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CEMENTING CASING STRINGS
IN DEEP WATER OFFSHORE WELLS

Abstract of the Disclosure

The present invention provides improved compositions and methods for cementing
casing strings in deep water offshore formations penetrated by well bores. The methods are
basically cémprised of the steps of preparing a cement composition comprised of h_ydr'aulic
cement, water, an environmentally degradable water redﬁcin g and dispersing additive, an
environmentally degradable set retarding additive and an environmentally degradable'

compressive strength and set accelerating additive.
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CEMENTING CASING STRINGS
IN DEEP WATER OFFSHORE WELLS

Background of the Invention
1. Field of the Inventio_nf

The present . invention relates to cement compositions containing environmentally
degradable additives and methods of cementing in subterranean zones therewith, and more -
particularly, to such cement compositions and methods of using the compositions for
cementing conductor or surface casing strings in deep water offshore wells.

2. Descrigtioﬁ of the Prior Art.

In carrymng out completion operations in oil and gas wells, hydraulic cement
compositions are commonly utilized. For example, hydraulic cement compositiohs are used
In primary cementing operations whereby casing strings are cemented in well bores. That is,
a hydraulic cement composition 1s pumped into the annular space between the walls of a well
bore and the exterior of a casing string disposed therein. The cement composition 18
o permitted to set 1n the annular space thereby forming an annular sheath of hardened
impermeable cement therein. The objective of the cement sheath is to physically support and
position the casing string in the well bore and bond the casing string to the Walls of the well
bore whereby the undesirablé mi gratioh- of fluids between zones or formations penetrated .by
the well bore is prevented.

Primary ceménting operations in deep water offshore wells are particularly difficult in
that they are carried out in well bores which penetrate formations between the sea floor or
mud line and a depth generally under about ‘2,000 feet be,low the mud line. Such formations
are often not well consolidated, readilyz fracture and often have highly pressured water flows

therethrough. For example, the fracture gradients in subsea well bores in which conductor

and/or surface casing strings are cemented limit the densities of the cement compositions
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utilized to 11 or 12 pounds per gallon. The hi.gh water ﬂews through the well bores often
wash away cement compositions which have densities below 10 to 11 pounds per gallon.

Another problem mvolved in deep water offshore Well cementing 1s the temperature at
which the cement composition must set. Deep water offshore wells typically have sea bottom
temper'atures ranging from ebout 32°F to 55°F depending'on the geographical location. The
cement eompositions utilized for performing cementing operations at such temperatures must
set and provide endugh compressive .strength to proceed with drilling without involving long
waiting-on-cement .(WOC) times, preferably less than 24 hours. Accordingly, the cement
compositions must include set andé strength‘ accelerating agents to allow the cement
compositions to set at the low temperatures involved and develop early compressive
strengths. However, a problem in the use of set and strength accelerating agents is that they
often cause the eement com'positionsto have thickening times which are too short to allow
placement of the cement compositions in the formations or zones to be cemented. Thus, the
cement cOmpositions used in deep offshore wells must have :edequat'e pumping' times to allow
placement, but at the same time they must set and develop sufficient compressive strengths to
allow further drilling as quickly as poseible; The generally accepted requirements for cement
compositions to overcome the above described problems in the Gulf Coast region of the
United States include cement composition densities in the range of from 10 to 12 pounds per
gallon, thickening times of from 3 to 5 hours and compressive strengths of from 400 to 600
psi at temperatures of from about 45°F to about 55°F.

Foamed cement compositions have heretofore been utilized in deep water offshore
wells to obtain the low densities required. Set and strength accelerating agents such as
calcium ehloride have also been used to provide short thickening times at the lew
temperatures involved. To obtain the required compressive strengths at the low teinp efatures,

cement blends containing at least two different cements have heretofore been used. For
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example, U.S. Patent No. 5,571,318 1ssued to Gnffith et al. on November 5, 1996 discloses
cementing compositions for use in cold environments which are comprised of a relatively
coarse particulate hydraulic cement mixed with an ultra fine particulate hydraulié cement.
U.S. Patent No. 5,806,594 1ssued to Stiles et al. on September 15, 1998 discloses foaméd
cement compositions containing calcium sulfate cement and Portland cement.

API o1l well éements are generally used in deep water offshore wells, and frequently,
different classes of ‘such cements must be used for cementing at different depths due to the
temperature differences. The use of two or more different cements, for whatever purpose in
drilling an offshore well, requires multiple cleanings of the bulk cement tanks located at the
drilling rig platform as well as numerous trips to on-shore blendi'ng facilities for transporting
the different cements to the platform. Thus, there is a need for a cement composition
cont'aining a single cement which can be used for cementing at various depths in an offshore
well. The use of such a cement composition would be highly economical as well as
environmentally preferable. '

