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AL-HUMAIDE AHMAD

BACKGROUND OF THE INVENTION

1. Field of the Invention

{6001] The feld of wvention relates to a spacer fuid composition and method of use. More
specifically, the field relates to a composition and method of using a spacer fluid that is
compatible with both otl-based flhuids and water-based {huids simultaneously.

2. DBescription of the Related Art

Well bore, tubular and fluid conduit

{68021 A well bore 18 a hole that extends from the surface to a location below the surface. The
well bore can pormit access as a pathway been the surface and a hydrocarbon-bearing formation.
The wel bore, defined and bound along its operative length by a well bore wall, extends from a
proximate cnd at the surface, through the subsurface, and into the hydrocarbon-bearing
formation, where it termunates at a distal well bore face. The well bore forms a pathway capable
of permitting both fluid and apparatus to traverse between the surface and the hydrocarbon-
beartng formation.

{0003} Besides defining the void volume of the well bore, the well bore wall also acts as the
interface through which fluid can transition between the mterior of the well bore and the
formations through which the well bore traverses. The well bore wall can be unlined (that is,
barc rock or formation) to permit such interaction with the formation or lined (that is, with
casing, tubing, production liner or cement} so as to not permit such interactions.

10004} The well bore usually contains at least a portion of at least one fluid conduit that links the
interior of the well bore to the surface. Exawmples of such fluid conduits include casing, liners,

pipes, tubes, cotled tubing and mechanical structures with interior voids. A fluid conduit
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connected to the surface is capable of permitting regulated fluid flow and access between
equipment on the surface and the interior of the well bore. Example equipment conuected at the
surface to the fluid conduit includes pipelines, tanks, pumps, compressors and flares. The fhud
condull 1s sometimes large enough to permit introduction and removal of mechanical devices,
including tools, drill strings, sensors and instruments, into and out of the interior of the well bore.
16005} The tlnd conduit made from a tubular usually has at lcast two openings — typically on
opposing cuds — with an enclosing surface having an interior and exterior surface. The interior
surface acts to define the bounds of the fluid conduit. Examples of tubulars and portions of
tubulars used in the well bore as fluid conduits or for making or extending fluid conduits mclude
casing, production liners, coiled tubing, pipe segments and pipe strings. An assembly of several
smaller tubulars connected to onc another, such as joined pipe scgments or casing, can form a
tubular that acts as a fluid conduit.

{0006] When positioning a tubular or a portion of tubular in the well bore, the volume between
the exterior surfaces of the fluid conduit or tubular portion and the well bore wall of the well
bore forms and defines a well bore annulus. The well bore annulus has a volume in between the
external surface of the tubular or fluid condwit and the well bore wall.

Wel bore fluid

{6007] The well bore containg well bore {lnid from the first moment of formation until
completion and production. The well bore fluid serves several purposes, inchuding well control
{(hydraulic pressure against the fluids n the hydrocarbon-bearing formation), well bore wall
integrity (hydraulic pressure on the well bore wall; provides loss control additives) and lubricity
{operating machinery). Well bore fluid 18 fluid contact with all portions of and everything in
the well bore not fluidly isolated, inchuding the tubular internal fluid conduit, the well bore
annulus and the well bore wall. Other fluid conduits coupled to the well bore often contain at
ieast some well bore thud,

{0008] While drilling, dnilling fluid ("nmmud™} fills the interior of the well bore as the well bore
fluid.  Some muds are petroleum-based materials and some are water-based materials,
Petroleum-based materials comprise at least 90 weight percent of an otl-based mud (OBM).
Examples of suttable base petroleurn materials melude crude oils, distilled fractions of crude o,
including diesel o, kerosene and mineral oil, and heavy petroleum refinery liquid residues. A

munor part of the OBM 1s typically water or an agueous solution that resides internally in the
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continuous petroleum phase. Other OBM components can include emulsifiers, wetting agents
and other additives that give destrable physical properties.

{0009} Oil-based muds also include synthetic oil-based muds (SOBMs), Synthetic oil-based
muds are crude oil derivatives that have been chemically treated, altered or and refined to
enhance certain chemical or physical properties. In comparison to a crude temperature fraction
of a partially-refined crude oil, which may contain several classes (for example, alkane,
aroruatic, sulfur-bearing, nitrogen-beaning) of thousands of ndividual compounds, a SOBM can
comprisc one class with only tens of individual compounds (for example, esters compounds in a
Cs.aqarange). Examples of matenals used as base fluids for SOBMs include hinear alpha olefins,
isomerized olefins, poly alpha olefins, lincar alkyl benzenes and vegetable and hydrocarbon-
derived ester compounds. SOBMs are monolithic systems that behave in a manner as if they
were an oil-based mud but provide a more narrow and predictable range of chemical and
physical behaviors.

{30310} While performing drilling operations, well bore fluid circulates between the surface and
the well bore interior through fluid conduits. Well bore fluid also circulates around the interior
of the well bore. The wntroduction of drilling fhuid into the well bore through a first fluid conduit
at pressure induces the motivation for the fluid flow in the well bore fluid. Displacing wel bore
fluid through a second fluid conduit counected to the surface causes well bore fluid circulation
from the first fluid conduit to the second fluid conduit in the interior of the well bore. The
expected amount of well bore fluid displaced and returned to the surface through the second fluid
conduit is equivalent to the amount introduced into the well bore through the first fluid conduit.
Parts of the well bore that are tluidly 1solated do not support circulation.

{60311} Drilling muds that are not water based tend to dehydrate and lose additives during drilling
operations. Dchydrated and additive-poor residues can collect in lower-flow velocity parts as
solids, gels and highly viscous fluids, “Filter cake” 18 a layer of deposited solids and gelled
drilling fluid that adheres to the interior surfaces of the well bore, including the well bore wall
and the exterior of the fluid condwat.

Cementing the well bore

16012} Cementing 18 one of the most important operations in both drilling and complction of the
well bore. Primary cementing occurs at least once to secure a portion of the fluid conduit

between the well bore mterior and the suriace to the well bore wall of the well bore,
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{6013} A varicty of water-based cements slurries is available for primary comenting operations.
Primary ceruents typically contain calciurn, alumiourn, silicon, oxygen, iron and sulfur
compounds that react, set and harden upon the addition of water. The water used with the
cement slurry can be fresh water or salt water and depend on the formation of the coment shurry
and its tolerance to salts and free ions. Suitabie water-based coments include Portland cements,
pozzolana cements, gypsum cemuents, high alumina content coments, slag coments, silica
cements, bigh alkalinity cements, latex and resin-based cewents. Cement slurries useful privaary
cementing operations meet the standards given by the American Petroleum Institute (API) in
Specification 10A for classes A-H.

{0014} Primary cementing forms a protective solid sheath around the exterior surface of the
introduced fluid conduit by positioning cement slurry in the well bore annulus. Upon positioning
the fluid conduit in a desirable location in the well bore, introducing cement slurry into the well
bore fills at least a portion if not all of the well bore annulus. When the coment slurry cures, the
cement physically and chemically bonds with both the exterior surface of the fluid conduit and
the well bore wall, coupling the two. In addition, the solid coment provides a physical barrier
that prohibits gases and hquds from migrating frow one side of the solid cement to the other via
the well bore annulus. This fluid isolation does not permit fluid nugration uphole of the solid
cernent through the well bore annulus,

{0015} Displacing well bore fluid for primary cementing operations is similar to establishing
circulation in the well bore fluid with g drilling maud. An amount of coment slurry introduced
into the well bore through a first fluid conduit induces fluid flow in the well bore and displaces
an equivalent amount of well bore fluid to the surface through a second {luid conduit. In such an
instance, the well bore fluid includes a portion of the well bore fluid previously contained in the
well bore before cement introduction as well as the amount of the introduced coment sharry.
18016} Cementing 1 the presence of filter cake can cause a cernenting job to tail. The adhesion
of filter cake and gelled fluid to the well bore wall or the tubular exterior is weak compared to
the bond that cement can make. Cementing ou top of filter cake strips the cake off the walls and
exterior surfaces due to the weight of the cement upon curing. This lack of direct adhesion

creates flurd gaps m and permuts circulation through the well bore annulus,
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Incompatible fluid interaction

{3017} Direct contact between the waler-based cerent slurry and the otl-based drilling mud can
result in detrimental fluid interactions that can jeopardize not only cementing operations but also
the mtegrity of the well bore. The mtermingling of imcompatible flutds can create cmulsions
{both water-in-otl and oil-in-water emulsions) between the fluids. The emulsions, which resist
fluid movement upon the application of foree, raises the viscosity profile of the well bore fluid.
Increasing pamping head pressure to maintain a constant fluid circulation rate 1o the well bore
can result in damaging the formation downhole as well bore fluid pressure exceeds the fracture
gradient of the formation.

