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Wellbore Cement Compositions and Wellbore Cementing Methods

TECHNICAL FIELD
[0001] Compositions and methods herein pertain to wellbore cement
compositions and wellbore cementing methods, such as those that include or use

an additive powder.

BACKGROUND

[0002] The process of preparing wells drilled in subterranean formations, such
as hydrocarbon production wells, often includes cementing the well. Known
techniques for well cementing protect and seal the wellbore. Cementing may be
used to seal the annulus between the wellbore wall and casing in the wellbore.
Cementing may also be used to plug portions of a well, including for the purpose of
abandonment, to seal a lost circulation zone, etc.

[0003] Cement powder may be mixed with water on-site to provide cement slurry
or, less preferably, mixed with water off-site and transported to the well site. Cement
slurry pumped into a wellbore, such as into the annulus, displaces fluids in the
wellbore and replaces them with cement. A wide variety of additives may be
included in the cement slurry to provide desired time for setting the cement, density,
viscosity, strength, etc. Additives may be liquid or solid. Liquid additives use
additional personnel and equipment for storage, handling, and dosing into cement
slurry and increase the complexity of a cementing job compared to solid additives.

Unfortunately, some additives are only available in liquid form. Accordingly,
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additives suitable as solid replacements for known liquid additives are desirable.
Solid additives may be mixed with cement powder before transport to a well site and

do not use extra personnel or equipment at the site, resulting in economic savings.

SUMMARY

[0004] A wellbore cement composition includes substantially unhydrated cement
powder and additive powder for cement. The additive powder is formulated from
ingredients including a liquid additive for cement and solid carrier particles. The
liquid additive is absorbed by the solid carrier particles.

[0005] A wellbore cementing method includes using a dry cement composition,
adding water to the dry cement composition, forming a cement slurry, placing the
slurry in a wellbore, and setting the placed slurry. The dry cement composition
contains substantially unhydrated cement powder and retarder powder for cement.
The retarder powder contains a retarder absorbed by solid carrier particles.

[0006] A wellbore cementing method includes absorbing a liquid retarder for
cement using solid carrier particles and thus forming a retarder powder for cement,
forming a dry cement composition, adding water to the dry cement composition,
forming a cement slurry, placing the slurry in a wellbore, and setting the placed
slurry. The retarder powder contains a mass of the liquid retarder at least two times
a mass of the solid carrier particles. The dry cement composition contains an

admixture of substantially unhydrated cement powder and the retarder powder.
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DETAILED DESCRIPTION

[0007] According to one method, absorption of known liquid additives, or
perhaps new liquid additives, for cement by a substrate may provide a delivery
mechanism for liquid additives in a substantially dry state. As the term is used
herein, “absorption” refers to the taking up of the liquid by the substrate. Absorption
may occur by a variety of known physical mechanisms. Even though a liquid is
absorbed by a finely divided substrate, such as powder, the substrate may
nonetheless exhibit flow properties similar to those of the substrate prior to the
absorption. Absorbed liquid additives may thus exhibit the properties of known solid
additives that may be mixed with cement powder. For example, absorbed liquid
additives may have particle size distributions similar to known solid additives.
Absorbed liquid additives may be flowable to facilitate handling.

[0008] Accordingly, absorbed liquid additives may be handled as solids, reducing
the amount and complexity of additive handling equipment and reducing the
likelihood of error when cementing wellbores. Knowing the amount of a liquid
additive absorbed by the substrate, cement powder may be prepared in advance
with a desired loading of liquid additive merely by adding a corresponding amount of
the substrate with absorbed liquid additive. Once liquid additive absorbs by a
substrate, it may be handled in a similar manner to solid additives, such as dry
powder additives. Then, the absorbed liquid additive may be mixed with other dry
powder additives and cement powder without causing viscosity issues or other
incompatibility issues in the cement powder. Consequently, liquid additive absorbed

by a solid substrate affords the benefits of simplified handling available for dry
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powder additives while still allowing use of known liquid additives available in the
petroleum industry.

[0009] A variety of finely-divided solid substrates might be suitable. Microporous
substrates may be used, defined as substrates exhibiting pore sizes less than 2
nanometers (nm) per IUPAC notation. Absorption of the liquid additive may be
accomplished at standard temperature and pressure, increased temperature and
pressure, standard temperature and reduced pressure, or increased temperature
and reduced pressure. Various physical and chemical properties of a liquid additive,
such as viscosity and/or vapor pressure, may affect absorption. One of the listed
sets of temperature and pressure operating conditions may be selected for the
absorption process to produce desired characteristics for the resulting solid additive,
as discussed further below. Known techniques for absorbing liquids using
microporous powders may be used. Fine or course powder of various particle sizes
may be selected to distribute the powder additive in cement powder, depending on
desired characteristics of the powder mixture.

