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METHODS OF PREVENTING WELL CEMENT STRESS FATILURE

Abstract of the Disclosure
Improved wmethods of cementing in a well are provided

whereby stress failures in the resulting set cement are
prevented or reduced. The methods basically comprise the steps
of placing a foamed cement composition in a zone in the well to
be cemented which when set has sufficient elastic properties to
resist stress failure comprised of hydraulic cement, water, a

gas present in an amount in the range of from about 5% to about

75% by volume of the cement composition and a foaming agent, and

_then allowing the cement composition to set across the zone.
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METHODS OF PREVENTING

WELL CEMENT STRESS FAILURE

Background of the Invention

1. Field of the Invention.

The present 1invention relates to improved methods of
cementing wells, and more particularly, but not by way of
limitation, to methods of cementing wells whereby stress

failures 1n the resulting set cement and cemented pipe are

prevented or reduced.

2. Description of the Prior Art.

In cementing operations carried out in oil and gas wells,
a hydraulic cement composition is pumped by way of the well bore
across a zone or formation to be cemented and allowed to set
therein. In primary cementing, a hydraulic cement composition
1s pumped into the annulus between the walls of the well bore
and the exterior of a pipe, e.g., casing, disposed therein. The
cement composition 1is permitted to set in the annulus thereby
forming an annular sheath of hardened substantially impermeable
"cement therein. The cement sheath physically supports and
positions the pipe in the well bore and bonds the pipe to the
walls of the well bore whereby the undesirable migration of
fluids between zones or formations penetrated by the well bore
~1s prevented.
In remedial cementing operations, a hydraulic cement

composition 1s pumped through the well bore into a particular

subterranean zone or formation into or from which i1t i1s desired

to stop the flow of fluids. Upon setting, the cement

composition prevents the undesirable fluids from flowing into

or from the well bore or a pipe such as casing cemented therein.
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Set cement 1n wells, and particularly the set cement
forming the cement sheath in the annulus of high temperature
.wells, often fail due to shear and compressional stress exerted
on the set cement. The term "high temperature well" as used

herein means a well wherein fluids injected into the well or

produced from the well by way of the well bore cause a
temperature increase of at least about 1000F over initial cement
"setting conditions. The stress referred to herein 1s defined
as the force applied over an area resulting from a strain caused
by the incremental change of a body’s length or volume. The
stress 1s generally related to strain by a proportionality
~constant known as Young’s Modulus. Young’s Modulus has a
different value for each type of material. In well bore sealing,
Young’s Modulus for non-foamed cements is about 3 x 10° lb, per
sq. i1nch. and for steel casing about 30 x 10° lb; per sqg. inch.
There are several stress conditions associated with cement
'sheath failures. One such condition is the result of relatively
high fluid pressures and/or temperatures inside of pipe cemented
in the well bore during testing, perforating, fluid injection
or fluid production. The high internal pipe pressure and/or
. Lemperature results in expansion of the pipe, both radially and
longitudinally which places stresses on the cement sheath
causing 1t to crack, or the bond between the outside surface of
the pipe and the cement sheath to fail in the form of loss of
hydraulic seal. Another condition results from exceedingly high
fpressures which occur inside the annular cement sheath due to
the thermal expansion of fluids trapped within the cement
sheath. This condition often occurs as a result of high

temperature differentials created during production or injection
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of high temperature fluids through the well bore, e.g., wells
"subjected to steam recovery processes or the production of hot

formation fluids through the well bores of high temperature

wells. Typically, the pressure of the trapped fluids exceeds
the collapse pressure of the cemented pipe causing leaks or

failure. Yet another condition occurs as a result of outside

forces exerted on the cement sheath due to formation shifting
and overburdened pressures.

When such stresses are exerted on the set cement in the
well bore, the set cement can fail in the form of radial or
‘circumferential cracking of the cement as well as in the break
down of the bonds between the cement and pipe or between the
cement and the formation. The failure of the set cement (due
to the loss of hydraulic seal of the annulus) can result in lost
_production, environmental pollution, hazardous rig operations
and/or hazardous production operations. The most common hazard
1s the presence of pressure at the well head in the form trapped
gas between casing strings.