Another problem asso'ciated with offshore wells involves the use of dry additives such
as set and compressive strength accelerating agents, set retarders, dispersing agents and the
like 1n the cement compositions used. The use of dry additives requires the cement to be dry
blended with the dfy additives on-shore and the reéulting blend to be transferred to the
offshore platform where the dry blend is mixed with seawater. The blends can generally be
used only for cementing at certain depths due to the differences in temperatures, fracture
gradients and water ﬂows. As a result, unused portions of specific cement blends have to be
discarded and replaced with newly prepared blends. A.gain, this procedure Wastes time and
money in. that it involves additional trips between the on-shore blending facility and the

drilling platform. etc.
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Thus, 1f only one basic cement 1s utilized and if the various additives are added 1n
liquid form to the mix water or slurry on the offshore platform just prior to cementing, the
bulk-cement inventory will be limited to one dry cement on the platform that can be used
throughout the completion of the Well, decisions on the precise nature of the cement
composition to be used can be deferred until it is time to begin the cementing process and the
operator will use only as much cement and liquid additives needed without generating costly
waste and lost time.

Another problem which has often heretofore been encountered in deep water offshore
well cementing 1s the inﬂoW of formation fluids, e.g., water, gas and/or oil, into a cement
composition Whioh has been placed in the annulus between a casing string and the walls of a
well bore, but Which has not yet set. Such mflow of formation fluids is generally caused by
the cement composition becoming partially self-supporting and the consequent loss of the
ability of the cement colunin in the annulus to transmit hydrostatic pressure. When the
pressure exerted by the cement oomposition falls below the pressure of formation fluids, the
formation fluids enter the annulus and; tflow through the cement composition whereby flow
channels are formed therein which remain after the cement composition is completely set.
The loss of the ability of the cement column to transmit hydrostatic pressure can result from
the cement composition having too long a transition time, i.e., the time interval between when
the cement composition bégins to develop static gel strength and when the cement
composition has Sufﬁcient gel strength :to prevent the inflow of formation ﬂuids. At the low
temperatures encountered in offshore wells, it hés heretofore been difficult if not 1mpossible
to shorten the transition times of cement compositions enough to eliminate fomlatioh fhaid
inflow and the problems associated therewith. Thus, there are needs for improved cement
compositions and methods of Cementing- casing strings in offshore well bores using the

cement compositions whereby formation fluid inflow is prevented.
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Another problem encountered ‘in offshore well cementing involves the use of .
additives such es water reducing agents-, dispersing agents, foaming and foam stabilizing
surfactants, set :retarding agents and the like which are not environmentally de gradable. That
is, when cement composition additivee which arenot fully de gradable inthe environment are
utilized in offshore applications they find their way into the scawater and interfere with
aquatic life cycles therein. Thus, there are needs for improved well cement compo sitions
containing environmentally degradable additives and methods of using the compositions in
offshore well applications.

Summary of the Invention

The present invention proVides improved cement compositions containing
environmentally degradable __additives ;end methods of cementing casing strings 1n offshore
formations penetrated by well bores which meet the needs described above and overcome the
“deficiencies of the prior art. The improved cement compositions of the invention are
basicallycomprised of a single hydraulic cement, sufficient water to form a pumpable slurry,
a water reducing and dispersing addiiive comprised of polyaspartic acid, a set retarding
additive comprised of a lignosulfonate salt, and a compressive strength and set accelerating
additive comprised of a water soluble calcium salt. -

Depending on the temperatufe of the well being cemented and the level of tricalcium
aluminate in the particular hydraulic cement used, additional calcium aluminate can be
included in the cement composition to :help shorten the cement composition transition time.
When a low density cement composition must be used to prevent fractures from being formed
In subterranean formations penetrated by the well bore, the above described cement
composition can be foamed, i.e., it can inclnde a gas 1n an amount sufficient to foam the
cement composition and a cement composition foaming and foam Stabilizing additive

comprised of hydrolyzed keratin i an effective amount. With the exception of the cement
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and the gas utilized to foam the cement composition, all of the other components of the
cement composition can be in liquid form.

The methods of this inventioﬁ basically comprise the steps of preparing a cement
composition of the invention; placing the cement composition in the annulus between a
casing string and a well bore; and allowing the cement composition to set into a hard
impenneable mass therein.

It 1s, therefore, a general object of the present invention to provide improved well
cement compositions containing environmentally degradable liquid additives and methods of
cementing casing strings in wells using the compositions.

A further object of the present invention is the provision of methods of cementing
casing strings in deep water offshore wells utilizing cement compositions _COmprised of a
singlé hydraulic cement, water and liquid additives which can all be added to the mix water
or cement slurry and which are environinéntally degradable.

Other and further objects, featilres and advantages of the present invention will be
readily appareni to :those skilled 1n the art upon a reading of the description of preferred
embodiments which follows.

