Office de la Proprieté Canadian CA 2802959 C 2015/04/07

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 802 959
Findustie Canada Industry Ganada 1R BREVET GANALIEN
CANADIAN PATENT
13) G
(86) Date de déepot PCT/PCT Filing Date: 2011/06/21 (51) Cl.Int./Int.Cl. CO9K &/42(2006.01),
S e . CO04B 714/76 (2006.01), CO4EB 18/76 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2011/12/29 CO4B 28/04(2006.01) CO4B 28/22(2006.01)
(45) Date de délivrance/lssue Date: 2015/04/07 CO9K 8/467 (2006.01)
(85) Entree phase nationale/National Entry: 2012/12/14 (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: GB 2011/000933 BRENNEIS, D. CRHAD, US;
o o RODDY, CRAIG WAYNE, US;
(87) N° publication PCT/PCT Publication No.: 2011/161405 KARCHER JEFFREYD US:
(30) Priorité/Priority: 2010/06/23 (US12/821,412) HUDGINS, CALLIER., US
(73) Proprietaire/Owner:
HALLIBURTON ENERGY SERVICES, INC., US
(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.E.N.C.R.L., S.R.L.

(54) Titre : PROCEDES DE BOUCHAGE ET D'ABANDON D'UN PUITS EN UTILISANT DES COMPOSITIONS
COMPRENANT DES POUSSIERES DE FOUR A CIMENT ET DE LA PUMICITE

54) Title: METHODS OF PLUGGING AND ABANDONING A WELL USING COMPOSITIONS COMPRISING CEMENT
KILN DUST AND PUMICITE

(57) Abregé/Abstract:

The present invention Is directed to plug-and-abandon operations that use plugging compositions comprising cement kiln dust,
pumicite, and/or lime. An embodiment includes a method of plugging a well bore for abandonment comprising: placing a plugging
composition in the well bore, the plugging composition comprising: cement kiln dust in an amount of about 5% to about 100% by
weight of cementitious components, pumicite in an amount of about 5% to about 100% by weight of cementitious components,
0% to about 24% of Portland cement by weight of cementitious components, and water; and allowing the plugging composition to
set and form a plug.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




WO 2011/161405 A1 [ A1 HYP Y ORE A0 RO O e

CA 02802959 2012-12-14

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
29 December 2011 (29.12.2011)

(10) International Publication Number

WO 2011/161405 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(71)

(72)
(73)

International Patent Classification:

CO9K 8/42 (2006.01) C04B 18/16 (2006.01)
CO9K 8/467 (2006.01) C04B 28/04 (2006.01)
C04B 14/16 (2006.01) C04B 28/22 (2006.01)

International Application Number:
PCT/GB2011/000933

International Filing Date:
21 June 2011 (21.06.2011)

Filing Language: English
Publication Language: English
Priority Data:

12/821,412 23 June 2010 (23.06.2010) US

Applicant (for all designated States except US). HAL-
LIBURTON ENERGY SERVICES INC [US/US]; P O
Box 1431, Duncan, OK 73536 (US).

Applicant (for MW only). CURTIS, Philip, Anthony
|GB/GB]; A A Thornton & Co, 235 High Holborn, Lon-
don WC1V 7LE (GB).

Inventors; and

Inventors/Applicants (for US only): BRENNEIS, D.,
Chad [US/US]|; 4408 Medcalf Road, Marlow, OK 73055
(US). RODDY, Craig, Wayne [US/US]; 2906 Timber
Ridge Drive, Duncan, OK 73533 (US). KARCHER, Jef-
frey, D. [US/US]; Rt 1 Box 106A, Duncan, OK 73533
(US). HUDGINS, Callie, R. [US/US]; 2105 Townsend,
Duncan, OK 73533 (US).

(74)

(81)

(84)

Agent: COTTRILL, Emily, Elizabeth, Helen; A A
Thornton & Co, 235 High Holborn, London WC1V 7LE
(GB).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, S8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: METHODS OF PLUGGING AND ABANDONING A WELL USING COMPOSITIONS COMPRISING CEMENT
KILN DUST AND PUMICITE

(87) Abstract: The present invention 1s directed to plug-and-abandon operations that use plugging compositions comprising ce-
ment kiln dust, pumicite, and/or lime. An embodiment includes a method of plugging a well bore for abandonment comprising:
placing a plugging composition m the well bore, the plugging composition comprising: cement kiln dust in an amount of about
5% to about 100% by weight of cementitious components, pumicite in an amount of about 5% to about 100% by weight of ce-
mentitious components, 0% to about 24% of Portland cement by weight of cementitious components, and water; and allowing the
plugging composition to set and form a plug.