{3018} Besides detrimentally affecting the viscosity profile, when solids and water from the
coment slurry transfor mto the oil-based drilling mud during emulsification, the oil-based mud
properties are detrimentally affected. Dilution, chemical interaction, breaking of a water-in-oil
emulsion and flocculation of suspended additives out of the oil phase can also occur,

{6019] Coment shurry properties can also suffer from contamination by the OBM. Flocculation
of weighting agents and macromolecules can cause the cement to have reduced compressive
strength.  The diffusion of ionic species from the OBM can cause premature setiimg of the
cement shurry. The ramifications of early cement hardening include equipment damage, time
delay, well bore damage and possible loss of the entive tubular string.  Contamivation of the
coement shurry with bulk OBM results in higher slurry viscosity and higher fluid losses from the
hardening slurry.

SUMMARY OF THE INVENTION

{0028} The mvention includes a composition for use as a spacer fluid between two incompatible
fluids having a viscosity thinner, a weighting agent, an antifoaming agent and a non-ionic
surfactant in a base aqueous fluid.  The spacer fluid s compatible with both fluids. An
embodiment of the composition includes having a coraposition with a sulfomethylated tannin
viscosity thinner, a bartum sulfate weighting agent, a silicone antifoaming agent and an
ethoxvlated alcohol non-ionic surfactant.

{3021] The invention includes a method of treating a well bore annulus in preparation of
introducing water-based cement shurry into a well bore. The well bore contains a well bore fluid.
The method includes the steps of introducing a spacer fluid into the well bore and positioning the

spacer fluid in the well bore annulus. The spacer fluid water-wets the oxterior surface of the
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tubular and the well bore wall such that the water-based cement slurry can adhere to both
surfaces. The spacer fuid s made of a chemically modified tannin, barite, a silicone Hauid and
an ethoxylated alcchol in an aqueous base fluid. The spacer fhuid is compatible with both the
water-based cement shurry and the well bore fluid. The spacer fluid is operable to separate
physically the water-based cement sturry from the fluid in the well bore.

16022} The invention includes a mcthod of using the spacer fluid to position a first fluid mto a
well bore avnulus of a well bore contaiming a second fluid.  The spacer flud s roade of
chemically modified tannin, barite, a silicone liquid and an ethoxylated alcohol in an aqueous
base fluid. The method inchudes the step of introducing into the well bore through a first fuid
conduit an amount of the spacer fluid. The spacer fluid fluidly couples with the second fluid.
The spacer fluid introduction displaces an equivalent amount of the fluid in the well bore through
a second fluid conduit. The spacer flnid introduction is at a pressure adequate to induce laminar
uid flow of the fluid in the well bore annulus. The method also includes the step of introducing
into the well bore through the first fluid conduit an amount of the first fluid. The first fluid
fluidly contacts the spacer fluid in the well bore. The first fluid introduction displaces an
equivalent amouut of the fluid 1 the well bore through the second fluid conduit. The fivst thad
introduction induces laminar fluid flow of the fluid in the well bore annulus. The method
includes the step of positioning a portion of the fivst fluid o the well bore annulas.

{3023} The mmvention includes a method for fluidly isolating at least a portion of a well bore
annulus tn a well bore containing an oil-based drilling fluid using water-based coment slurry.
The spacer fluid is made of a chemically modified tannin, barite, a silicone liquid and an
ethoxylated alcohol in an aqueous base tluid. The water-based coment slurry and the oil-based
drilling fluid are incompatible with one another; however, both compatible with the spacer fluid.
The method includes the step of introducing into the well bore through the first fluid conduit an
amount of spacer fluid. The spacer fluid couples to the oil-based drilling {Inid in the well bore.
The spacer fhuid introduction displaces an equivalent amount of the fluid in the well bore through
the second tluid condwit. The spacer fhnd witroduction induces larmnar fluid circulation of the
fluid in the well bore through the well bore annulus. The method also includes the step of
positioning the spacer fluid composition in the well bore annulus such that the spacer flud
composition fhudly contacts a portion of the tubular exterior surface and a portion of the well

bore wall of the well bore annulus. The spacer fluid contacting the surfaces makes both surfaces
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water-wet. The method also includes the step of introducing into the well bore through the first
fluid counduit an amount of water-based cemeut shurry. The water-based cement shury contacts
the spacer fluid in the well bore. The water-based cement slurry introduction displaces an
eqguivalent amount of the fluid 1 the well bore through a second fluid conduit. The water-based
cement slurry introduction induces laminar thid circulation of the fluid in the well bore through
the well bore annulus, The water-based coment 18 operable to cure into solid cement at well bore
conditions. The method also includes the step of positioning the water-based cement shurry such
that at least a portion of the water-based cement shurry fluidly contacts both the external surface
of the tubular and the well bore wall of the well bore at the same fime. The method also includes
the step of maintaining the water-based cement slurry in the well bore annulus until the water-
based coment slurry adheres to the water-wetted portions of the tubular exterior surtace and the
well bore wall. Maintaining the position also occurs until the cement shurry cures into the solid
cement material,  When the water-based cement cures into a solid cement material in the well
bore annulus, a portion of the well bore annulus is fluidly isolated from the remainder of the well
bore.

10024} The spacer fluid composition positioned between the water-based cewent starry and the
oil-based drilling mud prevents negative direct interactions between the incompatible fluids. The
spacer fluid is chemically compatible with both water-based fluids, wcluding cement slurries,
and oti-based fluids, including oti-based drilling fluids or muds, simultancously.

{0025} Compatible fluids can form a fluid mixture that does not undergo undesirable chemical or
physical reactions. An indication of physical compatibility between fluids includes determining
the rheological attributes, including shear viscosity, of the blend of fluids.  Chenucal
compatibility includes no or desirable changes to chemical-related attributes, including
thickening time, compressive strength of resultant solids, static gels and fluid loss. Verifying
compaltibility ensures that the ntroduction of the spacer fluid mto the well bore does not create
new incompatibilities.

{8626} The spacer fluid composition is such that if the spacer fluid is contaminated by both the
water-based fluid and the oil-based finid in amounts as great as 25 percent by volume of the total
fluid volume that the contaminated spacer fluid can be circulated without requiring significantly
higher fluid head pressure than uncontaminated spacer fhuid. The spacer fluid does not harden,

gelatinize or otherwise becorme immobile in the well bore because of contamination.
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{00271 In using the spacer fluid, the two fluids do not have to be incompatible with one another.
In some situations, the separated {luids may be “too compatible” with oue another nangle. This
mingling of like fluids may cause the two fluids to lose their advantageous attributes. The spacer
fluid 1s also usetul for separating different drilhing fluids duning drilling tluid change outs, for
separating a drilling fluid and an aqueous fluid, including a completion brine or seawater, during
well infogrity testing, and for “water-wetting” the well bore wall and surfaces in the well bore.

BDETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

{0028] The Specification, which inclades the Summary of Invention, Brief Description of the
Drrawings and the Detaded Description of the Preferred Embodiments, and the appended Clanus
refer to particular features (including process or method steps) of the invention. Those of skill in
the art understand that the invention includes all possible combinations and uses of particular
features described in the Specification. Those of skill in the art understand that the invention is
not limited to or by the description of crabodiments given in the Specification. The inventive
subject matter is not restricted except only in the spirit of the Specification and appended Claims.
16029} Those of skill m the art also understand that the terminology used for describing
particular embodiments does not limit the scope or breadth of the mvention. In interpreting the
Specification and appended Claims, all terms should be interpreted in the broadest possible
manner consistent with the context of each terrn. Al techwical and scientific terms used i the
Specification and appended Claims have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs unless defined otherwise.

{003¢] As used in the Specification and appended Claims, the singular forms “a”, “an”, and
“the” meclude plural references unless the context clearly indicates otherwise.  The verb
“comprises” and its conjugated forms should be interpreted as referring to elements, components
or steps in a non-cxclusive manner. The referenced clements, components or steps may be
present, uiilized or combined with other elements, compouents or steps vot expressly referenced.
The verb “couple” and its conjugated forms means to complete any type of required junction,
including electrical, mechanical or fhuid, to form a singular object from two or more previously
non-joined objects. If a first device couples to a second device, the connection can occur either
directly or through a common connector,

{8031} Spatial terms describe the relative position of an object or a group of objects relative to

another object or group of objects, The spatial relationships apply along vertical and horizontal
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axes. Orientation and relational words including “up” and “down™ and other like terms are for
descriptive convenience and are not limiting unless otherwise indicated.

{8032} Where a range of values is provided in the Specification or in the appended Claims, it is
understood that the interval encompasses cach intervening value between the upper himit and the
lower limit as well as the upper limit and the lower limit. The invention encompasses and
bounds stualler ranges of the interval subject to any specific exclusion provided.

