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PUCT PATENTAPPLICATION

LOW DENSITY CEMENT COMPOSITION FOR USE IN HIGH
TEMPERATURE CONDITIONS FOR CEMENTING WELLS

BACKGROUND

Field of the Invention

{6663} This nvention generally relates to low density cement compositions. More
specifically, this invention relates to low density cements for use in high temperature

conditions for cementing wells.

Backeround of the Invention

1368627 Comenting a string in one stage 18 a challenging task, especially in the presence of
weak formations, including where there is a lost circulation zone. Cement slarry losses
during placement can occur when the equivalent circulating density (ECD) exceeds 10.96
Ih/gal during placement. A conventional method to overcome this challenge is to use multi-
stage cementing by setting the stage tool above the loss circulation zone. However, stage
tools can fail, thus causing serious delay and economic loss due {0 remedial operations such
as perforation and squeeze jobs. Furthermore, complexity of multi-stage installing also leads
to failure. In addition, stage tools are considered weak points and not good for use as long
term seals. A socond method for zonal isolation is to use low density cement.

{68031 Low density cement shuries can be used to reduce the hydrostatic pressure on
weak formations and to cement lost circulation zones. Exaroples of low density cerents are

water extender cements, foam cements, and hollow microsphere coments.
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[6664]  Water extender cements are generally limited in density to about 11.50 Ib/gal.
Cement fallback often occurs and top of set cement can be hundreds of feet below the ground
level because the formations cannot withstand the hydrostatic 1oad exerted by water extende
cements even if full circulation is maintained to the surface and coment returng are noted.
Sulfide-containing water can also corrode the uncemented casing resulting in expensive
remedial treatments. Water extender coments can be used in multistage operations, however

multistage cementing shows only Hmited success, as discussed above.

86085}  To avoid multistage tools failure as well as the problems associated with the other
types of cersents noted above, hollow microsphere cement has been developed. Hollow
microsphere ceroent can be used to prepare cement having a density of about 9.22 1b/gal
coment. A gas can be contained in the microspheres to further reduce coment density further

down to about 8.02 Ib/gal.

{68061  There are several methods to prepare hollow microsphere cement. One way is to
prepare a mixture of coarse and fine ceroent particles, fly ash, fumed silica, holiow glass
spheres, and water. Another method is to add hollow glass or ceramic microspheres to
plasticizer, cement, and a strengthening agent such as aluminum metal powder and sodium
sulfate. However, these existing hollow microsphere cement formulations are subject to
problems related to fluid Joss control and low compressive strength. A new design of low
density cement to enhance and maintain the compressive strength that can eliminate

multistage comenting operations, when possible, is needed.

SUMMARY OF THE INVENTION

[B807]  Ermbodiments of the present invention provide low density cement compositions.
The compositions include a cement component, a glass sphere component, a bentonite
component, a fine calcium carbonate component, a medium calcium carbonate component, a
silica sand component, and a silica flowr component. In further erbodiments, the cement
componeunt includes both a Portland cement component and 2 microfine cement component.

[6608] Embodiments of the present invention have cnough compressive strength to
support casing and provide good wellbore isolation without the need to add strengthening

agents such as aluminum metal powder or sodium solfate.

[
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BRIEF DESCRIPTION OF BRAWINGS

8689} These and other features, aspects, and advantages of the present invention are better
understood with regard to the following Detailed Description of the Preterred Embodiments,
appended Claims, and accompanying Figures, where:

{3616}  Figure 1 shows an example of LDC AP compressive strength load chart;

{3611}  Figure 2 shows an image of an embodiment low density cement composition —
Example | — after curing at 300°F for 3 days;

{6812}  Figure 3 shows a graph of compressive strength of cured Example 1 is measured
using the API crushing method, which shows cured Example 1 has a compressive strength of
3623 psi; and

[6613]  Figure 4 shows a graph of compressive strength of cured Example 1 is measured

using the API crushing method, which shows cured Exarople 1 has a compressive strength of,

16614}  Figures 1-4 and their description facilitate a better understanding of the low density
cement composition. In no way should Figures 1-4 limit or define the scope of the invention.

Figures 1-4 are simple diagrams for case of description.