Description of Preferred Embodiments

The present invention providés improved well cement compositions containing
environmentally degradable additives and methods of cementing a casing string 1n a deep
water offshore fonnation Or ZOne'penetrated by a well bore: using the cement compos_itions. '
The cement compositions are comprised of a single hydraulic cement, water and additives
which are all environmentally degradable and which can all be added to the water or cement
slurry 1in liquid form. The cement compositions of this invention can be utilized over a broad
temperature range, e.g., from about 32‘?F to 'abQUt-SO"F by simply changing th‘e weight ratio

and quantities of certain of the components in the compositions. Further, the cement
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compositions can meet the generally accepted requirements for cementing casing strings in-
deep water offshore wells, namely, a eement composition density in the range of from 10 to
12 pounds per gallon, a thickeningtinle of from 3 to 5 hours and compressive strengths of
from 400 psi to '600 psi at 45°F to 55°F. The methods allow the operator of an offshore
platform to keep: a -single dry cement 1n bulk storage on the platform along with the other
components of the cement composition W'hi.Ch except for the gas utilized to foam the
composition can all be in liq,uid form. The hqud additives can be added to the water or the
single cement slurry just prior to cementing whereby the operator uses only as much dry
cement and hquid c_omponents as are needed without generating waste and losing time by
changing cements, etc.

As mentioned, the well cement compositions and methods of the present invention are
particularly 'suitable _for cementing conductor and/or surface casing strings in deep water
offshore formations or zones penetrated by well bores. The cement compositions of the
invention can be used in shallow high water flow formations in which conductor and/or
surface casing strings are cemented as well as m the deeper, warmer formations in which
other casing strings or liners are cemented. Generally, the cementing compositions of this
invention can be utilized for cernenting wells at depths from 0 to 8,000 feet or deeper.

The improved well cement compositions of this invention which contain
environmentally: degradable additives are basically comprised of a single hydraulic cement,
sufﬁcient_ water to form a pumpable slurry, a water reducing and dispersing additive
comprised of polyaspartic acid, a set retarding additive comprised of a lignosulfonate salt and
a compressive strength and set accelereting additive comprised of a water soluble calcium
salt. ‘ .

Depending on the temperature of the Well' being cemented and the level of tricalcium

aluminate m the hydraulic cement used, additional calcium aluminate can be included in the
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cement composition to help shorten the cement composition transition time. When a low
density cement composition must bé used to prevent fractures from being formed in
subterranean formations penétrated by.the well bore, the above described cement composition
can be foamed, 1.e., it can include a gas in an aniount sufficient to foam the cement
composition and a cement cornposition foaming and foam stabilizing additive comprised of
hydrolyzed keratin. With the exception of the cement and the gas used to foam the cement
composition, all of the other components of the cement composition can be in hiquid form.

The water reducing and dispersing additive, the set retarding additive and the cement
compressive strength and set accelerating additive are present in amounts such that the
cement composition has a required thickening time, generally in the range of from about 3 to
about 5 hours, and develops gadequate compressive strength, generally in the range of from
about 400 ps1 to abdut 600 psi, at a temperature 1n the range of from about 45°F to about 55°F
within a time period of 24 hours or less.

As mentioned above, the aqueous cement ;compositions formed with Portland or
equivalent hydraulic cements can be made to have very short transition times (sometimes
referred to as “right angle set cement compositions”) by including calcium aluminate in the
cement cOmpositionS. Further, if the hydraulic cement used is not one of the high activity
types, but instead is a low activity'cement having a low dontent of tricalcium aluniinate,
calcium aluminate or one or ‘more alkali metal aluminates can be added to the cement to
achieve a.short transition time. Calcium aluminate has the general formula-(Cz;.iO)‘n(ifﬂzO_o,)m
where the values of m and n are such that the amount of CaO in the calcium aluminate can
vary from about 20% to about 40% by weight and the amount of the AlL,O; can vary from
about 60% to about 80% by weight. Commercial t_:alcium aluminates can also contain

varying amounts of metal oxide impurities.
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The methods of this invention ;for cementing a casing string in a deep water offshore
formation penetrated by a well boré are comprised of the following steps. A cement
composition of this invention is prepared, the prepared cement compo.sition 1s placed in the
annulus between the walls of the well bore and a casing string disposed therein and the
cement composition is allowed to set into a hard impermeablé mass therein.

The cement water reducing and dispersin g additive and the cement set retarding
additive work tOgether to reduce thé amount of water 1n the cement composition and retard
the set of the composition. The amount of compressive strength and sét accelerating additive
in the composition moderates the set retardation. The additives also function to de-
agglomerate the hydraulic cement in the composition, i‘.e., to break up agglomerated cement
particles in the composition into separate particles which inci‘_eases the cement surface area
whereby the cemeht hydrates faster and provides early cement composition compressive
strength at low temperatures. ‘

When a low density cement composition 1s required, a gas In an amount sufficient to
form a foam and a cément composition: foaming and foam stabilizing additive are included in
the above described cement composition. Also, as mentioned above, if the hydraulic cement
used 1s a low activity cement or if a vei‘y short transition time is required, calcium aluminate
or one or more alkali metal aluminates can be added to the cement c'omposition together with
the other additives described above to bring about the desired short transition time.

