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O (57) Abstract: A variety of methods and compositions are disclosed, including, in one embodiment, a method of cementing compris
ing: providing a settable composition comprising water and a cementitious component having a determined reactive index; and al 
lowing the settable composition to set to form a hardened mass.
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METH ODS FOR DETERMINING REACTIVE INDEX FOR CEMENTiT1OUS 
COMPONENTS, ASSOCIATED COMPOSITIONS, AND METHODS OF USE 

BACKGROUND 

[0001] The present invention relates to cemenuitious components and, more 

5 particularly, in certain embodiments, to methods of determining a reactive index for 

cementitious 011coponents, 

[00021 In general, well treatments include a wide variety of methods that may be 

performed in oil, gas, geothermal and/or water wells, such as drilling, completion and 

workover methods. The drilling; completion and workover methods may include, but are not 

10 limited to, drilling, fracturing, acidizing, logging, cementing, gravel packing, perforating and 

conformance methods. Many of these well treatments are designed to enhance and/or 

facilitate the recovery of desirable fluids from a subterranean well, These fluids may include 

hydrocarbons such as oil and/or gas.  

[0003] In cementing methods, such as well construction and remedial cementing, 

15 settable compositions are commonly utilized, As used herein, the term "settable 

composition" refers to a cornposition(s) that hydraulically sets or otherwise develops 

compressive strength. Settable compositions may be used in primary cementing operations 

whereby pipe strings, such as casing and liners, are cemented in well bores. In performing 

primary cementing, a settable composition may be pumped into an annulus between a 

20 subterranean formation and the pipe string disposed in the subterranean formation or 

between the pipe string and a larger conduit disposed in the subterranean formation. The 

settable composition should set in the annulus, thereby forming an annular sheath of 

hardened cement (e.ga cement sheath) that should support and position the pipe string in 

the well bore and bond the exterior surface of the pipe string to the walls of the well bore or 

25 to the larger conduit. Settable compositions also may be used in remedial cementing 

methods, such as the placement of cement plugs, and in squeeze cementing for sealing voids 

in a pipe string, cementsheathgravel pack, formation, and the like. Settable compositions 

may also be used in surface applications, for example, construction cementing.  

[0004] Settable compositions for use in subterranean formations imay typically 

30 include a cementitious component which hydraulically sets, or otherwise hardens, to develop 

compressive strength. Examples of cementitious components that can be included in settable 

compositions include Portland cement, calcium alumimate cement, cement kiln dust, lime 

kiln dust, fly ash, slag, pumice, and ricehUll ash. among others. The performance of these 

different cementitious components in settable compositions may vary and cart even vary for 

35 a particular cementitious component depending, for example, on the particular type or source 

I
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of the component. For example, certain of these cementious components may have 

undesirable properties that can make them unsuitable for use in well treatments. In addition, 

variation of the performance fir the cementitious components can lead to lack of 

predictability and consistency for the cementitious components when used in treatment 

5 fluids. This lack of predictability consistency may even be apparent for the same 

cementitous component, for example. if sourced from different locations, 
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SUMMARY 

[0005] The present invention relates to cementitious components and, more 
particularly, in certain embodiments, to methods of determining a reactive index for 

cementitious components.  

[0006] According to a first aspect of the present invention, there is disclosed a method 

of cementing comprising: estimating the performance of a settable composition comprising 

water and a blended cementitious component comprising at least two cementitious 

components using the equation: 

EPblend ( RIi)(SSAi)(fi)" 
i=1 

wherein EPblend is an estimated parameter for the blended cementitious component, i is 

the individual cementitious component from a set of cementitious components, n is an integer 

of 2 or more, RIi is the reactive index of cementitious component i, SSA, is the specific 

surface area pf cementitious component i, fi is the mass fraction of cementitious component i, 
and m is a value from 1 to 10; providing a settable composition; allowing the settable 

composition to set to form a hardened mass; wherein the refractive index is a measured 

parameter of a cementitious component divided by the specific surface area of the 

cementitious component; and wherein the measured parameter is compressive strength, 
Young's modulus, fluid loss, thickening time, a rheological value or free water.  

[0006a] According to one embodiment of the present invention, there is disclosed a 

method of cementing comprising: providing a settable composition comprising water and a 

cementitious component having a determined reactive index, wherein the particle size of the 

cementitious component has been reduced by way of grinding to adjust the determined 

reactive index; and allowing the settable composition to set to form a hardened mass.  

[0006b] According to another embodiment of the present invention, there is disclosed 

a method of cementing comprising: providing a settable composition comprising water and a 

cementitious component having a determined reactive index, wherein the determined reactive 

index is a measured parameter of the cementitious component divided by the specific surface 

area of the cementitious component; and allowing the settable composition to set to form a 

hardened mass.  

[0007] According to yet another embodiment of the present invention there is 

disclosed a method of measuring reactivity of a cementitious component comprising: 

measuring a parameter of the cementitious component, the cementitious component having a 

specific surface area; and dividing the measured parameter by the specific surface area of the 

cementitious component to obtain a reactive index for the cementitious component.  

[0008] Another embodiment discloses a settable composition comprising: water: and 

a cementitious component having a calculated reactive index.  

3



[0009] The features and advantages of the present invention will, be readily apparent 

to those skilled in the art. While numerous changes may be made by those skilled in the art, 
such changes are within the spirit of the invention.  

3a
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010[ These drawings Illustrate certain aspects of some of the embodiments of the 

present invention, and should not be used to lniit or decline the invention.  

[0011] FIG, 1 is a chart showing measured reactive indexes for various supply 

5 sources of cement kiln dust.  

[0012] FIG. 2 is a chart comparing actual versus predicted compressive strength for 

dry blends of cement kiln dust, 

[0013] FIG. 3 is a chart comparing actual versus predicted volume average apparent 

viscosity at 511 sec for dry blends of cement kiln dust 

10 [0014] FIG. 4 is a chart comparing actual versus predicted volume average apparent 

viscosity at 51 sec 4 for dry blends of cement kiln dust.  

