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(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 -
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METHODS FOR DETERMINING REACTIVE INDEX FOR CEMENTITIOUS
COMPONENTS, ASSOCIATED COMPOSITIONS, AND METHODS OF USE

BACKGROUND

{0001} The present invenbion relates to comentitious components and, more

LA

particulmdy, in certain embodiments, to methods of determining a reactive index for
cementitious components,

{00021 In general, well treatments include 8 wide vartety of methods that may be
performed in oil, gas, geothermal andior water wells, such as drilling, completion and
workover methods. The drilling, completion and workover methods may include, but are not
10 linsited to, deilling, fracturing, acidizing, logping, comenting, gravel packing, perforating and
conformance methods.  Many of these well treatments are designed to enhance andfor
factiitate the recovery of desirable fluids from a subterranean well. These fuids may imclede
hydrocarbons such as ail andfor gas,

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

i
]

settable composttions are conmwponly utilized.  As used herein, the tenu “sctiable
composition™ refers to a composition(s} that hydrauslically sets or otherwise develops
comyprressive strength.  Settable compositions may be used o 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 annulas between a
20 subterranean formation and the pipe string disposed in the subterrancan formation oy
between the pipe string and a larger conduit disposed in the sublerranean forraation. The
settable composition should set in the annulus, thereby forming an anhular sheath of
hardened cement {e.g., a cement sheath) that shoukd 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

3
LA

to the jarger conduit,  Seitable compositions alse may be used i remedial comenting
methods, sach as the placement of coment plugs, and in sgueeze camenting for sealing voids
e pipe siring, coment sheath, graved pack, formation, and the like. Scttable compositions
may also be used in surface applications, for example, construction cementing.

{0004] Scttable compositions for use in sobterrancan formations may typically
30 include a comentitious component which hydraulically sets, or otherwise hardens, to develop
compressive sirength, Examples of cementitious components that can be included 1o settable
compositinns include Portland cement, calcium aluminate cement, cement kiln dust, hme
kiln dast, fly ash, slag, pumice, and rice-hull ash, among others. The performance of these

different cementitions components in settable compositions may vary and can even vary for

13
A

a particular cementitious component depending, for example, on the particular fype or source
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of the component,  For cxample, certain of these comentitious components may have
undesirable propertics that can make thern unsuitable tor use in well treatments. o addition,
predictability and consistency for the cementitions conmponents when used in treatment
fluids,  This lack of predictability consistency may even be apparent for the same

cementitious compeonent, for example, if sourced from different locations.

b2
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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:

n

EPyiena = ) (RI)(SSA)(f)™

i=1

wherein EPye,q 1S an estimated parameter for the blended cementitious component, 1 is
the individual cementitious component from a set of cementitious components, n is an integer
of 2 or more, Rl; is the reactive index of cementitious component i, SSA;, is the specific
surface area pf cementitious component i, f; 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.
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[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 Hustrate cortain aspects of some of the embodiments of the
present invention, sand should not be used to hnut or define the invention.

JO0TT] FIG. 1 18 a chart showing measured reactive indexes for various supply

§  sowrces of cement kiln dust.
100127 FIG. 2 s a chart comparing actoal versus predicted compressive strength for
dry blends of cement kiln dust,
FO013] FIG. 3 is a chart comparing actual versus predicted volume average apparent
viscosity at 511 sec™ for dry blends of cement kifn dust,
10 {00141 FIG. 4 is a chart comparing actual versus predicted volume average apparent

viscosity at 51 sec”™ for dry blends of comont kiln dust.
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DESCRIPTION OF PREFERRED EMBODIMENTS

{0015] The present invention relates to comentitious componeats amd, more
particularly, in cortain embodiments, to methods of determining a reactive mdex for
cementitions components, By determining the reactive index for comentitious components,
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 embodiments may includs using the determined reactive index to provide blends
of cementitions components in which one or more parameters have been optindzed,
melading compressive strength, Young's Modulus, fluid loss, andior thickening tme, for
exarmple.

{0016] Without being Hwited by theory, the reactive index of a comentitious
component may be referred to g8 3 measure of the comentitions compongnt’s reaclivity as
adjusted for differences in sorface area. Example techniques for determining the reactive
mdex may comprise measuring a parameter of the cementitious component, and then
dividing the measured parameter by the specific surface area of the cementitious component,
In some embodiments, the reactive index for a comentitious component may be caleulated in

accordance with the following equation:
Ri=MP/SSA

whereinn RI iz the reactive index, MP is the miessured parameter of the cementitious
component, and SSA s the specific surface area of the comentitions component.  In general,
specific surface area is a property of a particulate solid and, as used herein, 1s defined ax the
total surface aren of the cementitious component divided by the mass of the comentitious
component or the iotal surface area divided by the bulk volame of the cementibious
component.

{00171 In general, comentitious components are particulate solids that hydraudically
set, or otherwise harden, to develop compressive strength in the presence of water. Non-
Himiting examples of cermentitions components that may be suitable for use in embodiments
of the present inveation inclade Portland cements, caleium alominate, gypsum, pozzolanic
materials, and kiln dust. Mixtures of one or more different cementitious components may
also be wsed. lo some embodiments, the cementitious component may be combined with
Hme.