CA 02802959 2014-09-05

1

METHODS OF PLUGGING AND ABANDONING A WELL USING
COMPOSITIONS COMPRISING CEMENT KILN DUST AND PUMICITE
CROSS-REFERENCE TO RELATED APPLICATIONS

BACKGROUND

[0002] The present invention relates to cementing operations and, more particularly,
in certain embodiments, to plug-and-abandon operations using plugging compositions
comprising cement kiln dust (“CKD”), pumicite, and/or lime.

[0003] In cementing methods, such as well construction and remedial cementing,
sealant compositions are commonly utilized. As used herein, the term “sealant composition”
refers to a composition(s) that hydraulically sets or otherwise develops compressive strength
suitable for use in subterrancan applications. One type of a sealant composition is a plugging
composition that can be used in plug-and-abandon operations whereby a plug is formed 1n a
well bore to seal off the well bore for abandonment. In performing plug-and-abandon
operations, a plugging composition may be placed in the well bore at a desired depth. The
plugging composition should set in the wellbore, forming a hardened mass (e.g., a plug) that
seals off selected intervals of the well bore. The plug should prevent and/or reduce zonal

communication and migration of fluids that may contaminate water-containing formations. It
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may be desirable in certain instances to form one or more plugs in the well bore adjacent to
hydrocarbon-producing formations and water-containing formations.
[0004] Sealant compositions used heretofore may comprise Portland cement. Portland
cement generally is a major component of the cost for the sealant compositions. To reduce
the cost of such sealant compositions, other components may be included in the sealant
composition to replace some of the Portland cement. Such components may include cement
kiln dust (“CKD™), fly ash, slag cement, shale, metakaolin, zeolite, and the like. CKD is a
partially calcined kiln feed which is removed from the gas stream and collected, for example,
in a dust collector during the manufacture of cement. The term “CKD” is used herein to mean
cement kiln dust made as described above and equivalent forms of cement kiln dust made in
other ways.
SUMMARY

[0005] The present invention relates to cementing operations and, more
particularly, in certain embodiments, to plug-and-abandon operations using plugging
composttions comprising CKD, pumicite, and/or lime.
[0006] According to one aspect of the present invention there is provided a method of
plugging a well bore for abandonment comprising: placing a plugging composition in the
well bore, the plugging composttion comprising cement kiln dust in an amount of about 5% to
about 100% by weight of cementitious components, pumicite in an amount of about 5% to
about 100% by weight of cementitious components, 0% to about 24% of Portland cement by
weight of cementitious components, and water; and allowing the plugging composition to set
and form a plug.
[0007] According another aspect of the present invention there is provided a method
of plugging a well bore for abandonment comprising: placing a plugging composition in the
well bore, the plugging composition comprising: a cementitious component consisting
essentially of cement kiln dust, pumicite, and lime, and water; and allowing the plugging
composition to set and form a plug.
[0008] According to another aspect of the present invention there is provided a
plugging composition comprising: cement kiln dust in an amount of about 5% to about 100%
by weight of cementitious components; pumicite in an amount of about 5% to about 100% by
weight of cementitious components; 0% to about 24% of Portland cement by weight of

cementitious components; and water.
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[0009] The features and advantages of the present invention will be readily apparent
to those skilled 1n the art. While numerous changes may be made by those skilled in the art,
such changes are within the scope of the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS
[0010] The present invention relates to cementing operations and, more particularly,
in certain embodiments, to plug-and-abandon operations using plugging compositions
comprising CKD, pumicite, and/or lime. There may be several potential advantages to the
methods and compositions of the present invention, only some of which may be alluded to
herein. One of the many potential advantages of embodiments of the present invention is that
the inclusion of the CKD and/or pumicite in the plugging composition may reduce the amount
of, or potentially eliminate, a higher cost additive, such as Portland cement, resulting in a
more economical plugging composition. Another potential advantage of embodiments of the
present invention is that reduction of the amount of Portland cement should reduce the carbon
footprint of the plug-and-abandon operation.
[0011] The plugging compositions of the present invention may comprise CKD,
pumicite, and water. In an embodiment, the plugging compositions may further comprise
lime. In one particular embodiment, the plugging composition comprises a cementitious
component that consists essentially of CKD, pumicite, and lime. Other optional additives
may also be included in embodiments of the plugging compositions of the present invention
as desired, including, but not limited to, fly ash, slag cement, metakaolin, shale, zeolite,
combinations thereof, and the like. As described in more detail herein, embodiments of the
plugging compositions of the present invention may be foamed and/or extended as desired by
those of ordinary skill in the art.
[0012] The plugging compositions of the present invention should have a density
sultable for a particular application as désired by those of ordinary skill in the art, with the
benefit of this disclosure. In some embodiments, the plugging compositions of the present
Invention may have a density in the range of from about 8 pounds per gallon (“ppg”) [959
kg/m’] to about 16 ppg [1917 kg/m’]. In other embodiments, the plugging compositions may
be foamed to a density in the range of from about 8 ppg [959 kg/m’] to about 13 ppg [1558
kg/m’].
[0013] Embodiments of the plugging compositions generally may comprise CKD.

