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one embodiment a method of cementing comprising: providing a pozzolan slurry
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and water; allowing the pozzolan slurry and the lime slurry to remain separate for
about one day or longer; mixing the pozzolan slurry and the lime slurry to form a
cement composition: and allowing the cement composition to set.
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TWO-PART SET-DELAYED CEMENT COMPOSITIONS

BACKGROUND

{00017 The present ersbodiments relate 1o sulterranean cementing operations and, in
vertain embodiments, to set-defayed cement conpositions and methods of using set-delayed
cerent compositions i sabterranean formations.

10002} Ceoment compositions may be used in 8 variety of subterrancan operations.
For example, in subterrancan well construction, a pipe string {e.g., casing. liners, expandable
tubulars, ete.) may be run into a wellbore and comented in place. The procesy of cementing
the pipe string fn place is commonly referred to as “primary cementing.” In a typical primary
cernenting method, a cement composition may be pumped into an anoulus between the wally
of the wellbore and the exterior surface of the pipe string disposed therein. The coment
composition ay sel m the anomular space, thereby formung an annalar sheath of hardened,
substantially impermeable coment {{e., 8 coment sheath) that may support and position the
pipe string in the wellbore and may boud the exterior surface of the pipe string to the
subterranean formation. Among other things, the cement sheath surrounding the pipe siring
prevents the migration of fluids in the annulus and protects the pipe string from corrosion.
Cement compositions may also be used in remedial cementing methods to seal cracks or
holes o pipe strings or cement sheaths, to seal highly permeable formation zones or
fractures, or to place a cement plug and the like.

{00031 A broad variety of cement compositions bave been used in subterranean
comenting operations. In some Tastances, set-delayed cement compositions have been used,
Set-delayed coment compositions are characterized by remaining in a pumpable fluid state
for at least about one day (e.g., about 7 days, about 2 weeks, about 2 vears or maore) at room
temperature {(e.g., about 80° Fy in gquicscent storage. When desired for use, the set-delayed
cement compaositions should be capable of activation and consequently develop reasonable
compressive strengths., For example, a coment set activator may be added 1o a set-delayed
coment composition to induce the composition to set into a hardened mass. Among other
things, set-delayed cement compositions maay be saitable for ase in wellbore apphcations
such as applications where i is desirable to prepare the coment composition in advanee, This
may allow the cernent composition 1o be stored prior to use. bt addition, this may alfow the
cement composition to be prepared at a conventent location before transportation to the job
site. Accordingly, capital expenditures may be reduced due to & reduction in the need for on-
site bulk storage and mixing equipment. This may be particularly useful for offshore

comenting operations where space onboard the vessels may be fimited.
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F0004] While set-delayed cement compositions have been developed heretofore,
challenges exist with their successful use i sublorranean comenting operstions, For
example, set-delayed coment compositions prepared with Portland cement may have
undestred gelation Issues which can limit their use and effectiveness i comenting
operations. Other set-delayed compositions that have been developed, for example, those
comprising hydrated line and quartz, may be effective in some operations but may have
fimited use at lower tomperatures as they may not develop sufficient compressive strength
when used in sublerranean formations having lower bottom hele static lemperatures. In
addition, 1t may be problematic 1o activate some set-delayed cement compositions while

maintaining acceplable thivkening times and compressive strength development,
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BRIEF DESCRIPTION OF THE DRAWINGS

{0001} These drawings illustrale certain aspeets of some of the embodiments of the
present method, and should not be used to hinnit or define the method,

{0002 FIG. 1 illustrates @ system for prepamation amd delivery of a set-delayed

Scement composition to a weltbore in accordance with corlain embodiments.

[O003] FIG. 2A llustrates surface eguipment that may be used in placement of a set-
delaved coment composition in a weltbore in sccordance with certain embodiments,

(0004 FIG. 28 tHustrates placersent of a set-delayed cement composition into a
wellbore annulus in accordance with cerain embodiments,

HY
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DESCRIPTION OF PREFERRED EMBODIMENTS

{O005] The example embodimanty relate to subterranean comenting operations and,
more particularty, in certai embodiments, to set-defaved cement compositions and methods
of using sel-delayed coment compositions in subterransan formations.

{0006} Embodiments of the set-delayed cement composttions may  generally
comprise water, a porzolan, and hydrated fime. Optionally, the cement compositions may
further comprise a dispersant andfor a coment set retarder. Alternatively, embodiments of the
set-delaved cement composition may comprise two-part set-delaved coment composition
comprising separate component sfarrles with one component shurry comprising a pozzolan
amd the other component slurry conprising hme. Embodiments of the two-part set-delayed
cement compositions are discussed in detail below, Advantageounsly, embodiments of the set-
delayed cement compositions may be capable of remaining in a pumpsble fluid state for an
extended period of time. For example, the set-delayed cement compositions may remain ina
purapable flwid state for at least about 1 day or longer. Advantageously, the set-delayed
cement compositiony may develop reasonable compressive strengths afler activation at
relatively low termaperatures. While the set-delayed coment compositions may be saitable for
a number of subterrancan comenting operations, they may be particularty suitable for use in
subterrancan  formations having relatively low bottom hole static tomperatures, <.g.
temperatures less than about 200° F or ranging from about 1007 F to about 200 F. In
alternative embodiments, the set-delayed cement compositions may be used in subterranean
formations having bottom hole static temperatures up to 450° F or higher,

fO007] The water used in embodinents may be from aoy source provided that it
does nol contain an gxcess of compounds that may undesivably affect other components in
the set-delayed cement compositions. For example, a cement composilion may comprise
fresh water or salt water. Salt water generally may include one or more dissolved salts
therem and may be saturated or unsaturated as desired for a particular application, Seawater
or brines may be suttable for use in embodiments. Furtber, the water may be present 1 an
amount sufficient to forme a pumpable shurey. 1o certain embodiments, the water may be
present 1o the set-delaved coment compositions i an amount in the range of from about 33%
to gbout 200% by weight of the pozzolan. In certain embodiments, the water may be prosent
i the set-delayed coment compositions in an amount in the mange of from about 33% to
about 70% by weight of the pozzolan. With the benefit of this disclosure one of ordinary
skitl in the art will recognize the appropriate amount of water for a chosen application.

{000%] Embodiments of the set-delayed cement compositions may comprise a

pozzolan, Any pozzolan IS suitable for use in embodiments. Example embodiments
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comprising a pozzolan may comprise fly ash, silica fame, metakaolin, a natural pozzolan
{e.g., pumice), or combinations thereof.

{0009} Embodiments of the porzolan may conmprise fly ash. A variety of 8y ashes
may be suitable, including fly ash classified ax Class C and Class F fly ash according to
American Petrolewm  Institute, APH Specification for Materials and Testing for Well
Cements, AP Specification 10, Fifth Ed., July §, 1990, Clags € Iy ash comprises both silica
and Hme, s0 it may set to form a bardencd mass upon maxing with water. Clags F fly ash
generatly does not contain a sufficient amount of lime to induce g comentitious reaction,
therefore, an additional source of calcium fons 1§ necessary for a set-delayed cement
composition comprising Class F Iy ash,  In some embodiments. lime may be mixed with
Class F fly ash in an amount in the range of about 0.1% to about 100% by weight of the fly
ash,  In some instances, the lime may be hydrated hme,  Soitable examples of fly ash
include, but are not limited to, POZMIX® A coment additive, commercially available from
Halliburton Energy Services, Inc., Houston, Texas,

10010} Embodiments of the pozzolan may comprise metakaolin.  Generally,
metakaolin is a white pozzolan that piay be prepared by heating kaohin clay, for example, o
temperatures in the range of about 600° C 1o about 3007 C.

{3011 Embodiments of the pozzolan may comprise a natural pozzolan.  Natural
pozzolans are generally preseot on the Barth's surface and set and harden in the preseace of
hydvated Hime and water. Bmbodiments comprising & natural pozzolan way comprise
pumice, diatomaceous esarth, voleanic ash, opaline shale, tuff], and combinations thereof. The
natural pozzoluns may be ground or unground. Generally, the natural pozrolans may have
any parhicle size distribution as desired for a particular application. In cerlain embodiments,
the natural pozzolans way have & mean particle size m a range of from about 1 micron to
about 200 microns, The mean particle size corresponds to d50 valoes as measured by particle
stze analyzers sach as those manufactured by Malvern Instnuments, Worcestershire, Lntted
Kingdom. In specific embodiments, the natural pozzoelans may have a mean particie size ina
range of from about 1 micron to about 200 micron, from about 5 microng to shout 100
nmerons, ov fromg about 10 micron to about S0 yaicrons. In one partoular embodiment, the
natural pozzolans may have a mean particle size of less than about 15 microns. An example
of a suitable commercial natural porzelan is punuce available from Hess Pumice Prowdoets,
Inc,, Malad, Idahe, as DS-325 lightweight aggregate, which has a particle sive of less than
about 13 microus. [t should be appreciated that particle sizes oo small may have mixahility
problems while particle sixes too lavge roay not be effectively suspended in the compositions

and gy be less reacdive due 1o thely decreased surface area, One of ordinary skill in the s,
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with the benefit of this disclosure, should be able to select a particle size for the natural
pozzolans saitable for use for a chosen application,

{0012] Embodiments of the set-delayed coment compositions  may  comprise
hydrated lime. As used herein, the term “hydrated Hme™ will be understond to mean calcium
hydroxide. In some embodiments, the hydrated fime may be provided as quicklime (calcium
oxide) which hydrates when nuxed with water to form the hydrated {ime. The hydrated lime
may be ingladed in embodiments, for oxample, © form a hydraulic composition with the
pozzolan., For example, the hydrated lime may be included in a pozzolan-to-hydrated-lime
weight ratio of about 11 to about 111 or a ratio of about 311 1o about S:1. Where present,
the hydrated Hme may be fncluded i the sel-defayed cement compositions i an amount in
the range of from about 1% to about 100% by weight of the pozzolan, for example. In some
embodiments, the hydrated lime may be present in an amount ranging between any of andior
including any of about 10%, about 209, about 40%, about 60%., about 80%, or about 100%
by weight of the porzolan, In some embodiments, the comentitious components present in
the set-delayed cement composition may consist essentially of the pozzolan and the hydrated
Hime. For example, the comentitious components may primarily comprise the pozzolan and
the hydrated Ume withouwt any additional comentitions components {e.g., Portland cement)
that hydraalically set in the presence of water. One of ordinary skill in the art, with the
benefit of this disclosure, will recognize the appropriate amount of hydrated hme to include
for a chosen application.

