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METHODS OF CEMENTING WITH LIGHTWEIGHT CEMENT COMPOSITIONS

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to the field of cementing operations and more specifically to the

field of using lightweight foamed cement compositions comprising density reducing additives

to service a wellbore.

Background of the Invention

Natural resources such as gas, oil, and water residing in a subterranean formation or
zone are usually recovered by drilling a wellbore down to the subterranean formation while
circulating a drilling fluid in the wellbore. After terminating the circulation of the drilling flmd,
a string of pipe, e.g., casing, is run in the wellbore. The drilling fluid is then usually circulated
downward through the interior of the pipe and upward through the annulus, which is located
between the exterior of the pipe and the walls of the wellbore. Next, primary cementing is
typically performed whereby a cement slurry is placed in the annulus and permitted to set into a
hard mass (i.e., sheath) to thereby attach the string of pipe to the walls of the wellbore and seal
the annulus. Subsequent secondary cementing operations may also be performed. One
example of a secondary cementing operation is squeeze cementing whereby a cement slurry is
employed to plug and seal off undesirable flow passages in the cement sheath and/or the casing.

In some environments, cementing operations may need lightweight cement slurries

having reduced densities (e.g., a low-density slurry). For instance, cementing across highly

depleted zones and weaker formations may need a lightweight cement for sufficient circulation.
If the cement cannot be successfully circulated, the desired level of annular fill may not be
achieved, and consequently the desired seal may not be achieved. As a result, a large impact on
the drilling cost may be experienced and delays in production delivery may occur due to the
remedial work.

Lightweight cements are typically prepared by addition of water, microspheres or gas to
the cement. Drawbacks to addition of exira water to the cement include reduced efficiency in
solidifying of the cement. For instance, the additional water may dilute the cement and thereby
extend the time at which the cement may set. Drawbacks to using microspheres include costs

associated in adding a sufficient amount of microspheres to reduce the density of the cement to
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lower than typical densities. Drawbacks to adding gas include excess permeability at high gas
concentrations.

Consequently, there is a need in the art for an improved method of preparing a
lightweight cement and for cementing with compositions thereof. Other needs include a
lightweight cement having improved mechanical properties. In addition, needs in the art
include a lightweight cement having a reduced density.

BRIEF SUMMARY OF SOME OF THE PREFERRED EMBODIMENTS

These and other needs in the art are addressed in one embodiment by a method of

cementing that includes preparing a base cement composition comprising a cement, a water,

and a density reducing additive, wherein the base cement composition comprises a base

- density. The method further includes introducing a gas to the base cement composition to

provide a cement composition having a density less than the base density and aliowing the
: cement composition 1o set.

In another embodiment, needs in the art are addressed by a method for reducing the
density of a cement composition. The method includes selecting a target density of the cement
composition. In addition, the method includes forming the cement composition having a first
density greater than the target density by a density factor, wherein the cement composition
comprises a cement, a water, and a density reducing additive. The method further includes
adding a sufficient amount of a gas to the cement composition to reduce the first density to
about the target density.

Needs in the art are addressed in another embodiment comprising a cement composition
that has water, cement, a density reducing additive, and a gas. The cement composition has a
density from about 5 pounds per gallon to about 7.5 pounds per galion.

A cement composition comprising water, cement, a density reducing additive, and a gas
overcomes problems in the art such as reducing the density of conventional cement
compositions to low densities. For instance, the density of such a cement composition may be
reduced to lower than typical densities. In addition, such a cement composition can have
improved mechanical properties (e.g., compressive strength and elasticity) at reduced densities.

The foregoing has outlined rather broadly the features and technical advantages of the
present invention in order that the detailed description of the invention that follows may be
better understood. Additional features and advantages of the invention will be described

hereinafter that form the subject of the claims of the invention. It should be appreciated by
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those skilled in the art that the conception and the specific embodiments disclosed may be
readily utilized as a basis for modifying or designing other structures for carrying out the same
purposes of the present invention. It should also be realized by those skilled in the art that such
equivalent constructions do not depart from the spirit and scope of the invention as set forth in
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed description of the preferred embodiments of the invention, reference will
now be made to the accompanying drawings 1n which:

FIGURE 1 illustrates an example of a predicted density profile for a staged constant gas
rate low-density foamed cement composition; :

FIGURE 2 illustrates a predicted density profile of another low-density foam cement
composition; and