THOIB] In some emwbodiments, the comentitions component may comprise Portland
cement.  Portland cement s a commmonly used cementitious component that hydraudically

reacts with water to develop compressive strength. Examples of suitable Portland coments

LX
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may inchude those classified as Classes A, €, G and H coments according to American
Petroleum Institate, AP Specification jor Materfals and Testing Jor Well Cements, APl
Specitication 10, Fifth Editton, July 1, 1990, In addition, Portland cements suiable for use

m embodiments of the present invention may also mclude those classified as ASTM Type L

L

FIL H, HL IV, or V. In some embodiments, blends of comentitions components containing
Portland coment may be used.

F0019] In some embodiments, the comentitious component may comprise a calcium
aluminate.  Caleium aluminate may hydravlically react with water to develop compressive
strepgth. Calcium alominate may be incloded in coments commonly referred {0 as caleium
10 aluminate cements or bigh alumina content coments,  Calcium aluminate coments may be
prepared in 8 manufacturing process that inclades mixing a caleium bearing material (2.8,
hmestone) and an alumimaen-bearing matedial {(o.g., baaxite).

[O020] In some embodiments, the cementitious component may comprise gypsurm.

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

K 3

Gypsum may be included in cements commonly referved w as gypsum cements. For ase in
Cerents, gypsum may, i some instances, be burned at extremely high temperatares and then
ground. {n particutar embodiments, gypsun may be added o Portland coment,

G021 In some embodiments, the cementitious component may  comprise 8
pozzolanic material, Pozzolanic materials that may be suitable for use include a wide variety
20 of natural or artificial matenals that exhubit comentitious properties in the presence of

caleium hydroxide. Examples of suttable porzzolanic material that may be suitable for use in
embodiments of the present invention include natural and antificial pozzolans, such as fly
ash, silica fume, slag, bumned shale, burned clay, metakaolin, pumice, diatomaceous earth,
volcanic ash, opaline shale, taff] and burned organic materials, such as agricultural waste
25 ash, municipal waste ash (e.g., municipal solid waste ash), waste-water treatment waste ash,
anminwl wasie ash, non-human-non~-aimal indusinial waste ash, and combinations thereof,
Specific examples of agricultural waste ash include, for example, rice busk ash, wood {e.g.,
sawdust, bark, twigs, branches, other waste wood) ash, tree leave ash, corn cob ash, cane

g., amavanth, barley, com flaxseed, millet, o,

g

{e.g., sugar cane) ash, bagasse ash, grain (e
30 quinoa, rye, wheat ete.) and refated by-product{s} (¢.g.. husks, hulls, ete.} ash, ovchard ash,
vipe trinuninge ash, grass {e.g., Korai, Tifton, native shiba, ete.} ash, straw ash, ground nut
shell ash, legume (2.g., soybean) ash, and combinations thereof,

F00221 In some embodiments, the cementiious component may comprise a kiln
dust, One example of a kiln dust includes coment kiln dust. Cement kidn dust, as that term s

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

&



20

3

[

L

L

b

v

WO 2014/066734 PCT/US2013/066767

collected, for example, in a dust collector during the manufacture of cement. The cement
kiln dust generally may exhibit cernentilious properties, in that 1Uway set and harden in the
presence of water.  Usually, large quantities of coment kiln dust are collected in the
production of cement that are commonly disposed of as waste. Disposal of the cement kiln
dust can add undestrable coxts fo the manufacture of the cement, as well as the
environmental concerns assoclated with its disposal. The chemical analysis of the coment
kiln dust from various coment manufactures varies dependimg 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
oxides, such as 510, ALOq, Fe O, Ca0, Mg, SO;, NaxO, and K0, Another example of a
kiln dust tncludes me kiln dust. Livee kiln dust, as that term i3 used herein, refers o a
product genersted in the manufacture of ime. The Hme kiln dost may be collected, for
example, by dust control systems i the calcination of ime stone.

f0023) In some cmbodiments, one or more parameters of the cementitious
component may be measured and then used in detenmining the reactive jndex.  The
parameters may include a number of different parameters that may be measared using
standard aboratory testing techniques for a setlable composition comprising a cementitious
component and water.  Additional components may alse be incloded in the settable
compaositions, for example, to vary one or more praperties of the treatment fluid, Parameters
of the ceméntitious component, or settable composition contained therein, that may be
measured  inctude, for example, compressive strength, Young's Modulus, fluid loss,
thickening time, rheological values {e.g. volume average apparent viscosity, plastic
viscosity, yield point, ete.) sndior free water,

{00241 Compressive strength is generally the capacity of & material or structure to
withstand axially divected poshing forees.  The compressive strength of the comentitions
component may be measured at a specified thme afier the comentitious component has been
mixed with water and the resultant treatment fluid is maintained under specified temperatare
and pressure conditions,  For example, compressive strength can be measured at g time 1o the
range of about 24 o about 48 hours after the fuid iy mixed and the fluid is maintained at a
temperature of 170°F and atmospheric pressure. Compressive strength can be voeusured by
either a destructive method or non-destructive method.  The destructive method physicalty