{0013} Embodiments of the set-delaved coment compositions may comprise 4
cerpent set retarder. A broad variety of cement set retarders may be suitable for use in the
set-defayed coment compositions. For example, the coment set retarder may comprise
phosphonic  acids, such  as  cthylenediamine  tetra{methylene  phosphonic  acid),
diethylenctriamine penta(methylene phosphonie acid), ete.; Henosalfonates, such as sodium
Henosulfonate, caleium Hgnosulfonate, ete salts such as stannous sulfate, lead acctate,

monobasic calclum phosphate, organic acids, such as citric soid, tartaric actd, vte.; cellulose

derivatives such as hydroxyl ethyl cellulose (HEC) and earboxymethyl hydroxyethyl
cellalose (CMHEC); synthetic co- or ter~-polymers comprising sulfonate and carboxylic acid
groups such as selfomate-functionalizved  acrylanmude-acrylic acld  co-polymers;  borate
compounds sach as alkali borates, sodim metaborate, sodium {etraborate, potassium
pentaborate; derivatives thereof, or muxtures thereofl  Examples of suitable coment set
vetarders include, among others, phosphonic acid demvatives, One example of a suilable
cement sl retavder is Micro Matrix®™ cement retarder, available from Haltiburton Energy

Services, Ine. Generally, the cement set retarder may be present in the sef-delayed cement

&
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compositions in an amount sufficient to delay the setting for a desired time.  In some
embodiments, the cement set retarder moay be present in the set-delayed cement corapositions
i an amount i the range of from about 0.01% to about 10% by weight of the poszelan. In
specilic embodiments, the cement set retarder may be present in ab avount ranging between
any of andfor including any of about 0.01%, about 0.1%, about 1%, about 2%, about 4%,
about 6%, about 8%, or abaut 10% by weight of the pozzolan, One of ordinary skill in the
art, with the benefit of this disclosure, will recognize the appropriate amount of the cement
set retarder to include for a chosen application.

{0014} As proviously mestioned, embodiments of  the  set-delayed  cement
compositions may optivnally comprize a dispersant.  Examples of suitable dispersanty
include, without limitation, sulfonated-formaldehyde-based dispersants (e.g., sulfonated
acetone formaldehyde condensate), examples of which may inclede Daxad®™ 19 dispersant
available from Geo Specialty Chamicals, Ambler, Pennsylvania, Other suitable dispersants
may be polyearbosylated ether dispersants such as Liquiment™ 5581F and Liquiment™ 514L
dispersants available from BASF Corporation Houston, Texas; ov Ethaceyl” G dispersant
available from Coatex, Genay, France. An additional example of 3 suitable commercially
avaitable dispersant is CFR™-3 dispersant, available from Halliburton Energy Services, Inc,
Houston, Texas. The Liquiment™ 5141 dispersant may comprise 36% by weight of the
polvcarboxyvlated ether in water, While a variety of dispersants may be used in accordance
with embodiments, polycarboxylated ether dispersants moay be particularly suitable for use in
some embodiments. Without being limited by theory, # 15 believed that polycarboxylated
ether dispersants may synergistically interact with other components of the set-delayed
cerpent composition.  For example, it is bebieved that the polyearboxylated ether dispersants
may react with certain cement set retarders {e.g., phosphonde said derivatives) resulting in
formation of a gel that suspends the pozzolan and hydrated Hme in the composition for an
exiended period of time.

{0015} In some embodiments, the dispersant nay he included in the set-delayed

cerpent compositions in an amount in the range of from abowt 0.01% {0 about 5% by weight
of the pozzolan. In specific smbodiments, the dispersant may be present in an amount
ranging between any of andfor including any of about 0.01%, shout 0.1%, about §.3%, shout
195, about 2%, abost 3%, about 4%, or about $% by weight of the pozzelan. One of ordinary
skill in the art, with the benefit of this disclosure, will recognize the appropriate amount of
the dispersant to tnchude for a chosen application,

[0016] Some embodiments of the set-delayed cement coraposttions may comprise

sihica sources 1n addition {o the pozzolan: for example, crvstalline silicy andior amorphous
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sifica. Crystalline silica is a powder that may be included in embodiments of the set-delayed
cemnent compositions, for example, t© prevent cernent compressive strength refrogression.
Amorphous silica is a powder that may be inchuded in embodiments of the set-delayved
cement cornpositions as a Ughtweight filler andfor to increase coment corapressive sirength.
Amorphous silica is generally a byproduct of a fervosilicon production process, wherein the
amorphous silica may be formed by oxidation and condensation of gascous silicon suboxide,
Si0, which is formed as an intermediate during the process. An example of a suitable source
of amorphous silica is Silicalite”™ cement additive available from Hallibwton Ewergy
Services, Inc., Houston, Texas. Embodiments comprising additional silica sources may
utilize the additional silica source as needed to enhance compressive strongth or set timas.

JOU17] Other additives suitable for use in subterranean comenting operations also
may be included 10 embodiments of the set-delayed coment compositions. Examples of such
additives include, but are not limited to: weighting apents, lyhtweipht additives, gas-
penerating additives, mechanical-property-cnhancing additives, lost-cireulation materials,
fiftration-control additives, fluid-loss-control additives, defoaming agents, foaming agents,
thixotropic additives, and combinations thereofl In ombodiments, one or more of these
additives may be added w the set-delayed centent compositions afler storing but prior to the
placement of a seb-delayed cement composition into & seblerranean formation. A person
having ordinary skill in the art, with the benefit of this disclosure, should readily be able to
determine the type and amount of additive useful for a particalar application and desired
result.

FO0IS] Those of ordinary skill in the art will appreciate that embodiments of the sat-
delayed cement compositions generally should have a density sultable for a particular
application. By way of example, the cement compositions may have a density in the range of
from about 4 pounds per gallon Cibigal™) 1o sbout 20 /gall In cortain embodiments, the
cement compositions may bave a deasity in the range of from about 8 thigal to ahout 17
higal. Embodiments of the set-delayed cement compositions may be foamed or unfoarmed or
may comprise other means fo reduce their densities, such as hollow microspheres, low-
density clastic beads, or other density-reducing additives known in the art. In enmbodiments,
the density roay be reduced after storage, but prioy to placement 1o a subterrancan formation.
in embodiments, weighting additives may be used to increase the density of the set-delayed
cement compositions. Examples of suitable weighting additives may inclade barite, hematite,
hausmannite, calciwm carbonate, siderite, thonenite, or combinations thereof In particular

embodiments, the weighting additives may have a specilic gravity of 3 or greater. Those of
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ordinary skill in the art, with the benefit of this disclosure, will recognize the appropriate
density for a particular application.

{00191 As previously mentioned, the set~delayed coment compositions may have a
delaved set in that they remain th a pumpable fluld state for at least ove day (e.2., about |
day, about 2 weeks, about 2 years or more) at room twemperature {e.g., shout 80° F) in
gquicscent storage. For example, the sel-defayed cement compositions may remain in a
pumpable flutd state for a period of time from about 1 day to about 7 days or more. In some
cmbodiments, the set-delayed cement compositions may remain in a pumpable fluid state for
at feast about 1 day, sbout 7 days, aboat 10 days, about 20 days, about 30 days, about 40
days, about 3¢ days, about 60 days, or longer. A {huid is eonsidersd to be in a pumpable fhad
state where the thad has a consistency of less than 70 Bearden units of consistency {"Be™),
as measured on a pressurized copsistometer inoaccordance with the procedure for
determining cement thickening times set forth in APL RP Practice 10B-2, Recommended
Practice for Texting Well Cemenix, First Edition, July 2005,

00207 When desired for use, embodiments of the set-delayed cement compositions
may be activated {e.z., by combination with a cement set activator) to set o & hardesed
mass. The torm “cement set activator” or “activator™, as used herein, refers to an additive
that activates a set-delayed or heavily retarded comant composition and may also accelerate
the setting of the set-delaved, heavily relarded, or other coment composition. By way of
example, embodiments of the set-delayed cement compositions may be activated to form a
hardened mass in a time period o the range of from aboot T hour 1o about 12 hours. For
example, embodiments of the set-delayed coment compositions may set to form a hardened
nass in a time period ranging between any of andior including any of about 1 day, about 2
dlays, about 4 days, sbout 6 days, shout 8 days, about 10 days, or about 12 days.

{0021} in some embodiments, the set-delayed cement compositions may set to have

o

a desirable compressive strength afler activation. Compressive strength is generally the
capacity of a material or structure to withstand axially divected pushing forces. The
conywessive strength may be messured at a spectfied time after the set-delayed coment
composition bas been activated and the resaltant composition is maintained under specified
temperature and pressure conditions, Compressive strength can be msasured by either
destructive or non~destructive methods. The destructive method physically tests the strength
of weatment fwid samples at various pomts In time by crushing the samples iy a
compression-testing nmachine. The compressive strength s caleulated from the failure load

divided by the cross-sectional arca resisting the load and s reported i units of pound-force

per square inch {psi). Non-destractive methods may employ o UCA™ Ultrasonic Cement
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Analyzer, available from Fann Instrument Company, Houston, TX. Compressive sirength
values may be determined in accordance with APL RP WIB-2, Recommended Practice for
Festing Well Cemerys, First Edition, huly 2003,

{00221 By way of example, the set-delayed coment compositions may develop a 24~
hour compressive strength in the range of from about 50 psi to about 5000 psi, aliernatively,
fromn about 100 psit to shout 4500 pst, or alternatively from about 500 pst 1o about 4000 pst.
in some embodiments, the set-delaved coment composttions may develop & compressive
strength in 24 hours of at least about 30 psi, at feast about 100 psi, at feast gbout 500 psi, or
move. I some embodirents, the compressive strength values may be determined using
destructive or non-destructive methods at a temperatore ranging from 1007 F to 2007 F.