4
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DESCRIPTION OF PREFERRED EMBODIMENTS 

[0015] The present invention relates to cemeititious components and, more 

particularly, in certain embodiments, to methods of determining a reactive index for 

cermentitious components. By determining the reactive index for cementicOtos components, 

5 blends of cementitious components may be used in well treatments, according to particular 

embodiments, that can provide more predictable and consistent performance. In addition, 

additional embodi ments may include using the determined reactive index to provide blends 

of cementitious components in which one or more parameters have been optimized, 

including compressive strength, Young's Modulus, fluid loss, and/or thickening time, for 

10 example.  

10016] Without being limited by theory, the reactive index of a cementitious 

component may be referred to as a measure of the cementitious component's reactivity as 

adjusted for differences in surface area. Example techniques for determining the reactive 

index may comprise measuring a parameter of the cementitious component, and then 

15 dividing the measured parameter by the specific surface area of the cementitious component.  

In some embodiments. the reactive index for a cementitious component may be calculated in 

accordance with the following equation: 

RI MP / SSA 

wherein RI is the reactive index, MP is the measured parameter of the cementitious 

20 component and SSA is the specific surface area of the cementitious component. In general, 

specific surface area is a property of a particulate solid and, as used herein, is defined as the 

total surface area of the cementitious component divided by the mass of the cementitious 

component or the total surface area divided by the bulk volume of the cementitious 

component.  

25 [0017] In general, cementitious components are particulate solids that hydraulically 

set, or otherwise harden. to develop compressive strength in the presence of water. Non

limiting examples of cementitious components that may be suitable for use in embodiments 

of the present invention include Portland cements, calcium aluminate, gypsutn, pozzolanic 

materials, and kiln dust. Mixtures of one or more different cementitious components may 

30 also be used, In some embodiments, the cementitious component may be combined with 

lime.  

[0018] hi some embodiments, the cementitious component may comprise Portland 

cement. Portland cemet is a commonly used cementitious component that hydraulically 

reacts with water to develop compressive strength. Examples of suitable Porthnd cements
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may include those classified as Classes A, C, G and 1H cements according to American 

Petroleum Institute, API Spec/ieation fr Materia/s and Thsting fir WW/ Cenents, API 

Specification 10, fifth Edition, July . 199W In addition, Portland cements suitable for use 

in embodiments of the present invention may also include those classified as ASTM Type I, 

5 1/It, 11, III, IV, or V. In some embodiments, blends of cementitious components containing 

Portland cement may be used, 

[0019] In some embodiments, the cementitious component may comprise a calcium 

aluminate Calcium aluminate may hydraulically react with water to develop compressive 

strength. Calcium aluminate may be included in cements commonly referred to as calcium 

10 alurninate cements or high alumina content cements. Calcium aluminate cements may be 

prepared in a manufacturing process that includes mixing a calcium bearing material (e.g

limestone) and an aluminum-bearing material (e.g, bauxite).  

[00201 In some embodiments, the cementitious component may comprise gypsum, 

Gypsum is a material that sets in the presence of water to develop compressive strength, 

15 Gypsum may be included in cements commonly referred to as gypsum cements. For use in 

cements, gypsum may. in some instances, be burned at extremely high temperatures and then 

ground, In particular embodiments, gypsum may be added to Pordand cement.  

[0021] In some embodiments, the cementitious component may cornprise a 

pozzolanic material. Pozzolanic materials that may be suitable for use include a wide variety 

20 of natural or artificial materials that exhibit cementitious properties in the presence of 

calcium hydroxide, Examples of suitable pozzolanic material that may be suitable for use in 

embodiments of the present invention include natural and artificial pozzolans, such as fly 

ash, silica fume, slag, burned shale, burned clay, .metakaolin, pumice, diatomaceous earth, 

volcanic ash, opaline shale, tuff, and burned organic materials, such as agricultural waste 

25 ash, municipal waste ash (e~g. municipal solid waste ashi, waste-water treatment waste ash, 

animal waste ash, non-human-non-animal industrial waste ash, and combinations thereof 

Specific examples of agricultural waste ash include, for example, rice husk ash, wood (e.g, 

sawdust, bark, twigs, branches, other waste wood) ash, tree leave ash, corn cob ash, cane 

(eg., sugar cane) ash, bagasse ash, grain (e.g, amaranth, barley, corn flaxseed, millet, oat, 

30 quinoa, rye, wheat etc.) and related by-product(s) (e.g, husks, hulls, etc.) ash, orchard ash, 

vine trimming ash, grass (e.g., Korai, Tifton, native shiba, etc.) ash, straw ash, ground nut 

shell ash, legume (e.g. soybean) ash, and combinations thereof 

[0022] In some embodiments, the cementitious component may comprise a kiln 

dust. One example of a kiln dust includes cement kiln dust. Cement kiln dust, as that term is 

35 used herein, refers to a partially calcined kiln feed which is removed from the gas stream and 

6
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collected, for example, in a dust collector during the manufacture of cement. The cement 

kiln dust generally may exhibit cementitious properties, in that it may set and harden in the 

presence of water, Usually, large quantities of cement kiln dust are collected in the 

production of cement that are commonly disposed of as waste. Disposal of the cement kiln 

5 dust can add undesirable costs to the manufacture of the cement, as well as the 

Ci ronmental concerns associated with its disposal. The chemical analysis of the cement 

kiln dust from various cement manufactures varies depending on a number of factors, 

including the particular kiln feed, the efficiencies of the cement production operation, and 

the associated dust collection systems. Cement kin dust generally may comprise a variety of 

10 oxides, such as SiO, A 0 Fe2Oj CaO, MgO, SO, Na2), and KuO Another example ofa 

kiln dust includes lime kiln dust. Lime kiln dust, as that term is used herein, refers to a 

product generated in the manufacture of lime. The lime kiln dust may be collected, for 

example, by dust control systems in the calcination of lime stone.  