100331 All publications mentioned in the Specification are incorporated by reference to disclose
and describe the methods or materials, or both, in connection with which the publications are
cited.

{0034} Where reference is made in the Specification and appended Claims to a method
comprising two or more defined steps, the defined steps can be carried out in any order or
simultaneously except where the context exchudes that possibility.

Spacer fluid composition

{3035} The spacer fluid includes a base aqueous fluid, a viscosifier, a weighting agent, a non-
ionic surfactant and an antifoaming agent. The viscosifier has a component that can act to thin
gels 1o ease removing them from well bore walls and surfaces.  In addition, the thinuer
component interacts with charged particles in the well bore fluid to suspend them for removal
from the well bore. The weighting agent increases the density of the spacer fhud so that it fits in
the density profile between the fluids it 1s scparating to prevent fluid inversion or fingering. The
weighting agent also assists with increasing the buoyancy cffect of the spacer fluid on gelled
drilling fluids and filter cake. The non-ionic surfactant enhances the chemical compatibility of
the spacer fluid with the oil-based tluid. The surfactant leaves both the well bore wall and
exposed surfaces in the well bore interior “water-wet” by removing non-aqueous materials,
which enhances the capability of the coment to adhere to the surfaces. The surfactant also
interacts with hydrocarbon-coated solids to saspend them 1o the aqueous solution for transport
out of the well bore. The antifoaming agent prevents the formation of foams and emulsions
between the aqueous and hydrocarbon-based fluids by lowering the surface tension between the
materials.

16036} Although not intending to be bound by theory, many of the components of the spacer

fluid composition can secondarily supplement desirable properties of the spacer fluid. For
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example, the antifoaming agent can also act as a minor surfactant in certain operative
SUVITOIISHLS.

Base agueous fluid

{0037} The base aqueous fluid of the spacer fluid composition can ineclude deionized, tap,
distilied or fresh waters; natural, brackish and saturated salt waters; natural, salt dome,
hydrocarbon formation produced or synthetic brines; filiered or untreated scawaters; mineral
waters; and other potable and non-potable waters containing one or wore dissolved salts,
minerals or organic materials.  Fresh water s preferable because of potential issues with
introducing unnecessary amounts of 1ons, metals and minerals to cement shurry compositions that
are more sensitive to such materials. The base aqueous fluid is present in a range of from about
70% to about 95% of the total volume of the spacer fluid composition.

Viscosifier

10038] The spacer fluid composition inchudes a viscosifier. The viscosifier induces rheological
properties (that is, thickening) in the spacer fluid composition that supports particle suspension
and helps to prevent losses into the other fluids or the formation. The viscosifier can include
biciological polymers, clays, cthoxylated alcohols and polyether glycols. Biological polymers
and their derivatives inchude polysaccharides, including xanthan gums, welan gums, guar gums,
cellulose gums, comn, potato, wheat, maize, rice, cassava, and other food starches, succmoglycan,

carrageenan, and scleroglucan and  other intraceilnlar, structural and  extracellular

"

polysaccharides.  Biological polymers also include chemically modified derivatives such a
carboxymethyl cellulose, polyanionic cellulose and hydroxyethyl cellulose (HEC) and forms of
the polymers suspended in solvents. Clays and their derivatives include beuntonite, sepiolite,
attapulgite, and montmorillionite.  Polyalklyvene glycols include polyethylene glycols and
polypropylene glycols, which are macromolecules with a series of internal cther linkages.
Polvalklyene glycols are capable of dissolving m water and have a greater impact on viscosity
with higher molecular weight.

{3039} The viscosifier can also include a viscosily thinver. A viscosily thinver reduces flow
resistance and gel development by reducing viscosity of the spacer fluid. Thinners can reduce
the flow resistance and gel development of filter cake and disrupt gelled materials that the spacer
fluid composition contacts in the well bore. Thinners comprising large molecular structures can

also act as fluid loss additives. The functional groups of the viscosily thinners can act to
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emmulsify oils and hydrocarbons present in the agueous phase. Chemically modified viscosity
thinners can attract solids and particles in the spacer fluid and disperse such particles, the
dispersion of particles preventing any increase in viscosity of the spacer fhiid due to aggregation.
lonic thinners can counter-act the effects of coment slurry intrusion mito the agueous spacer.
Cement mtrusion in the spacer fluid composition can result in greater saline concentration or
higher pH, which in turn can causce the gel strength or the vield point value, or both, of the spacer
fluid to vise. Low gel strength and yield point values are preferred to maintain lower spacer thad
pumping pressure.

{0048} Polypheuvoics, which wmclude tanunins, lignins, and humic acids, and cherncally modifie
polyphenolics are useful viscosity thinners. Tannins and their chemically modified derivatives
can either originate from plants or be synthetic. Examples of plant-originating tannins include
tanmins from pine, redwood, cak, and quebracho trees and bark; grapes and blueberries; and
walnuts and chestnuts,

{6041} Chemically modified tanning inchude sulfomethylated and other sulfoalkylated tannins,
causticized tannins, sulfited tannins, sodium-complexed tannin and sulfomethylated quebracho.
Chermcally modified higonins meclude sodium lignosulfonates, sugar-containing lignosulfonates,
and de-sugared lignosulfonates. Humic acids, such as those extracted from decaying tree bark,
are also useful rheology modifiers. Usetul polyphenoics dissolve in the base agueous fluid. In
some instances, the chemically modified tannin pairs with similar ionic specie to assist in
dissolving the tannin i the agueous solution.  For example, sulfomethylated tannins paired with
ferrous sulfates are soluble in agueous solutions.

{0042] A commercially available viscosifier useful in an embodiment of the spacer fluid
composition includes DIACEL® Adjustable Spacer Viscosifier (Drilling Specialties Co.; The
Woodlands, TX).

{0043} The viscosifier is present in the spacer fluid composition by weight per barrel of base
aquoous solution in the spacer fluid composition. The viscosifier is present in the spacer fhuid
composition in a range of from about § pounds to about 10 pounds per barrel of base aqueous
fluid. Oue of ordinary skill in the art recognizes the appropriate amount of viscosifier for the
spacer fluid composition given the application circumstances and therefore understands that all

values within the provided range are included.
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Weighting agent

{0044] The spacer fluid composition also contains a weighting agent. The weighting agent
provides the spacer fluid with the proper density profile to separate the fluids from one another.
The proper weighing of the spacer fluid composition relative to cach fluid ensures that the spacer
fluid composition does not “invert” with one of the other fluids present tn the well bore.
Weighting agents include sand, barite (bartum sulfate), hematite, fly ash, silica sand, ilmentle,
manganese oxide, manganese tetraoxide, zink oxide, zirconium oxide, iron oxide and fly ash.
The preferred weighting agent for the spacer fluid composition is barite.  Embodiments of the
spacer fluid composition include compositions not including calcium carbonate as the weighting
agent.

10045} The weighing agent 1s present in the spacer {luid composition by weight per barrel of
base aqueous solution in the spacer fluid composition. The weighting agent 15 present in the
spacer fluid composition in 4 range of from about 100 pounds to about 400 pounds per barrel of
base aqueous fluid. One of ordinary skill in the art recognizes the appropriate amount of
weighing agent for the spacer fluid composition given the application circumstances and
therefore understands that all values within the provided range are 1ucladed.

0046} The density profile of the spacer fluid composition relative to the other fluids is such that
the spacer fluid composition has a similar or greater density than the displaced tlaid but has a
jower density than the displacing fluid. In some instances, the displaced fluid is the oil-based
mud and the displacing tlnd s the water-based cement slurry. The higher deunsity spacer fluid
composition pushes gelled and solid remnants of the displaced fluid away from the well bore
wall and fluid conduit exteriors.

{38347} The spacer fluid composttion has a density in the range of from about 70 to about 120
pounds per cubic foot. One of ordinary skill in the art recognizes that spacer fluids can have a
density al any value within this rvasge given the application circurustances and therefore
understands that all values within the provided range are included.

Antifoaming agent

{3048} The spacer fluid composition also includes an antifoaming agent. Antifoaming agents
reduce surface tension and prevent cnuudsions {from forming between the aqucous spacer fluid

composition and hydrocarbons in the OBM and in the well bore interior.
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{0049} An embodiment of the spacer fluid composition includes an antifoaming agent that is a
polysiloxane material.  Polysiloxanes are macrorolecules that have branched or unbravched
backbones consisting of alternating silicon and oxygen atoms with hydrocarbon or hydrogen
branching groups. “Silicone” and “silicone ol” are other names for polysiloxanes, Examples of
stlicones include polydimethylsiloxane (dimethicone; PDMS), polymethylhydrosiloxane
(PMHS} and polydiphenyisiloxane (PDPS). Silicones can be end-capped with functional groups
sach as methyl and hydroxyl groups. The antifoaming agent is a preferably a silicone-based
liquid.