The single hydraulic cement preferred for use in accordance with this Invention is one
of API Classes A, C, H and G Portland or equivalent hydraulic cements. The above

mentioned API cements are defined and described in API Specification For Materials And

Testing For Well Cements, API Specification 10, Fifth Editibn, dated July 1, 1990 of the
American Petroleum Institute. The API Portland cements, or other cements which are

equivalent thereto, are suitable for cementing deep water offshore wells from 0 to 8,000 feet
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when used with ‘the additives of this mvention and the additives are all environmentally
degradable Whereby they do not harm the environment.

The water in the cement compositions can be fresh water or salt water. The term “salt
water” 1s used herein to mean unsaturated salt solutions and saturated salt solutions including

brines and seawater. The water 1s generally present in the cement compositions in an amount
sufficient to form a pumpable slurry, and more speci-ﬁcally, in an amount in the range of from
about 30% to about 40% by weight of eement in the cement compositions.

The poiyaspartic acid water reducing and dispersing additive 1s environmentally
degradable and functions to allow the use of small amounts of water in the cement
composition as Well as to disperse the cement particles in the water to produce a useful slurry
at low water concentrations. The pelyaSpartic acid used preferably has a molecular weight in
the range of from about 500 to about 60,000 and is dissolved in water in an amount of about
40% by weight of the resulting solution. The aqueous polyaspartic acid solution is included
in the cement composition in an amount in the range of from about 0.5% to about 5% by
weight of the cement in the composition (the polyaspartic acid is present in an amount in the
range of from about 0.2% to about 2% by weight of cement in the composition). Particularly
suitable polyaspartic acids are sodiumfpolyaspartate polymers commercially available from
Donlar Corporation, Bedford Park, Illinois, under the tradename designations Donlar®A-2C,
Donlar®A-3C and Donlar®C-50D. |

The lignosulfonate salt set retarding additive 1s also environmentally degradable and
functions to increase the thickening time of the cement composition so that it remains
pumpable for a sufficient time to be placed in the subterranean zone to be cemented. Useful
lignosulfenate salts include sodium lignosulfonate, calcium lignosulfonate and ammonium
lignosulfonate with sodium ilignoSquenate being preferred. The hignosulfonate salt is

preferably dissolved in water in an amount of about 33% by weight of the resulting solution.
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The aqueous lignosulfonate salt solution is included in the oement composition 1n an amount
in the range of f‘rorn about 0:.05% to about 0.5% by weight of the cement in the composition
(the lignOSulfonate salt 1s present 1n an amount in the rangeof from about 0.0165% to about
0.165% by weight of cement 1n the composition).

While a variety of cement compressive strength and set accelerating additives can be
utilized in the cement compositions of this invention, a water soluble calcium salt such as
calcium chloride, calcium nitrite and calcium formate is preferred with calcium chloride
being the most preferred. The compressive strength and set accelerating additive 1s also
preferably dissolved m fresh water so that it can be added to the mix water or cement slurry
on location. Most preferably, the set accelerating additive 1s m the form of an aqueous
solution Wherein ‘the compressive strength and set accelerating additive is present therein in
an amount of about .33% by weight of the solution. The aqueous compressive strength and
set accelerating additive solution is included in the cement composition in an amount in the
range of from about 1% to about 12% by Wei ght of cement in the composition (the additive is
present in an amount in the range of ftom about 0.33% to about 4% by weight of cement in
the composition.

When a cement composition of this invention is foamed, the gas utilized can be air or
nitrogen, with nitrogen being preferred. The gas is generally present in an amount sufficient
to foam the cement composition to a density in the range of from about 10 to about 12 pounds
per gallon.

Various foaming and foam stabilizing additives which are environmentally
degradable can be utilized in accordance with this Invention. A preferred such
environmentally degradable additive is hydrolyzed keratin. Keratin 1s the struotural protein
of epithelial cells in the outertnost layets of skin. Hydrolyzed keratin is manufactured by the

base hydrolysis of hoof and horn meal. ; That is, the hoof and horn meal is heated with lime in
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an autoc'lave to produce a hydrolyz edz protein. The a'minor acid cont.ent, ‘1.e., the number of
gram molecules. of amino acid per 1000 grams of proteih, is as follows: Lysine-6.2;
Histidine-19.7; Arginine-56.9,; Aspar.tic Ac.idl-Sl.S; Threonine-55.9; Serine-79.5; Glutamic
Ac1d-99; Proline}S 8.3; Glycine-78; Alanine-43.8; Half cystine-105; Valine-46.6 . Methionine-
4; Isoleucine-29_; Leucine-59.9; Tryosine-28.7; Phenylalanine-22.4; Hydroxyprolinef12.2';
Hydroxylsine-l.Z; Total-863; Averagg residual weight-117. The protéin i1s commercially

available as a free flowing powder that contains about 85% prOtein,

' The values of aspartic and glutanﬁc acid inclﬁde asparginé and glutamine, respectively.
The non~proteih f-portion of the powdei' consists of about 0.58% insoluble material with the
remainder being soluble non-protelin materials primarily made up of calcium sulfate,
magnesium sulfate and potassium sulfate. As mentioned above, hydrolyzed keratin is
environmentally degradable and 'hannless to the environment. The hydrolyzed keratin
protein powder is preferably predissolved in fresh water in an amount of about 50% by
weight of the solution. Hydrolyzed ‘keratin 1s preferably included. in a foamed cement
composition of this mvention in an amount in the range of from about 1% to about .5'% by
volume of the water 1n the foamed cement composition (from about 2% to about 10% of a
50% by weight solution of the hydronZedkeratin).