Thus, there is a need for well cementing methods utilizing
‘cement compositions which set into adequate strength masses

(>100 psi compressive strength) having elastic properties

whereby the set cement can withstand the above mentioned

subterranean stresses.
Summary of the Invention
The present invention provides improved methods of
cementing wells which meet the needs described above and

overcome the shortcomings of the prior art. The methods are
basically comprised of the steps of placing a foamed cement

'composition comprised of hydraulic cement, water, a gas present
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"in an amount in the general range of from about 5% to about 75%
by volume of the composition and a foaming agent in a
subterranean zone to be cemented and allowing the cement
composition to set in the zone. 1In cementing applications in
“high temperature wells, the foamed cement composition most
preferably contains gas in an amount in the range of from about
25% to about 45% by volume of the cement composition and also
preferably contains finely ground silica.

After setting, the foamed cement composition containing a
'gas such as air or nitrogen within the quantitative ranges set
forth above has elastic properties sufficient to resist stress

failure as a result of formation and/or cemented pipe movement
and the like.

It 1s, therefore, a general object of the present invention
to provide improved methods of cementing in wells whereby well
cement and cemented pipe stress failures are prevented or
reduced.

Other and further objects, features and advantages of the

fpresent invention will be readily apparent to those sgskilled in

the art upon a reading of the description of preferred

embodiments which follows.

Degcription of Preferred Embodiments

As mentioned above, the well cementing methods of this
invention prevent or substantially reduce stress failures in

subterranean set cement and in pipe cemented in well bores.
Such failures often occur in set well cement and/or cemented
plpe due to forces exerted on the cement by the movement and
'overburden pressures of formation materials, internal pressures

created 1in the set cement as a result of expansion due to
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temperature changes, the movement of pipe cemented in a well
bore due to expansion caused by high pressure and/or high

temperature fluids flowing through the pipe and the like. Such

-failures of the set cement and/or cemented pipe are prevented

in accordance with the methods of this invention by placing a
well cement composition in the subterranean zone to be cemented

which when set has sufficient elastic properties to resist

and/or absorb the stresses exerted on it.
The cement compositions utilized in accordance with this
invention must be substantially impermeable and provide

sufficient compressive strength to seal zones and formations

containing fluids under pressure and support pipe such as casing

~in the well bore. Further, the cement compositions must readily

bond to formation surfaces, and in primary cementing, to the
exterior surfaces of pipe. In addition, and most importantly,

the set cement compositions must be deformable and have overall

elastic properties sufficient to resist and/or absorb stresses

of the types described above.
The cement compositions utilized in accordance with this
invention which meet the above stated needs and requirements are

comprised of hydraulic cement, water, a gas and a foaming agent,

"the gas belng present in an amount in the range of from about

5% to about 75% by volume of the composition. In cementing
applications in high temperature wells, the foamed cement

compositions preferably contain gas in an amount in the range

of from about 25% to about 45% by volume of the compositions and

also 1nclude particulate silica. When set, the foamed cement
compositions have sufficient elastic properties to deform under

applied stresses exerted on them in subterranean well locations
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whereby cracking, formation and pipe bond failure, cemented pipe
failure and the like do not take place. The methods of the
‘invention basically comprise the steps of placing a foamed
cement composition of the type described above in a zone in a
well to be cemented and allowing the cement composition to set
in the zone.

A variety of hydraulic cementitious materials which form
hard cementitious masses in the presence of water can be
utilized in accordance with this invention. Examples of such
cementitious materials are Portland cement, high alumina cement,
slag and/or fly ash (ASTM Class F fly ash) and lime, fly ash
‘which includes free lime (ASTM Class C fly ash), condensed
silica fume with 1lime, gypsum cement (calcium sulfate
hemihydrate) and mixtures of such materials.

Of the various hydraulic cements which can be utilized, the
.most preferred are Portland or equivalent cements, e.g.,
Portland cements of the types defined and described in API
Specification for Materials and Testing for Well Cements, API
Specification 10, 5th Edition, dated July 1, 1990 of the
American Petroleum Institute. Examples of API Portland cements
which are particularly suitable are Class A, B, C, G or H.
These API Portland cements and equivalent cements are relatively

course, 1.e., they have a maximum particle size of about 90
microns and a specific surface (sometimes referred to as Blaine
-Fineness) of about 3,900 square centimeters per gram.