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

3
m a compression-testing machine,  The compressive strength s caloustated from the falore
foad divided by the cross-sectional area resisting the load and is reported in units of pound-

force per square inch {psi). Non-destructive methods typically may employ an Ultrasonic
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Cement Analyzer ("UCA™), available from Fana instrument Company, Houston, TX.
Compressive strengths may he determined in accordance with APLRP 10B-2, Recommended
Practive for Testing Bell Cements, Fivst Edition, Tuly 2008,

F0025] Young's modulus also referred o as the wodulus of elasticity is a measure of

LV 4

the relationship of an applied stress o the rosultant strain,  In general, a highly deformable
{plastic) material will exhibit a lower modolus when the confined stress s inereased. Thus,
the Young's modulus is an elastic constant that demonstrates the ability of the tested material
to withstand apphied loads. A number of different laboratory techniques may be used to
measure the Young's modulus of a treatment flutd comprising a cementitious comaponent
10 after the treatment fluid bas been allowed to set for a period of time at specified terperature
and pressure conditions.

10026] Fluid loss typically refers to loss of a fluid such as a treatment fluid into a
subterranean formation. & nomber of ditterent laboratory fechnigues may be used to

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

s
K 3

flutd in & well, Floid loss may be measured uasing a static fluid-loss test, with either a static
or stirved fluid-loss cell, iy accordance with the afore-mentioned AP RP Practice 10B-2.
10027] Thickening e typieally refers to the time g flaid, soch as 2 treatment fluid,
comprising the cementiticns component, remains in g fhaid state capable of being pumped.
A nunaber of different laboratory techniques may be used © measure thickening time to give
20 an indication of the amount of thoe a treatment foid will remain pumpable 1o a welll An
examype technique for determining whether a treatment fhuid is in 2 pumpable fluid state may
use @ high-temperature high-pressure consistometer at specified pressare and temperature
conditions, 1 accordabce with the procedure for determining cement thickemng times set
forth in the afore-mentioned AP RP Practice 10B-2, The thickening time may be the time
25 for the treatment fluid to reach 70 Bearden units of consistency (“Be™) and may be reported
m time o reach 70 Be.

[0028] Rheological values of a fluid may be determuned o characterize the fluid's
rheotogical behavior, Rheological values that way be determined inelude volume average
apparent viscosity, yiekd poimt and plastic viscosity, among others.  Plastic viscosity is

30 typically a measare of the resistance of & luid to Jow.  In some embodiments, the yield
pott may be a parameter of the Bingham plaatic model, the yield point being the slope of
the shear stressishear rate line above the vield peint. Yield point is typically a measure of the
point al which a material can no longer deform elastically. In some embodiments, the vield

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

Lad
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extrapolated to a shear rate of 2ero. A number of different laboratory techniques may he
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used to measure theological values of & freatment fluid to give an indication of the behavior
of the treatment Huid in a welll Rheological values may be determined in accordance with
the procedure set forth in AP RP Practice 108-2.

{00291 Free water typically refers 1o any water in a fluld that is in excess to what is

LV 4

required 1o fully hydrate the components of the fluid. Free water can be ondesived as 1t may
physically separate from a coment composition as it sets. Free water may also be referved to
as free fluld, A number of different laboratory techniques may be used to measure free water

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

water may be determined in accordance with the procedare set forth in APERP Practice 108-

e
o]

{0030] As previously mentioned, the reactivity of cementitious components may
vary between different types of comentitious compouents or even between different sources
tor a parvticular type of cementitious component.  For exammple, the reactivity of Portland

cement and another cementitious component, such a3 a porzolanie material, may be

s
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differemt. By way of further example, the reactivity of a cementitions component may vary
between different sources for the cementitions corpponent.  In some emmbodiments, the
reactive index of the cementitious component may vary betweesn two of more different
sources by & factor of at least about 2:1. For example, the reactive index of the cementitious
component between different sources may vary by an amownt between any of andfor
200 incleding any of about 2:1, about T, about 50:1, about 100:1, about 2501, about 500:1, or
about 1000:1, Beecause the reactivity varies between different cementiious components and
even between different sowrces for a cementitious component, the performance of different
comentitious components may be unpredictable and may also lead to a lack of consistency
for the cementitious components when used in treatment fuids such as settable
23 compositions.  In some nstances, the performance of a particular cementitions component
may have undesirable properties, which may make it unsuitable for use. For example, a
cementitions component from g particular source may have properties making it undesirable

for use,
{00311 In some embodiments, a blend of two or wore different cementitious
30 components may be used to provide a blended cementitious component that may have
properties suitable for use in a particolar application.  This may be particulardy useful, for
example, where one of the comentiious components in the blend may bave properties
making it unsuitable for particulur applications.  For example, a cementitions component
such as cement Kiln dust from a first source may be blended with a cementitious component

35 zuch as cement kiln dust from a second source,  In some embodiments, one or both of the
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cementitions  components may have reactivities that are unsuifable for a particular
application.  For example, the reactivities of cach cementiious component may be

mdividually too slow or too fast {for a particular application. The blends of the comentitious

component from the two ditferent sources may form a blended cementitions comaponent

L

baving compressive strength properties that are saitable for the application.  In some
embodiments, the relative proportions {e.g., weight fractions) of cach comentitious
component in the blended comentitious component may then be adjusted to adjust the
compressive strength properties of the blended comentitions component.