[0010] US Patent Nos. 7,086,466 issued to Roddy and 6,648,962 issued to
Berke describe adding water to hydratable cement particulates, setting and
hardening the particulates by reaction with water, comminuting the substantially
hydrated mass, and providing substantially hydrated cement particulates. Additives
for cement may be included in the cement particulates with the addition of water to
form the hardened, substantially hydrated mass or may be coated on the resulting
cement particulates. However, such a method adds the complexity of hydrating and

comminuting cement particulates. The Roddy and Berke methods may be
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contrasted with the compositions and methods herein that rely on known solid
substrates readily commercially available.

[0011] According to one composition, a wellbore cement includes substantially
unhydrated cement powder and additive powder for cement. The additive powder is
formulated from ingredients including a liquid additive for cement and solid carrier
particles. The liquid additive is absorbed by the solid carrier particles. “Unhydrated”
cement powder refers to cement powder that since its production has not been
hydrated sufficiently to produce a cementitious reaction that bonds particles
together. “Unhydrated” thus differs from “dehydrated,” referring to the absence of
water. Commercially available cement powder is generally unhydrated, but is not
necessarily dehydrated since some absorption of atmospheric moisture may occur.
[0012] By way of example, the liquid additive may include a material selected
from retarders, drilling mud surfactants, fluid loss agents, dispersants, antifoam
agents, cement set accelerators, foamers, foam stabilizers, and combinations
thereof in accordance with the known usage for such terms in the petroleum
industry. Retarders increase the duration of curing for cement, such as the set time
and thickening time. Since cement slurry placed in a wellbore may be exposed to
elevated bore temperatures, set time may decrease at the higher temperatures. A
retarder may allow control of set time at the elevated temperatures.

[0013] Drilling mud surfactants may be added in the initial volume of cement
pumped into a wellbore to clean out drilling mud. A cleaning agent containing

surfactant, water, weighting agent (bentonite, etc.) may be placed as a plug ahead
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of cement to remove incompatible components of drilling mud that may negatively
impact cement quality.

[0014] Due to chemical and/or physical similarities, antifoam agents might
perform similarly to retarders with regard to absorption by and release from solid
carrier particles. Examples include polyglycol ether polymers, vegetable oils,
silicone oils, and C; to C4, alcohols (especially Cs to C1p). Foam stabilizers may also
perform similarly. Dispersants, such as polynapthalene sulfonate formaldehyde
polymer, acetone formaldehyde polymers, and acrylic acid polycarboxylate polymer,
may further perform similarly.

[0015] The liquid additive may include a liquid retarder for cement, discussed
further below as providing unexpected benefits when absorbed by solid carrier
particles and used in cement. The liquid retarder may include modified
phosphonate/gluconic acid-based polymer or acrylic acid-polyethylene glycol
copolymer. The solid carrier particles may include a microporous material. Solid
carrier particles may also be a non-cementitious material. More specifically, solid
carrier particles may include a material selected from diatomaceous earth, zeolite,
aerogel, expanded ceramic, pumice, porous silica, and combinations thereof.
[0016] Depending on the properties of the liquid additive and the solid carrier
particles, various liquid loadings absorbed by the solid may be provided. The
additive powder may include a mass of the liquid additive at least one-half a mass
of the solid carrier particles, such as at least two times a mass of the solid carrier
particles. Beneficially, a loading may be selected for the liquid additive in the solid

carrier particles to provide an additive powder. Then, the amount of additive powder
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in the cement composition may be varied to provide a desired liquid additive content
in the wellbore cement composition or resulting cement slurry.

[0017] According to one method, wellbore cementing includes using a dry
cement composition, adding water to the dry cement composition, forming a cement
slurry, placing the slurry in a wellbore, and setting the placed slurry. The dry cement
composition contains substantially unhydrated cement powder and retarder powder
for cement. The retarder powder contains a retarder absorbed by solid carrier
particles.

[0018] By way of example, the retarder powder may delay the set of the placed
slurry longer than the slurry without the retarder powder. More specifically, the
retarder powder may delay set of the cement for at least three hours following
addition of the water. Unexpectedly, liquid retarder may perform better when
absorbed by a substrate than when used in liquid form. For example, an amount of
the retarder absorbed by the solid carrier particles may delay the set of the placed
slurry longer than an equal amount of retarder in liquid form added to the cement
slurry.