Another environmentally degradable foaming and foam stabilizing additive that can
be utilized in accordance with this invention is a mixture of a ethoxylated alcohol ether

sulfate of the formula
H(CH,).(OC,H,),OSOsNH,"
Wherein a 1s an integer in the range of from about 6 to about 10 and b is an integer in the

range of from about 3 to about 10; an alkyl or alkene amidopropyl betaine having the formula

R-CONHCH,CH,CH,N*(CH;),CH,CO,
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wherein R 1s 2 radical selected from the group of decyl, cocoyl, lauryl, cetyl and oleyl; and an

alkyl or alkene amidopropyl dimethyl amine ox—id_e' having the formula .
R-CONHCH,CH,CH,N*(CHs),0

wherein R 1s a radical selected fr_om the group of decyl, cocoyl, lauryl, cetyl and oleyl.

The ethoxylated alcohol ether sulfate is generally present i the above described
mixture in an amount in the range of from about 60 td 64 parts by weight. The alkyl or
alkene amidopropyl betaine 1s generaliy present in the additive in an amount in the range of
from about 30 to about 33 parts by weight and the alky1 or alkene aminopropyl dimethyl
amine oxide is generally present in the additive in an amount in the range of from about 3 to
about 10 parts by weight. The surfactant mixture 1s preferably combined with fresh water in
an amount of about 50% by Weight of the solution.

A particularly suitable mixture of the above described foaming and foam stabilizing
surfactants is comprised of ethoxylated alcohol ether sulfate ' present in the mixture in an
amount of about 63.3 parts by weight; the alkyl or :alkene amidopropyl betaine is
cocoylamidopropyl betaine and 1s presént in the mixture 1n an amount of abotlt 31.7 parts by
weight; and the alkyl or alkene amidopropyl dimethylamine oxide is cocoylamidopropyl
dimethylamine oxide and 1s présent in the mixture in an amount of about 5 parts by weight.
The mixture of foaming and foam stabilizing surfactants isf generally includéd in a foamed
cement composition of this invention in an amount in the range of from about 1% to about
5% by volume of_ the water 1n the foarried cement composition (from about 2% to about 10%
of a 50% by weight SOIutiOn of said mixture of surfactants). .

The foamed cement slurries of this invention may be prepared in accordance with any
of the mixing techniques utilized in the art. In one preferred method, a quantity of water 1s
introduced into a cement 'blender tollowed by the hquid additives other than the foamihg and

foam stabilizing additive followed by the hydraulic cement utilized. The mixture is agitated
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for a sufficient period of time to form a pumpable non-foamed slurry. The slurry is then
pumped to the well bore, and the liquid foaming and foam stabilizing additive followed by
the gas utilized are 1njected into the slnrry on the fly. As the slurry and gas ﬂow through the
well bore to the location Where the foamed cement conlposition 1s to be placed, the slurry is
foamed. .

~ As mentioned, the water reducing and dispersing additive, the set retarding additive
and the compressive strength and set accelerating additive are present 1n amounts such that
the cement composition has a thickening time of from about 3 to about 5 hours and a
compressive strength from about 400 psi to about 600 psi at temperatures in the range of from
about 45‘?F to about 55°F within 24 honrs. ' ' ‘

As will be understood by those skilled in the art, in specific applications and at
specific depths 1n deep water offshore wells, other additives; preferably in liquid form, which
are well known to those skilled in the art and which do not adversely affect the required
properties of the cement composition can be included therein. Examples of such additives
include but are not limited to fluid loss control additives, viscosifying agents, thixotropic
agents and anti-settling agents. .

A method of the present invention for cementing a casing string or the like in a well
bore 1s comprised of the steps of: (a) preparing a cement cornposition comprised of a single
hydraulic cement, sufficient water to form a pumpable slurry, a water reducing and dispersing
additive, a set retarding additive and a compressive strength and set accelerating additive,
‘said additives being enviromnentally degradable andbeing present 1n amounts such that the
cement composition has a required thickening time in the range of from about 3 to about 5
hours, and develops compressive strength in the range of from about 400 psi to about 600 psi

at a temperature in the range of from about 45°F to about 55°F within 24 hours or less;
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(b) placing the cement composition in the annulus between the casing string and the well
bore; and (c) allowing the ‘cement composition to set into a hard impermeable mass therei.