{0023] In some embodiments, the set-delaved cement compositions may have
desirable thickening times after activation, Thickening timg typically rofers to the time a
floid, such as & set-delaved coment composition, remains in 8 fluid state capable of being
pumped. A munber of different faboratory technigues may be used to measure thickening
time. A pressurized consistometer, operated in accordance with the procedure set forth in the
sforementioned APl RP Practice 10B-2, may be used to weasure whether 2 fwd 15 in a
pumpable Quwid state, The thickening time may be the tme for the weannent Tuid 1w reach 70
Be and may be reported as the time fo reach 7 Be In some embodiments, the coment
compositions may have a thickening time of greater than abont | hour, alterpatively, greater
than about 2 hours, alternatively preater thay sbout 3 howrs 2t 3,000 psi and temperatures in a
range of from about 507 F o about 400° F| alternatively, in a range of from about 80° F 1o
about 230° F, and alicrnatively at a temperatore of about 140° F

{0024} Embodiments may inclade the addition of a cement set activator 1o the set-
delayed cement compositions.  Bxarmples of suitable cement set activators jnelude, but are
not limited to: zeolites, amines such as triethanolamine, dicthanolaming; silicates sach as
sodium silicatey zine formate; calchum acetate; Groups A and HA hydroxides such as
sodivm hydroxide, magnesium hydroxide, and caleium hydroxide; monovalent salts such as
sodium chioride; divalent salts such as calcium chioride; nanostlica {ie., silica having a
particle size of less than or equal to about Y nasometersk polyphosphates) and
combinations thereof. In some embodinments, a combination of the polyphosphate and a
mongvalent salt may be used for getivation. The monovalent salt may be any salt that
dissociates to form a monovalent cation, such as sodiam and potassiam salts. Specific
examples of suitable monovalent salts include potassium sulfate, snd sodiom sulfate. A

arjety of diffevent polyphosphates may be used in combination with the monovalent salt for

gctivation of the set-delaved coment compositions, ieluding polymeric metaphosphate salix,

10
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phosphate salis, and combinations thercof, Specific sxamples of polvmeric metaphosphate
salis that may be used include sodium hexametaphosphate, sodiam trimefaphosphate, sodium
totrametaphosphate, sodium  pentametaphosphate, sodium  heptametaphosphate,  sodium

octametaphosphate, and combinations thereof. A specific exwnple of a saitable cement set

L

activator comprises a combination of sodium sulfate and sodivm hexametaphosphate. In
particular embodiments, the coment set activator may be provided and adided o the set-
delaved cement covaposition as a Hquid additive, for example, a liguid additive comprising &
maonovalent salt, a polyphosphate, and optionally a dispersant.

10025 The coment set activator shoald be added 1o embodiments of the set-delayed
10 cement composition in an amount sufficlent to induce the sei-delayed composition to set fnto
a hardencd mass. In certain embodiments, the coment set activator may be added to the
cement composition in an anount 1o the range of about 0.1% to about 20% by weight of the
pozzolan, In specific embodiments, the coment set activator may be present in an amount

ranging between any of andfor including any of abhout 0.1%, aboui %%, about 5%, sbout

,.....,
L

10%, about [5%, or about 20% by welght of the pozzolan. One of ordinary skill in the an,
with the benefit of this disclosure, will recognize the appropriate amount of the coment set
activator to include for a chosen application.

10026] Embodiments of the set-delayed cement compositions may comprise the use
of two separate component shurvies that are combined to form a two-part set-delaved cement
200 composition. Embodiments of the two-part set-delayved coment may comprise préviding ¢

pozzolan slurry and a e slorey which are kept separate i Heu of adding coment set
refarders. The two-part set-defayed coment composition may utilize two individual sturries in
a manper such that neither slurry s able fo hydrate and therefore set independently.
Therefore, each individual slurey of the two-part set-delayed cement composition should
25 remain i a set-delayed state (Lo, remaining in 4 pumpable fluid state for at keast about one
day Jo.g. at feast about | day, about 2 weeks, about 2 years or more] at room temperature in
guiescent storage). Embodiments of the two-pant set-delaved coment composition may
comprise two component shumies, Ove component sturry comprises a poezolan and water.
The other component sturry comprises Hime and water. In embodiments, each shurry may be
30 stored &t a well site or other storage site until needed. When needad, the two component
sturries may be mixed together prior o or while pumping downhole, The combined slurry
may then thicken und set within a desired period of time,
{00271 Advantageously, the use of & two-part sei-delayed coment composition may

allow for quicker sotting st lower tewperatures {e.g. tomperatures less than 400 Fy

LTS
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Farthermore, becaose the reactive components of the two-part set-delayed cement
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composition are kept separate, additional additives or higher concentrations of additives (e
additiongl stlica sources, see above) mway be added fo the two-part set-delayed cement
composition without risk of premature setting or gelation.

{00281 Embodiments of the two-part set-delayed coment  compositions  may
peneratly comprise two component slurries, a porzolan slurey and 8 lime slurry. Both
component slurries  comprise water, Optionally, either component slueey muay further
comprise & dispersant andfor 2 coment set retarder. Advantageously, embodiments of the
two-part set-delayed cement compositions may be capable of remaining in a pumpable fluid
state for an extended period of dme. For example, the two-part set-delayed cement
compositions may remain i a pumpable fluid state for at least about | day or longer.
Advantageously, the two-part set-delayed coment compositions may develop reasonable
compressive strengths affer activating (e.g. by mixing the fwo component slurries) af
relatively low temperatures, While the two-part set-delaved coment compositions may be
suitable for a number of subterrancan comenting operations, they may be particularly
suitable for use Jn subterranean formations having relatively fow bottom hole static
temperatures, ¢, omperatures less than about 2007 F or ranging from about 100° F 1o
aboat 200° F. in alternative embodiments, the set-delayed cement compositions maay be ased
i1 subterranean formations baving bottowm hole static temperatures ap to 4307 F or higher.

[0029] Embodiments of the porzolan shury comprise a pozzolan, Any pozzolan is
suttable for use in ombodiments, Example embodiments comprising & pozzelan may
comprise fly ash, silica fome, roctakaoling diatomaceous eanth, & natural pozzolan {e.g.,
pumice), or combinations thereofl In a two-part setdelayed  cement composition
cibodiment. the pozzolan may be a non-hydraulic pozzolan, Le. a pozzolan that will not
react when mixed with water in the absence of hydrated hme to form a comentitious
material. By way of example, some types of Class € fly ash may not be suttable for use ina
two-part sef-delaved cement composition embodiment, because Class € fly ash may
comprise Hime and will theretore react when mibaed with water to become comentitious,

{0030} Embodiments of the pozzolan sharry may comprise fly ash. A variety of fly
ashes may be sitable, inclading fly ash classified as Class F {ly ash according to American
Petroleum Institute, AP Specificatinn for Materials and Testing for Well Cements, APY
Specificatinn 10, Fifth Ed., July 1, 1990, Class C fly ash comprises both siliva and lime, so it
may set to form a hardened mass upon mixing with water and may thus be unsuitable for use
i the pozzolan slorry as it may undesivably set when nvixed with the water. Class F fly ash
generally does not contain a sefficient amount of lime o induce g comentitious regction,

therefore, should remam in & pumpable fluid state when nuxed with water. Suitable
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examples of fly ash include, but are not limited to, POZMIXY A cement additive,
comroercially available from Hallibarfon Energy Serviees, Ine., Houston, Texas.

{0031} Embodiments of the pozzolan surey may comprise metakaoling Generally,
metakaolin is a white porzolan that may be prepared by heating kaolin clay, for example, to
teraperatures i the range of about 600° C 1o about 8007 C.

{00321 Embediments of the pozrolan slurry may vomprise a natural pozzolan.
Nataral porzzolans are generally present on the Earth's surface and set and harden in the
presence of hydrated e and water. Embodiments comprising a vabwal porzolan may
comprise puntce, diatomaceous arth, voleanic ash, opaline shale, wif, and combinations
thereof, The natural porzolans may be ground or unground. Generally, the natoral pozzolans
niay have any particle size distribotion as desired for a particslar application. Ty certain
embodiments, the natural pozeolans may have ¢ nean particle size ina range of from about
micron 1o about 200 microns. The mean particle size corresponds to dS0 values as measured
by particle sive analyzers such as those manefactored by Mabvern Dhustruments,
Worcestershive, United Kingdom, In specific embodiments, the nataral pozzolans may have
8 mean particle size i g range of from about 1 micron to about 200 micron, from about 3
mierons 1o about 100 microns, or from about 10 microp to about 30 pucrons. In one
particular embodiment, the natural pozzolans may bave a8 mean particle size of less than
ahoat 15 wicrons, Ay example of a suitable commercial naturad porzolan 1s pumice available
from Hass Pumice Produets, Inc,, Malad, Idabo, as DS-323 Ughtweight agpregate, which has
a particle size of tess than aboat 15 microns. 1 shoold be appreciated that particle sizes oo
small may have mixability problams while particle sizes too large may not be offectively
suspended i the compositions and may be less reactive due to their deoreased surface area.
One of ordinary skill in the art, with the benefit of this disclosure, should be ahle to select a
particle size for the natural pozzolans suitable for use for a chosen application,

{0033} Embodiments of the poxzolan shurvy comprise water. The water ased in
embodiments of the pozzolan slurry may be from any source provided that # does not
comtain an gxcess of compounds that may undesirably alffect other components in the
pozzolan shurvy, For example, the pozrolan slorry may comprise fresh water or salt water,
Saft water generally may include one or more dissolved salts therein and may be saturated or
unsaturated as desived tor a particular application. Scawater or brines may be suitable for use
i embodiments, Further, the water may be present in an amount sufficient to form a
pumpable slurry, In cerain embodiments, the water may be individually present in the
pozzolan shurey i snamount 1o the range of from about 33% to about 200% by weight of the

poxzokan. In corimin embodiments, the water may be present 1 the pozzolan shary moan
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amount in the range of from about 35% to about 85% by weight of the pozzolan. With the
benefit of this disclosure one of ordinary skifl in the art will recognize the appropriate
amount of water for 2 chosen application. Embodiments of the pozzcdan slurry may comprize
addives suitable for use in sublerranean cementing operations. Any additive, mcluding
additional silica sowrces, may be added 1o the pozzolan slwrry. Examples of additives
include, but are not Himited o0 weighting additives, lightweight additives, gas-gencrting
additives, mechanicab-property-enhancing  additives, ost-circulation materials, filtration-
coptrol additives, fluld-loss-control additives, defoaming agents, foaming sgents, thixolropic
additives, dispersants, coment st activatorsfacuelerators, cement sot vetarders, amd
combinations thereof. In embodiments of the pozzolan shary, one or more of these additives
may be added to the pozzolan slurry before or after storing. Additionally one or more of
these addittves may be added to the pozzolan slurry beforg or after mixing the pozzolan
sturry with the bme shury, A& person having ordmary skill in the art, with the bevefit of thus
disclosure, should readily be able to defermine the type and amount of additive usefuld for g
particalar application and desired result.