[0019] The method may further include dissolving the retarder from the solid
particles into the cement slurry. Without being limited to any particular theory, it is
possible that retarder absorbed by solid carrier particles may gradually dissolve
from the carrier over a period of time. It is also possible that the process of
absorbing retarder using solid carrier particles changes the physical structure of a
retarder, such as a polymer, so that it becomes more effective when dissolved into

cement slurry.
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[0020] Retarder may release from the solid carrier particles into the cement
slurry over a longer period of time than liquid retarder added to the cement slurry.
The gradually dissolving and distributing retarder may contribute to the benefit of
using less retarder when absorbed by solid carrier particles to provide a given set
time. That is, for an amount of liquid retarder added directly to cement slurry and
known for producing a certain set time, less retarder may be used when absorbed
by solid carrier particles to produce the same set time. As a result, liquid additive
absorption may reduce the cost of retarder usage. The cost of the retarder not
needed for retarder powder may be greater than the cost of the solid carrier
particles used in retarder powder.

[0021] In testing, retarder was extracted from retarder powder with water after
liquid retarder absorption by solid carrier particles. The cement set time was
compared for the original liquid retarder, extracted liquid retarder, and retarder
powder. Although equivalent amounts of retarder were compared, extracted liquid
retarder yielded about five times the set time of original liquid retarder and retarder
powder yielded about ten times the set time of original liquid retarder. As a result, a
beneficial physical change in the retarder apparently occurred. Thus, the distribution
of retarder when absorbed by solid carrier particles may also contribute to the
benefit of using less retarder to provide a given set time.

[0022] As indicated above, the solid carrier particles used in the subject method
may include a microporous, non-cementitious material. Also, the solid carrier
particle materials listed above for the cement composition may be used in the

present method. Further, the retarder powder may exhibit the property of
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maintaining strength of the set cement compared to the set cement without the
retarder powder. That is, the addition of solid carrier particles does not affect cured
cement quality.

[0023] According to another method, wellbore cementing includes absorbing a
liquid retarder for cement using solid carrier particles and thus forming a retarder
powder for cement, forming a dry cement composition, adding water to the dry
cement composition, forming a cement slurry, placing the slurry in a wellbore, and
setting the placed slurry. The retarder powder contains a mass of the liquid retarder
at least two times a mass of the solid carrier particles. The dry cement composition
contains an admixture of substantially unhydrated cement powder and the retarder
powder.

[0024] By way of example, an amount of the retarder absorbed by the solid
carrier particles may delay the set of the placed slurry longer than an equal amount
of retarder in liquid form added to the cement slurry. The liquid retarder may include
modified phosphonate/gluconic acid-based polymer or acrylic acid-polyethylene
glycol copolymer. The solid carrier particles may include microporous, non-

cementitious material.

EXAMPLE 1

[0025] Liquid retarders R-450L and SR-34L were absorbed by diatomaceous
earth in amounts that nevertheless maintained a free-flowing solid product. Both R-
450L and SR-34L are modified phosphonate/gluconic acid-based polymers

available from Nalco Co. in Naperville, lllinois. The absorption was done by warming
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the fluids and adding them to the diatomaceous earth under vacuum. Using this
method, loadings of 1.69 grams (g) of R-450L per 1.0g of diatomaceous earth and
2.24g of SR-34L per 1.0g of diatomaceous earth were achieved as the absorbable

limits.

EXAMPLE 2

[0026] Comparison of thickening times for liquid retarder (R-450L) and absorbed
liquid retarder (R-450L-SORB) under the same conditions of temperature and
pressure, density, and slurry design are shown in Table 1, Table 2, and Table 3.
The amount of retarder absorbed by the diatomaceous earth (DE) in grams per
sack (gps) was equal to be the amount of the liquid retarder used in the slurry.
[0027] Datain Table 1 was collected from a slurry at 258° F containing 15.80
pounds per thousand gallons (ppg) Dykerhoff G cement and 35% by weight of
cement (BWOC) silica flour. The R-450L-SORB contained 1.69g R-450L per 1.0g
DE). Measurements were taken using a known consistometer in which “Bc” refers to
Bearden Units of Consistency, giving an indication of pumpability. “Shear Pin” refers
to the breaking of a shear pin when the cement sets, avoiding damage to the
consistometer. To reduce settling, ASA-301 free fluid control agent available from
Fritz Industries, Inc. in Mesquite, Texas was included in samples that showed solid

components in the cement slurry beginning to settle out.