During the manufacture of cement, a waste material commonly referred to as cement kiln dust
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(“CKD”) 1s generated. Disposal of the waste CKD can add undesirable costs to the
manufacture of the cement, as well as the environmental concerns associated with its disposal.
The chemical analysis of CKD from various cement manufactures varies depending on a
number of factors, including the particular kiln feed, the efficiencies of the cement production
operation, and the associated dust collection systems. CKD generally may comprise a variety
of oxides, such as Si0,, A1,03, Fe,0O3, CaO, MgO, SO;, Na>O, and K,O.

[0014] The CKD generally may exhibit cementitious properties, in that it may set and
harden in the presence of water. In accordance with embodiments of the present invention,
the CKD may be used, among other things, to replace higher cost cementitious components,
such as Portland cement, resulting in more economical plugging compositions. In addition,
substitution of the CKD for the Portland cement should result in a plugging composition with
a reduced carbon footprint.

[0015] The CKD may be included in the plugging compositions 1n an amount
sufficient to provide the desired compressive strength, density, cost reduction, and/or reduced
carbon footprint. In some embodiments, the CKD may be present in the plugging
compositions of the present invention in an amount in the range of from about 1% to about
100% by weight of cementitious components. Cementitious components include those
components or combinations of components of the plugging compositions that hydraulically
set, or otherwise harden, to develop compressive strength, including, for example, CKD, fly
ash, pumicite, slag, lime, shale, and the like. The CKD may be present, in certain
embodiments, in an amount of about 5%, about 10%, about 15%, about 20%, about 25%,
about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about
65%, about 70%, about 75%, about 80%, about 90%, or about 95%. In one embodiment, the
CKD may be present in the plugging compositions of the present invention in an amount in
the range of from about 5% to about 99% by weight of cementitious components. In another
embodiment, the CKD may be present in an amount in the range of from about 5% to about
80% by weight of cementitious components. In yet another embodiment, the CKD may be
present in an amount in the range of from about 50% to about 80% by weight of cementitious
components. One of ordinary skill in the art, with the benefit of this disclosure, will
recognize the appropriate amount of CKD to include for a chosen application.

[0016] The plugging compositions further may comprise pumicite. Generally,

pumicite is a volcanic rock that exhibits cementitious properties, in that it may set and harden



CA 02802959 2012-12-14
WO 2011/1614035 PCT/GB2011/000933

in the presence of hydrated lime and water. Hydrated lime may be used in combination with
the pumicite, for example, to provide sufficient calcium ions for pumicite to set. In
accordance with embodiments of the present invention, the pumicite may be used, among
other things, to replace higher cost cementitious components, such as Portland cement,
resulting in more economical plugging compositions. As previously mentioned, replacement
of the Portland cement should also result in a plugging composition with a reduced carbon
footprint.

[0017] Where present, the pumicite may be included in an amount sufficient to
provide the desired compressive strength, density, cost reduction and/or reduced carbon
footprint for a particular application. In some embodiments, the pumicite may be present in
the plugging compositions of the present invention in an amount in the range of from about
1% to about 100% by weight of cementitious components. For example, the pumicite may be
present in an amount of about 5%, about 10%, about 15%, about 20%, about 25%, about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about
70%, about 75%, about 80%, about 90%, or about 95%. In one embodiment, the pumicite
may be present in the plugging compositions of the present invention 1in an amount in the
range of from about 5% to about 99% by weight of cementitious components. In another
embodiment, the pumicite may be present in an amount in the range of from about 5% to
about 80% by weight of cementitious components. In yet another embodiment, the pumicite
may be present in an amount in the range of from about 10% to about 50% by weight of
cementitious components. In yet another embodiment, the pumicite may be present in an
amount in the range of from about 25% to about 50% by weight of cementitious components.
One of ordinary skill in the art, with the benefit of this disclosure, will recognize the
appropriate amount of the natural pozzolan to include for a chosen application.