{0034} Embodiments of the Hime sturry comprise hydrated Hime. As used herein, the
tern “hydrated Hme™ will be anderstood to mean caleium hydroxide. o some embodiments,
the hydrated Hme may be provided as quicklime {calcium oxide} which hydrates when mixed
with water 1o form the hydrated Hime. The hydrated Bime may be included in embodiments of
the lime shurey to forny o bydrauhic composition with the pozzolan. For example, the hydrated
Hime may be inchuded in a pozzolan-to-hydrated-lime weight ratio of about 11 to about 111
or a rativ of about 3:1 to about 3:1, based on the combined mix of both component slurvies,
Where present, the lime shury may comprise an amount of hydrated e between about
0% to about 100% by weight of the poxzolan present i the powzolan starry, In some
embodiments, the hydrated Hime may be present in the lime shurry in an amount ranging
between any of andfor including any of about 10%, about 20%, about 40%, about 6%,
about R0%, ov about 100% by weight of the pozzolan w the pozzolan shury. In some
embodiments, the camentitious components present in the two-part set-delayed cgment
composition may consist essentially of the pozzolan and the hydrated lime. For example, the
comentitious components may primarily comprise the porzelan {o.g., pumice} and the
hydrated Hme without any additional comentitious components {e.g., Portland cement) that
bydravhcally set 1 the presence of water. One of ordinary skill 1 the art, with the benefit of
this disclosure, will recognize the appropriate amount of hvdrated time o include for a

chosen application,
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JO035] Embodiments of the hme shavy comprise water. The water used in
cembodiments of the Hme slurry mray be from any source provided that it does not coptain an
excess of compounds that may undesirably affect other components 1 the lime shary, For
example, the lane slurry may comprise fresh water or salt water, Salt water generally may
include one or more dissolved salts therein and may be saturated or unsaturated as desired
for a partcular appheation. Seamwater or brines may be suilable for use in embodivents.
Further, the water may be present in an amount sufficient o form a pumpable slurry. In
certain embodiments, the water may be individually present in the lime slurry inan amount
i the range of from about 33% to about 2M0% by weight of the hme In certam
embodiments, the wator may be present i the June stuery 1o an amount in the range of from
ahout 35% 1o about 70% by weight of the Hime, With the benefit of this disclosure one of
ordimary skill in the arl will recognize the appropriste amount of water for a chosen
application.

{8036] Embodiments of the fime slurry may comprise additives suitable for use in
subterrancan cementing operations. Any additive, including additional silica sources, nay be
added to the Hime slury. Examples of such additives inclade, but are not limited ton
weighting additives, Hghiweight additives, gas-genersting additives, mechanicalsproperty-
enhancing additives, lost-circulation materials, filtration-control additives, Huid-toss-contrad
additives, defoanting agents, foaming agents, thixotropic additives, dispersants, cement set
activators/accelerators, cement set retarders, and combinations thereof, In embodiments of
the lime slurry, one or more of these additives may be added fo the ime shury before or afier
storing, Additionally one or more of these additives may be added to the Hre slurry before
or after mixing the Hime shurry with the pozzelan sturry. A person having ordinary skill in the
art, with the benefit of this disclosure, shoold readily be able o determine the type and
amownt of additive usell for a particudar appheation and desired result.

{0037} Embodiments of the two-part set-delayed cement compositions  may
comprise a cement set retarder as duseribed above, Any coment set retarder desenibed in
embodiments of the sei-delayed coment compositions above may alse he suitable for
embodiments of the two-part set-delayed cersent compositions. Cement set retarders may be
added to one or both compouent slurries or may be added to the combined sturry, Amongst
other regsong, cement st retarders may be added to increase thickening time. In some
embodiments, the cernent set retarder may be present in the component  shuries {either
mdividually or in both) or in the combined shivy of the two-part set-delaved cement

compositions in an amount in the range of from about 0.01% to about 1% by weight of the

porzolan,  Tn specific embodiments, the cement set retarder may be present 1y ay amount
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ranging hetween any of anddor including any of about 0.01%, about 0.1%, about 1%, ahout
2%, about 4%, sboul 6%, abowt &%, or abont 10% by weight of the pozzolan for the
porzolan sturry or by weight of the Hime for the lime sturry, Ovne of ordinary skill in the ast,
with the beneitt of this disclosure, will recogiize the approprisie smownt of the cement set
vetarder to nelude for @ chosen application,

{003K] As previously mentioned, embodinments of the tworpart set-delayed cement
compositions may optionally comprise a dispersapt as described above, Any dispersant
described in embodiments of the set-delayed coment compositions may also be suitable for
embodinents of the two-part set~-delayed cement compositions. In sovae embodiments, the
dispersant may be included in one or both of the component slurries or in the combined
sturry of the two-part set-delayed coment compositions in an amount in the range of from
about 0.01% to about 3% by weight of the pozzolan or the hydrated hime. In speaitic
embodiments, the dispersant may be present in an amount ranging between any of andior
including any of about 0.01%, about 0.1%, shout 0.53%, about 194, about 2%, about 3%,
about 4%, or about 3% by weight of the pozzolan or the hydrated Hime. Ove of ordinary skill
in the art, with the benefit of this disclosure, will recognize the appropriate amount of the
dispersant o include for a chosen application.

{00391 Embodiments may include the addition of a cement set activator to the two-
part set-delayed coment composttions as desertbed above. The cement set activator may be
included to accelerate setting times, amongst other reasons. Any ooment set setivator
described i embodiments of the set-delayved cement compositions may also be sufable for
embodiments of the two-part set-delaved cement compositions. Any cement set activator
may be added to either one or both of the component slurries as well as 10 the combined
shurry 10 an amount sufficient to accelernte the setting of the combined two-part set-delayed
composition (i added to only a component sharry, the acceleration of the set tme should
happen when the component shurries are mixed). In embodiments, the coment set sctivator
may be added to the component slurties {either individually or both} or to the combined
slurey of the two-part sef-delayed ceoment composition in an amount in the range of about
0.1% to about 20% by weight of the pozzolan. In specific embodiments, the coment set
activator may be present in the component slurdies {either individually or in both) or o the
combined sturry of the two-part set-delayved cement composition in an amount ranging
between any of andfor including any of about 0.1%, about 1%, about 5%, about 10%, about
1 5%, or about 20% by weight of the pozzolan. One of ordinary skill in the art, with the
benefit of this disclosare, will recopnize the appropriate amount of the cement set activator

to inchude for a chosen application,
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F00448] Those of ordinary skill in the art will appreciate that embodiments of the
two-part set-delaved coment compositions generally should have a density suitable for a
particular application. By way of example, the combined two-part set-delayed cement
compoxitions may have a density in the range of from about 4 pounds per gallon (*ly/gal™ to
about 20 ibhigal. In cettain embodiments, the combined two-part set-delayed cement
compositions iy have a density 0 the range of fromn about § Ib/gal to sbout 17 {b/gal
Embodiments of the two-part set-delayed coment compositions may be famed or unfoamed
or may comprise other means to reduce their densitics, such as hollow microspheres, low-
density elastic beads, or other densine-reducing additives kuown i the art. In embodiments,
the density may be reduced after stovage, but prior to placement in a subterranean formation.
In embodiments, weighting additives may be used to increase the density of the two-part set-
delayed coment compositions. Examples of suitable weighting additives may inclode barite,
bematite, bausmannite, calcium carbonate, siderpte, Umenite, or combinations thereof, In
particalar embodiments, the weighting additives may have a specific gravity of 3 or greater.
Those of ordinary skill in the art, with the benefit of this disclosurs, will recognize the
approprigte density for a particular application.

{00411 As previousty mentioned, the component slurries of the two-part set-delayed
cement compasitions may have a delayved set in that they remain in a pumpable fluid state for

¥
o

al least one day (e, about 1 day, shoot 2 wecks, about 2 vears or more} at voom
temperature {e.g., about RG® F} in quicscent storage. For example, the component slurries of
the two-part set~defayed coment compositions may remain in a pumpable fluid state for a
period of tine from sbout 1 day to about 7 days or more. In some embodiments, the
component sturrles of the two-part set-delayed coment compositions may remain in a
pumpable fluid state for al least sbout 1 day, about 7 days, about 10 days, about 20 days,
about 30 days, shoot 4 days, about 30 days, about 60 days, or longer. A fluid s considered
to be in g pumpable Puid state where the fluld bas @ consistency of less than 70 Bearden
units of consistency {(“Be™), ay measured on a pressurized consistometer w gccordance with
the procedore for determining coment thickening times set forth o AP RP Practice 10B-2,

Recommended Practive for Testing Well Cements, First Edition, July 2005,

{00421 When desired for use, embodiments of the two-part set-delayed cement
compositions may be activated {2.g., by combining the pozzolan and fime durries) to set into
a hardeved mass. By way of example, embodiments of the two-part set-delayved cement
compositions may be activated o form a hardened mass in a tme periad in the range of from

ahoot | hour to about 12 hours.  For example, embodiments of the two-part set-delayved

cement compositions may set to form a hardened mass 1 a tme period ranging betwesn any

I
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of andfor imcluding any of about | day, about 2 davs, about 4 days, about 6 days, about 8
days, shout 10 days, or about 12 days.