TABLE 1
Retarder Retarder % | Equivalent 70 Bc 100 Bc Sg?nar
BWOC gps Retarder | hrmn hr:mn )
hr:mn
R-450L-SORB 0.25 0.017 0:54 0:59 1:18

10
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R-450L-SORB 1 0.066 1:45 1:46 2:16
R-450L-SORB 1.25 0.83 1:55 1:57 2:31
R-450L-SORB 2 0.132 3:36 3:37 3:48
none 0 0 1:01 1:04 1:17
No retarder, 1% DE 0 0 0:41 0:51 1:07
R-450L* 1 0.066 1:27 1:28 1:30
R-450L* 2 0.132 1:50 1:51 1:51

(*contained 0.15% BWOC (by weight of cement) ASA-301)
[0028] Data in Table 2 was collected from a slurry at 291° F containing 15.80
ppg Dykerhoff G cement and 35% BWOC silica flour. The R-450L-SORB contained

1.69g R-450L per 1.0g DE)

TABLE 2
retarder | ReEtader Eq“"’as'e”t 70Bc | 100Bc | SMe
% BWOC 9p hr:mn hr:mn ]
Retarder hr:mn
R-450L-SORB 2 0.132 1:30 1:37 1:48
R-450L-SORB 4 0.26 2:03 2:04 2:10
R-450L 2 0.132 1:26 1:27 1:30
R-450L 4 0.26 1:46 1:47 1:49

[0029] Datain Table 3 was collected from a slurry at 258° F containing 15.80
ppg Dykerhoff G cement and 35% BWOC silica flour. The SR-34L-SORB contained

2.24g SR-34L per 1.0g DE.

TABLE 3
metarder | Retarder Eq“""‘;'e”t 70B¢ | 100Bc | Speer
% BWOC 9p hr:mn hr:mn )
Retarder hr:mn
SR-34L- ) ) )
SORB* 2 0.132 | 28:54 28:54 29:10
SR-34L* 2 0.132 3:16 3:18 3:25
SR-34L + DE* 2 0.132 2:51 2:54 3:40

(*contained 0.15% BWOC ASA-301)

11
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[0030] Absorption of R-450L by diatomaceous earth increased its retardation
ability approximately 20 minutes beyond the equivalent amount of unabsorbed R-
450L at 291° F. At 258° F, 1% of the retarder showed a twenty minute difference
between the absorbed and unabsorbed R-450L. Increasing the concentration to 2%
resulted in more than doubling the retardation time of the absorbed R-450L.

[0031] Without being limited to any particular theory, it is believed that the
release of R-450L from the diatomaceous earth was not instantaneous, but followed
a short amount of time which then delayed its effect. However, the theory was not
tested.

[0032] Absorption of SR-34L by diatomaceous earth resulted in a material which
gave an extreme lengthening of retardation time compared to the equal amount of
liquid SR-34L. It was not determined why such an increase occurred. One theory
was that the process to absorb the SR-34L resulted in breaking the polymer chain
into smaller pieces. It was reported elsewhere that such lower molecular weight
materials are stronger retarders than higher molecular weight polymers. No synergy
was observed in extending retardation when liquid SR-34L and plain diatomaceous

earth were combined separately in the cement.

EXAMPLE 3

[0033] Using the same process as Example 1, S-5 liquid spacer surfactant
package available from Baker Hughes, Inc. in Houston, Texas was absorbed by
diatomaceous earth with a loading of 0.84g of S-5 per 1.0g diatomaceous earth as

the absorbable limit.

12



WO 2015/073121 PCT/US2014/056809

EXAMPLE 4

[0034] A 15.5 ppg oil-based synthetic mud was obtained from the Newfield
Morro Creek H&P 389 site, lot #16150P130261. A 17.5 ppg spacer system was
created containing ASA-301, Barite (barium sulfate weighting additive), FP-6L
defoamer available from Geo Specialty Chemicals in Ambler, Pennsylvania, water,
and the S-5 surfactant (either liquid or absorbed). Various amounts of each
component were evaluated at 160° F in a compatibility mud test performed for
different rates of pure liquid S-5 and absorbed S-5 surfactant in a spacer system.
Rheologies were measured for 100% mud, 75% mud-25% spacer, 50% mud-50%
spacer, 25% mud-75% spacer, and 100% spacer. Incompatibilities were detected
when rheologies between 100% oil based mud and 100% spacer fluid exceeded the
viscosity of the pure fluids.