[0018] The water that may be used in embodiments of the plugging compositions
include, for example, freshwater, saltwater (e.g., water containing one or more salts dissolved
therein), brine (e.g., saturated saltwater produced from subterranean formations), seawater, or
combinations thereof. Generally, the water may be from any source, provided that the water
does not contain an excess of compounds that may undesirably atfect other components in the
plugging composition. In some embodiments, the water may be included in an amount
sufficient to form a pumpable slurry. In some embodiments, the water may be included in the

plugging compositions of the present invention in an amount in the range of about 40% to
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about 200% by weight of cementitious components. In some embodiments, the water may be
included 1n an amount in the range of about 40% to about 150% by weight of cementitious
components. One of ordinary skill in the art, with the benefit of this disclosure, will
recognize the appropriate amount of water to include for a chosen application.

[0019] Embodiments of the plugging compositions further may comprise lime. In
certain embodiments, the lime may be hydrated lime. The lime may be included in
embodiments of the plugging compositions, for example to, form a hydraulic composition
with other components of the plugging compositions, such as the pumicite, fly ash, slag,
and/or shale. Where present, the lime may be included in the plugging compositions in an
amount sufficient for a particular application. In some embodiments, the lime may be present
in an amount in the range of from about 1% to about 40% by weight of cementitious
components. For example, the lime may be present in an amount of about 5%, about 10%,
about 15%, about 20%, about 25%, about 30%, or about 35%. In one embodiment, the lime
may be present in an amount in the range of from about 5% to about 20% by weight of
cementitious components. One of ordinary skill in the art, with the benefit of this disclosure,
will recognize the appropriate amount of the lime to include for a chosen application.

[0020] In an embodiment, plugging compositions of the present invention may
comprise pumicite and CKD in a weight ratio of from about 1/99 to about 99/1 with lime
present in an amount of from about 5% to about 15% by the combined weight of the pumicite
and the CKD. In another embodiment, plugging compositions of the present invention may
comprise pumicite and CKD in a weight ratio of from about 65/35 to about 80/20 with lime
present 1n an amount of from about 5% to about 15% by the combined weight of the pumicite
and the CKD. In general, it should be understood that as the amount of the CKD is decreased
the amount of the pumicite may be increased, in accordance with embodiments of the present
invention.

[0021] It should be understood that use of Portland cement in embodiments of the
plugging compositions should be reduced or even eliminated to provide, for example, the
desired cost savings and/or reduced carbon footprint. Accordingly, embodiments of the
plugging compositions of the present invention may comprise Portland cement in an amount
of 0% to about 24%. For example, the Portland cement may be present in an amount of about
1%, 5%, about 10%, about 15%, or about 20%. In an embodiment, the Portland cement may

be present in an amount in the range of from about 0% to about 20%. In another embodiment,
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the Portland cement may be present in an amount in the range of from about 0% to about
10%. In yet another embodiment, the plugging compositions may be essentially free of
Portland cement. As used herein, the term “essentially free” means less than about 1% by
weight of cementitious components. In certain embodiments, the plugging composition may
contain Portland cement in an amount less than about 0.1 % by weight of cementitious
components and, alternatively, less than about 0.01% by weight of cementitious components.
By way of example, the plugging composition, in certain embodiments, may be free of
Portland cement, in that the plugging composition contains no Portland cement.

[0022] The Portland cements include those classified as Classes A, C, G, and H
cements according to American Petroleum Institute, API Specification for Materials and
Testing for Well Cements, API Specification 10, Fifth Ed., July 1, 1990. In addition, the
Portland cements include those classified as ASTM Type I, 11, or III.

[0023] Embodiments of the plugging compositions further may comprise fly ash. A
variety of fly ashes may be suitable, including fly ash classified as Class C and Class F fly ash
according to American Petroleum Institute, API Specification for Materials and Testing for
Well Cements, API Specification 10, Fifth Ed., July 1, 1990. Class C fly ash comprises both
silica and lime so that, when mixed with water, it should set to form a hardened mass. Class F
fly ash generally does not contain sufficient lime, so an additional source of calcium ions is
required for the Class F fly ash to form a hydraulic composition. In some embodiments, lime
may be mixed with Class F fly ash in an amount in the range of about 0.1% to about 25% by

weight of the fly ash. In some instances, the lime may be hydrated lime. Suitable examples
of fly ash include, but are not limited to, POZMIX® A cement additive, commercially

available from Halliburton Energy Services, Inc., Duncan, Oklahoma.