Fine particle size Portland or equivalent cements which
generally consist of particles having diameters no larger than
about 30 microns and having a Blaine Fineness no less than about

6,000 square centimeters per gram are also preferred for use in
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accordance with the present invention. Fine particle size
hydraulic cements and their use in well completion and remedial
operations are discloséd in U.S. Patents No. 5,121,795 issued
June 16, 1992 to Ewert et al. and No. 5,125,455 issued June 30,

1992 to Harris et al.

In many applications, it is advantageous to use a mixture
of relatively course Portland or the equivalent cement and a
fine particle size Portland or the eqﬁivalent cement to bring
about short cement composition transition time and rapid
development of compressive strength. When included, the fine
particle size cemenﬁ is present in an amount in the range of
from about 5% to about 35% by weight of the relatively course
cement in the composition.

As mentioned, in high temperature applications, the cement
compositions preferably include particulate silica in an amount
in the range of from about 25% to about 45% by weight of
hydraulic cement in the compositions to prevent 'compressive
strength retrogression. The particulate silica can be a fine
particle size ground silic.a such as silica flour which has a
particle size no greater than about 50 microns and is preferred
for use in accordance with this invention, or it can be a
relatively course silica sand such as 200 mesh silica sand which
has a particle size no greater than about 300 microns.

The water used 1in the cement compositions useful in
accordance with this invention can be water from any source
provided it does not contain an excess of compounds which
adversely react with or otherwise affect other components in the

cement compositions. For example, the water can be fresh water,
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salt water, brines, seawater, and/or aqueous drilling mud.
Generally, the water is present in the compositions in an amount
in the range of from about 30% to about 100% by weight of the
hydraulic cement in the compositions.

The gas used to form the cement compositions of this
invention is preferably nitrogen or air, with nitrogen being the
most preferred. The gas must be present in an amount sufficient
to provide the necessary deformation and elasticity properties
.to the set cement whereby it deforms under stresses. Generally,
it has been found that the amount of gas in the foamed cement
composition must be an amount in the range of from about 5% to
about 75% by volume of the resulting foamed cement composition.
More preferably, the gas 1s present in an amount in the range
of from about 20% to about 40% by volume of the cement
composition. As stated above, 1n applications in high
CLemperature wells, the cement compositions preferably contain
gas 1n an amount in the range of from about 25% to about 45% by
-volume of the cement composition.

In order to facilitate foaming and to stabilize the foamed
slurry, a foaming agent is preferably included in the cement
composition. Suiltable foaming agents are surfactants having the

general formula:

H(CH,) , (OC,H,) ,0S0,X"

wherein:

a 1s an integer in the range of from about 5 to about 15;

b 1s an integer in the range of from about 1 to about 10;

and

X 1s any compatible cation.
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A particularly preferred foaming agent is a surfactant of the
above type having the formula:
H(CH,), (OC,H,) ,080,Na*

wherein:

a 18 an 1integer in the range of from about 6 to about 10.
This surfactant is commercially available from Halliburton
Energy Services of Duncan, Oklahoma, under the trade designation
""CFA-S .

Another particularly preferred foaming agent of the above
mentioned type is a surfactant having the formula:

H(CH,) , (OC,H,) ,080, (CH,) ,CHNH,

wherein:

a 1s an integer in the range of from about 6 to about 10.
This surfactant 1is available from the Witco Chemical Company
under the trade name "WITCOLATE 1259 ."

Other foamling agents which can be utilized in the cement
" compositions of this invention include sulfated alkoxylated
alcohols such as a sulfated linear C,, to C;, alcohol ethoxylated
with three moles of ethylene oxide, betaines, sulfated or
sulfonated alkoxylates, alkyl quaternary amines, alkyl
,sulfonates, alkyl aryl sulfonates, C,,~-C,, alkyl diphenyl ether
sulfonates and the like. The particular surfactant employed
will depend on various factors such as the types of formations
in which the foamed cement is to be placed, etc.

The foaming agent utilized 1is included 1in a cement
vcomposition of this i1nvention in an amount in the range of from
about 0.5% to about 10% by weight of water in the composition.
When the foaming agent is one of the particularly preferred

surfactants described above, it is preferably included in the
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composition in an amount in the range of from about 2% to about
. 4% by welight of water therein.