BETVAILED DESCRIPTION OF THE INVENTION

[6015]  Although the following detailed description countains many specific details for
purposes of illustration, it 18 understood that one of ordinary skill in the art will appreciate
that many examples, variations, and alterations to the following details are within the scope
and spirit of the mvention.  Accordingly, the exemplary crobodiments of the invention
described herein and provided in the appended figures are set forth without any loss of

generality, and without imposing limitations, on the claimed invention,

68161  In one embodiment, the invention provides a low density cersent corgposition.
The composition includes a cement component, a glass sphere component, 4 bentonite
component, a fine calcium carbonate component, a medium calcium carbonate component, a
silica sand component, and a silica flour component. In some embodiments, the glass sphere
componeut can be used to reduce density, the bentoutte component can be used to improve
fluid loss, and the medium and fine calcium carbonate can be used to wmprove fluid loss
controf by bridging the formation to be comented. In some embodiments, both silica sand

and silica floar can be used {o enhance compressive strength, In some embodiments, fine and
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medim sized components can be selected to reduce porosity of cement and thus further

enhance compressive strength.

136177  The low density cerment composition has enhanced properties that yield a cement
that can be used to coment high teroperature wells in a single stage. The enhanced properties
include better and improved fhuid oss control and enhanced compressive strength, as well as

reduced porosity.

[B018]  The coment component can be any acceptable cernent component tor use in the
cembodiments described herein. In some embodiments, the cement component is 3 Portland
cement. For example, the Portland cement can include classes A, B, O, D E, F, G, and H. In
forther embodiments, the cement corsponent includes a microfine cement component. In
further embodiments, the microfine coment component has an average particle size of less
than 5 microns. In other embodiments, the microfine cement component has an average
particle size of about § microns. Tn other embodiments, the microfine cement coraponent has
an average particle size of about 4 microns. In other embodiments, the microtine coment
component has apn average particle size of about 3 microns. In other embodiments, the
microfine coment component has an average particle size of about 2 microns. In further
embodiments, the cement component inchides both Portland cement and microtine coment.
In further embodiments, the cement component includes Portland coment present in an
amount of about 100% BWOC (by weight of cement) and microfine cement present in an
amount of about 50% BWOC. The amount of the primary cement by definition (in this case
Portland cemvent) s 1309, whereas the other cement components are defined in percent of
BWOC of the primary cement, including secondary cement components like the microfine
cement. Without wishing to be bound by theory, it is believed that combinations of Portland
cement and microfine cement enhance compressive strength by reducing the porosity of the

low density cement corapositions,

16619 The glass sphere cormaponent can be any glass sphere component having a reduced
density. In some embodiments, the glass sphere component is present in an amount of about
20-100% BWOC. In some embodiments, the glass sphere component is present n an amount
of about 20-30% BWOC. In some embodiments, the glass sphere coraponent is present 1o an
amount of about 30-40% BWOC, In some embodiments, the glass sphere component is
present in an amount of about 40-50% BWOC. In some embodiments, the glass sphere

component is present in an amount of about 50-60% BWOC. In some embodiments, the

glass sphere component is present in an amount of abouwt 60-70% BWOC., In some

A4
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embodiments, the glass sphere component is present in an amount of about 70-80% BWOC,
In some embodiments, the glass sphere component s present in an amount of about 80-90%
BWOC. In some embodiments, the glass sphere component is present o an amount of about
90-100% BWOC. In some embodiments, the glass sphere component includes hollow glass
spheres. In some embodiments, the hollow glass spheres include any hollow glass spheres
that can attain specific gravities of between 0.32 and 0.60, while resisting wellbore pressures
between 2,000 and 18,000 psi. Use of such hollow spheres allows for higher compressive

strength and fower density compositions,

166287  The bentonite component is impure clay made mostly of montmorillonite. In some
ernbodiments, the bentonite cornponent is present in an amount of about 0.25-20% BWOC,
In some embodiments, the bentonite component is present in an amount of about (.25-1%
BWOC. In some embodiments, the bentonite component is present in an amount of about 1-
5% BWOC. Tn some embodiments, the bentonite component is present in an amouant of about
5-10% BWOC. In some crobodiments, the bentoutie coraponent s prescut in an aroount of
about 10-15% BWOC. In some embodiments, the bentonite coraponent is present i an
amount of about 15-20% BWGLC. In some embodiments, the bentonite component is present
in an amount of about 0.25% BWOC. In some embodiments, the bentonite component s
present in an amount of about 1% BWOC. In some embodiments, the bentonite component
is present in an amount of about 5% BWOC. In some embodiments, the bentonite
component s present in an amount of about 10% BWOC. In some embodiments, the
bentonite cornponent 15 present in an amount of about 15% BWOC, 1o some embodiments,
the bentonite component is present in an amount of about 20% BWOC. The bentonite
component can incluode potassivm bentonite, sodiom bentonite, calcium bentonite, and
aluminum bentonite. In some embodiments, the bentonite component includes a mixture of
hentonites.  The bentonite component improves thuad loss control and is a preferred
component due to its ability to bond strongly with a well casing. Materials such as
organophillic clay typically cannot be used in embodiments of the present invention, as such