FIGURE 3 illustrates a 5.0 Ib/gal cement crush-test chart.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In an embodiment, a cement composition comprises cement, water, a density reducing
additive, and a gas. The gas 1s introduced to a cement composition comprising cement, water,
and a density reducing additive to provide a foamed cement composition (e.g., a lightweight
cement composition). In an embodiment, the foamed cement composition is a low-density
cement composition.  Without being limited by theory, foaming a cement composition
comprising density reducing additives provides a low-density cement composition with
improved mechanical properties at low densities. Low-density cement compositions refer to
cement compositions having a density less than about 14 Ib/gallon. It 1s to be understood that
foaming the cement composition comprising density reducing additives is not limited to
providing a low-density cement composition but in alternative embodiments can provide a
cement composition with a density of about 23 1b/gallon or less.

The cement compositions are suitable for subterranean applications such as well
completion and remedial operations. It is to be understood that “subterrancan applications™
encompass both areas below exposed earth and areas below earth covered by water such as
ocean or fresh water.

The cement composition comprises a cement such as hydraulic cement, which includes
calcium, aluminum, silicon, oxygen, and/or sulfur and which sets and hardens by reaction with

water. Examples of hydraulic cements include but are not limited to Portland cements (e.g.,
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classes A, C, G, and H Portland cements), pozzolana cements, gypsum cements, phosphate
cements, high alumina content cements, silica cements, high alkalinity cements, and
combinations thereof.

In some embodiments, the cement compositions include a sufficient amount of water to
form a pumpable cementitious shurry. The water may be fresh water or salt water, e.g., an
unsaturated aqueous salt solution or a saturated aqueous salt solution such as brine or seawater,
or a non-aqueous fluid. The water may be present in the amount from about 20 to about 180
percent by weight of cement, alternatively from about 28 to about 60 percent by weight of

cement.

The cement composition comprises a sufficient amount of the density reducing
additives to reduce the density of the cement composition. The cement composition may
mclude density reducing additives that are compatible with a subterranean cement composition
(i.e., that are chemically stable at least until the cement sets). Without limitation, examples of
density reducing additives include hollow glass beads, pozzolanic microspheres, solid beads

(e.g., solid organic or plastic beads), or combinations thereof.
An example of a sultable hollow glass bead is commercially available from 3M

Company as SCOTCHLITE An example of a suitable rmcrosphere 1s commercially available
from Halliburton Energy Services, Inc. as SPHERELI’I'E. In addition, an example of a suitable
solid bead is commercially available from Halliburton Energy Services, Inc. as FDP-C665,
The density reducing additives may be added to the cement composition by any suitable
method including dry blending with the cement before the addition of water, mixing with the
water to be added to the cement, or by mixing with the cement slurry consecutively with or
~ after the addition of the water. In another embodiment, the density reducing additives may be
pre-suspended in water and injected into the cement mix fluid or into the cement slurry as an

aqueous slurry.
The gas may include any gas suitable for foaming the cement composition and for use

in a wellbore. Without limitation, examples of suitable gases include nifrogen, air (e.g.,
compressed air), or combinations thereof. In some embodiments, the gas is nitrogen. The gas
may be introduced to the cement composition by any method suitable to foam the cement
composition. In addition, the gas may be introduced at a constant rate or a ramped rate to yield
a constant downhole foam concentration or density. In an embodiment, introducing the gas into
the cement composition to foam the cement composition may be accomplished by adding an

* Trade-mark
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expanding agent comprising foaming agents, foam stabilizing agents, expanding additives, or
combinations thereof to the cement composition, which may be included in the cement
composition to facilitate the foaming and/or enhance the stability of the cement composition.
Such foaming and/or foam stabilizing agents may be present in the cement composition in an
amount sufficient to provide a stable, foamed cement composition. It is to be understood that
one¢ of ordinary skill in the art would be able to select the proper foaming and/or foam
stabilizing agents according to the particular application.