A foam stabilizer can also be included in the foamed cement
compositions of this invention to enhance the stability of the
foamed cement slurry. When the temperature to which the cement
composition willl be subjected i1s below about 1300F, the foam
stabilizer 1s preferably a compound of the formula:

R
CH.O (CHLCHO) .-R
wherein:

R 1is hydrogen or a methyl radical; and

n 18 an 1nteger in the range of from about 20 to about
200.
A particularly preferred foam stabilizer of the above type is
a methoxypolyethylene glycol of the formula:
| CH,O (CH,CH,O) H

wherein:

n is in the range of from about 100 to about 150.

This foam stabilizer i1s commercially available from Halliburton
"Energy Services under the trade designation "HALLIBURTON FOAM
STABILIZER ."

When the temperature to which the cement composition will
be subjected is above about 1300F, the foam stabilizer is
‘preferably a compound having the formula:

R-CONHCH,CH,CH,N* (CH,) ,CH,CO,"
wherein:
R 1s decyl, cetyl, oleyl, lauryl or coco.

A particularly preferred foam stabilizer of the above type is

"an amidopropylbetaine of the formula:
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R-CONHCH,CH,CH,N* (CH,) ,CH,CO,"

wherein:

R 1s a coco radical.

This foam stabilizer is commercially available from Halliburton
‘Energy Services under the trade name "HC-2."

When a foam stabilizer is utilized, it is included in a
cement composition of this invention in an amount in the range
of from about 0.1% to about 10% by weight of water utilized.
When the foam stabillizing agent 1i1is one of the particularly

"preferred agents described above, it is preferably present in
the composition in an amount in the range of from about 0.5% to
about 2% by weight of water.

A particularly preferred foamed cement composition for use
~1n performing the methods of this invention which when set has
sufficient elastic properties to resist or absorb stresses of
the type described above is comprised of a hydraulic cement;
water present i1n an amount sufficient to form a pumpable slurry,
e.g., an amount 1in the range of from about 30% to about 60% by
'weight of cement in the composition; nitrogen or air present in
an amount in the range of from about 25% to about 35% by weight
of the cement composition; a foaming agent selected from the
group consisting of surfactants of the formula:

H(CH,) ., (OC,H,) ,0S0,X

wherein:

a 1s an integer in the range of from about 5 to about 15,

b 1s an integer in the range of from about 1 to about 10,

and

X 1s any compatible cation,
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the foaming agent being present in an amount in the range of
from about 2% to about 4% by weight of water in the composition;
and
"a foam stabilizer selected from the group consisting of a
methoxypolyethylene glycol having the formula:
CH,0 (CH,CH,O) _H

whereiln:

n 1s an integer in the range of from about 100 to about

150,
and an amidopropylbetaine of the formula:
R-CONHCH,CH,CH,N* (CH,) ,CH,CO,"
wherein:

R 1s coco,

the foam stabilizer being present in an amount in the range of
from about 0.5% to about 1% by weight of water in the
composition.

As mentioned, the hydraulic cement in the above described
foamed cement composition 1s preferably Portland or the
equivalent cement. More preferably, and particularly when the
cement composition 1s used in a high temperature well, the
hydraulic cement is a mixture of relatively course API Portland
‘or the equlivalent cement and a fine particle size Portland or
the equivalent cement, the fine particle size cement being
present in an amount of about 18% by weight of the relatively
course cement 1n the composition.

As also mentioned, when the well being cemented is a high

temperature well, silica flour is preferably also present in the

cement composition in an amount of about 35% by weight of the
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hydraulic cement therein to prevent set cement compressive
strength retrogression.

As will be understood by those skilled in the art, the
cement compositions of this invention can include a variety of
known additives for achieving desired properties and results
such as set retarding additives, fluid loss control additives,
- free water control agents and the like.

In forming the cement compositions of this invention, the
hydraulic cement, and any other dry additives used are
preferably first blended together followed by mixing with the
water used to form a pumpable slurry. As the slurry is pumped
'to the well bore, the foaming agent and foam stabilizer (if
used) followed by the nitrogen or air are preferably injected
into the slurry on the fly. As the slurry and gas flow to the
cement composition placement location in the well, the cement
"composition 1s foamed and stabilized.