materials typically do not bond strongly with a well casing.

6621} The fine calcium carbonate component includes any fine calcium carbonate. In
some embodiments, the fine calcium carbonate component is present in an amount of about
i-100% BWOC. In some embodiments, the fine calcium carbonate component is present in
an amount of about 1-10% BWOC. In some embodiments, the fine calcium carbonate

component is present in an amount of about 10-20% BWOC. In some cmbodiments, the fine
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calcivm carbonate component is present in an amount of about 20-30% BWOC, In some
embodiments, the fine calcium carbonate component is present in an amount of about 30-
40% BWOC. In some cmboduments, the fine caleium carbonate component is present in an
amount of about 40-30% BWOC. In some embodiments, the fine calcium carbonate
component is present in an amount of about 50-60% BWOC. In some embodiments, the fine
calcium carbouate compounent is preseut in an argount of about 60-70% BWOC. In some
cembodiments, the fine calcium carbonate component is present in an amount of about 70-
80% BWOC. In some embodiments, the fine calcium carbonate component is present in an
amount of about 80-90% BWOC. In some embodiments, the fine calcium carbonate
component 3 present in an amount of about 90-100% BWOC, In some embodiments, the
fine calcium carbonate component is present i an amount of abowt 1% BWOC. In some
embodiments, the fine calcium carbonate component is present in an amount of about 10%
BWOC. In some crbodiments, the fine calcium carbonate component is present in an
amount of about 20% BWOC. In some embodiments, the fine calcium carbonate component
is present in an amount of about 30% BWOC. In some embodiments, the fine calcium
carbonate component 1s present in an amount of about 40% BWOC. In some embodiments,
the fine calcium carbonate coroponent is preseut in an amount of about 50% BWOC. In
some embodiments, the fine calcium carbonate component is present 1o an amount of about
60% BWOC. In some embodiments, the fine calcium carbonate component is present in an
amount of about 70% BWOC. In some embodiments, the fine calcium carbonate component
is present in an amount of about §0% BWOC. In some embodiments, the fine calcium
carbonate cornponent is present in an amount of about 90% BWOC. In some cmbodiments,
the fine calcium carbonate compounent is present in an amount of about 100% BWOC., In
some embodiments, the fine calcium carbonate has a specific gravity of about 2.6 to about 2.8
and a mean particle size distribution of sbout 20 microns. In further embodiments, the fine
calcium carbonate has a specific gravity of less than about 2.8. In further embodiments, the
fine calcium carbonate has a mean particle size distribution of less than about 20 microns. In

sorae embodiments, the source rock 18 pure marble,

6622} The mediom calcium carbonate component includes any medmm calcium
carbonate component. In some embodiments, the medium calcium carbonate component is
present in an amount of about 1-100% BWOC, Tn some embodiments, the medium calchum
carbonate component 15 present in an amount of about -10% BWOC. In some

embodiments, the mediim caleiuim carbonate component is present in an amount of about 13-