Another method of the present -inven_tion which 1s particularly suitable for cementing a
casing string in a deep water offshore formation or zone penetrated by a well bore is
comprised of the steps of: (a) prepafing a cement composition comprised of a single
hydraulic cement, sufﬁcicnt water to form a pumpable slurry, a gas present in an amount
sufﬁcient to form a foam, a liquid cement composition foaming and foam stabilizing additive
present In an effective amount, a quuid water reducing and dlsp crsing additive, and a liquid
compressive strength and set accelerating additive, said additives being environmentally
degradable and :be’ing present in said composition in amounts such that the cement
composition has a thickening time in the range of from about 3 to about 5 hou;ts, and
develops compressive strength in the range of from about 400 pst to about 600 psi at a
temperature in the range of from about 45°F to about 55°F within 24 hours; (b) placing the
cement composition in the -annulus between the casing string and the well bore; and
(c) allowing the cement composition to set into a hard impermeable mass therein.

Yet another method of the present invention for cementing a casing string in a deep
water offshore fomation penetrated by a well bore at a temperat_ure in the range of from 32°F
to about 80°F comprises theiz steps of: -(a) preparing a cement composition comprised of a
single hydraulic cement comprised of Portland cement, sufﬁcient water to form a pumpable
slurry, a gas present in an amount_ sufficient to form a foam, a liquid environmentally
degradable cement composition foaming ‘and foam stabilizing additive comprised of
hydrolyzed keratm or a mlxture of surfactants compnsed of 63.3 parts by weight of
ethoxylated alcohol ether sulfate 31.7 parts by weight of cocoylamldOpropyl betaine and 5
parts by weight of cocoylamldopropyl dlmethylamme oxide present in an effective amount a

liquid environmentally degradable water reducing and dispersing additive comprised of
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polyaspartic acid, a liqmd ehviroMetltally degradable set retarding additive comprised of
sodium lignosulfate and a liquid envit'onmentally \de gradable compressive strength and set
accelerating additive comprised of calcium chloride, said additives being present in amounts
such tha:t the cement composition has a thickening time in the range of from about 3 to about
5 hours and develops a compressive strength of at least about 400 psi within 24 hours;
(b) pumping the cement composition into the annulus betwoenthe casing string and the well
bore; ano (c) allowiog the cement composition to set into a hard impermeo.ble mass therein.
Still another method of the present invention for cerhenting a casing string in a deep
water offshore formation or zone penetrated by a wéll. bore 1s comprised of the steps of:
(a) preparing a cérnont composition. c"orfnprised‘ of a hydraulic cement, sufficient water to form
a pumpable slurry, a gas present in an amount sufficient to form a foam, a liquid
environmentally degradable .cement oomposition foaming and foam stabilizing additive
comp_rised of hydrolyzed keratin or a mixture of -‘surfactaots comprised of 63-.3. parts by
weight of ethoxylated alcohol ether sulfate, 31.7 parts by weight of cocoylamidopropyl
betaine and 5 parts by weight of cocoylamidopropyl dimethylamine oxidé present in ao
amount 1n the range of ﬁ'om about 1% to about '5% by volunie of water in the composition, a
liquid environmontally degrodable water reducing and dispersing additive comprised of
polyaspartic aoid: present in an amount in the range of from about 0.5% to about 5% by
weight_'of cement io the composition, a liquid environmentally degradable set retarding
additive comprised of sodium lignosulfonate present in an amount in the range of from about
0.05% to about OtS% by_ weight_of cement in the compositionand a quuid environmentally
degradable compﬁesSive strength and set ocoelerating additivo comprised of calciunt chloride
present m an amount in the range of 'fro:m about 1% to about 12% by weight of cement in the

composition; (b) pumping the cement composition into the annulus between the casing and




CA 02372876 2002-02-19

17

the well bore; and (c) allowing the cement composition to set into a hard mmpermeable mass
therein.

Calcium aluminate or one or more alkali metal aluminates can optionally be included
in the cement compositions of the abovo described methods in an amount 1n the range of from
about 0.5% to about 5% by weight of hydraulic cement in the composition to shorten the
transition time of the cement composition.

In order to further illustrate. the methods of the present invention, the following
example 1s given.

Example

Foamed cement compositions were 'prepared comprised of Portland Class A hydraulic
cement, sufficient water to form a pumpable slurry, air present in an amount sufficient to
form a foam, a‘ liquid envirOnmentally dogradable cement composition foaming and foam
stabilizing additive comprised of a mixture of ethoxylated alcohol ether sulfate,
cocoylamidopropyl betaine and coooylamidOpropyl dimethylamine oxide, a liquid
environmentally de gradable water reduoing and .dispersing aclditive compri sed of polyaspartic
acid of two different molecular weights, a hiquid environméntally degradable set retarding
additive comprised of sodium li@osulfonate and a liquud environmentally degradable
compressive stréngth and set acceleratihg additive comprised' of calcium chloride. The
various foamed cement compositions; were tested for thiokening time and COMPressive
strengths in accordance with the procedures set forth in the above mentioned API
Specification 10. The components of the various cement compositions and their amounts are

given in the Table below along with the test results.
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From the above Table it can be"seen that the cement compositions containing
environmentally degradable additives have properties suitable for cementing casing stﬁngs in
deep water offshore wells. .