The methods of this invention for cementing in a well
basically comprise the steps of placing a foamed cement
composition of the type described herein which when set has
sufficient elastic properties to deform under applied stresses
in a subterranean zone to be cemented, and maintaining the
cement composition across the zone for a time sufficient for the
cement composition to set therein.

In order to further illustrate the compositions and methods

"of this invention, the following examples are given.
Example 1
Tests to determine the effects of external heating on the
pressure developed and exerted in a cemented annulus when a

~water or mud pocket exists therein were conducted. A heated
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“"test cell simulating the closed annulus of a well was utilized
for carrying out the tests. When the test cell was filled with
water, closed and heated to 3000F, the pressure in the cell rose
to 15,000 to 16,000 psi. When the cell was filled with set

cement and closed, the pressure did not rise during heating to

3000F. When the closed cell was about 40% filled with set neat

Class H cement and 60% with drilling fluid or water, the
pressure rose to a level in the range from about 9,000 to about

15,000 psi. Thus, the pressure generated within a closed

"annulus containing set cement having free water or drilling

fluid pockets therein can cause the failure of the casing or
pipe cemented in the well.

Additional tests were conducted with the test cell
‘utilizing the foamed cement compositions of the present
invention. The foamed cement compositions tested were placed
in the test cell 1n a quantity which filled the test cell to 40%
of i1ts volume and allowed to set therein for 7 days at room
temperature. After the cement composition set, the remainder
"of the cell was filled with fresh water or drilling fluid.
Thereafter, the test cell was closed and heated from room
temperature to 3000F while the pressure exerted within the cell

was monitored. The results of these tests are set forth in

.Table I below.
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TABLE 1

Foam Quality,

Cement % gas by volume
Composition Density, of foamed cement Pressure,
Tested Ib/gal composition psi

Al 9.9 38 0°
10.9 31 0°
11.6 27 100°
13.2 17 100°; 400’
14.5 9 5,500°; 15,400’

B* 9.7 34 0°
10.9 26 0°
11.8 20 0°; 700’
13.1 11 2,400% 12,000’
13.8 6 10,5000

C 13.6 28 0°
14.9 21 0°
15.7 17 0°; 07
16.6 13 300°; 4,700’

D* 6.0 63 7,400°
8.5 48 14,300°
11.0 32 100°
15.0 7 8,900°
15.4 5 6,900°

E’ 6.5 57 4,700°
8.0 47 8,500°
10.5 30 0°
11.0 27 0°
12.0 20 1,400°

' Unfoamed base cement composition A was comprised of API Class H Portland cement

and 35% silica flour by wt. of cement mixed with fresh water to a density of 15.9
Ib/gal.

? Unfoamed base cement composition B was comprised of API Class H Portland cement;
18% fine particle size Portland cement by weight of the Class H cement and 35%
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silica flour by weight of the Class H and fine particle size cements mixed with fresh
water to a density of 14.7 1b/gal.

> Unfoamed base cement composition C was comprised of API Class H Portland cement,

35% silica flour by weight of cement and 66% hemitite by weight of cement mixed
with fresh water to a density of 19 Ib/gal.

* Unfoamed base cement composition D was comprised of API Class H Portland cement
mixed with fresh water to a density of 16.2 Ib/gal.

> Unfoamed base cement composition E was comprised of API Class H Portland cement

and 18% fine particle size Portland cement by weight of the Class H cement mixed
with fresh water to a density of 15 Ib/gal.

5 Test cell contained set foamed cement and fresh water.
" Test cell contained set foamed cement and drilling fluid.

From Table I 1t can be seen that the set foamed cement
compositions tested prevented high pressures, i.e., a pressure
above 1,000 psi, from being produced in the presence of 60% by
volume water or drilling fluid when the foam quality of the

cement tested was between about 25% and 38%.

Example 2

A foam cement composition of this invention was utilized
to cement a liner in a deep high temperature well. The liner,
i.e., a long string of pipe, was set at 18,150 feet with the top
-0f the liner at 8,200 feet. The foamed cement composition was
placed in the annulus between the liner and the walls of the
well bore from the top of the liner to below the liner.