In an embodiment, the cement composition includes an expanding additive. The
expanding additive may be any component that enables a gas to become incorporated imto the
cement composition. Without limitation, examples of suitable expanding additives in
particulate form include aluminum powder, gypsum blends, deadburned magnesium oxide, and
combinations thereof. Examples of cxpandmg additives commsmg aluminum powder that are
commercially available include GAS-CHEK and SUPER CBL from Halliburton Energy
Services, Inc. An example of an expanding additive comprising a blend containing gypsum is
commercially available as MICROBONIS from Halliburton Energy Services, Inc. In addition,
examples of expanding addmves comprising deadburned magnesium oxide are commercially
available as MICROBOND M and MICROBOND HT from Halliburton Energy Services, Inc.
Such expanding additives are described in U.S. Patent Nos. 4,304,298; 4,340,427, 4,367,093,
4,450,010 and 4,565,578, -

The addition of an expanding additive to the cement composition may be accomplished
by any suitable method. In one embodiment, the cement composition is foamed by direct
injection of an expanding additive into the cement composition. For instance, where the
cement composition is foamed by the direct injection of gas into the cement composition, the
gas utilized may be air, an inert gas such as nitrogen, or combinations thereof. In other
embodiments, the cement composition is foamed by gas generated from a reaction between the
cement composition and an expanding additive present in the cement composition in particulate
form. For example, the cement composition may be foamed by hydrogen gas generated in situ
as the product of a reaction between the high pH slurry and fine aluminum powder present in

the cement.
The cement composition is prepared to have a density at about a target density. In an

embodiment, the cement composition is prepared or placed in a wellbore and has a density
(e.g., target density) less than about that of a fracture gradient in the wellbore. The fracture

“~ Trade-mark
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gradient refers to the force that induces rock to fracture at a given depth. The variability of the
fracture gradient for a given wellbore as a function of depth may be graphed and may be
referred to as a fracture gradient profile. The density of the cement composition can be
predicted and plotted as a downhole density profile. In another embodiment, the cement
composition has a density (e.g., target density) from about 4 to about 14 Ib/gallon, alternatively
from about 5 to about 7.5 1b/gallon, and alternatively from about 5 to about 6 lb/gallon. In an
alternative embodiment, the cement composition has a density from about 7.5 lb/gallon to
about 12 1b/gallon.

The cement composition is prepared by selecting a target density at which the cement
composition is to be circulated. It is to be understood that the target density may be selected
based upon factors such as the particular application, wellbore environment, and the ike. A
base cement composition is then prepared having a base density that is greater than the target
density by a density factor. The base cement composition comprises water, cement, and a
density reducing additive. The density factor is a numerical factor applied to the selected target
density to increase the target density to the base density and thereby allowing sufficient
quantitics of gas to then be added to provide the desired downhole properties. The density
factor may be selected based upon factors such as desired downhole properties of elasticity,
cohesion, or compressibility In an embodiment, the density factor is from about 1.01 to about
1.4, alternatively 1.01 to about 1.3, further alternatively from about 1.2 to about 1.3, and
alternatively about 1.25. To prepare the base cement composition, a sufficient amount of the
density reducing additives are added to a slurry comprising cement and water to reduce the
density of the slurry and provide the base cement composition having a density at about the
desired base density. The base cement composition may then be foamed by introducing the gas
to the base cement composition. A sufficient amount of the gas is added to reduce the density
of the base cement composition and provide the cement composition with a density at about the
target density. It is to be understood that the target density may be the final density at which the
cement composition can be safely circulated in the wellbore. In an embodiment, the cement
composition comprises from about 10 to about 30 vol. % gas, alternatively from about 20 to
about 30 vol. % gas, and alternatively from about 25 to about 30 vol. % of the gas. It 1s to be
further understood that a sufficient amount of the expanding agent may be added to the cement

composition to provide the amount of gas suitable for achieving the target density.
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In one embodiment, the base density and downhole density profile may be determined
utilizing a computer simulation program. In an embodiment, the percent volume of gas in the
cement sharry is monitored in real-time using a software program. Alternatively, the downhole
density profile and real-time monitoring of the percent volume of gas addition to the cement
slurry is automatically controlled and monitored utilizing a computer and appropriate
simulation and automation software. Software for monitoring the percent volume of gas
addition to the base cement composition may function to identify the composition rate and
calculate the proper gas injection rate based on the actual composition rate and predetermined
target density. In some embodiments, the software functions as a component of an automated
gas introduction device that synchronizes the gas injection rate with the cement slurry
concentration rate to achieve the target density. Examples of suitable software include but are
not limited to HALWIN or INSITE, which are commercially available from Halliburton
Energy Services, Inc. In an embodiment, the computer is a digital computer such as an IBM
Intel Pentium-based personal computer capable of receiving input from multiple detectors
through serial interfaces. The computer may also be capable of receiving input through a
standard keyboard or another computer.

