 350 5220 

E-mail: info@sic.gov.co 

www.sic.gov.co 

Bogota, D.C., Colombia 



?: 

- .H � T)hb ; 

1414 I �’ - 



]i 

3 

a t ??-
SUPERINTEND ENCIA 

2do. EXAMEN DE FORMA PATENTE DE INVENCION 

RadicaciOn no 02-49489 

Concepto TØcnico no 918 
ClasificaciOn Internacional de Patentes: E21 B 21/14, 43/114 

Practicado el examen de acuerdo a lo establecido en el Art. 38 de la DecisiOn 
486 se determinO que esta solicitud de Patente de lnvenclOn: 

NO [ J Contiene un resumen de la, invenciOn (Art.26-e). 
NO [ ] Contiene el tItulo o nombre de la invenciOn (Art.27-d). 

NO[ 
SI[ ] NO[ 

Sl[ I 

Contiene la descripciOn de la invenciOn (Art.26-b). 
NO ES APLICABLE [44’Contiene los dibujos necesarios para 
comprender la invenciOn (ArL26-d) 

NO [ ] Contiene una o mÆs reivindicaciones. (Art.26-c). 
NO [ ] NO ES APLICABLE [411,-Han sido desarrollados los productos 

y/o procedimientos a partir de recursos genOticos 0 de sus 
productos derivados de los que cualquiera de los Palses 
Miembros es pals de origen. (Art. 26- h). 

NO[ ] NO ES APLICABLE [t4Cs productos y/o procedimientos han 
sido obtenidos o desarrollados a partir de los conocimientos 
tradicionales de las comunidades indlgenas, afro americanas, 0 
locales de los palses miembros, de acuerdo a lo establecido en 
la DecisiOn 391 y sus modificaciones y reglamentaciones 
vigentes.(Art.26-i). 

NO [L4’La invenciOn se ref iere a un producto relativo a un material 
/ biolOgico. (Art.26-J). 

SI [L( NO [ ] NO ES APLICABLE [ ]La prioridad coincide con la materia 
reivindicada. 

SI EL/NO [] CUMPLE LOS REQUISITOS TECNICOS 

OBSERVACIONES Y OTROS: SI [ ] NO [ ] ver hoja(s) anexa(s) 
EL PROTOCOLO REFERIDO #18851 NO CORRESPONDE, SIN 
EMBARGO VERIFICANDO LA BASE DE DATOS, EL PROTOCOLO 
CORRESPONDIENTE ES EL# 18581, FOLIO: 141 

EXAMINADOR TECNICO 
202051 

Bogota D. C., diciembre 11 de 2003. 
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(I 19, - ? 0 Industria y Comercio I 
SUP ERIN TEND ENCJA 

Folio 1 fir 

2020 
Bogota DC 

Doctor(a) 
HUMBERTO RUBIO CAMACHO 
Apoderado(a) 

REFERENCIA: RadicaciOn No. 02-49489 
TrÆmite 002 
Evento 001 
ActuaciOn 416 
Oficio No. 1447 
Folios 001 

Teniendo en cuenta que la solicitud de privilegio de patente que se tramita bajo el 
expediente indicado en la referencia, reUne los requisitos de forma establecidos en los 
articulos 26 y 27 de la Decision 486 de la ComisiOn de la Comunidad Andina, y en las 
demÆs disposiciones vigentes sobre la materia, se envia el extracto de la solicitud a la 
Oficina de Comunicaciones para efecto de su publicaciOn en la Gaceta de Propiedad 
Industrial, conforme lo establece el articulo 40 de la misma DecisiOn. 

Cümplase 
Dado en Bogota DC, 

ALIX CARMENZA CESPEDES DE VERGEL 
Jefe de la DivisiOn de Nuevas Creaciones 

202051 
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Industria y Coinercio 
S UP ER1NTEN D E N CIA 

2do. EXAMEN DE FORMA PATENTE DE INVENCION 

Folio 1,41 

RadicaciOn no 02-49489 

Concepto Tecnico no 918 

ClasificaciOn Internacional: E21   21/14, 43/114 

Practicado el examen de acuerdo a lo establecido en el Art. 38 de la DecisiOn 
486 se determinO que esta solicitud de Patente de lnvenciOn: 

SI [’1" NO[ 

NO[ 

Sl[V( NO[ 

SI[ I NO[ 

SI 

Sl[ 

Sl[ 

Sl[ I 

] Contiene un resumen de la invenciOn (Art.26-e). 

Contiene el titulo o nombre de la invenciOn (Art.27-d). 
Contiene la descripciOn de la, invenciOn (Art.26-b). 
NO ES APLICABLE [L4’Contiene los dibujos necesarios para 
comprender la invenciOn (Art.26-d) 

NO [ ] Contiene una o mÆs reivindicaciones. (Art.26-c). 
NO [ ] NO ES APLICABLE [a.-{Han sido desarrollados los productos 

y/o procedimientos a partir de recursos genOticos 0 de sus 
productos derivados de los que cualquiera de los Paises 
Miembros es pals de 

oriZoos
(Art. 26- h). 

NO [ ] NO ES APLICABLE v  productos y/o procedimientos han 
sido obtenidos o desarrollados a partir de los conocimientos 
tradicionales de las comunidades indigenas, afro americanas, 0 
locales de los paises miembros, de acuerdo a lo establecido en 
la DecisiOn 391 y sus modificaciones y reglamentaciones 
vigentes.(Art.26-i). 

NO [41’L; invenciOn se ref iere a un producto relativo a un material 
biolOgico. (Ar4.26-1). 

Si [4 NO[ ] NO ES APLICABLE [ ]La prioridad coincide con la materia 
rI,inrGrd 
I I Vu 

flaI.ta.an. 

SI [4  ""NO (] CUMPLE LOS REQUISITOS TECNICOS 

OBSERVACIONES V OTROS: SI [ ] NO [ ] ver hoja(s) anexa(s) 
EL PROTOCOLO REFERIDO # 18851 NO CORRESPONDE, 
VERIFICANDO LA BASE DE DATOS EL PROTOCOLO CORRECTO ES 
EL# 18581, FOLIO: 141 

EXAMINADOR TECNICO 
202051 

Bogota D. C., diciembre 11 de 2003. 
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Iiidustria y ComeMo 
SUPERINTEND EN CIA 

Folio 1 

2020 
Bogota DC 

Doctor(a) 
HUMBERTO RUBIO CAMACHO 
Apoderado(a) 

REFERENCIA: RadicaciOn No. 02-49489 
TrÆmite 002 
Evento 001 
ActuaciOn 416 
Oficio No. 1447 
Folios 001 

Teniendo en cuenta que la solicitud de privilegio de patente que se tramita bajo el 
expediente indicado en la referencia, rene los requisitos de forma establecidos en los 
articulos 26 y 27 de la DecisiOn 486 de la ComisiOn do la Comunidad Andina, y en las 
demÆs disposiciones vigentes sobre la materia, se envia el extracto de la solicitud a la 
Oficina de Comunicaciones para efecto de su publicaciOn en la Gaceta de Propiedad 
Industrial, conforme lo establece el artIculo 40 de la misma DecisiOn. 

CUmplase 
Dado en Bogota DC, LI 6D 2003 

ALIX CAF 
Jefe de la 

202051 

CESPEDES DE VERGEL 
de Nuevas Creaciones 