The cement composition used was comprised of a relatively
coarse hydraulic cement equivalent to API Class H Portland
.cement, a fine particle size Portland cement in an amount of
about 18% by weight of the relatively coarse cement, silica
flour in an amount of about 35% by weight of the relatively

coarse cement and the fine particle size cement, fresh water in
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,an amount of about 8.78 gallons per sack of cement whereby the
unfoamed cement slurry had a density of about 15 pounds per
gallon, the foaming agent identified above as "CFA-S " in an
amount of about 3% by volume of fresh water, the foam stabilizer
identified above as "HC-2"" in an amount of about .75% by volume
of fresh water and nitrogen gas in the amount required to foam
the cement slurry to a foam quality of from about 30% to about

35% by volume of the foamed cement composition.
The unfoamed slurry had the following properties: pump
-time - 6 hrs:14 mins following a 800F to 2600F temperature ramp
while the pressure increased from 1,000 psi to 11,200 psi over
the same period that the temperature was ramped; and the
following rheology at 1400F: vyield point of 114 1bf/100 ft.?
and a plastic viscosity of 92 cp. The set foamed slurry
'compressive strength was as follows: at 2900F for 12 hours -
106 pgsi; at 2900F for 24 hours - 607 psi; at 1900oF for 12 hours

- 714 psi; and at 190¢F for 24 hours - 1,687 psi.

The cementing job was successfully completed and no
‘evidence of set cement or other failure was noted during the
first 6 months of operation of the completed well 1n spite ot

the fact that the temperature of formation fluilds produced

through the cemented liner was 1000F and higher.

Thus, the present invention is well adapted to carry out
the objects and advantages mentioned as well as those which are
inherent therein. While numerous changes may be made by those
skilled in the art, such changes are encompassed within the

spirit of this invention as defined by the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS

FOLLOWS:

1. An improved method of cementing in a well whereby stress failures in the

resulting set cement are prevented or reduced comprising the steps of:

placing a foamed cement composition in a zone in said well to be cemented which

when set has sufficient elastic properties to resist stress failure comprised of:

a mixture of a relatively coarse Portland or the equivalent cement having a
maximum particle size of about 90 microns and a fine particle size
Portland or the equivalent cement having a maximum particle size of
about 30 microns, the fine particle size cement being present in an amount
in the range of from about 5% to about 35% by weight of the relatively

coarse cement 1n said cement composition,

water;

a gas selected from nitrogen and air; and

a foaming agent selected from surfactants having the general formula:
H(CH,).(OC,H4),0S0: X"

wherein,

a 1s an integer 1n the range of from about 5 to about 15;

b 1s an integer in the range of from about 1 to about 10; and

X 1s any compatible cation;

sulfated alkoxylated alcohols, betaines, sulfated or sulfonated alkoxylates, alkyl
quaternary amines, alkyl sulfonates, alkyl aryl sulfonates and C;, -C; alkyl diphenyl

ether sulfonates;

said gas being present in an amount in the range of from about 5% to about

75% by volume of said composition; and
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allowing said cement composition to set in said zone.

2. The method of claim 1, wherein said water 1s selected from the group consisting
of fresh water, salt water, brines, seawater, aqueous drilling mud and mixtures of such
materials and 1s present in said cement composition in an amount in the range of from

about 30% to about 100% by weight of hydraulic cement therein.
3. The method of claim 1, wherein said foaming agent 1s selected from the group
consisting of a surfactant having the formula:
H(CH,),(OC,H,);0SO;Na”
wherein,

a 1s an integer in the range of from about 6 to about 10; and

a surfactant having the formula:
H(CH3).(OC;H4)3(CH3),CHNH;
wherein,
a 1s an integer in the range of from about 6 to about 10; and
1s present in an amount in the range of from about 0.5% to about 10% by weight of water

in said cement composition.

4. The method of claim 1, wherein said cement composition further comprises a

foam stabilizer.

5. The method of claim 4, wherein said foam stabilizer is selected from the group

consisting of a methoxypolyethylene glycol of the formula:
CH3;O(CH,CH;0),H
wherein,

n 1s 1n the range of from about 100 to 150 and an amidopropylbetaine of the

formula:

R--CONHCH,CH,CH,N*(CH;),CHICO,
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wherein,

R 1s a coco radical,

and 1s present 1n an amount 1n the range of from about 0.1% to about 10% by weight of

water 1n said cement composition.

6. The method of claim 1, wherein said cement composition further comprises

particulate silica present in said cement composition in an amount in the range of from

about 25% to about 45% by weight of cement therein.