Without being limited by theory, foaming a cement composition comprising density
reducing additives provides a low-density cement composition having improved mechanical

properties. Mechanical properties of the cement composition that may be improved by foaming
the cement composition comprising density reducing additives include without limitation
compressibility and elasticity. Metrics utilized to define elasticity include Poisson’s ratio and
Young’s modulus.

Poisson's ratio refers to the ratio of transverse contraction strain to longitudinal strain in
the direction of stretching force and is represented by the following Equation (1):

V = Eirangverse/ Elongitudinal (1)

wherein v represents Poisson's ratio and & represents strain as defined by the change in length
divided by the original length. Young’s modulus, A, is indicative of the elasticity of a material
or the tendency of the material to deform under an applied force. Young’s modulus is
represented by the following Equation (2):

A= (FIAY(x/T) )

* Trade-mark v
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where F is the applied force, A is the area to which the fdrce is applied, X is the extension of
the material when the force 1s applied and 1 is the original length of the matenal.

In an embodiment, the cement compositions may have a compressive strength between
about 200 psi and about 3,000 psi, alternatively between about 500 psi and about 1,500 psi. In
other embodiments, the cement compositions may have a tensile strength between about 30 psi
and about 500 psi, alternatively between about 50 psi and about 150 psi. Moreover, the cement
compositions may have a Young's modulus between about 60,000 and about 6,000,000,
alternatively between about 200,000 and about 900,000.

It is to be understood that preparation of the cement composition is not limited to
foaming a base cement composition comprising density reducing additives but instead may
include adding density reducing additives to a foamed cement. For instance, in an alternative
embodiment, a base cement composition can be prepared with a base density by foaming a
cement slurry comprising cement and water. In such an alternative embodiment, the base
cement composition comprises water, cement, and a gas. The low-density cement composition
is then prepared by adding the density reducing additives to the base cement composition to
provide the low-density cement composition having about the target density.

In some embodiments, additional additives may be added to the cement composition for
improving or changing the properties thereof. Examples of such additives imnclude but are not
limited to salts, accelerants, set retarders, defoamers, fluid loss reducing agents, settling
prevention agents, gas migration prevention additives, weighting materials, dispersants,
vitrified shale, formation conditioning agents, and combinations thereof. Other mechanical
property modifying additives, for example, carbon fibers, glass fibers, metal fibers, minerals
fibers, thermoplastic elastomers such as styrene butadiene or acrylonitrile-styrene-butadiene
random or block polymers, and latex emulsions, for example styrene-butadiene latexes, and the
like can be added to further modify the mechanical properties.

The foregoing cement compositions may be used in various cementing operations
wherein the cement is displaced into a workspace and allowed to set. In an embodiment, the
cement compositions are used in various surface applications to cement a workspace at or
above the ground, for example, a workspace encountered in the construction industry. In
another embodiment, the cement is used in a subterranean workspace, for example in
cementing underground pipe such as sewer pipe or wellbore casing. In one embodiment, the

cement compositions may be employed in primary cementing of a wellbore for the recovery of
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natural resources such as water or hydrocarbons. Primary cementing first involves drilling a
wellbore 1o a desired depth such that the wellbore penetrates a subterranean formation while
circulating a drilling fluid through the wellbore. Subsequent to drilling the wellbore, at least
one conduit such as a casing may be placed in the wellbore while leaving a space known as the
annulus between the wall of the conduit and the wall of the wellbore. The drilling fluid may
then be displaced down through the conduit and up through the annulus one or more times, for
example, twice, to clean out the hole. The cement composition may then be conveyed
downhole and up through the annulus, thereby displacing the drilling fluid from the wellbore.
The cement composition sets into a hard mass, which forms a cement column that isolates an
adjacent portion of the subterranean formation and provides support to the adjacent conduit.

In another embodiment, the cement composition may be employed in a secondary
cementing operation such as squeeze cementing, which is performed after the primary
cementing operation. In squeeze cementing, the cement composttion is forced under pressure
into permeable zones through which fluid can undesirably migrate in the wellbore. Examples
of such permeable zones include fissures, cracks, fractures, streaks, flow channels, voids, high
permeability streaks, annular voids, or combinations thereof. The permeable zones may be
present in the cement column residing in the annulus, a wall of the conduit i the welibore, a
microannulus between the cement column and the subterranean formation, and/or a
microannulus between the cement column and the conduit. The cement composition sets
within the permeable zones, thereby forming a hard mass to plug those zones and prevenf fluid
from leaking therethrough.