[0023] in some embodiments, one or more parameters of the cementitious 

15 component may be measured and then used in determining the reactive index. The 

Parameters may include a number of different parameters that may be measured using 

standard laboratory testing techniques for a settable composition comprising a cementitious 

component and water, Additional components may also be included in the settable 

compositions., for example, to vary one or more properties of the treatment fluid. Parameters 

20 of the cementitious component, or settable composition contained therein, that may be 

measued include, for example, compressive strength, Young's Modulus, fhad lois 

thickening time, rheological values (e.g. volume average apparent viscosity, plastic 

viscosity, yield point, etc.) and/or free water.  

[0024] Compressive strength is generally the capacity of a material or structure to 

25 withstand axially directed pushing forces. The compressive strength of the cenentitious 

component may be measured at a specified time after the cementitious component has been 

mixed with water and the resultant treatment fluid is maintained under specified temperature 

and pressure conditions, For example, compressive strength can be measured at a time in the 

range of about 24 to about 48 hours after the fluid is mixed and the fluid is maintained at a 

30 temperature of 170*F and atmospheric pressure, Compressive strength can be measured by 

either a destructive method or non-destructive method. The destructive method physically 

tests the strength of treatment flud samples at various points in time by crushing the samples 

in a compression-testing machine. The compressive strength is calculated from the failure 

load divided by the cross-sectional area resisting the load and is reported in units of pound

35 force per square inch (psi) Non-destructive methods typically may employ an Ultrasonic
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Cement Analyzer ("UCA"), available from Fann Instrument Company, Hiouston, TX.  

Compressive strengths may be determined. in accordance with API RP I0B-2, Recommended 

Practice' Testing We! Cements. First Edition, July 2005.  

00253 Young's modulus also referred to as the modulus of elasticity is a measure of 

5 the relationship of an applied stress to the resultant strain. In general, a highly deformable 

(plastic) material will exhibit a lower modulus when the confined stress is increased, Thus, 

the Young's modulus is an elastic constant that demonstrates the ability of the tested material 

to withstand applied loads. A number of different laboratory techniques may be used to 

measure the Young's modulus of a treatment fluid comprising a cementitious component 

10 after the treatment fluid has been allowed to set for a period of time at specified temperature 

and pressure conditions.  

[0026] Fluid loss typically reters to loss of a fluid such as a treatment fluid into a 

subterranean formation. A number of diflrent laboratory techniques may be used to 

measure fluid loss of a treatment fluid to give an indication of the behavior of the treatment 

15 fluid in a well. Fluid loss may be measured using a static fluid-loss test, with either a static 

or stirred fluid-loss cell, in accordance with the afore-mentioned API RP Practice 10B-2.  

t0027] Thickening time typically refers to the time a fluid, such as a treatment fluid.  

comprising the cementitious component. remains in a fluid state capable of being pumped.  

A number of different laboratory techniques may be used to measure thickening time to give 

20 an indication of the amount of time a treatment fluid will remain pumpable in a well. An 

example technique for determining whether a treatment fluid is in a punpable fluid state may 

use a high-temperature high-pressure consistmeter at specified pressure and temperature 

conditions, in accordance with the procedure fbr determining cement thickening times set 

forth in the afore-mentioned API RP Practice 1.0B-2. The thickening time may be the time 

25 for the treatment fluid to reach 70 Bearden units of consistency (13c") and may be reported 

in time to reach 70 Bc, 

[0028] Rheological values of a fluid may be determined to characterize the fluid's 

rheological behavior. Rheological values that may be determined include volume average 

apparent viscosity, yield point and plastic viscosity, among others. Plastic viscosity is 

30 typically a measure of the resistance of a fluid to flow. In some embodiments, the yield 

point may be a parameter of the Bingham plastic model, the yield point being the slope of 

the shear stress/shear rate line above the yield point. Yield point is typically a measure of the 

point at which a material can no longer deform elastically. In some embodiments, the yield 

point may be a parameter of the Bingham plastic model, the yield point being the yield stress 

35 extrapolated to a shear rate of zero. A number of dif'hrent laboratory techniques may he 

8
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used to measure rheological values of a treatment fluid to give an indication of the behavior 

of the treatment fluid in a well. Rheological values may be determined in accordance with 

the procedure set forth in API RP Practice 1.0B-2.  

[00291 Free water typically refers to any water in a fluid that is in excess to what is 

5 required to fully hydrate the components of the fluid, Free water can be undesired as it may 

physically separate from a cement composition as it sets. Free water may also be referred to 

as free fluid, A number of different laboratory techniques may be used to measure free water 

of a treatment fluid to give an indication of the behavior of the treatment fluid in a well Free 

water may be determined in accordance with the procedure set forth in API RP Practice 101B

10 2, 

[0030] As previously mentioned, the reactivity of cemerititious components may 

vary between different types of cementitious components or even between different sources 

for a particular type of cementitious component. For example, the reactivity of Portland 

cement and another cementitious component, such as a pozzolanic material, may be 

15 different, By way of further example, the reactivity of a cementitious component may vary 

between different sources for the cementitious component., In some embodiments, the 

reactive index of the cementitious component may vary between two or more different 

sources by a factor of at least about 2:'L For example, the reactive index of the cementitious 

component between different sources may vary by an amount between any of and/or 

20 including any of about 2:1, about 10:1, about 50:1, about 100:1, about?250:1I about 500:1, or 

about 1000:1 Because the reactivity varies between different cementitious components and 

even between different sources for a cementitious component, the performance of different 

cementitious components may be unpredictable and may also lead to a lack of consistency 

for the cementitious components when used in treatment fluids such as setable 

25 compositions, In some instances, the performance of a particular cementitious component 

may have undesirable properties, which may make it unsuitable for use. For example, a 

cementitious component from a panic ular source may have properties making it indesirable 

for use.  