{6050} To muprove waler solubility o aqueous solutions while retaining the ability for the
stlicone to inmteract with non-aqueous systems, some silicone antifoams include polysiloxanes
copolymerized with polvoxyalkvlene functional groups to form  copolymers. The
copolymerization can be branch or block. Some refer to copolymers of silicone and ethoxylated,
propoxylated or co-cthoxylated/propoxylated glycols as “silicone copolyols”, “silicone glyeols”
and “silicone polyethers”.

{0051} Silicone oils and glycols can combine with treated silica materials to form antifoaming
agents. The silica acts to push the silicone fhud through the foam and assist it outo the foam
surface. Silica can also act to disrupt foam formation. Examples of useful treated silica mclude
methylated silica, trimethylated silica, treated amorphous silica, PDMS-treated silica and
amorphous fumed silica.

10052} Crude ot hydrocarbon fraction and compounds from crude oil are also useful as
antifoaming agents. Examples include paratfinic oils and mineral oils. Vegetable oils, including
corn oil, and legume ouls, including peanut oil, are also useful antifoaming agents. Fatty alcohols
having a carbon count in a range from 8 to 32 carbouns are also useful antifoaming agents.
Polyoxyalkylene co- and tri- block polymers containing propylene oxides or butylene oxides, or
both, with cthylene oxides, cau distupt eraulsion combinatious.

8053] A commercially available antifoaming agent uscful in an embodiment of the spacer fluid
composition includes DIACEL® ATF-S (Driiling Specialties Co.; The Woodlands, TX).

{3054} The antifoaming agent is present in the spacer fluid composition by volume per barrel of
base aqueous solution in the spacer fluid composiiion. The antifoaming agent 18 present in the
spacer fluid composition in a range of from about $.01 gallons to about $.2 gallons per barrel of

base agueous fluid. One of ordinary skill i the art recognizes the appropriate amount of
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antifoaming agent for the spacer fluid composition given the application circumstances and
therefore understands that all values within the provided range are 1ucladed.

Non-ionic surfactant

{0035} The spacer fluid composition contains a non-tonie surfactant, The non-ionic surfactant is
a surface-active agent that does not dissociate into tons in agueous solutions, unlike an anionic
surfactant, which has a negative charge, and a cationic surfactant, which has a positive charge, in
an aqueous solution.  The non-tomie surfactant 1 compatibie with both ionic and non-ionic
components of the spacer fluid composition because it is charge-neutral, Hydrophilic functional
groups present on non-onic surfactants can include alcohols, phenols, ethers, esters and amides,
Non-tonic surfactants are widely used as detergents, have good solvency in aqueous solutions,
exhibit low foam properties and are chemical stable.

{0056] An embodiment of the spacer fluid composition inchudes a non-ionic surfactant that is an
ethoxylated alcohol.  Some refer to cthoxylated alcohols as “polyoxyalkylenc glycol alkvl
ethers”, which describes the reaction product of an alcohol {alkyl) with the degree of ring-
opening oligiomerization that the alkyloxide undergoes to form the ethoxylated reaction product
{polyoxyalkyleune glycol). Both sectious of the resultant molecule jown through an ether link.
The non-ionic surfactant in some instances is an cthoxylated alcohol.

{6057} Alcohols usetul to form the alkyl portion of the ethoxylated aleohol include normal, 1s0-,
and cyclo-aliphatic alcohols. Example alcohols include fatty alcohols and long-chained alcohols
with slight branching having a carbon count from about 3 to about 30 carbons, isopropanocl, n-
butanol and cyclohexanol. Primary and secondary alcohols are included.

{0038} The degree of cthoxylation for the ethoxylated alcohol depends on several factors, The
degree of cthoxylation, which refers to the number of cthylene oxides used to form the
polyoxyethylene glycol portion of the surfactant, can range from about 2 to about 50 for the
sthoxylated alcohol. Considerations include the carbou count of the alcohol, the desired overall
solubility of the surfactant in the spacer fluid, foaming/emulsion effects of the surfactant-
hydrocarbon complex, and the balauce between hydrophobic effects of the alkyl portion of the
surfactant to the hydrophilic effects of the polyethoxylated portion of the surfactant. For fatty
aleohols, the degree of ethoyxlation 1s typically between about 4 and about 40 depending on the

end-use of the ethoxylated fatty alcohol.
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{0059} Other useful non-ionic surfactants for the spacer fluid composition include ethoxylated
phenols and ethoxylated alkyl phenols. The cther link between the ethoxylated portion and the
phenol/alkyl phenol portion of the surfactant forms from reaction of the alcohol mwoiety on the
phenol. For aliyl phenols, an alkyl functional group extends from the phenol that contributes to
the hydrophobic properties of the surfactant. Example alkyl phenols include dodecyliphenols,
nonylphenols, octylphenols, The degree of cthoxylation ranges from about 4 o about 50.

18060] Non-ionic surfactants for the spacer fluid composition also melude various epoxide block
co-polymerizations of ethylene oxide with other alkoxylates, including components formed from
propylene oxide and butylene oxide. The alkoxylates are capable of forming co-, ter-, and higher
order macromolecules and polymers. For example, a polypropylene oxide glycol (hydrophobic
portion) allowed to react with scveral cthylene oxides can form an ABA configuration
EO/PO/EO polymeric surfactant. These alkoxylated tri-block macromolecules are also known as
“noloxamers”,

{3061] Exarnples of other useful non-ionic surfactants for the spacer fluid composition include
fatty alcohols; alkypolyglucosides; alkoxylated oils and fats, including ethoxylated lanolin,
castor oil, and soy bean oil; faity amine ecthoxylates; alkanolamides, including
monoalkanolamides, dialkanolanudes, and esteramides; alkoxylated alkanolamides, inclading
polyethoxylated monoalkanolarmdes and polyethoxylated dialkauvolamide; alkoxylated fatty acid
monoesters and diesters; alkoxylated gylcols and glyeol esters, including ethoxylated glycol
monoester and cthoxylated glycerol monoester; alkoxylated amines, including mono-, di-, and
tricthanolamine; ethoxylated polysiloxanes and silicones; ethoxylated thicls, including
ethoxylated terdodecyl mercaptan; and cthoxylated imidazoles.

{3062] To assist in incorporating the non-ionic surfactant in an aqueous medium, the non-tonic
surfactant can also inchude other components in various proportions, including alcohols, refined
crude oil fractions and polar hydrocarbons. For exaruple, isopropyl alcohol, naphthalene and
heavy aromatic petroleum naphtha arc useful for delivering the non-ionic surfactant into an
agueous medium.

{60631 A commercially available non-ionic surfactant useful in an embodiment of the spacer
fluid composition includes LoSurf-259™ Nonemulsifier (Halliburton Encrgy Services; Duncan,

Ok
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{3064] The non-tonic surfactant is present in the spacer fluid composition by volume per barrel
of base aguecus solution in the spacer fluid composition. The non-iomic surfactant is present in
the spacer fluid composition in a range of from about 1.5 galions to about 2.0 gallons per barrel
of base aqueous fluid. One of ordinary skill in the art recognizes the appropriate amount of non-
ionic surfactant for the spacer fluid composition given the application circumstances and
thercfore understands that all values within the provided range are included.

Other additives

{0065] The spacer fluid can include additional components, including, for example, curing
agents, salts, corroston inhibitors, oxygen scavengers, scale inhibitors and formation
conditioning agents. One of ordinary skill in the art recognizes the appropriate amount and type
of additives for a particular application,

Making spacer fluids

{0066] The spacer fluid composition forms by combining the viscosifier, the weighting agent,
the antifoaming ageunt, and the non-ionic surfactant into the base aqueous fluid.  An example
method of combining the spacer fluid components includes introducing into a vessel capabic of
retaining the spacer fluid composition a sufficient quantity of base aguecus flind. lotroducing
gach component into the base aqueous fluid separately and mixing the blend such that ali the
spacer fluid components are fully incorporated forms the spacer fluid comwposition. Blending
means can include mixing using a low- or high-shear blender.

180671 “On the fly” mixing of the components is not recommended because s0me CoMponents
are typically solids and the other componeuts are typically liguids. Batch mixing of the spacer
fluid components until homogeneous incorporation and formation of the space fluid composition
is preferred.