10024] Where present, the fly ash generally may be included in the plugging
compositions in an amount sufficient to provide the desired compressive strength, density,
and/or cost. In some embodiments, the fly ash may be present in the plugging compositions
of the present invention in an amount in the range of about 5% to about 75% by weight of
cementitious components. In some embodiments, the fly ash may be present in an amount in
the range of about 10% to about 60% by weight of cementitious components. One of
ordinary skill in the art, with the benefit of this disclosure, will recognize the appropriate

amount of the fly ash to include for a chosen application.
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[00235] Embodiments of the plugging compositions further may comprise a slag
cement. In some embodiments, a slag cement that may be suitable for use may comprise slag.
Slag generally does not contain sutficient basic matenal, so slag cement further may comprise
a base to produce a hydraulic composition that may react with water to set to form a hardened
mass. Examples of suitable sources of bases include, but are not limited to, sodium
hydroxide, sodium bicarbonate, sodium carbonate, lime, and combinations thereof.

[0026] Where present, the slag cement generally may be included in the plugging
compositions in an amount sufficient to provide the desired compressive strength, density,
and/or cost. In some embodiments, the slag cement may be present in the plugging
compositions of the present invention in an amount in the range of about 0.1% to about 99%
by weight of cementitious components. In some embodiments, the slag cement may be
present in an amount in the range of about 5% to about 75% by weight of cementitious
components. One of ordinary skill in the art, with the benefit of this disclosure, will
recognize the appropriate amount of the slag cement to include for a chosen application.
[0027] Embodiments of the plugging compositions further may comprise metakaolin.
Generally, metakaolin 1s a white pozzolan that may be prepared by heating kaolin clay, for
example, to temperatures in the range of about 600°C to about 800°C. In some embodiments,
the metakaolin may be present in the plugging compositions of the present invention in an
amount in the range of about 5% to about 95% by weight of cementitious components. In
some embodiments, the metakaolin may be present in an amount in the range of about 10% to
about 50% by weight of cementitious components. One of ordinary skill in the art, with the
benefit of this disclosure, will recognize the appropriate amount of the metakaolin to include

for a chosen application.

[0028] Embodiments of the plugging compositions further may comprise shale.
Among other things, shale included in the plugging compositions may react with excess lime
to form a suitable cementing material, for example, calcium silicate hydrate. A variety of
shales may be suitable, including those comprising silicon, aluminum, calcium, and/or
magnesium. An example of a suitable shale comprises vitrified shale. Suitable examples of
vitrified shale include, but are not limited to, PRESSUR-SEAL FINE LCM material and
PRESSUR-SEAL COARSE LCM Mnrma’te:rial, which are commercially available from TXI
Energy Services, Inc., Houston, Texas. Generally, the shale may have any particle size

distribution as desired for a particular application. In certain embodiments, the shale may
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have a particle size distribution in the range of about 37 micrometers to about 4,750
micrometers.

[0029] Where present, the shale may be included in the plugging compositions of the
present invention in an amount sufficient to provide the desired compressive strength, density,
and/or cost. In some embodiments, the shale may be present in the plugging compositions of
the present invention in an amount in the range of about 5% to about 75% by weight of
cementitious components. In some embodiments, the shale may be present in an amount in
the range of about 10% to about 35% by weight of cementitious components. One of
ordinary skill in the art, with the benefit of this disclosure, will recognize the appropriate
amount of the shale to include for a chosen application.

[0030] Embodiments of the plugging compositions further may comprise zeolite.
Zeolites generally are porous alumino-silicate minerals that may be either a natural or
synthetic material. Synthetic zeolites are based on the same type of structural cell as natural
zeolites, and may comprise aluminosilicate hydrates. As used herein, the term “zeolite” refers
to all natural and synthetic forms of zeolite. Examples of suitable zeolites are described in
more detail in U.S. Patent No. 7,445,669. An example of a suitable source of zeolite is
available from the C2C Zeolite Corporation of Calgary, Canada. In some embodiments, the
zeolite may be present in the plugging compositions of the present invention in an amount in
the range of about 5% to about 65% by weight of cementitious components. In certain
embodiments, the zeolite may be present in an amount in the range of about 10% to about
40% by weight of cementitious components. One of ordinary skill in the art, with the benefit
of this disclosure, will recognize the appropriate amount of the zeolite to include for a chosen
application.