[0031] In some embodiments. a blend of two or more diterent cementitious 

30 components may be used to provide a blended cementitious component that may have 

properties suitable for use in a particular application. This may be particularly useful, for 

example, where one of the cementitious components in the blend may have properties 

making it unsuitable for particular applications. For example, a cementitious component 

such as cement kiln (lust from a first source may be blended with a cementitious component 

35 such as cement kiln dust from a second source. In some embodiments, one or both of the 

9
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cementitious components may have reactivities that are unsuitable for a particular 

application. For example, the reactivities of each cementitious component may be 

individually too slow or too fast for a particular application. The blends of the cementitious 

component from the two different sources may form a blended cementitious component 

5 having compressive strength properties that are suitable for the application. In some 

embodiments, the relative proportions (e g, weight fractions) of each cementitious 

component in the blended. cementitious component may then be adjusted to adjust the 

compressive strength properties of the blended cementitious component 

[0032] The two or more cementitious components in the blended cementitious 

10 component may include, for example, two or more difTerent types of cementitious 

components, such as Portland cement and cement kiln dust. Alternatively, the two or more 

cementitious components in the blended cementitious component may include, for example.  

a cementitious component from two or more difTerent sources, For example, a first 

cementitious component may comprise cement kiln dust from a first source, and the second 

15 cementitious component may comprise cement kiln dust from a second source. it should be 

understood that embodiments are not limited to only two different sources, but may include a 

cementitious component. such as cement kiln dust, from three, four, five, or even more 

different sources, The two or more different sources for the cementitious component may 

include different manufactures, diftreit cement manufacturing plants, and the like, A 

20 cementitious component, such as cement kiln dust which is a byproduct from the cement 

manufacturing plant, may have a number of different sources available throughout the world.  

For example, different sources for cement kiln dust may include different manufacturing 

plants throughout the world at which cement kiln dust can be generated, 

[00333 The two or more cementitious components may be blended to form the 

25 blended cementitious component, tor example, prior to combination with water and/or other 

components of the treatment fluid. In particular embodiments. the two or more cementitious 

components may be dry blended to fbrm a dry blend comprising the two or more 

cementitious components. The dry blend may then be combined with water and/or other 

components, in any order, to forn the treatment fluid. However, the use of the tenr "blend" 

30 is not intended to imply that the two or more cementitious components have been dry 

blended prior to combination with water. For example, the blend of two or more 

cementitious components may not be combined until after one, or even both. of the 

cementitious components has already been blended with water.  

[0034] in some embodiments, the reactive index may be used to optimize the 

35 blended cementitious component, wherein the blended cementitious component comprises 

10
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two or more cementious components. For example, the reactive index may be used to 

optiTnize one or more parameters of the blended cementitious component, including 

compressive strength. Young's Modulus, fid loss., and/or thickening time. Optimizing the 

blended cernentitious component may include determining the reactive index for each of the 

5 cemen titious components in tie blended cementitious component. The reactive indexes for 

the cementitious components may then be used to predict the performance of the blended 

cementitious component. The ratio of each cementitious component may be adjusted to 

optim-fize the pertorniance of the blended cenientitious component. The performance of the 

blended cementitious component may be optimized vith the perfonnance of the blended 

10 cernentitious component estimated using the following equation: 

-R = (I, )( SSA,)(f ) 

Wherein EPsy is the estimated parameter for the blended cementitious component, i is the 

individual cementitious component from the set of cementitious components I to n, n is an 

integer, RI; is the reactive index for cementitious component i, SSAj is the specific surface 

15 area fur cementitious component i. fi is the mass fraction of the cementitious component i, 

and wherein m is a number from I to 10. The set of cementitious components may include 2 

or more different cemeni tious components. The two or more different cementitious 

component may be different. types of cementitious components, such as Portland cement and 

slag, or may be from different sources, such as cement kiln dust from a first source and 

20 cement kiln dust from a second source. In some embodiments, m may be I In alternative 

embodiments, m may be 7/3.  

[0035] In some embodiments, the mean particle size of the cementitious component 

may be altered from its original particle size. The reactive index may then be measured for 

the altered cementitious component The altered cementitious component may be included 

25 in a blended cementitious component, In accordance with present embodiments, the mean 

particle size of the cementitious component can be altered using any suitable technique, 

including, without limitation, grinding or separating to provide a material having an altered 

particle size. Separating the cementitious component may include sieving or any other 

suitable technique for separating the cementitious component to provide a mean particle size 

30 that has been altered from its original size. For example, sieving may be used to produce 

Cementitious component having an increased or reduced mean particle size as desired. for a 

particular application. By way of further example, grinding may be used to decrease the 

mean particle size of the cementiti ous component. Combinations of grinding and separating 

may be used in some embodiments. The term "ground" or "grinding" as used herein means 

II
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using a grinder (e:,g, ball mil, rod mill, etc.) to reduce the particle size of the specified 

Componentss. An example of a suitable grinder is an 8000 Mixer/Mil ball mill, available 

from SPEX Sample Prep. In some embodiments the cementitious component may be 

ground for a time period in a range of front about 30 minutes to about 1 hour.  

5 [0036] The mean particle size of the cementitious component can be altered to any 

size suitable for use in cementing operations, In. some embodiments. the mean particle size 

of the cementitious component may be altered from its original particle size to have a mean 

particle size in a range of about 1 micron to about 350 microns, The mean particle size 

corresponds to d50 values as measured by particle size analyzers such as those mantifctured 

10 by Mialvern Instruments, Worcestershire, United Kingdom, 

[0037] In some embodiments, the mean particle size of the cementitio us component 

may be increased from its original size. For example, the mean particle size of the 

cementitious component may be at least 5% greater than its original size, In some 

embodiments, at least a portion of the cementitious component may be increased to a size 

15 that is in a range of from about 5% to about 500% greater than its original size. in some 

embodiments, the mean particle size may be increased to a size ranging between any of 

and/or including any of about 5%, about 10%, about 20%, about 30%. about 40%, about 

50%, about 60%,about 70%, about 80%, about 90%, about 100%, about 200%, about 300%, 

about 400%, or about 500% greater than its original size.  

20 [0038] In some embodiments, the mean particle size of the cementitious component 

may be reduced from its original size, For example, the mean particle size may be reduced 

in an amount sufficient to increase the compressive strength of the cementitious component.  