Methods of using the spacer fluid composition

{0068] A method for using the spacer flud composition includes using the spacer flud to
position one fluid into the well bore containing another fluid. In some cases, the two fluids are
incompatible with one avother., For nstance, water-based cement slurries and oil-based dnilling
muds are two fluids that are incompatible with one another. The spacer fluid used wn the
methods is compatible with both tluids. The well bore fluid mitially comprises only one fluid,

such as the oil-based drilling mud.
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{0069} As previously described, the well bore contains at least a portion of a tubular, which has
an internal fluid conduit and an external surface. The internal fluid conduwt fhudly couples the
surface with the well bore. The well bore annulus forms between the external surface of the
tubular and the well bore wall,

{3378} More than one fhuid conduit coupling the surface with the well bore permits circulation of
the well bore fluidd. The well bore fluid circulates from a first fluid conduit coupled with the
surface through the well bore to a second {lnid conduit coupled with the swrface. In some
instances, the tubular is one of the fluid conduits and the well bore fluid circulates through the
internal fluid conduit of the tubular. The circulation rate of well bore flind through the well bore
is determinable in the well bore anmulus.

16071} When using the spacer fluid to displace one fluid with another, a certain amount of
contamination occurs between fluids, At the mmterface of adjacent fluids, contamination occurs
through direct contact at the {fluid-fluid mterface by way of diffusion. As fluids move, a minor
amount of contamination occurs between the fluids. One fluid tratling another fhud through a
fluid system picks up remnants of the leading fhuid — off the well bore wall or from the surface of
the tubular. The amount of contamination in the trailing Buid wereases with both time and flwd
flow rate.

{6072} In a method for using the spacer fluid, witroduction and positioning of cach fluid in the
well bore occurs at a fluid flow rate that is laminar or in a “phlug flow” regime. Contamination
between the fluids 18 lower f the fluids remain in a stagnant position relative to one another, As
fluid flow increases — moving from laminar or plug flow towards a turbulent flow regime — the
adjacent fluids begin physical mixing with one another as momentum acts on the fluids and
pushes thenm into one another. Plug flow has an added benefit in practice of prolonging exposure
of the well bore wall and the exterior tubular wall to the surfactants and the agueous base fluid in
the spacer fluid.

18073] Introduction of the spacer fluid occurs through the first fluid conduit, The first fluid
conduil 1o sore instances is the tubular, where the fluid passes through the interpal fluid condut
into the well bore. Introduction of the spacer fluid occurs at a pressure sufficient to induce
faminar flutd circulation in the well bore fluid. Upon introduction, the spacer fluid contacts the
fluid in the well bore and circulates the well bore thud from the first fluid condwt to the second

fluid condutt. The spacer fluid introduction displaces an equivalent amount of well bore fluid
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through the second fluid conduit. In some instances, the amount of spacer fluid displaces the
eutire well bore. In other instances, the amount of spacer thad displaces the annular space of the
well bore. In yet some other instances, the amount of spacer fluid displaces the fluid present in
the tubular internal fluid conduit. The spacer fluid while m the well bore becomes part of the
well bore fluid.

{0074} Introduction of another fluid that 1s different from the well bore fluid into the well bore
occurs through the first flind conduit.  Introduction of another fhud into the well bore afier the
spacer fluid is at a pressure sufficient to induce laminar thid circulation in the well bore fluid.
When ntroduced, the post-spacer fluid coutacts the spacer fluid in the well bore, causing the
well bore fluid to circulate through the well bore in a direction from the first fluid conduit to the
second fluid condutt. The second fluid miroduction displaces an equivalent amount of well bore
fluid through the second fluid conduit.

{0075} Positioning the second fluid occurs such that at least a portion of the fluid occupies at
ieast some of the well bore annulus. In some methods, introduction of a third fluid to position
the second fluid in the well bore annulus using similar techniques as previously described with
displaces well bore fluid. In most instances, the third fhud 1s another amount of spacer fluid, a
spacer fluid with a different composition, or water, including seawater and fresh water.

{6076] A method for using the spacer fluid includes fluidly wsolating at least part of the well bore
annulus in the well bore. The flnid used to isolate the well bore annulus is water-based cement
shurry. In some methods, the well bore contains an otl-based drilling fluid. Water-based cement
slurries and oil-based drilling fluids are incompatible. The water-based cement shurry cures into
a solid cement material that is capable of isolating at least part of the well bore annulus. The
spacer fluid ts compatible with both the oil-based drilling fluid and the water-based cement
shurry.

18077} Introduction of the spacer fluid into the well bore occurs through a first fluid condut.
The amount of spacer fluid introduced is at a pressure adequate to induce laminar fluid
circulation in the well bore fluid such that it displaces an equivalent amoount of well bore flnid
through a second fluid conduit. The introduced spacer fluid contacts the well bore fluid in the
well bore.

{0078 Introduction of the water-based cement shurry occurs through the first fluid conduit. The

introduced water-based coment slurry induces laminar {luid circulation in the well bore fluid and
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displaces an cquivalent amount of well bore fluid through the second fluid conduit. The water-
based cement slurry contacts the spacer fluid portion of the well bore fhuid.

{0079} Positioning a portion of the water-based cement slurry in the well bore annulus occurs
such that cement slurry contacts both the tubular extersal surface and the well bore wall
Maintaining the position of the water-based cement permits the cement to adhere to the water-
wet surtaces of the well bore wall and tubular exterior. It also permits the well bore conditions
to wmduce curing 1o the cement. Upon curing, the water-based cement slurry forms a sohd
cement material in the well bore anmulus, fluidly isolating at least a portion of the well bore
annulas.

{6080} In some meothods, ntroduction of additional fluids into the well bore through the first
fluid conduit positions the water-based coment shurry in the well bore annulus. Introducing the
additional fluid causes it to contact the cement slurry while in the well bore. The additional thud
partially displaces the well bore fluid such that the water-based cement slurry is in the well bore
annulus.

{0081} The amount of spacer fluid employed in all methods is adequate to keep fluids separated,
especially incompatible fluids during introduction and posttionung.

{8082 Examples of specific embodiments given facilitate a better understanding of the spacer
fluid composition and method of use. In no way do the Examples Hmit or define the scope of the
invention.

Examples

{003} Mixing and testing of the Example spacer fluid compositions with the water-based
cements and oil-based muds both separately and in combination s in accordance with the
procedure of Chapter 16 of American Petroleum Institute (API Recommend Practice 10B-2
{2005}, titled “Recommended Practice for Testing Well Cements”, which adopts International
Organization for Standardization (IR0 10426-2,

Exampie Spacer Fluid Compeositions 1-3

{0084} The procedures given in Section 16.2 of APIRP 10B-2 guide the preparation of the each
example spacer fluid composition, water-based cement slurry, and oil-based mud.

10085] Example [-3 spacer fluid compositions cach incorporate an amount of viscosifier

(DIACEL® Adjustable Spacer Viscosifier), weighting agent (barite), antifoaming agent

-19.
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{DIACEL® ATF-S Antifoam} and non-ionic surfactant (LOSURF™.259 Nonemulsifier) in an

amount of base aqueous fluid (fresh water) per Table 1.

Formulation of Spacer Examples 1-3
Non-
Fresh Weighting foaming Non-ionic
Components Water Viscosifier agent agent surfactant Density
Examples Bbis Lbs ibs Gals Gals Lhm/FtA3
Example 1 0.927 6.8 108 0.1 1.5 77
Example 2 0.840 6.8 195 0.1 1.5 89
Example 3 0.796 6.8 300 0.1 1.5 102

Table 1: Formulations for spacer fluid compositions Examples 1-3.

{B086] The water-based coment slurry Cement 1 for testing Example 1 is Class G-based coment
sturry having a density of 101 pounds-per-cubic foot (Iby/ft'). The vield is 2.22 cubic feet of
coment shurry from 11.36 gallons of water per sack, based with 35% aggregate and other
traditional well bore cementing additives. Cement 2, used for testing Example 2, has the same
formulation and properties as Cement 1. The water-based cement shurry Cement 3 for testing
Example 3 is Class G-based latex cement slurry having a density of 125 Ib/ft’. The vield is
1.37 cubic feet of cement sharry from 3.34 gallons of water per sack, based with 35% aggregate
and other traditional well bore latex coment additives.

{0087] The oil-based mud OBM 1 for testing Example 1 18 a diesel oil-based mud (6.923 bbl
diesel/bbl OBM) having a density of 56 pounds-per-cubic foot (Ib,/ft’). The oil-based mud
OBM 2 for testing Example 2 is a safra oil-based (0.414 bbl/bbl OBM} mud having a density of
80 1b/f°. The oil-based mud OBM 3 for testing Example 3 safra oil-based (0.409 bbl/bbl
OBM) mud having a density of 81 b/,

Exampie |

{0088} Tabic 2 shows the results of compatibility testing per Section 16.3 of API RP 10B-2

{Rheology} for various mixtures of spacer fluid composition Example I, water-based cement
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shurry Cement 1 and oil-based mud OBM 1. The different volume ratios simulate different levels
of contamiuation and interaction between the variouns flaids downhole.