-
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20% BWOC. In some embodiments, the medim calcium carbonate component is present in
an amount of about 23-30% BWOC. In some embodiments, the medium calcium carbonate
component is prosent in an amount of about 30-40% BWOC. o soroe embodiments, the
medium calcium carbonate component is present in an amount of about 40-50% BWOC. In
some embodiments, the medium calcium carbonate component is present in an amount of
about 50-60% BWOC, 1o some embodiments, the medium calcium carbonate component is
present in an amount of about 60-70% BWOC. In some embodiments, the medium calcium
carbonate component is present in an amount of sbout 70-80% BWOC. In some
embodiments, the mediom calciom carbonate component is present in an amount of about 8-
90% BWOC. In some crobodiments, the medium calciurn carbonate component is present in
an amount of about 90-100% BWOLC. In some embodiments, the medium calcium carbonate
component is present in an amount of about 1% BWOC, In some embodiments, the medium
calcium carbonate component is present in an amount of about 10% BWOC. In some
cembodiments, the medium calcium carbonate component is present in an amount of about
20% BWOC. In some embodiments, the medim calcium carbonate component is present in
an amount of about 30% BWOGC. In some embodiments, the medium calcium carbonate
component is present in an amount of about 40% BWOC. In somse embodiments, the
medium calcium carbonate component is present in an amount of about 50% BWOC. In
some embodiments, the medium calcium carbonate component is present in an amount of
about 60% BWOC. In some embodiments, the medium caleium carbonate component is
present in an amount of about 70% BWOC. In some crubodiments, the medium calcium
carbonate cornponent is present in an amount of about 80% BWOC. In some cmbodiments,
the medivm calcium carbonate component is present in an amount of abount 90% BWOC. In
some embodiments, the rmoedium calcivm carbonate compouent is present in an armount of
about 100% BWOC, In some embodiments, the medium calctum carbonate component has a
specific gravity of about 2.6 to abowt 2.8 and a mean particle size distribution of about 150
microns. In some embodiments, the mediam calciom carbonate component has a specific
gravity of less than about 2.8, In some embodiments, the roedium calciom carbonate
component has a8 mean particie size distribution of about 100 to about 150 microns. In some

embodiments, the source rock is pure marble.

186237  Use of the two different calcium carbonate components assists in improving

bridging and improves fluid loss control,
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16624] In some embodiments, the silica sand component is any naturally occurring or
man-made silica sand. In some ermsbodiments, the silica sand component is present in an
amount of about 1-100% BWOC. In some embodiments, the silica sand component is
present it an amount of about 1-10% BWOC. In some cmbodiments, the silica sand
component is present in an amount of about 16-20% BWOC. In some embodiments, the
silica sand component is present in an amount of sbout 20-30% BWOC. In some
cembodiments, the silica sand component is present in an amount of about 30-40% BWOC. In
some embodiments, the silica sand component is present in an amount of about 40-50%
BWOC. In some embodiments, the silica sand commponent s present in an amount of about
50-60% BWOC. In some embodiments, the silica sand component is present in an arsount of
about 60-70% BWOC. in some embodiments, the silica sand component is present in an
amount of about 70-80% BWOC. In some cmbodiments, the silica sand component is
present in apn amount of about §8-90% BWOC. In some embodiments, the silica sand
component is present in an amount of about 90-100% BWOC. The silica sand component
can have a variety of particle sizes. In some embodiments, the sifica sand component has an
average particle size of about 100 microns. In some embodiments, the silica sand component
has an average particle size of from about 100 to 200 microus. In some embodiments, the
silica sand component has an average particle size of from about 175 to 200 microns. In
some embodiments, the silica sand component has an average particle size of about 110
microns. In some embodiments, the silica sand component has an average particle size of
about 120 microns. In some embodiments, the silica sand component has an average particle
size of about 130 microns. In some embodiments, the silica sand component has an average
particle size of about 140 microns. In some embodiments, the silica sand coroponent has an
average particle size of about 150 nucrons. In some erobodunents, the silica sand component
has an average particle size of about 160 microns. In some embodiments, the silica sand
component has an average particle size of about 170 microns. In some embodiments, the
silica sand component has an average particle size of about 180 microns. In some
embodiments, the silica sand component has an average particle size of about 190 microns.
In some embodiments, the silica sand component has an average particle size of about 200

THCTONS.

[8825]  The silica flour component s used in combination with silica sand to formulate the

gas migration probleros. In some embodiments, the

L)