{0032} The two or more cementitious components in the blonded cementitious
10 component may include, for example, two or more differsnt types of comentitious
components, such as Portland cement and cement kiln dust. Alternatively, the two or more
cementitions componenis in the blended cementitious component may include, for example,
a comentitious componat from twoe or more different sources.  For exanple, a first

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

,.....,
L

comentitious component may comprise eement kiln dust from a second sowrce. It should be
understood that embodiments are not Himited to only two different sources, but may include a
cerpentitious component, such as cement Kiln dust, from three, four, five, or even yoore
different sources. The two or more different sources for the comentitious component may
include different manufactures, different coment manufacturing plants, and the hke. A
20 cementitious component, such as cement kil dust which s a byproduct from the cement
manufacturing plant, may have a pumber of different sources available throughout the world.
For examyple, different sowrces for cement Riln dust may include different manufictoring
plants throughout the world at which cement kilo dust can be generated.
{00331 The two or more comentitious compenents may be hlended to form the
25 blended cementitious component, for example, prior o combination with water andfor other
components aof the treatment fluid, o particular embodiments, the two or more cementitious
components may be dry blended to form a dry blend comprising the two or more
cementitious components.  The dry blend may then be combined with water andfor other
compoenents, in any order, to form the treatment fluid. However, the use of the torm “hlend™
30 iy not intended to mply that the two or more cementitious components have been dry
blended prior to combimation with water.  For cuample, the blend of two or mowe
cementitious components may not be combined until after one, or even both, of the
cementitious components has already been blended wath water,

[034] In some embodiments, the reactive index may be used to optimize the

LTS
L

blended cementitious component, wherein the blended cementitious component comprises

10
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twe of more cementitious components. For example, the reactive index may be used to
optimize one or more paramelers of the blended cementitious component, including
compressive strength, Young's Modulus, fluid loss, andfor thickening time,  Optimizing the
blended cementitious component may include determining the resctive index for each of the
cementitinus components in the blended cementitious component. The reactive indexes for
the cementitious components may then be used to predict the performance of the blended
cementitions component.  The ratio of cach cementitious component may be adjusied 10
optimize the performance of the blended comentitious component. The performance of the
blended cementitions component may be optimized with the performance of the blended

cementitions component estimated using the following equation:
»
S s A— R Y OCA AN
LE hiend ™ E { ‘[“’ § ){ »b.j}»{,{{_ }( f{ i )
ek

Wherein EPpina is the ostimated parameter for the blended comentitious component, §is the
individual comentitious component from the set of comentitious components 1 o n, n s an
integer, RY; is the reactive index for cementitious component i, S84, Is the specilic surface
area for cementitions component i, §i 1y the mass fraction of the comentitious component i,
and wherein m is g pumber from | 1o 10, The set of cementitious components nay inclode 2
or more different cementitious components.  The two or more different cementitious
component may be ditferent types of cementitious components, sueh as Portland cement and
slag, or may be from ditferent sowces, such as cement kilo dust from a first source and
cement Kiln dust from a second source.  In some embodiments, m may be 1. In alternative
embodiments, m may be 743,

fOU35] fn some embodiments, the mean particle size of the cementitious companent
may be altered from its original particle sive. The reactive index may then be measured for
the altered cementitious component.  The altered cementitious component may be included
in a blended cementitions component.  {n accordance with present embodiments, the mean
particle size of the cementittous component can be altered using any suitable technique,
including, without linutation, grinding ov separating 1o provide & material having an alterad
particle size,  Separating the cementitious compenent may inchude sieving or any other
suitable technique for separating the cementitious component to provide a mean particle size
that has been altered from its originel sive. For example, sieving may be used to produce
cementitious component having an increased or reduced mean particle size as desired for a
particular apphcation. By way of further exaople, grinding may be used 1o decresse the
mean particle size of the comentitions component. Combinations of grinding and separating

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

1§
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using 2 grinder {e.g.. ball mill, rod mill, et¢.) to reduce the particle size of the specified
component(s). An example of a suitable grinder is an 3000 Mixer/ ™M™ ball mill, available
from SPEX Sample Prep.  In some embodiments, the cementitious component may be

ground for a time perfod i @ range of from about 30 minutes to abouat 1 hour.