{0089} Viscosity trends at different blending ratios of two or more fluids and at different
rotational viscosity rates help to demonstrate fluid compatibility, Viscosity 18 a measure of the
resistance of a fluid to deform under shear stress and the resistance of a material to flow, A
stgnificant viscosity mcrease indicates that the fluids are incompatible with one another, which
would requite greater head pressure to move the combined incompatible fluds through a flmd
system. Likewise, a nonhomogencous fluid admixture also indicates the fluids are incompatible.
A chemical reaction may be one where solids suspended n one fluid flocenlate out afier the
introduction of another fluid. If the two or more fluids mix and do not undergo undesirable
chemical and physical reactions then they are considered compatible with one another. .

{009¢] For measuring actual or true rotation viscosity, a rotational cylinder and bob mstrument,
for example a Fann viscometer, determines rotational viscosity in conti-Poise (cP) at 300, 200,
100, 6 and 3 rotations-per-mimite (RPM). High viscosity readings across an entire range of
rotational viscosity readings indicate incompatibility between the fluids in the mixture tested. A
deviation from a linear trend 1o viscosity between two subsiances — such as a “bamp” or “spike”
- can indicate incompatibility at the compositional ratio tested.

{0091] Plastic Viscosity (PV}, also measuared m ¢P, is the resistance of a flud to continual {flow,
itke kinetic friction. The Yield Point {(YP), measured as pounds per 180 square feet, is the
resistance of mitial flow of fluid or the stress required 1 order to move the flud, like static
friction. Both PV and YP tend to increase with contamination of an aqueous fluid. Water in an

oil-based mud will increase the PV and Y P values for the OBM,

Compatibility Testing of Example 1
Properties Viscometer Readings
Plastic Yield
200 100 6 3 Viscosity Point
/100
Fluid Mixtures cf cf ch cP P cP ftn2
Cement 1- 101 PCF 17 13 5 3 2 12 5
Example 1- 77 BCF 8 & 5 2 1 4 4
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OBMIL:Ex1 75:25 21 17 i3 7 & 12 10
OBMI:Ex] 50:50 25 20 14 7 & 16 9
OBMI:Ex1 25:75 9 7 5 2 i 6 3
OBMI:EX] 5:95 8 6 5 2 4 4

 OBM1:Cementi 95:5

Cementd:Exl 955 0 6
Cementd:Ex1 75:25 15 11 3 4 3 10 5
Cementd1:Ex1 50:50 16 12 3 4 3 12 4
Cement1:Ex1 25:75 12 g ) 4 3 9 3
Cement1:Ex1 5:95 11 8 5 3 2 9 2

OBM1:Ex1:Cementl

25:50:25

OBMI:Cementl 75:25 30 24 i7 9 3 19 11
OBM1:Cement] 50:50 38 30 23 13 iz 22 16
OBMI1:Cementl 25:75 31 25 i7 11 10 21 11
OBM1:Cementl 5:95 30 22 i7 11 18 18 11

Table 2: Compatibility tests between Example 1, OBM 1 and water-based cement shurry Coment

I.

{0092} The compatibility test results of Table 2 show favorable results spacer fluid composition
Example 1 tn all ratios with OBM 1 and Cement 1. The mixtures between OBM 1 and the
water-based coment slurry Cement | reveal incompatibility virtually across all blending ratios —
viscosity profile numbers greater than the viscosity profile values for OBM 1 and Cement 1 base

materials. Example | shows excelient compatibility at all ratios with Cement 1. Example 1 has
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good compatibility with OBM 1, showing a minor viscosity “bump” occurring around the 75:25
and 50:50 OBM: spacer fluid ratio. The highest Yield Poimnt for either the water-based cement
slurry or the otl-based mud with the spacer fluid composition Example 1 at any ratio is 10
Ibay/100 1.

{0093] The 25:50:25 OBMUExamplel:Cementt  shows extremely good spacer fluid
compatibility during heavy contamination with both mmcompatible fluids, This demonstrates that
Example 1 can wmaintain an easy-to-pump viscosity profile even under heavy adjacent flud
contamination with both OBM 1 and Cement | present. Comparatively, the viscosity profile of
the 50:50 OBM 1:Ceruent 1 mxture 1 Table 2 dewmonstrates a significantly higher viscosity
profile.

16094} One potential side cffect of low-level contamination of the water-based cement slurry is a
shortening of its thickening time. The thickening time is the time in which it takes the water-
based cement slurry to reach 100 Bearden units of consistency (BC), which is a dimensionless
value, At values higher than 100 Bearden units, coment slurries are not pumpable.

{0095} Table 3 shows the results of modification to cement shurry thickening time per Section

16.4 of API RP 10B-2 for uncontarinated Cement 1 and mxtures of Example 1 and Cement 1.

Thickening Time Tests for Cement 1 with Example 1
Thickening Time | Bearden
Properties Reading Units
Fiuid Mixtures Minutes BC
Cementl 310 166
Cementl:Ex1 95:5 430 100
Cementl:Ex1 75:25 480 12

Table 3: Thickening Time test results for Cement | and Cement 1:Example 1 mixtures.

{6096} The results in Table 3 show that thickening time increases with contamination of Cement
I with amounts of Example 1. The results indicate that a minor amount of Example 1
contamination into Cement | does not cause Cement 1 to set up prematurely and become

unpumpable.
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{3097} The compressive strength of the uncontaminated cement and spacer fluid contaminated
admixtores are 1o Table 4. The compressive strength tests use an ulirasouic cement analyzer.
The procedures of Clause 8 (Non-destructive Sonic Testing of Cement) as well as Chapter 16.5
of API RP 10B-2 guide the preparation and testing of the water-based cement slurry and the

admixtures using the nltrasonic cement analyzer.

Sonic Compressive Strength Tests for Cement with Example 1
Comprassive
Time to 50 | Time to 500 | Strength @ 24
Properties Psi Psi hours
Fluid Mixtures Minutes Mirutes Psi
Cementl 415 728 338
Cementl:Fx1 85:5 456 916 705
Cementl:Ex1 75:25 1380 +1440 67

Table 4: Sonic Compressive Strength Tests between Cement 1 and Cement DiExample |

mixtures,

{0098} The results in Table 4 confirm a lengthening of the time to harden into solid cement
suggested by the results given in Table 3.

{399} Tabie 5 shows the results of modification to cement slurry fhuid loss per Clause 10 and
Section 16.6 of AP RP 10B-2 for uncontaminated Cement 1 and mixtures of Example 1 and

Cement 1.

#4179667.1

Fluid Loss Tests for Cement with Example 1
Fluid Loss @ 30
Properties Minutes
Fluid Mixtures Cmh3
Camentl 146
Cementl:Exl 955 322
Cementl:Exl 75:25 248
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Table 5: Fluid Loss Tests between Coment 1 and Cement 1:Example 1 mixtures.

{001G6] Table 5 shows improvement in fluid loss for the Cement 1:Example 1 mixtures versus
the uncontaminated Cement 1.

Fxample 2

{001061] Table 6 shows the resulis of compatibility testing per Section 16.3 of API RP 10B-2
{Rheology) for various raixtares of spacer flurd compostiion Example 2, water-based cement

shurry Cement 2 and oil-based mud OBM 2.

Compatibility Testing of Exampile 2

Properties Viscometer Readings

Plastic Yield
300 200 100 & 3 Viscosity Point
ib/100
Fluid Midures cP cP cP ch cP cP a2
Cement 2 - 101 PCF 17 13 g 3 2 12 5
Example 2 - 89 PCF 11 ] 6 3 2 7 4
OBM 2 - 80 PCF 26 22 16 & & 15 12

OBM2:Ex2 05:5 43

QBMZ:Ex2 75:25 120 97 70 27 23 75 49
OBM2:Ex2 50:50 26 16 11 & 4 22 3
OBMZ:Ex2 2575 10 7 5 3 2 7 2
OBM2:Ex2 5:95 2 7 5 3 2 & 3

Cement2:ExZ 85:5 i7 14 9 4 12 &
Cement:Ex2 75:25 i6 14 18 S 6 9 8
Cement2:Ex2 50:50 15 13 9 7 6 9 7
Cement2:Ex?2 25:75 i3 10 7 4 3 9 4
Cement2:ExZ 5:85 iz 16 7 4 3 7 5
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OBMZ:Cement2 855 53 44 33 is 14 30 25
OBMZ:Cement2 75:25 46 33 24 il 14 33 13
OBMZ2:Cement2 50:50 62 37 23 2 8 58 1
QBM2:Cement? 2575 46 33 24 i1 9 33 13
OBMZ:Cement2 5:85 27 20 i3 & 5 21 6

OBM2:ExZ2:Cement?2

25:50:25 i7 13 9 4 3 12 5

Table 6: Compatibility tests between Example 2, OBM 2 and water-based cement sharry Cement
2.