[0031] Embodiments of the plugging compositions further may comprise a set
retarding additive. As used herein, the term “set retarding additive” refers to an additive that
retards the setting of the plugging compositions of the present invention. Examples of
suitable set retarding additives include, but are not limited to, ammonium, alkali metals,
alkaline earth metals, metal salts of sulfoalkylated lignins, organic acids (e.g.,
hydroxycarboxy acids), copolymers that comprise acrylic acid or maleic acid, and
combinations thereof. One example of a suitable sulfoalkylated lignin comprises a
sulfomethylated lignin. Suitable set retarding additives are disclosed in more detail in United

States Patent No. Re. 31,190.
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Suitable set retarding additives are commercially available from Halliburton

Energy Services, Inc. under the trademarks HR® 4, HR® 5, HR® 7, HR® 12, HR®15, HR®25,
HR®601, SCR™ 100, and SCR™ 500 retarders. Generally, where used, the set retarding

additive may be included in the plugging compositions of the present invention in an amount
sufficient to provide the desired set retardation. In some embodiments, the set retarding
additive may be present in the plugging compositions of the present invention an amount in
the range of about 0.1% to about 5% by weight of cementitious components. One of ordinary
skill in the art, with the benefit of this disclosure, will recognize the appropriate amount of the
set retarding additive to include for a chosen application.

[0032] Optionally, other additional additives may be added to the plugging
compositions of the present invention as deemed appropriate by one skilled in the art, with
the benefit of this disclosure. Examples of such additives include, but are not limited to,
strength-retrogression additives, set accelerators, weighting agents, lightweight additives, gas-
generating additives, mechanical property enhancing additives, lost-circulation materials,
filtration-control additives, dispersants, fluid loss control additives, defoaming agents,
foaming agents, oil-swellable particles, water-swellable particles, thixotropic additives, and
combinations thereof. Specific examples of these, and other, additives include crystalline
silica, amorphous silica, fumed silica, salts, fibers, hydratable clays, microspheres, rice husk
ash, elastomers, elastomeric particles, resins, latex, combinations thereof, and the like. A
person having ordinary skill in the art, with the benefit of this disclosure, will readily be able
to determine the type and amount of additive useful for a particular application and desired
result.

[0033] As will be appreciated by those of ordinary skill in the art, embodiments of the
plugging compositions of the present invention may be used for forming a seal in a plug-and-
abandon operation. An example of a method for plugging and abandoning a well comprises
placing a plugging composition in a selected plug location in a well bore and allowing the
plugging composition to set to form a plug. The plug location may be selected so that the
well bore can be sealed off for abandonment. For example, the plug location may be selected
so that selected interval of the well bore may be sealed. In an embodiment, the selected
location may be adjacent to a hydrocarbon-containing formation or a water-containing
formation. In an embodiment, the plugging and abandoning operation may include the

formation of two or more plugs in the well bore. For example, the method may further
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include placement of a second plugging composition in another selected plug location in the
well bore.
[0034] To facilitate a better understanding of the present invention, the following
examples of certain aspects of some embodiments are given. In no way should the following
examples be read to limit, or define, the scope of the invention.

EXAMPLE 1
[0035] A series of sample plugging compositions were prepared at room temperature
and subjected to 24-hour crush strength tests at 185°F [85°C] in accordance with API
Specification 10 to determine force resistance properties of plugging compositions that
comprise CKD, pumicite, and lime. The sample compositions were allowed to cure in a water
bath at 185°F [85°C] for twenty-four hours. Immediately after removal from the water bath,
crush strengths were determined using a Tinius Olsen tester. The results of the crush strength
tests are set forth in the table below.
[0036] Each of the samples had a density of 12.5 ppg [1498 kg/m’] and contained
200-mesh pumicite, Joppa CKD, lime, and water and were free of Portland cement. In the
following table, percent by weight is based on the weight of the pumicite and the CKD in the