[0035] In each test using the absorbed S-5, viscosities significantly higher than
pure mud and pure spacer were observed. The high viscosity indicated the S-5 was
not available to help homogenize the mud/spacer system, but instead the system
formed viscose emulsion-type fluids. The presence of the emulsion-type fluids
suggested S-5 might have remained trapped in the diatomaceous earth for an
undetermined reason.

[0036] In compliance with the statute, the embodiments have been described in
language more or less specific as to structural and methodical features. It is to be
understood, however, that the embodiments are not limited to the specific features

shown and described. The embodiments are, therefore, claimed in any of their

13
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forms or modifications within the proper scope of the appended claims appropriately

interpreted in accordance with the doctrine of equivalents.

14
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CLAIMS

What is claimed is:

1. A wellbore cement composition comprising:

substantially unhydrated cement powder; and

additive powder for cement, the additive powder being formulated from
ingredients including a liquid additive for cement and solid carrier particles, the

liquid additive being absorbed by the solid carrier particles.

2. The composition of claim 1 wherein the liquid additive comprises a
material selected from retarders, drilling mud surfactants, fluid loss agents,
dispersants, antifoam agents, cement set accelerators, foamers, foam stabilizers,

and combinations thereof.

3. The composition of claim 1 wherein the liquid additive comprises a

liquid retarder for cement.

4. The composition of claim 3 wherein the liquid retarder comprises
modified phosphonate/gluconic acid-based polymer or acrylic acid-polyethylene

glycol copolymer.

5. The composition of claim 1 wherein the solid carrier particles comprise

a microporous, non-cementitious material.

6. The composition of claim 1 wherein the solid carrier particles comprise
a material selected from diatomaceous earth, zeolite, aerogel, expanded ceramic,

pumice, porous silica, and combinations thereof.

15
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7. The composition of claim 1 wherein the additive powder comprises a

mass of the liquid additive at least one-half a mass of the solid carrier particles.

8. The composition of claim 1 wherein the additive powder comprises a

mass of the liquid additive at least two times a mass of the solid carrier particles.

9. A wellbore cementing method comprising:
using a dry cement composition containing:
substantially unhydrated cement powder; and
retarder powder for cement, the retarder powder containing a retarder
absorbed by solid carrier particles;
adding water to the dry cement composition and forming a cement slurry;
and

placing the slurry in a wellbore and setting the placed slurry.

10.  The method of claim 9 wherein the retarder powder delays the set of

the placed slurry longer than the slurry without the retarder powder.

11.  The method of claim 9 wherein the retarder powder delays set of the

cement for at least three hours following addition of the water.

12.  The method of claim 9 wherein an amount of the retarder absorbed by
the solid carrier particles delays the set of the placed slurry longer than an equal

amount of retarder in liquid form added to the cement slurry.

13. The method of claim 9 wherein the solid carrier particles comprise a

microporous, non-cementitious material.

16
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14.  The method of claim 9 wherein the solid carrier particles comprise a
material selected from diatomaceous earth, zeolite, aerogel, expanded ceramic,

pumice, porous silica, and combinations thereof.

15.  The method of claim 9 further comprising dissolving the retarder from

the solid carrier particles into the cement slurry.

16.  The method of claim 9 wherein the retarder powder exhibits the
property of maintaining strength of the set cement compared to the set cement

without the retarder powder.

17. A wellbore cementing method comprising:
absorbing a liquid retarder for cement using solid carrier particles and thus
forming a retarder powder for cement, the retarder powder containing a mass of the
liquid retarder at least two times a mass of the solid carrier particles;
forming a dry cement composition containing an admixture of:
substantially unhydrated cement powder; and
the retarder powder;
adding water to the dry cement composition and forming a cement slurry;
and

placing the slurry in a wellbore and setting the placed slurry.

18. The method of claim 17 wherein an amount of the retarder absorbed
by the solid carrier particles delays the set of the placed slurry longer than an equal

amount of retarder in liquid form added to the cement slurry.

17



WO 2015/073121 PCT/US2014/056809

19. The method of claim 17 wherein the liquid retarder comprises
modified phosphonate/gluconic acid-based polymer or acrylic acid-polyethylene

glycol copolymer.

20. The method of claim 17 wherein the solid carrier particles comprise a

microporous, non-cementitious material.

18
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