{00102] The compatibility test results of Table & show favorable results spacer fluid
composition Example 2 i all ratios with OBM 2 and Cement 2. The mixtures between OBM 2
aund the water-based cemeunt shurry Cemeunt 2 reveal incompatibility virtually across all blending
ratios — viscosity profile numbers greater than the viscosity profile values for OBM 2 and
Cement 2 base roaterials. Exarniple 2 shows excellent compatibility at all ratios with Cement 2.
Example 2 is generally compatibic with OBM 2, although the viscosity “bump” for the 95:5 and
75:25 OBM: spacer fluid ratio 1s considered somewhat clevated. The highest Yield Pomnt is 49
/100 1.

{00103] The 25:50:25 OBM 2:Example 2:Cemecnt 2 shows extremely good spacer fluid
compatibility during heavy contamination with both incompatible fluids. Comparatively, the
viscosity profile of the 50:50 OBM 2:Cement 2 mixture in Table 6 demonstrates a significantly
higher viscosity profile.

Example 3

{60104] Table 7 shows the results of compatibility testing per Section 16.3 of API RP 10B-2
{Rheology} for various mixtures of spacer fluid composition Example 3, water-based cement

shurry Cerment 3 and oil-based mud OBM 3.
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Compatibility Testing of Example 3 with 0BM and Cement

Properties Viscometer Readings

Plastic Yield
300 200 1060 6 3 Viscosity Point
ib/100
Fluid Midures cP cP cP cP cP cP 12
Cement 3 - 125 PCF 151 103 50 13 15 151 i
Example 3 - 102 BCF 15 11 7 3 2 12 3
OBM 3 - 81 PCF 56 45 34 17 16 33 25

OBM3:Ex3 05:5 18
OBM3:Ex3 75:25 139 102 66 26 24 109 31
OBM3:Ex3 50:50 28 20 13 7 & 24 5
OBM3:Ex3 2575 12 16 & 3 2 9 4
OBM3:Ex3 5:95 17 13 9 3 2 12 5

Cement3:Ex3 855

Cement3:Ex3 75:25 49 34 22 8 & 40 9
Cement3:Ex3 50:50 34 29 17 5 3 33 7
Cement3:Ex3 2575 40 32 24 15 i3 24 17
Cement3:Ex3 5:85 18 14 11 & 3 10 8

OBM3:Cement3 855 22

OBM3:Cement3 75:25 | +300 240 159 44 35 ND ND
OBM3:Cament3 50:50 | +300 | +300C +300 220 160 ND ND
OBM3:Cement3 25:75 | 154 131 93 22 17 91 69
OBM3:Cement3 5:85 | 141 106 61 17 14 120 22

OBM3:Ex3:Cement3
25:50:25 29 23 14 5 4 22 7

#4179667.1
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Table 7: Compatibility tests between Example 3, OBM 3 and water-based cement shurry Coment

-
>

{00105] The compatibility test results of Table 7 show favorable results spacer fluid
composition Example 3 in all ratios with OBM 3 and Cement 3. The mixtures between OBM 3
and the water-based cement slurry Coment 3 reveal significant incompatibility virtually across all
blending ratios. The latex/water based cement shurry and the OBM are virtually iromobile at all
mixture ratios. Example 3 shows excellent compatibility at all ratios with Cement 3. Example 3
is generaily compatible with OBM 3, although the viscosity “bump” for the 95:5 and 75:25
OBM: spacer fluid ratio is considered somewhat elevated. The highest Yield Point 1s 31 th,/100
in

{001¢6] The 25:50:25 OBM 2:Example 2:Cement 2 shows excellent spacer fhuid compatibility
during heavy contammnation with both incorpatible fluids. Comparatively, the viscosity profile
of the 5¢:50 OBM 3:Cement 3 mixture in Table 7 demonstrates appears virtually unpumpable.
{60107} Table 8 shows the results of modification to cement slurry thickening time per Section

16.4 of API RP 10B-2 for uncontarminated Cement 3 and mxtures of Example 3 and Cement 3.

Thickening Time Tests for Cement with Example 3
Thickening Bearden
Properties Time Reading Units
Fluid Mixtures Minutes BC
Cement 3 341 100
Cement3:Ex3 855 330 100
Cement3:Ex3 75:25 390 14

Table 8: Thickening Time test results for Cement 3 and Ceruent 3:Exarmple 3 mixtures.
{06108] The resulis in Table 3 show that with a minor amount of contamination {35:5 coment

sharry/spacer fluid} that the time to reach an equivalent Bearden umits as the uncontaminated

shurry is approximately 14% longer.
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{6010%] The compressive strength of the uncontaminated cement and spacer fluid
contaminated admixtures are in Table 9. The corapressive strength tests use an ultrasonic
cement analyzer. The procedures of Clause & (Non-destructive Sonic Testing of Cement) as well
as Chapter 16.5 of API RP 10B-2 guide the preparation and testing of the water-based coment

shurry and the admixtures using the ultrasonic cement analyzer.

Sonic Compressive Strength Tests for Cement with Example 3

Comprassive
Time to 50 | Time to 500 | Strength @ 24
Properties psi [35i hours
Fluid Mixtures Minutes Mirutes Psi
Cament 3 385 421 2393
Cement3:Fx3 85:5 319 365 2969
Cement3:Ex3 75:25 476 515 10586

Table 9: Sonic Compressive Strength Tests between Cement 3 and Cement 3:Example 3

mixtures,

{00116] The results in Table 9 show that a minor amount of contamination (95:5 Cement 3:
Example 3} causes the coment slurry to harden into a sohid coment that 18 approxamately 25%
stronger than the uncontaminated Cement 3. The minor amount of contamination of spacer fluid
Example 3 1o coment slurry Ceoment 3 also causes the coment shurry to reach the 50 and 500 psi
strength measuring points 18% and 12% faster than uncontaminated cement, respectively.

{00111} Table 10 shows the results of medification to coment shurry fluid loss per Clause 10
and Section 16.6 of API RP 10B-2 for uncontaminated Cement 3 and mixtures of Example 3 and

Cement 3.
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Example 3

Fluid Loss Tests for Cement with

Fluid Loss @
Properties 30 Minutes
Fluid Mibdures Cmh3
Cement 65
Cement: EX. 38955 46
Cement: Ex. 3 75:25 69

PCT/US2012/059636

Table 10: Fluid Loss Tests between Cement 3 and Cement 3:Example 3 mixtures.

{60112]  As with the other compatibility tests, the slightly contaminated Cement 1: Example |
{95:5) mixture shows better performance than uncontaminated Coment 3 through about 30%
reduction in fluid loss after 30 minuntes. The results in Table 10 show good compatibility

between Example 3 spacer fluid and Cement 3 and, in fact, improved performance in the

presence of a minor amount of Example 3 spacer fluid,

-30-
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CLAIMS
What 1s claimoed 1s:
i. A method for introducing and positioning a first fluid in a well bore annuius of a well
bore contatning a second fluid,
where the well bore is located beneath a surface, is defined by a well bore wall extending
from a surface underground, fuidly couples to a first fluid conduit and 4 second flud
conduit, and contains at feast a portion of a tubular having an exterior surface;
where the first fluid conduit and the sccond fluid conduit each are separately fhuidly
connected with the surface and are operable to convey fluids between the well bore
and the surface; and
where the well bore anmulus 1s defined as a portion of the well bore between the tubular
exterior surface in the well bore and the well bore wall;
the method for mtroducing and positioning comprising the steps ofd
introducing into the well bore through the first fluid conduit an amount of the spacer fluid
composition such that the spacer fluid composition fluidly couples to the second fluid
1 the well bore, where the spacer fluid coruposition comprises a chemically modified
tannin, barite, a silicone liguid and an cthoxylated alcohol in an aquecus base fluid
and where the spacer fluid 1s compatible with both the first fluid and the second fuid;
introducing inte the well bore through the first fluid conduit an amount of the first fluid
such that the first fluid fluidly contacts the spacer fluid composition in the well bore
and the first fluid does not contact the second fluid, where the first fluid and the
sccond fluid are not compatible with one another; and
positioning a portion of the first fluid in the well bore annulus;
where during each introduction step an amount of the fluid in the well bore equivalent to the
amount of fluid introduced passes from the well bore through the second fluid conduit;
where during cach introduction step the fluid in the well bore flows non-turbulently through the
well bore annulus, and
where both compatibility and non-compatibility are determined using American Petroleam
Institute Recornmend Practice 10B-2 “Recommended Practice for Testing Well Cements”

(2005).