samples.
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TABLE 1
Crush Strength Tests:
Pumicite, CKD, and Lime
Sample Water Pumicite CKD Lime 24-Hr |
(gal/sk) (Y% by | (% by wt) | (% by wt) Crush
[litre/0.028 wt) Strength
32m’] (psi)
kPa
| 0.42 35 S 83.8
35.67] 577.8]
| 2 0.82 65 35 10 126.3
[37.17] 870.8]
3 10.15 65 35 14 229
[38.42] | [1579]
4 9.33 70 30 5 75.6
| [35.32] 1 [521.2]
5 0.74 70 30 10 358
[36.87] | [2468]
|6 10.06 70 30 14 182.6
I [38.08] 1259]
7 9.25 75 25 5 52.8
[35.02] [364]
8 9.65 75 25 10 314
[36.53] | N 21635]
9 0.98 75 25 14 147
(37.78] | 1014]
10 0.16 80 20 5 32.1
[34.67] _ 221.3]
11 0.57 80 20 10 305
36.23] e 2103
12 9.89 80 20 14 144.8
37.44] 998.3]
[0037] Example 1 thus indicates that plugging compositions containing pumicite,

CKD, and lime and essentially free of Portland cement may have properties suitable for use in
plug-and-abandon operations.

EXAMPLE 2
[0038] An additional series of sample plugging compositions were prepared and tested
to determine to further analyze the force resistance properties of plugging compositions that
comprise CKD, pumicite, and lime. The samples were prepared and allowed to cure in a

water bath at 140°F [60°C]. The twenty-four hour and seventh-two hour crush strengths were
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determined at 140°F [60°C] using a Tinius Olson tester in accordance with API Specification

10. The results of the crush strength tests are set forth in the table below.

(0039]

Each of the samples had a density of 15 ppg [1797 kg/m’] and comprised

Portland Class H cement, Joppa CKD, 200-mesh pumicite, hydrated lime, a dispersant

(CFR -3 cement friction reducer), and/or water, as indicated in the table below. In the

following table, percent by weight 1s based on the weight of the pumicite and the CKD for

Samples 13-21 and on the Portland cement for Sample 22.

TABLE 2
Crush Strength Tests:
Pumicite, CKD, and Lime
| 24-Hr 72-Hr
Portland | CKD Pumicite Hydrated Dispersant Crush Crush
Sample | Cement | (% by (% by wt) Lime © /pb wi) Strength | Strength
(% bywt) | wt) |7 (% by wt) | \7°PY (psi) (psi)
[kPa] [kPa]
5 0.75 306 1209
[2110] | [8336)
A | 1 514 1988
| [3544] | [13707]
1 520 1673
5 3 10 3585] | [11535]
1.25 876 2180
16 o >0 >0 : | 160401 | [15031] |
1.25 1352 2280
L7 B ,50 >0 10 | [9322] | [15720]
1.5 896 1402
s - £ i . 6178] | [9666] |
1.5 1674 1850
19 - 25 7 10 [11542] | [12755]
1 200 520
B 20 - 100 0 0 1379] | (3585
2 812 1261
21 - 0 100 10 55091 | [8694
- 1202 2460
s R I I R N l 8287) | [16961]
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10040} Example 2 thus indicates that plugging compositions containing pumicite,
CKD, and lime and essentially free of Portland cement may have properties suitable for use in
plug-and-abandon operations.

EXAMPLE 3
(0041] An additional series of sample plugging compositions were prepared and tested
to determine to further analyze plugging compositions that comprise CKD, pumicite, and
lime. The samples were prepared and allowed to cure in a water bath at 140°F [60°C]. The
crush strengths were determined at forty-eight hours and 160°F [71.1°C] using a Tinius Olson
tester in accordance with API Specification 10. The thickening time for each sample was also
determined at 140°F [60°C] in accordance with API Specification 10.
[0042] Each of the samples had a density of 14 ppg [1678 kg/m’]and comprised
Portland Class H cement, silica (Silicalite cement additive), Joppa CKD, 200-mesh
pumicite, hydrated lime, a dispersant (CFRm-B cement friction reducer), a cement set retarder
(HR®-5 cement retarder), and/or water, as indicated in the table below. In the following table,
percent by weight is based on the weight of the pumicite and the CKD for Samples 23-26 and
on the Portland cement for Sample 27.
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TABLE 3

Crush Strength Tests:
Pumicite, CKD, and Lime

PCT/GB2011/000933

:il:llnge- 48-Hr |
Samp- Time | Cloo
le % by | (% | to70be .
.| gth (ps1)
wt) by (hr:min (pKal
wi) .
1 1 6:02 1013
I::B | [6984]
] 0.7 5:36 1701
24 11728]
55 1.25 0.75 5:23 1717
- (11838]
1.75 1523
26 | 10501]'
” _ 547 | 2040
-7 ' | [14065]

B¢ = Bearden units of consistency

[0043] Example 3 thus indicates that plugging compositions containing pumicite,
CKD, and lime and essentially free of Portland cement may have properties suitable for use
in plug-and-abandon operations.