7. An improved method of cementing a pipe 1n a well bore whereby stress failures in

the resulting set cement are prevented or reduced comprising the steps of:

pumping a foamed cement composition into the annulus between said pipe in said

well bore and the walls of said well bore which when set has sufficient elastic

properties to resist stress failure comprised of:

a mixture of a relatively coarse Portland or the equivalent cement having a
maximum particle size of about 90 microns and a fine particle size
Portland or the equivalent cement having a maximum particle size of
about 30 microns, the fine particle size cement being present in an amount

in the range of from about 5% to about 35% by weight of the relatively

coarse cement in said cement composition;

wafter,
a gas selected from nitrogen and air;

a foaming agent selected from surfactants having the general formula:
H(CH,).(OC,H4),0S0:X"

whereln,

a 1s an integer in the range of from about 5 to about 15;

b 1s an integer in the range of from about 1 to about 10; and

X 1s any compatible cation;
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sulfated alkoxylated alcohols, betaines, sulfated or sulfonated alkoxylates, alkyl
quaternary amines, alkyl sulfonates, alkyl aryl sulfonates and C,4-C,¢ alkyl diphenyl ether

sulfonates; and

a foam stabilizer selected from methoxypolyethylene glycols of the formula:
CH;0(CH,CH,0),H
wherein,

n 1s 1 the range of from about 100 to 150 and an amidopropylbetaine of the

formula:
R--CONHCH,CH,CH,N"(CH;),CH,CO,
wherein,
R 1s a coco radical; and

particulate silica present in an amount in the range of from about 25% to about

45% by weight of cement 1n said composition;

said gas being present in an amount in the range of from about 20% to about

40% by volume of said composition; and

allowing said cement composition to set in said annulus.

8. The method of claim 7, wherein said water is selected from the group consisting
of fresh water, salt water, brines and seawater in the range of from about 30% to about

100% by weight of Portland cement therein.
9. The method of claim 8, wherein said gas is nitrogen.

10.  The method of claim 9, wherein said foaming agent is a surfactant having the

formula:

H(CH,).(OC,H4);0SO;Na”

wherein,
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a 1s an integer 1n the range of from about 6 to about 10 and 1s present in an

amount 1n the range of from about 2% to about 4% by weight of water in

said composition.
11.  The method of claim 10, wherein said foam stabilizer is an amidopropylbetaine of
the formula:
R--CONHCH,CH,CH,N"(CH3),CH,CO>
wherein,

R 1s a coco radical;

and 1s present 1n an amount in the range of from about 0.5% to about 1% by weight of

water in said composition.

12.  In a method of cementing a pipe in a well bore whereby a cement composition is

placed in the annulus between the pipe and the walls of the well bore and then allowed to

set therein, the improvement comprising:

utilizing a foamed cement composition which when set has sufficient elastic

properties to resist stress failure comprised of:

a mixture of a relatively coarse Portland or the equivalent cement having a
maximum particle size of about 90 microns and a fine particle size
Portland or the equivalent cement having a maximum particle size of
about 30 microns, the fine particle size cement being present in an amount

of about 18% by weight of the relatively coarse cement in said

composition;

water present in an amount in the range of from about 30% to about 60% by

weight of cement in said composition;

nitrogen present in an amount of from about 25% to about 45% by volume of

said composition;
a foaming agent having the general formula:

H(CH,).(OC>H,);0SO;Na”
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wherein,

a 1s an 1nteger 1n the range of from about 6 to about 10 present in an amount in

the range of from about 2% to about 4% by weight of water in said composition;
a foam stabilizer comprising an amidopropylbetaine of the formula:
R--CONHCH,CH,CH,N"(CH3),CH,CO,
wherein,
R 1s a coco radical,

present in an amount in the range of from about 0.5% to about 1% by weight of water in

said composition; and

particulate silica present in an amount in the range of from about 25% to about

45% by weight of cement in said composition; and
allowing said cement composition to set in said annulus.

13, The method of claim 12, wherein said water is selected from the group consisting

of fresh water, salt water, brines and seawater.

14.  The method of claim 13, wherein said relatively coarse Portland or equivalent
cement i1s API Portland cement and said fine particle size Portland or equivalent cement

1s fine particle size Portland cement.
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