-31-
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2. The method of claim 1 where the second fluid is an oil-based fluid and the first fluid s a
water-based cement slarry.
3. The method of claim 1 or claim 2 where the tubular having an exterior surface is fhudly
connccted with the surface and is the first fluid condut.
4. The method of claim 1 or claim 2 where the tubular having an extertor surface is fluidly
connected with the surface and 18 the second thuid conduit,
5. The method of any one of c¢laims 1 to 4 where the amount of spacer thud composition
introduced displaces the entire amount of the fluid in the well bore from the well bore annuius.
6. The method of any one of claims 1 to 4 where the combined amount of spacer fluid
composition and the first fluid introduced displaces the entire amount of fluid in the well bore
from the well bore annulus.
7. The method of any one of claims 1 to 6 where the method further comprises the step of
introducing into the well bore an amournt of g third fluid such that the third ffuid contacts the first
fluid in the well bore, where the third fluid 1s compatible with the first fluid.
8. The method of claim 7 where the third fluid is selected from the group consisting of fresh
waters, salt waters, brines, spacer thid composition and combinations thereof,
9. The method of claim 8 where the third fluid is a second spacer fluid composition having a
different composition than the spacer fluid composition introduced between the first fluid and the
second fluid.
19, A method for fluidly isolating a portion of a well bore containing an oil-based fluid using
a water-based cement shirry,
where the well bore 1 located beneath a surface, 1s defined by a well bore wall extending
from a surface underground, fluidly couples 1o a first fluid conduit and a second fluid
conduit, and contains at lcast a portion of a tubular having an exterior surface;
where the first fluid conduit and the second {luid counduit cach are separately fhuidly
connected with the surface and are operable to convey fluids between the well bore
and the surface; and
where a well bore annulus is defined as a portion of the well bore between the tubular
exterior surface in the well bore and the well bore wall;

the method for fluidly isolating a portion of a well bore comprising the steps of:

32
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introducing inte the well bore through the first fluid conduit an amount of a spacer fluid
composition such that the spacer fluid composition fluidly couples to the oil-based
fluid in the well bore, where the spacer fluid composition comprises a chemically
modified tannin, barite, a silicone liquid and an ethoxylated alcohol in an agueous
base fluid and is compatible with both the oil-based fluid in the well bore and the
water-based coment slurry;
positioning the spacer flud composition in the well bore avnulus such that the spacer
fluid composition fluidly contacts a portion of the tubular exterior surface and a
portion of the well bore wall of the well bore annulus, the flnd contact making both
surfaces water-wet;
mntroducing into the well bore through the first fluid conduit an amount of the water-
based cement slurry such that the water-based cement slurry fhuidly contacts the
spacer fluld composition i the well bore and such that the oil-based fluid does not
fluidly contact the water-based cement slurry, where the water-based cement shurry is
operable to cure into a solid cement material at well bore conditions;
positioning the water-based cement slurry in the well bore annulus such that the water-
based cement slurry fluidly contacts the water-wetted surfaces of the tubular exterior
surface and the well bore wall; and
maintaining the water-based coment slurry in the well bore anmulus until the water-based
cement shurry adheres to the water-wetted portions of the tubular exterior surface and
the well bore wall and cures into the solid cement material, isolating a portion of the
well bore from well bore circulation;
where the first fluid and the second fluid are not compatible with one another,
where during each introduction step an amount of the fluid in the well bore equivalent to the
amount of fluid introduced passes from the well bore through the second fluid conduit;
where during cach introduction step the fluid in the well bore flows non-turbulently through the
well bore annulus, and
where both compatibility and non-compatibility are determined using American Petroleam
Institute Recornmend Practice 10B-2 “Recommended Practice for Testing Well Cements”

(2005).
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t1.  The method of claim 10 where the amount of spacer fluid composition introduced
displaces the entive amount of well bore fluid from the well bore annulus.
12, The method of claim 10 where the combined amount of spacer fluid and water-based
cement slurry introduced displaces the entire amount of well bore fluid from the well bore
annulus.
13, The method of claim 10 where the amount of water-based cement slurry introduced
displaces the entive amount of well bore fluid from the well bore anoulus.
14, The method of any one of claims 10 to 13 where the water-based cement slurry has a
density in a range of from 101 pounds per cubic foot to 125 pounds per cubic foot.
15, The method of claim 14 where the water-based coment slurry is a water-based latex
cement slurry.
16,  The method of any one of claims 10 to 15 where the oil-based fluid has a density in a
range of from 56 pounds per cubic foot to 81 pounds per cubic toot,
17. A method for treating a well bore annulus using a spacer fluid composition in preparation
for introducing a water-based cement shurry,
where the well bore 1s localed beneath a surface, contains a fluid, 1s defined by a well
bore wall cxtending from a surface underground, fluidly couples to a first thud
condutt and a second {luid conduit, and coutains at least a portion of a tubular having
an exterior surface;
where the first fluid condutt and the second {luid conduit cach are separately fluidly
connected with the surface and are operable to convey fluids between the well bore
and the surface; and
where a well bore annulus is defined as a portion of the well bore between the tubular
exterior surface in the well bore and the well bore wall;
the method for Buidly isolating a portion of a well bore comprising the steps oft
introducing into the well bore through the first fluid conduit an amount of a spacer fluid
composition, where the spacer fluid composition comprises a chemically modifie
tannin, barite, a silicone liquid and an ethoxylated alcohol in an aqueous base fluid
and 158 compatible with both the fluid n the well bore and the water-based coment

sturry, and where during the introduction an amount of the fluid in the well bore
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equivalent to the amount of the introduced spacer thuid passes from the well bore
through the second fluid conduit; and
positioning the spacer fhud composition in the well bore anmulus such that the spacer
fluid composition fluidly contacts a portion of the tubular exterior surface and a
portion of the well bore wall of the well bore annulus, the fluid contact making both
surfaces water-wet;
where during the witroduction step the fluid in the well bore flows nou-turbulently through the
well bore annulus, and
where both compatibility and non-compatibility are determined using American Petroleum
institute Recommend Practice 10B-2 “Recommended Practice for Testing Well Cements”
(2005},
I8, A spacer fhuid composition use in the method of any of the preceding claims, the spacer
fluid composition comprising:
a base aqueous fluid comprising fresh water,
a viscosifier comprising a chemically modified tannin,
a weighting agent comprising barite,
an antifoaming agent comprising a silicone-based liguid, and
a nou-iomic surfactant comprising an alkoxylated alcohol,
where the spacer fluid composition is compatible with both fluids as determined using American
Petroloum Institute Recommend Practice 10B-2 “Recommended Practice for Testing Well
Cements” (2005).
19, The spacer fluid composition of claim 18 where the two fluids are imcompatible with one
another as determined using Awmerican Petroleum Institute Recommend Practice 10B-2
“Recommended Practice for Testing Well Coments” (2005).
20, The spacer flwud composition of claim 19 where the {irst of the two incompatible fluids s
a water-based cement shiwrry and the second of the two incompatible fluids is an oil-based tluid.
21 The spacer fhuid composition of claim 20 where the water-based cement shurry 18 a water-
based latex cement shirry.
22, The spacer fluid composition of any one of claims 18 to 21 where the spacer fluid

composition ts operable 10 produce a 75:25 volume percent mixture of spacer fhuid composition
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and an oil-based drilling mud having a yield point value of no greater than 49 pounds per 100
square feet,

23, The spacer fluid composition of any one of claims 18 to 22 where the chemically
modified tannin 18 a sulfomethylated tannin,

24, The spacer fluid composition of any one of claims 18 to 23 where the viscosifier in a
range of frora 5 pounds to 10 pounds per barrel of base aqueous fluid present in the spacer fluid
cormposition,

25.  The spacer fluid composition of any one of claims 18 to 24 where the weighting agent is
in a range of from 100 pounds to 400 pounds per barrel of base aqueous fluid in the spacer flnid
composition.

26. The spacer fluid composition of any one of claims 18 to 25 where the deunsity of the
spacer fluid is in the range of from 70 to 128 pounds per cubic foot.

27.  The spacer fluid composition of any one of claims 18 to 26 where the alkoxylated alcohol
is an ethoxylated alcohol.

28.  The spacer fluid composition of any one of claims 1§ to 27 where the antifoaming agent
is in a range of from 0.01 gallons to 0.2 gallons per barrel of base agueous fhud wn the spacer
fluid composition,

29, The spacer flnd composition of any one of claims 18 to 28 where the non-onic
surfactant agent is in a range of from 1.5 gallons to 2.0 gallons per barrel of base aguecus fluid in
the spacer fluid coraposition.

38, The spacer fluid composition of any one of claims 18 to 21 where the non-ionic
surfactant further comprises isopropyl alcohol, vaphthalene and heavy aromatic petroleum

naphtha.
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