[0044] 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. 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 of the present

invention. While compositions and methods are described in terms of “comprising,”
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“containing,” or “including” various components or steps, the compositions and methods can
also “consist essentially of”” or “consist of” the various components and steps. Whenever a
numerical range with a lower limit and an upper limit is disclosed, any number and any
included range falling within the range 1s 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. Also, the terms in
the claims have their plain, ordinary meaning unless otherwise explicitly and clearly defined

by the patentee.
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CLAIMS:

1. A method of plugging a well bore for abandonment comprising:
placing a plugging composition in the well bore, the plugging composition
comprising:
cement Kiln dust in an amount of about 5% to about 90% by weight of

cementitious components,
pumicite in an amount of about 5% to about 90% by weight of

cementitious components,

0% to about 24% of Portland cement by weight of cementitious

components, and
water; and

allowing the plugging composition to set and form a plug.

2. A method according to claim 1 wherein the water is present in an amount of

about 40% to about 200% by weight of cementitious components.

3. A method according to claim 1 or claim 2 wherein the plugging composition

further comprises lime.

4. A method according to any one of claims 1 to 3 wherein the plugging
composition further comprises hydrated lime in an amount of about 1% to about 40% by

weight of cementitious components.

5. A method according to any one of claims 1 to 4 wherein the plugging
composition comprises 0% to about 1% of Portland cement by weight of cementitious

components.

6. A method according to any one of claims 1 to 5 wherein the plugging
composition further comprises at least one additive selected from the group consisting of fly

ash, slag cement, metakaolin, shale, zeolite, crystalline silica, amorphous silica, fumed silica,
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salt, fiber, hydratable clay, microsphere, rice husk ash, elastomer, elastomeric particle, resin,

latex, and any combination thereof.

7. A method of plugging a well bore for abandonment comprising:
placing a plugging composition in the well bore, the plugging composition
comprising:
a cementitious component consisting essentially of cement kiln dust,
pumicite, and lime, and
water; and

allowing the plugging composition to set and form a plug.

8. A method according to claim 7 wherein the plugging composition has a density
of about 8 pounds per gallon [958.6 kilogram/cubic metre] to about 16 pounds per gallon

[1917 kilogram/cubic metre].

9. A method according to claim 7 or 8 wherein the cement kiln dust 1s present 1n
an amount of about 25% to about 75% by weight of cementitious components, and wherein

the pumicite is present in an amount of about 25% to about 75% by weight of cementitious

components.

10. A method according to any one of claims 7 to 9 wherein the water comprises at

least one water selected from the group consisting of freshwater, saltwater, brine, seawater,

and any combination thereof.

11. A method according to any one of claims 7 to 10 wherein the plugging
composition further comprises at least one additive selected from the group consisting of a set
retarding additive, a strength-retrogression additive, a set accelerator, a weighting agent, a
lightweight additive, a gas-generating additive, a mechanical property enhancing additive, a
lost-circulation material, a filtration-control additive, a dispersant, a fluid loss control

additive, a defoaming agent, a foaming agent, an oil-swellable particle, a water-swellable

particle, a thixotropic additive, and any combination thereof.
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12. A method according to any one of claims 7 to 11 further comprising forming a
second plug in the subterranean formation using a plugging composition comprising cement

kiln dust and pumicite.

13. A method according to any one of claims 7 to 12, wherein the lime comprises

hydrated lime, the hydrated lime present in an amount of about 1% to about 40% by weight of

cementitious components.

14. A method according to any one of claims 7 to 13, wherein the plugging
composition further comprises at least one additive selected from the group consisting of
zeolite, crystalline silica, amorphous silica, fumed silica, salt, fiber, hydratable clay,

microsphere, rice husk ash, elastomer, elastomeric particle, resin, latex, and any combination

thereof.

15. A plugging composition comprising:
cement kiln dust in an amount of about 5% to about 90% by weight of

cementitious components;

pumicite in an amount of about 5% to about 90% by weight of cementitious

components;

0% to about 24% of Portland cement by weight of cementitious components;

and

water.
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