To further illustrate various illustrative embodiments of the present invention, the

following examples are provided.
EXAMPLES

Example 1

Seven wells were drilled with the following procedures: 20 inch surface casing was set
down to 541 ft, 394 ft of a 13 3/8-in. scab liner was set to 1,378 ft, a 9 5/8-in. intermediate
string was set to 1,545 i, and a 7-in. production string was set at 2,756 ft. The upper formations
were such that successful cementing could be accomplished with conventional cementing
techniques. However, the intermediate and production strings were to be cemented past zones
that required cement densities to be reduced to 10.6 1b/gal or less. 13.6 Ib/gal was chosen as the
base slurry density so that when the target density was attained, the foam quality (e.g., vol. % of
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foam in the cement composition) would be between 20 and 25%. The target density was 10.6
Ib/gal and was chosen to allow .successful circulation of a full cementing column.
Microspheres were added to the base slurry to provide the base cement composition with a
density of 13.6 lb/gal. The microspheres were HGS-4000 glass bubbles from 3M, which were
intermediate-strength glass microspheres with a specific gravity of 0.38.

The entire process was monitored in real-time using a software pro gmm, HALWIN,
and a correct amount of nitrogen was added to the base cement composition at each stage using
~an adjustable choke. The choke was adjusted until the surface foam density matched the
calculated density for that rate and pressure. The low-density base cement composition was
used as the tail, without gas in the process.

For the 9 5/8-in. string, 267.3 bbl of unfoamed cement composition, 13.6 1b/gal lead
slurry and 22.6 bbl of tail shury were used. The theoretical in-place foam volume for the lead
slurry was 347.8 bbl (at 10.6 Ib/gal). For the 7-in. string, 96.2 bbl of lead slurry, and 3.1 bbl of
tail slurry were used. The theoretical in-place foam volume for the lead slurry was 125.8 bbl.

A computer simulation program, OP'I'ICEl\;f commercially available from Halliburton
Energy Services, Inc., was used to engineer the backpressure and nitrogen schedules.
FIGURES 1 and 2 display the theoretical in-place density profiles for the 9 5/8-in. and 7-in.
jobs, respectively. These curves indicated that by reducing the nitrogen rate four and five times,
respectively, the specific gravity of the foam would be maintained between 1.2 and 1.3 (10-
10.8 Ib/gal), for most of the well, which correlated to the desired foam quality of 20 to 25%. It
can also be seen in FIGURES 1 and 2 that expansion occurs more rapidly as the surface was
approached. To minimize expansion, cementing software allowed the back-pressure schedule to
be adjusted as needed.

| Table I provides the planned back-pressure schedules for the two foamed casing strings.

As the foam was placed up the annulus, more back-pressure was applied. To better control

downhole rate and slurry consistency, a 100-bbl batch mixer was included in the job procedure.
Table I—Back-Pressure Schedule for Wells

9 5/8-in. Intermediate Casing Job 7-in, Production Casing Job
Backptesswe (pst) Backpressure (psi)

* Trade—-mark
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Example 2

prepared by mixing a base cement composition comprising water, cement, and microspheres to

have a density between 10 and 12 Ib/gal. The base cement composition was foamed to a

density of 8.33 Ib/gal with about 50-600 scf/bbl of mitrogen.

Table 11 lists data related to the wells drilled in Runs 1-13. Table III lists the amounts

and densities of the base cement compositions and the foamed cement compositions used in the

Runs.

Table II—Foamed Lightweight Slurry Cemented Well Data

| RUNS

Liner

“Job

Size | Depth | ool
n. (ft)
1 7 | 14632 | 273
2 7 13760 | 255
3 7 | 11647 | 226
4 | 7 | 14964 | 258
5 5 | 14902 | 275
6 5 | 13409 | 222
7 | 7 | 13638 | 256
8 | 7 | 14577 | 269
o [ 7 | 14862 | 270
10 | 7 [ 14606 | 246
11 7 | 13596 | 250
12 | 7 | 12477 | 207
13 5 | 14980 | 267

l
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Table Il — Foamed Lightweight Cement Job Data
| Base Slurry | Foamed Slurry | Base | In-Place
Runs Volume Volume Density | Foam Density
bl bl 1b/gal 1b/gal
1 25 36 15 | 10.8
2 33 48 15 10.8
| 3 | 388 59 | 117 8.33
4 50.5 72 | 108 8.33
| 5 34.8 49.1 10.8 833
6 16.9 23.2 10.8 8.33
| 7 51 72.5 10.8 8.33
| 8 323 49.7 11.7 8.33
9 | 434 67.4 11.7 8.33
10 56 86 11.7 | 833
11 367 | 563 11.7 8.33
12 49 76 | 117 833
L 13 | 20 | 31 | 117 | 833