LV 4

f0036] The mican particle size of the cementitious component can be altered to any
size suttable for use in comenting operations. In some embodiments, the wmean particle size
of the cementitious component may be alisred from iy original particle size o have a mean
particle size in a range of about 1 micron to about 350 microms, The mean particle sixe
corvesponds to dSO values as measored by particle size analyzers such as those manufactured
10 by Malvern Imstruments, Woreestershive, Untted Kingdomn,

{00371 1o some embodiments, the mean particle size of the cementitions component
may be inereased fromt ity original size.  For example, the mean panticle size of the
cemnmentitious component may be at least 3% grester than s oviginal size.  In some

embodiments, at least a portion of the cementitious component yaay be moreased to a size

15 that is in a range of from gbout 3% to about S00% greater than s original size.  In some
embodiments, the mean particle size may be iporeased 1o a sive ranging between any of
andfor inchuding any of about 5%, about 10%:, about 2080, about 30%, about 4%, about
304, shout &0% . about 70%:, about -80%, about 9%, about 100%, sbout 200%, about 30094,
aboat 400%, or about S00% greater than #ts origingl size.

20 {0038} {o some embodiments, the mean particle size of the cementitions component

may be reduced from Hs original size. For example, the mean particle size may be reduced
i an ampount sufficient to increase the compressive strength of the cementitions component.
In some embodiments, the cementitious component may have ¢ mean particle size that is at
feast 3% less thay its oviginal sizel o some embodiments, al least a portion of the
25 comentitious component may be reduced to have g mean particle size in a range of from
about 8% 1o abowt 958% of its original size. For exarople, the mesn particle size may be
reduced to a stre ranging betweon any of andfor meloding any of about 3%, about 0%,
about 13%, about 20%, about 25%, about 30%, about 33%, about 40%, about 45%, about
30%, about 35%, about 60%, about 6%, about 7%, about 75%, about 30%, about 90%, or
30 about 93% of its original size. By way of example, the reduced particle size comentitious
component may have a mean particle size of less than about 13 microns.  In some
embodiments, the reduced particle size cementitious component ruay have a mean particle
size of fess than about 10 microns, less than about 5 microns, less than about 4 mitcrons, less

han abowt 3 microns, fess than abouwt T microng, or less than about | micron.  In specific

LTS
L

embodiments, the reduced particle size cementitious component may have a mean particle
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size in a range of from about 0.1 microns fo about 15 microns, from about 0.1 microns to
about 1 microns, or from about 1 wicron to about 1) microns, One of ordinary skill in the
art, with the benefit of this disclosure, should be able o seleet a particle size for the
cementitions component suitable for a particular apphication.

f0039] In some embodiments, the mean particle size of the cement kiln dust may be
reduced 1 an amount sufficient to provide an increase m compressive strength for the
scttable composition.  For sxample, the mean particle size may be reduced to provide an
increase in compressive stronpth of at least about 5%, about 25%, about 50%, about 75%, or
about H0%,

{00407 In accordance with present embodiments, the comentitious components may
be included 1 treatment flaids that can be used 1 a variety of operations that may be
performed in subterranean formations.  The comentitious componert may have reagtive
tndex caleulated according to disclosed embodiments. 1o some embodiments, a blended
cementitions component may be wsed.  In some embodiments, the reactive index may be
used in determuning the comentitious components 1 a particular blended cementitious
component. As referred to berein, the term “treatment Thad™ vill be understood 1o mesan any
fluid thay may be uysed in a subterranean application in conjunction with a desired function
and/or for a desired purpose. The term “treatment fluid™ is not intended & imply any
particelar action by the fluid. Treatment floids often are used w, eg, well drilling,
completion, and stimulation operations,  Examples of sueh treatment fluids include drilling
flutds, well cleanap fluids, workover fluids, conformance fluids, gravel pack fuids, acidizing
fluids, fracturing huds, coment compositions, spacer fluids, and the hike,

{0041} While embodimenis of the compositions and methods may be used in a
ariety of apphications, they may be parbicularly usefid for subterranean well completion and
remedial operations, such as primary cementing of casings and liners in well bores. They
also may be useful for swlace comenting operations, including construction cementing
operations.  Accordingly, smbodimienty of the present invention disclose settable
compositinns comprising @ camentitious component and water,

{00421 The cementitious compenent may be included in embodiments of the settable
compositions in an amount suitable for a particular application. In some ercbodiments, the
cementitious component may comprise cement kiln dust.  The cement kiln dust may be
present nan amount in a range of from about 0.01%6 1o 100% by weight of the comentitious
component Chwoe™l For example, the cement kiln dust may be present in an amowst
ranging between any of and/or inchuding any of about 0.01%, about 3%, about 0%, about

2084, about 3084, 40%%, about 30%, about 6%, about 709, ahout 80%, abowt 90%, or ahowt
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H%, The cementitivus component may be free or sssentially free {for example, no more
than 1% by weight of the cementiious component) of any additional cementitions
components ather than the comentitious conmponent. In some embodiments, the cementitious
compuonent may be essentially free of Portland cement. One of ordinary skall in the art with
the benefit of this disclosure should be able to deteumine an appropriate amount of the
cementitious component o include for a particular application.