fow density coment such that it resists

silica flour component is present in an amount of about 1-100% BWOC. In some
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embodiments, the silica flour component is present in an amount of about 1-10% BWOC. In
some embodiments, the silica flour component is present in an amount of about 10-20%
BWOC. In sorse embodiments, the silica flour coraponent 15 present in an amount of about
20-30% BWOC. In some embodiments, the silica flour component is present in an graount of
about 30-40% BWOC. In some embodiments, the silica flour component is present in an
amount of about 40-50% BWOC. In some embodiments, the silica flour component is
present in an amount of about 50-60% BWOC. In some embodiments, the silica flour
component is present in an amount of about 60-70% BWOU. In some embodiments, the
silica flowr component is present i an amount of about 70-80% BWOC. In some
ernbodiments, the silica flour coraponent 18 present in an amount of about §0-90% BWOC,
In some embodiments, the silica flour component is present in an amount of about 90-100%
BWOC. In some embodiments, the silica flour component has an average particle size of
about 15 microns. Without wishing to be bound by theory, it is believed that the combination
of silica sand component and silica flour component increases the solids packing density of
the cement blend and thus reduces the permeability of set cement to gas flow. The
combination of both a silica sand component and a sihea flowr component assists in
preventing  strength  retrogression  and  cnhances  compressive  strength  at  elevated
temperatures. Use of the two silica components having different average particle sizes assists
in reducing the porosity of the cement and enhances the compressive strength of the low

density cement compositions.

[6826]  In further embodiments, a retarder coraponent may be included in the low density
cement composition,  As one of skill in the art will understand, retarders allow a sufficiont

amount of time to place the cement behind the casing before curing,

186277  In further embodiments, a thiid loss additive cornponent may be included in the
low density ceroent coraposition.  As one of skill in the art will understand, fhuid loss

additives can be used to enhance fluid foss control.

[6628] A person of skill in the art will understand that the use of materials such as fly ash
are not desired in the present low density cement compositions, as such materials would
tower compressive strength of the coraposition.  Higher compressive strengths are desired,
and the low density cement compositions described herein provide the desired higher
compressive strengths, Additionally, a person of skill in the art will understand that the use
of cross-linker materials is not desired in the present low density cement compositions.

While cross-linker materials arc suitable for providing fluid viscosities desired for fracturing
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operations, such viscosities are not desired for comenting of casings, and thus would not be

desirable for the fow density cernent compositions described herein.
EXAMPLES

(60291 Exaroples of specific embodiments facilitate a better understanding of the low
density cement composition. In no way should the Examples limit or define the scope of the

mvention.
EXAMPLE L&

[6038]  Table 1 shows the low density cement slurry formulation for Example 1.

] 7 ) Field
Material Lab design o
design
Water 175g 9.82 gps
Bentonite {flaid loss+density reducer)
4 0.5%
(Nontreated sodivm montmoriilonite, bg
percent
Wyoming type)
fhuid loss additive
0.5¢g (.25%
{hydroxy ethyl cellulose)
Retarder
0.5%
(sodium and calcium salts of lg
percent
tignosulphonic acids)
latex I8¢ 1 gps%
Detoarer
As needed
{polvglycol ethers or silicones)
Cement
{Portland Class G cernent with mean 200 ¢
diameter of 15-18 microns) 100%
(Glass Spheres 160 g 50.00%

-10-
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(3M hollow glass spheres with specific
gravitics of between (.32 and 0.60)
Microfine cement
100 g 50.00%
{median diameter of 2-3 microns)
CaCO; (fine) 13g 6.50%
CaC0s (medium) 78 3.50%
Silica Sand g 18%
Silica Flour 362 18%
Expansion additive
2¢ 1%
(calcined maguesiur oxide)
Targeted Density 83 pet 83 pet

Table 1: Example 1 low density cement slurry formulation
1663317  Example I composition underwent a compressive strength test and free water test.

186327  Compressive Strength Test: The compressive strength of the cement is the result
of the growth of hydrated calctum silicate crystalline structures. As these structures grow,
they gain more strength and interlock with each other. Bond strength of these crystals will be
weakened as the water to coment ratio increases, thus decrcasing the cement compressive
strength.  Corapressive strongth testing measures the strength of the cement using a2 HP/HT
curing chamber at elevated temperatures and prossures simulating conditions in the wells,
The slurries described in Table 1 were prepared according to API Recommended Practice
10B-2 and were poured into the standard API compressive strength 27 x 27 x 27 cubical

molds.

166337 The shurry was prepared by weighting cement and water, as shown in Table 1.
Hvery material weight was measured BWOC, Water was 87.5% BWOC, to which was added
bentonite (0.5%BWOC), fluid loss additive (8.25% BWOC), retarder (0.5% BWOC), latex {1
gallon per sack of coment or 9% BWOC), hollow glass spheres (50% BWOC), micro-fine

cement {50% BWQOC), Cal0; fine {6.5% BWOC), CaCO; medium (3.5% BWOC), silica

-11-
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sand {10% BWQC), silica flour (18% BWOC), expansion additive (1% BWOC), and

defoamer as needed.