In some embodiments, the cementitious component may have a mean particle size that is at 

least 5% less than its original size In some embodiments, at least a portion of the 

25 cementitious component may be reduced to have a mean particle size in a range of from 

about 5% to about 95% of its original size, For example, the mean particle size may be 

reduced to a size ranging between any of and/Or including any of about 5%. about 10%, 

about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 

50%, about 55%. about 60% about 6%, about 70%, about 75%, about 80%, about 90%, or 

30 about 95% of its original size. By way of example, the reduced particle size cementitious 

component may have a mean particle size of less than about 15 microns, in some 

embodinents, the reduced particle size cementi ti otis component may have a mean particle 

size of less than about 10 microns, less than about 5 microns, less than about 4 microns less 

than about 3 microns, less than about 2 microns, or less than about I micron. In specific 

35 embodiments, the reduced particle size cementitious component may have a mean particle



WO 2014/066734 PCT/US2013/066767 

size in a range of from about 0.1 microns to about 15 microns, from about 0, 1 microns to 

about 10 microns, or from about I micron to about 10 microns. One of ordinary skill in the 

art, with the benefit of this disclosure, should be able to select a particle size for the 

cementitious component suitable tbr a particular application.  

5 [0039] In some embodiments, the mean particle size of the cement kiln dust may be 

reduced in an amount sufficient to provide an increase in compressive strength for the 

settable composition. For example, the mean particle size may be reduced to provide an 

increase in compressive strength of at least about 5%, about 25%, abou 50%, about 75% or 

about 1 00% 

10 [0040] In accordance with present embodiments, the cementitious components may 

be included in treatment fluids that can be used in a variety of operations that may be 

performed in subterranean formations. The cementitious component may have reactive 

index calculated according to disclosed embodiments, In some embodiments, a blended 

cementitious component may be used, in some embodiments, the reactive index may be 

15 used in determining the cementitious components in a particular blended cementitious 

component. As referred to herein, the term "treatment fluid" will be understood to mean any 

fluid that may be used in a subterranean application in conijunction with a desired function 

and/or for a desired purpose, The temi "treatment fluid" is not intended to imply any 

particular action by the fluid, Treatment fluids often are used in. e.g., well drilling, 

20 completion and stimulation operations. Examples of such treatment fluids include drilling 

fluids, well cleanup fluids, workover fluids, confirmance fluids, gravel pack. fluids, acidizing 

fluids. fracturing fluids, cement compositions, spacer fluids, and the like.  

[0041.] While embodiments of the compositions and methods may be used in a 

variety of applications, they may be particularly useful for subterranean well completion and 

25 remedial operations, such as primary cementing of casings and liners in welt bores, They 

also may be useful for surface cementing operations, including construction cementing 

operations, Accordingly, embodinients of the present invention disclose settable 

compositions Comprising a cementitious component and water.  

[0042 The cementitious component may be included in embodiments of the settable 

30 compositions in an amount suitable for a particular application, In some embodiments, the 

cementitious component may comprise cement kiln dust. The cement kiln dust may be 

present in an amount in a range of from about 0.01 %N5 to 100% by weight of the cementitiotis 

component ("bwoc"). For example, the cement kiln dust nay be present in an amount 

ranging between any of and/or including any of about 0.01%, about 5%, about 10%, about 

35 20%, about 30%, 40%, about 50%, about 60%, about 70%, about 80%, about 90%, or about 

13
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100%, The cementitious component may be free or essentially free (for example, no more 

than 1% by weight of the cementitious component) of any additional cem.entitious 

components other than the cementitious component. In sonic embodimenuts, the cementitious 

component may be essentially free of Portland cement. One of ordinary skill in the art with 

5 the benefit of this disclosure should be able to determine an appropriate amount of the 

cementitious component to include for a particular application, 

[0043] The water used in embodimnents of the settable compositions of the present 

invention may include, for example, freshwater, saltwater (e.g.. water containing one or more 

salts dissolved therein), brine (e.g. saturated saltwater produced from subterranean 

10 formations.) seawater, or any combination thereof Generally, the water may be from any 

source, provided, for example, that it does not contain an excess of compounds that may 

undesirably affect other components in the settable composition. In sonie embodiments, the 

water may be included in an amount sufficient to form a pumpable slurry, In some 

embodiments, the water may be included in the settable compositions of the present 

15 invention in an amount in a range of from about 40% to about 200% bwoc. For example, the 

water may be present in an amount ranging between any of and/or including any of about 

50%t about 5%, about 100% about 125%, about 150%, or about 175% by weight of the 

cement. In specific embodiments, the water may be included in an amount in the range of 

from about 40% to about 150% bvoc. One of ordinary skill in the art, with the benefit of 

20 this disclosure, will recognize the appropriate amount of water to include for a chosen 

application, 

[0044] Other additives suitable for use in subterranean cementing operations may 

also be added to embodiments of the settable compositions, in accordance with embodiments 

of the present invention. Examples of such additives include, but are not limited to, fluid

25 loss-control additive set retarder, strength-retrogression additives, set accelerators, 

weighting agents, lightweight additives, gas-generating additives, mechanical-property

enhancing additives, lost-circulation materials, filtration-control additives, foaming 

additives, thixotropic additives, and any com-bination thereof Specific examples of these, 

and other, additives include crystalline silica, amorphous silica, fumed silica, salts, fibers, 

30 hydratable clays, calcined shale, vitrified shale, microspheres, hollow glass spheres, fly ash, 

diatomaceous earth. metakaol in. ground perite, rice husk ash, natural pozzolan, zeolite, 

cement kiln dust., resins, any combination thereof, and the like. A person having ordinary 

skill in the art. with the benefit of this disclosure, wil readily be able to determine the type 

and amount of additive useful for a particular application and desired result.  

14
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[00451 Those of ordinary skill in the art will appreciate that embodiments of the 

settable compositions generally should have a density suitable for a particular application.  