FO0431 The water used in smbodiments of the settable compuositions of the present
invention may include, for example, froshwater, saltwater (.., waler containing one or more
salts dissolved therein), brine (e.g, satwated saltwater produced from subterrancan
formations), seawater, or any combination thereofl Generally, the watsr may be from any
source, provided, for example, that it does not contain an excess of compounds that may
undesirably affect other components 1o the settable composition.  In some embodiments, the
witer may be included in an amount sufficient to form a pumpable shwry, I some
erybodiments, the water may be included i the settable compositions of the present
fgvention in an amount 11 a range of from about 40% 1o about 200% bwoce, For example, the
water may be present in an amount ranging between any of anddor including any of about
50%, about 75%, abowt 100%, about 128%, 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% bwoo. One of ordinavy skill in the art, with the henefit of
this disclosure, will recognize the appropriate smount of water 1o include for a chosen
application.

[0044] Other additives suitable for use in sublerranean comenting 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-
foss-control  additive, set refarder, strongthoretrogression  additives, set accelerators,
weighting sgents, lightweight additives, gas-generating  additives, mechanical-property-
enhancing  additives,  lost-civeulation  materials, filtration-conirol  additives,  foaming
additives, thixotropic additives, and any combination thereof.  Specific examples of these,
and other, additives include crysialline silica, amorphous silica, fumed silica, salts, fibers,
hydratable clays, caleined shale, vitrified shale, microspheres, hollow glass spheres, fly ash,
diatomaceocns carth, metakachn, ground perlite, rice husk ash, natural pozzolan, zeolite,
cement kiln dust, resins, any combination thereof, and the ke, A person baving ovdinary
skill in the art, with the benefit of thiy disclosure, will readily be able to defermine the type

and amount of additive useiul for a particular application and desirved result.
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FO045] Those of ordinary skill in the art will appreciate that embodiments of the
setiable compositions penerally should have a dessity suitable for a particulsr application.
By way of example, embodiments of the settable compositions may have a density of about

4 pounds per gallon (Ib/gal™ to about 20 Ibfgal. In certain embodiments, the settable

LV 4

compositions may have a density of about 8 Ib/gal 1o about 17 Ib/pal, Embodiments of the
settable compositions nray be foamed or unfoamed or may comprise other means to reduce
their densities, such as hollow microspheres, low-density clastic beads, or other density-
reducing additives known in the art. In addition, the settable compesition may comprise
weighting agents or other means (o increase their densities. Those of ordinary skill ju the ax,
10 with the benefit of this disclosure, will recognize the appropriate density for a particalar
application,

10046} In some embodiments, the settable compositions may have a thickening time
of greater than about | hour, alternatively, greater than about 2 howrs, alternatively greater

than about 3 bours at 3,000 pst and tempershees v a range of from about 30°F to about

s
K 3

400°F, alternatively, in & range of from about 80°F o about 250°F, and alternatively at a
terpperature of about 140°F In some embodiments, the settable corposition may have a 24~
hour compressive strength in a range of from about 100 psi o about 10,000 psi and,
alternatively, from about 3530 psi about 3,000 psi at atmospheric pressure and temperatures in
a range of from about 30°F to abont 400°F, altevnatively, in a vange of from about RO°F to
200 about 250°F, and altermatively at a temperature of about 180°F,

{00471 The components of the settable composition may be combined in any order
desired to form a settable comyposition that can be placed o a subterrancan formation. In
addition, the components of the scttable compositions may be combined using any mixing
device compatible with the composition, inclading 2 bulk puxer, for example.  In some

25 cmbodiments, a dry blend may first be formed by the comentitious component or mixture of
cementitions components.  The dry blend may then be combined with water 1o form the
settable composttion. Other suttable techmiques may be vsed for proparation of the setiable
compositions as will be appreciated by those of ordinary skill in the ant in accordance with
embodinents of the present wvention.

30 FO0481 As will be appreciated by those of ordinary skill in the art, embodiments of

the cement compositions of the present fnvention may be used i a varety of cementing
operations, including surface and subierrancan operations, such as primary and remedial

cerpenting. In some embodiments, a cement composition may be provided that comprises a

cementitious component and water, and allowed set.  In certain smbodinments, the coment

Lad
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composition may be introduced into a subterrancan formation and allowed to set therein, As
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used herein, introducing the cement composition inte a subternancan formation includes
infroduction into any portion of the sublerranean formation, inclading, without fivitation,
o a well bore drilled into the sublerrancan formation, mto a near well bore region
surrounding the well borg, ov hnto both,

[0049] In  primary-comenting  embodiments, for example, embodiments  may
comprise providing a cement composition, infroducing the cement composition into a well-
bove annutus: and allowing the coment composition to set in the annuloey to foem a hardened
mass, The well-bore annulus may include, for example, an annular space betweon a conduit
{e.g.. pipe string, liner, ele)) and a wall of a well bore ov between the conduit and a larger
condalt in the well bore. Generally, i most instances, the hardened mass should fix the
condait in the well bore,

{00507 In remedial-conenting embodiments, a coment 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 plug an opening, such as a
void or crack in the formation, i a gravel pack, in the conduit, in the cement sheath, andéor a
microannaius between the coment 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 vedd.