16634} The molds were poured and were lowered imto the curing chamber. The curing
chamber was filled with water to expel gas. A temperature controller regulated the sample
temperature. Pressures and temperatures were maintained until shortly before the end of the
curing. The temperature and pressore were reduced to ambient conditions, and then the test
specimens were removed from the curing chamber.  The conditions were 300°F curing
temnperature, and 3,000 psi confining pressure. The set cemnent cubes were removed from the
molds, and placed in a hydraulic press where increasing force was exerted on cach cube until
fattlure. The hydraulic press system used in this study apphied known compressive loads to
the samples as shown in Figure 1. Figure 1 shows an example of LDC AP compressive
strength load chart. This systemn was designed to test the compressive strength of sample

cement cubes in comphance with APT specifications for oil well cement testing.

[B035]  Figure 2 shows an image of embodiment low density cement - Example 1 — after

curing at 300 °F for 3 days.

16636]  The compressive strength of the LDC substantially exceeds both values (100 and
500 pst), as shown in Figures 3 and 4. In Figure 3, the compressive strength of cured
Exampie | 5 rocasured using the AP crushing method, which shows cured Exarople | has a
compressive strength of 3,623 psi. In Figure 4, the compressive strength of cured Example 1
measured using API crushing method shows cured Example 1 has a compressive strength of

3,598 psu

[B637]  Free water test: When a coment shurry 1s allowed to stand for a period of time
prior to set, water may separate from the slurry migrating upwards. This separation can result
in zone isolation problems. The free water test is designed to measure water separation using
a 250 mi graduoated cyvlinder. The duration of the test is 2 hours according to AP [0B-2
procedure, The free water test showed no setthing in the LDC slurry and the flud loss was

acceptable, as shown in Table 2.

Made of Fluid Loss | Test Temperature, Time to Coliect API Fiuid Loss,
°F Fluids, min /38 min
Static 190 30 60

13-
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Table 2: APT thad loss values of the LDC samples

COMPARATIVE EXAMPLE 2:

16638] Comparative fluid Joss test: A comparative shury was prepared by weighting
cement and water, but without the use of calcium carbonate components, as shown in Table
3. Every material weight was measured BWOC., Water was 87.5% BWOC, to which was
added bentonite (0.5%BWOC), fluid loss additive (8.25% BWQC), retarder (0.5% BWOO),
latex (1 gallon per sack of cement or 9 % BWOQC), hollow glass spheres (50% BWOC),
micro-fine cement (30% BWOC), silica sand (10% BWOC), silica flour (18% BWQC),
expansion additive (1% BWOC), and defoamer as needed. The composition was tested

according to APIRP 10B-2 procedure. The results are shown in Table 4.

Field
Material Lab design .
design
Water 175 ¢ 9.82 gps
Bentonite (fluid loss+density reducer)
0.5%
{Nontreated sodium montmorillonite, tg
percent
Wyoming type)
fluid loss additive
05¢ (1.25%
{hydroxy ethyl cellulose)
Retarder
0.5%
{sodium and calcium salis of lg
percent
Lignosulphonic acids)
latex 1&g 1 gps%
Defoamer
As needed
(polvglyeol ethers or silicones)
Ceoment
200 ¢ .y
. . 7
{Portland Class G cement with mean 1%
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diameter of 15-18 microns)
(Glass Spheres
(3M hollow glass spheres with specific 100 ¢ 50.00%
gravities of between .32 and 0.60)
Microfine coment
100 2 50.00%
{median diameter of 2-3 microns)
CaC0; (fing) Og 0%
Cal0; (medium) Og¢g 0%
Silica Sand 202 10%
Silica Flour I6¢g 18%
Expansion additive
2g 1%
(calcined magnesium oxide)
Targeted Density 83 pef 83 pet

Table 3: Comparative slurry composition

Mode of Fluid Test Time to API Fluid Loss, ml/30 min
Loss Temperature, Collect
°F Flaids, min
No control; all cement fluid was lost and
Static 160 30
passed through the AP metal screen

Table 4; APT fhuid loss values of the comparative samples

10039]

The comparative test confirmed that calcivm carbonate is a critical component of

the low density cement compositions due to its ability to control fluid Joss.