By way of example, embodiments of the settable compositions may have a density of about 

4 pounds per gallon Ulb/gal") to about 20 lb/gal. In certain embodiments, the settable 

5 compositions may have a density of about 8 lb/gal to about 17 lb/gal, Embodiments of the 

settable compositions may be foamed or unfoamed or may comprise other means to reduce 

their densities, such as hollow microspheres, low-density elastic beads, or other density

reducing additives known in the art. in addition, the settable composition may comprise 

weighting agents or other means to increase their densities. Those of ordinary skill in the art, 

10 with the benefit of this disclosure, will recognize the appropriate density for a particular 

application.  

[0046] In some embodiments, the settable compositions may have a thickening time 

of greater than about I hour, alternatively, greater than about 2 hours, alternatively greater 

than about 5 hours at 3,000 psi and temperatures in a range of front about 50*F to about 

15 400F, alternatively, in a range of from about 80*F to about 250F, and alternatively at a 

temperature of about 1401R In some embodiments, the settable composition may have a 24

hour compressive strength in a range of from about 100 psi to about 10,000 psi and, 

alternatively, from about 350 psi about 3,000 psi at atmospheric pressure and temperatures in 

a ranae of from about 50*F to about 4001" alternatively, in a range of from about 80F to 

20 about 250*F and alternatively at a temperature of about 180T.  

[0047] The components of the settable composition may be combined in any order 

desired to form a settable composition that can be placed into a subterranean formation. in 

addition, the components of the settable compositions may be combined using any mixing 

device compatible with the composition, including a bulk mixer, for example. In sonie 

25 embodiments, a dry blend may first be formed by the cementitious component or mixture of 

cementitious components. The dry blend may then be conibined with water to form the 

settable composition. Other suitable techniques may be used for preparation of the settable 

compositions as will be appreciated by those of ordinary skill in the art in accordance with 

embodiments of the present invention.  

30 [0048] As will be appreciated by those of ordinary skill in the art, embodiments of 

the cement compositions of the present invention nay be used in. a variety of cementing 

operations, including surface and subterranean operations, such as primary and remedial 

cemen ting, in some enbodinients, a cement composition may be provided that comprises a 

cementitious component and water. and allowed set. In certain embodiments, the cement 

35 composition. may be introduced into a subterranean formation and allowed to set therein. As 

15
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used herein, introducing the cement composition into a subterranean formation includes 

introduction into any portion of the subterranmean formation, including, without limitation, 

into a well bore drilled into the subterranean formation, into a near well bore region 

surrounding the well bore, or into both, 

5 [0049] In primary-cementing embodiments, for example, embodiments may 

comprise providing a cement composition, introducing the cement composition into a well

bore arnulus; and allowing the cement composition to set in the annulus to form a hardened 

mass, The well-bore annulus may include, for example, an annular space between a conduit 

(e,g,. pipe string, liner, etc.) and a wall of a well bore or between the conduit and a larger 

10 conduit in the well bore. Generally, in most instances, the hardened mass should lix the 

conduit in the well bore, 

.0050] In remedial-cementing embodiments, a cement composition may be used, for 

example, in squeeze-cementing operations or in the placement of cement plugs. By way of 

example, the cement composition may be placed in a well bore to phig an opening, such as a 

15 void or crack in the formation, in a gravel pack, in the conduit, in the cement sheath, and/or a 

microannulus between the cement sheath and the conduit or formation, An example of such 

a method may comprise placing the cement composition into the void, and allowing the 

cement composition to set in the void.  

[0051] While the preceding description is directed to the use of the cementitious 

20 component in cementing methods, it should be understood that embodiments of the present 

technique also encompasses the use of the cementitious component in any of a variety of 

different subterranean treatments. The cementitious component may have a reactive index 

determined according to disclosed embodiments, In some embodiments, a blended 

cementitious component may be used, In soie embodiments, the reactive index may be 

25 used in determining the amount of Cementitious components that are in a particular blended 

cementitious component. An example method may include a subterranean treatment method 

that comprises providing a treatment fluid comprising the cementitious component and 

introducing the treatment fluid into a subterranean formation. For example, a drilling fluid 

may comprise the cementitious component, wherein the drilling fluid may be circulated 

30 downwardly through a drill pipe and drill bit and then upwardly through the well bore to the 

surface. The drilling fluid used may be any number of fluids (gaseous or liquid) and 

mixtures of fluids and solids (such as solid suspensions, mixtures, and enulsions), 

[0052] In some embodiments, a spacer fluid may comprise the cementiitious 

component, which may have a determined reactive index according to disclosed 

35 embodiments. Spacer fluids may be used, for example, in the displacement of fluids from 
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well bore. In an embodiment, the ffdd displaced by the spacer fluid comprises a drilling 

fluid. By way of example, the spacer fluid may be used to displace the drilling fluid from 

the well bore, The drilling fluid may include, for example, any number of fluids, such as 

solid suspensions, mixtures, and emulsions. Additional steps in embodiments of the method 

5 may comprise introducing a pipe string into the well bore, introducing a cement composition 

into the well bore with the spacer fluid separating the cement composition and the first fluid.  

In an embodiment, the cement composition may be allowed to set in the well bore. 'The 

cement composition may include, for example, cement and water. In some embodiments, at 

least a portion of the spacer fluid may be left in the well bore, the spacer flid in the well 

10 bore setting to form a hardened mass.  

EXAMPLES 

[0053] To facilitate a better understanding of the present invention, the following 

examples of certain aspects of some embodiments are given In no way should the following 

examples be read to limit, or define, the entire scope of the invention.  