{00431 In some emvbodiments, the two-pant set-defayed coment compositions may set
to have a desirable compressive strength after activation, Compressive strength iy generally
the capacity of a material or structure to withstand axially directed pushing forces. The
compressive strength may be measured at a gpecified time after the two-part set-delayed
cement composition has been activated and the resultant composition s maintained under
specified temperature and pressure conditions, Compressive strength can boe measured by
either destructive or non-destructive methods, The destructive method physically tests the
strength of treatment fluid semples at various points i time by crushing the samples in a
compression-testing machine. The compressive strength is caleulaied from the failure load
divided by the cross-sectional area resisting the load and is veported 1 anits of pound-foree
per square inch (psi). Non-destructive methods may employ a UCA™ Ultrasonie Cement
Analyzer, available from Fapn Iastrument Company, Houston, TX. Compressive strength
vatues may be determined in accordance with APL RP 10B-2, Recommended Practice for
Testing Well Cemeniy, First Editton, July 2005,

{0044] By way of sxample, the two-part set-delaved cement compositions may
develop a 24-hour compressive strength in the range of from about 50 psi to abour 5000 psi,
alternatively, from about 100 psi to about 4500 psi, or sernatively from about 300 psi to
ahout 4000 psic fn some embodiments, the two-part set-delayed cement compositions may
develop a compressive strength in 24 bowrs of at least about 50 psi, at least aboat 100 psi, at
feast about 300 psi, or more. In some embodiments, the compressive strength values may be
determined using destructive or non-destructive methods at o temperature ranging from 1009
F o 2007 F.

{0045] fn some embodiments, the tweo-part set-delayed cement compositions may
have desirable thickening times afler activation. Thickening time typieally refers to the time
a fhid, such as a set-delayed cement composttion, romains in a fluld state capable of being
pumped. A nomber of differemt {aboratory techuiques may be used to measure thickening
time. A pressurized consistometer, operated in accordance with the procedure set fortly i the
aforementioned APl RP Practice 10B-2, may be used o measure whether a fluid is i a
pumpable fluid state. The thickening time may be the time for the treatment fluid o reach 70
Be and may be reported as the time to reach 70 Be, In some embodiments, the two-part set-
delaved coment compositions may have a thickening time of preater thun about | hour,
alternatively, grenter than about 2 hours, alternatively greater than about 3 hours at between

about 1,000 psi 1o about 20,000 psi and teraperatures o a vange of from showt 30° F 1o about
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400° F, alternatively, in a range of from about 80° F fo about 250° F, and alternatively at a
temperature of about 0% F.

{0046} Embodiments of the two-part set-delaved cement composition may be used
to displace a prior placed flwid (oo embodiments of the two-part set-delayed cement
composition may be used as a spacer fluid). The pozzolan slurry of the two-part set-delayed
cement composition, comprising a pozzolan and water, may be stmilar i composition 1o
conventional spacer fluids. Beoause of this similavity, the pozzolan slarry may be used 35 a
spacer fluid in ambodiments. The pozzolan slurry may be used to displace a dreilling mud,
separate cement from a diilling mud, displace another treatment thad, sepavate the drilling
mud from a treatment uid, and/or separate coment from a treatment fluid, Advantageousty,
the use of the pozzolan slurry as a spacer fluid may condition the subtorranean formation
with part of the same composition that ultimately may be used as the annular sealant.
Theretore, the risk of incompatibilities between sealant and spacer fhuid may be reduced,

{00471 {n ersbodiments wherein the porzolan component slurry of the two-part set-
detayed cement composition may be ased as g spacer fluid, the density of the pozzolan shary
may be adjusted by the addition of water andfor a viscosifier, The water and viscosifiers yoay
be added in any amount to achiove the appropriate density to provide g suttable rheological
hierarchy for a given application. An example of a suitable viscosifier is SA-10157
suspending agent avatlable from Halliburton Evergy Services, Houston, TX. Adduionally,
weighting agents may be added to adjust the density as may be appropriate to nmintain a
suitable theological hierarchy, One of ordinary skill in the wrt, with the benefit of thig
disclosure, will recognize the appropriate density and method of density adjustment
necessary for a chosen application.

{00481 Moreover, in embodiments wherein the porzolan slarry may be used as a
spacer fhuid, the spacer fluid may be foamed with a foaming additive andior a gas. The
spacer fid may be foamed. for exanple, to provide a spacer fluid with 8 reduced density.
The gas used for foaming the composition may be any suttable gas for foaming, mcluding,
but not limited @0 air, nitrogen, or combinations thereof. Generally, the gas should be
present 1y oan amount sufficient 1o form the desived amount or quality of foamn. Foaming
additives may be included in embodiments to, for example, facilitate foaming andior
stabilize the resullant foam formed therewith. Examples of suitable foaming additives
molude, but are not Hited o) mixtures of an ammontum salt of an alkyl ether sulfate, a
cocoamidopropy! betaine surfactant, & cocoamidopropyl dimethylamine oxide surfactant,
sodivm chlovide, and water; mixtures of an ammomium salt of an alkyl ether sullate

sarfactant,  a cocosmudopropyl  hvdroxysultwne  surfactant, 8 cocoamidopropyi
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dimethviamine oxide surfactant, sodivm chioride, and water; hydrolyzed kevating mixtures of
an ethoxylated alcohol ether sulfate sorfactant, an alkyl or alkene amidopropy] betaine
surfactant, and an atkyl or alkene dimethylamine oxide surfactant; aqueous solutivns of an
alpha-clefinic sulfonate surfactant and a betaine surfactant; and combinations thereofl An
example of a suliable fomning additive s ZONESEALANT™ KK} agend, available from
Halliburton Encrgy Services, Houston, TX.

FO0497 1t is o be anderstood, that any additive, component, or embodiment disclosed
herein may additionally be used or combined with embodiments of the two-part set-delayed
cement composition. For example, previously described additives such as weighting agents,
fightweight additives, gas-gencrating additives, mechantcal-property-enhancing additives,
lost-circulation materials, filtration-control additives, fluid-loss-control additives, defoaming
agonts, foaming agents, thixotropic additives, dispersants, cernent set retarders, cemant set
activatorsiaceelerators, additional silica sources, and the like, and combinations thereof may
all he used with embodiments of the pozzolan slurry, lime sturry, and the combined shurry of
the two-part set-delayed coment compuoaitions in the same manner as previousty deseribed.
The two-part set-delayed coment composition embodiment is therefore inclusive of every
additive, component, or other erobodiment that may be used in combination; including the
use of cement set activators and cement set retarders. For example, the two-part set-delayed
coment composition may compwise g cement set activator to accelerate setting time and
enhance carly strength, additionally or alternatively, the two-part set-delayed cement
composition may comprise a coment set retarder to delay thickening e, Any additive,
component, or embodiment disclosed herein may be added to one or both of the component
slurries or o the combined sluny of the two-part set-delayed cement compositions.
Moreover, any additive, component, or embodiment disclosed herein thet s used with the
pozzolan sturry, the Hme shurry, or the combined shary may also be used with embodiments
of the two-part set-delayed cement composition that comprise a spacer Thad.

{00501 As will be appreciated by those of ordinary skill in the art, embodiments of
the setdelayed cement compositions ducluding  the  two-part  set-delaved  coment
compositions may be used in a variety of subterrancan operations, Including primary and
remedial comenting. In some embodiments, 8 set-delayed cement composition (in the two-
part set-defayed coment composition embodiments, this may be a combined two-part set-
delayed coment composition) may be provided that comprises water, a poxzolan, hydrated
Hme, a cement set retarder, and optionally @ dispersant, The seledefayed cement composition
may be introduced into a subterransan formation and aliowed to set therein, As used herein,

introducing the svi-delayed cement composition into a sulterranean formation includes
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introduction inte any portion of the subterrancan formation, including, without Himitation,
inte a wellbore drilled into the sablerrancan formation, fato a near wellbore region
sarrounding the wellbore, or iato both. Embodiments may further include activation of the
set-delaved coment composition, The activation of the set~delayed cement composition may
comprise, for example, addion of a cement set aceslerator to the set-delayed cement
composition or the mixing of the two component slurries of the two-part set-delayed coment
composition.

{0051} In some embodiments, a set-delayed coment composition may be provided
that comprises water, a pozeolan, hydrated lime, a coment set retarder, and optionally
dispersant.  The sel-delayed coment composition muay be stored, for sxample, i a veossel or
other suitable container.  In allernative embodiments a two-part set-delayed coment
composition may be provided that comprises a firsl part comprising @ pozzolan and water
component shurry and a seeond part comprising 8 hydrated lime and water component slurry.
The first and second parts may individually stored and combined prior to or while pumping
downhole. The set-delayed coment compositions nray be permiited to remain in storage for a
desired time period. For example, the set-delayed cement compositions may remain in
storage for a tme period of about U day, about 2 weeks, about 2 vears, or longer. For
example, the set-defayed cement compesitions may remain i siorage for 8 ime period of
about 1 day, about 2 davs, abowt § days, about 7 days, about 10 days, about 20 days, about
20 days, about 40 days, about 54 days, about 60 days, or up to about 2 years. In some
embodiments, the set-delaved coment composition may remain in storage for a ime periad in
a range of from about | day to about 2 vears or longer, Thereafter, the set-delayed coment
composition yoay be activated, for example, by mixing the two~component shurnes together,
mtroduced into a subterranean formation, and allowed to set therein.