The 13 liner tops cemented in this Example 2 were tested to an average pressure of
1,400 ps1 for 20 minutes, without leaking. Initial and actual production rates before and after
well stimulation as shown in Table IV for Runs 3-5 and 7-10 illustrate the effectiveness of the
sealing capability and chemical attack resistance of the foamed cement compositions. The
effectiveness of the seal achieved utilizing the methods and compositions disclosed was further
illustrated by the ability of the wells to undergo subsequent fracturing treatments.
“Table IV—Foamed Lightweight Cement Before-and-After

Production Rates
Pay Zone Depth | Al Actual Production
RUNS Production
(ft) BOBD (BOPD)
3 | 12,795-12,936 618 1,352
4 | 14,180-14,305 t 0 1258
| 5 14,518-14,419 1,006 1,635
7| 12,999-13,097 0 | 566
8 | 14,206-14,337 o | 1541
9 14,623-14741 | 0 1,793
| 10 - 14,058-14222 | 0 1,182
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Example 3
A 7.5-1b/gal base cement composition was foamed down to 5 lb-/gal to produce a

sealant quality low-density cement composition. The base cement composition and low
density cement compositions were subjected to tests of fluid loss thickening time, free water
and compressive strength. The tests were conducted according to API 10b procedures. At
212°F, the base slurry yielded 1,369-psi compressive strength, and after being foamed down
to 5 Ib/gal still yielded 703-psi 24-hour compressive strength. FIG. 3 illustrates a crush test
implemented on the foamed cement composition after 1t was set.

While preferred embodiments of the invention have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the spirit
and teachings of the invention. The embodiments described herein are exemplary only, and
are not intended to be limiting. Many variations and modifications of the invention disclosed
herein are possible and are within the scope of the invention. Use of the term 'optionally’ with
respect to any element of a claim 1s intended to mean that the subject element 1s required, or
alternatively, is not required. Both alternatives are intended to be within the scope of the
claim. Use of broader terms such as comprises, includes, having, etc. should be understood to
provide support for narrower terms such as consisting of, consisting essentially of, comprised
substantially of, etc.

Accordingly, the scope of protection is not limited by the description set out above but
is only limited by the claims which follow, that scope including all equivalents of the subject
matter of the claims. Each and every claim is incorporated into the specification as an
embodiment of the present invention. The discussion of a reference in the Description of
Related Art is not an admission that 1t 1s prior art to the present invention, especially any

reference that may have a publication date after the priority date of this application.



CA 02599107 2011-09-27

- 14 -
CLAIMS:

1. A method of cementing a wellbore in a subterranean formation, comprising:

selecting a target density of a final cement composition;

forming a base cement composition, wherein the base cement composition has
a first density greater than the target density by a density factor of from about 1.01 to about
1.4, and wherein the base cement composition comprises a cement, a water, and a density
reducing additive;

adding a sufficient amount of a gas to the base cement composition to reduce
the first density to about the target density, thereby forming the final cement composition;

placing the final cement composition in the wellbore; and

allowing the final cement composition to set, wherein the set cement
composition, when prepared and tested at a test density of 5 lb/gallon, has a compressive

strength of greater than 700 psi.

2. The method of claim 1, wherein the target density is from about 5 to about 7.5

pounds per gallon.

3. The method of claim 1, wherein the final cement composition comprises from

about 10 to about 30 volume percent of the gas.

4, The method of claim 1, wherein the final cement composition has a

compressive strength from about 200 to about 3,000 psi.

3. The method of claim 1, wherein the density reducing additive comprises

hollow glass beads, pozzolanic microspheres, solid beads, or combinations thereof.

6. The method of claim 1, wherein the density of the final cement composition is

less than required to induce a fracture of the wellbore.

7. The method of claim 1, wherein the gas is introduced at a constant rate or a

ramped rate to yield a constant downhole foam concentration or foam density.
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8. The method of claim 1, wherein adding gas to the base cement composition

comprises adding an expanding agent comprising foaming agents, foam stabilizing agents,

expanding additives, or combinations thereof to the base cement composition.
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