{0031] While the preceding description s directed o the use of the cementiticus
component in cementing methods, 1t should be understoad ihat embodiments of the present
techuique also encompasses the use of the cementitious component in any of a variely of
different subterrancan treatments, The comentitions component may have @ reactive index
determined according to disclosed embodiments.  In some embodiments, a blended
cerpentitious component may be ased. v some embodiments, the reactive index may be
used in determining the amount of comentitious components that are in a particalar blended
cementitious component. An exaraple method may welude o subterranean treatment wethod
that comprises providing a treatment fluid comprising the cementiticus component and
itroducing the treatment fluid into a subtervancan formation. For example, a drifling fluid
may comprise the cementitions component, wherein the drilling fluid may be circolated
downwardly through a drill pipe and deill bit and then apwardly through the well bore to the
surface.  The drifling flukd ased may be any number of fluids {gaseous or liguid) and
mixntures of Tulds and solids (such as solid suspensions, mixtures, and emuldsions).

[00321 In some embodiments, a spacer [had may comprise the cementitious
compeonent, which may have a defermined reactive index according o disclosed

embodiments.  Spacer fluids may be used, for example, in the displacement of fluids from
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well bore. o an embodiment, the fluid displaced by the spacer fluld comprises a deilling
fluid. By way of example, the spacer fluid may be used to displace the drithing Huid from
the well bore. The drithing fluid may include, for example, any number of Huids, such as
solid suspensions, nuxtures, and emulsions. Additional steps 1 emnbodiments of the method
may comprise introducing a pipe string into the well bore, introducing @ cemeant composition
into the well bore with the spacer fluid separating the cement compaosition and the first fludd.
I an embodiment, the cement composition may be allowed to set in the well bore, The
cerpent composition raay include, for example, coment and water. In some embodiments, at
least a portion of the spacer fluid may be left in the well bore, the spacer fluid in the well
bore seiting o form a hardened mass,
EXAMPLES

{00533} To facilitate a betler understanding of the present invention, the following
exanples of certain aspects of seme embodiments are given. In oo way should the following
examples be read to limit, or define, the entire scope of the invention,

Example 1

{0034] The reactive indexes for compressive strength for thirty-three different
sanples of cement kiln dust, desipnated Samples A through GG, were determined and are
provided i 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
compressive strength for a settable composition by the specific surface area of the CKD
sample. The specific surface area for cach CKD sample was determined by dividing the total
surface area of the particular CKD sample by the samiple mass.  The surface arsa was
determined using a Mabvern particle size analyzer, The 24-hour compressive strength for
gach CKD sample was determined by first preparing a settable composition that comprised
the CRD wnpi» i an amount of 100% bwoc and water 1o an amount sufficient o provide a
density of about 13 Ib/gal,  After preparation, the settable composition was allowed to cure
for 24 hours tna 27 x 47 metal eylinder that was placed ina water bath at 170%F (o form set
cerpent eylinders. Inuwnediately affer removal from the water bath, destructive compressive

strengths were determined using a mechanical press in accordance with AP RP 10B-2.

Example 2
fO0S5] Blended cementitious components ware prepared that comprised mixtures of
the CKD samples from Example 1, as indicated in the table below, The determined reactive
mdexes for the CKD samples were then used in the following equation to predict the
performance of each blended cementitious component.

T \bltﬁd (Rl }{ AN \/}(i!f § {f\i; }{ \"N\; )U; }“‘ g {vR.h‘;}(SSc'*\gt;}f\ﬁ{}m
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Wherein CSgea 18 the estimated compressive strength for the blended comentitious
component, Riy is the reactive index for compressive strength for CKD Sample 7 and was
6.9, m is 1, SSA; s the specitic surface area for CKD Sample 7 and was 232, § iz the mass
fraction of CKD Sample Z, Rlp is the reactive index for compressive strength for CKD
Sample F and was 103, SSAy is the specific surface area for CKD Sample Fand was 233, &
is the mass fraction of CKD Sample F, Rig is the reactive index for comprassive strength for
CKD Sample E and was 107, 38Ag is the specific surface area for CKD Sample E and was
3.6, and {;; is the mass fraction of CKD Sample E.

10056] The estimated compressive strength values for the blended cementitious
components were then compared with the actual 24-hour compressive strength values for the
blended comentitious components.  The 24-hour compressive strength for cach blended
comentifions component was determuned by first preparing 8 setiable composttion that
comprised the blended comentitious component in an smount of 100% bwoe and water i an
amount sufficient 1o provide a density of 13 Ib/gal. A coment dispersant {CFR-3™ coment
friction reducer, from Halliburion Energy Ssevices, Ine.) in an amount of from (.5% bwoe to
1.0% bwoe was added to some of the samples and should not impact determined
conywessive strength values, After preparation, the settable conposition was allowed to cure
for 24 hours I a 2% x 47 metal eyvlinder that was placed in s water bath at 140°F (o form set
cement ovlinders. Immediately affer removal from the water bath, destructive compressive
strengihs were determined using a mechanical press in accordance with APLRP 108-2.