F0032] In primary comenting embodiments, for example, embodiments of the set-
delayed cement composition may be introduced into an annular space between a conduit
focated in a wellbore and the walls of a wellbore (andior a larger conduit in the wellbore),
wherein the wellbore peoetrates the sublerrapean formation. The set-delayed coment
composition may be allowed to set in the amnular space to form an annular sheath of
hardened cement. The set-delayed coment composition may form a barvier that prevents the
migration of fluids in the wellbore,  The set-delaved coment composition may also, for
example, support the conduit in the wellbore,

{0053 In remedial comenting embodiments, a set-delayed cement composition may
be used, for example, in squesze-comenting operations or in the placement of cement plugs.

By way of example, the set-delaved composition may be placed n a weltbore to plug an
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opening {e.g., & void or craek) in the formation, I a gravel pack, in the conduit, in the
cernent sheath, andf/or between the cernent sheath and the condust {e.g., a microannudus).
{00341 An embodiment comprises & method of cementing comprising: providing a

pozzolan slurry comprising 8 pozzolan and water; providing a lime slurry comprising

LV 4

hydrated lime and water; allowing the pozzolan sturry and the Hme slurry to remain separate
for aboot one day or longer; nuxing the porzolan shurry and the lime sharry to form a cement
composition; and allowing the cement composition to set.

{00351 An embodiment comprizes a method of displacing a Huid in @ subterrasean
formation comprising: providing 8 pozzolan slurry comprising a pozzolan amd water;
10 providing a lime slusry comprising hydrated lime and water; introducing at least a portion of
the pozzolan slurry ioto a wellbore that penetrates a sublerranean formation such that the
pozzolan storry displaces b least one fluld from the wellbore; activating the set-delayed
cernent composition by puxing at least a portion of the pozzolan slurry and at least a portion

of the lime slurry to form a cement composition; introducing the cement composition mto a

13 suobterrancan formation; and allowing the cement composition to set in the subterrancan
formation,

10056} An embodiment comprises a systern for comenting comprising: a pozeolan
sturry comprising @ pozzolan and watery a Hime shavy for combination with the pozzolan
sturry to form g cament composttion comprising hydrated lime and water,

20 {00571 Referring now to FHGL 1, preparation of a set-delayed cement composition in
accordance with example embodirsents will now be described. FIG. 1 illustrates a system 2
for preparation of a set-delayved cement composition and delivery to a wellbore in accordance
with certain enbodiments. As shown, the set-delayed coment composition may be nrixed in
miving equipment 4, such as a jet mixer, re-circulating mixer, or a batch mixer, for example,

25 and then pumped via pumping equipment & {o the wellbore. In some embodiments, the

mixing equipment 4 and the pumping equipment 6 may be disposed on one or more cement

tracks as will be apparvent o those of ordinary skill n the at. In some embodiments, a jet

nmxer piay be used, for example, fo continuousty mix the lmefscttable material with the

water as it is being pumped to the wellbore. In two-part set-delayed embodiments, mixing

30 cguipment (e.g., a jol mixer, re-circulating mixer, anddor a bateh mixer) may be used to mix
the combined two-part set-delayved cement compuosition sluery,

[O0S8] An example technique for placing a set-delayed cement composition into a

subterranean formation will now be described with reference to FIGS. 24 and 28, FIG, 2A

slustrates surface cquipment 1) that may be used m placement of a set-delayed cement

35 compaosition 1y accordance with certain embodiments. It should be noted that while FIGL 2A
e
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generally depicts a land-based operation, those skilled in the art will readily recognize that
the principles deseribed herein are equally applicable to subsea operations that employ
floating or sea-based platforms and rigs, without departing from the scope of the disclosure.

As iHostrated by FIG. 2A, the swiace equipinent 10 may ioclude & cementing wut 12, which

L

may include one or move cement trucks, The cementing anit 12 may include mixing
equipment 4 and pumping equipnent & {e.g., FIGL 1) as will be apparent to those of ordinary
skill in the art. The comenting unit 12 may pump a set-delayed cement composition 14
throagh a fecd pipe 10 and 1o o comenting head |8 which conveys the set-delayed coment
composition 14 downhole.

10 {00391 Turning now to FHG. 2B, the set-delaved cement composition 14 may be
placed into a subterrancan formation 20 in accordance with cxample embodimenis. As
tlustrated, a wellbore 22 may be drilled into the subterrancan formation 20, While weltbore
22 is shown extending generally vertically into the subterrancan formation 20, the principles

described herein are also appheable o wellbores that extend gt an angle through the

,.....,
L

sublerrancan formation 20, such ay horizontal and slamted weltbores, Ay illustrated, the
wellbore 22 comprises walls 24, In the iHustrated embodiment, a surface casing 26 has been
inserted into the wellbore 22, The surface casing 26 may be cenmented to the walls 24 of the
wellbore 22 by cement sheath 28, In the llustrated embodiment, one or more additionsl
conduits (2.2, intermediate casing, production casing, lners, ete). shown here as casing 30
20 may also be disposed 1o the wellbore 220 As Hlusteated, there is a wellbore annulus 32
formed between the casing 30 and the walls 24 of the wellbore 22 andfor the swrface casing
26. Qne or more ceontralizers 34 may be attached to the casing 30, for example, to centralize
the casing 30 in the wellbore 22 prior to and during the cementing operation.
{0060} With continned reference to FIG. 2B, the set-delayed cement composition 14
25 may be puniped down the interior of the casing 30. The set-delayed cement composition 14
may be allowed to flow down the interior of the casing 30 through the casing shoe 42 at the
bottom of the casing 30 and up around the casing 30 into the wellbore annulas 32, The set-
delaved coment comoposition 14 may be allowed to set in the wellbore annohiy 32, for
example, to form a coment shoath that supports and positions the casing 30 in the wellbore
30 22, While not iHuostrated, other technigues mway also be utibized for introduction of the set-
delaved coment compaosition 14, By way of example, reverse eirculation techmiques may be
used that inchude introducing the set-delayed coment composition 14 1nto the subterranean
formation 20 by way of the weltbore annulus 32 jnstead of through the casing 34,

[O061] As it is introduced, the set-delayed coment composition 14 may displace

LTS
L

other fhads 36, such as deilling fhards and/or spacer fluids that may be present in the interior
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of the casing 30 and/or the wellbore annulus 32, At least a portion of the displaced fluids 36
may exit the wellbore annutuy 32 via a flow line 38 and be deposited, for example, in one or
mors retention pits 40 (e.g., a mud pitd, ax shown on FIG, 2A. Referring again to FIG, 28, a

botton plug 44 may be intreduced inte the wellbore 22 shead of the set-delayed cernent

L

composition 14, for example, to separate the set-delayed cement composition 14 from the
fluids 36 that may be inside the casing 30 prior o cementing. After the bottom plug 44
reaches the landing collar 46, a diaphragn or other suitable device should rupture to allow
the set-delayed cement composition 14 through the bottom plug 44, In FIG. 2B, the bottom
plug 44 is shown on the landing collar 46. In the illustrated embodiment, a top plug 48 may
10 be introduced into the wellbore 22 behind the set-delayed cement composition 14, The top
plag 4% may separate the set-delayed cement composition 14 from a displacement fluid 50
anl also push the set-delaved cement composition 14 through the bottom plug 44,

{0062] The exemplary set-delayed coment compositions disclosed hercin may

directly or indivectly affect one or more components or pieces of equipment associated with

,.....,
L

the preparation, delivery, recapture, reeycling, veuse, andéor dixposal of the disclosed set-
delayed cement compositions. For example, the disclosed set-delaved cement compositions
oty divectly or indirectly affect one or wore mixers, related mixing equipment, nwd pits,
storage facilities or waits, composition separators, heat exchangers, sensors, ganges, pamps,

compressors, and the like used generate, store, monitor, regolate, andfor recondition the

20 exemplary set-delayed cement compositions. The disclosed set-delayed cement compositions
may also directly or indirectly atfect any transport or delivery equipment used to convey the
set-delaved cement compositions 1o a well site or downhole such gs, for example, any

transport vessels, conduits, pipelines, trucks, tubulars, andfor pipes used to compositionally

move the set-delayed cement compositions from one location to another, any pumps,

ft
tF

compressors, or motors {e.g., topside or downhole) used o drive the set-delayed cement
compositions into mobion, any valves or related joints used o regulnte the pressure or Qow
rate of the set-delayved cement compositions, and any sensors (Lo, pressure and temperature),
gauges, andfor combinations thereof, and the like. The disclosed setudelayed coment
compositions may also directly or mdirectly atlect the vanous downhole equipment and
30 tools that may come into contact with the set-delayed coment compositions such ax, but not
fimited to, wellhore casing, wellbore liner, completion string, insert strings, drill string,
coiled tubing, shickline, wirehine, drill pipe, diill collars, wud motors, downhole motors
ancd/or pumps, cement pumps, surface-mounted motors andior pumps, centralizers,

ngbolizers, seratchers, floats (e, shoes, collars, valves, o)), logging tools and related

&

L
i

telemetry equipraent, actuators {eg.. electromechanical devices, hydromechamieal devices,
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ote.), sliding sloeves, production sleeves, plugs, screens, filters, flow control devices (e

6’34

inflow control devices, astonomous inflow control devices, outflow control devices, ele.),

couplings {e.g., eleetro-hydraulic wet connect, dry conneet, inductive coupler, gic.), control

hnes (o.g., s‘:icctrica}, fiher optic, hydranlic, ete.), surveillance lines, dreill bits and reamers,

L

sensors oy distributed  sensors, deownhole hemt exchangers, valves and corresponding
actuation devices, ool seals, packers, coment plugs, bridge plugs, and other wellbore

iselation devices, or components, and the like.

EXAMPLES
f0003] To facilitate a better understanding of the present embodiments, the
W following exanyples of certain sspects of some embodiments are given. In no way should the

following examples be read to Hirait, or define, the entire scope of the embodiments.