15 Example 1 

[00,54] The reactive indexes for compressive strength for thirty-three different 
of cemen dustyhre designated 

samples of eeet kiln dust, designated Samples A through (3G were determined and are 

provided in FIG. 1, The CKD samples are each from a different supply source The reactive 

indexes for thirty-three CKD samples were determined by dividing the determined 24-hour 

20 compressive strength for a settable composition by the specific surface area of the CKD 

sample. The specific surface area for each CKD sample was determined by dividing the total 

surface area of the particular CKD sample by the sample mass. The surface area was 

determined using a Malvern particle size analyzer, The 24-hour compressive strength for 

each CKD sample was determined by first preparing a settable composition that comprised 

25 the GKD sample in an amount of 100% bwoc and water in an amount sufficient to provide a 

density of about 1 3 ib/gaL After preparation, the settable composition was allowed to cure 

for 24 hours in a 2" x 4" metal cylinder that was placed in a water bath at I 7OF to form set 

cement cylinders, Immediately after removal from the water bath, destructive compressive 

strengths were determined using a mechanical press in accordance with API RP 101-2.  

30 Example 2 

[0055] Blended cementitious components were prepared that comprised mixtures of 

the CKD samples from Example 1, as indicated in the table below. The determined reactive 

indexes for the CKD samples were then used in the following equation to predict the 

performance of each blended cementitious component.  

35 CSf (Rl)(SSAz)(fz ) (Rb)(S SAr)(fr) + ()SSAr)ff 
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Wherein CSbkd is the estimated compressive strength for the blended cementitions 

component, RU is the reactive index for compressive strength for CKD Sample Z and was 

6.9 m is 1, SSA/ is the specific surface area for CKD Sample Z and was 2,32, 1, is the mass 

fraction of CKD Sample Z, Rip is the reactive index tor compressive strength for CKD 

5 Sample F and was 105, SSAr is tie specific surface area for CKD Sample F and was 2,33, fr> 

is the mass fraction of CKD Sample F, Rif is the reactive index for compressive strength for 

CKD Sample E and was 107, SSAj is the specific surface area for CKD Sample E and was 

3.6, and ft is the mass fraction of CKD Sample E, 

[0056] The estimated compressive strength values for the blended cementitious 

10 components were then compared with the actual 24-hour compressive strength values for the 

blended cementitious components. ihe 244-hour compressive strength for each blended 

cementitious component was determined by first preparing a settable composition that 

comprised the blended cementitious component in an amount of 100% bwoc and water in an 

amount sufficient to provide a density of 13 lb/gal A cement dispersant (CFR-3" cement 

15 friction reducer, from [l alliburton Energy Services, Inc.) in an amount of from 0.5% bwoc to 

1.0% bwoc was added to some of the samples and should not impact determined 

compressive strength values. After preparation, the settable composition was allowed to cure 

for 24 hours in a 2" x 4" metal cylinder that was placed in a water bath at 140" to form set 

cement cylinders. Immediately after removal from the water bath, destructive compressive 

20 strengths were determined using a mechanical press in accordance with API RIP 10132.  

[0057] A chart of the actual compressive strength values versus the estimated 

compressive strength values is provided on FIG 2, As shown on Fl. 2, the charted values 

have an W value of 0.952 and a slope of 0.9253. The estimated and actual compressive 

strength values for the blended cementitious components are also provided in Table I below.  
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Table 1 

CKD Sample CKD Sample CKD Sample Estimated Actual 
Z F E Compressive Compressive 

(% bwoe) (% bwoc) (% bwoC) Strength Strength 

100 0 0 16 16 
75 25 0 73 51 

2575 0 187 ~ 83 
100 0 244 244 

75 0 25 108 84 
50 0 50 200 192 

[2N~~ 0 0_ _ 

25 0 75 292 216 
0 0 100 384 384 

Example 3 

[0058] The reactive indexes for volume average apparent viscosity at 511 sec" and 

51 sec wre determined for CKD Samples Z F and E from Example I and are provided in 

5 Table 2 below *The reactive indexes tor these samples were determined by dividing the 

determined volume average apparent viscosity for a settable composition by the specific 

surface area of the CKD sample. The pacificc suitace area for each CKD sample was 

detcnined by dividing tie total surface area of the particular CKD sample by the sample 

mass. The surface area was determined using a Malvern particle size analyzer. The 24-hour 

10 volume average apparent Viscosity ("VAV") for each CKD sample was determined by first 

preparing a settable compositions that comprised the CK.D sample in an amount of 100% 

hwoc and water in an amount sufficient to provide a density of about 12 lb/ gal. The vohune 

average apparent viscosities were measured at 511 sec and S sec in accordance with 

Ai RP 101B-2.  

15 Table 2 

CKD Sa mplet CKD Sample F CKD Sample E 
SSA 2.32 2,33 3.6 

VAV at 51 11 62 123 
Rl at 511 see5 2732 

VAV nat 51 s.ec p) 40 40 860 
R at 1 see 17 76 239 

[0059] Next, blended cementitious components were prepared that comprised 

mixtures of CKD samples Z, F, E as indicated in the able below. The determined reactive 

indexes at 511 see and S1 se for the CKD samples wereu then used in the following 

equation to predict the performance of each blended cemcntitious component 

20 VAVI = (Rl)(SSAy,)(f7 V (RW)(S SA)(fr) + (RVs)(SSAj)(f " 
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Wherein VAVbd, is the estimated volume average apparent viscosity for the blended 

cementitious component, RU is the reactive index. for volume average apparent viscosity for 

CKD Sample Z, SSAz. is the specific surface area for CKD Sample Z, fl is the mass fraction 

of CKD Sample Z, m is 7/3, RI is the reactive index for volume average apparent viscosity 

5 for CKD Sample F, SSA, is the specific surface area for CKD Sample F, fl, is the mass 

fraction of CKD Sample F, Rif is the reactive index for volume average apparent viscosity 

for CKD Sample E3, SSAr is the specific surface area for CKD Sample F, and fI is the mass 

fraction of CKD Sample E.  