Thus, the present invention 1s well adapted to attain the objects and advantages
mentioned as well as those :WhiC'h 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 ¢I’aims. .

- What is claimed 1s:
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1. An 1mproved well .cement Composition which contains environmentally
degradable additives and is suitable for use In oementing casing strings in deep water offshore
formations comprising:

P single hydfaulic cement;
sufﬁoient water to form a pumpable slurry;
an eﬁvironmentally de gfadable water reducing and dispersing additive;

an environmentally degradable set retarding additive; and
an ehvironmentally degradable compressive strength and set accelerating
additive
2. The composition of claim 1 wherein said hydraulic cement is a Portland or
equivalent cement. ’
3. The composition of claim 1 wherein said hydraulic cement is selected from the

group consisting of API Classes A, C, H and G Portlahd or the equivalent cements.

4. The composition of claim 1 wherein said water is selected from the group
consisting of fresh water and salt water present in an amount in the range of from about 30%
to about 45% by weight of cement in said composition.

5.  The composition of claim 1 wherein said water reducing and dispersing
additive is polyaspartic acid present in an amount 1n the range of from about 0.2% to about
2% by weight of cement in said composition.

6. The composition of claim 1 wherein said set retarding additive is selected
from the group consisting of sodium lignosulfonate, calcium lignosulfonate and ammonium
lignosulfonate and is present in an amount in the range of from about 0.0165% to about
0.165% by weight of cement in said composition.

7. The composition of olaim 6 wherein said set retarding additive is sodium

lignosulfonate.
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8. The :composition of claim 1 wherein said compressive strength and set
accelerating additive 1s selected from the group of calcium chloride, calcium nitrite and
calcium formate and 1is present in an amount in the range of from about 0.33% to about 4%
by weight of cement in said composition.

9. The écomposition of claim 1 wherein said water reducing and dispersing
additive, said set retarding additive and said compres sive strength and set accelerating
additive are present in amounts such that said cemént compoSition has a thickening time in
the range of from about 3 to about 5 hours, and a compresSive strength from about 400 psi to
about 600 ps1 at a temperature in the range of from about 45°F to about 55°F in 24 hours or
less.

10. An improved foamed well cement .composition ~which contains
environmentally degradable additives and is suitable for use in cementing casing strings 1n
deep water offshore formations comprising: ‘

a single hydraulic cement;

sufficient water to form ap_umpable slurry;

a gas present in an amount sufficient to form a foam:;

an environmentally degradable ‘foaming and foam stabilizing additive;

an environmentally degradable water reducing and dispersing additive;

an environmentally de gradable set retarding additive; and

an environmentally degradable compressive strength and set accelerating
additive.

11. The composition of claim 10 wherein said hydraulic cement 1s a Portland or
equivalent cement.

12. The composition of claim 10 wherein said hydraulic cement is selected from

the group consisting of API Classes A, C, H and G Portland or the equivalent cements.
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13. The composition of claim 10 wherein said water is selected from the group
consisting of fresh water and salt water present in an amount 1n the range of from about 30%
to about 45% by weight of cement 1n said composition.

14. The composition of claim 10 wherein said gas is selected from the group of air

and nitrogen present in an amount sufficient to foam the cement composition to a density in

the range of from about 10 to about 12 pounds per gallon.

15.  The composition of clgim 10 wheremn said foaming and foam stabilizing
additive is selected from the group consisting of hydrolyzed keratin and a mixture of 63.3
parts by weight :of ethoxylated aiéohol ether sulfate, 31.7 parts by weight of
cocoylamidopropyl betaine and 5 parts by weight of ‘cocoyl_amidopropyl dimethylamine oxide
present in an amount in the rangé of from about 1% to about 5% by volume of water in said

composition.

16.  The composition of claim 10 wherein said water reducing and dispersing
additive is polyaspartic acid present in an amount in the range of from about" 0.2% to about
2% by weight of cement in said composition.

17. ‘ The composition of claim 10 wherein said set retarding additive is selected
from the group consisting of sodium lignosulfonate, calcium lignosulfonate and ammonium

lignosulfonate and 1s present in an amount in the range of from about 0.0165% to about

0.165% by weight of cement in said composition.

1. The composition of claim 17 wherein said set retarding additive is sodium
lignosulfonate.
19. The composition of claim 10 wherein said compressive strength and set

accelerating additive is selected from the group of calcium chloride, calcium nitrite and
calcium formate and ;is present in an amount in the range of from about 0.33% to about 4%

by weight of cement in said composition.
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20.  The composition of claim 10 wherein said water reducing and dispersing
additive, sald set retarding additive and said compressive strength and set accelerating
additive are present in amounts such that said cement eomposition has a thickening time in
the range of from about 3 to about 5 hours,- and a compressive strength from about 400 psi to
about 600 ps1 at a temperature in the range of from about 45°F to about 55°F in 24 hours or

less.