Example 1
100041 A two part set-delayed coment composition was prepared which comprised

the following coroponent sturries:

13 Table 1
Slarey A Compositional Makeup Slurry B Compositional Makeup
Component Weight (g) | Component Weight (g)
Water 375.0 Water 3500
Pumice 5000 Hydrated Lime 3500
Silica Additive 100.0 Weighting Agent 70.0
Weighting Apent 00| Dispareant 2.0
Digpersant 3.5 |

{0065 Sturry A was prepared in a2 Waring® blender by first adding water to the
blender followed by a dispessant, Liquiment™ S581F dispersant. The dispersant was allowed
200 to fully disperse, then the pumice, silica (Silicalite™ cement additive), and a weight additive
{(MicroMax™ FF weight additive) were added. After all of the components were added,
Shurry A was blended at a speed of 6000 rpm for 40 seconds to fully homogenize the saraple.
Sturry B was prepared in the same manner as Slurry AL The caleulated density of Shary A

was 13.33 pounds per gallon {ppg) and Survy B was 12.75 ppg.
25 [00066] mmediately after preparation {designated Day 0) and periodically thereafier,

the rhmk}gimﬁ properties of the swmples were determined osing a Model 35A Famn

Viscemeter and a Ne. 2 spring with a Fann Yield Siress Adapter (FYSA), in accordance with
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the provedure set forth in AP RP Practive 10B-2, Recommended Fractive for Testing Well

Cements, Dispersant was added as necded 1o mainlain adequate viscosity values. % bwoP

refers to “percent by weight of the pumice,” and % bwolL refers to “percent by weight of

hydrated Hwe”

5 Table 2
Shurry A Rheological Profile
FYSA Readings Additional
Lispersant
3 6 10 200 300 30 1Y) e ,
’ ¢ ¢ ’ ! (%% bwaP)
Bay 0 48 49 71 87.5 13 48 47 -
Day 3 25 275 42 8.5 73 21 23 (.01
Pay? 25.5 263 47.5 67.5 89 17 4 -
Day40 | 45 8 36 99 43 z ! 0.10
Tahle 3
Slurry B Rheological Profile
FYSA Readings Additional
Dispersant
3 B 100 200 300 3D 61} . .
{*4 bwoeHL)
Bay 0 25 27 41 57 78 10 10 -
Day 3 13 23 R0.5 145 214 12 12 =
Pay 7 22 26 RO.5 49,5 220 12 12 -~
Day 40 3 3.5 Y 23 30.5 2 2 002

{00671 To form the seitable combined shavy, 1294 grams of Slurry B was added to

10 500.0 grams of Shary A, This was performed by adding Starry A to a Waring” blender set 1o

S000 rpm and slowly pouning in Slurey B to form Shary AB with a final shary composition

oft
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Table 4

Sturry AB Compositional Makeup

Component %o bwoP
Water 95.0
Pumice 100.0

Silica Additive | 200
Hydrated Lime | 300

Weight Additive | 10.0

Dispersant .80

JOU6E] The caleulated density of Sturry AB was 13.23 ppg. A postion of Shurry AB
was accelerated with 10% bwoP CaCly by maixing 2000 grams of Sturry AB with 21.92
grams of 43% CaCly solution. This sample is shown in table 3 as accelerated. Immediately
after preparation, the rheology of the sample was measured psing o Model 35A Fann
Visconeter and a No. 2 spring with a Fann Yield Stress Adapter (FYSA), in accordance with
the procedure sot forth in AP RP Practice 10B-2, Recommended Practice for Festing Well

Centenis,

Table 3

Sharey AR Rheological Profile

FYSA Readings

| 3 6 100 200 300 an 6D
Unaccelerated 2 2 i3 36 39 1 !
Accelerated ! 2 12 28 30 | i

{00689 After mixing the two component sharies {o activate the set-delayed coment
composition, the combined shurry was cured ina 27 by 47 plastic eylinder that was placed in
g water bath at between about 90% F to about 1530° F to form set oyhaders. Then the
destructive  comprassive strength (C.8)) was nweasured  using a mechanical press in
accordance with APE RP Practice 10B-2, Recommended Practice for Testing Well Cemenix,
The results of this test are set forth 1n Table 6 below. The reported compressive strengths ave
an average for two cyvlinders of cach sample. Compressive strength measurements were
taken at 24 hours.

{0070) For comparison, a non-twe part set-delayed slurry was prepared by
combining 350 grams water, 300 grams pumice, 100 grams hydrated Hme, 20 grams

Microntax™ weight additive, .25 grams Micro Matrix™ cornent retarder, and 3.5 gramy

3
~3
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Liguiment™ 5381F dispersant. This shurry (NC1Y was aged 35 days prior to use, activated

with H1% bwol CaCly solution, and cured 1o the water baths al the same time as Shary AR,

Table 6

Compressive Strength Tests

Starry Terp (°F) Time {hes) OO {psi)
AR L0 24 92
AB (accelerated) 90.0 24 10
N{ 0.0 24 Fluid®
AB FHO0.0 24 98
AR {accelerated) 00.0 24 165

NCH H0.0 24 T

AB F20.0 24 7R

NCE 120.0 24 Gel**
AB £40.0 24 2240

N 140.0 - 431

AB 130.0 24 2479

NCH 150.0 e 802

S ¥ Sharry remained anset and flowable
% Sharry was gelted and not flowable
{00711 Ax BExample | shows, shurry AB is more active at lower temperatures than
NC1L Without being limited by theory, this effect may be due to the lack of coment retarders
in shary AB andfor the inclusion of a silica additive.
10 Example 2

[0072] In the previous examples the porzolan and lime sharries were mixed to give a
hvdrated Dime content of 20.0% bwoP. The next example iHlostrates how it muay be advantageous
to mix the two parts in different ratios to produce shwrries with varving lime content. In this
example, 258.8 grams of Slurry B was mixed with S00.0 grams of Shury A 1o give a lime

1Scontent of 40% bwol:

Table7

Slurry AB Compositional Makeup

Component | Y bwol?
Water {15.0
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Pamice 100.0
Silica Additive 20.0
Hydrated Lime | 40.0
Weighting Agent 14.0
Dispersant .93

f0073] After mixing, this sample was cured tn a waler bath at 90° F for 24 bours

then crushed to obtaln g compressive strength of 150 psi. The strength of this sample was

ahout 33% greater than the sample with ondy 20% Hime content (103 pai).

Example 3

delaved coment composition was prepared which comprised

s

[0074] A two part set-

the following component shares:

Table 8

Sturry € Compositional Makeap Sharry D Compositional Makeup

Component Weight (¢ Component Weight (@)
Water 32340 Water 330.0
Pumice 560.0 Hydrated Lime 3s00
Weighting Agent 30.0 Weighiing Agent 70.0
Dispersant 35 Dispersant 20
{0075 Slurry C was prepared i a Waring® blender by first adding water to the

10 blender followed by a dispersant, Liquiment™ SSR1F dispersant, The dispersant was allowed

to fully disperse, then the pumice and a weight additive (MicroMax™ FF weight additive)
were added. After all of the components were added, Slurry € was blended at a speed of

H000 rpm for 40 seconds to fully homogenize the sample. Slurey [ was prepared in the same

‘t'\

maner 8y Sturey €. The caleulated density of Shury € was 1324 pounds per gallon {ppg)

o
RV 41

and Sturpy B8 was 12,75 ppe.

{0076] homediately after preparation (designated Day 0) and periodically thereafler,
the rheological properties of the samples were determined using & Model 35A Fann
Viscomeler and g No. 2 spring with a Fann Yield Stress Adapter (FYSA), in accordance with
the procedure set forth in AP RP Practice 1082, Recommended Practive for Testing Well

20 Cements, Dispersant was added as negded to yoaintain adequate viscosity valaes,

Table &
Sharry € Rheological Profile

28
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FYSA Readings Additional
Dispersant
3 6 160 200 300 b &1 {% bwoP)
Day 0 3 4 §3.3 167 251 0.5 0.5 -
Day3 | 145 | 165 46 75 104 7 ] -
Day 7 5 8 81 154.5 224 1 2 0.01
Dayd0 L 4 | 63 L 565 L 106 | 14 | s | 15 | o
Fable 1
Shurry I} Rheological Profile
FYSA Readings Additional
Dispersant
LI
3 6 | 100 200 300 3D 6D (o
3 hwolL)
Day 0 25 27 4 57 78 10 10 -
Day3 | 21.8 23 &0.5 E 214 12 12 -
Day 7 2 26 | 803 149.5 220 12 12 -
Daydo | 3 3.8 6 1 o30S | 2 2 0.02

{00771 To form the settable combined shavy, 1294 grams of Slurry D was addedio
50010 grams of Sturry C. This was performed by adding Sturey € to a Waring® blender set to
4000 rpmt and slowly pouring in Slurry D to form Sturry CD with a final shurry composition

of

Table 11

Slarry CD Compositional Makeup

Component ¥ bwoP
Water 859
Pumice 100.0
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Hydrated Lime | L0
Weighting Agent | HLD
Digpersant {180

[0078] The calvulated density of Shurry CD was 13,13 ppe. A portion of Slurry CD
wag accelerated with 10% bwoP CaCly by muxing 200.0 grams of Slurry CD with 21.51
grams of 43% Cally solution. This sample is shown in table 11 as sccelerated. Immediately
after preparation, the rheology of the sample was measured osing a Model 35A Fann

Viscomeler and a No. 2 spring with a Fann Yield Stress Adapter (FYSA), in accordance with

the procedure set forth in AP RP Practive 10B-2, Recomnended FPractice for Testing Well

Cemenis.
Table 12
Sturry CB Rbeological Profile
FYSA Readings
3 & 100 200 300 3D &b
Unaccelerated Sturry was pourable but very thick
Accelerated | 75 g ¥ 14 318 3 3