[0060] The estimated volume average apparent viscosities at 51I seca and 51 sec 

10 for the blended cementiious components were then compared with the actual volume 

average apparent viscosities at 511 sec and 51 sec' for the blended cementitious 

components. The volume average apparent viscosities for each blended cementitious 

component was determined by first preparing a settable composition that comprised the 

blended cementitious component in an amount of 100% bwoc and water in an amount 

15 sufficient to provide a density of 12 lb/gal. After preparation, the volume average apparent 

viscosities at 511 see& and 51 se. were determined in accordance with API RP 10B-2, 

[0061] Charts of the actual volume average viscosity values versus the estimated 

volume average viscosity values are provided on FIGS. 3 and 4. As shown on FIG, 3 the 

charted values at 511 sec' have an R value of 0.9894 and a slope of 0,9975. As shown on 

20 FIG. 4. the charted values at 51 see have an R value of 0.993 1 and a slope of 0,9814 The 

estimated and actual volume average viscosity values for the blended cementitious 

components are also provided in Table 2 below.  

Table 3 

CK) CKD CKI) Actual list. Actual list 
Sample Z Sample F Sample E VAV VAV VAV VAV 
(% bwoc) (% c) (% bo) 511 sec a' 511 see >51 seeee 51 see 

(ep) (Cp) (cp) (cp) 

100 0 0 1L 1L0 400 40.0 
S 1 25 0 11.0 8. 400 36 

25 75 0 24,0 32.2 1900 211.3 
o J... 0 62.0 ].62.0 410.1 410.0 
0 0 100 123.0 123.0 860 .2 860.0 
25 0 75 66,0 63.4 500 1 441.5 
50 0 50 25 0 26.7 160 0 179.0 
75 0 25 16.0 105 60 0 54.5 

[0062] It should be understood that the compositions and methods are described in 

25 terms of "comprising." "containing," or "including" various components or steps, the 

compositions and methods Can also "consist essentially of" or "consist of" the various 
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components and steps. Moreover, the indefinite articles "a" or "an," as used in the claims, are 

defined herein to mean one or more than one of the element that it introduces.  

[0063] For the sake of brevity, only certain ranges are explicitly disclosed herein.  

However, ranges from any lower limit may be combined with any upper limit to recite a 

range not explicitly recited, as well as, ranges from any lower limit may be combined with 

any other lower limit to recite a range not explicitly recited, in the same way, ranges from any 

upper limit may be combined with any other upper limit to recite a range not explicitly 

recited. Additionally, whenever a numerical range with a lower limit and an upper limit is 

disclosed, any number and any included range falling within the range are specifically 

disclosed, in particular, every range of values (of the form, "from about a to about b," or, 
equivalently, "from approximately a to b," or, equivalently, "from approximately a-b") 

disclosed herein is to be understood to set forth every number and range encompassed within 

the broader range of values even if not explicitly recited. Thus, every point or individual 

value may serve as its own lower or upper limit combined with any other point or individual 

value or any other lower or upper limit, to recite a range not explicitly recited.  

[0064] Therefore, the present invention is well adapted to attain the ends and 

advantages mentioned as well as those that are inherent therein. The particular embodiments 

disclosed above are illustrative only, as the present invention may be modified and practiced 

in different but equivalent manners apparent to those skilled in the art having the benefit of 

the teachings herein. Although individual embodiments are discussed, the invention covers 

all combinations of all those embodiments. Furthermore, no limitations are intended to the 

details of construction or design herein shown, other than as described in the claims below.  

Also, the terms in the claims have their plain, ordinary meaning unless otherwise explicitly 

and clearly defined by the patentee. It is therefore evident that the particular illustrative 

embodiments disclosed above may be altered or modified and all such variations are 

considered within the scope and spirit of the present invention, if there is any conflict in the 

usages of a word or term in this specification and one or more patents) or other documents 

that may be incorporated herein by reference, the definition that are consistent with this 

specification should be adopted.  

[0065] The above discussion of background art is included to explain the context of 

the present invention. It is not to be taken as an admission that any of the documents or other 

material referred to was published, known or part of the common general knowledge in 

Australia at the priority date of any one of the claims of this specification.  
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The claims defining the invention are as follows: 

1. A method of cementing comprising the steps of: 

estimating the performance of a settable composition comprising water and a blended 

cementitious component comprising at least two cementitious components using the 

equation: 

=1 EPbl end (R Ii)(SSAL) (fL) m 

wherein EPblend is an estimated parameter for the blended cementitious component, 
i is the individual cementitious component from a set of cementitious components, n is an 

integer of 2 or more, RIi is the reactive index of cementitious component i, SSA, is the 

specific surface area pf cementitious component i, fi is the mass fraction of cementitious 

component i, and m is a value from 1 to 10; 

providing the settable composition; and 

allowing the settable composition to set to form a hardened mass; 

wherein the refractive index is a measured parameter of a cementitious component 

divided by the specific surface area of the cementitious component; and 

wherein the measured parameter is compressive strength, Young's modulus, fluid loss, 
thickening time, a rheological value or free water.  

2. The method of claim 1 wherein the settable composition has a density in a range of 

0.5 g/cm 3 (4 pounds per gallon) to 2.4 g/cm 3 (20 pounds per gallon).  

3. The method of claim 1 or 2, wherein each of the cementitious components 

comprises at least one of Portland cement, calcium aluminate, gypsum, a pozzolanic material 

and kiln dust.  

4. The method of any one of claims 1 to 3, wherein the blended cementitious 

component comprises first and second cementitious components which have different 

reactive indexes.  

5. The method of claim 4, wherein the first cementitious component and the second 

cementitious component have reactive indexes that differ by a factor of at least 2:1.  

6. The method of claim 4, wherein the first cementitious component and the second 

cementitious component have reactive indexes that differ by a factor of at least 100:1.  

7. The method of any one of claims 1 to 6, further comprising the step of 

adjusting the particle size of a cementitious component to adjust the reactive index.  
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8. The method of claim 7, wherein the particle size of the cementitious component is 

adjusted by grinding.  

9. The method of any one of claims 1 to 8, further comprising placing the settable 

composition into a subterranean formation penetrated by a well bore.  

10. The method of claim 9, wherein the settable composition is used in primary 

cementing in the well bore.  

11. The method of claim 9, wherein the settable composition is used in remedial 

cementing in the well bore.  
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