21.  An improved method of cementing a casing string in a deep water offshore
formation penetrated by a Well bore comprising the steps of:

(a) preparing a cement eomposition comprised of a single hydraulic cement,
sufficient water to form a pumpable slurry, an environmentally degradable water reducing
and dispersing additive, an environmentally degradable set retarding additive, and an
environmentally degradable compressive strength and set accelerating additive;

(b) plgacing said cement composition in the annulus between said casing and
_said well bore; and

(c) aliowing said cement composition to set into a hard impermeable mass

therein.

22.  The method of claim 21 wherein said hydraulic cement is a Portland or

equivalent cement.

23.  The method of claim 21 wherein said hydraulic cement is selected from the
group eonsisting of API Classes A, C, H and G Portland or the equiValent cements.

24.  The method of claim 21 wherein said water is selected from the group
consisting of fresh water and salt water present in an amount 1n the range of from about 30%

to about 45% by weight of cement in said compos‘ition._
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25.  The method of claim 21 wherein said water reducing and dispersing additive is
polyaspartic acid present in an amount in the range _cif from about 0.2% to about 2% by
weight of cement in said composition.

26.  The method of claim 21 wherein said set retarding additive is selected froni
the group consisting of sodium lighosulfonate, calcium lignosulfonate élnd ammonium
lignosulfonate and is present in an amount in the range of from about 0.0165% to about
0.165% by weight of cement in said composition. - ‘

27.  The method of clairn~ 26 wherein said set retarding additiv.e 1S sodium
lignosulfonate.

28.  The method of claim 21 wherein said compressive strength and set
acceleratihg additive is selected from the group of calcium chloride, calcium nitrite and
calcium formate and 1s present In an amount in the range of from about 0.33% to about 4%
by Weight of cement in said composition.

29, The method of claim 21 wherein said water reducing and dispersing additive,
‘said set retarding additive and said. chpressive strength and set acceleraﬁhg additive are
present m amounts such that said cemént composition has a thickening time_ in the range of
from about 3 to aboﬁt 5 hours, and a éompressive strength from about 400 psi to about 600
psi at a temperature in the range of froni about 45°F to about 55°F in 24 hours or less.

30. An iniproved method of cementing a casing string in a deep water offshore
formation penetrated'by a well bore comprising the steps of:

(a) preparing a cement composition comprised of a single hydraulic cement,
sufficient water to fc)nn a pumpable slurry, a gas present in an amount sufficient to form a
foam, an environmentally degradable foaming and foam stabilizing additive, an

environmentally degradable water réducing and dispersing additive, an environmentally
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degradable set retarding additive and an environmentally degradable compressive strength
and set accelerating additive,

(b) placing said cement composition in the annulus between said casing and

said well bore: and

(c) allowing said cement composition to set into a hard impermeable mass

therein.

31. The method of claim 30 wherein said hydraulic cement 1s a Portland or

equivalent cement.

32.  The method of claim 30 wherein said hydraulic cement is selected from the
group consisting of API Classes A,C,Hand G Portland cements.
33.  The method of claim 30 wherein said water is selected from the group

consisting of fresh water and salt water present in an amount in the range of from about 30%

to about 45% by weight of cement in said composition.

34,  The method of claim 30 wherein said gas 1s selected from the group of air and
nitrogen present in an amount sufficient to. foam the cement composition to a density in the
range of ﬁom about 10 to ._about 12 pounds pér gallon.

35. ' The méthod of claim 30 wherein said foaming and foam stabilizing additive is
selected from the grbup consisting of hydrolyzed keratin and a mixture of .-63.3 parts by
weight of ethoxylated alcohol ether sillfate, 31.7 parts by weight of cocoylamidopropyl
betaine and S parts by weight of cocoylamidopropyl 'dimethylamine oxide present in an
amount in the range of from about 1% to about 5% by weight of water m said composition.

36.  The method of claim 30 wherein said water reducing and dispersing additive 1s
polyasparti¢ acid present in an amount in the range of from about 0.2% to about 2% by

welght of cement in said composition.
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37. The method of claim 30 wherein said set retarding additive 1s seleoted from
the group consisting of sodium' lignosulfonate, calcium lignosulfonate and ammoﬁium
lignosulfonate and is present in an amount in the range of from about 0.0165% to about
0.165% by weight of cement in said composition. '

38. The \m.ethod of olaimz 37 wherein said set retarding addiﬁve 1s sodium
lignosulfonate.

39. The method of claini 30 wherein said compressive strength and set
accelerating additive is- selected ﬁom the group of calcium chloride, calcium nitrite and
calcium formate and is present in an amount in the range of from about 0.33% to about 4%
by weight of cement: in said composition.

40.  The method of claim 30 wherein said water reducing and dispersing additive,
said set retarding additive and said ﬁcompressive strength and set accelerating additive are
present 1n amouhts such that said cement comp'osition has a thickening time in the range of
from about 3 to about 5 hours, and a compressive strength from about 400 pst to aboﬁt 600

psi at a temperature in tho range of from about 45°F to about 55°F in 24 hours or less.
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