{00791 After mixing the two component sharies 1o activate the set-delayed cement
composition, the combined shurry was cured in a 27 by 47 plastic eylinder that was placed in
& water bath at 190° F to form set oylinders. Then the destructive compressive strength (C.8.)
was measured using a mechanieal press in accordance with APE RP Practice 10B-2,
Recommended Practice for Testing Well Cements, The results of this test ave set forth in
Table 12 below. The reported compressive strengths are an average for two eylinders of each
sample. The samples and controls were cured at 1 atmosphers, between about 907 F to about
1507 F; compressive strength mecasurenends were taken at 24 or 4% hours,

JOUR0] For comparison, a non-two part set-delayed shurry was prepared by
combining 350 grams water, 300 grams pumice, 100 grams hydrated lime, 20 grams
Micromax™ weight additive, 625 grams Micro Matrix™ cement retarder, and 3.5 grams
Liquiment™ SS8IF dispersant. This slurry (NC1) was aged 33 days prior to use, activated

with 1% bwoP C.Cl solution, and cored in the water baths at the sare time as Slorry AB.
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Tahle 13

Compressive Strength Tests

Slurry Temp. (7 F) Time (hrs) C.S. {ps1)
o 56,0 i 58
12 {(activated) 9.0 4% 128
NCT 50,0 a3 Fluid*
&h 1000 4§ 003
CB (activated) 1000 48 216
NCI 1000 i Fluid™
o 120.0 24 78
NCl 1700 3 G
o {460 74 566
NC ) 34 431
&P (500 3 710
NCI 150.0 24 802

¥ Shurry remgined onset and flowable
¥ Sturry was gelled and not flowable

3 Example 4
JOORT] A two part set-delayed cement composition was prepared which comprised
the following component slurries:
Table 14
Sturry E Compositional Makeup Slarry F Compositional Makeup
Component Weight {g) | Component Weight (g}
Water 500 Water 150.0
Puniice 600.0 Hydrated Lime 200.0
Dispersant 43 Dispersant | 0.7
13 {0082] Slurry E was prepared in 2 Waring™ blender by first adding water 1o the

blender followed by a dispersant, Liquiment” SSRIF dispersant, The dispersant was allowed
to fully disperse, then the punuce was added. After all of the components were added, Starry

E was blended at a spesed of 6000 rpm for 40 seconds to fully homogenize the sample. Slurry

15 pounds per gallon {ppe} and Slarry F was 12.4 ppg. Starry E and Sty F owere then stored
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for 48 hours. After 48 bours neither slurry contained free water, However, Slurry F owas
stightly gelled and requived mixing to make 1t flowable,

{O0R3] At 48 hours, 778.7 grams of Sturry £ was added to 1754 grams of Slurry FL
This was performed by adding Slurry B to a Waring” blender set to 4000 rpm and slowly
pouring in Slurry F to form Shurey BF. When they were mixed a gel formed and 1.0 gram of

dispersant (Liguiment™ S38TF dispersant) was added to make the mixture flowable,

Table 15

Compositional Mix of Sturry EF

Mix Amount

WL () Vol. {mL} Density {(ppa)
Sturry E 7787 4832 34
Sharry F 1754 1181 12.4

JO084] The calculated density of the final shurry was 13.2 ppa. 15.0 grams of C,Ch
powder {2.5% bwoP+HL) was added to the final slurry before placing it in a consistometer.
The thickening thme was measured as 53R howrs at 140° F and 3000 psi. The thickening time
was measured ysing & high-temperature high-pressure consistometer in accordance with the
procedure for determoining ceroont thickening times set forth 1w APL RP Practice HB-2,
Recommended Practice for Texting Well Cementz, First Edition, July 2003,

JO08S] 1t should be understood that the compositions and methods are deseribed in
terms of “comprising,” Yeontaining,” or “ineluding” various components or steps, the
compositions and methods can also “consist es.smtiaii}f of " or “consist of” the various
components and steps. Moreover, the ndefinite articles ™2™ o “an,” as used in the claims,
are defined herein to mean one or maore than one of the elemant that i introduces

[0086] For the sake of brevity, only curlain ranges are explicitly disclosed herein.
However, ranges from any lower fimit may be combined with any apper limit to recite a
range not explicithy reetted, as well as, ranges from any fower imit may be combined with
any other tower Hmit to recite a range not exphicitly reciled, in the same way, ranges from
any upper Hmit may be combined with any other upper Himit to recite 8 range not explicitly
rectied. Additionally, whepever a numenical 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 . o1
equivalently, “from approximately a to b or, eguivalently, “from approximately a-b™)
disclosed herein is to be nnderstood to set forth every number and range encompassed within

the hroader range of values even if not explicilly recited. Thus, every point or mdividual

L
ek
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valoe may serve as #s own lower or upper Himit combined with any other point or individua
value or any other lower or upper hmit, to recite & range not exphicitly recited.
{O0RT] Therefore, the present embodiments are well adapted to attain the ends and

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

LV 4

disclosed above are fllustrative only, and may be modified and practiced in different but
equivalent manpers apparent to those skilled in the at having the benefit of the teachings
herein,  Although wdividual embodiments are discossed, the disclosure covers all
combinations of all of the embodiments,  Furthermaore, no himitations are intended to the
detatls of constroction or design herein shown, other thay as deseribed in the claims below,
10 Also, the terms o the clams have their plain, ordinary yoeaning unless otherwise explicitly
and clearly defined by the patentes. It is therefore evident that the particular illustrative
embodiments disclosed above may be altered or modified and all such variations are
considerad within the scope and spirit of those embodiments, It there is any conflict in the

usages of @ word or term in this speeification and one or more patent{s) or ather documenis

,.....,
L

that may be ingorporated herein by reference, the definitions that are consistent with this

specification should be adopted.
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What is claimed is:
1. A method of cementing comprising:
providing a porzolan slurry comprising a pozzolan and water;
providing a hime slarry comprising hydrated e and water;
3 allowing the pozzolan sturry and the lime shovy to remain separate
for about one day or Jonger;
mixing the pozzolan shary and the lime slorry to form a cement
composition; and
allowing the coment compaosition o set.
10 2. A method asccording to claim 1 wherein the cement composition s
introduced into 8 wellbore pencirating o subterranean formation and allowed to set within,
3. A methed according tor clainy | or 2 whereln the pozzolan is selected from the

eroup consisting of fly ash, silica finve, metakaolin, pumice, and any combination thereof,

4, A muethod according to any of claims 1 to 3 wherems at least one of the
15 pozzolan slurry, the lime slurry, or the cement composition further comprises a dispersant.
5. A method according to clanm 4 wherein the dispersant comprises at feast one

dispersant selevied from the group consisting of & sulfonated-formaldehyde-based dispersant,
a polycarboxylated ether dispersant, and any combination thereot.
6. A method according to any of claims 1 1o § whereln at least one of the
20 pozzolan sturry, the Hme shury, or the cement composition further comprises a cement set
retarder,

7. A muthod according to claim 6 whergin the coment st retarder is selected
from the group consisting of a phosphenic acid, 3 phosphonic acid derivative, a
fignosulfonate, a salt, an organie acid, a carboxymethylated hydroxyethylated cellulose, a

25 synthetic co- or ter-polymer comprising sulfonate and carboxylic acd groups, a bovate
compound, and any combination thereof.

8. A mothod according to sy of claims | to 7 wherein at least one of the
pozzolan shary, the Hme slarey, or the coment composition further comprises a comant set
activater; whereln the cement set activator comprises at least one cement set activator

30 selected from the group consisting of an amine, a silicate, #ine formate, caloium acetate, a
Group 1A hydroxide; a Groop HA hydroxide, a monovalent salt, & divalent salt, nanosilica, a
polyphosphate, and any combination thereof.

9, A nethod according o any of clams 1 e § furtber comprising storing at

o

feast pae of the pezzolan shurry or the Hime sturry for a time period of about 7 days or longer

Lad
[ 21

prior to the step of mixing.
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10. A method according to any of claims 1 to 9 further comprising pamping the
cement composttion through a feed pipe and into & wellbore annolus that is penclrating the
subterranean formation,

L1 A method of displacing a fluid in s sublorranean formation cotprising:

3 providing a pozzolan shury comprising a pozzolan and water;
providing a Hme slurry comprising hydrated Hime and water;
introducing at least a portion of the pozzolan slurry into a wellthore

that penetrates a subterranean formation such that the pozzolan shery displaces af least one
fluid from the wellbore;

10 gotivating the set-delayed coment composition by mixing at least a
portion of the pozzolan shary and at least a portion of the hime slurry o form a cement
Comprosition;

niroducing the cement composition info @ sublerrancan formation;

and
5 allowing the cement composition o set i the subterranean
formation.

12. A method according to claime 11 wherein the pozzolan s selected from the
group consisting of {1y ash, silica fume, metakaolin, punsice, and any combination thereof,
13 A method according to clatm T or 12 wherein the portior of the pozeolan
20 slurry that displaces at least one {luid from the wellbore is foamed prior to displacing at least

ane fluid from the wellbore.

14, A method according to any of claims 11 to 13 wherein at least one of the
pozzolan slurry, the Bime shurry, or the cement composition further comprises a dispersant.

13, A method according to any of claims 11 to 14 wherein at least one of the
25 porzolan shary, the me slarry, or the cement composition further comprises & cement set
retarder,
l6. A method according to any of claims 11 to 15 wherein at least one of the
pozzolan slurry, the lime sturry, or the cement composition coraprises a coment set activator.
17. A method according to any of claims 11 to 16 further comprising storing at
30 feast one of the porzolan sturry or the e shurry for a time period of about 7 days or longer
prior 1o the step of mixing.
18, A method according to any of clatms 1 1o 17 further comprising pumping
the cement composition through a feed pipe and into 8 wellbore aspulus that is penetrating

the subierrancan formation.

Lk
[ 23
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19. A system for comenting comprising:
a porzolan sturry comprising a porzolan and waler;
a lime sturry for combimation with the porzelan slury o form a
cement composition, wherein the Bme slurry comprises hydrated lime and water.
20. The system of claim 19 further comprising mixing equipment for mixing the
pozzolan shury and the lime slurry to form the coment composition, and pumping equipment

for delivering the coment composition into a welthore.

3
ol

.
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