10046]

The developed low density coment compositions described herein can be used to

coment casing in one stage instead of mmltistage operations because the low density of the

-14-
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fhuid reduces the hydrostatic pressure on the formation. Therefore, compositions described
herein will allow for cementing in single stage. This can result in: saving rig time, avoiding

problems associated with roultistage cementing, and iraproving wellbore isolation.

166417  Although the present imvention has been described in detail, it should be
understood that various changes, substitutions, and alterations can be made hereupon without
departing from the principle and scope of the mvention. Accordingly, the scope of the
present invention should be determined by the following claims and their appropriate legal
equivalents.

~ &%

16642}  The singular forms “a,” “an” and “the” inclhude phural referents, uniess the context

clearly dictates otherwise.

136437  Optional or optionally means that the subsequently described event or
circumstances may or may not occur. The description inchudes instances where the event or

circumsiance occurs and instances where it does not occur.

[6844]  Where the Specification or the appended Claims provide a range of values, it is
understood that the interval encorapasses each itervening value between the first imit and
the second limit as well as the first limit and the second himit. The invention encompasses
and bounds smalier ranges of the interval subiect to any specific exclusion provided
“Substantial” means equal to or greater than 10% by the indicated unit of measure.

2% en 59
has,

136457  As used herein and in the appended claims, the words “comprise, and
“include” and all grammatical variations thereof are cach intended to have an open, non-
fimiting meaning that does not exclude additional clements or steps. The referenced
elements, components or steps may be prescut, utilized or combined with other elements,
componenis or steps not expresshy reterenced. The invention illustrative disclosed suitably
may be practiced in the absence of any clement which s not specifically disclosed, including

as “consisting essentially of” and “consisting of”.



WO 2015/034733 PCT/US2014/053062

CLAIMS

That which is claimed 1s:

b

Ll

(9]

4

10,

A low denstty coment composition, the composition comprising:
a cement component;
a glass sphere component;
a bentonite component;
a fine calcium carbonate component;
a medium calchum carbonate component;
a silica sand component; and
a silica flour component.

The low density cement composition of claim 1, wherein the glass sphere component

is a hollow glass sphere component.

The low density cement composition of claim 1 or claim 2, wherein the bentonite

component includes a mixture of bentounties.

The low density cement composition of any one of claims 1 10 3, wherein the glass

sphere component is in a range of from 20% to 100% by weight of cement (BWOC).

The low density cement composition of any one of claims | to 4, wherein the

bentonite component is in a range of from 0.25% to 20% BWQOC.

The low density cement composition of any one of claims 1 to 5, wherein the fine
o » 5

calcium carbonate component is in a range of from 1% to 100% BWOC.

The low density cement coraposition of any one of claims 1 to 6, wherein the medium

calciurmn carbonate component is in a range of from 1% to 100% BWOC,

The low density cement composition of any one of claims 1 to 7, wherein the silica

saud companent is in a range of from 1% 1o 100% BWOC,

The low density cement conposition of any one of claims 1 to 8, wherein the silica

flour component is in a range of from 1% to 100% BWOC.

The low density cement composition of any one of claims | to 9, wherein the fine

calctum carbonate component has a mean particle distribution of 20 microns.

16~
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i1

is.

i9.

20,

The low density cement composition of any one of claims 1 to 10, wherein the
medium calcium carbonate component has a mean particle distribution of 150

microns,

The low density coment composition of any one of claims 1 to 11, wherein the silica

sand component has an average particle size of 100 microns.

The low density cement composition of any one of clairns | to 1], wherein the silica

sand component has an average particle size in a range of frora 175 to 200 vucrons.

The low density cernent coraposition of any one of clairas | 1o 13, wherein the silica

flour component has an average particie size of 15 microns.

The low density cement composition of any one of claims 1 to 14, wherein the cement

component is a Portland cement.

The low density cement composition of any one of claims 1 to 14, wherein the coment

component is a Portland coment and a microfine coment.

The low density cement composition of claim 16, wherein the microfine cement has

an average particle size of less than 5 microns.
A low density cernent composition, the composition coraprising:
a Portland cement component;
a microfine cement componcnt;
a glass sphere component;
a bentonite component;
a fine calcium carbonate component;
a medium calcium carbonate component;
a silica sand component; and
a silica flour component.

The low density cement composition of claim 18, wherein the microfine cement

component has an average particle size of less than S microns,

The low density cement composition of claim 18 or claim 19, wherein the glass

sphere component s a hollow glass sphere component.

A7
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