{00371 A chart of the actual compressive sirength valpes versus the estimated
compressive strength values is provided on FIG. 2. As shown oo FIG, 2, the charted values
have an R value of 0.952 and a slope of 09253, The estimated and actual compressive

strength values for the blended cementitious components are also provided in Table | below.
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Table §
CKD Sample | CKD Sample | CKD Sample Estimated Actual
A ¥ £ Compressive Compressive
{Yo hwoe) {% bwoc) {% bwoc) Strength Strength
{psi) {psi)
100 { { 16 16
75 25 U 73 51
25 73 & 187 §83
0 100 s 244 244
73 {} 25 L0% 84
S0 0 50 200 192
25 0 75 292 216
0 O 10 384 384

Example 3

TO038] The reactive indexes for volwme average apparent viscosity at ST sec™ and
a1 see” were determined for CKD Samples Z, F, and E from Example | and are provided in
Table 2 below. The reactive indexes for these samples were deternuned by dividing the
determined volume average apparent viscosity for a setishle composition by the specific
surface arga of the CKD sample.  The specific surtace arca for cach CKD sanple was
determined by dividing the total sarface ares of the particular CKD sample by the sample
mass. The surface arca was determined using a Malvern particle size analyzer. The 24-hour
volume average apparent viscosity ("VAV™) for cach CKD sample was determined by first
preparing 8 settable composition that comprised the CKIY sample in an amount of 100%
oo and water in an amount sefficient to provide a density of about 12 higal. The volume
average apparent viscosities were measured at 511 1sec” and 51 sec” in accordance with

APLRP 10B-2.

Table 2
CKD Sample Z | CKD Sample F | CKD Sample E
SSA 2.32 2.33 3.6
VAV at 311 see” {ep) 11 62 123
Riat 511 sec” ] 27 32
VAV at 51 sec” {ep) 40 410 860
Riat31sec” 17 176 230

{00591 Next, blended comentitious components were prepared that comprised
mixtures of CKD samples Z, F| B, as indicated 10 the {able below. The determined reactive
indexes at S11 see”! and 51 sec” for the CKD samples were then used in the following

equation to predict the performance of each blended cementitious component.

\'r’\ VNM@ = ( R 1 ./\){S E‘t*\ ,«f}{ fg}” (R f ;}{S S“\ ju}( ﬁ}m + { REQ{S ‘?\t A ;}{ f}) "
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Wherein VAViuee 18 the estimated volume average apparent viscosity for the blended
cemmeniitious component, Riy is the reactive index for volume average apparent viscosity for
CKD Sample £, SSAy is the specific surface avea for CKD Sample 2, ¥ is the mass fraction

of CRD Sample Z, m is 773, Rlp i the reactive index for vohume average apparent viscosity

L

for CKD Sample F, 8SAy Is the specific surface avea for CKD Sample F, 7 is the mass

fraction of CKD Sample F, Rlg i the reactive index for velume average apparent viscosity

for CKD Sample E, 88Ag 15 the spectfic surface area for CKID Sample E, and fi is the mass
fraction of CKD Sample E.

[D060] The estimated volume average apparent viscosities at 511 see™ and ST sec”
10 for the blended cementiious components were then compared with the sctual volume

i

« <o ~f - ~ F i v
average apparent viscosities at 511 sec” and 51 sec” for the blended cementitious

components.  The vohome average apparsat viscosities for cach blended cementibious
component was determined by first preparing a setiable composition that comprised the

blended comentitious component in an amount of 100% bwoe and water in an amount

15 suffictent to provide a density of 12 thigal. After preparation, the volume average apparvent
viscosities a1 $11 sec” and 51 see™ were determined in accordance with AP RP 10B-2,
{0001} 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® valve of 0.9894 and a slope of 0.9975. As shown on
20 FIG. 4, the charted values at 51 sec” have an RY value of 0.9931 and a stope 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
CKD CRD CKR Actual Fst. Actual Est.
Sample £ | Sample F Sumple £ VAV VAY VAV VAV
(% bwer) | (% bwoe) | (Whwe) | @SHseet | @Sltsee | @Stwee” | @S see”
{ep) fepd {ep) {vp)
100 ] 0 118 11.0 4040 4.4
T3 23 & 1.0 B.1 4.4 187
23 75 0 24.0 322 190.0 2113
1] Q0 G 62.0 62.0 4101 10,0
Y 0 180 123.0 123.0 860.2 §60.0
23 0 75 H6.0 634 5001 4413
50 0 50 250 26.7 160.0 170.0
73 ] 23 16.4 LS 0.0 343
{30621 1 should be understood that the compositions and methods are desertbed in
25 terms of “comprising” “contaning,” 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:

EPyiena = ) (RE)(SSA) ()™

wherein EPyenq is an estimated parameter for the blended cementitious component,
1 is the individual cementitious component from a set of cementitious components, n is an
integer of 2 or more, R]j is the reactive index of cementitious component i, SSA;, is the
specific surface area pf cementitious component i, f; is the mass fraction of cementitious
component i, and mis 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/crn3 (4 pounds per gallon) to 2.4 g/crn3 (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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